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NHOPAHETUKA — KJIIOYUEBOW UHCTPYMEHT
YIHPABJIEHUS DOKCIIVIVATAIITUOHHBIM PUCKOM
COINUOTEXHNYECKHUX UH®PACTPYKTYP U POCTOM
BJIAT'OCOCTOSHUS PETUOHOB
Tumawes C.A.1?

"Hayuno-nunxeHepHbIi HeHTp «HamekHOCTh U pecypc GONBIIMX CUCTEM U MAIIHH
VYpanbsckoro otaenenus Poccuiickoil akagemun Hayk, EkatepunOypr

?Ypanbckuii penepanbHblii yHuBepcuTeT, MHCTUTYT CTPOMTENLCTBA M ApXUTEKTYPHI,
ExatepunOypr

timashevs@gmail.com

[. B coBpemeHHOM MuHpe, IZI€ TEXHOJIOTMH, KIUMAaT M TIEONOJUTHUKA CTPEMUTEIBHO
MEHSIOTCS, CHOCOOHOCMb NpABUIbHO (U ObICMPO) OyeHusamv U NAPUPOBAMsb PUCKU
CMAHOBUMCSL  KIIIOYEBOll OCHOB0U ycmouuusozo pazeumusi. Puck mnpencrasiser coboit
HempueualbHoe  codemaHue BEPOATHOCTH  pealu3alli  ONAacHOro, Kak IpaBuUiIo,
MHOTOMEPHOTO COOBITUS U TAXKECTH KOMILIEKCHOTO MOCJIEACTBHUS 3TOTO COOBITUS AJIS KaXKI0TO
YeJI0BEKa, HACEJIEHUS, SKOHOMUKHU, U IKOCUCTEM B LIETIOM.

OT CIOXHBIX PHUCKOB, KOTOpPbI€ HBIHE BO3HHMKAIOT Ha MEPEIHEM Kpae pa3BUTHUSA
YeTBEPTOrO TEXHOJOTMYECKOIo YKJIaJa, HHUKTO HE 3alUIIEH, OHU XapaKTepU3YKOTCS
KauyeCTBEHHO OOJbIIel HEOoNpeAeNnEéHHOCThIO, JAaTeHTHBI, HE BOCIPUHHMAIOTCS OpraHamMu
YYBCTB, BBIXOISAT 3a NpEIEbl MPOCTPAHCTBA KOHKPETHBIX MPEANPHUSATHNH U BPEMEHU HX
(GYHKIIMOHUPOBAHUS, HUMEIOT TN00adbHBIH BHEBPEMEHHOW XapakTep ¢ IMPOHHUKAIOT
NPaKTUYeCKH BO BCe cQepbl KHU3HU U, OJHOBPEMEHHO, BO MHOTOM OOYCIIOBIICHBI
BMEIIATEIbCTBOM ~4YeJioBeka B mpuponxy. IlostomMy coBpeMeHHOe OOIIECTBO pHCKa
XapaKTepU3yeTCsl MHCTUTYIMOHAJILHON HEONpeAeaEéHHOCThIO COLIMAIbHO-3KOHOMHUYECKUX U
KYJIbTYPHBIX YCIOBHI POU3BOJCTBA.

CoBpeMeHHbIE TEXHOJOTUM, HEOOXOAUMBIC JI MPOU3BOJCTBA KOHKYPEHTOCIIOCOOHOM
OPOIYKIMH M KA4eCTBEHHOIO IKM3HEOOECIEUeHHUs COBPEMEHHOTO obujecmea pucka,
peanu3yroTcs C TMOMOIIBIO CHUCTEM B3aUMO3aBUCUMBIX HHPpacTpykTyp. OHM SBISIOTCA
OCHOBOW YKOHOMMKH, CPEICTBOM ycToluuBoro pocra BBII, cpennell nmpomomKuTenIbHOCTH
JKU3HU 3[J0POBOTO HACEJIEHHS U IOKazaTesieM OJaroCOCTOSHUS M MOoryuiecTBa crpaHbl. Hu
BJIaCTh, HU MPOMBIIUIEHHOCTh, HU aKaJIeMUYECKHE YUPEXJIEeHUs HEe MOTyT cebe MO3BOJIMUThH
IPOUTHOPUPOBATh HAOIIOaeMOE HACTYIUIEHHE KOMOMHAIIMM BO3MOXHOCTEH M PHCKOB,
KOTOpasi COIPOBOXK/IA€T BOSHUKHOBEHHE MH(PACTPYKTYP HOBOTO IMOKOJIEHHUS, OCHOBAHHBIX Ha
1 poBHU3aINK, POOOTH3AIMH, OJIOKYEHHE, MHTEpHETE Bellel, O0NbIINX JaHHBIX, KBAHTOBBIX
KOMIIBIOTEpaxX M HMCKYCCTBEHHOM uHTeiuiekre. Cama cTpykTypa u ¢aktypa Poccuiickoro
oOuiecTBa OyzeT onpenensiThes MPOU3BOIUTEIBHOCTIO U YCIyTaMu 3TUX HHPPACTPYKTYP.

[upoyaifmuii Kpyr MEeXAUCHUILTMHAPHBIX 3a/lad, MOPOXKICHHBIX OYpPHBIM POCTOM
HOBBIX THIOB M BHI0B HH(PACTPYKTYpP, U HEOOXOAUMOCTh OCO3HAHMS UX POJIH B YCTONYHUBOM
pa3sBUTHM COBPEMEHHOro oOIiecTBa pucka HpuBenu K mnossieHuio (B 2016 romy) HoBoM
CHHTETUYECKOW (30HTHYHOW) AMCUUIUTMHBI uH@ppanemuxu (ungpactpykTypbl + Kubep-
Hemuxka) [1]. Tlom 30HTUK WHQPPAHETUKU BCTAIOT BCE 3HAHHSA, KOTOPbIE HEOOXOIUMBI TPH
pelIeHnn 3a7a4il KPUTUYHBIX UHQPACTPYKTYp, C 00s3aTeIbHBIM YKa3aHUEM HX CBS3H MEXKIY
coboit. OcHoBoit uH(ppaHeTnku sBusitorcs KoHBepreHTHble MUBUKC-TexHomorun
(croxacTHueckas MeXaHUKa U IHU3aifH, 0ObSICHUMBIN UCKYCCTBEHHBIN MHTEIIEKT, IPUKIIaHAs
ovionorusi, unpopMaruka, KOTHUTUBHBIE W cOlMaNbHbIC HaykH). MH(paHeTuka mnpusBaHa
rapMOHHM3UPOBATh KOJUIEKTHBHOE YIpaBJicHUE (TOBEpHAHC) MHPPACTPYKTYPOH TEPPUTOPHH,
PETHOHOB U TOPOJAOB, BHE 3aBUCHMMOCTH OT YHMCJICHHOCTU MX HAceJeHHUs, M0 00O0OIIEHHBIM
KpUTEpUSIM  pPHUCKA, I[IOCPEACTBOM  YIPABICHUS BTOPOM MIPUPOAOM — CHUCTEMaMH
B3aMMO33aBUCHMBIX COIIMOTEXHUYECKUX UHPPACTPYKTYP B YCIOBUSX PHIHOYHON HSKOHOMHKH,
Ha OCHOBE CJIEAYIOIIUX PErMOHATbHBIX/0000IICHHBIX KPUTEPUEB PUCKA: CPEIHSS OXKUIaeMast
IPOJIOJDKUTENBHOCTD XKHU3HH B 100poMm 31pasun (PCOIDK); pernonanbHbIi/ MyHUIIUTIATBHBINA

5



nHaeke kadectBa xu3Hu (PMKIK); xuBydecth B3ammosaBucuMbix cucteM BKU; sHTpomnus
CO3MaHMsl W Jerpajauuu peruoHanbHoM cucrembl BKW, BenmnumHa BpernoHOCHOTO crieaa
pEruoHaNbHBIX HHOPACTPYKTYD.

K noctmxenusiMm MHQpaHETUKHU HA COBPEMEHHOM JTarie e€ pa3BUTHs MOXKHO OTHecTH [1]:
METOJIbl ONUCAHHUS BCEX BHJIOB HeEONpeaenEHHOCTeH (B TOM 4HCIE, SMHUCTEMHBIX U
aJleaTOPHBIX) W aHajHM3a UX PACTEKaHHWs MO AITOPUTMY OLEHKH pUCKAa MHQPPACTPYKTYPHI;
METOAMKY IOCTPOEHHUs CTOXAaCTUYECKOIO JKU3HEHHOTO LHKJIA CTPAaTETMYECKH BaXKHBIX
UHQPACTPYKTYp; CMOCOOBI OICHKK yIiepOa, CBS3aHHOIO C TUOENbl, (U3HYECKUMU,
KOTHUTUBHBIMU M  COLIMAJBbHBIMU TpaBMaMU U OONIE3HSAMM JIIOJd B  pe3ylbTare
(GYHKIIMOHATIBHOTO OTKa3a WHEQPACTPYKTYphl, aBapuu WIM KaTacTpo(dbl; KOHIEMIHIO U
METOJIOJIOTHIO YIIPAaBJIEHUs PUCKOM IO pernoHanbHbIM kputepusm COIDK u UKIK; ananus
MPUMEHUMOCTH KOHIIETIIMYA XPYIKOCTH U aHTUXPYIKOCTH K IKCILTyaTallud UHQPACTPYKTYp U
UX CHCTEM; T[IOHSTHE, KOHIICNLHWIO, KiIacCHpuKauuio CcyO0- ¥ CyNpakuBYUECTH
(pyHKIMOHANBbHAS, KOTHUTHUBHAS, COLIMAIbHAs), CIIOCOOBI MX HCCIEAOBAHUS U MPUMEHEHUS
IIpU YIPABJIEHUU COLMAIbHO-TEXHOJOTMYECKUMH CUCTEMaMU; SHTPOIUNHHO-BEPOSITHOCTHBIN
MOJAXOJl K aHaJM3y PUCKa CIOXKHBIX UH(PACTPYKTYp M B3aMMO3aBHCHUMOCTH HUX SJIEMEHTOB;
SHTPONUIHYI0 METOAMKY HCCIIEJOBaHMsI aKTUBHOCTH TOPOXaH IOC]Ie KPYHMHOW aBapuu Ha
OCHOBE  COLIMAJIBHBIX  CETEH;  KOHIEIMLHUI0  BPEAOHOCHOCTH  (YHKIIMOHUPYIOIIUX
uHGPACTPYKTYp (YIJIEPOAHBIN Ciel, TpPaBMaTU3M, CMEPTHOCTB); OCOOCHHOCTH NPUMEHEHUS
oObsicaumoro WU B 3amavax pHUCK-OPUEHTHPOBAHHBIX TUATHOCTHKH, MOHHUTOPHHTIA,
MEHHTEHAaHCa W TOBEpHAHCA CTPATETMYECKH BAXKHBIX HHQPPACTPYKTYP; METOAMKY
ONTHUMU3AIMUA PHUCK-OPUECHTHUPOBAHHOW HKCIUTyaTallMM KPUTUYHBIX HHQPPACTPYKTYp Kak
(GyHKINK BpeMEHH, KOTOpasi B SBHOM BHJIE CBS3BIBAET BEPOSTHOCTHBICE M IKOHOMHUYECKHE
napaMmeTpsl uUX (PYHKIMOHUPOBAHUS; OCHOBBI ONTHMAJIBLHOTO YIpaBieHHUS (TOBEpHAHCA)
KOTHUTHUBHBIMH ¥ TBOPYECKUMH  KOMIIOHEHTAMH  PErHOHa/TOpoJa/CTpaTernyecKon
MHOPACTPYKTYPbl C HUCIHOJb30BAHUEM TEXHOJIOTUU OJOKYEHH; aHalu3 3MIIMPHYECKOrO
MaTepuaia, MOKa3blBaloOIIEro, YTO HECMOTPSl Ha TO, YTO 4YeJNOBEK — Haubosiee OmacHbIN
KOMIIOHEHT J000i MHQPACTPYKTYyphl, YCHJIUS, 3aTpauMBacMble B HACTOSIIEe BpeMsl Ha
MUHHMMH3aLHI0 BPEAHOW COCTABIIAIOIIEH €r0 EATEIbHOCTH, COBEPIICHHO HE a/IEKBAaTHBI ATOU
OIIACHOCTH.

OnHuM W3 BaXHEHIIMX MPUIOKEHUNW ITOM CHHTETHMUECKOW HAYKU SBISIETCS TPHIAHHE
CBOWCTBa  (Cympa)KMBy4eCTH  OSHEPreTUYEeCKOM,  TPAaHCHOPTHOH,  MPOMBIIIJICHHOM,
CTPOUTENBHOM, COIMAIIbHO- KOTHUTUBHOM HMHQPACTPyKTypaM ¢ LEIbl0 0OecreyeHus
MOBBILICHUS KauyecTBA >KU3HM KUTEJIEH PErMoHOB M ropofoB. CyllecTByromias CTPyKTypa
PAH, nocrtpoeHHasi, B OCHOBHOM, Ha JaBHO YCTOSIBLIEHCS KiIacCU(PHUKAllMU €CTECTBEHHBIX U
I'YMaHHUTapHBIX HayK, MJIOXO MPUCIOCOOJIeHA Ul UCCIIEA0BAaHMS TaKUX, U3HAYAJIbHO TpaHC- U
MEXIUCUUIIIMHAPHBIX, 3a7a4.

Hcnonb3ys 3TH JAOCTIKEHHMsI, mosyueHHble 3a nocineanue 10 ner [1], HULL YpO PAH
BBITIOJTHIJI LENIYI0 Cepuio padoT, HAmpaBJIEHHBIX Ha yCTOHYMBOE, O€30MacHOE pa3BUTHE
PETMOHOB, METPONOJIHMHA, MYHUIMIIAJUTETOB, KOPIOpAlMii, B TOM 4YHcle: pa3paboTka
ctparerun Tpanchopmanuu Mccpik-Kynbekoit  ob6mactn  Pecny6nuku  Keipreiscran B
CYNpaXHBY4YMi Oe30MacHbBIIl PETHOH; OLEHKA CTPYKTypHOH HajexxkHoctu DOC PecnyOmuku
Komu; BbIsiBiIeHHE OenbIX MATEH B (yHIAMEHTAIbHBIX U MPUKIAIHBIX 3HAHUSIX, KOTOpPHIE HE
MO3BOJISIOT PEUINTh MHOTHE aKTyaJbHBIE 33Jjaud HAJECKHOCTH, )KUBYUECTH U OE€30MaCHOCTH
HHQPAaCTPYKTYP.

ITo 3amanuro Anmuauctpanus cronuusl Ypana HUL YpO PAH pazpabotan nepsbie B
UCTOPUU Topojia cTpaTernyeckuit miuad pa3sutus r. ExatepunOypra g0 2020 r. u 2030 rr., u
ero macrnopt Oe3omacHoctn. HUL[ YpO PAH rtakxke paspaboTtan mo 3akazaM Iacrmopra
0€30IacHOCTH 11 MHOTHX JPYIMX MYHUIIMIAIBHBIX oOpa3zoBanmii Cpemnero Ypana. Ilo
3aganuio Anmunuctparmii IIpaButenscrBa CBepmioBckoit obmactu u r. EkarepunOypra,
HUIL YpO PAH pazpabotain nepBbie B UCTOPHUH TIJIAHBI TIO TIPEAYIPEKICHUIO U JIMKBUIAITAN
pa3nuBoB HepTH U HepTenpoaykToB (IIJIAPH) mist tepputopuit CBepiioBCKoil obiactu u
r. ExkatepunOypra. Iyisi MHOTHX OMacHBIX MPOM3BOJICTBEHHBIX 00hekTOB CpenHero Ypana, B
ToM uncie, benosipckoit ADC, pazpaboransl macnopra 6e3onacuoctu, IIVIAPH, neknaparnun
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MPOMBILUICHHON 0€30MacHOCTH U IUIaHbl MEPONPUATUN MO JIOKAJTU3alUW M JIMKBUAALWU
aBapuii. YHUKaIBHOCTh ATHX Pa3pabOTOK COCTOUT B TOM, YTO B HUX JAeTCS MPOTHO3UPOBAHKE
nokasateseil prcka Ha Teppuropuri MO (B TOM YKCIe, pUCKA JKEJIC3HOAOPOKHBIX aBapuii),
OIICHKA YPOBHEH 3alIuThl MOTEHUIUATBHO onacHbIX 00bekTOB ([100), u ananrauus moueneit
pucka k norpedHoctsam I100.

3acnyxuBalOT yrnoMuHaHus (1) MeToauka ONTUMAIbHOM OJKCIUTyaTallud CHUCTEMBbI
BOJIOCHAOKEHUS C NPUMEHEHHUEM HCKYCCTBEHHBIX HEHPOHHBIX CETeH 10 KpUTEPHUsIM
HAJICKHOCTH, )KUBYUECTH U O€30MIaCHOCTH, pa3paboTaHHas ais r. KampIiosa, HO IpUroaHas
st Bcex ropogoB Cpemnero VYpana. Ee npumeHeHue mNO3BOJUT TMOBBICUTH Kade€CTBO
JKCITyaTauu  TpyoorpoBoaubeix uHppacTpykTyp KKX u 1moctuup TEXHOJIOTHYECKOTro
CyBepeHHUTeTa B 3TOM obnactu; (2) aBTOMATU3MPOBAHHAS METOJMKA SHTPONMHUINHON OLIEHKH
COLIMAJIbHO-KOTHUTUBHBIX HM3MEHEHMH oOliecTBa M YIIEpOOB OT MPUPOAHO-TEXHOTEHHBIX
KOH(JIMKTHBIX M YPE3BBIYAHBIX CUTyallMii Ha OCHOBE cOOpa NaHHBIX M3 COLMAIBHOHN ceTH
«BKonrtakTey; (3) METOAMKH OIEHKA W MPOTHO3HPOBAHHS >KUBYYECTb U O€30MaCHOCTHU
YMHBIX TOPOACKUX HH(DPACTPYKTYp NMPH JCUCTBUU MPHPOJHBIX U TEXHOTCHHBIX CTPECCOPOB,
KOTOPBIE MO3BOJISIFOT OCYIIECTBIISITh TOBEPHAHC YPOAHUCTUUECKUX HHPPACTPYKTYD.

B nacrosmee Bpemst HUL[ coBmectno ¢ YpI'YIIIIC MUC u Ilpesunentom Corosa
He(Tera3onpoMbIIIIEHHUKOB Poccun, roToBAT K BBIMTYycKy JnBa Toma «be3omacHOCTh
VYpansckoro (¢emeparbHOTO OKpyra» (BXOOIT B MHOTOTOMHYIO cepuio «be3zomacHocTh
Poccum», kotopas usmaércs ¢ 1998 r. mo pekomenpanusim CoBera beszomacHocTH u
VYupasnenus nenamu llpesunenta P®). OTu KHUrM MOCBSIIEHBI BOIIPOCAM aHTPONOTEHHOM,
TEXHOTCHHON U MPUPOIHON Oe30MacHOCTH BeeX cyobekToB YpdO.

Il. Inzaiin 100011 MHOTOKOMIIOHEHTHON paclpeesIeHHON OMOre0TeEXHUYECKON CUCTEMBI
coyuym — 4enogex — Kkpumuunas ungpacmpykmypa — cpeoa (CHHUC), n e€ skcrutyaranus Ha
JKU3HEHHOM IMKJIE, pPEaJU3yIOTCs, B KOHEYHOM CYETe, Kak YIpaBiI€HHE IPUPOJHO-
TEXHOTCHHBIM  WJIM  aHTPONOTeHHBIM  puckoM. Takas  kubepdusuueckas  wiu
COIIMOTEXHUYECKass cucremMa HHPPACTPYKTyp JIOJDKHA  OOecreunBaTh  CTaOMIIBHOE
dbyukuronupoBanue kakoro-nu6o I[IOO wnm  oTpacnu  UHAYCTPUM, TOAJEPKUBATH
KU3HEJESATENIbHOCTh HAceJIeHUS W YCTOMYMBOE pPa3BUTHE TEPPUTOPUM €r0 MPOKHUBAHMSL.
AKTYyallbHOCTh U MpakTHUecKasi IEHHOCTh (PyHIaMEHTaIbHBIX M MPUKIAJHBIX UCCIIECIOBAHUN
B JTOH o0O0NacTd OYEBUAHA: YMEHbIIEHHWE pHUCKAa NPHUBOAUT K YBEIMUEHUIO CpeaHel
OXKUJAEMON TMPOJOIIKUTEIPHOCTH >KM3HU HAcCeJIeHHs B JOOpOM 3lIpaBUH M YBEIUYCHHUIO
PErMOHANIBHOIO BaJIOBOTO TMPOAYKTa. A ATO M €CTh HMIIEpaTUBHbIE IIE€JU pEruoHa Hu
rocyJapcTBa.

