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Pa3pa6oTka MeponpusiTHii 110 MOBBIIIEHUI) YPOBHS 0€30IaCHOCTH TPYy/JAa NMPH SKCIUTyaTAIIUH
pe3epByapoB B BeCEHHUI Mepuoj

A. B. ®epocos '™, H. X. A6apaxmanos'=, O. C. /IbsgsueHKo
Y dumckuii rocyjapcTBeHHBIH He(TSIHOW TeXHHYecKHi yHuBepcuter (T. Y da, Poccuiickas deneparust)

Beeoenue. B pabore paccMoTpeHa mpoOiemMa 00pa30oBaHHs HAJIEAW HA KOJIBIE OPOIICHHS BEPTHKAIBHBIX CTATBHBIX
pesepByapoB (BCP) B BeceHHHIT eproa, yrpoxkaromas 0e30IacHOCTH MEpCOHAIA TIPH BBIIIOJTHEHUH TEXHOJIOTHYSCKUX
omeparuii. O603HaYeHa HEOOXOAMMOCTH BHEAPEHUS CPEICTB 3aIIMUTHl OT HAJIEAH, KOTOPHIC ITO3BOJAT OCBOOOIUTH
TOBAPHBIX ONIEPATOPOB OT BBHIMOIHEHHS paOOTHI HOBBIIIEHHOH OMACHOCTH MO OYHCTKE JIbJA C CyXOTPYOOB.
Ilocmanoska 3a0auu. 3anadeii ucciaeoBaHus SIBISETCS 00OCHOBaHUE MTPUMEHEHHSI BO3MOXKHBIX CIIOCOOOB OOPHOBI €
00JIeJlEeHCHUEM Ha KOJIbIIE OPOIICHUS Pe3ePBYyapoB.

Teopemuueckasn uwacmsp. B KkadecTBe OCHOBHOW WH(OPMAIMM NpPUBEICHBI COBPEMEHHBIE METOABI OOpBLOBI C
o0JeieHeHnEeM, HCII0JIb3YEeMbIE B OTPACIISIX MAIIMHOCTPOCHUS, HE()TSIHOM NPOMBINIJICHHOCTH H B CTPOUTEJIBCTBE.
Buisoowt. TlpenioxeHbl BapuaHThI UCTIOIB30BAHUS CPEICTB Uit OOpBOBI C Halleblo, Oylaroapsi KOTOPhIM MOBBICUTCS
o0muii ypoBeHb 6€30T1aCHOCTH B PE3EPBYapHOM IapKe.

Kniouegvle cnoea: oxpaHa Tpyna, pe3epByap, CHCTeMa OpOIICHHMS, OOJieIcHeHHE, TPEIomi  Kabelb,
MIPOTUBOOOJIEICHUTEIBHBIE XKUAKOCTH.

Jlna yumuposanusa: denocos, A. B. PazpaboTka MeponpuaThii O MOBBIICHHIO YPOBHS 0O€30MacHOCTH Tpyna IpH
JKCIUTyaTalid pe3epByapoB B Becenuuit mnepuon / A. B. ®@emocos, H. X. A6apaxmanos, O. C. [Ipsiuerko [/
be30macHOCTh TEXHOTEHHBIX U MPUPOIHBIX cucTeM. — 2022. — Ne 2. — C.4-8. https://doi.org/10.23947/2541-9129-
2022-2-4-8

Original article
Development of Measures to Improve Occupational Safety during Operation of Reservoirs
in Spring

A. V. Fedosov'™, N. Kh. Abdrakhmanov'®, O. S. Dyachenko
Ufa State Petroleum Technological University (Ufa, Russian Federation)

Introduction. The paper considers the problem of ice formation on the spray ring of vertical steel tanks (VST) in spring,
which threatens the safety of operating personnel when carrying out technological operations. The necessity of
introduction of means of protection against ice is emphasized, which will make it possible to release commercial
operators from performance of high risk operations of ice clearing from dry pipelines.

Problem Statement. The task of the research is to substantiate the use of possible ways of icing control on the tank
spray ring.

Theoretical Part. As the basic information, the modern methods of de-icing used in mechanical engineering, oil
industry and construction are presented.

