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KaHIUJAT TEXHUYECKMX HayK, JOLIEHT IIOANOJKOBHUK BHYTpeHHEH ciayxObsl boOpos
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Annomayus.. PaccMmarpuBaeTCs CTallMOHApHAasT CUCTEMa aBTOMATHYECKOTO MOXKAPOTYIICHHS
C TPUMEHEHWEM OTKa30yCTOHYMBOTO OOOPYIOBaHHUSA, a TakkKe WHPOPMAITMOHHOW TUIaTQOpPMBI —
SCADA/HMI DataRateTM, crnocoOCTByIOIIeH TOCTOSIHHOM BH3yalM3allMd JaHHBIX, HX KOHTPOJIIO
U MOHHUTOPHHTY, OCYIICCTBICHHIO HEMOCPEACTBEHHOTO KOHTPOJIA 32 TEXHOJIOTHUYCCKUMH TMPOIECCaMHU
U YIPaBICHUIO UMH B TEKYyIIEM MOMEHTE, ()OPMUPOBAHHUIO M I'€HEpAI[MX OTYETOB IO COOTBETCTBYIOIIUM
MO3UIMSIM, Pa3pabOTKEe W TNPUMEHCHHIO CHUCTEM JIUCIICTUYCPH3AIMU, a TAKXKE BBIMONHSIONIAS U JPyTUe
HEMaJIOBaXXHbIC (DYHKITUH TI0 OOECTICUCHUIO CBS3W MEXTy BHYTPCHHUMH IEPCOHATBHBIMHU MOJIb30BATEIISIMH,
BHEIIHUMHU MPWIOKEHUSAMH U T.. B X0le mpojaenaHHON pabOThl BBIJACICHBI OCHOBHBIC XapaKTEPUCTHKHU
U 0OCOOCHHOCTH aBTOMATH3HUPOBAHHBIX CUCTEM MOKAPOTYIICHUS U TBIMOYAATICHUSI.

Kniouesvie cnoea: aBTOMaTHUdYecKas CHUCTEMa TMOXKAPOTYIICHHUS W JBIMOYAAJCHUS, MOoXapHas
ABTOMATHKa, CHCTEMa MOHUTOPUHIa W YIPABICHHUS JBIMOYAAJICHUEM, CPEACTBA BU3YyalH3allMU IaHHBIX,
MIEPCOHANBHBIA KOMITBIOTEP, CUCTEMBI JIUCTICTYCPH3AIINH, TTOKapHas 6€30MaCHOCTh

Jast nurupoBanusi: Pasymuxwua A.A., KypbanoB P.®., Ilpipenrapmaesa JXK.JI. ObecriedueHue ITOKapHOM
0€30MMacHOCTH 3/IaHHI 3a CYET MPUMEHEHUS MPOrpaMMHOro Mojyns Ha 6ase cuctembl SCADA // Haazopnas
IEeATeNFHOCTh U CyneOHast sKkcrepTrsa B cucreMe OezonmacHocTr. 2023. Ne 3. C. 4-8. DOI: 10.61260/2304-
0130-2023-3-4-8.

ABTOMAaTHYECKHE CHUCTEMBl TMOXAPOTYLICHUS W JBIMOYAAICHUS WIPAIOT OCOOYIO pPOJb
HU TOJBKO IJIsl 3JaHUN U COOPYKEHHUH C MACCOBBIM MPEOBIBAHUAM JIIOJICH, HO M JJIS KaXKIOTO
o0bekTa 3ammThl. Kak mpaBwmiio, mpuOBITHE MOXAPHBIX ¢ MOMEHTA Hayajga BO3TOPaHHS, TaK WA
nHaye, TpeOyeT OINpeleNIeHHOr0 BPEMEHU, YTO BIMSET Ha XOJ AalbHeHmmXx coObiTwii. Cucrema
MOKapHOW aBTOMATHKH HEOOXOAMMA JUISi CBOSBPEMEHHOTO YCTPAHCHHsSI OYaroB BO3TOPAHHS,
CHWKEHUSI SKOHOMUYECKHUX TMMOTEPh, a TAK)KE YMEHBIIIEHUS pUCKa THOETH JI0JeH 1 MUHHUMHU3AIUN
MOTEePh Ha OOBEKTE 3AIIUTHI.

3a mocjaeHNe HECKOJIBKO JIET KOJIMYECTBO MOXKAPOB B CTPAHE YMEHBIIMIOCH, HO, HECMOTPS
Ha 3TO, MOKa3aTesib CMEPTHOCTU MPHU MOXKapaxX XapaKTepU3yeTcss HETraTUBHOW TEHACHIIUEH, O YeM
CBUJCTENHCTBYET JaHHBIE €KerogHoro craructuyeckoro cobopa ®bI'Y BHUUIIO MUC Poccuwn.
OCHOBHBIMU TMPUYMHAMU TOKAPOB SIBISIOTCS HEUCIPABHOCTH OCBEILEHHUS, 3JIEKTPOCBAPOUYHOIO
000pyIOBaHUs, AJICKTPOIPUOOPOB, KOPOTKHE 3aMBIKAHUS W APYyTHE MNPHYUHBL. AKTYaJbHOCTh
BOIIpOCca IO OOECIEUEHUI0 TMOXAPHOW OE30MacCHOCTH PAa3IMYHBIX MHOTOJTaXHBIX OOBEKTOB
C MacCOBBIM IpeOBIBAaHHEM JIIOJICH Ha JAHHOM 3Tale SKOHOMHYECKOTO M COIMAbHOTO Pa3BUTHUS
MMEeT 0COO0yI0 BaXHOCTb, TaK KaK MMEHHO 3TU OOBEKTHl MOTYT MOBJEYHh 3a COOOW HE TOJIBKO
OOJIBIITHE IKOHOMHUYECKHE TTOTEPU, HO M HEBOCTIOJTHUMBIEC YEJIOBEYECKUE KEPTBHI [ 1].

Jl7is TOro 4toObl UCKIIOYUTHh PUCK, CBA3AHHBIA C THMOENBbI0 COTPYIHUKOB M TMOCETUTENEH
Ha KaKoM-JTH00 00BEKTe, BAXXHO HE TOJHKO YCTAHOBHUTH HA JAaHHOM OOBEKTE CHUCTEMBI MOKAPHOM
0€30MacHOCTH, HO U CBOEBPEMEHHO UX 00Ciy)uBaTh. Kpome TOro, He MEHBIIIEE 3HAUCHHUE JOJIKHO
YACNATbCS TaKUM MEXaHHW3MaM, Kak: KOOPJAMHHMPOBAHHME IO HBaKyalluH, YJAJCHUE [IbIMa,
ABTOMATUYECKOE pearupoBaHUE Ha JbIM, TYIIEHHE OTHS U JIp.

© Cankrt-IletepOyprekmii yausepcurer ' TIC MUC Poccun, 2023
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HanzopHas nesitenbHOCTS 1 cyieOHast 9KcrepTu3a B cucreme OezonacHoct. Ne 3-2023

Ha (¢one momoOHBIX cHCTEM TOXApHOW  OE30MacHOCTH  BBIIENACTCS  CUCTEMa
C aBTOMAaTH3UPOBAHHOM XapaKTepUCTUKOM, yiyumeHHod mimatdopmoit — SCADA/HMI
DataRateTM, a taxke c 6e30TkazHbIM 0OOpyaoBaHuEM. [IperMyIIECTBEHHO MOCPEICTBAM 3TOM
w1atpopMbl MPOUCXOAUT Tepenada HH(YOPMAIMOHHBIX JAaHHBIX M MOHMTOPUHI 3a BCEMHU
TEXHOJIOTMYECKUMHU IIpoLeccaMy JesiTeIbHOCTH. biarogaps Takoil cucteme yaaercs CHU3UTh PUCK
HECUACTHBIX CIyyaeB Ha OOBEKTE, YMEHbIIUTb (PUHAHCOBBIC IOTEPH 3a CYET CBOEBPEMEHHOMU
JIMKBUJIALIMU OYaroB BO3rOpPaHUs U CBECTU YPOBEHb ONIACHOCTU K MUHUMYMY [2, 3].

Taxum o6pazom, kmodeBoit GpyHkunonan cuctemsl SCADA/HMI DataRateTM nanpasiien
Ha BHU3yaJIM3allMl0, MOHUTOPHHI M KOHTPOJb HEOOXOIMMBIX TPYII JaHHBIX, (HOPMHUpPOBAHHE
U OOHOBJIGHHE OTYETOB 0 COOTBETCTBYIOIIMM IO3UIUSAM, OCYILECTBIEHHE HEMOCPEICTBEHHOTO
KOHTPOJISI U YIpPaBJIE€HUS B HACTOSLIEM BpPEMEHU 3a TEXHOJIOTMUECKHM IIPOLECCOM, a TaKXKe
BBIMIOJIHEHUE Jpyrux (YHKUMN, HANpaBlIEHHBIX Ha O00ECHeuYeHHOCTb OO0BEeKTa HeoO0XOoauMon
uHpopmanueit [4].

IIpu »>TOM mpolecc aBTOMAaTHYECKOTO IOKAPOTYLIEHUS MpPEJICTaBlIseT COOO0H paf
YIOPSAIOYECHHBIX IEUCTBUM:

— oOHapy>KeHHe Mokapa ¢ MOMOUIbIO NMPeIHA3HAYEHHBIX JUIS 3TOr0 CpeACTB (MH(paKpacHble
KaHaJIbl, ABYXKaHaJIbHbIC TEIIEBU3MOHHBIE KaMEPBbI);

— YCTaHOBJIGHME  MeCTa  BO3HMKHOBEHHMS  IOKapa MpH  IOMOIIM  YCIIOBHBIX
MIPOCTPAHCTBEHHBIX KOOPJMHAT, OINpPEAENSEMbIX B COOTBETCTBHHM C PACIOJIOKEHHEM CPEICTB
OOHapYKEHHUS;

— Mojaya, pacHblJICHUE CPEJICTBA OIHETYIIEHHUS M KOHTPOJIb JAHHOI'O MpOoIecca C y4ETOM
BCeX 0COOEHHOCTEH (rpaBHUTAIMM, MECTa, COCTaBa CPEIACTBA), UCHOJb3Yys BUACOKAHAIIBI, CUTHAJIBI
0 BO3HUKHOBEHHMH OIIMOOK B HAIMIPABJICHUHU UM 00BEME U KOPPEKTUPYIOMINE UX [5].

WunuBuyanbHble XapaKTepUCTUKU U NpEeUMyIlecTBa aBToMaTHueckux cucrteM DataRate
JUIsl yAJIeHUs IbIMa U JIMKBUJALUH OTHsI IPEACTaBIEHbl Ha puc. 1, 2.

[ HazesxHble Net-TeXHOIOTHH ] [ OOBEKTHEHBIH [TOAXO0] K HOCTPOSHHIO IPOEKTOR ]

XapakTepHCTHKH

\'[ OTKpshITad apXHTEKTYpa ]

MOIIHEIE CPEICTEA BH3YATH3AHH JAHHEIX (C BO3MOKHOCTHIO
MOHHTODHHT2 H yIIpaeTeHus Jepez WEBHHTepdefic)

[ OOAJEpAEKa COEPEMEHHBIX CTaHJ3apTOE OOMEeHAa JaHHBIMH ]

Puc. 1. Xapakrepuctuku DataRate, o6ecneunBaiomme BO3MO:KHOCTb NOCTPOEHHS
ABTOMATH3HPOBAHHOM CHCTEMbI YIIPABJICHHUS MOKAPHON aBTOMATHKH

[ AzsTOHOMHOE QVHKIHOHHPOBAHHE CHCTEMBI [ VBeIHIeHHe CPOKa CIy:KOBI CHCTeM H 000pYI0BaHHA
*

[ TToBsmeHHe HATEKHOCTH CHCTEMBI ]v\ OTnHYHTEIBHBIE OCOOEHHOCTH

ABETOMATH3HPOBAHHBIX CHCTEM

Kagecteennoe YIpaeJ€HHE CHCTEMAMH NPH
COKpPAIlI€HHH NepCOoHATa

X

[ MOHHTOPHHT H YIIPABJIeHHE TeXIIPOLecCaMH ]

[ CHIXeHHe NOCTOAHHEIX H3JEPACK Ha 3KCTYaTalHKO ]

Puc. 2. OcoGeHHOCTH aBTOMATH3UPOBAHHBIX CHCTEM MOKAPOTYIIEHUS U ABIMOYIaIeHUS
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Takum oOpa3oM, cuctemMa pabOTaeT aBTOHOMHO, 0€3 B3aMMOJCHCTBHUS C YCIOBEKOM
U croco0Ha CaMOCTOSITENBHO pearupoBaTh Ha BO3HHMKAIOUIME YIPO3bl M BO3rOpaHus. Bricokas
HA/ISKHOCTh 00OpYyIOBaHHS BJEUET 3a COO0OW OTCYTCTBHE HEOOXOAMMOCTH B OOCIY>KMBAIOIIEM
nepcoHare, a BCJISACTBUE U PACXO0B Ha €ro o0ecreyeHue.

Tak Kkak cucTeMa MOXXET BBIMONHATH CBOM (DYHKIIMM aBTOMAaTHYECKH, 0e3 KaKoro-imdo
BMEIIATENbCTBA, W CIIOCOOHA CaMOCTOSITENIbHO pearupoBaTh Ha BO3HHMKHOBEHHE I0XKapa,
€e HACTPOHKM WIM TpoOJEeMbl HHOTO XapaKTepa BIIOJIHE MOTYT peIaThcs TUCTAHIIMOHHO,
MOCPEACTBOM KOMITBIOTEPHOTO 000PYI0BaHHS.

Pa6ora cuctemsr SCADA mipencraBieHa Ha puc. 3.
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Puc. 3. Crpykrypa pa6orsl cuctrembl SCADA B 0011em Bujge

Ha ocHoBanuu puc. 3 MOXKHO cHaeiaTh BBIBOJ, YTO JUIsl pabodero IMporecca CHUCTEMbI
SCADA xapakrepHo o0OecrieueHHUE BO3MOXHOCTSMU MOHUTOPUHIA, KOHTPOJS M YNpPaBICHUS
KOHKPETHOTO 00BEKTa JJAHHOM CTPYKTYPHI 32 IPYTUMU 0O0BEKTAMHU, UTO OOBSICHAETCS MHTETpaIbHON
OCHOBOM B3aMOJICHCTBHS.

JUis  aBTOMAaTHYeCKOro yMpaBiE€HUS MOXKAapHBIMU CHUCTEMaMH U 000pyJOBaHHEM
pa3paboTraHa cucTema, pe/iCTaBIeHHas Ha puc. 4.
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Puc. 4. Crpykrypa cucrembl «CnpyT-2»
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Cucrema «CrpyT-2» TOJTHOCTHIO aBTOHOMHA M CIIOCOOHA OOHApy>KMBAaTh MOXKap, a TaKKe
€ro HeWTpann3oBaTh 0€3 MOCTOPOHHUX CHJI M BMEIIATENbCTBAa 4eJIoBeKa. B cocTaB cUCTEMBI
«CripyT-2» BXOIAT: HACOCHAs, SJIEKTPOKJIANaHA, YCTPOWCTBA OIOBEIICHHUS, OaTrapeu, MOIYJIH,
pacnpenenuTenabHble YCTPOUCTBA, BEHTHIIATOPHI, U3BEIIATEH, CEPBEPHbIE CTAHIIMU U mpouee |3, 6].

Jlanee, Ha puc. 5 mpeAcCTaBICHBl OCHOBHBIE (DYHKIIMU CHUCTEMBI MOXKapHOW 0€30MacHOCTH
n noxaporymenus SCADA.

[ Begenne H aHATH? MIPOTOKOIa COOBITHH I BH3yaTH3alHA MecTa BOZHHKHOBEHHA
X [OXapa H MpoLecca TyIIeHHA

MOHHTOPHET H KOHTPOTh HECKOMBKHX 00BEKTOB YAATEHHO H
JIOKATBHO, Oe3 MPHBIeYeHHA APYTOro 000pyA0BaHHA

L
[ CHIHATH3aUHA O COCTOAHHH 000PYIOBAaHHA H MOKapax H Ip. }

Puc. 5. OcHoBHBIe GyHKIMH CHCTEMBI MOKAPHOI 0€30IIACHOCTH W MOKAPOTYIEHUS
SCADA/HMI DataRate

Takxe pa3paboTaHa cucTeMa MOHUTOPHHIAa W YIPABJICHUS JBIMOYyAaJCHUEM, KOTOpas
MpelHa3HaueHa s TPUMEHEHUsS B MHOTOKBAPTHPHBIX JOMax M HeoOXoauma s yIalcHHS
MPOJAYKTOB TOPEHHUs MPH TOXKape, a TakKe B IeNIIX OTPaHUYEHUS PacIpOCTPAHEHHs MoXKapa.
JlanHasi cucteMa rapaHTupyer 0e30MacHOCTh JIFOJICH MPHU dBAKyallud BO Bpemsi moxapa. Cucrema
neiMoynanenust (C/IY), To ecTh cucTeMa MOHUTOPHUHTA M YIPABICHUS ABIMOYIAJICHUEM, SIBISIETCS
OJIHUM U3 BaXHEHIIINX aCTIEKTOB B 00ECIICYCHHUH MOKAPHOU OE30MacHOCTH 00bEeKTa 3amuThI [7, 8].

Takum oOpa3zom, npu coBokynmHOM mpumeHeHnn CJIY u cucTeMbl TOXKapOTYIICHUS,
MMOMUMO MUHHMH3AIMH YKOHOMUYECKUX TOTePh, MUHUMHU3UPYETCS TAK)KE M PHUCK yTPO3bI JKU3HH
YeJIOBEKY, B TOM YHCIIE M3-3a OTPABJICHUS YTapHBIM Ta30M.

HanexxHas w  KauecTBEHHass cHCTeMa TMPOTHBOIOXKAPHOM  3alIUTBl  CIIOCOOCTBYET
o0ecreueHHI0 HE00X0JUMOTO YPOBHS MOKAPHOU 0€301TaCHOCTH, CHIKEHUIO PUCKOB M BO3MOXKHBIX
nocneAcTBuil. Ha coBpeMEeHHOM JTare JOCTHKEHHE IOJIHOTO OOECHEeYeHHUs 3alluThl 00BEKTa
TpeOyeT aBTOMAaTH3AIMK JAHHOTO TPOIIeCcca, a TAaK)Ke MPUMEHEHHSI BRICOKOKAYeCTBEHHBIX, TOYHBIX
Y HA/IKHBIX TEXHOJIOTUN U TPOTPAMMHBIX MPOAYKTOB.

Ha ocnoBanun SCADA pa3pabaTeiBaloTCS W TPUMEHSIOTCS Ha Pa3IMYHBIX OO0BEKTax
CUCTEMBI TUCTETUEPHU3AIIH, HEOOXOAUMBIE IJI OCYIIECTBICHUS CIUIOIIHOTO KOHTPOJIS acleKTOB,
TpeOyroumx ocodboro BHUMaHus [9].

Tak, mocpeactBom BHenpeHus miargopmel SCADA ocymiecTBisieTcss HENPEPHIBHBIM,
OecriepeOOHBIN, CIUIONIHOH MOHHUTOPUHT OOBEKTa B IIEJIOM: €ro O€30MacHOCTH, HCIPABHOCTH,
HAJEKHOCTH, COCTOSIHHSI OOOpYZOBaHHUA M Jp., YTO CHOCOOCTBYET OOECIEUEHUI0 HEOOXOMUMBIX
YCIIOBUH 3alUINEHHOCTH O00BekTa B pexume 24/7. CucreMa MOXKET TPHUMCHITHCS Kak
camocrosiTenbHass enuuuna. Opnako mnpumenenne CJ[Y B KoMIiekce ¢ cHCTeMaMu
MO’KAPOTYIICHUST JTaeT BO3MOXXHOCTh HE TOJIBKO TMPAKTHYECKH HWCKIIOYHATH CMEPTh JIOACH W3-3a
OTpaBJICHHUS YTapHBIM Ta30M, HO U MOTYIIUTh OXKAP, MUHUMHU3UPOBATh MaTepHaibHbie motepu [10].
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IHHOKAPHASA BE3OITACHOCTD HA TPAHCIIOPTE
N OBBEKTAX UHOPACTPYKTYPbI

Hayynas cratbs

YJK 681.3; DOI: 10.61260/2304-0130-2023-3-9-13 . . .
K BOITPOCY OHEHKMU ITOCJIEACTBUU YPE3BBIYAUHbBIX CUTYALIUHN

JlaOunckuii Anexkcanap FOpseBuu.
Cankr-IlerepOyprexmii yausepeurer I'TIC MYUC Poccenn, Cankr-Ilerep0ypr, Poccus
Labinsciy@yandex.ru

Annomayus. PaccMoTpeHsl onacHble (akTOpbI IPU TOPEHUH H B3pbIBE HE()TEIPOIYKTOB, KOTOPBIMH
ABJSIFOTCS BO3IYIIHAs yJapHas BOJHA M TEIUIOBOE H3IydeHue. JlaHa OIleHKa IOCIEACTBUM HapylIeHUH
YCIIOBUHN XpaHEHUS U TPAHCIIOPTUPOBKH (TIEPEBO3KM) TOPIOYHX KHUIKOCTEH U HEPTEMPOILYKTOB, BHI3BAHHBIX
IpoleccaMy MCHapeHHus W TOPEHHS C MOCICAYIOIUM B3pBIBOM IIapPOB 3THX BEILECTB. BrINonHEHa oLeHKa
nociencTsuil GopMHpoOBaHUs 0o0JaKa MapoOBO3AYLIHOM CMeCH, K KOTOPbIM OTHOCSATCSI B3PBIBHOE TOpPEHUE
U pacImpocTpaHEHHE yAapHOW BOJHBL. PaccMOoTpeH mpumep pacyeTa TpPOTHIOBOIO HKBHBAJEHTA
MapOBO3AYLIHOM cMecH OCH3MHA IUId Pa3iIMYHOM JOJM y4acTHs NapoB OEH3WHA BO B3pBIBE: OT Cilydas
BBIJICJICHHS T1apOB NPH PAacTeKaHWW OCH3WHA A0 ciaydas (OpPMUPOBAHHM CMECH OCH3WHA C BO3ILYyXOM IPH
atMocepHoM naBneHuu. PaspaboraHa maremaTudeckas MOAETb, M JaHa OLCHKA Pa3MEPOB M BPEMEHH
CyLIECTBOBaHUs 00J1aKa HapOBO3AYIIHOW CMECH.

Kniouesvie cnosa: mocnencTBUs 4Ype3BBIYAWHBIX CHUTyalui, omacHble (aKTOPbI, HEPTENPOLYKTHI,
rOpeHue, B3pbIB, yJapHas BOJHA, TEIUIOBOE W3IydeHHUE, 00JaKO IapOBO3AYIIHOW CMECH, MaTeMaTH4ecKas
MO/IeNIb, KOMIBIOTEpHAs MPOTrpaMMa, pacieT pa3Mepa M BpEMEHH CYIIeCTBOBAHHUS

Jast uuruposanus: Jladbuackuii A.1O. K Bommpocy oreHKH IMoCe ICTBHIA Ype3BBIYAHbIX cuTyartuii / HanzopHas
JesATeNbHOCTh U CyAeOHas sKkcrepTr3a B cucreMe 0e3omacHocTr. 2023. Ne 3. C. 9-13. DOI: 10.61260/2304-0130-
2023-3-9-13.

BBenenne

B Hacrosimee BpeMsi B pe3ysibTaTe Ype3BBIYANHBIX CHUTyaIlMil BO3HUKAIOT MOCIEACTBHS,
CBS3aHHBIC C TIOKapaMH, B3pPHIBAMH, HABOJHCHUSMH, BO3JCUCTBUSAMH pATUAIIN WU JAPYyTUMHU
BpeIHbIMH  (aKkTopaMu, NPUBOIAIMIMMH K 3a00JeBaHUSIM U CMepTu JroAei. Bompocam
MIPEeaYNPEXICHNS U JTMKBUJAIMU TTOCIEACTBUN aBapuil U KaTacTpod, a TaKKe OLEHKH TEXHUYECKOTO
puCKa mocBsiieH psia pador [1-11].

DKOJIOTUYECcKyI0 0€30MacHOCTh HEKOTOPHIE aBTOPHI OMPEENSIOT KaK COCTOSHHE YCTOWYHBOTO
JMHAMHUUYECKOTO paBHOBecus 6uochepsl. Jlpyrre aBTOpbl OMPENesioT KOIOTHUECKYI0 0€30MacHOCTh
KaK COCTOSIHME 3allUIICHHOCTH MPUPOJAHOM CpeAbl M YEJIOBEKa OT BO3MOYKHBIX BO3ICHCTBHIA
XO3HCTBEHHOM [ESATENbHOCTH, YPE3BbIYAHHBIX CHUTYaIlMi MPUPOJHOTO M TEXHOTEHHOTO XapakTepa
U uX nocineAactBuid. [y oOecrieueHus SKOIOrMYecKor 0e30MmacHOCTH HEOOXOIMMBI MPEIOTBPAIICHUE
BO3HHUKHOBEHHS TEXHOTCHHBIX YPE3BBIYANHBIX CUTYAIIUH U JIMKBUAAIMS X HETATUBHBIX TIOCIICACTBHA.

B nmaHHON cTartbe paccMOTpeHa OLICHKA ITOCJIEICTBHM HApyLIEHUN YCIOBHW XpaHEHUS
U TPAHCHOPTHUPOBKU (TMEPEBO3KHM) TOPIOYUX KHUAKOCTEH U HEPTEHPOAYKTOB, BBI3BAHHBIX
MpoLIECCaMU UCTIAPEHUSI U TOPEHUS C MOCIIETyIOIIMM B3PbIBOM ITAPOB 3THUX BEILECTB.

K nedrenpoaykram oTHOCSTCS OCH3WH, KEPOCHH, IU3EIbHOE TOIUIUBO, Macia M Jpyrue
napaduHOBBIe cocTaBisomme Hegtu. [yis TpaHCIIOPTHPOBKH HEPTETPOIYKTOB HCHOIB3YIOTCS
MaructpaibHble TpyOompoBoasl (nuamerp Tpyo ot 200 mo 2 000 mm, masnenue 5—-10 MlIla)
C pesepByapaMi BPEMEHHOTO XpaHeHms (BMecTHMOcThIO oT 1 000 mo 100 000 Mm’), a Tarke
KEJIE3HOJOPOXKHBIN (Tpy30moabeMHOCTh nucTepH oT 60 g0 120 T, BMecTUMOCTh OT 75 1o 160 M )
¥ aBTOMOGHIIBHBIH (ItrcTepHsI 0T 10 10 26 T, BMECTHMOCTB OT 6 10 30 M°) TPaHCIIOPT.