Pa3BuTHe coOBpeMEHHON TEOpPHHM pUCKAa OTCTAET OT CKOPOCTH BO3HMKHOBEHHS HOBBIX
TUNIOB yIpo3. YPOBEHb BHUMaHUS K NPUPOAHO-TEXHOTEHHBIM, AHTPOMO-TEXHOTE€HHBIM, H
3JIOHAMEPEHHBIM YIpO3aM — PHCKaM, XapaKTEPHBIX JUIsl PETUMOHAJIBHBIX, MyHUIIUNIAIBHBIX,
TaKkK€  OTPACIeBBIX/KOPIIOPATUBHBIX ~ CHUCTEM,  B3aMMO3aBUCHMBIX  KPUTHYHBIX |
CTPaTErnYeCcKd Ba)KHBIX MH(PACTPYKTYp, 3a4acTyl0 HMKE YPOBHSI MX BakHOCTH. IIpakTuka
OKCIUTyaTalldd TaKUX CHUCTEM TIOKa3bIBaeT, YTO CYIIECTBYIOT Oellble TMSITHA U 3USIOIINE
npo0Oesbl B 3HAHUSAX O PUCKAX MX JKM3HEHHOTO IMKJA: Coco0ax MX OMUCAHMS, U3YUYEHHUS, U
MuHuMH3anuu. Jluna, npunumaroniue orsercreHHbie perieHus (JIIIOP), Ha kopnopaTtuBHOM,
MYHUIIMIIAJIbHOM HWJIM  PETrHOHAJbHOM YpPOBHE, 3a4acTyl0 HE HMEIT HWHCTPYMEHTOB,
MO3BOJISIONIMX MPUHUMATh BCECTOPOHHE B3BEIICHHBIE PEIIECHHUS B OTHOIIEHHH PHUCKOB,
CBSI3aHHBIX C HapylIeHUsMH (DYHKIIMOHAJA BBEPEHHBIX UM OOBEKTOB. OUIMOKH B MPUHATHH
peLIeHUI CTaHOBATCA BCE JOpOXKe, OCOOEHHO, Ul Oyaymux mnokoieHuid. Bce ocrtpee
OIYIIAeTCsl HEOOXOAMMOCTh YCKOPEHHOTO pa3BUTHS (PyHIaMEHTaIbHBIX, (PyHIaMEHTaIbHBIX
OPUEHTHPOBAHHBIX U MPUKIAIHBIX 33/1a4 aHAJIM3a U CUHTE3a PUCKA UCKYCCTBEHHOU (BTOPOIN)
MPUPOJIBI.

B ycnoBusix, Koraa cnocoOHOCTh COIyMa MPe0TBPaTUTh rudess uiH (pusnueckue uim
KOTHUTHBHBIE) TpaBMbl JIIOe KOHEYHAa W OrpaHHuY€Ha €ro CHOCOOHOCTBIO CO3/1aBaTh
o011ecTBeHHOE OOraTrcTBO, LIEHTPAJIHHON MPOOIEMOM YIpaBiIeHHUS BETUYMHOM OIEHEHHOTO
MOTEHIINATBFHO-BO3MOXKHOTO yiiepba (pucka) CTAHOBUTCA ONTHUMH3ALUS PACIIPEICICHHS
(oO6bema, MecTa U BpeMEHU MPUIIOKEHHS) OTPaHUUYEHHBIX PECYPCOB Ha HY bl 0€3011acHOCTH,
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YTO HSKBHUBAJCHTHO YMEHBIIECHHIO BCAYECKMX IOCJIEACTBUM BCEX BUJOB OTKa30B HH(pa-
CTPYKTYp 3a CYeT IPUMEHEHHMS ONTHMAJIbHOIO IPENCKA3aTeNIbHOIO IPOAKTUBHOIO
MEHHTEHAHCA, & TAKXKE CPEIICTB 3aLUTHI.

Puckonoeuss kak Hayka, BXOZSIIAs B COCTAaB WMH(PAHETHKH, HCCIEAYIOLIasi IPUPOAY,
CTPYKTYpY W IOCJEACTBUS PUCKA BO3HHMKAIOIIETO INPH AKCIUTyaTallMd HH(PACTPYKTYPHBIX
cucreMm, (1) cozmaer MeTOAbl M CpeACTBA HICHTH(HMKALWM, KIACCH(PHUKALWU, aHAIH3a H
OLIEHKU €ro HCTOYHUKOB M (aKkTopoB; (2) (GopMHUpYeT NPUHLMIIBI U OLIEHKHU COLUAIBHON
IIPUEMJIEMOCTH PA3JIUYHBIX BHJIOB PHCKOB, a TaKKe IIOAXOAbl K IPOTHO3UPOBAHUIO HU
YIPaBJIEHUIO PUCKaMU B 1€J0M, (3) urpaer KIHYEBYIO pOJb B COBPEMEHHOM OOIIECTBE,
IIOCKOJIBKY IIOMOTaeT CHCTEMHO aHaJIM3UpOBATh, MPOTHO3UPOBATH W MHUHUMHU3UPOBATH
yYIpo3bl B YCIOBHUSIX HEOIPENEICHHOCTH. PUCKOIOTHMA NpeaocTaBisieT MHCTPYMEHTHI s
IPUHATUS OOOCHOBaHHBIX pelieHuil. be3 Hee o0IIecTBO pUCKyeT AEHCTBOBATH BCIIEHYIO,
yBEJIMUUBas YA3BUMOCTb IIepel Kpusucamu. Puckonoruss He MpOCTO KOHCTATUPYET
OIIACHOCTH, HO M HCCIENYET MX B3aUMOCBSI3U, HAalPUMEp, KaK MCKYCCTBEHHBI WHTEIJIEKT
CO3/1a€T HOBBIE A3TUYECKUE IUIEMMBbl. PHCKOJIOTMS CTaHOBUTCS HEOTHEMJIEMOM 4YacTbiO
crparernueckoro MoimieHus JIIIP, mo3Bossis oOmiecTBY aganTUpOBaThCsl K HEmNpea-
CKa3yeMbIM [IEpEMEHAM.

1. JIng nocTikeHUs: TEXHOJIOTHYECKOTO CyBEPEHUTETa HE0OX0IMMO pa3paboTark HOBBIE,
IIPEKJE BCETO CKBO3HBIE, TEXHOJIIOTMH, B TOM YHCIE C HCIOJb30BaHUEM 00bsicHuMoro UU.
CKBO3HBIE TEXHOJIOTMHM — 3TO, IO CYTH, MEXIUCLUUIUIMHAPHBIE KOHBEPICHTHBIE TEXHOJIOTHUHU.
WX npuMeHeHHEe MO3BOJSIET CYLIECTBEHHO YBEJIUYHUTh CKOPOCTh aJalTallid OTEYECTBEHHBIX
KOMIIAHUH, KOpHOpauuid U POCCUICKON HKOHOMHMKM B LEJIOM K IIOOAJbHBIM TpeHIaM,
MOBBICHTD DYHEPTeTHUYECKYI0 S(PPEKTHBHOCTb, CHPABUTHCS C BO3HHUKAIOMMM JePHUIIMTOM
peCcypcCoB.

s co3naHusi OTEUECTBEHHOIO T'€HEpPAaTMBHOIO HCKyccTBeHHoro uHreuiekra (I'MN),
(GYHKIMOHAIBHO MAEHTHYHOTO JydmnM obpasuam 3apyoexxnsix 'MW (DeepSeek, Open Al,
Anthropic, XAl u ap.) U B Te € CpPOKH, HEOOXOAMMBI JKCTPAOPAMHApHBIC ycwius. B
ycanoBusix CBO M CaHKIMOHHOIO [aBJIECHMs CTpaHa HE MOXET TPaTUTb TPUJUIMOHBI Ha
pazpaborky I'MU. HeoOxommmo HallTH WHHOBAIlMOHHBIE crocoObl cosmanus [UU, ne
YCTYMAIOUIETo 3apyOeKHbIM, NpHU 3arparax B JECATKH, €CIM HE B COTHH pa3 MEHBIIIE.
HexkonTponupyemoe, kBaHTOBO€ pa3zBuTHe W mpuMeHeHne [MH, BwI3Bano mnosBaeHUe
COBEpPILIEHHO HOBOI'O THIIA PUCKOB, CBSA3aHHBIX C TaK Ha3blBaeMbIMM TayunronuHanusmu MU,
xorna MU HenmpaBuiabHO WM OMIMOOYHO/NPEAHAMEPEHHO BBIMOIHIET 3a/laBaéMble €My
MPOMIITHI, TPUAYMBIBAET HECYylIeCTBYyIOmUE (PakThl, myonukanuu u ap. Pazpaborka MeTonoB
BBISIBJIGHUSI TaKMX TaUIIOIMHALMKA, W  JIMKBUJAUMKM MX IOCIEACTBUM  sIBIseTCS
MepBOOUEPETHON 3aaaueil, 0e3 pelieHuss KOTOPOM HEBO3MOXKHO wucmonb3oBate [ B
WHXEHEepUH, U, BooOIIle, Be3/ie, Tie TpeOyeTcss TOUHas OIlEHKa KOJIMYECTBEHHBIX MMapaMeTpoB
SKCIUTyaTupyeMoii cucteMbl. OJJHaKO B HACTOsIEe BpeMs 3Ta mpobiaeMa BooOIIe He CTOUT Ha
MTOBECTKE JIHA.

IV. Jlna wucnopaBieHHs OTOH cTparerndyeckoil OmMOKM HEOOXOJMMO H3MEHUTh
Kap/JWHAJbHBIM 00pa3oM OTHOILIEHHE BCEro POCCHUUCKOro O0IecTBa K PUCKY, HadMHAas C
YPOBHSI JETCKOTO caja M CpeaHed MmKousbl. [l KakJoro YpOBHSI MEPApXMM HYXKHBI CBOU
Metonbl aHanmuza pucka. Jns MU HeobxomnMow WMETh CHCTEMY aHTH-DKEHIOpEeHKepoB.
VYropaBieHue puUCKaMH TIO03BOJIIET, NpPU TeX ke (UHAHCOBBIX U JIIOJCKHX pecypcax
MUHUMHU3HUPOBAaTh MOTEpU Ha BceX (a3ax KUZHEHHOrO IHMKIA KUOEepPU3NYECKUX U
COILIMOTEXHUYECKUX MH(PACTPYKTYP, B TOM UHUCIIE, OT MPOSABICHUS (PU3NUECKOM, KOTHUTUBHON
U COLMAbHON CyOXKMBYYECTH, UTO, B MacIITabe CTpaHbl, OLIEHUBAETCS B TPUILTMOHBI pyOseit
exerogHo. B menom, nH(ppaHeTHKa IMO3BOJSET, OMOCPEIOBAHHO, JIENaTh KakK OOIIECTBO B
LIEJIOM, TaK M KaXJ10ro rpaxkaaHruHa Poccun 0osee coCTOATENbHBIM U OJaronoayqHbIM.

B coBpemeHHOM 00I1IECTBE MOCTOSTHHO CITy4aeTcss MHOYKECTBO HEXKEJIATEIbHBIX COOBITHIA,
€ro HOPMaJbHOE COCTOSIHUE — KOH(UIMKTHOE WJIM  4Ype3BblYaliHOE  IOJIOKEHHE.
Heo6xoauMocTh B 3aIIUTE OT CIOKHBIX PUCKOB M KYITMPOBAHUU BO3MOXKHBIX MOCIEICTBHMA OT
HUX IPHUBOIUT K PE3KOMY BO3PACTAHHMIO POJM 3HAHMA O PHUCKax Bcex Kareropuil. Octpo
TpeOyIOTCs SKCIEPTHI MO BCEM THUIAM PUCKOB, JEATEIBHOCTH KOTOPBIX CHHMYKAET PUCKU B
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NPUHITUN PEIICHUH, JIelaeT yNpaBiIeHUYEeCKHE pellleHus 0ojiee YCTOWYMBBIMU K BHEIIHEMY
BO3/ICUCTBHIO, a IIeNT — 60Jiee 000CHOBAHHBIMU M 3pUMBIMHU.

V. B cBi3M cO BCeM BBIIIECU3IOKEHHBIM, MPEACTABISIETC LIEIECO00pa3HBIM
npeodpazoBars HULL YpO PAH B Hayuno-ucciedoeamenvckuil yeHmp KOMNieKCHbIX npooiem
oesonacnocmu  oonvwux cucmem (HUI] BHC) nns pemeHuss MEKIUCHUTLTHHAPHBIX
(dyHIaMEHTaNBHBIX U MPUKIAJHBIX MPoOsieM 0e30macHOCT (YHKIIMOHUPOBAHUS U PA3BUTHUS
KPUTHYECKH W CTPATErMYeCKd BaKHBIX HHOpacTpykryp. HUI] FHC cnocobGeH co3aaTh
HayyHylo 0a3y /uis pa3pa0OTKM HWHHOBAIIMOHHBIX TEXHOJOTHH, HalpaBIeHHBIX Ha
OCYIIECTBIICHUE  CTONPOLIEHTHO CYBEPEHHOW  PUCK-OPUEHTHUPOBAHHOW  ONTUMHU3ALUU
SKCIUTyaTallud KPUTHYECKH W CTPATeTHYECKH BaXKHBIX cucrteM P® (Hampumep, MOpPCKHX
MOABOHBIX TPYOOIPOBOJIOB), IPH OAHOBPEMEHHOM 00€CIIeUeHUN HEOOXOIMMOTO YPOBHS HX
0€30MacHOCTH. DTH TEXHOJIOTHH OyyT KOHKYPEHTOCIIOCOOHBIMU Ha BHEUTHEM PBhIHKE, KaK 3TO
U IpenycMoTpeHo KoHnennuen TeXHoIoru4eckoro pa3surtus PO.

B ycnoBusix nedunurta KBaTH(PUIIMPOBAHHBIX CIEIUATMCTOB, CIIOCOOHBIX paboTaTh C
COBPEMEHHBIMHM TEXHOJIOTUSIMU U oueHuBarb pucku, HUI] YpO PAH (coBmectHo ¢ UCA
Yp®dY) yxke ToTOBUT Takue Kaapbl i Poccuu u ApyKECTBEHHBIX €l CTpaH (MaruCTpaHThI,
CIICLUAIIUTET, aCIUPAHTYPA).

IlenecooOpa3no BeICTYnuUTh ¢ oOpamienneM Kk Munobpuayku u PAH ¢ npemnoxenuem
paccMOTpeTh U KOHCTPYKTHUBHO PEIIUTH Bompoc o co3nanuu HHUI] BHEC nisi cucTeMHOro
WCCJICIOBAHMSI TAHHOM MPOOJIEMbI BCEBO3PACTAIOIIEH aKTyaIbHOCTH.

[1] Tumamer C.A. HUudpacrpykrypbl. Yacts Ill. Kuura 1. Uudpanernka. Puckonorus.
['oBepuanc. ExatepunOypr, YpO PAH, AO Vpanvckuu Pabouui, 2025, 751 c.



AJropuTMbl NIPUMEHEHHSI METOAA YIJIEPOAHOM 1enmu I
NMPOrHO3UPOBAHUA MOKAa3aTe/Iell B3PbIBONOKAPOONIACHOCTH
roproYMXx BellecTB
Anexkcees C.I.

HUIL «HanexHocTh U 6€30macHOCTh Oonbimx cucteM u Mammua» YpO PAH, ExatepunOypr
3608113@mail.ru

Meron yrieponHou nenu i MY npencrabnser co6oii 0000IIEHHBI CHHTE3-METO/,
COYCTAIONIMI B ce0€ MOIXOMbI CPABHUTEIHLHOTO U JCCKPUIITOPHOTO METOJIOB MPOTHO3UPOBAHMUS
Pa3IMYHBIX CBOMCTB IMPOIYKTOB XUMUYECKOH, He()TEXUMHUYECKOW, METAILTYPTUUECKON U JpYyrux
oTpaciieil MpoMbIIUIeHHOCTU. W3 cpaBHUTEILHOTO MeTo/1a rporno3upoBanust MY1] 3aumcrBoBai
MOAXOA CpaBHEHUS (PU3MKO-XUMHUYECKHMX U  B3PHIBOIIOXKAPOOIACHBIX CBOICTB B OJHOM
roMOJIOTHYecKOM psiy. OTiaMune 3aKiI04aeTcss B TOM, YTO CPaBHEHHME MPOU3BOJIUTCS HE MEXKIY
POACTBEHHBIMU KJIACCAMHU OpPraHMYECKUX COCAMHEHHWI, a B TMpenerax TOJIbKO OJHOrO
rOMOJIOTHYecKoro psiga. M3 AeCKpUNITOPHOTO METO/a MPOTHO3UPOBAHUS B3SATO HCIOJIb30BAHUE
HOBOT'O JIECKpUIITOpa — ycioBHas yrieponaHas uenb (YVYLI). Mcxoas u3 OCHOBHBIX MONOKEHHN
MVI [1, 2] npemioxkeno 2 angropurmMa npuMmeHeHus MV g  mporHo3upoBaHus
B3pbIBONOXKapoonacHbIx cBoMCTB (BI1O) roprounx Bemects (I'B).

Bapuant A
oyl VYU - Al > dopmyna
/ B cocena 1 \
dopmyna yyl MNokasaTtenu MokasaTenu
s eVl B cocenein 112 B
B dopmyna
yyu+4 cocena 2
Bapuant b
ovyu
/ rs
dopmyna vyl Anxarnor/AHanoru Mokasatenu Mokasarenu
B \ B YYLI=yYL| (FB) >| aHarora — B
byl (ananoros)
B

Pucynok — Anroputmsl onpenenenus nokasareneir BIIO mo MVYLI.
OVII — ocHoBHas yriaeponHas uemnb. BYI[ — GokoBast yrinepoaHas 1emb.

Oc00GEeHHOCTBIO MPeIaraéMbIX AITOPUTMOB NpuMeHenns MY 3akimouaercs To, 4To is
onpenenenus nokazareneit BI1O I'B He TpeGyercst HUKakux crieuaibHbIX GOPMYIL.

[1] Anexcees C.I'., Anexcees K.C., bapoun H.M. MeToasl TPOrHO3UPOBAHKS OCHOBHBIX ITOKa-
3aresiel MoKapOB3PBIBOOIMACHOCTH OpraHuveckux coenuHeHuit // TexHochepHas Oezomac-
HOCTh, 2015. — Ne2 (7). C. 4-14.

[2] Anexcees K.C., Anexcees C.I"., Bapbun H.M. CBs3b TIOKa3aTenel moskapHOH OMacHOCTH C
xumudeckuMm crpoenreM. Yactp XXII. JlmankwunkapOonatsel // ByTiaepoBckue cooOIieHwus,
2016. —T. 45, Nel. C. 93-100.