Conclusions. As a result, the work proposes options for the use of means to fight against icing, through which the
overall level of safety in the tank farm will increase.

Keywords: occupational safety, tank, spray system, icing, heating cable, anti-icing liquids.

https://btps.elpub.ru 4



https://doi.org/10.23947/2541-9129-2022-2-4-8
https://doi.org/10.23947/2541-9129-2022-2-4-8
https://doi.org/10.23947/2541-9129-2022-2-4-8
https://crossmark.crossref.org/dialog/?doi=https://doi.org/10.23947/2541-9129-2022-2-4-8&domain=pdf&date_stamp=2022-05-31
https://orcid.org/0000-0002-7853-1800
https://orcid.org/0000-0002-3184-1975
https://orcid.org/0000-0003-3193-9144
https://orcid.org/0000-0002-7853-1800
https://orcid.org/0000-0002-3184-1975
https://orcid.org/0000-0003-3193-9144

bBeszonacnocms mexnozennvix u npupoonvix cucmem 2022. Ne 2. C. 4—8. ISSN 2541-9129

For citation: Fedosov A. V., Abdrakhmanov N. Kh., Dyachenko O. S. Development of Measures to Improve
Occupational Safety during Operation of Reservoirs in Spring. Safety of Technogenic and Natural Systems. 2022;2:
4-8. https://doi.org/10.23947/2541-9129-2022-2-4-8

Beenenne. [IpoGmema oGieneHeHNsI 000PYAOBAaHHUS M COOPYXCHHH OCTPO CTOHUT II€pel MPOMBIIIICHHBIMA
OTpacisiMH, TIOTOMY YTO OHA HANpSAMYIO BIMSIECT Ha MX IOJTOBEYHOCTh, a TAKXKE Ha YPOBEHb 0€30IMAaCHOCTH IMPH HX
9KCIUTyaTaI. DTO OCOOCHHO aKTYaJIbHO JUIs CEBEPHBIX pailoHOB Poccum, Tae mepemnansl TemMreparyp B TeUSHHE CyTOK
B IIEPHOJT ¢ MapTa 1o Maii MoryT gocrurath 6onee 10°C [1].

Haxonsmuecs B KOHTHHEHTANbHOM 30HE COBPEMEHHBIE pe3epByapbl HEOJHOKPATHO HCIBITHIBAIOT IIHMKII
3aMOpaXMBaHUS W OTTaMBAaHUSA BOJBI, KOTOpas oOpa3yercss Ha kojblle opouieHus. Cucrema opomeHus BCP
MPEJCTABISICT COOOM KOJBIO MOJBIX TPYOOIIPOBOMIOB, PACHONOKEHHBIX HAa BEPXHEM IOSCE M MPEAHA3HAYCHHBIX IS
TYIICHUS MOKapa B MOMEHT BO3TOpaHUs, a TAKKe Ui OXJIAXKIEHUSI CTEHKH ropsuiero peseppyapa. [Ipu HacTymieHuu
aBapUtHOM CHTyaIll CHCTEMa OpOIIEHHsS CpadaThIBaeT TAaK)Ke W HAa COCEHAHUX COOPYKEHHSX UL HCKIIOYCHHS
BEPOSATHOCTH TEepeKHuIbIBaHuSA OorHi. Ha cyxoTpy0ax cHCTEeMBI OpOLICHHS WMEIOTCS TEXHOJIOTHYECKHUE OTBEPCTHS I
MOJJa9M OPOCHTENBEHOW BOABL. B BeceHHWH mepuon Tamas BOAa KPHCTADIM3YETCS Ha KOJBILE TPH HACTYIJICHUN
OTPHUIIATEIFHBIX TEMIIEPAaTyp B HOYHOE BpeMsi, B pe3yibTaTe Yero Ha HEM oOpasyeTcs Haledb, KOTOpas Jaxke Iph
PETYISPHON YHCTKE MOXKET AOCTHTATh Oojiee 2 M B [UTHHY.