© Cankr-IletepOyprekuii yausepcuret ['TIC MUC Poccun, 2023
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[NoxxapHast 6e301acHOCTh Ha TpaHCHOPTE U 00BEKTaxX MHPPACTPYKTYPbI

[IpnumHamMu aBapuii Ha TPyOOIPOBOAX SBISIFOTCS aBapUMHBIE Pa3pbIBBI TPYO M3-3a Aedekrta
CBApHOTO I1IBa, pa3pyllIeHHe KOMIIpeccopa, yreuka rasza. [locneacTBusiMu aBapuii Ha TpyOOIpoOBOIaX
SIBJISTFOTCS TI0>Kaphl M B3PbIBHI.

[locnencTBusiMu  aBapuil  Ha KEJE3HOAOPOKHOM TPAHCIOPTE SIBISIIOTCS  pa3IUTHE
He(TEenpPOAYKTOB U TOXapbl. EjkeronHo Ha KeNe3HOAOPOKHOM TPAHCIOPTE MPOUCXOIUT OKOJIO
2 Teic. BO3ropaHuii M mnoxapoB [2]. Ilpu nepeBo3ke JErKOBOCIIAMEHSIIOIIMXCS KUIKOCTEU
(OeH3MHOB) BO3MOYKHBI B3PBIBBI TAPOBO3IYIITHON cMecH [6].

[TocnencTBusiMu aBapuil Ha aBTOMOOMJIBHOM TPAHCIOPTE TAaKKe SABIAIOTCS pa3IUTHE
HE(PTENPOIYKTOB U MOXKAphl, & TAKXKE B3PbIBBI MAPOBO3AYIIHOW CMECH JIETKOBOCIIAMEHSIOIIUXCS
KUJKOCTEH, Hanpumep, OeH3UHOB [3].

bruta mocraBneHa 3aiaya, pe3ynbTaThl PElIEHUs] KOTOPOH MPECTaBICHbI B JAHHOW CTaThe:
HeoOX00UMO BbINOTHUMb OYEHKY NOCIeOCMEUL YPe36bIUaAlHbIX CUMYAYULl, CEA3AHHBIX C 2OPEHUeM
U 83pblIBOM HePMenpoOyKmos, CONPOBOHCOAEMbIX 63DbIGHLIM 2OpeHUeM U PACNpOCMpaHeHuem
VOapHOU BOJIHYbL.

HoBu3zHa nccrienoBaHus 3aKkir0uaeTcsi B MOAPOOHOM OMHUCAaHUU OMACHBIX (PAKTOPOB TOPEHUS
U B3pbIBa, OLIEHKE TMOCIEACTBUA (OPMHUpPOBaHUS OOJIaKa MAPOBO3AYLIHOH CMECH W CO3JaHHUU
MaTeMaTU4YeCKOM MOJENN B3PHIBHOTO TOpEHHUs o0Jaka TOproYeil cMecH, KOTOpas IT03BOJIMIIA
BBITIOJTHUTH PAacyeT TPOTUIIOBOTO SKBUBAJICHTa CMECH ITapOB OCH3MHA C BO3yXOM.

Onachele GpaKkTOpbI NPH FOPEHUH U B3pPbIBe HEPTENPOIYKTOB

B3peiBoomacHasi cMech mapoB HEPTEMPOAYKTOB C BO3AYXOM MOXKET OBITH COpMHpOBaHA
KaK BHYTPH pe3epByapa, TaKk U Ha OTKPHITOM BO3AyX€. YCJIOBHEM BO3TOpaHMs M B3pbIBA CIYXKHT
(opMHpOBaHKE MAPOBO3IYLIHON CMECH C KOHLIEHTpAalUeH, JOCTaTOUYHOW AJIi TOPEHHsI U B3pbIBa
B CIy4yac HaJW4Msl CTOPOHHETO MCTOYHMKA 3HEPIMM WM NPU AOCTHXKEHMHM TEMIIEPATypbl CMECH
TeMrepaTypbl camoBoCIIaMeHeHus [7]. MeToabl OLEHKH TOCJIEACTBUM B3PBIBHOTO TOPEHUSA
MapOBO3IYIIHON CMeCH U3JI0KEHBI B paboTax [4-7].

IIpu B3pbIBHOM rOpEHNHU NAPOBO3AYLIHOW CMECH BO3MOKHBI CIIEAYIOLIUE MTOCIECTBUA:

— B3pBIB 00J1aKa MapOBO3IYIIHON CMecH;

— B3pBIBHOE TOpeHue obaka B atMmocdepe;

— MoXkap He(PTEPOIYKTOB Ha 3eMJI€.

I[Ipy 5TOM BO3MOXXHO BO3HHMKHOBEHHE CIEAYIONIMX  IMOPAXAOMMUX  (PaKTOPOB,
BO3EHCTBYIOIIMX Ha JIIOJICH:

— IIpH B3pbIBE B aTMOCc(epe — BO3AYIIHAS yJapHas BOJIHA U TEIUIOBOE U3TyUYEHUE;

— IpU B3PHIBHOM TOpeHHMM O0OJlaka B aTMocdepe — BO3AYyIIHAs yAapHas BOJHa C Oolee
HU3KUM TOpaXKaolM (aKTOPOM U TEIUIOBOE H3IydeHHe ¢ 0ojiee BBICOKUM IOPAKAOIIUM
(akTOpOM, UeM IpH B3pbIBE B aTMOCHEPE;

— MM TOKape Ha 3emiie — OOJIBIIOE BBIICTICHNE TEIIa ¢ BO3MOXKHBIM MOPAKEHUEM JIFOIEH
Y BOCIUTAMEHEHHEM COCEIHUX OOBEKTOB (HAIIPUMEp, Pe3epByapoB ¢ HEPTEIPOAYKTAMH).

PesynbraT BO3AEHCTBHS TEIJIOBOTO W3IY4YEHHs, BBI3BIBAIOLIETO BOCIJIAMEHEHHUE BEILECTB
WIM NOpPaXEHHE 4YEJIOBEKAa M >KMBOTHBIX, 3aBHCUT OT MOPOIOBBIX 3HAYEHHWH TEIUIOBOIO IOTOKA,
KOTOPBIE OIPEACIAIOTCS BEIMYMHOM NOTJIOMIEHHON TeIIoBOM 3Hepruu. Ilormomennas TteroBas
SHEprHsl, B CBOIO OYEPEb, 3AaBHCHT OT IUIOTHOCTH TEIUIOBOTO MOTOKA ¢, KBT/M® M BpeMeHH
obmyuenust Ty, c. DHeprus, HeoOX0AUMas! Il BOCIIJIAMEHEHUSI BEILIECTBA, 3aBUCHUT OT €r0 TeMIIepaTyphbl
Y TIapaMeTpoB (JaBJICHUE, BIAXKHOCTDH) aTMOC(hEpHI.

[TpumepHbIe 3HAYCHHUS TETTIOBOTO IMTOTOKA M MOPAXKAIONINH YermoBeka 3¢ deKT:

-qg=1,0 [kBT/M*] — 3¢ (deKT COTHEYHOTO 3arapa B XKapKHUi JTETHUI JCHb;

— q=15,0 [kBT/M"] — 3heKT mosBICHMS BONABIPEit Ha KOXKE CITyCTs 5 C.

OneHka nocjeacTBus q)OpMI/IpOBaHI/Iﬂ o01aKa nap01303)1y11m0171 cMecHu

BckpeiTHe €MKOCTH € TOPIOYMM Ta30M WM Pa3IUTHE CXKIKCHHOTO ra3a IpU aBapuu
MPUBOAUT K MCHAPEHUIO XKUAKONH (Ppakuuu U (OpMHPOBAHUIO 00JaKa MapOBO3AYIIHON CMECH.
Jlanee MOKET MPOUCXOAUTH BOTOPAHKE MAPOBO3IYITHOW CMECH, YTO MIPH OTIPEICIICHHBIX YCIOBHUIX
MOXET MPUBECTH K B3PHIBY.
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OmnpenensitomiuMu ~ GakTOpaMy  pa3BUTHUS aBapUMHON CUTyallUd SIBJISIIOTCSL  YCJIOBUS
(dopmupoBaHUs 00JaKa MapOBO3IYIIHONW CMECH, KOTOPOE MOMKET BOCIJIAMEHHUTBCS C HEKOTOpOH
3anepkkoi. Ilpouecc BocrulaMeHeHusi o0jlaka IMapoOBO3AYIIHON CMECH MOXKET IPOUCXOAMTH
C pa3IMYHOMN JJIUTENbHOCTBIO:

— BOCIIJIaMEHEHHE 00J1aka MapOBO3YIIHOM CMECU MPOUCXOAUT HEMEAJIEHHO;

— BOCIUIaMEHEHHE 00J1aka TapOBO3IYLTHON CMECH MPOUCXOAUT C HEKOTOPOH 3a/1epPiKKOIA.

B mepBom ciyuae Qopmupyercs obmacth ropsimeil xunkoil ¢paxmum raza. Bo BTOpom
cilyyae NMPOUCXOAUT (OPMHpPOBAHUE O0JIaKa MAPOBO3AYLIHOH CMECH C BO3MOYKHBIM B3PBIBHBIM
CrOpaHHeM, KOTOPOE CONPOBOXKAAETCS 00pa30BaHUEM YJAPHbIX BOJIH.

IIpu B3pbIBE OOJIaKa MAPOBO3AYLIHON cMecH (POHT TOpPEeHHs pacHpOCTpaHsercs JIudo
C yIapHOW BOJIHOW, JTMOO C HEKOTOpOH 3anmepxkkoil. [Ipu 3amepikke CKOPOCTh PacpoCTpaHEHHUS
¢dponTa ropenusi cocrasiser oT 10 mo 300 m/c, u naBneHue BO (PPOHTE yAAPHOU BOJIHBI MOXKET
nocturath oT 10 1o 100 xIla u Gonee.

IIpu coBMecTHOM ¢ yJIapHOM BOJHOM pacnpocTpaHEeHUM (PpPOHTA IUIAMEHH MPOUCXOAUT
JIeTOHAIMST — B3pbIBHOE pacmpocTpaHeHue (ponra. [Ipu 3ToM CKOpocTh pactpocTpaneHus (HpoHTa
TOpeHus cocTaBisieT oT 1 10 3 kM/c 1 JaBieHue Bo (poHTE yIapHOM BOIHBI MOXkeT focturath 10 MIla
u Oonee. Pa3znuynbple MpEnsATCTBHA HAa MYTH PACIIPOCTPAHEHHS TUIAMEHH BBI3BIBAIOT TYpOYIH3aLUIO
CMECH U CIIOCOOCTBYIOT JIETOHAIIMH TapOBO3AYIIHON cMecu. B3phIB mapoBo3yIHON cMecH MOXKET
CIPOBOIIMPOBATH TAK)KE CTOPOHHUI MCTOYHUK SHEPTUH, HAIPUMED, UCKpA.

HeoGxonumas s B3pbiBa oOjaka MapoOBO3AYIIHOW cMecH OOBbEMHas KOHLEHTpaIUs
roproueil KOMIIOHEHTHI JI0JKHA COCTaBIATh OT 5 % (mponan) 1o 30 % (Bogopon).

MaremaTnyeckast MOJ€JIb

KoHmenTpanuss mapoB, BBIIIEANIMX W3 pe3epByapa B armocdepy, OINpenensercs
U3 YpaBHEHUS COCTOSHMS upaeanbHoro raza: P*V*C=G*R*T, rae P — naBnenue B peseppyape, Ila;
V — o0beM pesepByapa, Mm; C — KOHIIEHTpalus ra3a (oobeMHas nons); G — macca MmapoB, KT;
R —razomas nocrosnnas; T — temneparypa, K.

B cnydae B3pbIBa oOiaka cMeCH MapoB €ro TPOTHJIOBBIM SKBHBAJICHT IO yIApPHOH BOJIHE
oyzer pasen [5]: Grs = 0,4*G*Qupc*k/(0,9*Qr), rie G — Macca mapoB cMecH, KT; Qe — yAeabHas
TEIJIOTa CrOpaHus eAWHUIBI Macchl mapoBosaymHoi cmecu (IIBC), k/Dx/kr; k — xoaddunumenr,
YUYHUTBIBAIOIINN JTOTF0 y4dacTusi Traza Bo B3pwiBe (0< k <1); Qr — yzaempHas TemioTa B3phIBa
TpoTuna, KJx/Kr.

Koaddumment k, yuuTeBarommii OO0 y4acTHs Ta3a BO B3PBIBE, MOXKET IMPUHUMATH
cienyrlue 3HaueHus [S]:

— k=0,02+0,1 — ra3sl mpu pacTeKaHUHN JIETKOBOCTUIAMEHSIOIUXCS KUIKOCTEH;

— k=0,1 — ra3el, CKMIKEHHBIE OXJIAXKICHUEM;

— k=0,5 — ra3sl, CKIKEHHBIC TIO]T JABJICHUEM;

— k=1,0 — ra3sl npu aTMOChEepHOM J1aBJIICHHUH.

Beimonnum  pacuersl  TpotwioBoro skBuBajeHTa IIBC s pa3iauuHbIX  3HAYeHMH
kod(durmenTa k, yauTHIBarOIIETo OO yYaCTHs Tapa BO B3PHIBE.

PaccmoTpuM upe3BBIYaiiHYIO0 CUTyaluIo, P KOTOPOW M3 pe3epByapa XpaHeHHs OCH3MHA
o6bemom 5 000 m” (zmamerp 20 M, BbicoTa 18 M) B pesysibTaTe aBapuu BIILIO (motepsiHo) 0,15 %
w1 500 kr 6en3uHa.

Ucxonueie pgannbie: macca [IBC G = 1500 xr, ynenbHasi TEIJIOTa CTOPAHUSI €IUHMIIBI
Mmaccel [IBC (6en3un) Qnpc = 45 xJIX/Kr, yaenpHas Teruiota B3pbiBa TpoTwia Qr = 4,5 k/x/kr.
Pe3ynbTathl pacyeToB mpecTaBiIeHbl Ha PUCYHKE.

PacyeTsl moka3bIBalOT, 4TO B CiIy4ae B3pbIBa 00Jlaka CMeCH MapoB OEH3WHA C BO3AYXOM
TpoTHiIOBBIN 3kBHUBajIeHT [IBC nmo Bo3aymHo# yaapHoi BosiHe cocTtaBUT OT 330 kr mo 6 670 Kr.
HauMensbiiee 3Hau€HWE TPOTUIIOBOTO JKBUBAJICHTA COOTBETCTBYET 3HAYCHUIO Kod(duimenra
ydactusi raza BO B3peiBe k=0,05 (mapbl OeH3WHA, BBIACISIONIMECS TPH €ro PACTEKaHUH),
a HanOobIee 3HaUeHne cooTBeTcTBYeT k=1,0 (mapsl OeH3MHA ITPU aTMOCHEPHOM JTaBIICHUN ).
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[NoxxapHast 6e301acHOCTh Ha TpaHCHOPTE U 00BEKTaxX MHPPACTPYKTYPbI

TpoTnnosbi 3KBYBANEHT CMECH, Kr

| oeem | N

Puc. Tporuiossrii 3xBuBasent IIBC B 3aBucumoctn
0T 3HaYeHMH KO3(p(puumeHTa yyacTus ra3a BO B3pbiBe

Paccurraem Bpemsi CyIIeCTBOBaHHs 00JaKa MapoOBO3IYIIHON CMECH IS CITydasi B3phIBHOTO
roperus obmaka. [Ipeamonoxum, 9Tto obiako umeeT cepudeckyro dopmy. st Takoro odaka
3HAYCHHE MOBEPXHOCTHOM SMHUCCHH M3IydeHHs IpHHIMaeTcs paBHoi 200 kBt/M?. Paanyc obnaka
MOJKET OBITh orpeesieH o popmye [S]:

R =29*\G [m],

rae G —ucxonnas macca nmapos [1BC, T.
Bpewms cymiecTBoBaHuS 00J1aKa TApOBO3IAYIIIHON CMECH MOXKET OBITh OTpe/iesieHo 1o popmyte [S]:

T =4,5%VG [c].

Pacuersl mokaspiBaroT, 4TO pamumyc obiaka paBeH 33,2 M, a BpeMms ku3Hu oOsaka [IBC
¢ ucxogHo# Maccoit mapoB 1 500 Kr rpu B3pbIBHOM TOPEHUU COCTABUT 5,2 C.

BriBoa

B cratbe paccmoTpeHBl omacHble (haKTOphI TMPH TOPEHHHM W B3pPhIBE HE(PTEIPOMYKTOB,
KOTOPBIMH SIBIISIIOTCSl BO3IYIITHAsl yJapHas BOJHA M TEIUIOBOE M3ITydeHHE. BBIMOHEHA OIeHKa
MOCJIEACTBUI (POPMUPOBAaHUS OOJlaKa MAapOBO3IYIIHON CMECH, K KOTOPBIM OTHOCSATCSI B3PBIBHOE
TOpPEHHE WU pAcIpOCTpAaHEHUE YAApPHOW BOJIHBI. PaccMOTpeH mnpumep pacdera TPOTHIOBOTO
SKBUBAJICHTA MAapOBO3AYIIHONH CMeCH OEH3WHA JUIS pa3lWYHOW JOJIM YYacTHs IMapoB OEH3WHA
BO B3pBIBE: OT Cilyyasl BBIJCIICHHUS TApOB MPH pacTeKaHWHW OEH3WHa /0 cirydas (HOpMUPOBAHHU
cMecu OEH3MHA C BO3AYXOM IIpHU aTMOC(EpHOM naBieHHH. J[aHa OIlEHKa pa3MepoB U BPEMEHHU
CYIIECTBOBaHMS 00JIaKa MapOBO3AYIIHON CMECH.

Tema craTbum akTyanbHa, TaK Kak IOKapbl M B3PBIBBl HE(PTENPOMYKTOB IPUBOISAT
K OOJIbIINM MaTCpHUaJIbHbIM IOTCPAM MW YCIOBCUCCKUM KEPTBAM. OHGHKa HOCJ'ICJICTBI/Iﬁ TaKuX
Ype3BBIYAWHBIX CHUTYyallMi IIO3BOJSIET peIaTh 3aJauyd  IMPEJOTBPAIICHHS BO3HUKHOBEHHUS
I-Ipe3BI)I‘I2l.I\/JIHI>IX CI/ITyaI_[I/If/i MyTEM COBCPHICHCTBOBAHUSA MCTOAUK pPACUCTAa TCXHOI'CHHOI'O PUCKA
BO BpeMsI TEKyIIeH AEATEIBHOCTH OpraHHU3alMi, OCYIIECTBISIONIMX MEepepaboTKy, TPAaHCHOPTUPOBKY
U XpaHeHHe HEPTENPOTYKTOB.
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BO3JIEVCTBHUE KOMIIPECCOPHOM CTAHIIMA
IO TPAHCIIOPTUPOBKE I'A3A HA OKPYKAIOIIYIO CPELY

“Mex Basiepusi AJIeKCAHIPOBHA;

Mogoakuna Jlrogmuiaa MuxailjioBHa.

Cankr-IlerepOyprexmii nonurexunyecknii ynusepeunret Ilerpa Beaunkoro,
Cankr-IlerepOypr, Poccust

valeria_mekh_1999@mail.ru

Annomayus. llpoBeneH aHamu3 BO3AEWCTBUS Ta30KOMIIPECCOPHOM CTAHIIMM Ha aTMOCQEpHBIH
BO31YX, 00beKTHI Tuapocdepsl u aurocdepsl. Ha nmpeanpustun BbIIBIEHB HCTOYHUKH BBIOPOCOB BPEAHBIX
BEIIECTB B aTMoc(epy HEMPEephIBHOIO, MEPUOANYECKOr0 M 3alIIOBOrO NeHcTBUs. Paccuuran BasoBBII
BBIOPOC METaHa OT ra3olepeKauyrBaIOIIEero arperara M IUlaTa 3a HEraTMBHOE BO3ICHCTBHE. BBISBICHBI
cOpOCBHI CTOYHBIX BOJ Yepe3 TPH BOAOBBINYCKa. PaccumTaH (akTHdeckuil cOpoC 3arps3HSIOMIMX BEILECTB
B BOJHBIIN 00BeKT uepe3 BeIMyck Ne 3. Ompenenena 3(h(eKTUBHOCTH pabOTBHI OTCTOMHOTO COOPYKEHUS
Ha BojoBbimycke Ne 3. IlpoBemeHa WHBEHTapH3allUsl OTXOJOB IPOM3BOACTBA. BBISBIEHBI OTXOMbI
101 HammeHOBaHUs, OTHOCAIINECA K IIATH KJIaccaM OMacHOCTH.

Kniouesvie cnosa: Ta30KOMIIPECCOpHAsl CTaHLUSA, OKpPY’KaloIlas cpela, HETaTHMBHOE BO3JCHCTBUE,
atMocdepa, Tuapochepa, HAKOIJICHHE OTXOI0B

Jast uutupoBanusi: Mex B.A., Monoakuna JI.M. Bo3neiicTBrue KOMITPECCOPHOM CTaHIIMU IO TPAHCIIOPTHUPOBKE
ra3a Ha OKpyaromiyto cpeay // HamzopHas nestenbHOCTh M cyeOHast SKCIepTH3a B cucTeMe 0e30IMacHOCTH.
2023. Ne 3. C. 14-19. DOI: 10.61260/2304-0130-2023-3-14-19.

BBenenne

Kommnpeccopuasie cranmmu (KC) MarucTpalbHBIX Ta30MpoOBOAOB (Ta30KOMIIPECCOPHBIC
crauimn  — ['KC) mpencraBmsaior  oObeAMHEHHBIE B €IUHBIH  KOMIUIEKC — COOPYKCHUS
U 000pyJOBaHHE, KOTOPBIC CIIyXaT JJIA TOBBIIICHUS JaBJEHUs CXaTus raza. KommpeccopHbie
CTAaHIMU MO CBOEMY HA3HAYEHUIO MOAPA3ICISIOTCA Ha JOKUMHbIE (rojioBHBIE), JuHEHHbIe KC
MarucTpaibHbBIX Ta30MPOBOIOB, HATHETATENIbHbIE 00paTHOM 3aKauky raza B miuacT u KC moa3eMHbIX
xparwmi raza [1]. PaccmarpuBaemas B pabore I'KC otHocutcst k [IpuBoguHCKOMY JTHHEHHOMY
MIPOU3BOJICTBEHHOMY YIIPaBJICHUIO MarUCTPaIbHBIX Ta30IIPOBO/IOB.

Ha ra3okoMmpeccOpHBIX CTaHIMSAX HAXOJATCA YCTAaHOBKM JUIsi OYHMCTKH Trasa,
KOMITPECCOPHBIE IIeXa, YCTAaHOBKM BO3IYIIHOTO OXJIAXICHHUS, Y3JIbl cOOpa KUAKOCTH, €MKOCTH
cObopa KOHJeHCcaTa U JPYTHE arperarbl, KOKIAbIH U3 KOTOPBIX UMEET CBOIO CHEIHU(HUKY BO BIUSHUU
Ha OKpyKaromryto cpeay [2]. B cucreme Tpancmopra raza umeHHo ['KC oTHocATCS K OCHOBHBIM
00BbeKTaM, OKa3bIBAIOIIUM HETaTUBHOE BIUsSHUE Ha Bce reocdepnl 3emmu (mutocdepy, armochepy,
ruapocdepy), a Takke Ha UX TMOAIpocTpaHcTBa (Jimtodnochepy, ruapodrocdepy u Tpormoduochepy),
coctapisiromue  omocepy. B cBoro odepesnb, cpaBHEHHWE BO3ICHCTBHS Ha OKPYKAIOIIYIO CpEdy
nepepadoTKH, TPAHCTIOPTHPOBKU U TOOBIYM MPUPOIHOTO raza MOKas3bIBaeT, YTO TPAHCIOPT rasa
naeT HauOONBIINI BKIAJ B UX HeraTuBHOe BozneicTBue [3, 4]. Tak, nanpumep, B 2019 r. o6bem
BBHIOPOCOB 3arpsI3HSIONIMX BEHIECTB MpPH TPAHCIOPTUPOBKE Tra3a COCTaBMJ B Hallell cTpaHe
1,67 MiH T, B TO BpeMsi Kak oT J0ObrYmM u nepepadborku raza ~ mo 0,13 mua T. BomoorBenenue
B BOJIHBIC OOBEKTBI COCTABIIO 5,5 MiH M°, 1,3 MitH M 1 0,2 MJTH M’ COOTBETCTBEHHO, a JUHAMHUKA
obOpazoBanus orxooB — 142 Teic. T, 40 Thic. T U 22 ThIC. T [5]. Takum obGpa3zom, B Bompocax
HETaTUBHOT'O BO3/EHCTBUSA ra30Boil oTpaciu Poccum Ha OKpykarolryto cpeay Tra30KOMIPECCOPHBIM
CTaHIIMSIM OTBOJIUTCSI 0cO00E MECTO.

© Cankr-IletepOyprekuii yausepcuret ['TIC MUC Poccun, 2023
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Lenvio pabomul ABUISIETCS aHAIN3 BO3JIEHCTBUA KOHKPETHOM Ia30KOMIIPECCOPHOM CTaHIUH
Ha aTMoc(epHbIN BO31lyX, 0OBEKThI THAPOC(Ephl U JIUTOCHEPbl € PacUeTOM YpPOBHS BO3JEHCTBUSA
B 00bEMHOM (MaccoBOM) U JACHEKHOM BBIPAXKEHHM W OIpENEICHHUEM OO0pa3yOIIUXCsl Ha CTaHIMU
OTXOJIOB.