10



Yriieponsslii cjiel 1j100aJbHOH HHPPACTPYKTYPBbI
Kosanvuyx T.I'., Tumawes C.A.*

Hayuno-unxenepnsiii nenTp «HaaexHocTh 1 pecypc OOJIBIIMX CUCTEM U MAIlIUH»
VYpansckoro oraenenust Poccuiickoii akagemun Hayk, EkarepunOypr
*timashevs@gmail.com

I'mobansHoe moterienne kimmara Ha 3emie npuzHaHo OOH «ogHMM W3 OCHOBHBIX
COBPEMEHHBIX BBI30BOB UEJIOBEUECTBY». HeEn30eXHON CTOPOHOM TEXHMYECKOrO Iporpecca
ABJgeTCs (POPMUPOBAHKE U CTPEMHUTEINBHBIM POCT ero BpenoHocHoro yriepoanoro ciena (YC) B
BHJIE BBIOPOCOB MapHUKOBBIX ra3oB (I1I7), cnocoOcTByrOmMX N3MEHEH IO KiMMaTta. B cBsi3u ¢ aTum
pelarolel 3agadyeil COBPEMEHHOCTH CTaHOBHUTCA CHUKeHHE YC «BTOpPOM», HCKYCCTBEHHOM
NPUPOJbI, KOTOPOE, B KOHEYHOM CUETE, CBOAUTCA K CHIKEHHI0 YC KaXIOH OTAeNIbHOU
uH(pacTpyKTypbl. B crathbe mpencTaBieHbl MaTepualibl, WUTIOCTPUPYIOUINE aKTyaIbHYIO
CUTYyallUl0 B IJIOOAJbHBIX, CTPAHOBBIX, OTpacieBblx smuccusx I, ocHOBHBIE MpoOIEeMbl U
BO3MOXKHbIE ITyTH cokparienus YC.

HedrerasoBast orpacib sIBIsSIETCS CYILECTBEHHBIM, XOTS U HE CaMbIM KIFOUEBBIM
smuteHtoM [II'. Omnepamu mo mo0bde ¥ TPOU3BOACTBY yriieBojopoaHoro tommea (YBT)
cocraBistoT Beero 10% ot rmoOanbHBIX BRIOpOCOB. OHAKO JalibHEHIee ucroibp3oBanue Y BT
nmaer ponoiHuTenbHO 33% BbIOpocoB B cepax koHewuHoro notpebnenus. Ha Bcem mukie ot
JOOBIYM IO KOHEYHOTo ToTpedierns 57% BeiOpocoB I1I7 oT HEdTH CKOHIICHTPUPOBAHEI B cdepe
TpaHcnopta; B raze 72% smuccHii MPOUCXOAIT B T€HEPAIUH, IPOMBIIUIEHHOCTH 1 KOMMYHAaIbHO-
ObITOBBIX IpeanpusaTusx. [lpu no6srue, nepepadboTke U TpaHCHOpTE HE(PTU U ra3a CyHIECTBEHHbIN
BeC 3aHMUMaeT MeTaH — 42%, cBA3aHHBINA C J00BIYEH MPUPOAHOIO Taza U MOMYTHOrO HEe(TSIHOTO
raza, a TAKKe TPAHCIIOPTHPOBKOM CyX0ro OTOSH3MHEHHOT o Ta3a [1].

B vactu yrieBosopoiHOro TomMBa OOIBIIMHCTBO KOMITAHUM CXOJSITCS BO MHEHHH, UYTO B
6a30BoM crieHapuu B Oimpkaiiime 1020 et nepexon Ha ipyrie UICTOYHUKH SHEPTHUHU HE MTPUBEJIET
K aOCONIOTHOMY CHIKEHMIO crpoca. Tak, corflacHo mporHo3am, norpednenue Heptu k 2030 r.
BeIpacteT Ha 0-15% otHocurensHo 2019 1., TOrAa Kak crpoc Ha ra3 OyJaeT pacTd MHHUMYM J0
2040 r. B mpemenax 25-52% [1].

B crartbe paccmarprBaeTcst ¢ MEXIMCHMIUIMHAPHBIX MO3ULIUH MpobsieMa KOIUYECTBEHHOTO
ydeTa, OLEHKM W MUHHMM3ALMHU YIIEpOTHOro ciefa HMH(PacTpyKTyp He(TEerasoBoro cekropa
(HI'C) na Bcex sramax ux >xku3HeHHoro nukna (OKLI), BKiItouyas JUarHOCTHKY, MOHHTOPHHI,
MEWHTEHAHC, BOCCTaHOBJIGHHE Mocie aBapuil W karactpod. KoHeuHas uenb uccrienoBaHust —
pa3paboTka pabodyero aaropuTMa, MO3BOJISIONIET0 C(HOPMYIMPOBATh ypaBHEHHE TJI00aJTHHOTO
YIIIEPOTHOTO OanaHca Mo CXeMe CBEpXy—BHU3, B KOTOPOM BHJIEH BKJIA]] KaXJI0H HHPPACTPYKTYPbI
B IJI00QJIbHBIN YIJIEPOHBIN Cle/l, C yYETOM M3MEHEHHUS KJMMara 1o KpUTEpUI0 HEOOXOIUMOCTH
JOCTHO)KEHHsI HyJeBOro ypoBHs BeiOpocoB CO; k 2060 romy, corfiacHO MpUHSTHIX Poccueit
o0s13aTenbeTB B pamkax [apmkckoro cormamenus 2015 rona.
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MeToauka oOlleHKH 30H MOPAKEHHS NMPU ABAPUAX ¢ KPUOTEHHBIM

KHCJIOPOOM HA MOTEHIMAJIbHO ONMACHBIX 00beKTaX
1 1,2
Jlanenkun M.B.”, Ilonyan JI.B.”*

'V pansckuit penepanbubiil yanBepcuter, UHCTHTYT CTPOUTENECTBA M APXHTEKTYPE,
ExaTtepunOypr

2HI/ILI «HuP BCM» ¥YpO PAH, ExarepunOypr

ludmila.poluyan@gmail.com

Axmyanohocms u npobnema. ABapud Ha TOTEHIMATBHO omacHbIXx o0bekTax (I100),
CBSI3aHHBIX C OOpalICHHMEM KPHOTEHHBIX KHUIKOCTEH, TMPEICTABISIIOT BBICOKYIO YIpo3y H3-3a
CUHEPIreTUYeCKOro CoueTaHus OapUyecKuX, TEPMHUUECKUX U OaUTMCTHYECKUX (DaKkTOpoB.
CXIDKEHHBIM  KHUCJIOpOJ,  SIBJISISICH  MOILHBIM ~ OKHUCJIUTENEM,  KPUTHYECKH  IMOBBIIIAET
M0KapPOB3PHIBOOMACHOCTh TEXHOJNOTMYECKHX Cpell U MHHUIMHPYET KACKaJHOE Pa3BUTHE aBapHid
(«opdexr nmommHO»). CymectByromme HopMatuBHble Meroquku B P®  (Pocrexnansop)
0a3upyroTCs HA JIETEPMHUHUPOBAHHOM OILIEHKE TPOTUIJIOBOTO AKBUBAICHTA MPEUMYIIIECTBEHHO IS
ra30Boil (pasel. 3apyOe)KHBIC CTAHIAPTHI JICJIAIOT AKIICHT Ha KOJMYCCTBEHHOM aHAIIM3E PHCKOB U
BEPOATHOCTHOM  MOJICIIMPOBAaHMM  paccesHus  TSDKENMbIX ra3oB.  OTCyICTBHE — €IMHOTO
OTCUECTBEHHOTO AITOPUTMA, WHTETPUPYIOIIETO CIeIM(UKYy KPHOTCHHOTO BCKHUIIAHUS M OILICHKY
OaUTUCTUYECKOTO pa3jieTa OCKOJIKOB 000pYI0BaHMUs, 00YCIaBIMBaET HEOOXOAUMOCTh pa3paboTKu
KOMIUIEKCHOM METOJUKH.

Memodonozus uccredosanus. 1lpenyioxKeHHbI YHUBEPCATbHBIA METOAUYECKUN TTOJIXOJ
WHBAPUAHTEH K MACIITa0y TEXHOJIOTMYECKOW CHUCTEMBI M BKITFOYACT CYIICPIIO3UIMIO TPEX 30H
MOPaKEHHUS:

Ilepsuunviii usuyeckuti 63pelg: pacueT SHEPrUU aIMadaTHUECKOro pacIIMpPEeHus ra30Boi
MOAYIIKA HAa OCHOBE a0CONIOTHOTO JaBJEHHS B COCYJE C OMNpEIeNieHHEM 30H H30BITOYHOTO
JTABJICHUSI.

bannucmuueckoe nopasgcenue: ONPENETCHUE HAYAIBHOW CKOPOCTM W MaKCHUMAaIbHOU
JATBHOCTH TIOJIETA OCKOJIKOB (BKJIFOYAsl KPYIMHOTOHHA)XHBIE ()pParMEHTHl KOPITyca) C y4EeTOM
CONPOTHUBJIEHUS BO3AYILIHOW CPEIBL.

Bmopuunbiti  npocmpancmeennviii  63pblg:  TEPMOIUHAMHYECKOE  MOJIEJIMPOBAHUE
MTHOBEHHOTO BCKUIAHUS TPOJIMBa M JETOHAIMOHHOTO/Ae(IarpaliOHHOTO  BO3/ICHCTBUS
KHCJIOPOTHO-000TaIlleHHOTO 001aKa MPU KOHTAKTE CO CMEXHBIMH CPEIaMHu.

Pesynomamur u npaxkmuueckas snayumocms. Ha OCHOBE MOJIyYEHHBIX KOJIMYECTBEHHBIX
MapamMeTpoB pa3pabOTaHHBIM METOMUYECKUINA TTOIXO/T TTO3BOJISIET HA dTare MPOSKTUPOBAHUST HOBBIX
ITOO HaydHo 000CHOBATH OE30MACHBIE PACCTOSIHUSI U ONTUMAIILHOE Pa3MEIeHne 000PYI0BaHUS
Ha reHmyaHe. Jlns yxe CyHIecTBYIOIIMX (MOJEPHU3UPYEMbIX) OOBEKTOB, I7l€é HOPMATHBHBIE
JMCTAHIIMK HE MOTYT OBITh 00ECHEYEHBl U3-32 TUIOTHOCTH 3aCTPOMKH, METOJMKAa OOOCHOBBIBAET
HEOOXOMMOCTh BHEJPEHHsI KOMITCHCHPYIOINX TAaCCHBHBIX OapbepoB. [IprMeHeHne maHHOTO
MOAXO0Aa OOEeCIeunBaeT TMEepPeXo] OT KOHCEPBATUBHBIX HW3OBITOUHBIX OIIGHOK K THOKOMY H
3¢ dEKTUBHOMY YITPABICHHUIO TIPOMBIIIIICHHON 0€30MaCHOCTHI0 KPUOTEHHBIX OOBEKTOB.
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PucK-opueHTHPOBAHHBIH MOAX0/] NP Pean3alui MPOAKTUBHBIX

METOA0B 00ecmeYeHus KOMILIEKCHOM 0€30IMacCHOCTH
Jlecnwvix B.B.

00O «I"aznpom raznaazop», Mocksa
vvlesnykh@gmail.com

B coBpeMEHHBIX YCIOBUSX YBETMYCHHUS] MAcIITabOB M CIIOKHOCTH TPOHU3BOJICTBEHHBIX
CHCTEM 0C000€ 3HAa4YeHHE MPHOOPETAIOT NMPOAKTUBHBIE METOMBI OOecreueHHsT O€30MacHOCTH 3a
CYeT NMPHMEHEHUs PUCK-OPUEHTUPOBAHHOTO IMO/X0/1a. B pamMkax AaHHBIX METOIOB OCHOBHBIC
YCWIIMSL HAIPaBJICHBI HA PAHHIO WACHTU(HKAIMIO HAPYIICHUHA W OTKJIOHCHWH B paboTe WM
OOCITy)KUBaHUM OOBEKTa W WX YCTPAaHEHHE JI0 TOTO, KaK HAPYIICHUS W OTKIOHCHHS CTaHYT
MPEANOCHUTKAMH K COOBITHSIM C HETaTUBHBIMU MOCIEACTBUSIMU (QBApUH, UHIUICHThI, HECUACTHBIE
CIly4au U T.]1.).

B noxmane chopmyrmpoBaHbl OCHOBHBIC TOJIOXKEHUSI PUCK-OPUCHTHPOBAHHOTO ITOIX0/IA
MIPUMEHUTENILHO K WHCIICKIIMOHHOM KOHTPOJIbHOM JEATEIIBHOCTH KaK OJIHOTO W3 KITFOYEBBIX
MPOAKTHBHBIX METOJIOB OOecCIieueHrsT KOMIUIEKCHOW Oe3omacHoctu [1]. Tloka3aHo, 9TO pHCK-
OpPUECHTHPOBAHHBIA ITOJXO] Ha JTale IUIAHWPOBAHUS TIPOBEPOK OIMUPACTCS HA pacdeT Tak
HA3bIBAEGMOTO «PHCKA HEJIOKOHTPOJIS», CBS3aHHOTO C PHUCKOM HEBEPHOTO BBIOOpa OOBEKTA
NpoBepKH. J[aHHBIN TOKa3aTeab BKIFOYACT OOJIBIIIOE YUCIIO (haKTOPOB, OTPAKAIOIIUX KaK MECTO
pasmenieHuss 00BEKTa, CTATUCTHKY MPOMCIICCTBHM, TMPOBEPOK, PE3YJIBTaThl YCTPAHEHHS
HapyIIEHUH U T.1. OTO MO3BOJISIET PAHKUPOBATh OOBEKTHI MO BEMUMHE «PUCKA HETOKOHTPOJIS
JUIsl YCTAaHOBJICHUS TTOCIIEIOBATEILHOCTH MX IMPOBEPOK.

Puck-opreHTHPOBaHHBIN MTOIXO/ TAK)KE MPUMEHSCTCS Ha CTaJIMM OLIEHKH AP PEKTUBHOCTH
pe3ybTaTOB  MHCIEKIIMOHHOM  KOHTPOJBHOW  JEATENBHOCTH. B KauecTBe  mokazarens
3(deKTHBHOCTH paccMaTpyUBaeTCsl BEMMYMHA OXKHAAEMOTO TPeJoTBpalleHHoro yiiepba. B
JIOKJIaJIe PacCMOTPEHBI METOJWYECKUE TIOJIOKEHUsI OIEHKH JaHHOro TokazaTtemns. OreHka
OXKHMJIAEMOT0 TIPEIOTBPAIIEHHOTO YIIIepOa OCYILECTBIACTCS C MCMOJIL30BaHUEM KOI((HIIMEHTOB
NUpaMUIbl  TIPOMCHIECTBUI U COOBITUH MPOMBIIIIEHHON O€3011acHOCTH, OXpaHbl Tpylda H
MOKapHOW 0€30MacCHOCTH, TIOTyYEHHBIX Ha OCHOBE aHAIM3a CTATUCTHUECKUX IAaHHBIX [2].

B noxnane mpencraBieHbl pe3ysbTaThl OLEHOK «pPUCKA HETOKOHTPOJISD U OXKUIaEMOTo
MPEIOTBPAILIEHHOTO yiiep0a /it 00beKTOB HehTera3oBoii OTpaciy.

[1] JIykvanuukoe M.H., Jlecnvix B.B., boukos A.B. Ha mytn k ¢opmanusmy pucka. Puck-
OpPUEHTUPOBAHHBIM MHCIEKIMOHHBIA KOHTPOJIb MTPOU3BOJICTBEHHOW 0€30MacHOCTH B ra30BOM
otpaciu — MockBa; Bonorna: Undpa-Unxenepus, 2025. — 188 ¢

[2] /hyxkvanuuxkos M., Jlecuvix B.B., Tumogeesa T.b. TIpoGiemsl orieHkH 3()(HEKTHBHOCTH
MPOAKTHBHBIX METO/I0B 0OecreueHus MPOU3BOICTBEHHON 0€301MacHOCTH B He(Tera3oBoil oT-
paciu // Bectu razoBoit Hayku, 2024, Ne1(57), cc.143-149.
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DHTPONMMHBINA MOAX0] K OllEHKe COIUATBLHO-KOTHUTHBHBIX
U3MEHEHHUN 1 yIep0oB OT MPUPOTHO-TEXHOTE€HHBIX
Ype3BbIYAUHBIX CUTYALU
Manmomuna E.B.*, Tumawees C.A.

HUILI «HagexHoCcTh U pecype Oonbimx cucrem u mMamun» YpO PAH, ExarepunOypr
2malyutina2@mail.ru

IIpemnaraeTcss HOBBIM NOAXOA K W3MEPEHHMIO JWHAMUKA WM3MEHEHMs KOTHUTHBHOU
CIIOCOOHOCTH OOIIECTBA TPHU UYPE3BBIYAWHBIX CHTYalMAX, OCHOBAHHBIA Ha aBTOMATH3WPOBAHHOM
SHTPOINUITHOM aHAIN3€ PEAKLMH COLMyMa Ha CTPECCOpP B COLMAIBHBIX CETAX. AHAIN3 TUHAMUKH
SHTPOINHH TIO3BOJIMII BBIIEIUTh XapaKTepHbIe (a3bl KOTHUTHBHON HECTAOMIIBHOCTH W aJaNTallii
co0011IeCTBa.

IloBenenue noNB30BaTENECH B COLMAIBHBIX CETAX B KPU3UCHBIX CUTYAaLUSAX OTPAKAET
CJIOKHbIE KOTHUTHBHbBIE M SMOLIMOHAIBHBIE MPOLECCHl, YTO JEaeT 3TH IUIaTGOpMbl LIEHHBIM
WCTOYHUKOM JIaHHBIX JUISl TUAarHOCTHKM COCTOSHMS cooOuecTBa. CoracHO MOJENU 3BPUCTUKO-
cuctemarnyeckort o0pabotku uHpopmarmu (Heuristic-Systematic Model, HSM), B ycnoBusix
crpecca, neduImTa BpEMEHH M HEONPEACIICHHOCTH MHAWBHIBI TEPEKITIOYAIOTCS MEXTY ABYMS
pexumamu  MbIuieHUs.. CHCTEMaTMYeCKuil peXUM MpearnonaraeT DIyOOKHH paljMOHaIbHBIN
aHaIM3, TPeOYIOIIN KOTHUTUBHBIX PECYPCOB. DBPHCTUYECKUN PEKUM OCHOBAH HA YIPOIIEHHBIX
CTpaTerusx, MHTYUTUBHBIX PEILCHUSX W ONOpE Ha BHEIIHUE CYObEKTUBHBIC CHIHAJIBI (HApHMED,
Ha aBTOPUTET HMCTOYHUKA WM Ha SMOIMOHAJBHYIO OKpacKy cooOmieHHs). B mocTkpu3ucHBIi
Iepuosl, KOIZia KOTHUTHBHBIE pECypchl JItOIed M OOLIecTBa HCTOLIEHBI, BEPOSTHOCTb
MCTIOJIL30BAHMS OBPUCTHK BO3PACTALT, YTO MOBBIIIACT YA3BUMOCTh COIMYMA K JIe3MH(POPMALIHH.

Pa3paGoranHblil aBTOpamMu MPOrpaMMHBINA KOMIUIEKC, peaM30BaHHBIA Ha s3blke Python,
OCYILIECTBIISIET aBTOMATU3MPOBAHHBIA COOp MaHHBIX M3 coiambHOM cetn «BKonrtakte» c
ucrnonp3oBanreM odunmansaoro APl (Application Programming Interface — mporpamMmHbiit
uHTepdeic TNPUIOKEHUH), UX QUIBTPALMIO IO KareropusiM 4Ype3BblYANHBIX CUTyallud H
COXpaHEHHE B CTPYKTYpHpOBaHHYIO 0a3zy maHHbIXx SQLite. KiroueBbIM sreMeHTOM aHau3a
spisiercst pacder SHTpormu IlleHHOHa 1711 BPEMEHHBIX PSAJIOB COLMAIBHOW AKTUBHOCTH
(KOMMEHTapHeB, ITyOIMKALMA) U ee IEPBOi MPOM3BOAHOIN.

Merononoruss 3HTPONMKWHOIO aHajIM3a HE 3aMEHsET, HO CYIIECTBEHHO JIONOJHSET
TPaAVLMOHHBIE COLIMOJIOTMUECKHE M IICHXOJOrMYeckre Meronpl. OHa IO3BOMSET TONYYHTh
HETIPEPHIBHYIO KApTUHY TUHAMHUKH KOJUIEKTUBHBIX KOTHUTUBHBIX ITPOLIECCOB B PEAIbHOM BPEMEHH,
TOIJIa KaK OMpPOCHI M MHTEPBBIO IAl0T TOUEUYHBIE CPe3bl U IITYOMHHOE MOHUMAHHE UHIMBUTYAJIbHBIX
NepEKUBAHUN.