CkorieHHe OOJIBIINX MAacc JibJla Ha KOJIbLE OPOLICHHS AejaeT CIEAYIONNe eKeIHEBHbIe IIPOU3BOICTBEHHbIC
OTIEpAIMH, BBIMOJIHIEMBIE TOBAPHBIMHU OTIEPATOPAMH, OMTACHBIMU IS JKU3HH [2]:

— OTKPBITHE U 3aKPBITHE KOPEHHBIX 3a]IBUKEK;

— otbop mpoo;

— JIpeHUpPOBaHMUE MOATOBAPHON BOJBI,

— 3aMep YpOBHS B3ITHUBa HE()TETIPOTYKTA;

— o0ciyXuBaHHE 00OPYHOBaHHS, HAXOJIICTOCS Yy OCHOBAHWS pe3epByapa (CHQOHHBIH KpaH, YCTPOWCTBO
pa3MBbIBa JOHHBIX OTIOKEHUH, IPUEMO-pPa3IaTOYHOE YCTPOUCTBO U Ip.).

Cuia TSOKeCTH IIeASHBIX Macc, HETPEephIBHO NEHCTBYIOMIMX Ha CYXOTPYyO, MOMKET NPHUBECTH K H3HOCY H
paspymeHuio obopymoBaHus. Kpome TOro, BO3MOXKHO HapylmIeHHE HOPMAaIBHOTO (YHKIHOHAPOBAHUS CHCTEMBI
OpOIICHHS PY BOSHUKHOBCHHUH aBapUHHBIX CUTYAIIHH.

IIpobnema Ce30HHOCTH XapaKTEpHA TOJIBKO JUIS PE3epPBYapOB C KOJBIIOM OPOILIEHHS, HKCIUTyaTUPYEMbIX Ha
ceBepe CTpaHbl. JTO 3a/1a€T OYEHb Y3KHI KpYyr ee pacipocTpaHeHus, MemaeT HedTsiHoil oTpaciu pa3paborars ooOuime
HOPMBI JUIsS 3aIIWTHl KOJIbIIA OPOIIEHUS OT HaleJd, MOITOMY MPEANPHUSITHS CBOMMHU CUJIAMH CIPABISIIOTCS C €€
nocaencTeusmu [3, 4].

IocranoBka 3amaum. OCHOBHAas 3a/Jaya WCCICAOBaHHA: OOOCHOBATh NPUMCHECHHE TEXHHYECKHX W
XAMHYECKHX CPENICTB OOpHOBI C HaCIbI0 Ha KOJBIO opomieHuss BCP it MOBHIMIEHUS HAJC)KHOCTH 000pYIOBaHUSA U
0€301acHOCTH YKCILTYaTalHOHHOTO TIepCOHANIA.

Ha paHHBIi MOMEHT OCHOBHOH cmoco® OOphOBI CO JIJOM — 3TO MeXaHWYecKass OYHCTKa CyXoTpyoa
TOBapHBIMH OIEpaTOpaMH C TOMOIIBI0 pabo4ero MHCTPYMEHTa, T.K. 3a4acTyl0 Ha OOBEKT€ OTCYTCTBYIOT
crienuanu3upoBaHHble CkpeOku. Takoil MeTon YOOpPKM HajleAu MOXKET MPHUBECTH K TOBPEXKIACHUIO OOIIWBKHU
pe3epByapa, a HEKOHTPOJIUPYyeMOe MafeHne COUTOro JIbAa yrpokaeT 000pyI0BaHHIO Ha IEPBOM II0sICE.

IIpomecc OYUCTKY JIEASHBIX MacC OTHOCHUTCS K paOdOTaM IMOBBIIMICEHHOW OMACHOCTH, IIOCKOJBKY Ha OIeparopa
HAYUHAET JAEHCTBOBATH PsiJl ONACHBIX (akTopos [5]:

— BBICOTa OoJiee 1,8 M;

— CKOJIb3Kasi MOBEPXHOCTb, KOTOPasi MOXKET CTaTh MPUUMHON MaJACHMUS;

— OCCKOHTPOJIBHOE MaJICHHE COUTOTO JIbJA;

— BO3ICUCTBUE METEOPOJIOTHIECKUX (DaKTOPOB (BETEP, CHET);

— (usngecku TsoKeas paboTa, 3aTpaTHas 0 BPEMEHH.