[Ipu BbINOIHEHUU pabOTHI ObUIM UCIIOJIB30BaHbl HOPMATHUBHBIE TIOKYMEHTBI U METOJUYECKHE
MaTepuaisl [6—11], a Takxke JaHHbIE, HOTYUYEHHBIE B OJPA3ICICHUSAX NPEANPUITHS, B TOM YHUCIIE:

— MPOEKT HOPMATHBOB MPEAEIBHO JOIYCTUMBIX BHIOPOCOB 3arpsi3HAIOIINX BEILECTB;

— MPOTOKOJIBI MCCIIEeI0BaHUN BBIOPOCOB XUMHUUeckoit nadopatopuu KC;

— JIaHHbIE O KOJIMYECTBE 4YacOB HApaOOTKH HOPMATHBHO-IIPABOBBIX AKTOB IMPEANPHUATHS
(cBeneHust MpeoCTaBIEHbl AUCTIETYEPCKON CITy>KO0H NpennpusaTus);

— JaHHBIE O KOJMYECTBE IIPUPOJHOIO Tra3a, UCIOIB30BAHHOIO Ha COOCTBEHHBIE
TEXHOJIOTUYECKUE HYKHBbI (CBEIECHUS MPEIOCTABICHBI TUCIIETYEPCKOM Ci1y K00 mpeanpusTus);

— JIaHHBIE O KOJMYECTBE MOTEPh IPUPOJHOrO Tas3a MpU MPOU3BOACTBE padOT HA JIMHEWHOMN
YacTH MAarucTpajJbHOrO Tra3onpoBoAa (CBEACHMS NPEAOCTaBIEHBbl JIUCHETYEPCKOM ciryxOoi
MPEANPUAITHS);

— cpeniHss IIOTHOCTh MPUPOAHOTO ra3a 3a nepuoA (AaHHble XUMUYECKO 1abopaTopun).

Pe3y.]'leaTI)I HCCJICI0BAHUA U UX AaHAJIU3

1. Onpeoenenue yposus o3zoeticmeus I KC na ammocpepnwiti 6030yx

[Ipy aHanmM3e WCTOYHUKOB BBIOPOCOB  3arpsi3HSIOMIMX  BEIIECTB B aTtMochepy
Ha paccmarpuBaeMoil ['KC OblmM  BBISBICHBI HMCTOYHHKH HENPEPHIBHOTO, IMEPHOAMYECKOTO
U 3JIIIOBOTO JEHCTBHSI.

K wucTouHMKaM Henpepvi6HO2o0 IIEHCTBUS OTHECEHBI Ta30NepeKauMBAONINE arperarsl,
CUCTEMBl YIUIOTHEHHS LIEHTPOOEXKHOIrO HarHeTarens rasonepekauduaromero arperara (I'TIA),
HEIUJIOTHOCTH OOOPYAOBaHUS, AaKKyMYJISTOPHBIX, KaHAJIU3AIMOHHBIX OYHCTHBIX COOPYKCHUH
U TofiorpeBaTeeil rasa (B y3Jie NOAroTOBKY TOIUIMBHOTO UMITYJILCHOTO ra3a).

K wucrounukam nepuoouueckoeo nREWCTBHS OTHECEHBI CBAPOYHBIE TIIOCTBI, OTKPBITHIC
CTOSIHKH, TIOKapHBIE JEM0, XUMUYECKHe TabopaTOpHH, BEIOPOCHI IIPH HAHECEHUHU JTAKOKPACOUYHBIX
MaTepHaloB, BHIOPOCH MPOIYKTOB CTOPaHMS IPU MPOBEICHUN MTPOBEPOUYHBIX MYCKOB aBAPHHHBIX
JM3EIIbHBIX U Ta30BBIX 3JIEKTPOCTAHIIHA.

K wucTouHmkam 3anno6vix BBHIOPOCOB OTHECEHBI Ta30pacHpeAeiIuTeNbHAs —CTaHIUS
(ocymiecTBisIOMAs NMPOAYBKH M CTPABIMBAaHUS MPUPOIHOTO rasza), MOOWIbHBIE aBTOMOOMIIBHBIC
ra30HAIOHUTEIIbHBIE KOMIIPECCOPHBIC CTAHIINH, NBUICYIOBUTENH, a/ICOPOEpPhI, KOHICHCATOCOOPHHKHY,
Ceraparopbl, BEIMOPaXHBATEIH, TIOJJOTPEBATENHN, KOJUIEKTOPHI.

[TepeuncneHHble HCTOYHUKN BBIOPACHIBAIOT B aTMOchepy 42 BHa 3arpsA3HSIONINX BEIIECTB
BCEX KJIACCOB OIACHOCTH, KOTOpble MOTYT 00pa3oBBIBaTh |5 rpynm CyMMapHOro BpEIHOTO
BO3JICUCTBUSL.

HauOonpmmii BKIax B 3arpsi3HEHHE aTMOC(HEPHOTO BO3AyXa BHOCAT BBIOPOCH METaHa.

bein mpomsBeneH pacueT BBIXJIONMHBIX Ta3oB (mpupoaHsiid ra3) ot I'TIA T'KC 3a mepsbiit
kBaptan 2021 r., KoTopblii mpexacraBieH B Tabn. 1. B pacuere Obuto yuteno 39 ITIA,
YCTaHOBJICHHBIX B CEMH I[eXaXx.

Taomuma 1

PacdeT Ba10BOro BhIOpOCa BBIXJIOMHBIX ra30B 0T ra3omnepekaunBaromux arperatos 'KC
3a nmepBblii kBapTaa 2021 r.

[Ipupoausrii ras (MeTaH) dopmyna Hroro (t/xBapTain)
BasoBslii BEIOpOC U3 OIHOTO HCTOYHUKA By=Cy*xV . xt 481,7
Ipumeuanue: B, — BanoBeiii BEIOpoc (ToHH/KBapTan); C,, — CpeAHssl KOHLEHTPALHUs METaHa B CyXUX MPOJYKTax
cropasus (Mr/m); V. — 06beM BBIGPOCA BBIXJIOMHBIX TA30B M3 OHOTO UCTOYHHKA (HM/ceK); f — Bpems (c).
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Taxxke ObUT BBINOJHEH pacyeT IUIAaThl 32 HEraTUBHOE BO3JIEHCTBUE BHIOPOCOB MPUPOIHOIO
raza (Metana) oT pabotel obopynoBanusi (padora I'TIA) 3a mepssiii kBaptan 2021 r. Wrorosas
cymma coctaBmia 56 184 672 py0.

B pacuere O6bu1H MCTIONB30BaHBI CIEAYIONIUE UCXOIHBIE TaHHbBIE:

1. Ycranosnennsie BEIOpoCHI (T) — 1 548,32.

2. ®aktuyeckuit BIOpoc (T) — 481,693.

3. CraBka miatsl (py0./T) — 108.

4. KoaddunueHnt k craBke miuaThl 3a BeIOpoc B mpenenax HopmaThBOB AOMyCTHMBIX
BbIOpocoB (HJIB TH) (Kux) — 1.

5. KoadduuueHr k craBke miatsl 3a Beiopoc B npeaenax BPB (K,,) — 25.

6. Koaduuuent k craBke miatsl 3a Beiopoc ceepx BPB, HIB TH (Kc/Kyp) — 100.

7. Hononuutenbhbliil ko3 dumuent (Kqp) — 1.

8. [TonpaBounsiii kK03puumeHT (Kypyy).

2. Onpedenenue ypoeHs 8030elicmeus Ha 00HblE 00bEeKmMbl

Anamms Bo3zaeiicteusi ' KC Ha 00bekThI THApOCcdephl mokazair, yro KC ocymiecTBisieT copoc
CTOYHBIX BOJI Yepe3 TPH BHIMYyCKa:

— p. CuBepyxa (cOpoc cTounbix Boj B p. CuBepyxa);

— 601010 (6e3 Ha3BaHus) (COPOC CTOYHBIX, B TOM YHCJE IPEHAKHBIX BO, HAa 3eMJICICIbYECKIE
T0JIs1 OPOLIEHUS);

— p- CuBepyxa (cOpoc ApeHaKHBIX BOJ IMOCJIE€ CUCTEMbI BOJOMOHIKEHUS).

Peka CuBepyxa sBisieTcsl MpaBbIM HpUTOKOM p. Yauma (Oacceitn p. Manas CesepHas
JlBuHa). Boaublil pexxuMm peku xapaktepeH it pek Ceepa EBpomelickoil Teppuropun Poccun,
MUTaHUE CHEro-moxaeBoe. [IpoTsskeHHoCTh peku — okoio 7 kM. llupuna npubpexHON 3aluTHON
MOJIOCHl paBHA IIMPUHE BOAOOXpaHHOU 30HBI U cocTaBiseT 50 M. JlonmnHa peKku HMMeEeT HEesICHO
BbIpaKeHHYI0 Qopmy. Ilpuneraromas MECTHOCTh NPEUMYILECTBEHHO 3aHITa CMEUIAHHBIM JIECOM,
pycio peku crnabo-uzunuctoe. Peka CuBepyxa nMeeT HEKOTOPBIN CTOK, B MEKCE30HHBIE TTEPUO/IBI
(JleTHUI W 3MMHMI) BO3MOXKHBI IIEpUOJBI IEpPECBIXaHUS M Iepemep3aHus. Peka oTHocuTcs
K BOJHBIM 00BEKTaM PHIOOX035IIICTBEHHOT'O 3HAYEHHSI BTOPOU KaTErOpHH.

Bonoto (6e3 Ha3BaHMsA) OTHOCHTCS K TpyIHIe 3a00JI0UCHHBIX 3eMeJb, Iuomaaso 10 1 000 M.
OCHOBHBIM BOJIOCHAOKEHHUEM SIBIIIIOTCS  aTMOcdepHble ocaiku. Ha mpueraromeii MecTHOCTH
MPOU3PACTACT CMEIIaHHBIN Jiec. Pa3Mepsl BOJOOXpaHHOH 30HBI HE YCTAHOBJICHBI. BOAHBIN OOBEKT
OTHOCHUTCS K 00BEKTaM phIO0X03HCTBEHHOTO 3HAaUE€HHsI BTOPOI KaTEerOpHH.

B pabote Obu1 BBINOIHEH pacdeT (HaKTUYECKOro cOpoca 3arpsi3HAIOIINX BEIIECTB B BOJHBIN
00bekT p. CuBepyxa (Boimyck Ne 3), KOTOPBIN TTpeACTaBICH B Ta0I. 2.

Jlnist pacdeTra UCIOIb30BaHbI CIEYIOIINE HCXOJHBIC TaHHbIE:

— o0beM cOpoca CTOYHBIX W (WJIM) JPEHAKHBIX BOJ (CIpaBKa CIIYy>KObI TEXHHUYECKOTO
BopocHabOxeHus — TBC);

— IIPOTOKOJIBI MCCIICAOBAHUI CTOYHOM BOJIBI (JIaHHBIE XMMUYECKOH JIa00paTOPHH ).

Taomnuua 2

Pacuer ¢pakTHdeckoro copoca 3arpA3HAIOIINX BelleCTB
B BOJHBII 00beKT p. CuBepyxa — Boilyck Ne 3

HaumenoBanue 3arpsA3HA0MLNX I'onoBoit copoc
BEIIECTB KT T
B3BemieHnbIC BemecTBa 40,3 0,04
buonormdaeckoe morpedaeHIe
kuciopoaa (bIIK) noms. 33,9 0,03
HedrenpoaykTsl 0,4 0,0004

Taxoke ObUT BBINOJIHEH pacueT IUIaThl 3a cOpoc 3arps3HsmomuXx BemiecTB B p. CuBepyxa,
pe3yJIbTaThl KOTOPOIO MPEeACTaBIEHbI B Ta0d. 3.
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Tabmuma 3

Pe3yabTaThl pacyera miaTsl 3a cOpocC 3arps3HAOMIUX BewecTs B p. CuBepyxa B 2021 r.

HanmMeHoBaHue 3arpsi3HSIIONIETO BEIIECTBA Cymwma mnatsl (py0./ron)
Hedrenpoaykrsr 8,8
B3BemnieHnbIC BemecTBa 425
BIIK momH. 8.9

Kpome Ttoro, mpoBenen pacuer spdekTuBHOCTH OTCTOWHMKA (pHic.) Ha BbImycke No 3.
MuHuMaNbHbIE, MAaKCUMAJIbHBIE M CpeqHHe 3HA4eHHUS d(PPEKTUBHOCTH OYHMCTKH IPEACTABICHBI
B Ta01. 4.

[Ipu pacuere KUCONB30BAHBI CIEIYIONINE JaHHBIC:

— 00beM cOpoca CTOYHBIX U (WIJIH) APEHAKHBIX BOJ (cripaBka ciryx061 TBC);

— IPOTOKOJIBI ~ UCCJICIOBAHHMI CTOYHOM BOJBI (MaHHBIE XUMHYECKOW J1abopaTopuu
10 KOHILIEHTPAIUU MTPUMECEe B BOJIE Ha BXO/Ie B OTCTOMHUK U Ha BBIXOJIE U3 HETO).

Tabmnuua 4
I pexTUBHOCTL PA0OTHI OTCTOWHNKA HA BhIMycKe Ne 3
HanmMeHnoBaHue 3arps3HAIOMINX BEIIECTB D min, % 9 max, % 2 cp., %
B3Beniennrle BemecTsa 0 51,6 30,3
HedrenpoaykTs 0 44,7 29,3
BIIK 0 62,5 31,8

e
: £

Puc. I1;1aH oTCcTOMHUKA

[To pe3ynbraTam JaHHBIX Ta0s. 4 MOXKHO CAENATh BHIBOJ O HEYIOBJIETBOPUTEILHOU paboTe
JAHHOTO COOPY’KEHHSI, MPETHA3HAUYEHHOTO JUIsl OTCTaWBaHUs CTOYHBIX BOJI BbIycka Ne 3.

3. Uneenmapuszayus omxo008 npou3soocmaea
Ha Tepputopun I'KC umerorcss mecta s cOopa U BpEMEHHOTO HAKOIUICHHS] OTXOJOB
(KOHTEWHEpHI, SMUKH, EMKOCTH U OT/AEIbHbIE CKIIAJCKUE IIOMEIICHUS, TUIOIIAIKH).
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B pesynbrare mpous3BOJICTBEHHOU NEATEIHHOCTH 00pa3yroTcst orxoasl 101 HauMeHoBaHwMS,
KOTOPBIE MOIPa3ACIAIOTCS 10 KJIACCaM OMACHOCTH CIIeIyIOIINUM 00pa3oMm:

— 1 xmacca onacHocTH (2 BUAa OTXOOB);

— 2 KJ1acca OracHocCTH (3 BUAa OTXO/OB);

— 3 kyacca ornacHocTH (21 BUa OTXOA0B);

— 4 knacca onacHocTH (47 BUIOB OTXO/IOB);

— 5 KJ1acca onacHocTH (28 BUJOB OTXO/IOB).

Bce orxompl, obOpasyromuecss B pe3yibTare NpOM3BOACTBeHHOH nestenbHocTH [TIC —
00BbEKTa HETaTUBHOTO BO3ACWUCTBHUA HA OKPY)KAIOIIYIO Cpely BTOPOW KaTEeropuH, IMOAJIEXKAT
nepenaye CrHeUUAIU3UPOBAHHBIM OpraHU3alUsM [0 J0rOBOpaM, HMEIOIIMM COOTBETCTBYIOIIHE
JUIEH3UM Ha OCYIIECTBJIEHUE JAEATEIbHOCTH IO CcOOpYy, TpPaHCIOPTUPOBAHHIO, HAKOIUIEHUIO,
00paboTKe, yTHIH3aIK, 00€3BPEIKUBAHUIO U PA3MEIICHUIO0 OTX0I0B 1—4 KJIacCOB OMMACHOCTH.

Ha OGamance KoMIpecCOpHON CTaHIIMM HWMEETCS KOMIUIEKC JJii TEPMHUYECKOTO
obe3BpexxuBanust orxonoB WMH-50.1M, Ha koTOpoM oOCyHIECTBIIsIETCS OO0E3BPEKMBAHUE OTXOJI0B
(4-5 xiacc omacHOCTH), 00Pa3yIOUIUXCS B pe3yJIbTaTe MPOU3BOJACTBEHHON JAEATEIHLHOCTH 0O0BEKTOB
TP ATIPUATHSL.

O6e3BpexkuBannto Ha TH-50.1M mouieskat clieyromue BUIbl OTXO0JI0B:

— OOTHpPOYHBII MaTepuaj, 3arpsA3HEHHbIH He(ThIO WIM HeTEenpoayKTaMu (coaep:kaHue
HedTH WK HePTEPOAYKTOB MeHee 15 %);

— CIELOAEKIA U3 HATypaJbHBIX CHUHTETUYECKHX, UCKYCCTBEHHBIX U IIEPCTSHBIX BOJIOKOH,
3arpsi3HeHHas HeTenpoaykraMu (coaepxanue HerenpoaykToB Menee 15 %);

—ONWIKA ¥ CTPY)XKa JpeBecHas, 3arps3HeHHas He(ThI0 WM HePTEIpPOIyKTaMU
(coneprxanue HeTH MM HePTEPOIYKTOB MeHee 15 %).

3aKjao4YeHue

CpaBHEHHE TIPUBEICHHBIX JaHHBIX (MO0 reocdepamM) CBHUACTEIBCTBYET O TOM, YTO
HauOospiiee HeratuBHOe BimssHUE naHHas ['KC okaseiBaeT Ha atMocdepy. AHalW3 BIWSHHSI
Ha OOBEKTHl THUIApPOCPEpHl HEOOXOIUMO TMPOAOIKUTH C TEM, YTOOBl OIICHUTHh BIIUSHHE
BOJOBBITYCKOB NeNe 1 u 2. Takke B paboTe rmmaHupyercst pazpaboTka MEpOIPUSATHI 110 CHUKEHHUIO
HEraTUBHOTO BO3/ICHCTBHS ra30KOMIIPECCOPHOM CTaHLIMU Ha BCe reocdepsl.
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Annomayus. Obo3zHavueHa mpoOIemMa BBICOKOTO ypOBHS TpaBMaTH3Ma Ha Mpou3BojacTBe B Poccum,
HECMOTpsSI Ha PETyJIIpHO NMPUHUMAaeMbIe MEpHI, B CBSI3U C UeM MPEIJIOKEHO MEpOIpHUATHE — MPOBEACHUE
MTOBEICHYECKNX ayIUTOB 0€30MacHOCTH Ha MPOU3BOJACTBAX, & KOHKPETHO B DHEPTETHUECKOW OpraHU3aIlHH.
B craThe aHanmM3upyOTCS pe3yNbTATHI MIPOBEICHUS MOBEAEHYECKOTO ayAnTa 0€30MacHOCTH, TPOBEIECHHOTO
Ha DJHEPreTMYeCKOM MpeInpuaTHd 3a TpH KBaprama 2022 r. [Ing aHanm3a TOJY4YEHHBIX pPE3yJbTaToOB
pacCUYUTHIBAIOTCS KOJIMYECTBEHHBIE MMOKA3aTeNM: MHICKC OMACHBIX CUTYAllud M HHIEKC DIMEpPH, KOTOpHIE
MO3BOIISIIOT CYAUTH 00 3¢ (EeKTUBHOCTHA TMPOBENEHUS IMOBEACHYECKOro ayauTa OezomacHocTH. [Ipm ero
pPEeryJISIpHOM TPOBEJACHUH OTMEYAIOTCSl CHIKEHHME WHAEKCAa OMACHBIX CUTYyalluii W yBENIWYeHHE WHIAEKca
DnMepH, 4TO CBUJCTEIBCTBYET O CHU)KCHUU BBHITIOJHCHUS OTMACHBIX JICHCTBHI PAOOTHUKOB U TOBBIIICHUIO
KOJIMYEeCTBa O€30MaCHBIX AEUCTBUHN U YCIOBHIA.

Krrouesvle cnosa: 6€30maCcHOCTD, ayIUT, TPAaBMATH3M, HECUACTHBIN CITyJai

M uutupoBanms: KyxaxmeroBa S.H. AHanu3 mpoBeneHHs MOBEICHYECKOTO ayauTa 0e30HacHOCTH
Ha OJHepreTuueckoM mnpexanpustiu // Ham3opHas nesrenbHOCTs W cyAeOHas SKCIEpTH3a B CHUCTEME
6e3omacHoctH. 2023. Ne 3. C. 20-25. DOI: 10.61260/2304-0130-2023-3-20-25.

BBenenne

[IpodeccuonanbHoe 3a0oyieBaHME WM KaKOe-JIMOO HEOIarompusaTHOE coObITHE B cdepe
OXpaHbl TpyJa Ha IPOM3BOJICTBE HEU30EKHBI, BCEr/a HAWMyTCS NPUYUHBL, KOTOPHIE MPHUBOJIST
K TIeYalbHOM cTatucThke. VIMeHHO mo3ToMy HeoOXoaumo ompeaencHne 3(QPEeKTUBHBIX Mep
TI0 MIPEJOTBPAILCHUIO U MTPO(UITaKTHKE MOceACTBHII HecuacTHbIX cirydaeB (HC) Ha pabounx mecrax.

HecMmotpst Ha perynspHO HpuUHHUMaeMble Mepbl Ul MpenynpexzaeHus TpaBmatuzma, HC
no Poccunm mnpoaomKalOT MNPOUCXOAMTH, B TOM YHCIE HECYACTHBIE CIy4daW C TKEIbIMU
mociaeAacTBusamu [1].

B mnopasnsiomem OonpimmHCTBe citydaeB npuuuHod HC Ha mpou3BOACTBE CTAaHOBUTCS
YeJloBeYeCKUil (akTop, HENpaBUIbHOE BBHINOJHEHHE TEX WM HMHBIX paboT, NpeHeOpexeHue
IIpaBWJIaMU IO OXpaHe Tpya [2]. DTO U NOKa3bIBAET aKTyaIIbHOCTh IAHHOT'O MCCIIEA0BaHUS.

B oOuiem cMmbiciie 0e30macHOCTh, B €€ CaMOM IIUPOKOM 3HAUY€HUH, OKa3blBaeT HauOobIIIee
BIMSIHUE Ha Halexkamee (QyHKuoHupoBanue mnpeanpustus. OOecrneueHne 06e30MacHOCTH
Ha TPOU3BOJCTBEHHOM MPEANPUATUU SBISETCS CIOXKHBIM IMPOIIECCOM U 3aBHCUT OT MHOKECTBa
CHUCTEM.

VIMeHHO yenoBeK, €ro 3HaHHUS U HABBIKH, €r0 MBIIUICHUE SBJSIOTCS TJIaBHBIM (PakTOpoM
B (pyHKIMOHUpPOBAHUU OO0 opranuzanuu. Takoe MOHMMaHUE (YHKIIMU YellOBeKa MOXET OBbITh
OTIpeJIeTICHO KaK KyJbTypa 0e30macHoCcTH Tpyaa [3—4].

OnHu W3 MEepBBIX NPEANOCHUIOK (OPMUPOBAHUSA JAHHOTO MOHATHS IMOSIBHIIMCH B 00J1acTH
ATOMHOM SHEPTeTHKH MOCJIe KPYITHEHIIelH TeXHOreHHOH KaTacTpodsl Ha YepHoObIIBCKOM ADC.

B Hacrosiiee Bpems B Poccun ¢ 2016 r. cymiecTByeT oIpeneieHue TepMHUHA «KyJIbTypa
Oe3omacHOCTHY, 3J0keHHOoe B okyMeHTe INSAG-4: KyneTypa 6e30macHOCTH — 3TO Takod Habop
XapaKTepUCTHUK M OCOOEHHOCTEH NEeSATETbHOCTH OpraHu3alMid W TMOBEICHHS OTACIbHBIX JIHII,
KOTOPBIA yCTaHaBIMBaeT, 4ro mpobiemam Oe3omacHoctn ADC, kKak 00JagaronIuM BBICIINM
MIPUOPUTETOM, yEISIETCS BHUIMAHUE, ONPEAeIieMOe UX 3HAUUMOCTBIO [5].

© Cankr-IletepOyprekuii yausepcuret ['TIC MUC Poccun, 2023
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VYpoBeHb KyJbTYphl 0€30IaCHOCTM HEPA3PHIBHO CBSI3aH C YPOBHEM IPOU3BOJCTBEHHOTO
TpaBMaTu3Ma. Ilepexosn Ha PUCK-OpUEHTUPOBAHHBIN MOJIXOA CTaj OTHPABHOM TOYKOM Uil CMEHBI
nokazareneit appexruBHOCTH Crcremsbl ynpasineHus oxpanbl Tpyaa (CYOT). U Bce garie MOKHO
YBHUJIETh, YTO YPOBEHb KYyJbTYphl 0O€30MAaCHOCTU CTAaHOBUTCS JIUIUPYIOIIUM CPEIu IOoKa3aTenen
spdextuBHOocTH CYOT. MHccnenoBanusi MoOKaszai, 4YTO KyJIbTypHBIE MEXaHH3MBlI HIPAIOT
3HAYUTEIbHYIO POJIb B BOSHUKHOBEHUH KPYITHOMACHITAOHBIX MPOMBILUIEHHBIX KaTacTpod, CBSI3aHbI
C TIOKa3aTeNsIMA  aBapUHHOCTH M KOJWYECTBOM MNPO(EeCCHOHANBHBIX 3a00JIeBaHUI  Kak
Ha TIpeINpUATUSIX, TaK U BO BceM olriecTre [6—8].

Llenbto nmaHHOM paOOTHI SIBJISETCS aHANU3 MPOBEACHUS MOBEICHYECKOTO ayauTa
6esomacHoctu ([IAB) Ha »HepreTmueckoM NpeanpUATAM 3a TpeTwit kBaptan 2022 T.
¢ ucnoJib3oBaHueM uHjaekca onacHbix curyanui (MOC) u unnekca Inmepu (U9).

JUisi BBITOJIHEHMsI JTAHHOM I HEOOXOJUMO pPACCUUTaTh KOJMUYECTBEHHBIE IMOKa3aTelu
WHJIEKCOB JJIs onpeaeneHus 3¢ GexkTHBHOCTH mpoBeacHus [1AB.

MeToanbl ncciie10BaHuA

Meron ITIAB BeIOpaH MOTOMY, YTO OH MO3BOJISIET BBISIBUTH CJIA0bIE M CUJIBHBIE CTOPOHBI
B CHUCTEME YMPABICHUS OXPaHOM TpyJa, HEMEMJIEHHO BO3CHCTBOBATh HA OIMNACHYIO CHUTYaLUIO.
JlaHHBIN METOJ HE HOCUT TUCHHUILIMHAPHOTO XapaKTepa, €ro IENIbI0 SIBIAECTCS MpEIOoTBpaIlcHUE
MIPOU3BOJICTBEHHOTO TPAaBMaTHU3Ma MyTeM Oecenbl ¢ pabOTHUKAMU U OOBSICHEHUSI UM TEX WJIH MHBIX
HopMm u mpaBwi. MOC u WD ObutM WCMONB30BaHBI JJISI TOTO, YTOOBI KOJMYECTBEHHO OIICHHTH
Biusinue nposeaeHus I1AD 3a onpenenénuslii nepuo.