OneHka MarepuabHOrO yiep0a OT MOTepU COUMATBHOM M KOTHUTHUBHOW KOMITETEHLIMH
VMHJIMBUIYYMOB M COOOIIECTBA B COBOKYITHOCTH — OHAa M3 CaMbIX CJIOKHBIX 33/1a4 JAHHOTO
WICCIIEIOBAHMS U, HA CKOJIbKO M3BECTHO aBTOPAaM, PaHEE HUKOT/IA HE CTABUJIACK.

IIpencraBieHHble pe3yIbTaTh TO3BOJSIOT CAEIATH BBIBOJ O TOM, YTO aBTOMATU3UPOBAaHHbIN
MOHHUTOPUHT COLMAJBHBIX CETEW C MPUMEHEHHEM MAPLUAIBHOIO SHTPOIMIHOIO AHAIN3a JIAeT
BO3MOJKHOCTh HE TOJNBKO (PUKCHpOBaTh (DaKThl YPE3BBIYANHBIX CHTYallMid, HO U OTCIIEKUBATh
JIMHAMUKY KOTHUTUBHBIX H3MEHEHUH B pa3HbIX CJIOSX MOCTpajaBliero coodmecrsa. [IponsBoanbie
MapLUAIBHBIX SHTPOIUHM BBICTYNAKOT YyBCTBUTEIbHBIMU MHMKATOPAMU W3MEHEHUS] KOTHUTUBHOU
CIIOCOOHOCTH COLIMYMA, TIO3BOJISISE KOJIMYECTBEHHO OLIEHUBATH JUTUTEIbHOCTh BOCCTAHOBUTEIILHOTO
NeEproJa U UHTEHCUBHOCTb KOTHUTUBHOM PEaKIMK.

JlanpHelee pa3BUTHE TMOAXOJA NPENONaracT MHTEPalldi0 METONOB  OOpabOTKH
ecrecTBeHHOTO si3bika (NLP) amist Gonee ToHKOrO aHanm3a coepKaTebHbIX U3MEHEHHI B IUCKypCe
Ha pasHbIX (pa3ax ajanTaluM, a TaKKe CONOCTABICHUE MapLUaIbHBIX ASHTPOIMHHBIX
XapaKTEPUCTUK C PE3ylIbTaTaMM TPAJULMOHHBIX IICHXOJIOTMUECKUX M3MEPEeHMH ISl BaIuJaliu
IPEeUIaracMbIX METPHK.
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IIpuMeHeHHe HEPOHHBIX ceTel 1JIf MPOTrHO3MPOBAHUS

NMPOYHOCTH BBICOKONIPOYHBIX 0€TOHOB CO CJI0KHOM pelentypoi
1 1,2
Maxoe A.U.~, llonysn JI.B.7"*

'V panbekuit deepanbHbii yauBepcuTet, MHCTHTYT CTPOUTEIBCTBA U aDXHTEKTYPHI,
ExatepunOypr

2HI/IL[ «HuP BCM» ¥YpO PAH, ExarepunOypr

ludmila.poluyan@gmail.com

IIporHo3zupoBanue NPOYHOCTH GETOHA MHOTOKOMIIOHEHTHOI'O COCTaBa OCTAETCsl CIIOXKHOM
MHOTOKPUTEpHAIbHOM  3aJayeli B COBPEMEHHOM  CTPOMTEIBHOM  MaTepUalOBE/ICHUU.
TpaguiuoHHbIe MAKPOCTPYKTYpHbIE (OpMYIIbl (TakMe KaK 3aKOH BOJOLIEMEHTHOI'O OTHOILECHUS
wm (opmynsr bonomes-CkpamraeBa) XOpoIno padoTaroT uisi 0a30BBIX TECYaHO-TPABHHHBIX
CMeceil, OTHAKO JAI0T CYILECTBEHHYIO IOIPELIHOCTb MpU JOOABICHUH B PELENTYPY JUCIEPCHBIX
MHUHEPAJIbHBIX ~ KOMIIOHEHTOB  (30J1a-YHOC, IIUIAK, MHUKPOKPEMHE3eM) U  XUMHYECKUX
cynepiuiactTuukaTopoB. JlaHHble 100aBKM BCTYNAIOT B CIIOXKHBIE CHHEPreTUUECKHE PEaKIMH,
CO371aBasi HEJIMHENHbIE 3aBUCHMOCTH MEXJIYy COCTABOM W HWTOTOBOM IPOYHOCTHIO HA CXKAaTHE,
KOTOpBIE HE MOAJAITCA TOUHOMY JETEPMUHUPOBAHHOMY PacueTy.

B pabore mnpemiokeH u anpoOUpoOBaH TOAXOJ, Oa3MPYIOLIMICS Ha MPUMEHEHUH
JITOPUTMOB HMCKYCCTBEHHOIO HMHTEIUIEKTA Ul alIPOKCUMALMKM HEJIMHEWHBIX 3aBUCUMOCTEN B
peuentypax 6eroHa. OCHOBHas Ujiesl 3aKJII0UAETCS B TIEPEXO/IE OT KIACCUYECKOTO AHATUTUYECKOTO
pacueta K IPEIUKTUBHOMY MOJEIMPOBAHUIO, TA€ HCKyccTBeHHas HeiponHas cerb (MTHC)
BBICTYIAET B POJIM IIU(PPOBOTO IBOMHMKA (PH3UIECKOTO IKCIIEPHIMEHTA.

B kauectBe sMmupuueckoi 0a3bl MpoaHATU3UPOBaHA BBIOOPKA, COZEprKallias pPe3yJIbTaThl
cebiie 1000 1a00paTOpPHBIX UCIIBITAHUKA OETOHHBIX OOpAa3IOB PA3IMYHOTO COCTaBa M BO3pPACTa.
BXomHOM BEKTOp JaHHBIX BKJIIOYA] BOCEMb NApPAaMETPOB: PAcXof, LIEMEHTA, JOMEHHOIO IUIaKa,
30JIbI-yHOCa, BOJIbl, CYNepIUIacTU(UKATOPa, KPYITHOTO M MEJIKOTrO 3allOJHUTENEH, a TakkKe CPOK
TBepaeHHus OeToHa (B cyTkax). LleneBoil mepeMeHHOH BbIcTynana (akTHyeckas MPOYHOCTh Ha
oxkarue (MI1a).

Pa3paborana Mozienb Ha 6a3e apXUTEKTypbl MHOTOCIIONHOTO neprientpoHa (MLP), a taxoke
NPOBE/IEHO CPaBHUTENBHOE OOYyUEHHE aHCAMOJIEBBIX JEpeBbeB perieHuid. O0yueHne aaropuTMoB
HPOM3BOJIMIIOCH C HCIIOIb30BaHUEM ATOPUTMA OOpaTHOTO pacrnpocTpaHeHust omMOku. OreHKa
KauecTBa almpoKCHMAalMK TOKa3ajda, 4TO HEeHpOoceTeBble MOJENU CIOCOOHBI MPOrHO3HPOBAThH
NPOYHOCTh O€TOHA € TOYHOCTBIO, 3HAYMTEIBHO IPEBBILAIONIEH TPAAUIMOHHBIE WHXEHEPHBIE
MOAXO/bI, TocThras ko3 duienTa AeTepMUHALIN R?> 0,9 Ha TecTOBOI BBIOOpKE.

Takum oOpasom, JOKa3aHO, YTO NMPUMEHEHHE HEMPOCETEBBIX TEXHOJIOTHMI IMO3BOJISET C
BBICOKOM CTENEHbIO JOCTOBEPHOCTH MPE/ICKa3bIBaTh Kilacc OETOHA /10 HayasIa (PU3UYECKOro 3ameca.
[TpakTiueckas 3HAUMMOCTb PabOTBI MOATBEPKIAETCS TEM, UTO pa3pabOTaHHAs MOJETb MOXKET
ObITh MHTETPUPOBAHA B TEXHOJIOTMYECKHE MPOLIECCHl 3aBOJIOB >KENE300€TOHHBIX W3JEIUM U
ToBapHOro OetoHa. lcrnomp3oBaHue — aiaropuTMa  TO3BOJIMT — TEXHOJOTaM  ONEPaTHBHO
KOPPEKTUPOBATh PELENTypbl, MUHUMH3UPOBATh PAcXoj LEMEHTa 0e3 CHIKEHHS MPOEKTHBIX
(HU3UKO-MEXaHMYECKMX XapaKTEPUCTUK W  CYILIECTBEHHO COKPAaTUTh IMKJI JIabOpaTOpHBIX
HCCIIEIOBAHUI MPU BHEAPEHUH HOBBIX COCTABOB.
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YK 621.316

Bbe3onacHoCTh KaK CBOMCTBO HAIEKHOCTH

IJIEKTPOIHEPTreTHYECKOH CHCTEMBI
Obockanoe B.11.

Yp®V, YpanDHUH; HULl «HuP BCM» YpO PAH, ExarepunOypr

I[Ipencrasien aHanm3 NOHATHS «Oe30macHOCTh DIC» KaK OJJHOTO M3 CBOMCTB HAJISKHOCTH
anekTposHepreTrueckoi cucrembl (D9C). DOC paccMarpuBaeTCsl Kak CIIOXHAs, CBS3aHHAsS
©IMHCTBOM 3JICKTPOIHEPI€TUYECKUX IIPOLIECCOB TEXHMYECKask CUCTEMa KHOepHeTHYecKoro Tuna. B
TO K€ BpEMsl OHA SBJISCTCS OIHOM W3 OCHOBHBIX MH(PACTPYKTYp, ONPEEIAIONICH MPAKTUIECKU
BCe cdepbl 4eIoBeYeCKOM JesTenbHOCTH. lloka3plBaeTcs HENOCTaTOYHOCTh CYILLECTBYIOLIETO
orpezenenus «oe3onacHocTb IIC».

[Ipennaraercst paciiMpeHHOE TOJKOBAaHWE 3TOTO CBOMCTBAa HAJAEKHOCTH C AKIEHTOM Ha
MaciTade u cerduke COOBITHS «OTKa3» ¢ TOUKH 3peHust 6ezomacHocTi IOC:

«OHepreTuyeckass 0€30MaCHOCTB» — 3TO CIIOCOOHOCTh 3SHEPrOCHUCTEMBI 00ECIEUUTD
HOoTpeOHTENeH MUHUMATLHO OOnYCIUMbIM OOBEMOM SHEPTHUH PeiaAMEHMUPOBAHHO20 Kauecmea
IIPY BO3HUKHOBEHUH OTKA30B, OTHOCSIIMXCS K KJIAcCy «O€30M1acCHOCThY, B TOM YUCIIE:

e oKojoruyeckas Kkaractpoda (paxuanvoHHas, XHUMHUYecKas, OHojoruyeckas H Jp.
3apa)KEHHOCTh MECTHOCTH) M3-3a 0TKa30B B DIC;

* cobOpite B 9DC, CBA3aHHOE CO CMEPTHIO YEIIOBEKA;

* HapyueHnue GpyHkuuonupoBanus 99C npu 0TKazax B CMEXHBIX HH(PpacTpyKTypax

* coObITHe, HIeHTH(GULIHpYyeMoe Kak «CHucTeMHas aBapus», B TOM YUCIIE:

O BHE3aITHOE OTKJIIOYEHUM KPYIMHOW reHepanuu (3JeKTPOCTAHIMK), y3J1a TPAHCIOPTHOM
nojAcucTeMbl (HOJACTAHIMS), VY3JI0B HAarpy3kd WM BBIJCJIEHHOM  (3aJlaHHOM)
COBOKYITHOCTH 3JIEMEHTOB YHEPIOCUCTEMBI;

o Hapymenue cratndyeckoil nian 1uHamMu4eckoi ycroitunoctu 99C;

Hapymenue cunxponusma u aeneare 99C Ha NOACUCTEMBI;

O KackajHoe pa3Butue aBapud B OOC ¢ OTKIIOYEHHEM OOJBLIOrO 4HMCla 3JIEKTPO-
HNPUEMHHKOB,

o passurue aBapuu B DO9C Ha CMeKHbIE HHPPACTPYKTYpPHI.

[TprBoaMTCS OMMCaHKE MEPeYUCIICHHBIX OTKa30B Kiacca «oe3zonacHocTb IIC. OcHOBHOE
BHUMaHHE YJIENISETCSl BBISBICHUIO (DYHKIIMOHAIBHOM 3aBUCUMOCTH OTKa30B B EDC M cMEeXHBIX
uHppactpykrypax. IlokaspBaercs, 4ro orkaszsl B 93C MOTYT NMpUBECTH K MH(PACTPYKTYPHBIM
KacKaJHbIM OTKa3aM. B 4yacTHOCTH, OTKa3 B CHCTEME >KEIE3HOAOPONKHOU JIOCTABKE YIJII MOKET
NPUBECTH K OTKJIFOYEHHIO 3JIEKTPOCTaHIMK, padoTarolei Ha yriie. 310, B CBOIO OYepe/ib, MOXKET
NPUBECTH K OTKIIOYEHHUIO TMOJICTAHLIMK, MUTAIOLIYIO >KEJIe3HOJOPOKHYIO AIIEKTPOCETh, YTO
BBI30BET MPEKPAILCHUE JIOCTABKH TOIUIMBA HA APYTHE MEKTPUIECKHUE CTAHIIHH.

Otmeuaercst, uto npodieMa 6e3onacHocti DIC SIBISIETCS COCTaBHOM YacCThIO IIPH aHAIN3E
0e30MacHOCTH  (PYHKLUHOHMPOBAHUSI HWHBIX HH(PACTPYKTYp, B TOM YHCJIE TOCYIapCTBEHHOM
6e3omacHocTH B 11eioM. OOCyx1aroTcst Mepbl IoBbIeHUs Oe3omacHocTr I9C.

[Ipennararotess U paccmarpuBatoTes mokaszatenu OeszomacHocti (IIB) 93C, a Takxke
MaTeMaTH4YecKue TMpoleaypsl UX onpeneneHus. OCHOBHBIM MaTeMaTHYeCKUM METOIOM TIpU
onpenenennu [Ib 1menecooOpasHO paccMaTpuBaTh METOJ CTATUCTHYECKOTO MOJEIUPOBAHUS
(Mownte-Kapno).  [Insi  OLIEHKM  YHUKaIbHBIX ~ TEXHOI€HHBIX  PUCKOB  Mpeasiaraercs
UCIIONIB30BaTh CIIEHAPHBIH MOAXO0/, a He (POPMYJIbI BEPOSITHOCTH WIIM MATEMaTUIECKOTO OKUIAHUS
OT HEZIOTIOCTAaBKH 3HEpPropecypca.

O
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O1eHKa TEXHMYECKUX MOTEPh IHEPTrUM B JJIEKTPUIECKOH CeTH

NPH HeonpeaeJeHHOCTH rpauKOB HATPY30K
Obockanos B.I1.*, Kupnukos A.B.

Yp®V, YpanODHUH; HUL[ «<HuP bCM» YpO PAH, Exatepunoypr
v.p.oboskalov@urfu.ru

PaccMmoTpenbl  BEpOSITHOCTHO-CTATUCTUYECKUE  METOMABI  OINPENCNCHUsT CyMMAapHBIX
TEXHUYECKHX MOTEPh MOIIHOCTU B 3JIEKTPUUECKOM ceTn. B KkauecTBe pacyeTHOM mpuHSTA
ANIEKTPUYECKAsl CeTh IMOCTOSHHOTO TOKA. BBITIONIHEHO COMOCTAaBICHUE BBHIOPAHHBIX METOJOB IO
KAQueCTBEHHOW M BbIUHMCIUTENbHONU d3(ddexTuBHOCTH. [laHO TpencTaBieHre XapaKTePUCTUK
rpaduka Harpy3oKk uepe3 BEpOSTHOCTHBIC TOKa3arenu. [loka3aHo, 4TO y4eT KOPpEISIIMOHHBIX
MOMEHTOB MEX/Iy MOILIHOCTSIMA U MEXKIYy HAlpsHKEHUSAMH Y3JI0B HEOOXOAWM JUI CHMKEHHS
HOTrPEeIHOCTH  pacyeToB. [lpennokeHa CyLIECTBEHHO MOBBIIAIONIA TOYHOCTh PAacyeTOB
TEXHUYECKHX TOTEph MPOLeaypa KOPPEKIMH MaTeMaTU4ecKOro OXKUJIAHWS HampsHKEHUH Y37I0B.
BrInonHeHbl  COMOCTAaBUTENBHBIE PACcUYEThl, KOTOPBIC IMOKA3aJd HAWIYYIIYH) BBIYMCIUTEIILHYIO
3¢ PEKTUBHOCTh MPEUIOKEHHOIO METOA ydeTa KOBapualliil HAMpsHKEHHH ¢ y4eTOM KOpPPEKIMU
HaNpsDKEHUH JUTA peKrMa, MPU KOTOPOM OIPEEIISIeTCsl MaTpHUIla KOPPESIIMOHHBIX MOMEHTOB
HaNPSHKESHUN.

3agaya OLEHKM HArpy304YHbIX IIOTEph MOLIHOCTM M anekrposHeprun (IIMD) B
AIIEKTPUYECKON CETH paccMaTpuBajiach OOJNBIIMM YHCIOM aBTOPOB B TEUEHHE BCEro Ipoliecca
pazBuTHs 3eKTpodHepreTuk. Crerpdurka mpeaaraeMpiX pacdeTHBIX MPOIEAYpP, KaK MPaBHIIO,
3aKJIF0YACTCsl B HAMPABIEHHOCTH PEIlIaeéMOM 3a/1a4 — ISl ONIEPATUBHBIX M (PHAHCOBBIX PAaCUeTOB
TpeOyercst 6oyiee TOYHAsE MaTeMaTH4YecKas MOJIeNb, a JUIsl MEPCIEKTUBHOTO TUIAHUPOBAHUS, TJIE
WCXO/IHBIC JIAHHBIE MMEIOT OOIBIIYI0 HEOIpPENEIICHHOCTh BIIOIHE MPHUEMIIEMbl TPHOIMKEHHbIE
OLICHKH.

Tounble ouenku [IMD anpropy HEBO3MOKHBI W3-3a BEPOSITHOCTHOT'O XapakTepa Harpy3ok,
COCTaBa M CTpATEruy 3arpy3kd TEHEPHPYIOIIMX YCTaHOBOK. [lokazaHo, 4To Hanbosee 3HaYUMbIM
(akTopoM, OMpeNeNsIONMM TOTPEITHOCTh MaTeMaTudeckoil Monermu pacuera [IMD, sBusercs
CYTOYHas U CE30HHAsl HEPaBHOMEPHOCTH AIEKTpOnoTpedsieHns. VIMEHHO B HampaBlIeHUH YydeTa
9TOrO (paKTOpa BHIMOIHEHA HACTOsIIAs paboTa.

Jns ouenku [IMD paccMOTpeHBI METOIBL: XapaKTEpHBIX CYTOYHBIX I'pa(uKOB; CpeIHUX
Harpy30K; CpelIHEKBapaTUUHBIX MapaMeTPOB PeXKKUMa; HAUOOMBIINX MOTeph. B cuity abcomoTHO
BEPOSITHOCTHOTO XapakTepa 3ajauyd Ha TEpBBbIM IUIAH BBIIBUTAIOTCS M HAMU PacCMOTPEHBI
BEPOSITHOCTHO-CTATUCTUYECKUE METO/IbI OUEHKH [IMD u MX mpurogHocTh A 3a/1a4d OLICHKU
OanancoBoil HagexkHOCTH DOC.