TTosToMy BO M30exkaHNe BO3MOXKHBIX TPAaBM H MaJCHUN MPEATNPUATUSIM CIIeyeT pa3padaThiBaTh HOPMATHBHYIO
JOKYMEHTAIMIO, PETYJIMPYIONIyI0 MAaHHBIH Tpomecc paboThl, MPUBOAWTH IIEPEUeHb OMEIHEHHOTO 000pyIOBaHHSA,
TIPUTOTHOTO JJISl OYUCTKHU OTACHBIX MIPOMBIIIJICHHBIX COOPYKEHUH.

YMeHbIIeHne 00beMa BBINMONIHSAEMBIX PabOT MOBBIIICHHOW OIACHOCTH, a TAaKXKe JCHCTBYIONIMX BPEIHBIX H
ONACHBIX TPOM3BOJCTBEHHBIX ()AaKTOPOB — 3TO OJHA W3 33Ja4 OXpaHbl TPyAa Ha OMACHBIX IMPOU3BOJCTBCHHBIX
obbekTax. Pa3paboTka COOTBETCTBYIOIIECH AOKYMEHTAIIMH HE pEIIaeT AaHHyIo 3axady [6, 7], mostomy HeoOXoammo
PaccMOTpETh ANBTEPHATHBHEIC BAPHAHTHI OOPEOBI C 00JIeICHCHUEM.

Teopernueckasi YacTh. [lepCrieKTUBHBIM HANPABICHHEM B pEHICHUM NPOOJIEMBbI OOJNCACHEHUS MOXKHO
CYHTATh MPEIyNpeKIeHNe ero oOpa3oBanus. B HehTSHON oTpacian JaBHO IPUMEHSIOT CHEIHATH3UPOBAHHBIE TPEIOIIHE
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Kabeiau BO B3pBIBO3ALIMIIEHHOM HCIOJIHEHHH JUIs 00orpeBa HE(TENpOJIYKTOB B JKEJIE3HOJOPOXKHBIX LUCTEpHAX,
pe3epByapax, TpyOompoBomax. OmHOI H3 OCHOBHBIX XapaKTEpPUCTHK KaOeled sBISACTCA HUX CHOCOOHOCTh K
CaMOpEeTyJIUPOBaHUIO TEMIIEpaTyphl 0OOrpeBa B 3aBUCHMOCTH OT BHEIIHEH cpensl. Ocobas camoperynupyromas
Marpuna kadens crnocoOHa yMEHbIIATh HPOXOSIINI AIEKTPUUECKUHA TOK MO CHELHANTbHBIM TOKOBEAYIIHM JOPOKKAM
3a CUeT PacIIMPEHMs MMOJIUMepa BHYTPH KaOes IMpH IOJIOKUTEIBHONH TeMIlepaType OKpysKaroleil cpenbl, 1 Hao60oporT,
YBEJIMYIHUBATH TEMIICPATypy 000rpeBa Giaroqaps yBENUUCHHIO TOKA IPU Cy)KeHUH monumMepa [8].

OOocHOBaHHE BO3MOKHOCTH BHEIPEHMS TpEIOIIero Kabenss Ha KOJBLIO OPOLICHUs pe3epByapa JOJKHO
HAYMHATBCS C aHAJIM3a JOKYMEHTAIlMW MO NPOMBIIUIEHHOH Oe3omacHocTH. Vcnosiap3oBaHue 3JIeKTpoOOOPYIOBaHUS B
3oHe pomyctumo mo ['OCT12.2.020-76 Bo B3pbIBO3amuIneHHOM ucnoinHeHun. Ceifyac cymiecTByer OoiblIoe
KOJIMYECTBO KOMIIaHWH, CIEHUAIM3UPYIOIIMXCSI Ha HPOMBIIUIEHHOM 00OrpeBe OO0OpYAOBaHUS M COOPYKEHHH,
Omaromaps 4eMy mpooOJieMbl ¢ MOI00POM KalOest He BOSHUKAIOT.

OCHOBHO 3aaueii Ipu Mo00pe TPEIOIIETo Kadels SBISIETCSA BOIIPOC O €T0 MOJIOKEHUH MTPH MOHTaXe. 3/1eCh
CYIIECTBYIOT HECKOJIBKO BAPHAHTOB!