[TAB mo3BOJSIET BBHISBIATH MOTEHIIMATIBHBIE YTPO3bl Ha pabOUMX MECTaX, KOTOphIE paHee
He OBUTM y4YTEHBI, TAK)KE€ OH IMO3BOJISET ONMPEAETUTh pealbHOe MHEHHE PA0OOTHUKOB O COCTOSIHHH
OXpaHbl TPy1a Ha IPOU3BOACTBE [9].

Jns ananm3a mnpoBeneHuss IIAb  Opima  BeiOpaHa SHepreTmyeckass OpraHu3allus,
OKa3bIBarolIasi yCIyru Mo nepeaade 3JeKTposHepruu. CpelHecncoyHas YUCICHHOCTh MepcoHana
OpraHu3aiuu coctapigeT 169 yen. B cpegneM B OTHOM CTPYKTYPHOM MOJIPa3/AeICHUU YUCIEHHOCTD
coctapmsier 20 yen. B kadecTBe 00ObeKTa MCCIEIOBaHUS ObUTH BBIOPAHBI JBE ONEPATHBHO-BBIC3HEIC
Opurazpl Mo OOCIY>KUBAHUIO PACIpPEIETUTENbHBIX CETeH, Kaaas W3 KOTOPbIX COCTOUT M3 ABYX
YeJIOBEK: JCKYPHBIN IEKTPOMOHTEP U JIEKTPOMOHTEp C coBMeIeHrueM Boautens. Kaxxmas u3 Opuran
paboTaeTt Ha pa3HbIX 00BEKTaX, HO C OAMHAKOBBIM COJIEp)KaHHEM M yCIIOBUEM MPOBEICHNUS padoT.

[Tpouiecc mposenenue [TAB cocrouT M3 creayromUX 3TaroB: MOATOTOBKH, HAOIIOICHHS,
Oecenpl ¢ pabOTHUKOM, O(OpMIIEHUS OTYETA, MPUHATUS KOPPEKTUPYIOIIUX MEp U KOHTPOJIA.
Pesynbratel nposenenus [IAb ¢pukcupyrores B kaprax [TAB.

ITo pesynapraram npoBeneHusi [IAB, Mo BBISABIECHHBIM OMACHBIM JACHCTBUSIM U YCIIOBHUSIM
ObL1u BhLsIBIEHB MOC 1 UD.

HNOC sBasercs mokazaTeneM sl aHanu3a pe3yabratoB nposeaeHus [TIADB [10].

NOC u U3 Berancnstores o Gopmymnam (1)—(3).

1. Uaaekc onmacHbIX CUTYyaIui:

KOJI—BO OIIaCHBIX AeﬁCTBHﬁ-l—KO}I—BO OITaCHBIX yCJ'lOBl/Il‘/'I

NoC =

(1

KOJI—BO COTPYAHUKOB

[Ipu pacuere MOC ompenensercsi OTHOIIEHHWE OOIIEro KOJMYECTBA OMACHBIX JICHCTBHIA
Y yCTIOBUH K KOJMYECTBY PAOOTHHUKOB, IO KOTOPBIM OCYIIECTBIISUICS ayIUT. TO €CTh MPH BHIYUCICHUH
HNOC nony4aercss YMCIIO OMACHBIX JEHCTBUU W YCIOBUM Ha OJHOrO COTpyaHHKA. COOTBETCTBEHHO,
YMEHBIIIEHHE JaHHOTO HWHJAEKCA 3a PACYETHBIM MEpPHOJ] TOBOPUT O TIOJOKUTEIHHON JHHAMUKE
MOBEICHUST PAOOTHUKOB (CHMKAETCSI KOJIMYECTBO PAOOTHHUKOB, KOTOpPHIE MPEeHEOPEraroT MpaBUIbLHBIM
MOBE/ICHUEM Ha paboueM MecTe), TM00 00 M3MEHEHUH YCIIOBH Tpy/ia (CHIKEHHE Ha pabounx MecTax
omacHeIX ycnoBuil). [Ipu yBemuernu MOC — HaoO60opoT.

NOC otpaxaeT TUHAMHUKY KOJMUYECTBA OMACHBIX CUTYallUd W SIBISIETCS WHIUKATOPOM
HEOOXOAMMOCTH MPUHATHSI CBOCBPEMEHHBIX KOPPEKTUPYIOMIMX Meponpusthii [ 10].
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2. Unpexc Dnmepu:

IYHKTBI "Xopouio"

no =

MYHKTBI "X0opoio"+MyHKTHI "MJ10X0"

Jns ouenku [TAB nenecoo6pa3zHo HCHOIB30BATH ClIEAYIOLIME 0003HAUCHUS:
— MYHKTBI «XOPOIL0» — KOJIMYECTBO 0€30MacHBIX IEUCTBU;

— IIYHKTBI «IIJI0X0» — KOJIMYECTBO ONACHBIX JE€HCTBUMN.
C yderoM mpenyioXKEHHBIX W3MEHEHHWH Qopmyna s BeraucieHus MO Oyner umeTh

CIEAYIOLINNA BU:

KOJI—BO 0€30MacHbIX JeHCTBUKN

1o =

KOJI—BO 6e30IMacHbIX AeHCTBUI+KOJI—BO ONACHBIX AeHCTBUH

Pe3y.]'leaTbI HCCJICI0BAHUA M UX aHAJIU3

2)

©)

[Iposenenue ITAb mpoxomuno B exemecsuHblii JleHb OXpaHbl TpyAa 3a TPETUH KBapTal
2022 r. B mepuox ¢ siHBaps Mo CEHTsA0ph. B cymme 3a Tperuil kBapTan ObUIO MPOBEACHO AEBATH

[TAB nnsa kaxxmoi u3 6Gpura.

OcHoBHBIE (aKTOPBI, KOTOpBIE ObLTN OLIeHEeHBI ITpu nipoBeaeHuu [TADB [11]:

1. Peakuus paboTHHKA.

2. Cnenoaexna.

3. O6opynoBaHWE U UHCTPYMECHTHI.
4. IlpaBuia 1 UHCTPYKLUH.

5. Colro/ieHre HOpM MPOMBIIITIEHHON CAaHUTAPHUH | TTOPSIKA.

Z[aHHBIC [0 BBIABIECHHBIM OINACHBIM H 0€30IaCHBIM HeﬁCTBHHM, OINaCHbIM YCJIOBHUSAM

Y KOJTMYECTBY PaOOTHUKOB IO (paKTOpaM MpeACTaBICHbI B Ta0. 1.

Taomuma 1
JlaHHbIe MO BLISIBJIEHHBIM J€ICTBUAM U YCJIOBHAM
Ne Kom-Bo HabmonaeMeIx Kon-8o Kon-Bo Kon-Bo
Kgsapran 6 - pabOTHHKOB OITACHBIX OITACHBIX 0e30IacHbBIX
pUTaIBI N o N " o
1 6purana 2 bpurana JNEUCTBUIL YCIOBUN NEUCTBUI
1 1 32 23 56
2 40 25 72
) 1 26 19 73
2 ) ) 32 20 86
3 1 21 15 80
2 26 17 104
1 79 57 209
BCETO 2 98 62 262

ITo pesynbratam mpoBenenusi [IAb 3a Tpu kBaptama 2022 r. y mepBoii Opuraasl 6osbiie
BCErO ONACHBIX JIEHCTBHMH OBLIO CBSA3aHO CO CIELOAEKIOH: 36 M3 79 omacHBIX IEHCTBUM, YTO
coctapnsier 45,57 % (uwenpaBuibHoe mnpumenenue CU3, orcyrctBue mnposepku CU3 mepen
npuMeHeHueM, Haxoxienue CU13 B HeHaaexanieM cocTosiHue, HerpaBuibHoe Xxpanenue CI3).

Peakmus paboTHMKA — 5 OMACHBIX AEUCTBUI; 000pYAOBaHHE U MHCTPYMEHTHI — 26; MpaBuiia

U MHCTPYKLUH — 7; COOJII0JIEeHHE HOPM MTPOMBILIUICHHON CAaHUTapuu U Topsiika — 5.

Jlnst BTOpoit Opuraapl: peakuusi pabotHmka — 9; cmenoaexna — 33; obOopymoBaHue
U UHCTPYMEHTH — 35; mpaBwia W MHCTpYyKIuH — 11; coOmtogeHre HOpPM TNPOMBIIUICHHON

canuTapuu 1 nopsiaka — 10.

PacueTsl MHIIEKCA OMACHBIX CUTyallMid M WHAEKcAa DJIMEpH Ui MEepBOM U BTOPOM Opuran

npeicTaBjIeHbl B Ta0M. 2.

22



HanzopHas nesitenbHOCTS 1 cyieOHast SKcepTu3a B cucreme OezonacHoct. Ne 3-2023

Tabauna 2
Pacuerst HOC u 1D
Kon-Bo HaOMromaeMbix pabOOTHHUKOB
Ksapran Ne Gpurambt HNOC ns
1 6purana 2 Opurana

! 1 27,5 0,64
2 32,5 0,64

1 22,5 0,74

2 2 2 2 26 0,73
3 1 18 0,79
2 21,5 0,8

IIpu ananuze pesynbraroB pacuera MOC u D ormeuaerca camkenue MOC u y nepsoii,
1y BTOpPO# Opuraj, 4To TOBOPUT O TIOJIOXKHUTEIIbHON quHaMuke npoBenenus [TAB (puc. 1).

35
30
25
20
15

10

1 xBapTan 2 KBapTan 3 kBapTan

==@=] Opuraga ==@=2 Opuraaa

Puc. 1. U3smenenns UOC

CHmXeHHe NaHHOTO IOKa3aTelssd MPOUCXOJIUT 3a CYET KOPPEKTHPYIOUIMX MEPOIPHUSITHH,
INPUHATBIX KaK B TIIPOLIECCe NPOBEAEHUS IOBEIEHYECKOr0 ayauTa Oe30macHOCTH, Tak
U B TIOCJIEAYIOLIEM.

OCHOBHBIE MEPONIPHUATHS, KOTOPBIE OBLIM MPUHSATHIL:

— MPOBEICHUE Pa3bICHUTENBHBIX Oecen B xoze nposeneHus [IAD ¢ ykazanumem Ha onacHble
JIeMCTBUS U YCIIOBHSI U HA MOCIIEICTBUS, K KOTOPBIM OHU MOTYT IIPUBECTH;

— OCTaHOBKa paboT M3-3a HEMCIIPABHOTO 000PYI0BaHMsI / M3-32 HENMPaBIIbHOTO nprMeHennst CU3;

— nojada 3aaBok Ha CU3;

— yKa3aHHe HEOOXOAMMBIM CIIy>)kOaM M oThesnaM o CHaOXeHWHu Opurax HCIpaBHBIM
obopynosanuem u CU3;

— MooIIpeHUe PaOOTHUKOB, BBHITIOJIHSIONIUX 0€30TMacHbIE JCHCTBUS;

— YCTaHOBKa 3HAKOB 0€30MacHOCTH Ha paboyuX MecTax;

— IIpaKTHYecKue ypoku npumenenusx CI13.

bnaronapst KOppEeKTUPYIOIUM MEPOIIPHUITUSAM, KOJIUUECTBO OMACHBIX YCIOBUHM U JeicTBUI
CTaJI0O MEHBbIIIE.

Ha puc. 2 npeacrasieH rpaduk usmeHenus nuaekca OnMmepu. ITo rpaduky BHIHO Takxke
MOJIOKUTEIbHYIO JMHAMUKY H3MEHeHHs WD, 4YTo moKas3plBaeT HCIPaBICHHUE HEXKENATEIbHOIO
OIIaCHOI'0 MIOBEJICHUsI PAOOTHUKOB U 3PPEKTUBHOCTD MPUHATHIX MEPOIIPUATHI.
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0,9

0,8 )
0,7

0,6
0,5
0,4
0,3
0,2

0,1

1 xkBapTan 2 KBapTan 3 kBapTan

=@ Opuraga ==@=2 GOpurana

Puc. 2. U3menenns D

BoruricneHHble HHIEKCHI MTO3BOJISIIOT BBISIBUTH CHIIbHBIE U ciladble cTopoHbl CYOT B pamkax
BHYTPEHHEI0 IOBEJIECHYECKOr0 ayauTa Oe30MacHOCTH, IMO3BOJSIOT BBIIBUTH OMNACHBIE YCIOBHUS
TPYZa, ONPENEIUTh BEPOSATHOCTb PHUCKA IIOJIYYUTh TPAaBMBl W BBIACHUTH BO3MOXHBIE €T0
MOCJIE/ICTBUS, @ CAMOE TJIABHOE MOBBICUTH KYJIBTYpYy 0€30MaCHOCTH Cpelu MepcoHalla paOOTHUKOB
myTtem nposeneHus [1AD.

B mpouecce mposenenusi [IAb mpu BbIsBICHMHM ONacHBIX ACUCTBUN PaOOTHUKOB ObUIH
MIPOBE/ICHBI Pa3bICHUTEIBHBIC Oece/Ibl ¢ yKa3aHHEeM HapyIIeHUH U CIIOCO0ax MX YCTPaHCHHUS.

3akjaro4yeHue

[IpoBeneHHOE HCciIe0BaHME TTO3BOIWIIO CAENATH BBIBOJIBI:

1. BeiaBnennas nonoxutensHas auHamuka MMOC u D ykaspiBaeT Ha TO, YTO IPOBEACHUE
[TAB nomxKHO OBITH PETYJISPHBIM HHCTPYMEHTOM B 00JaCTH OXpaHbl TPyAa.

2. ®akrop «Peakius paboTHUKA)» 3aHUMAET MEHBIIEE KOJIMYECTBO ONACHBIX JEHCTBUM, YTO
MOKET OBITh apryMEHTHPOBAHO TEM, YTO CO BPEMEHEM y pabOTHHKOB MPOHM30LLIA aJanTaius
K ayAUTOPY, U 3TO NIEPECTAIIO BBI3BIBATh CTPaX.

3. U3menenue xonuuectBeHHbIX nokazateneid (MOC u D) HocuT nuHENHHBIA XapakTep, TO
€CTb INIPpU YBEIWYEHHUH 4YacTOoThl mpoBercHUs I[IAD 3a Mecsln BO3MOXKHO CHM)KEHHE OIACHBIX
YCJIOBHM U JIEWCTBHI U MOBBIIIICHUE O€30TaCHBIX.

4. IIAb sBnsercs 3¢dexkTrBHON Mepoil BIUSHMS Ha MOBeACHUE PAOOTHUKOB B Ipolecce
BBITIOJIHEHUS TPYIOBBIX (DYHKIUS B JIYYIIYIO CTOPOHY, YTO B JOJITOCPOYHON MEPCHEKTHBE MOXKET
CYILECTBEHHO YMEHBIINTD KOJIMYECTBO U TSHKECTh HECUACTHBIX CIIy4aeB.
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B CTPOUTEJIbHOM OTPACJIA: CBSA3b CMEPTEJIBHOI'O
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Annomayus. PaccMOTpeHBI OCHOBHBIE NMPHUYMHBI TPaBMAaTH3Ma B CTPOHUTEIHCTBE, a TAKKE CBA3b
pocta TpaBMaTH3Ma C YBEIMYCHHWEM JIOJIM BBICOTHOTO CTPOWTENHCTBA HAa OCHOBAaHWUH CTATUCTHUECKUX
JAHHBIX HAJ30PHBIX OPTaHOB M JIaHHBIX C PECYpCOB craTucThdeckod wHpopmaruu. [IpoBenén anamus
OITyOJIMKOBAHHBIX MCCIICIOBAHUN MPOOJIEMBbI TPaBMaTU3Ma B CTPOUTEIILCTBE, PACCMOTPEHBI MEPOTIPHUSATHUS
B 00JIaCTH CHUKCHHS TIPOU3BOJICTBEHHOTO TpaBMaTH3Ma Ha OOBEKTaxX CTPOUTENLCTBA. lIpoaHanmm3upoBaH
OCHOBHOW HOPMAaTHBHO-TIPAaBOBOW aKT, PETYJUPYIONIMIA BBIIOJHEHHE pabOT Ha BBICOTE, B KOTOPOM
BBISIBIICHBI HEKOTOpPBIE HEIOPAOOTKH, BIHSIONINE, TJIABHBIM 00pa3oM, Ha 0€30MacHOCTh pabOT Ha BBHICOTE.
[Ipennoxenpl peKOMEHIAINN K BHECEHUIO JIOTIOIHEHUH B 00JIACTH BBHIIOJHEHUS PabOT Ha BHICOTE, TAKUE KaK
pa3paboTka METOJIWK CHEIMAM3UPOBAHHOIO pacyeTa HArpy3Kd Ha aHKEpPHOE YCTPOMCTBO, BBIOOpA
AHKEPHBIX JIMHWI, a TakKe BHECCHHE JIOTIOJIHCHUW IO OIPENEICHUI0O MHUHHUMAJIBHO JOMYyCTUMOTO PUCKA,
HOPMHpPYEMBII IT0KA3aTeb KOTOPOT0 Ha CETOHSIIHUN JEHb HE U3MEPEH.

Kurouegvle cnosa: cTpoWUTENbCTBO, TPaBMAaTH3M B CTPOUTENHHOW OTpaciv, MPOM3BOACTBEHHBIN
TpaBMaTU3M, HECHACTHBIN Cllyyal, aJleHue C BBICOThI

Jsi nutupoBanus: Yumusyoos /[.B. AHanu3 mpou3BOACTBEHHOTO TpaBMaTH3Ma B CTPOMTENBHON OTpaCiH:
CBsI3b CMEPTENBHOIO TPAaBMAaTU3Ma C POCTOM BBICOTHOTO CTpOUTeNIbcTBa // HazopHas nesTensHOCTh U CyieOHast
aKcriepTh3a B cucteMe 6e3zonacHoctr. 2023. Ne 3. C. 26-31. DOI: 10.61260/2304-0130-2023-3-26-31.

BBenenne

Bo Bcem wmupe crpouTenbHas oOTpacib NPUPABHUBAETCS K CaMOM OIACHOM OTpaciu
SKOHOMMKH, MIOCKOJIbKY, HECMOTPS Ha yJIy4IlIEHUE TEXHUYECKOTO YPOBHS POU3BOACTBA U YCIOBHM
pabot, konmuecTBO HecuacTHHIX ciydaeB (HC) B oTpaciu exeroHo yBeTu4InBaeTCs.

HccnenoBanusiM  TpaBMatu3Ma B CTPOMTENBHOM  OTPacid  IOCBAIIEHO  MHOMKECTBO
OTEUYECTBEHHBIX U 3apyOeHbIX paboT. ABTOPHI AHAIU3HPYIOT OCHOBHBIC NPHYMHBI TPaBMATH3Ma
U MyTU €ro CHwxeHusa. HekoTopble M3 HMX OTMEYaroT, YTO TPABMAaTU3M B CTPOUTEIBHOW OTpaciu
CBSI3aH C HEAOCTAaTOYHBIM KOHTposieM oxpanbl Tpyna (OT) Ha npou3BOACTBE CO CTOPOHBI
KOHTPOJIMPYIOIIMX OpraHoB [l-2], npyrue — 4YTO TIJ1aBHOW NPUYMHOW TpaBMaTu3Ma SBIISETCS
YyenoBevecKuil (hakTop U OE30TBETCTBEHHOE TIOBEICHHE [3], OHAKO OOJBIIMHCTBO aBTOPOB MPUXOJISAT
K BBIBOAY O BO3JCHCTBUM COBOKYMHOCTH (hakTopoB Ha Bo3HHMKHOBeHHe HC [4-5]. OcHOBHBIMU
NPEIOKEHUAMH B OOJAaCTH CHIIKEHHsI TpaBMaTU3Ma B CTPOUTEIBHOM OTPAciIM aBTOPHI BBIACISAIOT
oOydaromme ¥ NPOQUIAKTHYECKUE  MEpONPUSATUS, OCHOBAHHBIE HA W3Y4YEHUM IPHUYMH
IIPOM3BOJICTBEHHOTO TpPaBMaTH3Ma B CTPOMTENBCTBE, B YACTHOCTH NMPHYUH MAJECHUS C BBICOTHI [6)],
pa3pabOTKH Pa3IMYHBIX METOIOB IO IPOTHO3Yy HECYACTHBIX CIIyyaeB, B TOM YHCJIE MAaTpUYHO-
MHJIEKCHBIN TOZXOA K pacderam [7—8], a Takke paccMaTpUBaIOT BAPUAHTBI BHEIPEHMSI KOHLIEIIMH
«HyjaeBoro TpaBMmaTu3Ma» (Vision Zero) [9]. KoHuemnuus HyneBOro TpaBMaTH3Ma SIBISIETCS OJXHMM
13 MHHOBALIMOHHBIX KAYECTBEHHBIX METO/IOB 10 CHIKEHHUIO ITPOU3BOJICTBEHHOIO TPABMATU3Ma, aBTOPEI
yOeXJIeHbI, YTO BHEPEHHE JaHHOW KOHILIETIIIMY Ha MPOU3BOJICTBE B Poccuu mo3BONIUT MpetynpexiaTh
BO3HMKHOBEHHE HECUACTHBIX CIy4aeB U JOOUTHCS BBICOKOTO YPOBHSI OpraHHU3allMM 10 00ECIEUEHHIO
0€30MacHOCTH TPY/a U TUEHBI TPy1a pAOOTHUKOB Pa3IMuHbIX OTpaciei [9].

Ilenp uccnenoBaHMs COCTOsUIa B M3YYEHMU NPUYMH MPOU3BOJACTBEHHOIO TpaBMaTHU3Ma
B CTPOUTENIbCTBE, CBA3AHHOIO C BBINOJHEHHWEM pabOT Ha BBICOTE, Ha OCHOBE HX aHaJlIu3a
U CHCTEMAaTH3allMd U BBIABIECHUS 3aKOHOMEPHOCTH YBEJIMYEHHUs TpaBMaTH3Ma IIpU pPOCTE
BBICOTHOT'O CTPOMTENLCTBA B Poccun.

© Canxrt-Ilerepbyprekuit yausepcutet I'TIC MUC Poccun, 2023
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MeToabl ucciaen0BaHus

B xone mccnenoBaHusi OBUIM MCTIONB30BAHBI METOJBI CTATUCTHYECKOTO aHAIN3a, METOMIBI
MaTeMaTUYECKUX pacueToB, rpauuecKuii MeTo ] peloCcTaBiIeHNs HHPOPMALIUH.

Jlnst aHanu3a TpaBMaTu3Ma B CTPOUTEIBHOM OTpacii OBUIA MCIIOB30BaHBI CTATHCTHYECKUE
naumble Poccrara, Poctpyna, Hanmonansroro obwenunenns crpouteneii (HOCTPOW), Emunoit
MEXBEJOMCTBEHHOW wHH(popMmammonHo-cTaTucTHueckoi cucreMbl (EMUCC), EmmnHoro pecypca
3actpoitmukoB (EP3), a Takoke oTyeToB MuHUCTEpPCTBA 31paBOOXPAHEHHUS.

PesynbraTel aHanm3a MpeacTaBieHBl B BHJIE TAOJIUIl M PHCYHKOB, YTO MO3BOJISICT HATJISAHO
OLICHMBAThH TEKYIIYIO CUTYALHIO C TPABMATU3MOM U €70 TEHJECHIUIO.

Pe3yJII>TaTI)I HCCJICI0BAHUA U UX AaHAJIU3

CrpoutenbHas otpacib B Poccunm auHamMuuHO pas3BuBaercs, obobeM pabor B 2021 1,
o cpaBHeHuto ¢ 2020 r., Belpoc Ha 14 % M NPOJOIKUT yBEJIUYUBATHCS. YBEIUYEHHE 00BEMOB
paboT OyJeT CBA3aHO CO CTPATEIMYECKHMHU LENIIMHU, OMMCAHHBIMU B CTPATErMU Pa3BUTUS OTPACIH
Ha 2030 r. (puc. 1) [10].
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Puc. 1. IlunaMmuka o0beMa CTPOUTENbHBIX padoT, MJIPA pyoO.

CpenneromoBast YMCICHHOCTD 3aHATHIX B CTPOUTEIBCTBE TAKXKE YBEINIUBACTCS, 110 TAHHBIM
EMUCC na 2021 r., naHHBINA MOKa3aTedb BBIpoc HA 5 % mo otHomeHuto k 2020 r. (puc. 2) [11].
OnHako, 1Mo CJIoBaM KCIIEPTOB, JUIS BHIITOJHEHUS] 00BEMOB padOT, INIAHUPYEMBIX B COOTBETCTBHU
C HaIMOHAIBHBIMU TIPOEKTaMHU pa3BUTHs, B CTPOMTEIBHOH OTpPaciIM OTMEYaeTcs JeQHUIUT
KBATM(UIIMPOBAHHBIX KaapoB. JlIs [OCTIKEHHS MOCTAaBICHHBIX Ie€Jeld, B COOTBETCTBUH
CO CTpaTeruel pa3BUTHs, YUCICHHOCTh 3aHSATHIX JIOJDKHA OBbITh yBenmuueHa a0 11,3 muH yen. (Ha 73 %
OTHOCHTENBHO TEKYyIIEro Toja, TO €CTh NPakTHYeCKH B JABa pas3a). B pamkax maHHOW menn
HAOJIOAAI0TCS ONpeNieIEHHbIE PUCKH, CBSI3aHHBIE C TAKUM OOJIBIIMM HAOOpOM JIIOJCH. DTH pUCKU
CONPSDKEHBI C HEJOCTAaTKOM KBAJIM(HIMPOBAHHBIX KaJpPOB, OTCYTCTBHE Y HOBBIX PaOOTHHKOB
KBaJTU(HUKAIIMA MOXKET MIPUBECTH K e1ie OOJIbIIEeMY POCTY TpaBMaTU3MA.

6600 63835 3150 63908 64163 Aty
6400 6204,8 ’ 6156.9
6200 :
AR EE N
5800

2015 2016 2017 2018 2019 2020 2021

Puc. 2. CpeaneronoBasi YMCJIEHHOCTb 3AHATHIX B CTPOMTEJLHON 0TPAC/IH, ThHIC. YeJl.
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B tabn. 1 npencraBiena quHaMuKa CMEPTEIIBHOTO TpaBMaTU3Ma B CTPOUTEIBLHOM OTPACIIH.
Kak BuHO 3a nocneaHuii roJy KOJIMYECTBO CMEPTEIbHBIX CIIYYaeB Ha MIPOU3BOJICTBE BRIPOCIO Ha 14 %,
TaK)Ke YBEIUYIIIOCh KOTMYECTBO CMEPTENIBHBIX CITy4aeB B CTPOUTENbHOM oTpaciu Ha 1 % (puc. 3).