[IMD npu nepenaye >7IE€KTPOIHEPTUU IO AIIEKTPHUECKUM CETSIM UMEIOT BEPOSTHOCTHBIN
XapakTep, BbI3BAHHBIA B OCHOBHOM BEPOSITHOCTHBIM XapaKTEPOM HArpy30K U HEOMPEIEIEHHOCTHIO
pacrpeesieHIs] Harpy3Kd MKy UCTOYHHUKAMHU JIEKTposHepruu. Hanbonee 3HaYMMBIMU BEpOSIT-
HOCTHBIMH XapaktepucTukamu 1t [IMD sBisitoTCs MaTeMaTHUYECKHE OXHUIIAHUS U KOPPEIsIu-
OHHBIC MOMEHTBI MEKIY Harpy3KaMu Y3JI0B dJIeKTprdeckoi cetu. Hanbomee TOYHBIM METOIOM B
YCIIOBHSIX BEPOSITHOCTHOM OIPEACTEHHOCTH TpaMKOB HATPY3KHU SIBISIETCS METOJ], OCHOBAHHBIN Ha
MIPUMEHEHUH MAaTPHIIBI KOBapHaIlUK HANPSHKEHUH C KOPPEKIMed MaTeMaTHYeCKOTO OXKHUIIaHWS
HarnpspkeHuid. B paboTe ydTeHbl MaJieHus] HapsDKEHU B DJIEMEHTaX JJIEKTPUYECKOM CEeTH, YTO
CYIIECTBEHHO YBEJIMUYMBAET TOYHOCTh PACUETOB MTOTEPh MOIIHOCTH 1 SHEPTUH.

[Ipennaraemelii B ctatbe MeToA Koppekiuu MO HanpspkeHU B y371aX 3HAUMMO CHUYKAET
MOTPEITHOCTh OLEHKH TexHuuYecknx [IMD u MokeT ObITh PEKOMEHJIOBAaH KaK CaMOCTOSTEITbHAS
nporenypa Uit JI00Oro W3 CYHIECTBYIOIIMX MeETonoB pacuera [IMD, OCHOBaHHBIX Ha
UCIIONIb30BAHUM MaTeMaTW4eCKHX OXHUIaHWM HamnpspkeHud. O(PQeKTHBHOCTh pacCMOTPEHHBIX
METOJI0B OLIEHUBAJIACh Ha OCHOBE IPOBEPOUYHBIX PACYETOB TECTOBOM CXeMbl. METO/, OCHOBaHHBIN
Ha WCTOJNB30BaHUM MATPUIBI  KBaJApPaTUYHBIX  KOA(M(UIMEHTOB TOTEPh, OOCCIICUNBACT
norpenHocTh pacuera [IMD, comoctaBUMyIO € TIOTPEITHOCTBIO 00JIee TOUHOTO METO/a C y4ETOM
MaTpUIbl KOPPEISILMY HANPSHKEHUH.
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OueHka HAJIEKHOCTH TPAHCIIOPTHO-JIOTUCTHYECKHUX MePEeBO30K
B YCJIOBHSIX IN100aJIbHOTO norervienust 1 CBO
1 1,2
llonomapes B.A.™, Tumawes C.A.

"Hayuno-umxenepHsiii nenTp «HameKHOCTh B pecype GONBIIMX CHCTEM W ML
VYpaneckoro oraenenus Poccuiickoil akanemun Hayk, EkarepunOypr

ZypaﬂLCKHﬁ (benepabHBIN yHHUBEpPCUTET, EKaTepuHOypT

wasilko@rambler.ru

B pabote npezacraiieHbl METO/IbI M OLIEHKA PELIEHNs TPAHCIOPTHO-JIOTUCTUYECKOH 3a/1aunt
MHQPACTPYKTYphl A30BCKOTO MOpSl ¢ TOUKH 3pEHHS HAAEKHOCTH MApIIPYyTOB JIOCTABKH MO
BIIMSIHUEM KJIMMATUYECKUX M I'eONOJMTHYECKUX (akTopoB. [IpoBeneHHas oLeHKa MMEIOIIMXCS U
HEPCIEKTUBHBIX METO/IOB IPY30BOI0 U NACCAKUPCKOTO COOOLIEHHS B 30HE A30BCKOTO MOPSL U €TI0
OeperoBoil JIMHUM BBIABUJIA OOIIYIO YS3BUMOCTh M HEAOCTATOUHYIO POOACTHOCTH/YCTONUMBOCTD
TPaHCIIOPTHOM CeTH uccieayeMoil TeppuTopur. B cBs3u ¢ 3tuM B pabore NpemiokeH
BEPOSITHOCTHBIM ~ TOJIXOJ] K OLEHKE HAaJEeKHOCTH TPAHCIOPTHO-JOTMCTHMYECKOH — 3a/auH,
YUUTHIBAIONIUMA HE TOJBKO BIMSHUE BHEIIHUX (DAKTOPOB BO BpPEMsl TPAHCIIOPTUPOBKU, HO H
NO3BOJSIIOIIMIA ~ 3apaHee BBIACIATh HanOojee HAASKHBIM Mapipyr C MHHUMAIbHBIMU
TPAHCIIOPTHBIMU PACXOAaMU U U3JAEPIKKAMHU.

JInst oLleHKH HafeXHOCTH BCEH TPAHCIIOPTHOM CETH, COCTOSILEH U3 KOMIIOHEHT (BETBel)
MNpeaACTaBJICH MCTOA ITPOTHO3UMPOBAHUA OTKa3da CHCTCMBI, y‘II/ITLIBaIOHII/If/'I BJIMSIHUE OOJIBILIOTO
KOJIMYECTBA IPUUMHHO-CIIE/ICTBEHHBIX CBSA3€H MEXKTy COOBITUSIMHU.

Jns pemieHuss NpakTUYECKOrO BOIpPOCAa O CPOKax HPHOBITUS MMACCAKUPCKOIO WM
IPY30BOI0 TPAHCIIOPTA MO Pa3IMYHBIM 3JIEMEHTaM TPAHCHIOPTHON CETH MPEIOKEH METO]] OLIEHKH,
OCHOBAHHBEINM Ha MaKCUMH3all BEPOATHOCTH CBOCBPEMCHHOI'O HpI/I6I)ITI/I$L I[aHHI)If/'I METO
MO3BOJISIET BBIOpATh MAPUIPYT ¢ MAKCUMAIBHOM CTETIEHBIO BEPOSITHOCTH MPUOBITUS TPAHCHIOPTA B
OTpENICNICHHBbI y3€l CeTH B 3apaHee 3aJlaHHbleé BpEMEHHbIe paMKu. llprmMeHeHue naHHOMN
METOAMKH [UIsl PElIeHHs] NMPaKTUYecKuX 3a1ad TpeOyeT Haaudusi M YriayOJeHHOro aHaim3a
paSBHTOi/JI 0a3bl CTAaTUCTHYECKUX AAHHBIX U Y4€Ta PUCKOB, CBA3AHHBIX C BOCHHLBIMH I[GI\/'ICTBI/ISIMI/I u
r7100aJIbHBIM U3MEHEHHEM KIIUMATa.

[1] Kyuenko E.M., ConmaroBa JI.LA. Meroauyeckue moaxo/ibl K OIIEHKE IPy30IepPeBO30K Ha OCHOBE
JIOTUCTUYECKOTO MOAX0/a // A3MMYT Hay4dHBIX MCCIIEIOBaHUI: S5KOHOMUKA U yrpasieHue. 2020. T. 9.
Ne3 (32). C. 228-232.

[2] Bamaum, pemraemple  TPaHCIOPTHOW  JIOTMCTUKOW  [DnekTpoHHelii  pecypc] — URL:
https://studfile.net/preview/10586723/page: 18/ ([lara oopamienus 22.04.2026).

[3] 1400 kM 6e3 mpobok. Uto Takoe A30BCKOE KOJBIIO, T/IE€ OHO MPOMIET W KOT/a €ro 3akoH4ar?
[DnexTponnsiii pecype] — URL: https://93.ru/text/transport/2025/04/02/75288407/ ([lata oOparieHus
23.04.2026).

[4] HoBblii  rioGanbHbIid  TOpOKHBIH mpoekT B Poccum  [Onextponsbiii  pecypc] — URL:
https://iz.ru/1810499/vladimir-gavrilov/bratstvo-kolca-vremya-v-puti-vokrug-azovskogo-morya-
sokratitsya-na-pyat-chasov (/lara oopamenus 23.04.2026).

[5] [IpoekTupoBanre HOBOW  KEJIE3HOJOPOXKHOH BeTkH [JnekTpoHHbli pecypc] — URL:
https://www.nvgazeta.ru/news/12373/622510/ (lata oOpamenus 23.04.2026).

[6] Bamyck maccaxupckoro cooOmeHus mo A30BCKOMY Mopio [DriektponHsiii pecype] — URL:
https://kuban.rbc.ru/krasnodar/freenews/6681a4a99a7947515f8190a5 ([lara obpamienus 23.04.2026).
[7] Tumames C.A., TloHomapeB B.A. BiusHue wu3MeHeHHs KiuMara Ha (QYHKIMOHAIbHYIO
HaJIGKHOCTh aBTOPaHCIIOPTHBIX cetel / HampexxHnocts. 2026. Ne2. C.

[8] C.A. Tumames, A.B. Bymmuckas, M.I'. Mamokosa, JI.B. ITomysa IleqocTHOCTs U 6€30MaCHOCTD
TpybompoBoaHEIX cucteM. — Exatepunbypr: YpO PAH, 2013. — 590 c.

[9] Prakash, A. A. Algorithms for most reliable routes on stochastic and time-dependent networks.
Transportation Research Part B: Methodological, 138. 2020. 211-235.

[10] Sokolov, V., Soyer, R. Bayesian Dynamic Gamma Models for Route-Level Travel Time
Reliability. arXiv preprint, arXiv:2501.01234. 2025.
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IHocTpoenne nugponoii Moae i 0€TOHA, APMHUPOBAHHOTO
nepepadoOTAaHHBIMU BOJIOKHAMM, /IJIsl ONpe/Ie/IeHus
XaPaKTEePUCTHK TPEIIMHOCTOMKOCTH € Mcnoiab3oBanueM ABAQUS
Passzax A.B.P., Anexun B.H.

VYpansckuii penepanbHbii yHuBEpCuTeT, T. ExatepuaOypr
alaawahhabrazzag@yandex.com, v.n.alekhin@urfu.ru

JlaHHbIA JOKJNAA TMOCBSILEH YHCICHHOMY MOJCIMPOBAaHUIO OETOHA, apMHUpPOBAHHOTO
nepepabOTaHHOTO BOJIOKHA M3 OTXOJIOB, C aKIEHTOM Ha €ro TPEHIMHOCTOMKOCTh M BSI3KOCTh
pazpymieHusi. B Hem oOcyxnaercs 3HaueHuWe O€TOHA APMUPOBAHHOTO BOJIOKHOM, METOJMKA
NPOBEJCHHS HCIBITAaHU OETOHAa Ha TPEUMHOCTOMKOCTh B COOTBETCTBUMHM C Poccuiickum
Crangaptom ['OCT 29167-2021, a Takke MpeACTaBICHbl PpPE3yJbTaTbl MCIBITAHUN Ha
TPEXTOUEUHBI M3rUO Ul aHaM3a KPUBBIX 3aBUCHMOCTH Harpy3Kd OT CMELICHUS OCTOHHBIX
mozenell. CpaBHEHMs TMOKa3bIBAIOT 3HAYMTENBLHOE YIYYIIEHWE HeCylleld CIOcOOHOCTH U
IUIACTUYHOCTU TPU HUCIIOJBb30BAaHUM I€pepabOTaHHBIX BOJIOKOH, YTO IOATBEPXKIAET pOJIb
apMarypsbl u3 rnepepaboTaHHBIX BOJIOKOH B MOBBIIIEHUH TPEIIMHOCTOMKOCTH OeToHa [1].

Pa3pymienue npu pacTssKeHUU U pOCT TPEILIUH O] HATPY3KOU 11 OETOHHOM MOJENH,
apMHUPOBAHHOMN repepaboTaHHBIMU BOJIOKHAMH

ITockomnbky OObIYHBIN OETOH UMEET CBOMCTBO TPEIIATh IIPU PACTSHKEHNUH, IEpepadOTaHHbIE
BOJIOKHA [TOMOTat0T KOMITO3UTY TIOBBIILIEHUE TPEIIMHOCTOMKOCTH 1 60see 3P (PeKTHBHO MOIIomarh
sHepruto [1]. IlomMMMO TOBBIIIEHHS 3KCIUTyaTalMOHHBIX XapaKTEpUCTHK, MepepaboTaHHbIe
BOJIOKHA CHOCOOCTBYIOT SKOJIOIMYHOCTH, COKpalas HOTPeOHOCTh B MaTepuaiaX M KOJIMYECTBO
OTX0JI0B [2].

[1] Sanjaya, B. G. V., Venkatesan, S., Appuhamy, J. M. R. S., Bandara, W. M. K. R. T. W.,
Gravina, R. J. Enhancing structural integrity and crack resistance of rubberized concrete using
aqua-thermally treated rubber aggregates and recycled tire steel fibers for structural
applications. Sustainable Materials and Technologies, 2025. Vol. 46, e01720.

[2] EI-Messiry, M., Eid, E. S. M. Comprehensive analysis of crack resistance and failure
modes in cement concrete reinforced with recycled water bottle fibers: Influence of fiber
diameter, length, and content under compression. Journal of Industrial Textiles, 2025, Vol. 55,
15280837251342568.
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Ounenka 3(ppeKTHBHOCTH MEPONPUATHA 3AIUIIEHHOCTH

TexHOCPepbl HAa npuMepe bailkajabCKOl NPUPOTHON TEPPUTOPUHA
1 . 12
Cnusaxos /[.A.”*, Tacetixo O.B.

1C1/16Hp01<m“1 rOCy1apCTBEHHBIM YHUBEPCUTET HAYKU U TEXHOJIOTMM UMEHH aKaJeMUKa
M.®. PemerneBa, KpacHosipck

ZCDe/:[epaanbIﬁ UCCIIEIOBATENbCKUN EHTP HH(GOPMAIIMOHHBIX U BHIYUCITUTEIbHBIX
TexHoJioruii, KpacHospck

Sbeerkov@yandex.ru

B ycnoBusix pocta aHTpOIOreHHOM HAarpy3Ky M TEXHOJIOTMYECKOTO pa3BUTHs oOecIieueHne
3AIMIIEHHOCTH TEXHOC(EPI CTAHOBUTCS OJJHON U3 KIIFOUEBBIX 3a[a4d YCTONUMBOTO Pa3BUTHS TEp-
putopwmii. Corpansao-pupogHo-TexHorenHsie (C-I1-T) cucteMsl mpencTapisitoT COO0M CIIOKHBIE
00pa30BaHus, B KOTOPBIX B3aUMOJICUCTBYIOT MPUPOAHAs Cpela, TeXHUUECKask HHPPacTpyKTypa U
0011eCTBO, 4TO 00yCIaBIMBaeT (POPMHUPOBAHIE COBOKYITHOCTH B3aUMOCBSI3aHHBIX PHUCKOB.

B pamkax puCK-OpHEHTMPOBAHHOIO INOAXOAAa OCHOBHBIMU B3aMMOCBSI3aHHBIMH XapakTe-
puctukamu C-II-T cucrem SIBISIFOTCS PUCK, YSI3BUMOCTb M 3aILMILEHHOCTb, YBEIWYEHHE PUCKOB
IIPUBOAUT K POCTY YSI3BUMOCTH M CHYDKEHHIO YPOBHS 3aIIUILIEHHOCTH TEPPUTOPUIA.

AKTyalIbHOCTh T€MBbI 00YCIIOBJIEHA HEOOXOMMOCTBIO OLIEHKH CYILECTBYIOIIUX MEpPOIpU-
SITUM, HaIpaBJICHHBIX Ha TOBBIIICHUE 3alMIIEHHOCTH TeXHoc(hepbl baiikaibckol mpuUpoaHOM
teppuropun (BIIT), paccmarpuBaemoil kak couuanbHO-pupoHO-TexXHOreHHas (C-11-T)
CHUCTEMa, a TaKKe BBIABICHUSI UMX 3(P(EKTUBHOCTU B YCIOBHSX BO3pACTAIOIIEH aHTPOIOICHHOM
Harpy3ku. IlpoBeneHue Takoro aHaim3a MO3BOJISIET ONPENENUTh Cladble MeCTa B CUCTEME
obecrieueHust 0€30MacHOCTU U pa3paboTaTh PEKOMEHIALIUH 110 €€ COBEPILICHCTBOBAHUIO.

B oOcCHOBE OLEHKM JIEKUT 3KOHOMHKO-DKOJOTMUECKHMH TOIXOMA, IPEaroaratonimi
COTIOCTABJICHUE MPEAOTBPAILIEHHOTO yIliepOa 1 3aTpaT Ha pean3aliuio Meporpusitiid. [puvenenue
JAHHOIO IIOJXO/a K AaHAIM3y TOCYJApCTBEHHBIX IPOrpamM, peaau3yeMbIX Ha balkanbCckon
NPUPOHOM TEPPUTOPHUHM, IOKA3bIBAET, UYTO MPHOPUTETHOE (PUHAHCHPOBAHHE HANPABIECHO Ha
OXpaHy OKpYXKAroIIEH Cpelipl, MPEeIOTBPALLCHAE U MPEIYNPEXKICHUE YPE3BbIYAUHBIX CHUTYALUH,
YTO COOTBETCTBYET CTPAaTErMUECKUM 3ajladyaM OOECIIeYeHHs 3KOJOTMYecKol Oe30MacHOCTH
peruoHa.

[TpoBenéHHbIA aHAM3 CBHUIETEIBLCTBYET O COXPaHEHMH 3((EKTHBHOCTH pealu3yeMbIX
MEPONPUITUI MPU TEHACHIMU K ONTUMM3ALMK OFO/DKETHBIX pacxofoB. Takum oOpa3oMm, OlLeHKa
3} dexTuBHOCTH MEPONPHATHIA MO MOBBIIIEHUIO 3AUIIEHHOCTH TEXHOC(HEPHI TO3BOSISIET BBISABIISTH
MPUOPUTETHBIE HAINPABJICHUS YIPABICHHS PUCKaMH M CIYXKUT OCHOBOW Ul JlaJIbHEHILEro
COBEpLIEHCTBOBaHMS ccTeMbl oOecniedeHus 6ezonacHocti C-I1-T cuctem.

[1] Belov S.V. Life safety and environmental protection (technoferic security): textbook for
universities / S. V. Belov. — 6th edition., trabab. and add. — Moscow: Publishing house Urayt,
2026. — 636 pp. — (Higher education). — ISBN 978-5-534-16270-7 // Education Platform
Office [website]. — URL.: https://urait.ru/bcode/599025 (date of application: 10.04.2026).

[2] Management of territorial development risks and protection of social, natural, and
technological systems / 1.V. Bychkov, O.V. Taseiko, U.S. Postnikova et al. // Bulletin of the
Russian Academy of Sciences, 2024, vol. 94, 11, pp. 974-987.

[3] Zaikanov V.G., Minakova T.B., Buldakova E.V. Geoecological security of urbanized
territories: approaches and ways of implementation // Geoecology. Engineering geology.
Hydrogeology. Geocrology. 2019. 1. pp. 17-23. URL.: https://journals.eco-vector.com/0869-
7809/article/view/11811 (Date of application: 15.04.2026).

[4] Komsinos U.C., KonoruteB A.B. MeTomoI0THst OIICHKH ¥ palOHUPOBAHHS TEPPUTOPHIA 1O
OIMACHOCTAM U pUCKAM BO3HHUKHOBCHHSA I{p6’:3BI>I‘-Ia.I\/'IHI:IX CI/ITyaI_[I/Iﬁ KaK OCHOBHOT'O pPE3yJibTaTa
JEWCTBHUS TEOIMHAMHYCCKIX U TEXHOT€HHBIX mporieccoB // CoBpeMeHHbIE POOIeMbl HAYKH U
obpasosanus, 2014, seimn. 1. URL: https://science-education.ru/ru/article/view?id=11918.
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Oco0eHHOCTH pacyeTa HAJeKHOCTH ra3onpoBOA0B METOAAMHU
HelmapaMeTPU4eCKOM CTATUCTUKH
Cuizpanyes B.H.