— MOHTa)X CIIUPAJIBIO;

— MOHTaX BJIOJIb JINHUH CYXOTpy0a.

MoHTaxX CHHpaNbio0 UCTIONB3YeTCS Uil 000rpeBa TpyO OTHOCHUTEIHHO HEOOJIBIIOro AuaMeTpa. Takol crmocod
YKJIaIbIBaeT Kabesib BUTKaMU U TO3BOJISIET MPOrPeTh OOJBUIYIO TUIONIA b TIOBEPXHOCTH. Er0 0ueBHIHBIM HEAOCTATKOM
SIBJISIETCSL TO, 4YTO CyXoTpyO sBisiercss nepdopupoBaHHO TpyOOH, a TepeKpbhITHE 3THUX OTBEPCTUIl HapyLIMT
HOpPMAJIbHYIO PaboTy 000pyI0BaHUS.

[peanoururtensueit Oyner ¢ukcanys rperoiiero kabens mapauieabHO CyXoTpyOy cBepxy. Takum oOpazom
kabenp Bcerma OyneT BHICH NpPU OCMOTpPE, HAa HEro He OyAeT CTeKaTh Tajas BOJa, a TAKKE HE MPEIBUIAUTCS
MIPETSATCTBHE I paOOTHI CHCTEMBI opomieHns. Ha puc. 2 depHBIM BETOM 00O3HAYEH Tpelonuii Kabeidh Ha KOJbIE
OpOILCHUS.

A-A
/ P M1z 3

Puc. 1. Cxema pacnionokeHust rpefomero kabemst Ha Koiblie opomenus PBC:
1 — crenka PBC; 2 — TeXHONIOTHYECKOE OTBEPCTHE; 3 — TpEroluii kabenb

Puc. 2. 3D Mogens pe3epByapa ¢ TpeloIiM KabeaeM

https://btps.elpub.ru 6




bBeszonacnocms mexnozennvix u npupoonvix cucmem 2022. Ne 2. C. 4—8. ISSN 2541-9129

XoTs Ha JaHHBIII MOMEHT Ha PhIHKE CYILECTBYET MHOXKECTBO BapHAHTOB IPEIOIIMX Kadesel, yHUBEpCaIbHOTO,
00J1a1a10Iero BCeMn TPeOyeMbIMU TEXHHYECKUMH XapaKTEPHCTHKAMH, MOKA HE MPEATIOKEHO. DTO MOXKET SIBIACTCS
HaTpaBJICHUEM [UIS JATBHEHUIIINX HCCIIeJOBaHUH MPoOiIeMbl OOpHOBI ¢ 00JIeJCHEHNEM Pe3epBYapoB.

Brenpenmne rperomero kabens Ha KOJBIO OpPOIICHHS pe3epByapa 3(GQEeKTHBHO pemaer mpodieMy
oOmeneHeHnsT W 00pa3OBaHMSA HAJEAW, YTO YMCHBINAET BEPOATHOCTh BO3HUKHOBEHMS HECUACTHBIX CIYYaeB H
3aTpyJHEHNE PaOOTHI CHCTEMBI OPOIICHHS.

Eme oaguum cnocobom  OopeObl C  OOJieleHEHWEM  SIBISIETCS.  MCIOJBb30BaHHE  CHEIHANIBHBIX
npotuBoobeaeHuTeNbHBIX kuakocteit (ITOXK). XuMuueckuit METOI UCTIONB3YETCS B aBHALMOHHOW MPOMBIIIICHHOCTH
JUISL 3alUTHl JICTAaTEIbHBIX alaparoB mepea mnojeroM. Kpome Toro, runpodoOHble cocTaBbl HPUMEHSIOT IS
06pabGOTKH KPBIII K KAPHU30B Y OOIIECTBEHHBIX COOpYKeHuii [9].