Tabmuma 1
JlnHaMuKa KOJIMYECTBA CMEPTEIbHBIX HECYACTHBIX CIyYaeB B CTPOUTEIbLCTBE
OTtkioHEHNE
[lokazarenn 2016r. | 2017r. | 2018 . | 2019 1. | 2020T. | 2021 1. (2021 k 2020 1.), %
OO0miee  KOJIMYECTBO
CMepTeNbHBIX ciy4yaeB | 2072 1722 1698 1613 1175 1350 +14
Ha TIPOU3BO/JICTBE
KonmaectBo
MOCTPaIaBIINX
€O CMCPTCIIBHBIM 414 413 363 374 334 339 +1
HCXOJIOM B PE3yJIBTATES
3aperuCTPUPOBAHHBIX
HC B cTpouTtenscTBe
Houst, %o 20 24 21 23 28 25 -11

[Tpu sTOM Habnromaercst yBenudeHue noiau cMmepteiabHbix HC B cTpouTenscTBe B 00IIeM
KOJIMYCCTBC CMCPTCIIBHBIX CJIY4a€B Ha IMMPOU3BOACTBE B CTpaHC, YTO TOBOPHUT O TOM, 4YTO
CTPOUTENBHAS OTPACIIh OCTACTCS CAMOW OMACHOW OTPACIIbI0 SKOHOMHKH.
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u O6mee KOJIMYCCTBO CMCPTCIIbHBIX CJIY4YacB HA IIPOU3BOACTBC

B KonmyecTBo MMoCTpagaBIINX CO CMCPTCIIbHBIM UCXOIO0M B PCIYJIBTATC
3apCrUuCTPUPOBAHHBIX HCCHACTHBIX CJIYYACB B CTPOUTCIILCTBC!

Puc. 3. JlunamMuka cMepTeJbHBIX CJIy4yaeB Ha POU3BO/ACTBE, B YACTHOCTH B CTPOUTEJIBHOIH 0TPaCIn

OcHoBHbIM BuJOM Tspkenbix HC u ciiydaeB co cMepTEeNbHBIM HCXOJIOM SIBISICTCS MaJICHHE
¢ BeicoThl. Ha mannsiii Bug HC npuxoautcs 33,4 % ot Bcex HC B 2021 1., k cpaBHenuio — B 2020 T.
nonst cocrasisiia 31,6 % [12].

B 90 % cinyyaeB majgeHue ¢ BBICOTHI 3aKaHUMBAETCS CMEPTENbHBIM HcXoAoM. llpu 3tom
B OOJILIIIMHCTBE CITy4aeB K CMEPTEILHOMY HMCXOJy MPUBOMAST MaJeHUs C BBICOTHI 5 dTaxa — 16 %
u cBoimre 10 ataxa — 19 % [13].

[To nanneiM EP3, 1mons BBICOTHOTO CTPOUTENBCTBA B O0IIEM OOBEME IKUIMIHOTO
CTPOUTENBCTBA €XEroJHo yBenuuuBaerca W Ha 2021 r. cocraBusier 26 % [14]. B crartucruky
BXOJST 3/aHHsI C BBICOTOM OT 25 staxkedd. CpemHsisi 3TaXXHOCTh JIOMOB HaubOoibinas B MockBe
u cocrapisger 27,1 staxka. Ha Bropom mecte B Poccum 1o cpenHel 3TaKHOCTH JIOMOB —
CeepnioBckas o0n. (22,5 osraxa), a Takxke Pecnmybmuka bamkoprocran (20,8 staxkeit),
Hosocubupckas o6:m1. (20,2) u Jlunenkas 06:1. (19,6).
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Ha ocHOBaHWM BBIIICTIPUBEICHHONW CTaTHCTUKM TOPOJOB IO JOJM  BBICOTHOTO
CTPOUTENBCTBA TMpEUIaraeTcs pacCMOTPETh JHHAMHKY CMEPTENBHOTO IPOU3BOJICTBEHHOIO
TpaBMaTH3Ma B CTPOUTEILCTBE B 3TUX ropojax (Tadu. 2).

TaoOmura 2

JuHaMuKka cMepTeJHLHOr0 MPOU3BOACTBEHHOI0 TPAaBMAaTH3Ma B ropoaax
¢ BBICOKOIi /10J1€if BLICOTHOI'0 CTPOUTEIbCTBA

Tewmn pocta, |YaenbHbIN
ITokazatenu 2018 r. | 2019r. | 2020T. | 2021 T. (2021 x Bec, %
2020 r.), %

KonunuecTBo nocrpagaBuinx

CO CMEpPTEIHHBIM HCXOJIOM

B pe3yJIbTaTe 3aperucTpPUPOBAHHBIX
HC B ctpoutenncTBe

MockBa 110 71 73 88 120 26

363 374 334 339 101 100

MockoBckast 00JI. 12 17 12 5 0,04 1
Cankrt-IleTepOypr 4 18 21 15 0,7 4
Kpacnogapckuii kpaii 6 9 4 2 0,5 1
VYa (Pecrrybnuka bamkoprocran) 3 14 6 4 0,66 1
ExatepunrOypr (CepaioBckas 0071.) 1 8 6 2 0,33 1
Hosocubupckast o011 4 3 2 3 1,5 1
KpacHosipckuii kpait 6 3 4 0 0 0

Ha ocHoBanme T1abn. 2 MOXXHO caenaTh BbIBOA, 4Tto poct HC HabGmomaercs TOJIBKO
B MockBe u HoBocubupckas o061., B apyrux ropojgax u obOnactasx HC umeror TeHaeHLuIo
K yMmeHblieHHI0. Hambonblee cHmXeHHe Mmoka3biBaeT MOCKOBCKasi o0i. — CHWXeHHue Ha 96 %
(ma cemp HC), Taxke HEOOXOIUMO OTMETUTH CHMXKEHHE 3Toro mokaszatens B Cankr-IlerepOypre
Ha 30 % (B abcomoTHOM 3HaueHuu 1mects HC).

Ecmun paccmarpuBate aumHamuky HC B paspese ropoaoB, JHIUPYIOIIMX IO O00bEMY
CTPOUTENBCTBA, TO HEOOXOAMMO OTMETUTh, YTO JOJS CMEPTENBbHBIX CIy4aeB B CTPOUTEIHCTBE
B Mockse paBHa 26 % oT oOIIero KoJIM4yecTBa Ciay4yaeB B YKa3aHHBIX ropoaax, u ¢ 2019 r. uger
yBenuuenue HC co cmeprensubiM ucxogom [12]. B 2021 r. poct xonmnuectBa HC 31eck coctaBun
20 % (B abcomotHoM oTHoteHu — 11 HC). Takoil cTaTUCTHKY HET HU B OJTHOM U3 MPEICTABICHHBIX
TOpPOJIOB WK 00JIacTeH.

Takum 00pa3oM, MOKHO BHIETb B3aUMOCBS3b MEXKIY YBEIUYEHHUEM BBICOTHOTO
CTPOUTEIHCTBA M KOJIUYECTBOM CMEPTENBHBIX CclydaeB B MockBe. MOKHO MPEIIONIOKUTh, YTO AJIS
YCKOPEHUS Cauu OOBEKTOB CTPOUTENBHBIE MPEANPHUATUS U COTPYAHUKHU MPEHEOPETat0T TEXHUKOM
0€30MaCHOCTH MPH BBHIITOJIHEHUU CTPOUTETHHBIX BRICOTHBIX PaOoOT.

COopoM CTAaTHCTUYECKUX JAHHBIX MO HECUACTHBIM CIIy4asM B CTPOUTEIHCTBE 3aHUMAETCS
Accormarys HOCTPOPL JTAaHHAsI OpTraHU3aIMs HE TOJIBKO 0000IIAaeT JaHHBIC 110 IPOU3BOICTBEHHOMY
TpaBMaTU3My B CTPOUTENIHCTBE, HO TAK)KE BEJET CTATUCTUKY IO OCHOBHBIM MPUYHWHAM HECUYACTHBIX
CIIy4aeB.

OCHOBHBIMH NPHYMHAME TPAaBMATH3Ma, 110 AaHHeM HOCTPOM B 2021 r. sBustoTcs:

1. Hapymenue mpaBun nmo OT mpu paGoTe Ha BBICOTE (HEIPUMEHEHHE CTPAXOBOUHBIX
CUCTEM, HEeJJOCTaTOYHBIA KOHTPOJIb 3a MMOATOTOBKOW padoyero Mecrta u T.1.).

2. Hapymenue mnpaBun mno OT B crpouTenbcTBe (HEMPOBEACHHUE MEIOCMOTPA,
JKCIUTyaTaIMsl HEUCIIPABHOTO 000PY10BaHUsI, HEIPUMEHEHHUE CPEJICTB 3aIUTHI).

3. OgHOBpeMEHHOE  HapylieHHE TpeOOBaHWA  HECKONbKMX  HOPMATHUBHBIX  aKTOB,
peryiaupyromux otHoeHus B oomactu OT.

[Tpu manenuu ¢ BbIcOTHI nonoBuHa HC mpoucxoauT mo MpuYMHE HapYIIECHUS TMPaBUI MPH
pabore Ha Beicote, HOCTPOM oTMedaer cie/iyolie OCHOBHbIC IPHINHBI IaICHAS B CTPOMTEIBCTBE:

— paboTa Ha OJHOM BepeBKe (MOTEpsi KOHTPOJISL HaJl CITyCKOBBIM YCTPONCTBOM, OTCYTCTBHUE
y3J7a Ha KOHIIE BEPCBKH, BHICTETUBAHUE CITYCKOBOTO YCTPOWCTBA IMPH BBUICTAHHH B 0E30MOpPHOE
IIPOCTPAHCTBO);
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— OTCYTCTBHE CTPaxOBKHU (MaJeHUE B pe3ysbTaTeé OTCYTCTBHUSI CTPAXOBKH, HEMpaBUIIbHAsS
CTpaxOBKa;

— paspylIeHUE aHKEepHBIX JHHUN (Jedopmanus aHKEPHBIX TOYEK, OOpHIB paboueit
Y CTPaxoBOYHOM BepeBKH) [15].

Baxxno ormertuts, uto ¢ 1 sHBaps 2021 r. ObUTM BHECEHBI M3MEHEHHS B HOPMATUBHBIC
TpeOoBaHM MO OXpaHe TpyAa Npu padoTe Ha BBICOTE, YTBEP KAECHHbIE IPHKa3oM oT 16 Hos0ps 2020 r.
Ne 7821 «O0 ytBepxaenuu [IpaBui o oxpane Tpyna npu paboTe Ha BHICOTE.

B cooTBeTcTBHM ¢ OOHOBJIEHHBIM MPUKA30M Pa3pelnii IPOBOAUTH pabOThl Ha BBICOTE MPH
cKopocTu BeTpa Oonee 15 m/c, rpose, TymMaHe M ¢ KOHCTPYKIMSMHU OOJNBLIONW MapyCHOCTH, NpU
yCIOBUM yKa3aHMs B 1. 3 Hapsaaa-JIonycka MEpOIpHITHH, CHIKAIOIUX BO3JEiCTBHE
HeOIaronpusATHEIX (AaKTOPOB 10 MHUHUMAJIBHO momycTuMmoro pucka [15]. Panee cymectBoBan
npsimMoii 3anpet. [Ipu 3ToM B mpaBMiIax HET OMpeeNeHUss MUHUMAJIbHO JOMYCTUMOTO PHCKa WIH
METOJIMKH €r0 pacueTa, WM HOPMaTUBHOIO ypoBHA. He oTmeuaeTcs, Ha CKOJIBKO MOTYT CHU3MTH
BO3/ICHCTBUE JAaHHBIX HEONArompHUATHBIX (PAKTOPOB MPONMHCAHHBIE MEPONPUATHS, €CIU OHHU
HE TOMOTYT MOJHOCTBbIO HCKIIOYUTH PUCK WX BO3AEHCTBHUA. TakuM 00pa3oM, MOXKHO clenaTh
BBIBOJI, UTO paboOTOAATEIN MOTYT JIOIyCKaTh OLUIMOKU MPH ONpPEeICHUH PUCKA MaleHUs C BBICOTHI,
TEM caMbIM J0IycKaTh Bo3HHUKHOBeHHE HC.

B cootrBeTcTBMM C HOBBIMH TpeOOBaHWUSAMH B OOHOBIEHHBIX TmpaBuiaax 1o OT,
OTBETCTBEHHBIC JIMIIA JOJKHBI MPOBOJUTH CHEIHATM3UPOBAHHBIA pacueT MapameTpoB aHKEpPHOU
JMHAW J0 Hadvaja BBINOJHEHUS COOTBETCTBYIOMIMX paboT. J[aHHOE HOBOBBEACHHE MIOJKHO
cokpatuth koaudectBo HC, BOZHUKAIOMIMX NMPU pa3pyILICHUN aHKEPHBIX JUHUM [16].

OpHako Mpu W3YYEHHH JaHHOTO MpHKa3a ObLIO BBISIBICHO, YTO B HEM HE YKa3aHO, KaKUM
00pa3oM Hy>HO MPOBOJUTH TAHHBIN PAacyeT, ¥ HET JaHHBIX [0 BBIOOPY MapaMeTpOB aHKEPHBIX JIMHUH.

Takum 00pa3oM, MOXHO HPEANONIOKUTH, 4yTO yBenuueHue cmeprenbHblx HC B Mockse
COTPSIKEHO HE TOJIBKO C OBICTPHIMHU TeMIaMU paboT U MpeHEeOpeKEHUEM TEXHUKOW 0e30MacHOCTH,
a TaK)Ke C BBISIBJICHHBIMH IPOTUBOPEYNSMHU B HOBBIX IpaBUiIax.

Taxum 00pa3zom, MOKHO MOJBECTH UTOT, UTO CHI)KEHUE TpaBMaTH3Ma B CTPOUTENNBCTBE MPU
paboTax Ha BBICOTE BO3MOXKHO MPH J0paOOTKE 3aKOHOJATEIbHBIX aKTOB B 00JIACTU PETYJINPOBAHUS
JaHHBIX paboT, a KMMEHHO BHECEHHH METOJUKH CIEeUUAIN3UPOBAHHOTO pacyeTra Harpy3Kkd
Ha aHKEpPHOE YCTPONWCTBO, MUHUMAJIbHO JOIyCTUMOI'O pUcKa (MM HOPMATUBHOI'O 3HAUEHMSI PUCKA).

3akjaoueHue

ConocraBiss MONy4YEHHBIE PE3YJbTaThl C Pe3yJIbTATAMU MCCIEAOBAHUSA PYTUX ABTOPOB,
MIOATBEPKIAETCS, YTO CTPOMUTENbHAs OTPAcib HAa CETONHSAIUIHUMN JEHb SBISETCA CaMOM OIACHOM.
TpaBMaTu3M B CTPOUTENILCTBE HE CHUXKAETCSA. OTO OOBSICHIETCS BBICOKMUMH TEMIIAaMH pOCTa
00BEMOB CTPOUTENILCTBA, YBEJIMYEHUS 3aHATBIX B CTPOMTENbCTBE. JIMAMPYIOUMM TrOpoJOM
Mo 00beMy CTPOUTEIbCTBA SBISAETCS HAa CErOAHAIIHMNA JeHb MOCKBa. YBEIUYMBACTCS 0JIs
BBICOTHOTO CTPOUTENILCTBA IO CTpaHe U B 3ToM Tropoxae. HawubGonbmee xommuectBo HC
CO CMEpTENbHBIM HCXOJOM MPUXOAUTCS TaKkKe Ha MOCKBY — MpakTHUYECKH IOJOBMHAa BCEX
cmeprenbHbix HC. Ilomumo storo, ¢ 2019 r. B MockBe uIeT OWHAMUKA Ha YBEIUYEHUE
cmeptrenbHbix HC. Takum o0pa3om, oyeBHIHA B3aUMOCBS3b MEXIY YBEIMYEHHEM BBICOTHOIO
cTpoutenscTBa u komuuectsoM HC. ITockonsky 1o gammbiM Poccrar 1 HOCTPOM, ocHOBHBIM
BugoM HC Ha mpoTsbkeHHMM Tpex JIeT OCTAaeTCs MAaJeHUE C BBICOTHI, OCHOBHBIMHM NPUYMHAMMU
KOTOpBIX sBseTCsl HapyweHue npasuil OT, MOXKHO NpEANoyokKHUThb, YTO TPU BBICOKOM TEMIIE
3aCTPOIKHU ropojia MpeHeOperaroT TEXHUKOM 0€30MacHOCTH MpU paboTax Ha BHICOTE. YBEIUYCHHE
cmeprensHbix HC B MoCKBE CONpSIKEHO HE TOJNBKO C  OBICTPBIMH  TeMIIaMH  padoT
U IpeHeOpe)KeHUEeM TEXHMKOM O€30MacHOCTH, a TaKXKe BBISIBJICHHBIMU MPOTHUBOPEUUSIMH B HOBBIX
npaBwiax OT. Jlns CcHW)KEHHS NPOU3BOJACTBEHHOIO TpaBMaTH3Ma B CTPOMUTEIBHOW OTpaciu
MPENJIOKEHO BHECTHM M3MEHEHUs B TpaBuja MO0 padoTe Ha BBICOTE U 10 BHECEHUIO
CHELMAIM3UPOBAHHOIO PacyeTa HArpy3KU Ha aHKEPHOE YCTPOWCTBO, a TAKKE HOPMATHBHBIX 3HAYECHUN
MUHUMAaJIBHO JAOIIyCTUMOI'O PAUCKA U METOJUKH pacueTa MUHMMAJIBHO JIOITyCTUMOT'O PUCKA.
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AHAJIN3 BJIIUAHUA MUKPOIIVIACTUKA HA OPTTAHU3M YEJIOBEKA
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Annomayus. PaccMOTpeHBI ITyTH MOCTYIUICHUS MUKPOIUTACTUKA B OKPYKAIOLIYIO CPey, B YACTHOCTH
[IOKa3aHO 3arps3HEHHE MHPOBOTO OKeaHa, ero BIMSHHE Ha JKABBIE OPraHW3MBI, OOHWTArOIIHe
B KOHTHHEHTaJIBHBIX BOJHBIX mpocTopax DuHckoro 3amuBa u Jlagoskckoro osepa. llpemcraBneHa
XapaKTEPUCTUKA YACTHUI[ MHUKPOILIACTUKA, €r0 HCIOJIB30BAHHE B IMPOMBIIUIEHHOCTH U €ro YyrpoKarolee
BIIUSTHUE HAa OPTaHW3M dYellOBeKa depe3 MUIIEBYIO mernodky. C MCIOIh30BaHMEM METOAMKH HCCIIEIOBAaHUS
Hp06 JOHHBIX OTJIO)KEHHI OB BBINOIHEH aHaJIN3 COACPIKaHUA YaCTUl MUKPOIIJIACTUKA B JOHHBIX
otnoxeHusx Jlamoxckoro o3zepa. beum u3ydeHbl poOBI TOHHBIX OTIIOKEHUMA, B Pe3yJIbTaTe MCCIEIOBAHUS
ObUTH BBISIBJIICHBI YaCTHI[BI MUKPOIUIACTUKA PAa3MYHON (GOpMbI, BeTa M pasMmepa. st momyueHus Gosee
TOYHOW MH(POPMAIUM O XUMHUYECKOM COCTaBE YACTHI] HEOOXOJUMO NMPOBECTH aHAIM3 C UCIOIb30BAHHEM
HK-criekTpometpa. [Ipemnoxensr cmocodsl 00pEOBI ¢ pacrpocTpaHEHHEM MHUKPOIUIACTHKA B OKPY KaroIei
cpene. [IpenycmarpuBaercs AajibHEIIee HCCICIOBAaHUE JAHHOM MPOOIEMBI.

Kurouegvle cnosa: MHKpPOIIIACTHK, 3arps3HEHWE MHPOBOTO OKeaHa, JKOJOrHMYeckas Impoliema,
IIACTUK, KOHTHHCHTAJIbHBIC BOJBI

Jast nurupoBanus: [lonyroguna M.A., IlonuraeBa H.A. Ananu3 BIMAHHS MHUKpOIUIACTHKA Ha OPraHU3M
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C pa3BUTHEM NPOMBILUIEHHOCTH B Hally >KU3Hb IPHILIEN IUIACTUK, KaK CaMblil JEIICBBIN,
M3HOCOCTOMKUH, TIPOYHBIN U JIETKUI MaTepuall, B CPAaBHEHUH C APYTMMH (CTEKJIOM, METAJIOM U T.IL.).
OrpomHast d4acTh MpPOAYKUMM B Hallell CTpaHE U B MHUPE B LEJIOM IPOU3BOAUTCS
13 IJIACTHKA, OH YXE CTall 4YacThl0 €XeJHEBHOTro oOnxona. Ho ckoiabko pecypcoB 3aTpaurBaeTcCs
Ha TPOU3BOJCTBA IUIACTUKA? A CKOJIBKO Ha €ro JaJbHEHIlee yHUUYTOXKEHUE WIH PaslioKeHHE?
BoNBIIMHCTBO MIACTUKOBOW MPOIYKIUU HE mepepadaThiBaeTcs, a OTMIPABISETCS Ha MOJIUTOHBI
TBEPAbIX KOMMYHAJIbHBIX OTXOJOB WM Ha HECAHKIMOHHWPOBAaHHbIE CBaiku. OJIHUM U3 MeCT
HAKOIUIGHHUs IJIAaCTMAacC SIBISETCS MUPOBO okeaH. TOHHBI MJIACTUKOBOrO Mycopa apeiidyer
B BOJaX MHUPOBOTO OK€aHa, OKa3bIBas HETATUBHOE BIMSHHE Ha MOPCKHX OOHMTaTelneil, a moTom
U Ha YeloBeKa. B TedyeHHWe MOCIEIHMX HECKONIBKHX JIET Yy4YeHbIe, OOIIECTBEHHBIE JEATEIH
U TOJUTUKKA 3a0MJIM TPEBOTY M HAYajiM MNPEeNNpPUHUMATh NCHCTBHUS MO OYHUCTKE MOPCKHX BOJ
oT mMycopa. OUnucTKa OT KPYIHOIrO Mycopa JEHCTBUTEIBHO OKAa3bIBAET IOJIOKUTEIBHOE BIIMSHHUE,
BEJb HEKOTOpbIE >XMBOTHBIC T'HOJM, 3alyThIBasCh B YMAKOBKAaX, WM ObUIM 00€300pakeHBI.
Ho oka3asoch, 4TO OYMCTUTH BOJHBIM OOBEKT OT KPYyHHOIO Mycopa HEIOCTaTOYHO, BEIb IpH
pa3joKEeHUU IUIACTUK paclajaeTcss Ha MHUKpPO- M HAHO- IUIACTUK. MUKpOIUIACTUK MOCTYHaeT
B BOJHBIE OOBEKTHI HE TOJIBKO M3 MYyCOpPa, HO U U3 CTOYHBIX BOJI IPOU3BOJICTB, a TaKXKe€ OBITOBBIX
CTOYHBIX BOJ. MHOruMe MpOM3BOAMTENN KOCMETHKH J00ABISIOT B COCTaB CBOMX KOCMETHYECKHX
CPE/ICTB YaCTHIIBl MHKPOIUIACTHKA: OJECTKH, aOpa3WBHBIE YAaCTHUIIBI B CKpadax, 3yOHBIX MacTax
u 1.4. Ilo manneiM Ilporpammer OOH, B okpy»xarouieil cpeje IUIaCTUKOBBIE MUKPOTPaHYJIbI
BIIEPBBIC MOSIBUINCH B MPOIYKTaX JTUYHOM T'MTHEHBI OKOJIO MATUACCITH JIET Ha3al, U IIIACTHK BCe
yaiie 3aMeHseT HarypaibHble WHTpeaueHThl. Eme B 2012 r. sta mpobnema Oblsla OTHOCHTEIHHO
MaJIOM3BECTHA, TOCKOJIbKY Ha PBIHKE OBLIO MPEJCTAaBICHO MHOXKECTBO IMPOAYKTOB, COJEpPIKAIIUX
TUTACTUKOBBIE MHUKPOTPAHYJIBL, a MOTPEOUTENIM Majo 4TO 3HAIM 00 3ToM. Takke MUKPOYACTHUIIBI
IUIaCTUKa TOMAJal0T B CTOYHBIE BOJBl NPU CTUPKE W3JEIHI, B COCTaB KOTOPBIX BXOJAT
CUHTETUYECKHE BOJIOKHA. TakuMm 0Opa3oM, 3arpsi3HEHHUsS] YacTULAMHU IUIAaCTHKAa HECEeT 3a CcOoOoM
yIrpo3y BCEM >KMBBIM OpraHM3MaM, B TOM YHCJIE U JIOASM, M OKPYXKaloIEeH Cpele B ILIEJIOM.

© Cankr-IletepOyprekuii yausepcuret ['TIC MUC Poccun, 2023
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AKKyMyITUpysICh TIOJ BO3JCHCTBHEM OHOTBI, MHKPOIIACTUK BBI3BIBAET MHOXKECTBEHHBIC
9KOJIOTMYECKHE TTOCTEACTBHS.

Ho mnoxa Bce ObuIM 03a004YeHBl BOJAMHU MHMPOBOTO OKE€aHa, HUKTO HE 3aJyMbIBaJICA
0 KOHTHHEHTANIbHBIX BOJaX, a Bellb B HUX TOXXE ObLTM OOHApYXEHBI CJIEAbl paclaja TUIacTHKA.
N tyT Bompoc Bctan 6oiiee 0CTpo, Beb KOHTUHEHTAIbHBIE BOJBI — 3TO UCTOYHHUKHU MIPECHON BOJBI,
KOTOPYIO MBI MOTpeOisieM exenHeBHO. Tak, B Poccuu ObLIM TpOU3BENEHBI HCCIEIOBAHUS
WNuctutyrom o3eposenenuss (MHO3 PAH) cnepyromux BoaHBIX 00bEeKTOB: MUHCKOro 3ajuBa
(BOmu3u Cankr-IlerepOypra) u Jlagoxxckoro ozepa. B o6oux o0bekTax ObUIM HAWJEHBI YaCTUIIBI
MHUKPOIUIaCTUKA.