TroMeHCKUI UHAYCTPUATIbHBIN YHUBEPCUTET, TIOMEHB
syzrantsevvn@tyuiu.ru

Ha ocHoBe MeTOI0B HENMapaMEeTPUYECKON CTATUCTUKM PAaCCMaTPUBAcTCs 3a7ada pacyera
HPOYHOCTHOM HAZEKHOCTU MarkCTpaIbHbIX TPYOOIIPOBOIOB (BEPOSITHOCTH OTKa3a, KO3 puIeHTa
3araca pOYHOCTH, B TOM YUCJIE€ IIPY HATMYUH KOPPO3HUOHHBIX J1e(PEKTOB TPYObI), OIBEPracMbIX B
YCIIOBUSIX JKCIUIyaTalluy CIIy4allHOMY CIEKTpY JNABJICHUM M TEMIIEparypbl HE3aBUCHMO OT €ro
cnoxxHocty. [TokazaHo, 4To yuer (akTHYECKHX 3aKOHOB M3MEHEHUs! HalpshKEHUH B TPYOOITpOBOIE
B IIPOLIECCE €r0 JKCILTyaTaly NMPUHUMUIIMAIBHO M3MEHSET PE3yabTaThl pacyeTa €ro HaJeKHOCTU
10 CPAaBHEHMIO C MCMOJIb30BAHUEM 3aKOHOB pacIpe/ieNIeHHs CITy4aiHbIX BEIMUYMH, Pa3paOOTaHHbIX
B paMKax KJIACCHYECKOM TEOPUH NTApaMETPUYECKON CTATUCTUKH.

[1] Cwispanyes B.H., I'onogpacm C.JI., Hesenes A.I1. Pacuer npoOYHOCTHON HAICHKHOCTU H3-
JIeNUi Ha OCHOBE METOJIOB HemapameTpuyeckoit ctatuctuku. HoBocubupcek: — «Hayka», Cu-
oupckas m3narensckas pupma PAH, 2008.-216 c.

[2] Ceispanyes B.H., Hosocenos B.B., Cozonoe I1.M., I'onogpacm C.JI. OnieHka 6€30MacHOCTH
U TPOYHOCTHOM HAJASKHOCTH MATrUCTPAIBHBIX TPYOONPOBOJOB METOAAMH HeIapameT-
pudeckoit craructuku. HoBocubupck: — «Hayka», Cubupckas uznarenbckas ¢upma PAH,
2013.— 172 c.

[3] Syzrantsev V.N., Syzrantseva K.V. Computational and experimental method for
evaluating gas pipeline residual service life by fatigue strength // Bulletin of the Tomsk
Polytechnic University, Geo Assets Engineering, 2019. Vol. 330, No. 12, 2019. pp. 64-74.

[4] Cepannes B.H., Autonos M.J[. BoccranoBiienue QyHKIMH TUIOTHOCTH PaCIpeaCICHHS
MpeAeNbHbIX HANpsDKEHUM MaTepuala ra3onpoBOJa HAa OCHOBE 3HAYEHUM UX KBAHTHIIBHBIX
otneHoK // "azoBast mpompiieHHOCTh. 2020. — Nel12 (810). — C.86-93.
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PI’ICK-OpI/IEHTI/IpOBaHHaH onTUMM3aANUA IKCILIYaTalluH

MEKIIPOMBICJIOBOI0 TPYOONPOBO/Ia HA €ro ;KU3HEHHOM IIMKJIe
1,2 1,2 2 1
Tumawes C.A.”", Bywunckasa A.B.”*, Jlu I]. X.”*, Mantomuna E.B.

"Hayuno-umxenepHsiii nenTp «HameKHOCTh B pecype GONBIIMX CHCTEM W ML
VYpanbsckoro otaenenus Poccuiickoii akagemun Hayk, ExatepunOypr

ZypaﬂLCKHﬁ (dbenepabHBIN yHHUBEpPCUTET, EKaTepuHOypr

*eternity_909@mail.ru

[Ipennaraercst ruOpuaHask HBOMIOLHMOHHO-CTOXACTUYECKasi CTPYKTYpa JjIsl MHOTOKPUTEpH-
AITbHOM ONTUMU3ALUH AKCIDTyaTallik MEKIPOMBICIIOBOro Tpyoorposoaa (MIIT) Ha ero ku3HeH-
HoM 1mkiie (OKII), ¢ yuetom OropkeTHBIX orpanuueHuid [1]. OOmas croMMOoCTh TEXHUYECKOTO
OOCITY>)KMBaHUS W BOCCTaHOBJIICHHUSI PAaCCMaTpPHBAeTCs Kak IieieBas (DYHKIUS ONTHMHU3AIUH.
Mopgenb codeTaeT 3BOJIOIMOHHBIE AITOPUTMBI Ul TJI00ATBHOTO MOKMCKA CO CTOXACTMYECKUMU
nvurtanusiva - (Monrte-Kapno NHPP/MapkoBckue miporiecchl) sl TOYHOTO MPEACTABICHUS
HEONPEAETICHHOCTH JETpafallii, PEMOHTa U BOCCTaHOBIIEHUA. [loaxon WHTErpupyer, B €AUHOU
CTPYKTYype HOAJep:KKku mpuHstust pemeHudt (1) mudposyro monens (kBazuaBoiiHuk) MIIT co
CTOXaCTMYECKUM MoJienpoBanueM jerpananuu marepuana MIIT Ha ocHoBe moneBbIX HaOIIO-
nennii, BT /] u MoHuTOpHHTa, (2) OLICHKY 11e7IeBOM (PYHKIIMK — CTOMMOCTH BJIaJIeHUSI OOBEKTOM Ha
€ro HU3HEHHOM IMKJIe, U (3) MHOTOKpUTepUaibHyto [lapeTo-onTumuzaiiuo TeXHUIeCKOro 0ociy-
KUBaHUS (MEHHTEHAHC), OTPAXKAIOILEr0 peaibHbIC YCIOBUS TUTaHMpoBaHus skcrutyaraipu MITT.
[Ipu 3TOM B anropuUTM-IBMKUTENL ONTUMHU3ALMHN BXOAUT MeToll MoHTe-Kapio u reHeTnueckuii
anroput™. DPQPEKTUBHOCTh ONTUMU3AIMK OIEHUBACTCA C TOMOIIBIO CTATHCTUYECKOW OICHKH
MHO)KECTBA HE3aBUCHMBIX 3allyCKOB, AaHaIW3a CTaOWJIBHOCTH CXOJMMOCTH, HCCIICIOBAaHUS
KOMIIPOMHUCCA MEXIY OIO/KETOM U TPOM3BOAUTENBHOCTBIO M aHAIM3a YyBCTBUTEIBHOCTH K
rapaMeTpaM 3aKOHOB OTKa30B.

Jerpanaiusi KOMIOHEHT MEXIIPOMBICIIOBOIO TPyOONpOBOJa BO3HHKAET M3-32 KOPPO3UHU
Marepuana TpyObl, 3aBOJICKUX CBapHBIX CTHIKOB METALTyPrHYECKUX TPYO M TOJIEBBIX CBapPHBIX
CTBIKOB IUIETEH, a TaKxke M3MEHYMBOCTH HArpy3KH, YTO BbI3BIBAECT BapHAaTHUBHOCTH/IMKIMYHOCTh
MEXAHUYECKUX HaNpsHKEHUH. MeXaHW3Mbl 3THX JETPAJAalMOHHBIX IIPOLIECCOB PA3IMYaOTCs 10
CBOEW MPHPOZIE U CTENEHU HAOMI0JAEMOCTH. JTO TpeOyeT MCHOIb30BaHKs THOPUIHON CTpaTeruu
MO/IEJIMPOBaHHUS, TO3BOJISIOIIEH OXBAaTUTh KaK (PM3UUECKU HETIPEpBIBHBIE MPOLIECCH KOPPO3UH, TaK
U JMCKPETHbIE (M3-3a MPHUHATOM MOJMTUKU SKCIUTyaTally) MEpexo/ibl Mpolecca Jerpajaluy 13
OZIHOTO COCTOSIHMS B Jpyroe, M OOecleurBaeT HEOOXOIUMYIO SMITMPUYECKYIO OCHOBY IS
BEPOSATHOCTHBIX MOJIETIEN JeTpaalliu.

WHTerpupys CTaTUCTUUECKU KaTMOpPOBaHHBIE pactpe/iesieHs] BpEMEHHU )KU3HU U MEXaHU3-
MBI [IEPEX0A MEKIY COCTOSHUSIMU, MPEJIOKEHHAs! THOPUIHASL CTPYKTYpa MO3BOJISIET pealucTHy-
HO MPEACTAaBUTh 3BOIIOLMIO HAAEKHOCTH KOMIIOHEHT U Bcero MIIT Bo Bpemenu. Takoii moaxon K
MOJIETTMPOBAHUIO HEOOXOANM JUISl TOCTPOEHUSI CTPATErUi ONTUMHU3AIMKU, KOTOPasi OTHOBPEMEHHO
MHHHMHU3HUPYET TOJOBOM YpPOBEHb pHCKA SKCIUTyaTallid TPYOOIpOBOJA, M CTOMMOCTb TEXHH-
YeCcKOro 0OCITyKMBaHUS U PEMOHTA B YCJIOBUSIX SKCILTyaTallMOHHOM HEONpeeIeHHOCTH.

Bce peifcTBus 0 MEHHTEHAHCY MPEICTABISIIOT COO0M MepeMEHHBIE MapaMeTphbl PeIeHHs
3a/1auM ONTHMU3AIIMK, a HE KECTKO 3aJaHHble npaBuia. Lleab cocTouT He B TOM, YTOOBI anpuopu
HaBA3BIBATH MOPOTH OOCTY>KHBaHUS, & B TOM, 4TOOBI onpenenuTsb: (1) onTUManbHy0 4acToTy (1
COCTaB) MOHUTOPUHIA M JIMArHOCTHKH, (2) onTUMasbHbIE CPOKHU (M 00bEM) BMEIIATeNbCTBa, (3)
ONTUMAIbHbIE 3HAUEHUs] TIOPOrOB BMeIIaTeNnbcTBa, (4) ycnoBHo Ilapero-onmTumanbHOe
pacrpeiesieHre pecypcoB Ha MEMHTEHAHC C YUYETOM PEATbHBIX OFO/PKETHBIX OTPaHUYCHHA.

[pennosxennast THOpuIHAs (HOPMYITUPOBKA C OTPAHUUCHUSIME 00ECTICUMBACT HAJISKHOE U
MPaKTUYECKH MPUMEHUMOE PEIeHHE sl IUIAHUPOBAHUSI TEXHUYECKOrO OOCTY:KUBAHUSI CUCTEM
MEXITPOMBICIIOBBIX TPYOOIIPOBOJIOB, TOJBEPIKEHHBIX KOPPO3MOHHOMY HM3HOCY, palOOTaloIIMX B
yCIOBHSIX (PMHAHCOBOM U AKCILTYaTallMOHHOM HEONPEIEIEHHOCTH.

[1] C.A. Tumames, Uudpactpykrypsl. Yacts 111. kaura 1. Undpaneruka. Puckonorus. ['oBepHanc. —
ExatepunOypr: YpO PAH, 2025. — 751 c.
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Puck-opueHTHPOBAHHASA OlLlEHKA INIYOMHBI He()eKTOB
TPYOOIPOBOJA ¢ MCIOJIb30BAHUEM Pe3yJIbTATOB BHYTPUTPYOHOU
JAUATHOCTUKH U IKCHEPTHBIX MHEHUH
Tumawes C.A.l'z, Touexema A.AY*

! Hayuno-unxenepnsiii nentp «HaaéXHoCTh 1 pecypc OONBIINX CHCTEM M MAIIUH»
VYpanbckoro ornenenus Poccuiickoii akagemun Hayk, EkatepunOypr

2 VYpanbckuii henepanbHbiii yHUBepcuTeT, ExaTepuHOypr

* pocheketa@ya.ru

IlpeioxkeH HEYETKO-BEPOSITHOCTHBIA ~ METOJ IPOTHO3UPOBAHUsSL pocTa  Je(heKTOB
(MpOTEYeK/EeNeBbIX  Pa3pbIBOB)  MEKIPOMBICTIOBBIX He(Te-, Ta30MpoBOJOB B  YCIOBHSX
HeolpeieNIEHHOCTEN (HEM30€KHO HETOYHBIE Pe3yJbTaThl MHCTPYMEHTAIBHOM BHYTPUTPYOHOM
JIMarHOCTHKH, TUI0XO MPE/ICKa3yeMble YCIIOBUS IKCILTyaTallii) C Y4ETOM MHEHHUH 3KCIIEPTOB.

Meton [a€T BO3MOMKHOCTb HOJIYYHUTh HEYETKYIO (BEPOATHOCTHYIO) OLIEHKY ITyOUHBI
HauOosee OmacHBIX JIePeKTOB TpPyObI, 32 KOTOPHIMH BEAETCS HAOMIOJCHHWE, a 3HAYUT U
CIIPOTHO3UPOBAaTh MOMEHT BpPEMEHM (HEZAEINs, MECsAl]) MCUEpHaHHUs pecypca COOTBETCTBYIOLIETO
y4acTka TpyOOIIpOBOJA, YTO TIOMOXKET JIMIIAM, NPHUHUMAIONIMM pEIICHHE, COCTaBUTH TPaduK
PEMOHTOB.

[IporHo3upoBaHue BBINOJHIETCA C MCHOJIB30BAaHHMEM METOOB OLIEHKH LIEIOCTHOCTH
TpyOOIPOBOIHBIX cucTeM [ 1] Ha ocHOBaHMU:

1) nmaHHBIX BHYTPUTPYOHOTO KOHTPOJS MOTEPM MeETaula B CTeHKe TpyObl [2] 3a
HPOIIEIINNA MePUOJT KM3HEHHOTO 1UKIJIA TPYOOIIPOBOJaA, IJIe OCHOBHBIM IOKA3aTelleM KaXII0ro
nedexra sBISIeTCS OCTaTOYHAs TONIIIMHA CTEHKH TPYOBI B MecTe edeKTa, n3MEpeHHast He MeHee
IBYX-Tpé€X pa3 3a nepuon 5—10 set;

2) SKCIIEPTHBIX MHEHMI 00 OCTaBILIEMCSl CPOKE CIY)KObI Ka)KIOro M3 y4acTKOB TPYObI B
MecTax HauboJiee OnacHbIX J1e(heKToB.

TouHOCTP TPOrHO3MPOBAHUS B 3HAYUTEIBHOW CTENEHH 3aBUCHT OT KBATM(PUKALMU
CIIEIMATIMCTOB, OCYILLECTBIISIONINX MPOLEAYPbl BHYTPUTPYOHOTO KOHTPOJIS, U OT COCTOSITEIbHOCTH
NPEIOCTABIEHHBIX MU JaHHbIX.

[1] Tumawes C.A., Bywunckas A.B., Manoxosa M.I"., Ilonysn JI.B. 1lenocTHoCcTh U Oe3omac-
HOCTb TpyOOIpoBOIHBIX cucteM. — ExatepunOypr: YpO PAH, 2013. — 590 c.

[2] I'emmancrun M.J]., )Kumnuxoe FO.B., 3umun I1.4., Myxamemwun P.P. Opranu3aiysi cuc-
TEMBbI KOHTPOJISI TEXHUYECKOTO COCTOSIHUS ITPOMBICIIOBBIX TPYOOIPOBOAOB ¢ BHYTPEHHUM I10O-
KPBITHEM U 3aIIUTON CBAPHBIX COECAMHEHHMH BTYJIKaMM pa3inuHoi koHcTpykuuu // Teppuro-
pust Hepreras. — 2007. — Ned. — C. 50 — 55.
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MojeJib onepaTUBHOIO YHPaBJjieHUsI BLIOpOCaMM NPeANpPUsATHSI
JJISI YMEHbIIEHUS PUCKOB 3/I0POBbI0 HACEJIEHUS C Y4€TOM
CHUKEHHUS HEMPUSTHOIO 3amaxa
Domenxo I'A.}, @omenro M. A, Cxypamosa EA°
Toce 9.A.3, Muxaiinosa A.B.>

'HITO «HCTUTYT YCTOMYMBBIX MHHOBAIUIY, SpociaBiib
2000 HTL| «Pecypchl ¥ KoHCANTUHDY, SIpociasis, iInfo@ntc-rik.ru
SHUM «Kanactp», Spocnasis, info@ntc-rik.ru

AKTyaJIbHOCTh M 1eIb. CaHUTapHO-3KOJIOIMYECKOEe OJaroroiydyde HacelleHUsl paccMa-
TpUBAETCS B KayecTBE BAXKHOIO (hakTopa oOecredyeHus! yCTOHYMBOro passutusi ropono. [lo mepe
Pa3BUTHST TPOMBIILUICHHOTO TPOM3BOJCTBA, YBEJIMYCHHS OOBEMOB CYIIECTBYIOIIETO BBITYCKA H
BBEJICHHS B 000POT HOBBIX MPOIYKTOB M MAaTEPUAIIOB, C OHOW CTOPOHBL, M PACIIMPEHUS CEITMTEOHBIX
TEPPUTOPHHA, BEI3BAHHBIX MPOIIECCaMK YpOAHU3AIMH, C IPYTOil, BO3PACTAET BEPOSTHOCTD MPEBBIILICHHS
MIPHEMIIEMOTO YPOBHSI PHCKOB 3/I0POBBIO HACENCHHS. AKTYaM3UPYETCsl TAPMOHH3ALMS PEIICHHH 10
Pa3BUTHIO TIPOMBIIIICHHOTO MPOHM3BOJICTBA, KAK OCHOBBI SKOHOMHYECKOTO Pa3BHUTHSL, C BOMPOCAMU
o0OecriedeHrs]  CAaHUTapHO-KOJIOTUUECKOro  Orarononmyuris.  HenmoBonmbecTBO — xuTeneld  BOIM3M
MPOMBIIIUICHHBIX OOBEKTOB HABSI3UMBBIMU HEMPUSTHBIMU 3allaXxaMH, YCHIMBAACh IOCPEICTBOM
MHTEPHET-KOMMYHUKALIMH, CO3[a€T COLMAIBHYIO HAIPSHKEHHOCTD, BIIMSAET HA CTOMMOCTb HEJIBHKU-
MOCTH, CHIDKAeT COLMATbHO-SKOHOMMYECKM PEHTHUHI TEPPUTOPHM U PeIyTal|io  Or3Heca.
MeHemKMEHT HYXKIaeTCsl B KOMIIEKCHOM TIOJIXO/IE K OIEpaTUBHOMY YIIPABJIEHUIO SKOJIOTUUECKUMU
BO3/ICHCTBUSIMHU, BKJTFOUAIOIIEM MEXAHM3MbI WICHTU(HUKALIY, aHAIN3a, OIICHKH, 0OpaOOTK W MOHH-
TOpPHHTA PUCKOB 3/I0POBBIO, A TAKOKEe BHEIPEHHE Mep TI0 MX CHYbKEeHHIo. VccrenoBanre HalelneHo Ha
PazpaboTKy MPAaKTUKOOPHEHTUPOBAHHOTO TIO/IX0/A K YIPABICHUIO PUCKaMH 3I0POBBbIO HACENICHUS OT
3arps;3HEHMST OKPY)KAFOIIEH CPEJIBI, C MCTIONBE30BaHNEM OJTb(DaKTOMETPHIECKHX MTapaMETPOB.

Mertononorusi. Vccnenosanue Oasupyercss Ha crangaptax [SO 31000 u pykoBojcTBe
P 2.1.10.3968-23 u BrIO4aeT MASHTU(PUKAIMIO 3arpS3HUTENEH, aHAIN3 PUCKOB, Pa3paboOTKy Mep
CHI)KEHHS BBIOPOCOB M KOHTPOIb A(P(PEKTHBHOCTH. YUTEHO TUTHEHHYECKOEe HOPMHpPOBaHHE
Maxy4drx BEIIECTB, 00ECIIEUMBAIOIIEE TICHXOJIOTUIECKOE OJIarornoiydne HaceJleHHs, a Takke To,
YTO B PAJE CIy4daeB >KaIOObI 0OYCIOBIECHBI MPUPOIHBIME (PaKTOpaMH, OCOOEHHOCTAMH perbeda
WIM METEOPOJIOTHYECKUMH YCIOBUAMH. Moenb cooTBeTcTBYeT mpuHIMnaM ESG-moaxosos,
CIIOCOOCTBY# 3alLUTE 37I0POBbsl HACEIEHHS, SKOJIOTMUECKOMY U COLMATIbHOMY OJ1arornoryquIo.