OCHOBY aHTHOOJIEICHUTENBHBIX KOMIIO3MIMIA COCTaBJIIIOT OPTraHOCWIAKCAHbl WM JPYrHe MOJIHUMEPHI,
KOTOpBIE TIOCIE NPUCOCIUHEHHWS A00AaBOK B BHUIC XHMUYECKHX HANOIHHUTENEH, PAacTBOPUTEICH M WHTHOUTOPOB
KOPPO3UH TO3BOJIIFOT MOKPHITHIO MOJIYYNUTh AHTHAATE€3HOHHYIO CTPYKTYPY, pabOTaromryo MO MPUHIUIY YMEHBIICHUS
CICTUICHHS TIOBEPXHOCTH C KHIKOCTHIO, O7aromaps 4eMy BOAa CTEKAeT, HE YCIEBasi KPHUCTAIUIN3UPOBATHCH.

[Tocne 06pabOTKH aHTHOOIIEACHUTEILHBIMHA KOMIIO3UIMSAMH TIOBEPXHOCTH IPHOOPETAET s CBOMCTB!

— ruaPOoPOOHOCTE;

— M0KapOCTOUKOCTH;

— YCTOMYMBOCTB K aTMOC(EPHBIM OCaIKaM;

— QHTUKOPPO3UOHHOCTb.

HpOI[OJ'DKI/ITeHLHI)II\/II CpoK CJ'Iy)K6bI U HHU3KHUC ODKOHOMHUYECKHUEC 3aTpaTbl Ha IMOKPBITUEC MOIYT CACJIaThb
XMMHUYECKHH MeToJ Hambojiee BOCTPEOOBAHHBIM Cpeau MpPEVIOKEHHBIX pemeHui. IIoKphITHE KOJbIa OPOIICHUS
ruApo(OOHBIM COCTABOM B TEOPHH CIIOCOOHO ITOKa3aTh OTINYHBIN Pe3yIbTaT.

Ha naHHBI MOMEHT HE NPENTIOKEH ONTHMAJIbHBIH COCTaB MPOTHBOOOJIEICHUTEIBHBIX XUAKOCTEH, TT03TOMY
JanbHEHIIIE NCCIeA0BaHNS B TOM HANPABJICHUH SIBIISIOTCS aKTyalbHBIMH.

Takumu 00pa3oM, HCIOIB30BAaHWE CIICIHANBHBIX HPOTHBOOOJICACHUTENBHBIX KHUIKOCTEH BO3MOXHO JUIS
pemeHust pobiIeMbl 00IeeHeHHs 1 00pa30BaHMs HaJle[n, KOTopasi oOpa3yeTcss Ha KOJbLIe OPOIICHHS PE3epBYapoB,
YTO TaKKE€ YMEHBIIACT BEPOATHOCTh BO3HHKHOBEHWS HECUACTHBIX CIy4aeB M 3aTPyAHEHHS pabOThl CHCTEMEI
OpOLICHHSI.

BeiBoabl. CyuectBymomias npobiiema o0Jie/leHeHHs CTaBUT HOJA yrpo3y 0e30MacHOCTh IKCIUTYaTallHOHHOTO
nepconana [10]. B wuccnemoBanuu mpemiokensl d>(GeKTHBHBIE METOABI OOphOBI ¢ 0ONeneHeHHeM. BHenpenue
MPE/JIOKEHHBIX CIIOCOOOB MO3BOJIUT MOBBICUTH O€30MACHOCTH IPH IKCIUTyaTallid Pe3epByapoB B Haubojee ONacHBbIN
nieproa roza. st BeIoopa Hanbosee MoAXoIsIIIero MeToia Heo0X0IMMa IPOBEpKa Ha IPaKTHKE.
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TEXHOC®EPHASA BE3OITACHOCTDb

HayuHas crarbs
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IIpumeHneHne MOOMIBbHBIX NPHUJIOKEHUI NIPU NPOBEICHNHN NEPHOIUYECKUX NPOBEPOK 3HAHMI
U OLICHKHU KBAJTH(UKAIUHM CTPONAIbIINKOB

E. B. Ereabckas =, B. A. KananuykoBa
JloHCKO# rocynapcTBeHHBIH TexHmueckuil yausepcutet (PoctoB-na-/lony, Poccuiickas @enepanms)

Beedenue. Ctatbsi IOCBAIIEHA BOIPOCAM COBEPIIEHCTBOBAHUS MIPOLECCOB MEPUOIMICCKIX MPOBEPOK 3HAHUM 1 OLICHKH
KBaTM(HUKAIUU CTPONANBIINKOB JUI TIOBBIICHUA YPOBHS TNPOGECCHOHATBHOTO MAacTepcTBa, TOTOBHOCTH K
MIPUMEHEHHIO COOTBETCTBYIOIIUX MPHUCIIOCOOICHNU, MHBEHTAPS U CPEACTB MHANBUIYATbHON 3alUTHI.