AKTyaJabHOCTh paccMaTpuBaeMOil TpPOOJeMbl MOATBEPKIACTCS CIEAYIOIIHUM (PaKTOPOM:
HOBBIA THII 3arpsi3HEHUSI OKPY’KaIOLIEH Cpellbl, MUKPOIUIATUK, CO3JAeT YIpo3y SKOJIOIMYECKOMY
COCTOSTHUIO BOJHBIX OOBEKTOB M MOXKET OKa3blBaTh BIHUSHUE HA OpPraHU3M 4YellOBEKa Kak
Ha JIOKaJIbHOM, TaK U Ha IJ00ambHOM ypoBHAX. M3-3a Toro, uro mpobGiieMoil pacrnpocTpaHeHUs
MUKPOILJIACTHKA KOMIIETEHTHbIE MPUPOJOOXPAHHBIE OpraHU3alMU 3aHSJINCh CPABHUTEIBHO
HEJaBHO, B HACTOSIILIUHA MOMEHT HE CYLIECTBYET YETKUX METO/IOB ONPEJENICHUs U aHaJIh3a TaKoro
BUJIa YACTHI] B MPUPOAHBIX 00bekTax [1-4].

[lenb pabOThI — U3yUEHUE BIMSHUS MUKPOIJIACTHKA Ha YEJIOBEKa.

[Inactuk mpeacTaBnsieT coO0OW  HMCKYCCTBEHHO CHHTE3HPOBAHHBIE  MOJIEKYISIPHBIC
coenquHeHusl. OHHM CHOPMUPOBAHBI M3 CTPYKTYPHBIX IOBTOPSIOIIMXCS 3BEHBEB — MOHOMEPOB,
KOTOpBIE 3aT€M CBS3bIBAIOTCS B JUIMHHBIC IIETIOYKH — MOJHMMEPHL. B cBOIO odepenn, ero MOXKHO
pa3enuTh Ha MIEPBUYHBIN M BTOPUYHBIN T1acTUK. OCHOBHOM MPOOIEMON MUKPOILIACTUKA SIBISIETCS
€ro MaJeHbkuil pasmep, oT 1 Mxm g0 5 mm. U ecnu ywactumsl ot 1 A0 5 MM MOXHO yBUAETb,
TO MEHBIIUN pa3Mep MOXKHO OOHAPYXKUTh TOJBKO TOJA MHKpockomoMm (puc. 1, 2), mosaromy
pacmpocTpaHeHHE MUKPOIIACTHKa B Ouochepe MPOUCXOAUT M YeJOBEKa COBEPIIECHHO
HE3aMEeTHO. MUKPOIIJIACTUK UMEET OOJIBIIOe KOJTHYECTBO (DOPM M BHIIOB, 3TO MOTYT OBITh HAJIOUYKU
pa3IMYHBIX IIBETOB, Yallle BCEr0 BCTPEYAIOTCS CHUHHE W KpacHBbIC, JIOCKYTKH, MJWHHBIE HHUTH,
rpaHyJibl 4 T.A. [5].

Puc. 1. YacTna MEKpOIIACTHKA BOJTOKHUCTOH (OPMBI CHHEro nBeTa
B IIpo0e TOHHBIX OTJIOKeHHUIT Jlagoxkckoro ozepa 2022 r.
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Puc. 2. HacTuiia MUKPOILIACTUKA BOJIOKHHUCTOH (pOPMBI CHHETO LIBETA
B Npo0e JOHHBIX 0TJI0:KeHuil JIanoxkckoro o3zepa 2022 r.

[lepBUYHBIII ~ MHKpOIIACTUK  MPEACTABISET  cO00M  YacTUpl  (MHKpPOTPAHYJIbI)
C ONpeACNCHHbBIMM MapaMeTpaMH, KOTOpble IPOU3BOAATCS JUIsl JOOaBJIEHUS B Pa3IMYHYIO
npoayKuto. OHU MUPOKO UCIIONIB3YIOTCS IPU IMPOU3BOACTBE KOCMETHUECKUX CPEACTB, HAIPUMED,
KOCMeTHKa ¢ Jo0aBieHHeM OJeCTOK MM 3yOHble MacTbl € a0pa3MBHBIMU YacTHULAMH,
WCTIONB3YIONMeCs Uil OTOeNMBaHU 3yOOB W OBITOBOW XHMHH, B CTUPAJIBHBIX MOPOLIKAX IS
JYYIIEero yJaJeHUs ISATE€H, B IPOMBIIIJIEHHOCTH MOTYT OBITh MCIIOJIb30BaHbl Kak aOpas3uBbI,
MpUMEHSIEMbIE I OYMCTKHM 3arps3HEHHBIX IOBEPXHOCTEW 3/aHUN WM TEXHUYECKUX CPEJCTB,
HampuMmep, Kopabliei, Takke MUKPOTpaHyJIbl aKTUBHO HCTIONB3YyI0TCs B 3D npunTepax [1, 4].

BropuuHblii MUKpOILTACTHK 00Opa3yeTcsl MyTeM pacmajga KpymHBIX (parMeHTOB IUIaCTHKA
TaKUe OTXO/bI KaK MOJMATUIICHOBBIE MAKEThI, OIHOPA30Bast IJIACTUKOBAs NOCY1a, OyTUIMPOBAHHBIE
€MKOCTH ¥ HUHBIE BHJbl OTXOJIOB, HA MHUKPOCKONHWYECKHE YaCTHIIbl IOJ BIIUSHUEM COYETAHUS
(bU3MYECKUX, XUMUYECKHX M OMOJIOTMUYECKUX MPOLIECCOB B OKpy katolei cpeze [1]. Tawke npuMepom
BTOPUYHOTO MUKPOIUIACTUKA MOXKET CIYXKUTh MbLIb, BOSHUKAIOIIAS IPU TPEHUU IIMH aBTOMOOMIHMA
00 IOpOKHOE TIOKPBITHE, TAKOI BUJ 3arpsi3HEHUs] paclpoCTpaHsaeTcs Kak B aTMOoc(hepHOM BO3/YyXE,
TaK M MOMAaJaeT B JIMBHEBYIO KaHAIN3al0, a JJajiee B CTOYHBIE BOJIBI TOpoja [6].

MukponinacTuK MOKET NONacTb B OpPraHU3M YEJIOBEKAa 4epe3 OpraHbl JbIXaHUs, TO €CTh
YeNoBeK Oy/eT HaXOIUTHCS B 30HE C 3arps3HEHHBIM aTMOC(HEPHBIM BO3IYXOM, HAllpUMep, PSIoM
C aBTOMAaruCTpajbl0 W/WIM Yepe3 KelyIOYHO-KUIIEUHbIH TpakT. Takke 4acTUIbl MOTYT OCelaThb
Ha KOXE, a B IIOCJEACTBHE BIBIXAIOTCS YEJIOBEKOM WJIM HAHOCUTh MHKPOTPABMBI KOXKE IpH
MEXaHMYECKOM BO3JEHCTBUU. MMUKpOIIAaCTUK MOXET TIIONAcTh B JKEIYJOK 4YeJIOBEeKa IIpH
ynotpebaeHuu ero B numty. Ho otkyna on tam Oepercsi? Bce BHOBb HauMHAETCS € 3arps3HEHHBIX
BOJI MUPOBOTI'O OK€aHa/KOHTUHEHTAJILHBIX BOJ, U 00pa3yeTcs clenyromas MuieBas 1ernoyka (puc. 3).
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MHKpONNacTuK

NNaHKTOH

Menkas poiba

KpynHasa pbiba

YENOBEK

Puc. 3. ITumeBasi neno4ka B BOJAHOM cpeje

[ImaHKTOH ABISETCS OCHOBOM MOPCKOM MHUINEBOM IEMHU, CIIEIOBATEIBHO, €r0 MOTJIONIAI0T
BCE MOPCKHE 00MTATEIH, KOTOPBIX IOCIIE OTPEOIISET U YETOBEK.

Kpome Toro, MukporiacTuk ObUT OOHApY’KEH B MUTHEBOM BOJIE, YaAWHBIX MAKETHKaX, Kode
M MOJLUTIOCKAX.

OCHOBHasi OMAacCHOCTh MHUKPOIUIACTHKA 3aKJIIOYaeTCs B TOM, YTO OH SIBJSICTCS OTJIMYHBIM
ancopOEHTOM, YTO TO3BOJISIET €My HAKaIJIUBaTh BHYTpHU ceOs pa3lUYHbIE BPEAHBIC U TOKCUYHBIC
BemecTBa. [lpu momamaHuy 3arpsA3HEHHBIX YACTHIl IUTACTHKA B MHINECBAPUTEIBHYIO CHCTEMY
JTF000T0 KUBOTO OpraHM3Ma, TOKCHYHBIC BEIIECTBA BHICBOOOXKIAIOTCS U HAHOCAT BPEI 310POBBIO,
TaK)K€ YaCTUI[bI HAHOCAT MEXAaHWYECKHE IIOBPEKACHHSA, IMOTOMY UTO SIBISIOTCS TBEPIBIMHU
aObpa3uBHBIMU OOBEKTAMHU.

[TonBenst UTOTM, MOXKHO CKa3aTh, YTO MUKPOILIACTHK SIBJISIETCS HOBOW TIIO0ATBLHOMN MPOOJIEMOi
yenoBeuecTBa. Ha JaHHBIE MOMEHT HE CYUIECTBYET METOJOB W3BJICUECHUS YACTHIl IUIACTHKA
W3 OKPYJKAIOIEeH Cpenbl, HaHOCSIIErO BPEI KUBBIM OpraHM3MaM, HE IOJI03PEBAIOIUAM 00 3TOM,
MOTOMY YTO MHKPOIUIACTUK — HEBUIUMBIH Bpar. 3allUTHTh CeOsi MOXHO, OTPAaHUYUB TIOSBICHHE
MHUKPOYACTHUIl TUIACTHKA, HAMpUMEp, OTKA3aBIIMCh OT OJHOPA30BOM TOCYIbl. MHOTHE KOMITAaHUU
MIPOM3BOIST CTHIIBHBIE MHOTOPA30BbIe TEPMOKPYKKH, OYTHUIKH, C HUIMUA MOKHO MPUNTH B KO(DEHHIO
¥ TIONPOCUTH TPHTOTOBUTH CBOW JFOOMMBIA HAMUTOK B BAlled KPYXKKE, HEOOXOAMMO H30eraTh
MaTepHaioB ¢ J00aBI€HHUEM MOJIMMEPHBIX YaCTHIl, HCIOJIb30BaTh MHOTOPA30BBIE CYMKH BMECTO
MAaKETOB, OTAABATh MPEATIOYTEHUE OJICXK]IC U3 HaTYypaJIbHBIX MaTEPUAIOB, COPTUPOBATH MYCOD.
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ABTOPAM KYPHAJIA
«HAJI3OPHAA AEATEJIBHOCTDb U CYAEBHASA
IKCIIEPTHU3A B CUCTEME BE3OITACHOCTW»

K myGmukanmy npUHUMAIOTCS OPUTHMHAJBHBIE MCCIIEIOBATENbCKHE W O030pHBIC aHATMTHYECKUE
CTaTbu, OTBEYAIONIME NPOQIIIO >KypHAlA, NPEJICTABISAIONIME pPEe3yJIbTaThl 3aBEPIICHHOTO HAYYHOT'O
WCCJICIOBAHMSI, BBIMOJHEHHOTO Ha aKTyaJbHYI0 TeMy, OOJIQJalolyMe HAy4YHOW HOBHM3HOW, HMEIOIIHE
NpaKTHYECKOE 3HAUCHNE U TEOPETUIECKOe 000CHOBaHHE, O(OPMIIEHHBIE B COOTBETCTBUHU C TPEOOBAHHSIMHU.

CraThsl HE JOJDKHA OBITH paHee OMyOJIMKOBAaHHOW M HE TOJAHHOW /I pACCMOTPEHHSI B ApyTHe
KypHaJbl. Bce cTaThl MPOXOIAT MPOBEPKY B CUCTEME «AHTHUILIIATAATY.

CraTpu 00y4YalOIIMXCSi MATUCTPATYPbl, KYPCAHTOB M CTYAEHTOB NPUHUMAIOTCS TOJBKO
B COABTOPCTBE C HAYYHBIM PYKOBOJIUTEIEM.

1. Marepuanbl a1 myOIUKaluy MPEJCTaBISIIOTCS B PEelaKIMIO >KypHaja JudHO. Martepuan
JIOJDKEH COTPOBOXKAATHCS:

a) ans corpyanukoB CII6 ynusepcurera ['TIC MYC Poccun — 3akarouenuem 06 OTCYTCTBUU
MaTepHasoB, 3alpelIeHHbIX K MyOJUKalUU B OTKPBITON MEYaTH, peyeH3uel om uieHa pedakyuoHHO20
cosema (koyerun). [1o xemaHWIO TpUIIaraeTcsi BTopasi PeleH3us OT CHEeIHaINCTa COOTBETCTBYIOMIETO
poduIis, IMEIOIIETO YYCHYIO CTEIICHb;

0) IUIE aBTOPOB CTOPOHHUX OpraHU3AIMi — 3aKaIl0YeHuem 00 OTCYTCTBHM MAaTEpHAaJIOB,
3alpelIeHHBIX K MyOJIMKalui B OTKPBITOM MEYaTH, peyer3uell OT CIICIHAIICTa 110 COOTBETCTBYIOLIEMY
CTaThe MPO(UITIO, UMEIOIIETO YUEHYIO CTETICHb;

B) CTaThsl aCHHpaHTa (aIBIOHKTA) MIIM COMCKATEIS OM3bl8OM HAYUHO2O PYKOBOOUMEIL.

T) 91eKMPOHHOU 6epcuell CTaThH, TIpeACTaBleHHOW B Qopmare pemaktopa Microsoft Word
(Bepcus He Hke 2003). Hazpanwue (aiina q0mKHO OBITH CIIETYIONTIM:

Astopl, ABTop2 — IlepBrie Tpu cioBa Ha3BaHus cTaThi.doc, Hampumep: UBaHOB — AHaau3
cyliecTByoumei npakruku.doc;

B) niama ¢ aJIbIOHKTOB M aCIIMPAHTOB 3a ITyOJIMKALNIO PyKOTIUCEeH He B3UMAETCSL.

W3nanue oCylIeCTBISET pELEH3UPOBAaHHE BCEX IOCTYHAIOIMX B pPENAKLHUI0 MaTepHuajoB
C ILETbI0 WX OSKCHepTHOW omeHku. CTaThbu pPEHEeH3UPYIOTCS B 00S3aTENFHOM TMOPSAIKE YJICHAMH
pEeNaKIMOHHOW KoJulernu >xypHana. OCHOBHas 1iedb PEIEH3UPOBAaHUS — MPEIOCTaBUTh PEAAKIIHH
apryMEHTHPOBAaHHYIO HHPOPMAIIHIO JIJIsl IPUHATHS pelieHns 00 omyOInKOBaHUN MaTepHara.

2. CrarbH, BKIIOYAs PUCYHKU U MOAIKMCH K HUM, CIIMCOK JIMTEPATYpPhl, JOJKHBI UMETh 00beM
or 8 1o 15 crpanuu. Ilo cormacoBaHuio ¢ PyKOBOACTBOM >KypHaja CTaTbM MOTYT OBITh HPUHSTHI
u 60JbIIero oobema.

3. OpuruHanbHOCTh cTaTel JokHa ObITH He MeHee 70 Yo.

4. TekcT cTATHH 10/2KEH OBITH 00513aTeILHO CTPYKTYPHPOBAH 10 pa3jiejiaMm:

Beenenue

B paznene «BBenenue» mpoBOAUTCS aHATN3 COCTOSHHUS UCCIIETyeMOi POOIeMbl IO My OIMKausaIm
OTEYECTBEHHBIX U 3apyOeXHBIX HCTOYHHKOB, Ha OCHOBAaHHU KOTOPOTO OOOCHOBBIBAETCS AKTYAIbHOCTh
uccien0Banus, (GOPMYIHPYIOTCS LeTIb U 33/1a9 UCCIIEI0BaHMSI.

Metoabl uccie10BaHus

B paznene omuchIBaloTCs IpUMEHSEMbIE B padOTe METObI MCCIESOBAHUS, PUBOAATCS CBEICHHS
00 00BeKTaxX MCCIIeIOBAHNS, U3MEPUTEIFHOM 000PYI0BaHUH, OTIUCHIBAIOTCS YCIIOBHUS SKCIIEPIMEHTOB H T.]I.
Bo3Mo’kHO yKa3aHHe cChUIOK Ha PaboThI ¢ OoJiee OIpOOHBIM H3JI0KEHHEM METO/IOB, OJJHAKO TIPHBOIHMOTO
OIMCAHUS JIOJDKHO OBITh JOCTATOYHO /IS TOHUMAHHS X0/Ia HCCIIeIOBAHUSL.

I[Tpu rcnop30BaHNM CTAaHAAPTHBIX (MM U3BECTHBIX) METOJOB M MPOLIEAYP JIYUIIe CIENaTh CChIIKH
Ha COOTBETCTBYIOIME WCTOYHUKH, HE 3a0bIBasi OMMCATh MOAM(HKAIMK CTAHIAPTHBIX METOJIOB, €CIU
TaKOBbIE NMENUCh. ECIN ke MCTONb3yeTcsi COOCTBEHHBI HOBBI METO/I, OTIMCAaHNE KOTOPOTO HUTJIE paHee
He ObUIO OITyOJIMKOBaHO, BayKHO IIPUBECTU BCE HEOOXOUMBble AeTaiau. Eciu panee onucanue mMetoa ObLIo
OITyOJINKOBAHO B U3BECTHOM >KypHaJie, MO’KHO OIPAaHUYUTHCS CCHLTKOM.

JlonmyckaeTcs W MHOE Ha3BaHME pasjenia, OOyCIOBICHHOE CHEeUn(pUKON HCCIe0BaHUs
¥ TIOJITOTOBJIIGHHOM HAa €ro OCHOBE CTaThu, Hampumep «Marepuajabl U METOJbl HMCCIIEIOBAHUSY,
«Mopenu 1 MEeTOIbl HCCieI0OBaHU Y, « TeopeTHueckre OCHOBBI U METO/IbI pacueTay.
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Pe3yabTaThl Hec/1e10BAHUS U UX aHAJIH3

B paznene B mOruueckoil 1mocienoBaTeNbHOCTH M3IaraloTcsl pe3yibTaThl HCCIEOBAHUS, KOTOPbIE
MOATBEPKAAIOTCA TabiauamMu, rpagukaMu, pUCYHKaMH. 37eCh K€ MPOBOJUTCS aHAIM3 W HMHTEPIPETAIHS
MIOTYYEHHBIX PE3YJIbTaTOB, OMMCHIBAIOTCS BBISIBIICHHBIE 3aKOHOMEPHOCTH, TTIOATBEP)KIAETCS IOCTOBEPHOCTD
Pe3ybTaTOB, MPOBOJIUTCS COTIOCTaBIICHHE COOCTBEHHBIX PE3YJIbTaTOB C IAHHBIMU JIPYTUX HCCIIEA0BATEINEH.

3akiroueHue

B pasgene wu3mararoTcs OCHOBHBIC BBIBOJBI, MOJBOJUTCS WTOT MPOJAETAHHOW paloThI,
00OCHOBBIBaeTCSI Hay4Has HOBH3HA TOJYYEHHBIX PE3yJIbTATOB, MPHUBOJATCS HAYYHO OOOCHOBAaHHBIC
PEKOMEHJAIMK 10 WX HCIOJIb30BAHUIO, OMPEICNIAIOTCS OCHOBHBIE HaIpaBIICHUS JajJbHEHIINX
HCCIIeIOBaHM B JaHHOM 00J1acTH.

3aK/II04YeHNEe COJEPKUT TJaBHbIE HMIEH OCHOBHOI'O TEKCTa CTATbH, HO HE JOJHDKHO HOBTOPSTH
(OopMyIHPOBOK, MPUBEICHHBIX B MPEIBIIYIINX pa3zenax.

Crcok nurepaTypsl T0JDKEH colepkaTh He MeHee 10 MCTOYHUMKOB (M3 KOTOpBIX He menee 30 %
3apyderHcHbIX).

Juas OB30PHBIX aHaauTH4YeCKHX CTATeH JIOMYCKAeTCs WHAsK CTPYKTypa CTaThH:

1. BBenenue.

2. AHanuTH4ecKas 4acTh.

3. 3axiroueHue.

B pasgene «AnHamuTHueckas dYacTh» JOJDKEH OBITh TPEACTaBlIeH KPUTHYECKUN —aHaH3
U KpUTHYECKOE 0000IIEHNE aKTyaJIbHOM UCCIeI0BATENBCKOM MPOOIeMBbI 0 OTEYECTBEHHBIM U 3apyO0e:KHBIM
Hay4YHbIM HCTOYHHUKaM (He Menee 25 ucmounukos, 3 KOTOpbIX He menee 50 % 3apydercHpix) ¢ OLEHKON
UX HAayYHOW HOBHM3HBI M OPWUTMHAIBHOCTU. Pe3ynpTaThl KpPUTHYECKOrO aHaiau3a H  0000IIeHus
PEKOMEH/TyeTCs] TTOATBEPKIAaTh CPABHUTEIBHBIMU TaOIMIIaMu, TpadiKaMy, pUCyHKaMH. B cTathe Tarke
JIOJDKHBI OBITH OTPaXKeHBI JUCKYCCHOHHBIE (TIPOOIeMaTHYHBIE) BOIIPOCHI.

HomyckaeTcst pazouenue paszzaenoB «MeToasl uccienoBaHus», «Pe3ynbraThl UCCIEeIOBaHUS
U UX 00CYXICHHE», «AHAINTHYECKAs YaCTh» HAa HECKOJIbKO JIOTHYECKHU CBSI3aHHBIX ITO/IPa3/1esIoB.

5. OdopmiteHue Tekcra:

a) TeKCT MaTepHaa JuIs My OJIMKaIuK JJOJDKEH OBITh TIATEIbHO OTPEIAKTUPOBAH aBTOPOM;

0) TeKCT Ha OAHOI cTopoHe JucTta hopmara A4 HabupaeTcs Ha KommnbioTepe (mpudt Times
New Roman 14, unmepean 1,5, 06e3 nepeHOCOB, B OJHYy KOJIOHKY, 6ce noasa no 2 cm, HyMmepaius
CTpaHHMII BHU3Y NOCPEINHE);

B) Ha MEPBOW CTPaHUIIE aBTOPCKOTO MaTepHasa JIO0JHKHBI OBbITh HAlle4aTaHbl: THII CTaThU (HAy4YHas,
0030pHast, peJaKIMOHHAs, AWCKYCCHOHHAs, perneHsus u T.a1.), YJIK (yHuBepcampHas aecaTHYHAS
KJaccu(UKaIys), Ha PyCCKOM M aHIVIMACKOM SI3bIKAX Ha3BaHHE (MPOMHUCHBIMU OYKBaMHU, MOJTY>KUPHBIM
mpudToM, 6e3 nomguepkuBanus); GUO aBTOpOB MOTHOCTHIO (He Ho1ee mpex); MecTo paboThl (Ha3BaHUE
YUpEXACHU ), SICKTPOHHBIN ajipec aBTOPOB (0e3 cioBa e-mail), aHHOTaIus, KIIIOYEBHIE CIIOBA.

Tpebosanus k annomayuu. AHHOTAIMS JOJDKHA OBITH KpaTKOW, MH(OPMATHUBHOW, COAEPKAThH
1eJb PabOThI, METO/IBI MCCIIEIOBAHNS, OCHOBHBIE MOJIOKEHHUS M PE3yJIbTAThI UCCIETOBaHNS (M3J1aratoTCs
OCHOBHBIE PE3YJIbTaThl TEOPETUYECKUX W/WIM SKCIEPUMEHTAIBHBIX HCCIEAOBaHUHN, (aKTUUECKHE
JaHHbIE, OOHApYy>KEHHbIE B3aWMOCBSI3M U 3aKOHOMEPHOCTH), BBIBOJBI C OOOCHOBaHHEM HAy4YHOM
HOBU3HBI PE3yJbTaTOB. AHHOTAlUs MOXKET BKJIIOYATh U JAPYTyI0 MHPOPMAIHMIO, YMECTHYIO C TOUKH
3peHHs aBTOPOB, HANPHMEP, PEKOMEHIAIMH 10 MPUMEHEHHIO MOyYeHHBIX Pe3ynbTaToB. [IpumepHbIit
oobem anHoTanuu 100-250 cioB.

6. Odopmienne GopMyJ B TEKCTE:

a) popmynbl 10KHBI OBITH HaOpaHbl HA KOMIIbIOTEpE B perakTope ¢dopmyn Microsoft Word
(Equation), pa3mep mpudta skBuBasienTes 14 (Times New Roman);

0) B opMmynax pexOMEHAyeTCs HCIONb30BaTh OYKBBI JIATHHCKOTO M TPEYECKOro anhaBUTOB
(KypcHBOM);

B) (hOpMYJIBI MIEYATAOTCS IO LIEHTPY, HOMEP — Y MPABOTO TMOJISI CTPAHUIIBI (HyMEpOBaTh CIEIyeT
TOJIKO (hOPMYJIbI, yIIOMUHAEMbIE B TEKCTE).

7. OdopMiieHre PUCYHKOB M Ta0JIHIL;

a) PUCYHKH HEOOXOIMUMO BBIJIEIATH OTACIBHBIM OJIOKOM ISl YA0OCTBA MEPeHoca B TEKCTE WU
BCTABJIATh M3 (haiijia, BBINOJIHCHHOTO B JIIOOOM W3 OOIICHPHUHATHIX IpaUUCCKUX PEIaKTOPOB, ITOJ
pUCYHKOM cTaBUTCS: Puc. 2. u gajnee ClieayroT OsICHSHHUS;

0) eciu B TEKCTE HE OJIHA TaOJMIIA, TO UX CIIeIyeT MPOHYMEepoBaTh (CHavaia numeTcs: Tabmuia 2
(BbIpaBHUBAHKE IO MPABOMY Kparo JIUCTa), HWXKE, OTCTYIIUB OJIHY CTPOKY, — Ha3BaHUE TaOIHILIBI (TIOTYKHUPHO,
BBIPaBHUBAHHME I10 IIEHTPY JIUCTA), U Jajiee, OTCTYIHB CTPOKY, CIEAyeT pa3MECTUTh caMy TaOJIHILy);
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B) €CJIM B TEKCTE OJfHA TaOJIMIIa MM OAWH PUCYHOK, TO UX HYMEPOBAaTh HE CIIEIIyET;

r) TaOJIHIBI JOJDKHBI IMETh «BEPTUKAIBHOE)» IIOCTPOCHUE;

1) B TEKCTE CCHUIKM Ha TaOJIHITBI U PUCYHKH JETAIOTCS CIEMYIONIM 00pa3om: puc. 2, Tabim. 4, eciu
BCETO OIMH PUCYHOK WJIM OJJHA TabJIHIIA, TO CJIOBO MHIIETCS ETUKOM: TabiuIia, pUCyHOK.