Pesyabrarel. C 2020 roga Ha He)TEXMMHYECKOM MpPEANPUSTAM HAaMU BHEApPEHA U
YCHEIIHO puMeHsieTcst Mojiens onepaTUBHOTO YIIpaBieHHs BIOpocaMu. LleHTpatbHBbIi SeMeHT —
nporpaMMHbI  KomImieke <«OKamoObl. 3amaxu. Beiopock» (cBumerensctBo Ne2022614425 ot
21.03.2022). TIK obecrieunBaeT: aBTOMaTH3UPOBAHHBINA COOp M aHAIN3 5Kai00, HHTETPAIHIO C METEO-
JTAHHBIMU, BBISBIICHUE TIOTEHITUATEHBIX HCTOYHUKOB BHIOPOCOB BEILIECTB, BHI3BABIIMX OSCIIOKOSIIINIA
3arax, OLEHKY HPHEMJIEMOCTH CO3/[aBaéMbIX PUCKOB 3/I0POBBIO HAceleHus. Maremarndeckoe
MOJICTIMPOBAHNE YUUTHIBAaeT NU(PY3ur0 U TypOYJISHTHOCT Il pacdeTa KOHIICHTPAIM Maxydux
BemrectB. 3a 20202025 rr. o6padorano 6omnee 100 xkanob. 3adhuKCUpPOBAHO YCTOWYINBOE CHIDKEHHUE
qrica oOpalieHri ¥ PEeTeH3MA Ha/I30PHBIX OPTaHOB.

BoiBoabl. Moziens yUUThIBaeT Kak CaHUTAPHO-THTHEHNYECKUE TTOKA3aTeNH, TaK U CyObeK-
THBHOE BOCHIpHSTHE 3armaxoB. OHa MO3BOJISIET: OMEPATUBHO PEarkpoBaTh HA JKaJIOOBI C YCTAaHOB-
JICHUEeM TIPUYMHHO-CIICICTBEHHBIX CBSI3€H; MpeIoTBpaliaTh MHKOBBIE 3arps3HEHUs] TpH HebIaro-
MIPUSITHBIX METEOYCIIOBHSIX; 0OOCHOBBIBATh PEIICHUS TI0 UCIIOIB30BAHUIO TOPOACKUX TEPPUTOPHIA;
TUIAaHUPOBAaTh OOOCHOBAaHHBIE METOMBI YIPaBJICHHS TPOMBIILICHHBIMH BBIOPOCAMH B PaMKax
AKOJIOTHYECKOTO MEHEIKMEHTA MPEIPUATHIA; H30€eTaTh PEmyTallMOHHBIX TIOTEPh, FOPUIUIECKUX U
(bMHAHCOBBIX PUCKOB.

IIpakTuyeckasi 3HaunmoctTb. Mogens 1 1K MoryT ucnosb30BaThCsi MPOMBIIUIEHHBIMU
NPEANPUATUSIMA U MYHULUTAIGHBIMU CITY>KOaMH 711 MOHUTOPHHTA, TUIAHUPOBAHUS MPOHIAKTH-
YeCKUX Mep U MyONM4yHOW oT4eTHOCTH. MHCcTpymMeHT coorBercTByeT npuHimnam ESG B chepe
YIIpaBJIEHUS TEPPUTOPUSIMH, a TAKKE CTPATETHUECKOTO PA3BUTHS, ONIEPATUBHOTO TUIAHUPOBAHUS U
MEHEDKMEHTA OM3Heca.
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3agaya MapuIpyTH3alMU MEPEeBO30K € YIeMeHTaMHU
JeKOMIIO3UIIUM ¥ BO3MOKHOCTH IMHAMHUYECKOTO

NMPOrpaMMHUPOBAHUSA
Yenuyos At Yenyos I1.4.17

"IMM ¥YpO PAH, 620077, yn. C.KoBanesckoii, 16, r. ExarepunOypr
ZYpaJ'IBCKI/Iﬁ dbenepanbubiii yauepcutet, 620002, yin. Mupa, 19, r. Exatepunoypr

PaccmarpuBaroTcsi skcTpeManbHBIE 3a7a4d MapUIpyTH3allid, OPUEHTHPOBAHHBIC Ha
po0JIeMBbI TPY30IEPEBO30K C MCIOJIb30BAaHHEM OECIMIIOTHBIX aBHaMOHHBIX cucteM (BAC).
OCOOCHHOCTBIO SIBJISIETCSI MCIIOJIb30BAaHUE aTATUBHOIO KPUTEPHS B YCIOBHIX OTPAaHUUYCHUH,
CBS3aHHOTO C BO300HOBJIICHHEM pecypca (AeumuT TOmIMBa, HEOOXOAMMOCThH 3apsIKU
aKKymyJisiTopoB). MccnenoBanue OpHEHTHPOBAHO Ha PEIICHHE 3a/1ad O TOCIEI0BATEIBHOM
MOCEIICHUH OOJILIIOr0 YKcja MeranoiaucoB ogHoi BAC ¢ Mcnons30BaHUEM JTEKOMIIO3HUIINH,
Korja o0I1ee MHOKECTBO 33/IaHUl MPEJICTAaBUMO CYMMOM KJIacTepOB; MOCEIIEHNE KIacTepOB
C IEJbI0 OCYIIECTBICHHS TPY30MEPEBO30OK alPUOPU  YHOPSAOUYEHO (3TOT MOXKET
cooTBeTcTBOBaTh pabore BAC B pa3MUHBIX perHoHaX ¢ MECTHBIMH OCOOCHHOCTSAMH), a B
npeienax — KaKJIOro  KiacTtepa  JIONYCKAaeTcs  ONTUMM3AlUs TPU  OTPAHUUYCHHUSIX
npeamecTBoBanusa. Llenb  HWCClieIOBaHUS ~ COCTOMT B IMOCTPOSGHHWHM  ONTHUMAJIbHBIX
KOMITO3UIIUOHHBIX MAapHIPYTHBIX HNPOHCCCOB 3a MPUCMIIEMOC IJid HH)I(GHCpHOﬁ IMPAKTHUKN
Bpems. Vcnonp3yerca pasnenbHoe (MO KiacTepaMm) AMHAMHYECKOE MPOrpaMMHUpPOBAaHUE U
CIICHHUAJIBHBIC NPOUCAYPbI, PCATUIYIOIIUC OINTHMAJIBHYIO CBA3KY YaCTHYHBIX 3aJa4
MapIIpyTU3alud. AJITOPUTM peanu3oBaH Ha MHorosiaepHoil [I9BM; mpoBeaen oOmupHbIT
BBIYUCIIUTEIBLHBIN KCIIEPUMEHT. TeopeTndeckre KOHCTPYKIIMU COOTBETCTBYIOT [1-3].

[1] YennoB A.I'. DkcTpeMalibHbIe 3a7a4d MapIIpPyTU3AlMH U PaCIpeeICHUs 3aJaHuil: BO-
npocel Teopun. MbkeBek: M>keBCKUl MHCTUTYT KOMIIBIOTEPHBIX HccaenoBanni, 2008.

[2] YentoB A.T'. JIByxaTamHoe TMHAMUYECKOE TIPOrpaMMUPOBAHUE B 3a/1a4€ MAPIIPYTU3AIHH
¢ anemeHTaMu gexkommno3uiu / A.I'. Yennos, [1.A. UeHnoB // ABToMaTuka U TelleMEXaHHUKa.
2023. Ne5. C. 133-164.

[3] Yenmor A.I'. MHOrosTanHoe AWHAMHYECKOE MPOrPaAMMUpPOBAHHE B 3aJadax Mapuipy-
tuzauuu ¢ orpanuueHusMu / A.I'Uennos, I1.A.Yenuos // U3zBectuss UMU Ynl'V. 2025.
T. 66. C. 115-165.
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Mennko-01010rHYeCKHe ACNEKThI/XaPAKTEePUCTHKHU Cy0-
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CTpeccopoB
Yepewnes B.A.

J.Men.H., mpod., HayyHbIi pykoBoanuTenb MHCTUTYTAa MMMYyHOIOTHN U du3noiorun YpO
PAH, akanemuxk PAH, ExatepunOypr
V.Chereshnev@mail.ru

JKugyuecmv — CIIOCOOHOCTH YEJIOBEKA 8 MOJHOU Mepe UCTIONb30BaTh CBOU (DU3MYECKHE,
KOTHUTHBHBIC U COIMAIbHbIC (YHKIMHM MPH JEMCTBUM HAa HEro TOrO WJIM HHOIO CTpeccopa
OIIpeNICICHHON (YCIIOBHO HOPMA&IbHOM) MHTEHCHBHOCTH, WM IOCIE€ NPUYUHEHHS Bpela €ro
3JI0POBBIO ((hr3HUIecKas Ui MOpaJIbHAS TPaBMA).

Cyborcusyuecmv — nonudicennas (0 CPaBHEHUIO C HOPMAILHOM KHBYYECTHIO) CIOCOO-
HOCTh YEeJIOBEKa HCIIONb30BaTh CBOM (PU3MYECKHME, KOTHUTUBHBIE U COIMATbHBbIC (DYHKIUU TPH
JEHCTBUY HA HEro TOTO WJIM MHOTO CTPECCOpa ¢ MHTEHCUBHOCTBIO BBIIIE KPUTHUECKON ((heHOMEH
YrHETEeHUs OMOJIOrMYECKUX U TICUXOJIOTMYECKUX CIOCOOHOCTEN YeTIOBeKa).

Cynpadgrxcugyyecmv  — nosviuienHass (IO CPABHEHUIO C HOPMAIbHOM KHUBYYECTBHIO)
CIIOCOOHOCTh YeNIOBEKa HCMOJIb30BaTh CBOM (PU3MUECKHEe, KOTHUTUBHBIC U COLMANbHbIE (HYHKIMN
NpH JICMCTBUM TOTO WJIM MHOTO CTPECccOpa ¢ MHTEHCHBHOCTBIO BBINIE HOPMAIBHOW ((heHOMEH
KBaHTOBOTO /CKAQuKOOOPa3HOrO pocTa OWOJIOTMYECKOM, KOTHUTHBHOW M TICHXOJOTHYECKOM
criocoOHocTel yenoBeka). CynpakMBy4eCTh — 3TO CBOMCTBO YEIOBEYECKOIO OpraHu3Ma He3anHo,
B MOMEHT BO3HMKHOBEHHMS ONACHOCTM JJIsI JKW3HH  (CBOEH, UYyXOH, WJIM BCEro
COOOIIECTBA) CHOHMAHHO TIPOSIBIISITH CBOW CKPBITHIE PE3epBBl (PU3NUECKON, KOTHUTHBHBIX HIIH
colMabHbIX crnocoOHocTel. CympaXXMBY4ecTh HHMKOIZIAa HE MCCIeoBalach C  MEAUKO-
OUONTOTMYECKUX TTO3HIH [1].

C pocroM HHTEHCHBHOCTH W/WJIM TPOAODKHTENIBHOCTH JEHCTBHS CTpeccopa CHavasa
HACTyIaeT CHHAPOM  CYNpPaKUBYYECTH, KOTOPbIM, TIOCJIE€  TPEBBILIEHUS  CTPECCOPOM
HEKOTOPOTO, KPUMUYECKo20 YPOBHs, TIEPEXOIUT B CHHIPOM CYOXXUBYYeCTH (HampHMmep,
TOCTTPABMATHYECKHIA CHHIPOM).

HyxHbI cucreMaTnueckue MeJJUKO-OMOJIOTNYeCKUe UCCIIeI0BAHMUS STUX B3aUMOCBS3aHHBIX
(eHOMEHOB KMBYYECTH, C TeM, YTOObI: (1) HaKOMUTH 3HAHMS O KOJMYECTBEHHOH CBSI3U YPOBHS
cTpeccopa C YpOBHEM (DM3MYECKMX, KOTHHUTUBHBIX M COLHMAIbHBIX CHOCOOHOCTEN JIrozeit
pazIMyaroUMXcs MO TOJy, BO3PAcTy, 3/10pPOBbIO, PETHOHY HPOXKHBAaHMS, OOpa30BaHUIO U Jp.,
(2) ucronb30BaTh TH 3HAHUS YIS OLICHKH SeIUUUHbL MAMEPUATILHOO U COYUATILHO20 Yuepoa,
KOTOPBII HAHOCHTCSI CyO)KUBYUECTHIO, KaK CAMAM WHIMBUIyyMaM, Tak M OOIIECTBY B IIEJIOM, M3-3a
MPPALMOHATBFHOTO MOBEJCHHUS M MPUHUMAEMBIX PEIICHUH B YCIOBUSX MOBBIIIEHHOTO CTPECca;
(3) ucronp30BaTh 3TM 3HAHMS U OLCHKH GEIUYUHBL  6bl200bl, KOTOpas BO3HHKACT H3—3a
CYNPOXUBYYECTH OTIENbHBIX HMHAMBUAYYMOB (M oOmiectBa B ILelOM), Omaromaps WX
paIoOHAIFHOMY, MHHOBAIIIOHHOMY TIOBEJICHHIO M TIPHHAMAEMbIM HEOPIMHAPHBIM PEIICHUSIM B
YCIIOBUSIX JIEHCTBUSL KPUTHYECKOTO cTpeccopa, (4) BBIPAOOTKM MEPOIPHUSTHIA IO CHIKEHHIO
BEJTMYMHBI KOTHUTUBHOTO U COITUAITBHOTO YIIEPOOB M CTOMMOCTH MX KOMITCHCAITUH.

Jlnst peanmzaniyl BBIIEU3I0KEHHOTO Heo0xomuMo: (1) oco3HaHMe 0OIIECTBOM BaKHOCTH
UCCIIIOBAHUST 3TOM MpOOJIeMbl, IS 3aKpbITHS 3MAIOIIETO MpoOena B MEXTUCIMIUTMHAPHBIX
3HaHWAX, W (2) WHCTUTYIHMOHAIM3UPOBATH PA3PO3HEHHBIC WCCICIOBAHUS B JTOM O0JacTH B
MacITabe pernoHOB U CTPAHBI.

[1] Tumamer C.A. Uudpacrpykrypel. Uudpanernka. Puckonorus. I'oBepnanc. Yacts IIL
Kawura 1. YpO PAH, Exarepunoypr, 2025, 751 c.
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Genetic algorithms (GAs) represent a class of stochastic search methods in
multidimensional space characterised by complex interactions among their parameters [1].
Although GAs have proven effective for many real-world optimisation problems over recent
decades, they are known to struggle with huge solution spaces and numerous local optima, where
achieving global optimality cannot be guaranteed [2].

(GA) begins by initialising a population with random candidate solutions and then
iteratively evolves toward an optimal solution across generations. During the search process, GA
applies three main genetic operators: selection, crossover, and mutation [3].

To enhance the effectiveness of GAs in finding the global optimum and to speed up the
convergence, this work proposes a hybrid GA that integrates classical genetic mechanisms for
search domain exploration with the Grid Search (GS) technique for local exploitation in aim to
optimise steel I-sections.

The optimisation parameters are the geometric characteristics of the section (web height X,
web thickness X,, flange thickness X3, flange width X,) as demonstrated in Figure.1, which vary
with a predefined search step.
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Figure 1. Parameters of the optimised I-section

[1] Alekhin, V. N. Optimization of multistory steel frame members using genetic algorithm /
V. N. Alekhin, A. B. Galieva, A. A. Antipin, L. F. Boswell // Russian Journal of Construction
Science and Technology. — 2015. — Nel. — P. 28-30.

[2] D ’Angelo, G. GGA: A modified genetic algorithm with gradient-based local search for
solving constrained optimization problems / G. D’Angelo, F. Palmieri / Neurocomputing. —
2021. — Vol. 547. — P. 136-162.

[3] Alhijawi, B. Genetic algorithms: theory, genetic operators, solutions, and applications /
B. Alhijawi, A. Awajan // Evolutionary Intelligence. — 2024. — Vol. 17. — P. 1245-1256.
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The paper presents a method for predicting the stability of a centrally compressed steel
column using an artificial neural network. A multilayer perceptron type model has been developed,
trained on the data obtained as a result of engineering calculations according to SP 16.13330.2017
"Steel Structures". The results of the stability calculation using the traditional engineering approach
are compared with the values obtained as a result of neural network prediction. The advantages and
limitations of the method are considered.

The first section discusses the features of the traditional approach to calculating the stability
of a centrally compressed column. The calculation was carried out according to the regulatory
documents of the Russian Federation. In the field of designing buildings and structures made of
metal structures, such a document is SP 16.13330.2017 "Steel structures”. The calculation was
performed for a 30K1 I-beam steel column made of C255 steel. The calculated positions for
determining the stability conditions of a centrally compressed column were: column flexibility,
conditional column flexibility, maximum column flexibility, stability coefficient under central
compression.

In the next section, a database has been created for neural network training. The initial data
used to train the model were: the load acting on the column, the height of the column, and the
stability value. The database was formed and engineering calculations were performed in the
Microsoft Excel software package, followed by the file's adaptation to CSV format for import into
Google Colab.

The third section describes the characteristics of the neural network model and presents the
Python program code for developing the model.

The fourth section presents the results of model training and their analysis. The following
metrics were used to evaluate the quality of the model: average absolute error, standard deviation,
coefficient of determination, maximum absolute error, and average relative error. A graph for
checking the accuracy of the model is provided. Analysis of the results showed that the model
explains 99.9% of the variance of the target variable.

The advantages and limitations of the model are given and conclusions are drawn. The work
showed the possibility of using neural network methods for rapid prediction of the stability of
centrally compressed steel columns without performing iterative calculations according to
traditional methods.
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Deflection calculation of reinforced concrete beams is one of the key tasks in building and
structure design, since exceeding the limiting deformations can lead to disruption of normal
structural performance, damage to finishes, partitions, and engineering systems. The traditional
deflection calculation according to SP63.13330 requires consideration of physical nonlinearity of
concrete (deformation with cracks), material creep, interaction between reinforcement and concrete,
as well as the need to solve iterative equations to determine the height of the compressed zone of the
cross-section. These complexities make multi-variant calculations time-consuming at the
preliminary design stage, when an engineer needs to quickly evaluate dozens or hundreds of
combinations of geometric cross-sectional parameters. Existing code-based methods have high
physical validity but require significant time costs. The lack of tools for rapid express assessment of
deflection necessitates the introduction of artificial intelligence methods into the design practice of
reinforced concrete structures.

This study implements a comparative approach, juxtaposing classical engineering deflection
calculation according to SP 63.13330 with prediction using a deep neural network. The information
base of the study was a synthetic database of 151200 design cases generated based on code
formulas. The following parameters were varied: beam width (150-400 mm), height (200-900 mm),
span (1000-12000 mm), load (1-15 t/m), concrete grade (B15-B35), and support condition (4 types).
The developed neural network architecture comprises 6 input neurons, five hidden layers
(512—256—128M64—32 neurons), and one output neuron. Regularization techniques applied
during training included Dropout (0.4-0.3), L2 regularization (0.001), and batch normalization. The
target variable was subjected to logarithmic transformation y = In(1 + f) to account for the wide
range of deflections (0-100 mm). Training was performed using the Adam optimizer, weighted
MSE loss function, early stopping, and adaptive learning rate reduction.

Based on comparative analysis, the applicability boundaries of both approaches were
determined. Classical code-based methods are indispensable at the detailed design stage, where full
justification of load-bearing capacity is required. The trained neural network model provides high
accuracy in deflection prediction: on the test set (17669 samples), the mean absolute error was 0.83
mm, the median relative error was 3.8%, and the coefficient of determination R2 = 0.997. The
computation speed of the neural network is milliseconds per case, which is hundreds of times faster
than traditional iterative calculation. At the intersection of the two approaches, a hybrid
methodology is justified: classical deterministic calculation is used for final verification of critical
structures, while neural network prediction is used for rapid assessment at the preliminary design
stage, for cross-section optimization, and in decision support systems. The developed approach
provides a transition from labor-intensive manual calculations to automated deflection prediction of
reinforced concrete beams.
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Natural anomalies are increasingly leading to a decline in life quality, environmental
problems, and disruptions in the operation of various infrastructures and communication systems.
When addressing the tasks of monitoring and forecasting natural accidents, researchers face the
problem of insufficient data. Natural disasters occur rarely, so on the scale of multi-year accident
registration they appear as statistical outliers compared to typical accidents. However, these
anomalies can indicate ultimate loads that were not accounted for in infrastructure design [1-4]. The
study presents the results of Bayesian modeling of damage from natural accidents on railways
abroad, recorded from 1975 to 2022.