Ilocmanoska 3ad0auu. Buny 3adactyio GpopMalbHOM OpraHM3aldd OYEPEIHBIX (TIEPHOIUYECKHX) NMPOBEPOK 3HAHHUN
CTPOTANIBIIUKOB, YTO IMMOTEHIMAIBHO MPUBOANT K HECYACTHBIM CIIydasM Ha HMPOU3BOJICTBE, BOZHUKAET NOTPEOHOCTH B
MIPUMEHEHNHU HOBBIX (JOPM OpraHU3aluy U MPOBEICHUS YKa3aHHBIX MEPONIPUSTHH.

Teopemuueckasn wacme. Ilepuonuueckas npoBepka 3HaHUI NpearnoiaraeT GopMaT YCTHOTO 3K3aMeHa, OPraHu3yeMoro
camoii opraHuzaieii, SKCIyaTHPYIOLel Ipy3010IbeMHbIe KpaHbl. B KkauecTBe anbTepHAaTHBBI OUEPEHBIM IIPOBEPKaM
3HaHMH 0COOBIIl Bec MpHoOpeTaeT He3aBUCcUMasl olleHKa KBanudukauuu B LleHTpax oneHkn KBanupuKanud. Y YnThIBas
HIMPOKYIO IIM(POBU3ALIUIO TPOU3BOACTB U OBCEMECTHOE prMeHeHue | T-TexHooruii, npeanaraercs pa3padarsiBaTh U
NPUMEHATH Ul TMEPUOANYECKHUX MPOBEPOK 3HAHWH CTPONAIBIIMKOB MOOWIBHBIE TPHIIOXKEHHS, MHO3BOJISIOIINE
BU3yaIM3UPOBATh M BBIOMPATH BEPHBIE PEIICHUS JUISl BHIIIOIHEHHUS TPYAOBBIX (QYHKITHH.

Bbi600bl. Bricoknii ypoBeHb NPOQEeCCHOHATHHONW IOJIIOTOBKH CTPOINAJbIINKA — HEMaJOBA)XKHAs COCTABIIIOMIAS B
BOMpoce OE30IacHOCTH TPH SKCIUTyaTallMM MOIBEMHBIX coopykeHnil. Oco0oro BHUMaHHSA 3aciIy>KHBAIOT |
MIEPHOANYECKUE TOATBEPXKICHNUS YPOBHS KBalW(pHUKAaIWK, 4TO TpeOyeT NPUMEHEHHS COBPEMEHHBIX II0JXON0B M
TEXHUYECKUX BO3MOXKHOCTEH.

Knioueswie cnosa: crponanbuiyk, npodeccHoHaIbHas IOATOTOBKA, aTTECTALM, IPOBEpKa 3HAHUH, HHHOPMaLUOHHbIE
TEXHOJIOTHH.

Jlna yumupoeanusn: IlpuMeHeHHEe MOOWIBHBIX TPHIIOKEHUH TPH MPOBEACHUU MEPUOTUICCKAX MIPOBEPOK 3HAHWUU H
oneHk kBanudukamuu crponanbimkoB / E. B. Erenbckas, B. A. KananuykoBa // Be30nmacHOCTh TEXHOT€HHBIX M
npupoaHbIx cucteM. — 2022. — Ne 2. — C. 9—13. https://doi.org/10.23947/2541-9129-2022-2-9-13

Original article
Use of mobile apps for periodic knowledge tests and qualification assessment of slingers

E. V. Egelskaya™*, V. A. Kalanchukova
Don State Technical University (Rostov-on-Don, Russian Federation)

Introduction. The article is devoted to the issues of improving the processes of periodic knowledge testing and
assessing the qualifications of slingers to improve the level of professional skills, readiness to use appropriate devices,
equipment and personal protective equipment.