8. Odopmitenue 6mdanorpadguu (CNMCKa HCTOYHUKOB):

Crucok nurTeparypsl JOIDKEH conxepkarb He MeHee 10 HCTOYHMKOB, U1 0030pHbIX
AHAJTMTUYECKUX CTAaTe He MeHee 25 HCTOYHMKOB.

[Ipy 5TOM KONMMYECTBO CCBHIJIOK Ha CTaThbM W3 WHOCTPAHHBIX HAYYHBIX >KypHAJIOB U JIpyTHE
WHOCTpPaHHbIE UCTOYHHUKH JOJKHO ObITh He MeHee 30 % oT 00111ero KoJIm4yecTBa CChUIOK, AJIsi 0030PHBIX
aHAJIMTUYECKHX cTarel He menee 50 % .

B cnucke nutepatypsl A0KkHO ObITH HE 60see 30 % HMCTOYHMKOB, aBTOPOM JIHOO COABTOPOM KOTOPBIX
SIBJIIETCSL aBTOP CTAThU.

Ilpasuna opopmaenus cnucka iumepamypol.

a) B TEKCTE CCBUIKM Ha I[HUTUPYEMYIO JIUTEpaTypy O0O0O03HAa4yaroTCs MOPAIKOBOM 1uppoi
B KBaIpaTHBIX CKOOKaX;

0) CIIMCOK JTOJDKEH COJEpKaTh LUTHPYEMYIO JIHTEpaTypy, HPOHYMEPOBAaHHYIO B TOpSIIKE
€e YIIOMHUHAHUS B TEKCTE.

[Mpucrareiinbie OnbIHOrpaduuecKue CucKu 1o0KHbEI cooTBeTcTBOoBaTE [OCT P 7.0.5-2008.

IIpumepvl opopmaenuss cnucka UCMOYHUKOS.
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Scientific article
UDK 614.84

ENSURING FIRE SAFETY OF BUILDINGS THROUGH
THE APPLICATION OF A SOFTWARE MODULE BASED
ON A SCADA SYSTEM

™Razumikhin Alexey A.;

Kurbanov Rashid F.;

Tsyrengarmaeva Zhargalma L.

Saint-Petersburg university of State fire service of EMERCOM of Russia, Saint-Petersburg, Russia
Salrazumikhin@yandex.ru

Abstract. A stationary automatic fire extinguishing system is being considered using fault-tolerant
equipment, as well as an information platform — SCADA/HMI DataRateTM, which facilitates constant data
visualization and control and monitoring, direct control over technological processes and managing them
at the current moment, creating and generating reports on relevant positions, developing and using dispatch
systems, as well as performing other important functions to ensure communication between internal personal
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Automatic fire extinguishing and smoke removal systems play a special role not only
for buildings and structures with large numbers of people, but also for each protected object.
As a rule, the arrival of firefighters from the moment a fire starts, one way or another, requires
a certain time, which affects the course of further events. A fire automatic system is necessary
for the timely elimination of fires, reducing economic losses, as well as reducing the risk of loss
of life and minimizing losses at the protection site.

Over the past few years, the number of fires in the country has decreased, but despite this,
the mortality rate from fires is characterized by a negative trend, as evidenced by the data
of the annual statistical collection of the FBGU VNIIPO EMERCOM of Russia. The main causes
of fires are malfunctions of lighting, electric welding equipment, electrical appliances, short circuits
and other reasons. The relevance of the issue of ensuring fire safety of various multi-storey facilities
with large numbers of people at this stage of economic and social development is of particular
importance, since these particular facilities can entail not only large economic losses, but also
irreparable human casualties [1].

In order to eliminate the risk associated with the death of employees and visitors at any facility,
it is important not only to install fire safety systems at this facility, but also to maintain them in a timely
manner. In addition, no less importance should be given to such mechanisms as: evacuation
coordination, smoke removal, automatic response to smoke, fire extinguishing, etc.

Compared to similar fire safety systems, the system stands out with automated performance,
improved platform — SCADA/HMI DataRateTM, and fail-safe hardware. Mainly through this platform,
information data is transferred and all technological processes of activity are monitored. Thanks to such
a system, it is possible to reduce the risk of accidents at the site, reduce financial losses due to the timely
elimination of fire sources and reduce the level of danger to a minimum [2, 3].

© Saint-Petersburg university of State fire service of EMERCOM of Russia, 2023
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Thus, the key functionality of the SCADA/HMI DataRateTM system is aimed at visualizing,
monitoring and controlling the necessary groups of data, generating and updating reports on relevant
items, exercising direct control and real-time management of the technological process, as well
as performing other functions aimed at providing the facility with the necessary information [4].

In this case, the process of automatic fire extinguishing is a series of ordered actions:

— fire detection using means intended for this (infrared channels, two-channel television
cameras);

— establishing the location of the fire using conventional spatial coordinates determined
in accordance with the location of detection means;

— supply, spraying of fire extinguishing agent and control of this process, taking into account
all the features (gravity, location, composition of the agent), using video channels, signals about
the occurrence of errors in direction or volume and correcting them [5].

The individual features and benefits of DataRate's automatic smoke and fire suppression
systems are shown in fig. 1, 2.

[reliable net technologies ] [ an objective approach to constructing ]

Characteristics

[ support for modern data exchange standards ]

Open architecture ]

powerful data visualization tools (with the ability to
monitor and manage via WEB interface)

Fig. 1. Characteristics of DataRate, providing the ability to build an automated fire control system
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echnical processes
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Fig. 2. Features of automated fire extinguishing and smoke removal systems

Thus, the system operates autonomously, without human interaction, and is able
to independently respond to emerging threats and fires. High reliability of the equipment entails
the absence of the need for maintenance personnel, and, as a result, the cost of providing it.

Since the system can perform its functions automatically, without any intervention
and is capable of independently responding to the occurrence of a fire, its settings or other problems
can be resolved remotely using computer equipment.

The operation of the SCADA system is shown in fig. 3.
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DataRate and Web-clients

1T & 1

DataRate server
ispatcher

Fig. 3. General structure of the SCADA system

Based on fig. 3 we can conclude that the work process of the SCADA system
is characterized by the provision of monitoring, control and management capabilities for a specific
object of a given structure over other objects, which is explained by the integral basis of interaction.

For automatic control of fire systems and equipment, a system has been developed,
shown in fig. 4.
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Fig. 4. Structure of the Sprut-2 system

The Sprut-2 system is completely autonomous and is capable of detecting a fire
and neutralizing it without outside forces or human intervention. The Sprut-2 system includes:
a pumping station, electrovalves, warning devices, batteries, modules, switchgears, fans, detectors,
server stations, etc. [3, 6].

Next in fig. 5 presents the main functions of the fire safety system and fire extinguishing
SCADA.
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Fig. 5. Basic functions of the fire safety and fire extinguishing system SCADA/HMI DataRate

A monitoring and control system for smoke removal has also been developed, which
is intended for use in apartment buildings and is necessary to remove combustion products during
a fire, as well as to limit the spread of fire. This system guarantees the safety of people during
evacuation during a fire. The smoke removal system (SDS), that is, the monitoring and control
system for smoke removal, is one of the most important aspects in ensuring the fire safety
of the protection facility [7, 8].

Thus, with the combined use of SDS and fire extinguishing systems, in addition
to minimizing economic losses, the risk of a threat to human life, including due to carbon monoxide
poisoning, is also minimized.

A reliable and high-quality fire protection system helps to ensure the required level of fire
safety, reduce risks and possible consequences. At the present stage, achieving complete protection
of an object requires automation of this process, as well as the use of high-quality, accurate
and reliable technologies and software products.

Based on SCADA, dispatch systems are developed and applied at various facilities,
necessary for the continuous control of aspects that require special attention [9].

Thus, through the implementation of the SCADA platform, continuous, uninterrupted,
continuous monitoring of the facility as a whole is carried out: its safety, serviceability, reliability,
equipment condition, etc., which helps to ensure the necessary security conditions for the facility
24/7. The system can be used as an independent unit. However, the use of SDS in combination with
fire extinguishing systems makes it possible not only to practically eliminate the death of people
due to carbon monoxide poisoning, but also to extinguish the fire and minimize material losses [10].
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Abstract. The dangerous factors during the combustion and explosion of petroleum products, which
are the air shock wave and thermal radiation, are considered. An assessment is made of the consequences
of violations of the conditions of storage and transportation (shipment) of flammable liquids and petroleum
products caused by the processes of evaporation and combustion with the subsequent explosion of vapors
of these substances. An assessment was made of the consequences of the formation of a cloud of steam-air
mixture, which include explosive combustion and shock wave propagation. An example of calculating
the TNT equivalent of a gasoline vapor-air mixture is considered for different proportions of gasoline vapor
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Introduction

Currently, as a result of emergency situations, there are consequences associated with fires,
explosions, floods, exposure to radiation and other harmful factors leading to illness and death.
A number of works are devoted to the issues of preventing and eliminating the consequences
of accidents and disasters, as well as assessing technical risk [1-11].

Some authors define environmental safety as a state of stable dynamic equilibrium
of the biosphere. Other authors define environmental safety as a state of protection of the natural
environment and people from the possible impacts of economic activities, natural and man-made
emergencies and their consequences. To ensure environmental safety, it is necessary to prevent
the occurrence of man-made emergency situations and eliminate their negative consequences.

This article discusses the assessment of the consequences of violations of storage conditions
and transportation (transportation) of flammable liquids and petroleum products caused by the processes
of evaporation and combustion with subsequent explosion of vapors of these substances.

Petroleum products include gasoline, kerosene, diesel fuel, oils and other paraffin
components of oil. Trunk pipelines are used to transport petroleum products (pipe diameter from
200 to 2,000 mm, pressure 5—-10 MPa) with temporary storage tanks (capacity from 1,000
to 100,000 m3), as well as railway (loading capacity of tanks from 60 to 120 tons, capacity from
75 to 160 m3) and road (tanks from 10 to 26 tons, capacity from 6 to 30 m3) transport.

The causes of accidents on pipelines are emergency ruptures of pipes due to a defect
in the weld, destruction of the compressor, and gas leaks. The consequences of pipeline accidents
are fires and explosions.

© Saint-Petersburg university of State fire service of EMERCOM of Russia, 2023
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The consequences of accidents in railway transport are oil spills and fires. Every year about
2 thousand fires and fires [2]. When transporting flammable liquids (gasoline), explosions
of the steam-air mixture are possible [6].

The consequences of accidents in road transport also include oil spills and fires, as well
as explosions of a steam-air mixture of flammable liquids, such as gasoline [3].

A task was set, the results of which are presented in this article: it is necessary to assess
the consequences of emergency situations associated with the combustion and explosion
of petroleum products, accompanied by explosive combustion and propagation of a shock wave.

The novelty of the research lies in a detailed description of the dangerous factors
of combustion and explosion, assessment of the consequences of the formation of a cloud of vapor-
air mixture and the creation of a mathematical model of the explosive combustion of a cloud
of combustible mixture, which made it possible to calculate the TNT equivalent of a mixture
of gasoline vapor and air.

Hazardous factors during combustion and explosion of petroleum products

An explosive mixture of oil vapors and air can be formed both inside the tank and in the open
air. The condition for fire and explosion is the formation of a steam-air mixture with a concentration
sufficient for combustion and explosion in the presence of a third-party energy source or when
the temperature of the mixture reaches the auto-ignition temperature [7]. Methods for assessing
the consequences of explosive combustion of a steam-air mixture are described in the works [4-7].

In case of explosive combustion of a steam-air mixture, the following consequences
are possible:

— explosion of a cloud of steam-air mixture;

— explosive combustion of a cloud in the atmosphere;

— oil fire on the ground.

In this case, the following damaging factors affecting people may arise:

— during an explosion in the atmosphere — air shock wave and thermal radiation;

— during explosive combustion of a cloud in the atmosphere — an air shock wave with
a lower damaging factor and thermal radiation with a higher damaging factor than during
an explosion in the atmosphere;

— in case of a fire on the ground — a large release of heat with possible injury to people
and ignition of neighboring objects (for example, tanks with petroleum products).

The result of exposure to thermal radiation, which causes ignition of substances or damage
to humans and animals, depends on the threshold values of heat flow, which are determined
by the amount of absorbed thermal energy. The absorbed thermal energy, in turn, depends
on the heat flux density q, kW/m2 and irradiation time TO, s. The energy required to ignite
a substance depends on its temperature and parameters (pressure, humidity) of the atmosphere.

Approximate values of heat flow and effect affecting humans:

— q=1,0 [kB1/M’] — sun tanning effect on a hot summer day;

— q=15,0 [kB1/m"] — the effect of blisters appearing on the skin after 5 s.

Assessment of the consequences of the formation of a cloud of steam-air mixture

Opening a container with flammable gas or spilling liquefied gas during an accident leads
to the evaporation of the liquid fraction and the formation of a cloud of steam-air mixture. Further,
the steam-air mixture may ignite, which under certain conditions can lead to an explosion.

The determining factors in the development of an emergency situation are the conditions
for the formation of a cloud of steam-air mixture, which can ignite with some delay. The process
of ignition of a cloud of steam-air mixture can occur with different durations:

— ignition of the vapor-air mixture cloud occurs immediately;

— ignition of the vapor-air mixture cloud occurs with some delay.

In the first case, a region of burning liquid gas fraction is formed. In the second case, a cloud
of steam-air mixture is formed with possible explosive combustion, which is accompanied
by the formation of shock waves.
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When a cloud of steam-air mixture explodes, the combustion front spreads either with
a shock wave, or with some delay. When delayed, the combustion front propagation speed ranges
from 10 to 300 m/s, and the pressure in the shock wave front can reach from 10 to 100 kPa or more.
When the flame front propagates together with the shock wave, detonation occurs —
explosive propagation of the front. In this case, the propagation speed of the combustion front
ranges from 1 to 3 km/s and the pressure in the shock wave front can reach 10 MPa or more.
Various obstacles in the path of flame propagation cause turbulization of the mixture and contribute
to the detonation of the steam-air mixture. An explosion of a steam-air mixture can also be triggered
by an external source of energy, for example, a spark.
The volume concentration of the flammable component required for the explosion
of a cloud of steam-air mixture should be from 5 % (propane) to 30 % (hydrogen).

Mathematical model

The concentration of vapors released from the tank into the atmosphere is determined from
the ideal gas equation of state: P*V*C=G*R*T, where P — tank pressure, Pa; V — tank volume, m3;
C — gas concentration (volume fraction); G — vapor mass, kg; R — gas constant; T — temperature, K.

In the event of an explosion of a cloud of vapor mixture, its TNT equivalent in terms
of the shock wave will be equal to [5]: G = 0,4*G*Qrc*k/(0,9*Qr), where G — mass of mixture
vapors, kg; Qmnec — specific heat of combustion per unit mass of steam-air mixture (PVA), kJ/kg;
k — coefficient taking into account the share of gas in the explosion (0< k <1); Qt — specific heat
of TNT explosion, kl/kg.

Coefficient k, which takes into account the share of gas in the explosion, can take
the following values [5]:

— k=10,02+0,1 — gases from the spreading of flammable liquids;

— k=0,1 — gases liquefied by cooling;

— k=0,5 — gases liquefied under pressure;

— k=1,0 — gases at atmospheric pressure.

Let us calculate the TNT equivalent of PVA for various values of the coefficient k, which
takes into account the share of steam in the explosion.

Let's consider an emergency situation in which 0,15 % or 1,500 kg of gasoline was released
(lost) from a gasoline storage tank with a volume of 5,000 m’ (diameter 20 m, height 18 m)
as a result of an accident.

Input data: mass [IBC G = 1 500 kg, specific heat of combustion per unit mass of PVA
(petrol) Qpva = 45 kJ/kg, specific heat of explosion of TNT Qr = 4,5 kJ/kg. The calculation results
are presented in the figure.

Calculations show that in the event of an explosion of a cloud of a mixture of gasoline
vapors and air, the TNT equivalent of PVA in an air shock wave will be from 330 kg to 6,670 kg.
The smallest value of TNT equivalent corresponds to the coefficient of gas participation in the
explosion k=0,05 (gasoline vapors released when it spreads), and the largest value corresponds
to k=1,0 (gasoline vapor at atmospheric pressure).
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Fig. TNT equivalent of PVA depending on the coefficient of gas participation in the explosion

Let us calculate the lifetime of a cloud of steam-air mixture for the case of explosive
combustion of the cloud. Let's assume that the cloud is spherical. For such a cloud, the value
of surface radiation emission is taken to be 200 kW/m2. The radius of the cloud can be determined
by the formula [5].

R =29*\G [m],

where G — initial mass of PVA vapor, t.
The lifetime of a cloud of steam-air mixture can be determined by the formula [5].

T =4,5%VG [c].

Calculations show that the radius of the cloud is 33.2 m, and the lifetime of a PVA cloud
with an initial vapor mass of 1,500 kg during explosive combustion will be 5.2 s.

Conclusion

The article discusses the dangerous factors during the combustion and explosion
of petroleum products, which are the air shock wave and thermal radiation. An assessment
was made of the consequences of the formation of a cloud of steam-air mixture, which include
explosive combustion and shock wave propagation. An example of calculating the TNT equivalent
of a vapor-air mixture of gasoline for different proportions of gasoline vapor is considered
in an explosion: from the case of vapor release when gasoline spreads to the case of the formation
of a mixture of gasoline with air at atmospheric pressure. An estimate of the size and lifetime
of the vapor-air mixture cloud is given.

The topic of the article is relevant, since fires and explosions of petroleum products lead
to great material losses and human casualties. Assessing the consequences of such emergency
situations allows us to solve the problem of preventing the occurrence of emergency situations
by improving methods for calculating technogenic risk during the current activities of organizations
engaged in processing, transportation and storage of petroleum products.
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Abstract. An analysis of the impact of a gas compressor station on atmospheric air, hydrosphere
and lithosphere objects was carried out. The enterprise has identified sources of emissions of harmful
substances into the atmosphere of continuous, periodic and burst action. The gross methane emission from
the gas pumping unit and the fee for negative impact were calculated. Wastewater discharges through three
water outlets were identified. The actual discharge of pollutants was calculated into the water body through
outlet Ne 3. The efficiency of the settling facility was determined at water outlet No 3. An inventory
of production waste was carried out. 101 types of waste belonging to five hazard classes were identified.
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Introduction

Compressor stations (CS) of main gas pipelines (gas compressor stations — GCS)
are structures combined into a single complex and equipment that serves to increase gas
compression pressure. Compressor stations, according to their purpose, are divided into booster
(head) compressor stations, linear compressor stations of main gas pipelines, injection compressor
stations for reinjecting gas into the reservoir and compressor stations for underground gas storage
facilities [1]. The GCS considered in the work belongs to the Privodinsky linear production
directorate of main gas pipelines.

At gas compressor stations there are gas purification units, compressor shops, air cooling units,
liquid collection units, condensate collection tanks and other units, each of which has its own specific
impact on the environment [2]. In the gas transport system, it is GCS that are the main objects that have
a negative impact on all of the Earth’s geospheres (lithosphere, atmosphere, hydrosphere), as well
as on their subspaces (lithobiosphere, hydrobiosphere and tropobiosphere) that make up the biosphere.
In turn, a comparison of the environmental impact of processing, transportation and production
of natural gas shows that gas transport makes the greatest contribution to their negative impact [3, 4].
For example, in 2019, the volume of pollutant emissions during gas transportation in our country
amounted to 1,67 million tons, while from gas production and processing ~0,13 million tons each.
Water disposal into water bodies was 5,5 million m3, 1,3 million m’® and 0,2 million m3, respectively,
and the dynamics of waste generation was 142 thousand tons, 40 thousand tons and 22 thousand
tons [5]. Thus, in matters of the negative impact of the Russian gas industry on the environment, gas
compressor stations are given a special place.

The purpose of the work is to analyze the impact of a specific gas compressor station
on atmospheric air, hydrosphere and lithosphere objects with calculation of the impact level
in volume (mass) and monetary terms and determination of waste generated at the station.

© Saint-Petersburg university of State fire service of EMERCOM of Russia, 2023
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When performing the work, regulatory documents and methodological materials
were used [6—11], as well as data obtained in the divisions of the enterprise, including:

— draft standards for maximum permissible emissions of pollutants;

— protocols for studying emissions from the CS chemical laboratory;

— data on the number of operating hours of the enterprise’s regulatory legal acts (information
provided by the enterprise’s dispatch service);

— data on the amount of natural gas used for its own technological needs (information
provided by the dispatch service of the enterprise);

— data on the amount of natural gas losses during work on the linear part of the main gas
pipeline (information provided by the dispatch service of the enterprise);

— average density of natural gas for the period (chemical laboratory data).

Research results and their analysis

1. Determination of the level of impact of GCS on atmospheric air x

When analyzing sources of emissions of pollutants into the atmosphere sources
of continuous, periodic and salvo action.

Sources of continuous action include gas pumping units, sealing systems for the centrifugal
supercharger of a gas pumping unit (GPU), equipment leaks, batteries, sewage treatment facilities
and gas heaters (in the fuel pulse gas preparation unit).

Periodic sources include welding stations, open parking lots, fire stations, chemical
laboratories, emissions during the application of paints and varnishes, emissions of combustion
products during test starts of emergency diesel and gas power plants.

Sources of burst emissions include a gas distribution station (carrying out purging
and bleeding of natural gas), mobile automobile gas-filling compressor stations, dust collectors,
adsorbers, condensate collectors, separators, freezers, heaters, and collectors.

The listed sources emit 42 types of pollutants of all hazard classes into the atmosphere,
which can form 15 groups of total harmful effects.

The greatest contribution to atmospheric air pollution is made by methane emissions.

A calculation was made of exhaust gases (natural gas) from the GCS GPU for the first
quarter of 2021, which is presented in table 1. The calculation took into account 39 gas pumping
units installed in seven workshops.

Table 1
Calculation of gross exhaust gas emissions from GCS gas pumping units
for the first quarter of 2021
Natural gas (methane) Formula Total (t/quarter)

Gross emissions from one source By =Cy*xV . xt 481,7
Note: B, — gross emissions (tonnes/quarter); C,, — average methane concentration in dry combustion products
(mg/m’); ¥, — volume of exhaust gas emissions from one source (Nm®/sec); f — time (sec)

A fee was also calculated for the negative impact of natural gas (methane) emissions from
equipment operation (GPU operation) for the first quarter of 2021. The total amount
was RUB 56,184,672.

The following initial data were used in the calculation:

1. Established emissions (t) — 1 548,32.

2. Actual emission (t)— 481,693.

3. Payment rate (RUB/t)) — 108.

4. Coefficient to the rate of payment for emissions within the limits of Permissible emission
standards (NDV TN) (Ky,) — 1.

5. Coefficient to the emission fee rate within the limits of the RV (Ky,) — 25.

6. Coefficient to the rate of payment for emissions in excess of the RV, NDV TN (K/Ky) — 100.
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7. Additional coefficient (K,,) — 1.

8. Correction factor (Kiyy).

2. Determining the level of impact on water bodies

Analysis of the impact of the gas compressor station on hydrosphere objects showed that
the compressor station discharges wastewater through three outlets:

—river Siverukha (wastewater discharge into the Siverukha river);

—unnamed swamp (discharge of wastewater, including drainage, onto agricultural irrigation
fields);

— river Siverukha (discharge of drainage water after the dewatering system).

The Siverukha River is the right tributary of the river. Udima (basin of the Malaya Northern
Dvina river). The water regime of the river is typical for the rivers of the North of the European
territory of Russia; it is fed by snow and rain. The length of the river is about 7 km. The width
of the coastal protective strip is equal to the width of the water protection zone and is 50 m.
The river valley has an unclearly defined shape. The surrounding area is predominantly occupied
by mixed forest, the river bed is slightly winding. The Siverukha river has some flow;
in the off-season periods (summer and winter) periods of drying out and freezing are possible.
The river belongs to water bodies of fishery importance of the second category.

The unnamed swamp belongs to a group of wetlands with an area of up to 1,000 m?.
The main water supply is precipitation. Mixed forest grows in the surrounding area. The dimensions
of the water protection zone have not been established. The water body belongs to objects of fishery
importance of the second category.

The work carried out a calculation of the actual discharge of pollutants into the water body
of the river Siverukha (issue Ne 3), which is presented in table 2.

The following initial data were used for the calculation:

— volume of waste and (or) drainage water discharge (certificate from the technical water
supply service — TVS);

— wastewater research protocols (chemical laboratory data).

Table 2

Calculation of actual discharge of pollutants into the water body
of the river Siverukha — issue Ne 3

Yearly reset
Name of pollutants ke :
Suspended solids 40,3 0,04
Biological oxygen demand
(BOD) total 33,9 0,03
Petroleum products 0,4 0,0004

The calculation of the fee for the discharge of pollutants into the river Siverukha was also
carried out, the results of which are presented in table 3.

Table 3

The results of calculating fees for the discharge of pollutants into the river Siverukha in 2021

Name of pollutants Fee amount (RUB/year)
Petroleum products 8,8
Suspended solids 42,5
BOD, total 8,9

In addition, the calculation of the efficiency of the settling tank (fig.) at outlet Ne 3 was carried
out. The minimum, maximum and average values of the cleaning efficiency are presented in table 4.
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The following data were used in the calculation:

— volume of waste and (or) drainage water discharge (certificate from TVS service);

— wastewater research protocols (chemical laboratory data by the concentration of impurities
in the water at the entrance to the settling tank and at the exit from it).

Table 4
Efficiency of the settling tank at outlet Ne 3
Name of pollutants E min, % E max, % E cp., %
Suspended solids 0 51,6 30,3
Petroleum products 0 44,7 29,3
BOD 0 62,5 31,8
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Fig. Sump plan

According to the results of the data in table 4 we can conclude that the operation of this
structure, intended for settling wastewater from the outlet, is unsatisfactory Ne 3.

3. Inventory of production waste

On the territory of the GKS there are places for the collection and temporary accumulation
of waste (containers, boxes, tanks and separate storage facilities, sites).

As a result of production activities, 101 types of waste are generated, which are divided into
hazard classes as follows:

— st hazard class (2 types of waste);

— 2 hazard classes (3 types of waste);

— 3 hazard classes (21 types of waste);

— 4 hazard classes (47 types of waste);

— 5 hazard classes (28 types of waste).