A comprehensive exploratory data analysis and modeling of trial Bayesian networks led to
assumptions about behaviour of the target variable “Total damage cost” [5]. There are a large spread
of values and a heavy tail distribution due to extremely high values for rare accidents. Therefore, it
IS necessary to use more sophisticated methods for selecting damage distributions. Several models
with characteristic probability distributions are considered, and their quantitative and qualitative
comparison is performed. The possibility of using mixed models of natural railway accidents to
describe long-tailed distributions is evaluated. The calculations were performed in the Python
software environment.

The study results can complement existing failures systems on the railway in the process of
long-term accident forecasting in the conditions of climate change.

[1] Alawad H., Kaewunruen S., An M.A. A deep learning approach towards railway safety risk
assessment // IEEE Access, 2020. No. 8. pp. 102811-102832.

[2] Vranesi¢ K., Haladin I., Burnaé¢ K. Influence of climate changes on railway superstruc-
ture// Gradevinar, 2025. No. 1(77). pp. 43-67.

[3] Thaduri A., Garmabaki A., Kumar U. Impact of climate change on railway operation and
maintenance in Sweden: A State-of-the-art review // Maintenance, Reliability and Condition
Monitoring, 2021. No. 1. pp. 52-70.

[4] Bushinskaya A.V., Timashev S.A. Specifics of applying the fragility and antifragility theory
in the operation of technical system and structures. Preprint, Ural University Publishing
House, 2022. 79 pages.

[5] Chikir M.V. Two-stage railway accident modeling of a natural nature: Part | — Bayesian
modeling // Pacific Rim countries transportation system, 2025. No. 3(44). pp. 108-119.
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The existing system for assessing the technical condition of reinforced concrete structures in
the Russian Federation is based on periodic visual inspections and instrumental measurements of
already-formed defects. Crack classification according to SP 63.13330.2018 and GOST 31937-2011
makes it possible to record the current state of a structure; however, it is reactive in nature: the
engineer states a fait accompli but lacks a tool for predicting defect development during the inter-
inspection period. Current design verification methodologies fail to fully account for the operational
history: cyclic loads are addressed by a coarse coefficient, while factors such as concrete aging,
environmental aggressiveness, temperature fluctuations, and construction quality remain beyond the
scope of formalized calculation. The absence of a quantitative prediction of the crack resistance
class based on accumulated operational data leads to suboptimal repair planning and the risk of
missing a critical degradation stage.

A model for predicting the crack resistance class of reinforced concrete structures based on
gradient boosting is proposed, making it possible to predict crack width and automatically classify
the technical condition using design parameters and loading history. The model replaces labor-
intensive design verification calculations with instantaneous prediction and ensures a transition from
reactive diagnostics to predictive life-cycle management of the structure.

Based on normative calculations according to SP 63.13330.2018, a database of 2000 records
comprising over 50 parameters was generated: cross-sectional geometric characteristics, concrete
and reinforcement grades, bending moments, and seven degradation factors — cyclic fatigue, aging,
environmental aggressiveness, temperature fluctuations, humidity, overload history, and compaction
quality. The target variable — crack width — was calculated using Formula 8.128 of SP 63,
adjusted by an integral degradation coefficient. An ensemble of six regression models (Ridge,
Lasso, Random Forest, Gradient Boosting, XGBoost, LightGBM) was trained; Gradient Boosting
Regressor demonstrated the best performance with a coefficient of determination R? = 0.941 and a
root-mean-square error RMSE = 0.113 mm. A two-stage pipeline was implemented: the regression
model predicts the numerical crack width value, after which a threshold classifier according to
GOST 31937-2011 assigns the technical condition category. Classification accuracy reached 94.3%.
Feature importance analysis revealed that cyclic loads and the degradation coefficient ranked among
the key predictors, confirming the model's ability to capture fatigue effects not explicitly described
by the simplified normative methodology.

The developed gradient boosting-based model bridges the methodological gap between
normative calculation and real-world operation, enabling a transition to quantitative, measurable,
and adaptive prediction of the technical condition. The proposed approach can be utilized by
operating organizations for condition-based repair planning, integrated into structural health
monitoring (SHM) systems and digital twins of buildings, and serve as a foundation for improving
normative methodologies for crack resistance assessment that account for accumulated loading
history.
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Ensuring the safety of potentially hazardous facilities in the petrochemical industry remains
a relevant task due to the high probability of severe environmental, economic, and social
consequences of accidents. The traditional Bow-Tie method makes it possible to visually describe
the causes, central event, and consequences of an accident; however, in its classical form, it is
mainly a qualitative and static tool. It does not fully account for the uncertainty of initial data,
changes in probabilities over time, and the influence of protective barriers on the overall risk level.

The study proposes an approach based on the integration of the Bow-Tie method and
Bayesian networks as a risk-oriented artificial intelligence technology. The main idea is to move
from a static description of an accident scenario to a dynamic probabilistic model, where causes,
barriers, the central event, and consequences are represented as interconnected nodes. Such a model
makes it possible to perform quantitative risk assessment, consider cause-and-effect relationships,
and recalculate probabilities when new information becomes available.

A fire scenario on an offshore oil platform is considered as a calculation example. The
model identifies the main groups of accident causes. Preventive and mitigating barriers are also
taken into account.

The practical implementation of the approach was carried out in the GeNle software
package, where a Bayesian network was built in the format of the Bow-Tie method. The
calculations showed that the probability of an accident, taking into account preventive barriers, is
20%. When preventive measures were excluded, the probability of an accident increased to 23%,
which confirms the sensitivity of the Bayesian network to changes in input parameters.

The conducted sensitivity analysis showed that the method makes it possible to identify
critical elements of the model and justify priority measures for risk reduction.

The developed approach combines the visual clarity of the Bow-Tie method with the
computational capabilities of Bayesian networks. It can be used to assess accident probability,
analyze consequences, identify weaknesses in the safety system, and support decision-making at
potentially hazardous petrochemical facilities. The universality of the approach lies in the possibility
of adapting the network structure to any complex object by changing the set of nodes, their
relationships, and initial probabilities. In combination with the Bow-Tie method, the Bayesian
network provides a clear and flexible risk analysis: from accident causes to the central event and its
consequences.
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Phase change materials are often used in construction, industry and other fields due to their
heat storage capacity [1]. To develop a high-performance solar air collector model to enhance
heating for residential residents, this study designed a solar air collector with phase change materials
(Figure 1) base on phase change materials (PCM) [2]. Then, four sets of comparative tests were set
up based on solar air collectors with PCM: with or without PCM, the filling position of PCM, the
filling rate of PCM, and the thermal conductivity efficiency of PCM. The research results show that
the solar air collector with PCM has the continuous release heat ability during the day and night.
The upper part filled with PCM is the optimal filling position scheme, and the upper part filled with
50% PCMs is the optimal filling rate scheme. the copper foam and PCM composite significantly
improves the thermal conductivity of the test block. According to the research results, to achieve the
best performance, it is recommended to use a solar air collector with 50% PCM and copper foam

combination (PCMACFC) filled in the upper part.
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Figure 1. The structural diagram of the solar air collector with phase change materials (PCM).

[1] W. Hu. Design and thermal performance evaluation of a new solar air collector with com-
prehensive consideration of five factors of phase-change materials and copper foam combina-
tion / W. Hu, V. N. Alekhin, Y. Huang. // Applied Energy. 2023, VVol. 344, P. 121268.

[2] R. Piyush. Effect of sensible heat storage materials on the thermal performance of solar air
heaters: State-of-the-art review / R. Piyush, P. Vikrant, S. Sandip. // Renewable and Sustaina-
ble Energy Reviews. 2022, Vol. 157, P.112085.
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Composite phase-change materials (PCMs) have demonstrated significant potential for
enhancing the thermal performance of building walls. In this study, Ci¢Hs4 phase-change material
was used to fill the cavities of hollow bricks, and two wall models were established: PCM-filled
hollow bricks and conventional hollow bricks. A cooling—heating experimental chamber system
was employed to simulate the indoor—outdoor temperature difference under winter conditions in
cold regions. By comparatively analyzing the inner surface temperature, internal temperature,
temperature difference between the inner and outer surfaces, and heat flux density of the walls, the
influence of PCM on the thermal insulation performance of the wall was evaluated. The results
indicate that PCM-filled hollow bricks can effectively improve the thermal insulation performance
of building envelopes in cold climates, reduce heating energy consumption, and enhance indoor
thermal comfort, thereby meeting the development requirements of green and low-energy buildings.

PCM

100% fill rate of PCM 0% fill rate of PCM
Figure 1: Schematic Diagram of the Hollow Blocks Model

[1] Huang Y., Alekhin V. N., Hu W., Pu J. Adaptability analysis of hollow bricks with phase
change materials considering thermal performance and cold climate// Buildings, 2025,
Vol.15, P. 590.

[2] HUW., Xia Y., Li F., Yu H., Hou C., and Meng X. Effect of the filling position and filling
rate of the insulation material on the insulation performance of the hollow block // Case Stud-
ies in Thermal Engineering, 2021, Vol.26, p. 10102.

[3] Hu W., Huang Y., Yuan M., Zhang J., Alekhin V.N. Optimization of the thermal perfor-
mance of self-insulation hollow blocks under conditions of cold climate and intermittent run-
ning of air-conditioning // Case Studies in Thermal Engineering, 2022, VVol.35, p. 102148.
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Cracks in monolithic reinforced concrete structures remain one of the most common defects
reducing the durability and reliability of buildings. While not directly leading to immediate collapse,
abnormal cracks create open pathways for aggressive environments, provoke reinforcement
corrosion, and reduce sectional stiffness. As noted in publications by the National Association of
Builders, up to 46% of emergencies in construction are associated with violations of building codes.
At the same time, traditional construction control mainly records already occurred violations but
does not allow for a quantitative assessment of the risk of their occurrence in advance, and open
statistics on the causes of crack formation in new construction are practically absent.

The aim of the study is to develop an expert system for construction organizations that
allows for quantitative risk assessment of crack occurrence in load-bearing reinforced concrete
structures based on Bayesian networks and substantiates the effectiveness of preventive measures.

A database of crack formation cases at Russian construction sites for the period 2015-2023
has been modeled and analyzed. Based on the analysis, enlarged groups of defect causes, distributed
across the stages of the object's life cycle, have been identified. Using the GeNle software package,
a Bayesian network has been constructed that reflects the cause-and-effect relationships between
groups of factors and the probability of crack occurrence. A key feature of the proposed approach is
the rejection of deterministic strength calculations in favor of statistical risk prediction, which
complements traditional construction control methods. The constructed network is integrated with
the Ishikawa diagram, transforming a static list of causes into a dynamic interactive model where
each factor has a numerical probability value.

The practical significance of the work lies in the possibility of a quantitative comparison of
two quality management strategies: reactive, focused on eliminating already occurred defects, and
proactive, involving the timely introduction of preventive barriers. The approbation of the
methodology on the example of the construction of a multi-storey residential building, considering
complex engineering-geological conditions, showed that the introduction of a set of barriers can
significantly reduce the probability of crack formation. The developed tool provides construction
organizations with justified criteria for selecting measures and allows for assessing the expected
economic effect from their implementation. The obtained results can be applied in construction
control systems to transit from subjective expert assessments to objective, statistically based risk
prediction.
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Forecasting accidents at hazardous production facilities in the oil and gas complex remains a
complex multi-criteria task, especially in conditions of limited resources for measures to improve
industrial safety. Traditional static risk analysis methods do not allow for dynamic reallocation of
priorities when new information arrives and do not identify a limited number of critical factors that
determine the main share of accidents. The paper proposes and tests an approach that integrates
Bayesian networks (providing adaptive probabilistic inference) and the Pareto method (which
allows to identify a small number of causes that make the greatest contribution to accidents). The
main idea is to move from static risk ranking to dynamic multi-criteria ranking, where the Bayesian
network acts as a "live" model that updates estimates when evidence arrives, and the 80/20 rule
focuses on the most influential factors.

As an empirical basis, information on 87 accidents at oil and gas hazardous production
facilities was analyzed, obtained from the declaration of industrial safety of Lukoil-
Volgogradneftepererabotka LLC and open sources. Six enlarged groups of causes and 29 specified
causes are identified, conditional probabilities are calculated for each. In the environment of the
GeNle software package, a hierarchical Bayesian network has been built, including the target node
"Accident at the facility”, six intermediate cause nodes and 29 refinement nodes; tables of
conditional probabilities have been filled in. A sensitivity analysis (with the construction of a
tornado diagram) and an analysis of the influence of nodes were carried out. Both methods
independently showed that the nodes "Personnel errors and safety violations” (No. 4), "External
influences” (No. 6) and "Violation of technological regime and regulations” (No. 3) have the
greatest impact on the final probability of an accident. Additionally, the classical Pareto calculation
was performed: these three categories together account for 63% of all reported accidents (21.8%,
20.6% and 20.6%, respectively), while the remaining three categories account for only 37% of
accidents. Thus, the results of the identification of critical factors obtained by Bayesian modeling
and the Pareto method are completely consistent.

The developed approach allows not only to identify Pareto-important causes (staff errors,
external influences, regime violations) that require priority management decisions, but also provides
the possibility of adaptive recalculation of priorities as new data becomes available. The practical
significance of the work is confirmed by the creation of a workable Bayesian model in the GeNle
environment, which can be used by operating organizations to assess the likelihood of an accident,
rank risks and justify the allocation of resources for measures to improve industrial safety. The
proposed approach is applicable not only to oil and gas facilities, but also to other potentially
hazardous industries with a multi-criteria risk structure.
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Relevance and problem. Monitoring and forecasting deformations of the foundations of
buildings and structures over time are key tasks of ensuring the mechanical safety of construction
sites throughout their entire life cycle. Traditional geotechnical control often fixes structural defects
that have already occurred, making it impossible to quickly manage risks at the preventive stage.
Existing analytical methods (the method of layer-by-layer summation, the linear theory of filtration
consolidation by K. Terzagi—N.M. Gersevanov) have a high physical validity, but they have an error
of up to 20-30% due to the lack of accounting for the creep of the skeleton of the soil and the
difficulty of approximating multilayer foundations. The lack of flexible tools for operational short-
and medium-term forecasting of deformation dynamics necessitates the introduction of data mining
methods.

Research methodology. The paper implements comparative and hybrid approaches
comparing classical geotechnical calculations and predictive analytics methods based on artificial
neural networks. The information base of the study was the results of field geodetic observations of
the precipitation of reference points, presented in the form of time series. The proposed neural
network modeling algorithm extrapolates deformations by training the network on sliding
observation windows, which makes it possible to automatically identify a long-term trend
(precipitation attenuation) and stochastic seasonal fluctuations in soils.

Results and practical significance. Based on a comparative analysis, the limits of
applicability and the synergetic effect of both approaches have been determined. It has been
established that classical methods are indispensable at the design stage of new facilities in the
absence of retrospective data. In turn, the trained neural network model, in the presence of a long
series of geodetic measurements, ensures the accuracy of forecasting the precipitation dynamics of
existing buildings within + 5-15%.

A hybrid methodology is justified at the junction of approaches: a classical deterministic
calculation determines the limiting (final) value of the stabilized sediment of the base, and a neural
network analysis of time series simulates the unsteady trajectory of the process over time. The
developed approach provides a transition from discrete expert assessments to continuous automated
forecasting of deformations of construction objects (foundation precipitation).

37



Building Information Modeling (BIM): Capabilities and benefits
Luzin E.A.Y, Poluyan L.V. **

YInstitute of Civil Engineering and Architecture UrFU, Yekaterinburg

“Science and Engineering Center “Reliability and Safety of Large Systems and Machines”,
UB RAS, Yekaterinburg

elisey.luzin@mail.ru, ludmila.poluyan@gmail.com

Traditional two-dimensional design in construction is characterized by fragmented
drawings, high losses due to errors (up to 30% of total costs), clashes, and labor-intensive
modifications. The lack of a unified information environment leads to delays, budget overruns, and
inefficient facility operation. This paper examines Building Information Modeling (BIM) as a
process of creating and managing a single electronic database throughout the entire life cycle — from
concept to demolition.

It is shown that parametrization of elements (geometric, physical, and assigned properties)
ensures automatic updating of all views, sections, schedules, and material takeoffs upon any change
in the model. Key advantages are identified: clear 3D visualization with any level of detail,
automated clash detection (intersections of pipes, trays, structures), reduced documentation time,
improved scheduling and cost accuracy, and convenient information storage and exchange among
participants.

Based on data from the Russian Ministry of Construction, quantitative effects of BIM
implementation are confirmed: reduction of errors in design documentation by 40%, total time of
technologists' work by 30%, project implementation time by 20%, construction and operation costs
by 20-50%. The 4D extension is considered separately — adding construction schedules to the 3D
model allows visualizing the construction process over time.

An approach to BIM quality control using regression testing is proposed, which identifies
“black holes” (missing space), “white spots” (missing objects), accessibility errors, and clashes. The
software ecosystem (Revit, Navisworks Manage, Civil 3D, Robot Structural Analysis, Dynamo
Studio, etc.) that enables the technology is described.

The research results enable construction organizations to make a sound transition from
traditional drawing to integrated, controlled, and cost-effective information modeling, and also serve
as a basis for the implementation of BIM in the construction control and operation system.
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This paper considers problems formulation and research results related to information and
analytical support for the safety of social-natural-technogenic (S-N-T) systems. The study covers the
regulatory and legal framework, key challenges of regional environmental and technogenic safety in
Siberia and Arctic zone as well as the priorities, research directions and stages of the conducted
work.

Basic risks of social-ecological-economic development at the regional level are
substantiated within the proposed conceptual framework and on the bases of integrated monitoring
data for S-N-T system.

The structure of the information system for territorial risk and safety management
(ISTRSM) is presented. The system includes five interconnected subsystems: monitoring, risk
analysis, risk visualization, risk management and decision-making as well as a digital territorial
safety passport. The practical implementation of the ISTRSM based in the developed algorithms for
territorial risks assessment and methodological approaches to individual and integrated risks has
been carried out for several regions of Siberian Federal District including Irkutsk region and Baikal
natural territory, Kemerovo region — Kuzbass, Krasnoyarsk region and Arctic zone). The obtained
results are presented in regulatory and technical guidelines governing territorial risks assessment in
regional S-N-T systems.
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The current industrial safety management system (ISMS) for hazardous production facilities
in the Russian Federation is formal and static in nature. There are no regulated feedback
mechanisms, quantitative methods for determining the safety level in real time, or unified
performance assessment indicators for ISMS. An analysis of accident rates for 2020-2025 confirms
the recurrence of incidents at the same enterprises, indicating the inadequacy of existing
deterministic methods.

A model for the development and implementation of an industrial safety management
system based on Bayesian networks is proposed. It allows closing the management loop, providing
a quantitative probabilistic assessment of the industrial safety level in near real time, and increasing
the validity of corrective actions through Bayesian updating of posterior probabilities.

Based on an analysis of the regulatory framework (Federal Law No. 116-FZ, Government
Decrees No. 1243 and No. 2168, Order of Rostechnadzor No. 318) and 34 major accidents, four
systemic deficiencies have been identified: lack of feedback, lack of quantitative safety level, lack of
ISMS performance assessment, and lack of verification procedures. A register of ISMS creation
processes with decomposition down to 5 levels, built according to the PDCA cycle (Plan-Do-
Check-Act), has been developed, which serves as a structural basis for Bayesian modeling. A
Bayesian network model is proposed that allows probabilistic inference with incomplete data,
updating risk assessments as new incidents and audit results become available, and quantifying the
final level of ISMS.

The expert system based on Bayesian networks fills the identified regulatory and
methodological gaps, ensuring a transition from reactive to proactive, measurable, and adaptive
management. The developed process register and Bayesian model can be used by operating
organizations when creating, implementing, and upgrading ISMS, and can also serve as a basis for
improving the industry regulatory framework.
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