All waste generated as a result of the production activities of the State fire service, an object
of negative impact on the environment of the second category, is subject to transfer to specialized
organizations under contracts that have appropriate licenses to carry out activities for the collection,
transportation, accumulation, processing, disposal, neutralization and disposal of waste 1-4 hazard
classes.
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The compressor station has a complex for thermal waste disposal IN-50.1M, which carries
out waste treatment (hazard class 4-5) generated as a result of production activities of enterprise
facilities.

The following types of waste are subject to neutralization at IN-50.1M:

— cleaning material contaminated with oil or petroleum products (oil or petroleum product
content less than 15 %);

— work wear made from natural synthetic, artificial and wool fibers, contaminated with
petroleum products (petroleum product content less than 15 %);

— sawdust and wood shavings contaminated with oil or petroleum products (oil or petroleum
product content less than 15 %).

Conclusion

A comparison of the given data (by geosphere) indicates that this GCS has the greatest
negative impact on the atmosphere. Impact analysis on hydrosphere objects must be continued
in order to assess the impact of water outlets NeNe 1 and 2. It is also planned to develop measures
to reduce the negative impact of the gas compressor station on all geospheres.
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Abstract. The problem of a high level of injuries at work in Russia has been identified, despite
regularly taken measures, in connection with which an action has been proposed — conducting behavioral
safety audits in production, and specifically in an energy organization.

The article analyzes the results of a behavioral safety audit conducted at an energy enterprise
for three quarters of 2022. To analyze the results obtained, quantitative indicators are calculated: the index
of dangerous situations and the Elmery index, which allow one to judge the effectiveness of the behavioral
safety audit. When it is carried out regularly, a decrease in the index of dangerous situations and an increase
in the Elmery index are noted, which indicates a decrease in the performance of dangerous actions
by workers and an increase in the number of safe actions and conditions.
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Introduction

An occupational disease or any adverse event in the field of labor protection at work
is inevitable; there are always a number of reasons that lead to in sad statistics. That is why
it is necessary to identify effective measures on the prevention and prevention of the consequences
of accidents in the workplace.

Despite regularly taken measures to prevent injuries, accidents continue to occur in Russia,
including accidents with severe consequences [1].

In the overwhelming majority, the cause of accidents at work is the human factor, incorrect
performance of certain works, and neglect of labor safety rules [2]. This shows the relevance of this
study.

In a general sense, security, in its broadest meaning, has the greatest impact on the proper
functioning of an enterprise. Security in a manufacturing plant is a complex process and depends
on many systems.

It is the person, his knowledge and skills, his thinking that are the main factor in the functioning
of any organization. This understanding of human function can be defined as occupational safety
culture [3-4].

Some of the first prerequisites for the formation of this concept appeared in the field
of nuclear energy after the largest man-made disaster at the Chernobyl nuclear power plant.

Currently in Russia, since 2016, there has been a definition of the term «safety culture», set
out in the INSAG-4 document: Safety culture is a set of characteristics and features of the activities
of organizations and the behavior of individuals, which establishes that NPP safety problems,
as having the highest priority is given attention determined by their significance [5].

The level of safety culture is inextricably linked with the level of industrial injuries.
The transition to a risk-based approach became the starting point for changing the performance
indicators of the Occupational Safety and Health Management System (OSMS). And more
and more often you can see that the level of safety culture is becoming a leading indicator

© Saint-Petersburg university of State fire service of EMERCOM of Russia, 2023
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of the effectiveness of the OHSMS. Research has shown that cultural mechanisms play a significant
role in the occurrence of large-scale industrial disasters and are associated with accident rates
and the number of occupational diseases as in enterprises and throughout society [6—8].

The purpose of this work is to analyze the conduct of a behavioral safety audit (BAS)
at an energy enterprise for the third quarter of 2022 using the Hazard Situation Index (HSI)
and the Elmery index (IE).

To achieve this goal, it is necessary to calculate quantitative index indicators to determine
the effectiveness of PAB implementation.

Research methods

The PAB method was chosen because it allows you to identify strengths and weaknesses
in the occupational safety management system, immediately act on a dangerous situation.
This method is not of a disciplinary nature; its goal is to prevent occupational injuries by talking
with workers and explaining to them certain norms and rules. IOS and IE were used to quantify
the impact of the PAB over a certain period.

PSA allows you to identify potential hazards in workplaces that were previously were not
taken into account, it also allows us to determine the real opinion of workers about the state of labor
protection at work [9].

To analyze the implementation of the PAB, an energy organization providing electricity
transmission services was selected. The average number of personnel of the organization
is 169 people. On average, one structural unit employs 20 people. As the object of the study, two
operational mobile teams for servicing distribution networks were selected, each of which consists
of two people: an electrician on duty and an electrician with a combination driver. Each
of the teams works at different sites, but with the same content and conditions of work.

The process of conducting a PAB consists of the following stages: preparation, observation,
conversation with the employee, drawing up a report, taking corrective measures and control.
The results of the PAB are recorded in the PAB cards.

Based on the results of the PSA, IOS and IE were identified based on the identified
dangerous actions and conditions.

I0S is an indicator for analyzing the results of PAB [10].

10S and IE are calculated using formulas (1-3).

1. Index of dangerous situations:

number of hazardous actions + number of hazardous conditions

I0S =

number of employees (1)

When calculating 10S, the ratio of the total number of dangerous actions is determined
and conditions for the number of employees for whom the audit was carried out. That is, when
calculating the 10S, the number of dangerous actions and conditions per employee is obtained.
Accordingly, a decrease in this index over the billing period indicates about the positive dynamics
of employee behavior (the number of workers who neglect correct behavior in the workplace
is decreasing), or about changes in working conditions (a decrease in hazardous conditions
in the workplace). When the 10S increases, the opposite is true.

IOS reflects the dynamics of the number of dangerous situations and is an indicator
of the need to take timely corrective measures [10].

2. Elmery index:

"good" points

IE = (2)

"good" points + "bad" points’

To evaluate PAB, it is advisable to use the following notations:
— «good» items — the number of safe actions;
— «bad» items — the number of dangerous actions.
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Taking into account the proposed changes, the formula for calculating IE will have
the following form:

U3 = number of safe actions (3)
number of safe actions + number of dangerous actions

Research results and their analysis

The PAB took place on the monthly Occupational Safety and Health Day for the third
quarter of 2022 from January to September. In total, nine PABs were conducted for each
of the teams during the third quarter.

The main factors that were assessed during PAB [11]:

1. Employee reaction.

2. Overalls.

3. Equipment and tools.

4. Rules and instructions.

5. Compliance with industrial sanitation and order standards.

Data on identified dangerous and safe actions, hazardous conditions and the number
of employees by factors are presented in table 1.

Table 1
Data on identified actions and conditions
Number of observed Number Number Number
Quarter | Ne brigade employees of dangerous of hazardous .
. . . .. of safe actions
1 brigade 2 brigade actions conditions
1 1 32 23 56
2 40 25 72
) 1 26 19 73
2 ) ) 32 20 86
3 1 21 15 80
2 26 17 104
1 79 57 209
TOTAL 2 08 62 262

According to the results of the PSA for three quarters of 2022, the first brigade had the most
dangerous actions associated with special clothing: 36 out of 79 dangerous actions, which
is 45,57 % (improper use of PPE, lack of checking PPE before use, finding PPE in poor condition,
improper storage of PPE).

Employee reaction — 5 dangerous actions; equipment and tools — 26; rules and instructions — 7,
compliance with industrial sanitation and order standards — 5.

For the second team: worker reaction — 9; workwear — 33; equipment and tools — 35; rules
and instructions — 11; compliance with industrial sanitation and order standards — 10.

Calculations of the index of dangerous situations and the Elmery index for the first
and second teams are presented in table 2.
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Table 2
10S and IE calculations
. Number of observed employees
Quarter Ne brigade ISO IE
1 brigade 2 brigade
{ 1 27,5 0,64
2 32,5 0,64
1 22,5 0,74
2 2 2 2 26 0,73
3 1 18 0,79
2 21,5 0,8

When analyzing the results of calculating IOS and IE, a decrease in IOS is noted
for the first, and the second brigade, which indicates the positive dynamics of the PAB (fig. 1).
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Fig. 1. 10S changes

The reduction in this indicator occurs due to corrective measures taken both in the process
of conducting a behavioral safety audit and subsequently.

The main measures that were taken:

— conducting explanatory conversations during the PSA, indicating dangerous actions
and conditions and the consequences to which they may lead,

— work stoppage due to faulty equipment / due to incorrect use of PPE;

— submitting applications for personal protective equipment;

— instructions to the necessary services and departments to supply teams with serviceable
equipment and personal protective equipment;

— encouraging workers who perform safe actions;

— installation of safety signs at workplaces;

— practical lessons in the use of PPE.

Due to corrective actions, the number of hazardous conditions and activities has decreased.

In fig. 2 shows a graph of changes in the Elmery index. The graph also shows
the positive dynamics of changes in IE, which shows the correction of undesirable dangerous
behavior of workers and the effectiveness of the measures taken.
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The calculated indices make it possible to identify the strengths and weaknesses
of the OSMS within the framework of an internal behavioral safety audit, to identify hazardous
working conditions, to determine the likelihood of the risk of injury and to find out its possible
consequences, and most importantly, to improve the safety culture among the personnel
by conducting a safety and security policy.

During the PSA process, when dangerous actions of workers were identified, explanatory
conversations were held indicating violations and ways to eliminate them.

Conclusion

The study allowed us to draw the following conclusions:

1. The identified positive dynamics of IOS and IE indicate that conducting PSA should
be a regular tool in the field of labor protection.

2. The «<Employee Reaction» factor ranks fewer dangerous actions, which can be argued
by the fact that over time workers have adapted to the auditor, and this ceased to cause fear.

3. The change in quantitative indicators (IOS and IE) is linear, that is, with an increase
in the frequency of PSA per month, it is possible to reduce dangerous conditions and actions
and increase safe ones.

4. PSA is an effective measure of influencing the behavior of workers in the process
of performing labor functions for the better, which in the long term can significantly reduce
the number and severity of accidents.
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data from supervisory authorities and data from statistical information resources. An analysis of published
studies on the problem of injuries in construction was carried out, and measures were considered in the field
of reducing industrial injuries at construction sites. The main legal act regulating the performance of work
at height has been analyzed, in which some shortcomings have been identified that mainly affect the safety
of work at height. Recommendations are proposed for making additions in the field of performing work
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Introduction

All over the world, the construction industry is equated to the most dangerous sector
of the economy, since, despite the improvement in the technical level of production and working
conditions, the number of accidents in the industry increases every year.

Many domestic and foreign works have been devoted to the study of injuries
in the construction industry. The authors analyze the main causes of injuries and ways to reduce
it. Some of them note that injuries in the construction industry are associated with insufficient
control of labor protection (OHS) at work by regulatory authorities [1-2], others - that the main
cause of injuries is the human factor and irresponsible behavior [3], however, most authors come
to the conclusion about the impact of a combination of factors on the occurrence of NS [4-5].
The authors highlight training and preventive measures based on studying the causes of industrial
injuries in construction, in particular the causes of falls, as the main proposals in the field
of reducing injuries in the construction industry from above [6], developing various methods
for predicting accidents, including a matrix-index approach to calculations [7-8], and also
considering options for introducing the concept of «zero injuries» (Vision Zero) [9]. The concept
of zero injuries is one of the innovative high-quality methods for reducing industrial injuries;
the authors are convinced that the implementation of this concept in production in Russia will
prevent the occurrence of accidents and achieve a high level of organization to ensure occupational
safety and health of workers in various industries [9].

The purpose of the study was to study the causes of industrial injuries in construction related
to work at height, based on their analysis and systematization and identification of patterns
in the increase in injuries with the growth of high-rise construction in Russia.

© Saint-Petersburg university of State fire service of EMERCOM of Russia, 2023
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Research methods

During the study, methods of statistical analysis, methods of mathematical calculations,
and a graphical method of providing information were used.

To analyze injuries in the construction industry, statistics from Rosstat, Rostrud,
the National association of builders (NOSTROY), the Unified Interdepartmental Information
and statistical system (EMISS), the Unified resource of developers (ERZ), as well as reports from
the Ministry of health were used.

The results of the analysis are presented in the form of tables and figures, which allows you
to clearly assess the current situation with injuries and its trend.

Research results and their analysis

The construction industry in Russia is developing dynamically, the volume of work in 2021 will
compared to 2020, increased by 14 % and will continue to increase. The increase in the volume
of work will be associated with the strategic goals described in the industry development strategy
for 2030 (fig. 1) [10].
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Fig. 1. Dynamics of the volume of construction work, billion rubles

The average annual number of people employed in construction is also increasing; according
to EMISS data for 2021, this figure increased by 5 % compared to 2020 (fig. 2) [11]. However,
according to experts, to complete the volume of work planned in accordance with national
development projects, there is a shortage of qualified personnel in the construction industry.
To achieve the set goals, in accordance with the development strategy, the number of employees
should be increased to 11.3 million people (by 73 % compared to the current year, that is, almost
twice). Within this goal, there are certain risks associated with such a large number of people. These
risks are associated with a lack of qualified personnel; the lack of qualifications of new workers can
lead to an even greater increase in injuries.
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Fig. 2. Average annual number of employees in the construction industry, thousand people

67



Life safety

In table 1 shows the dynamics of fatal injuries in the construction industry. As can be seen
over the past year, the number of fatalities at work has increased by 14 %, and the number
of fatalities in the construction industry has also increased by 1 % (fig. 3).

Table 1
Dynamics of the number of fatal accidents in construction
. Deviation
Indicators 2016 2017 2018 2019 2020 2021 (2021 to 2020), %
Total number
2072 1722 1698 1613 1175 1350 +14

of workplace fatalities

Number of victims
fatalities as a result

. . 414 413 363 374 334 339 +1
of registered accidents
in construction
Share, % 20 24 21 23 28 25 -11

At the same time, there is an increase in the share of fatal accidents in construction
in the total number of fatal accidents at work in the country, which suggests that the construction
industry remains the most dangerous sector of the economy.
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Fig. 3. Dynamics of fatalities at work, in particular in the construction industry

The main type of severe UA and fatal cases is a fall from high. This type of NS accounts
for 33,4 % of all NS in 2021, compared to 31,6 % in 2020 [12].

In 90 % of cases, a fall from a height ends in death. Wherein in most cases, deaths result
from falls from a height of the 5th floor — 16 % and above the 10th floor — 19 % [13].

According to the ERZ, the share of high-rise construction in the total volume of housing
construction increases annually and in 2021 amounts to 26 % [14]. The statistics include buildings
with a height of 25 floors or more. The average number of floors of buildings is the highest
in Moscow and is 27,1 floors. In second place in Russia in terms of average number of floors
are the Sverdlovsk region (22,5 floors), as well as the Republic of Bashkortostan (20,8 floors),
Novosibirsk region (20,2) and Lipetsk region. (19,6).

Based on the above statistics of cities on the share of high-rise construction, it is proposed
to consider the dynamics of fatal occupational injuries in construction in these cities (table 2).
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Table 2

Dynamics of fatal industrial injuries in cities with a high share of high-rise construction

Indicators 2018 | 2019 | 2020 | 2021 (20(2}?30?8: 0 gsrgi‘;tlic%
Number of victims fatalities
as a result of registered accidents 363 374 334 339 101 100
in construction
Moscow 110 71 73 88 120 26
Moscow region 12 17 12 5 0,04 1
Saint Petersburg 4 18 21 15 0,7 4
Krasnodar region 6 9 4 2 0,5 1
Ufa (Republic of Bashkortostan) 3 14 6 4 0,66 1
Ekaterinburg (Sverdlovsk region) 1 8 6 2 0,33 1
Novosibirsk region 4 3 2 3 1,5 1
Krasnoyarsk region 6 3 4 0 0 0

On the base of the table 2 we can conclude that the growth of NS is observed only
in Moscow and the Novosibirsk region, in other cities and regions NS tend to decrease.
The largest decrease is shown in the Moscow region — reduction by 96 % (by seven NS), it is also
necessary to note the decrease in this indicator in St. Petersburg by 30 % (in absolute value six NS).

If we consider the dynamics of emergency situations in the context of cities leading in terms
of construction volume, it should be noted that the share of fatalities in construction in Moscow
is equal to 26 % of the total number of cases in these cities, and since 2019 there has been
an increase in fatalities [12]. In 2021, the increase in the number of NS here was 20 % (in absolute
terms — 11 NS). There are no such statistics in any of the cities or regions presented.

Thus, one can see the relationship between the increase in high-rise construction
and the number of deaths in Moscow. It can be assumed that in order to speed up the delivery
of objects, construction enterprises and employees neglect safety precautions when performing
high-rise construction work.

The NOSTROY Association collects statistical data on accidents in construction; this
organization not only summarizes data on industrial injuries in construction, but also maintains
statistics on the main causes of accidents.

The main causes of injuries, according to NOSTROY in 2021, are:

1. Violation of safety rules when working at height (failure to use safety systems,
insufficient control over the preparation of the workplace, etc.).

2. Violation of safety rules in construction (failure to conduct a medical examination,
operation of faulty equipment, failure to use protective equipment).

3. Simultaneous violation of the requirements of several regulations governing relations
in the field of occupational safety.

When falling from a height, half of the accidents occur due to violation of the rules when
working at height, NOSTROY notes the following main causes of falls in construction:

—working on one rope (loss of control over the descender, lack of a knot at the end
of the rope, unfastening of the descender when flying into an unsupported space);

— lack of insurance (fall due to lack of insurance, incorrect insurance;

— destruction of anchor lines (deformation of anchor points, breakage of working and safety
rope) [15].

It is important to note that from January 1, 2021, changes were made to the regulatory
requirements for labor protection when working at height, approved by Order Ne 782n dated
November 16, 2020 «On approval of the Rules for labor protection when working at height».

In accordance with the updated order, it was allowed to carry out work at heights with wind
speeds of more than 15 m/s, thunderstorms, fog and with large sail structures, subject
to the indication in clause 3 of the approval order of measures that reduce the impact of adverse
factors to the minimum acceptable risk [15]. Previously there was a direct ban. At the same time,
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the rules do not define the minimum acceptable risk or the methodology for calculating
it, or the standard level. It is not noted how much the prescribed measures can reduce the impact
of these adverse factors, if they will not help completely eliminate the risk of their exposure. Thus,
we can conclude that employers may make mistakes when determining the risk of falling from
a height, thereby allowing the occurrence of accidents.

In accordance with the new requirements in the updated safety regulations, responsible
persons must conduct a specialized calculation of the parameters of the anchor line before starting
the relevant work. This innovation should reduce the number of emergency situations arising from
the destruction of anchor lines [16].

However, when studying this order, it was revealed that it does not indicate how this
calculation should be carried out and there is no data on the choice of parameters of anchor lines.

Thus, it can be assumed that the increase in fatal accidents in Moscow is associated not only
with the fast pace of work and neglect of safety precautions, but also with the identified
contradictions in the new rules.

Thus, we can summarize that reducing injuries in construction during work at height
is possible by finalizing legislative acts in the field of regulation of these works, namely
by introducing a method of specialized load calculation on the anchor device, the minimum
permissible risk (or standard risk value).

Conclusion

Comparing the results obtained with the results of research by other authors, it is confirmed
that the construction industry is by far the most dangerous. Injuries in construction are not
decreasing. This is explained by the high growth rates of construction volumes and the increase
in people employed in construction. Leading city

In terms of construction volume, Moscow is currently the largest city. The share of high-rise
construction throughout the country and in this city is increasing. The largest number
of NS fatalities also occur in Moscow — almost half of all fatal accidents. In addition, since 2019
in Moscow there has been an increase in fatal accidents. Thus, the relationship between the increase
in high-rise construction and the number of public buildings is obvious. Since, according to Rosstat
and NOSTROY, the main type of accident for three years has been falling from a height, the main
reasons for which are violations of safety regulations, it can be assumed that with the high pace
of city development, safety precautions when working at height are neglected. The increase in fatal
emergency situations in Moscow is associated not only with the rapid pace of work and neglect
of safety precautions, as well as identified contradictions in the new occupational safety rules.
To reduce industrial injuries in the construction industry, it was proposed to amend the rules
for working at height and introducing a specialized calculation of the load on the anchor device,
as well as standard values of the minimum acceptable risk and methods for calculating
the minimum acceptable risk.
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Abstract. The ways in which microplastics enter the environment are considered, in particular,
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of the Gulf of Finland and Lake Ladoga. The characteristics of microplastic particles, their use in industry
and their threatening effect on the human body through the food chain are presented. Using the methodology
for studying bottom sediment samples, an analysis of the content of microplastic particles in the bottom
sediments of Lake Ladoga was carried out. Samples of bottom sediments were studied, and as a result
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an IR spectrometer. Methods have been proposed to combat the spread of microplastics in the environment.
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With the development of industry, plastic came into our lives as the cheapest, wear-resistant,
durable and lightweight material, in comparison with others (glass, metal and so on.). A huge part
of the production in our country and in the world as a whole is produced made of plastic,
it has already become part of daily use. But how many resources are spent for plastic production?
How much for its further destruction or decomposition? Most plastic products are not recycled, but
are sent to municipal solid waste landfills or unauthorized dumps. One of the places where plastics
accumulate is the world's oceans. Tons of plastic trash drifting in the waters of the world's oceans,
having a negative impact on marine life, and then and per person. Over the past few years,
scientists, public figures and politicians sounded the alarm and began to take action to clean up sea
waters from garbage. Cleaning up large debris does have a positive impact, as some animals have
died from becoming entangled in packaging or were disfigured.

But it turned out that cleaning a water body from large debris is not enough, because when
it decomposes, plastic breaks down into micro- and nano-plastic. Microplastics arrive into water
bodies not only from garbage, but also from industrial wastewater, as well as domestic wastewater.
Many cosmetics manufacturers add microplastic particles to their cosmetics: glitter, abrasive
particles in scrubs, toothpastes etc. In the environment, plastic microbeads first appeared in personal
care products about fifty years ago, and plastic is increasingly replacing natural ingredients,
according to the UN Program. Back in 2012, this problem was relatively unknown because there
were many products on the market containing plastic microbeads and consumers knew little about
it. Also, microplastic particles end up in wastewater when washing products that contain synthetic
fibers. Thus, pollution by plastic particles poses a threat to all living organisms, including humans,
and the environment as a whole.

Accumulating under the influence of biota, microplastics cause multiple environmental
consequences.

But while everyone was preoccupied with the waters of the world's oceans, no one thought
of continental waters, but traces of plastic decay were also found in them.

© Saint-Petersburg university of State fire service of EMERCOM of Russia, 2023
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And here the question became more acute, because continental waters are sources of fresh
water that we consume daily. Thus, in Russia, the following water bodies were studied
by the Institute of lake science (INOS RAS): the Gulf of Finland (near Saint-Petersburg) and lake
Ladoga. Microplastic particles were found in both objects.

The relevance of the problem under consideration is confirmed by the following factor:
a new type of environmental pollution, microplastics, poses a threat to the ecological state of water
bodies and can affect the human body as at the local and global levels. Due to the fact that
competent environmental organizations have dealt with the problem of the spread of microplastics
relatively recently, at the moment there are no clear methods for identifying and analyzing this type
of particles in natural objects [1-4].

The purpose of the work is to study the effect of microplastics on humans.

Plastics are artificially synthesized molecular compounds. They are formed from structural
repeating units — monomers, which are then linked into long chains — polymers. In turn, it can
be divided into primary and secondary plastic. The main problem with microplastics is their small
size, from 1 micron to 5 mm. And if particles from 1 to 5 mm can be seen, then a smaller size can
only be detected under a microscope (fig. 1, 2), so the spread of microplastics in the biosphere
occurs completely unnoticed by humans. Microplastic has a large number of shapes and types, these
can be sticks of various colors, most often blue and red, shreds, long threads, granules, etc. [5].

Fig. 1. Blue fibrous microplastic particle in a sample of bottom sediments of lake Ladoga 2022
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Fig. 2. Blue fibrous microplastic particle in a sample of bottom sediments of lake Ladoga 2022
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Primary microplastics are particles (microgranules) with certain parameters that
are produced to be added to various products. They are widely used in the production of cosmetics,
for example, cosmetics with added glitter or toothpastes with abrasive particles used for teeth
whitening and household chemicals, in washing powders for better stain removal, in industry they
can be used as abrasives used to clean dirty surfaces buildings or technical means, for example,
ships, microgranules are also actively used in 3D printers [1, 4].

Recycled microplastics are formed by the breakdown of large pieces of plastic waste such
as plastic bags, disposable plastic tableware, bottled containers and other types of waste into
microscopic particles under the influence of a combination of physical, chemical and biological
processes in the environment [1]. Another example of secondary microplastics is dust generated by
the friction of car tires about the road surface, this type of pollution spreads both in the atmospheric
air and enters the storm sewer, and then into the city’s wastewater [6].

Microplastics can enter the human body through the respiratory system, that is, the person will
be in an area with polluted atmospheric air, for example, near from the highway and/or through
the gastrointestinal tract. Particles may also settle on the skin, and subsequently are inhaled by a person
or cause microtrauma to the skin due to mechanical impact. Microplastics can enter the human stomach
when eaten. But where does it come from? Everything starts again with the polluted waters
of the world's oceans/continental waters, and the next food chain is formed (fig. 3).

microplastic

plankton

small fish

big fish

human

Fig. 3. Food chain in the aquatic environment

Plankton is the basis of the marine food chain; therefore, it is consumed by all marine life,
which is then consumed by humans.

In addition, microplastics were found in drinking water, tea bags, coffee and shellfish.

The main danger of microplastic is that it is an excellent adsorbent, which allows
it to accumulate various harmful and toxic substances inside itself. When contaminated plastic particles
enter the digestive system of any living organism, toxic substances are released and cause harm
to health, and the particles also cause mechanical damage because they are hard abrasive objects.

To summarize, we can say that microplastics are a new global problem for humanity.
At the moment, there are no methods for extracting plastic particles from the environment that harm
living organisms without suspecting about this because microplastic is an invisible enemy. You can
protect yourself by limiting the appearance of microplastic particles, for example, by refusing
disposable tableware. Many companies produce stylish reusable thermal mugs and bottles; you can
come to a coffee shop with them and ask them to prepare your favorite drink in your mug. You
must avoid materials with the addition of polymer particles, use reusable bags instead of bags, give
preference to clothes made from natural materials, and sort garbage.
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