Problem Statement. In view of the often formal organization of regular (periodic) knowledge checks of slingers, which
potentially leads to accidents at work, there is a need to apply new forms of organization and conduct of these activities.
Theoretical Part. Periodic knowledge testing involves an oral examination in the commissions of the organizations that
operate cranes. As an alternative to regular knowledge checks, the independent qualification assessment at Qualification
Assessment Centers is of particular importance. Taking into account the widespread digitalization of production and the

https://btps.elpub.ru 9



https://doi.org/10.23947/2541-9129-2022-2-9-13
https://doi.org/10.23947/2541-9129-2022-2-9-13
https://crossmark.crossref.org/dialog/?doi=https://doi.org/10.23947/2541-9129-2022-2-9-13&domain=pdf&date_stamp=2022-05-31
https://orcid.org/0000-0003-3864-9254
https://orcid.org/0000-0002-2364-0401
https://orcid.org/0000-0003-3864-9254
https://orcid.org/0000-0002-2364-0401

bBe3zonacnocme mexunozennvlx u npupoonwix cucmem 2022. Ne 2. C. 9—13. ISSN 2541-9129

widespread use of IT technologies, it is proposed to develop and apply mobile applications for periodic knowledge
checks of slingers, allowing them to visualize and choose the right solutions for performing labor functions.
Conclusions. The high level of professional training of the slinger is an important component in the issue of increasing
the level of safety in the operation of lifting structures, so special attention must be paid to the training of qualified
personnel.

Keywords: slinger, professional training, certification, knowledge testing, information technology.

For citation: Egelskaya E. V., Kalanchukova V. A. Use of mobile apps for periodic knowledge tests and qualification
assessment of slingers. Safety of Technogenic and Natural Systems. 2022;2:9—-13. https://doi.org/10.23947/2541-9129-
2022-2-9-13

Beenenme. [Ipodeccus crponanbiika BocTpeOOBaHAa BO MHOTMX —OTpPacisiX HPOU3BOJCTB, TIJie
9KCIUTyaTUPYIOTCS MOJBEMHBIE COOPYKEHHs, Y KOTOPHIX B Ka4eCTBE IPy303aXBAaTHOTO OpraHa UCIOJIb3YeTCs KPIOK —
TPY30MOIBEMHBIC KpaHBI WM KPaHBI-MaHWUITYISATOPHl. K HHM OTHOCATCS CTPOWTENBCTBO, CKIAICKOE XO3SHCTBO,
MOPTOBBIE W HKEJIC3HOJOPOXKHBIC TPY30BBIE TEPMHHAJIBI, MAIIMHOCTPOWTENbHAS MPOMBIIIICHHOCTE W ApYTHE.
[Ipodeccus crpomanpIuKa COMpsDKEHA C PUCKOM TPAaBMHUPOBAHMSA B TIpOIecce IPOHM3BOACTBA PabOT BBHIY
BO3ICHCTBUS OMACHBIX M BPEAHBIX IPOW3BOACTBEHHBIX (PAKTOPOB, TaKMX KakK: IMOBBINICHHBIH YPOBEHb IIyMa M
BHOpAINH, TOBHIIICHAAsT 3aIBUIEHHOCTh M 3ara30BaHHOCTH BO3AyXa pa0odell 30HBI, PHCK IMAICHUS IEepeMENlacMoro
rpy3a wiu ero snemeHToB [1]. HecmoTps Ha BuauMoOe yiydllleHHE CTATUCTUKM aBapUIHOCTH M TpaBMaTH3Ma Ha
00beKTax, HKCILIYaTUPYIOUIMX MOAbEMHBIE COOpyxeHHs (puc. 1) [2], cuTyalmio Henb3si Ha3BaTh OMTUMHCTHYHOM.
CTponaIbIIUKK MO-TIPEKHEMY HaXOAATCs B TPYIIIE PUCKA.

35

2019
Moo
[ KpaHosumkmn [l Opyruve paboTHMKK
B Crponansumkm [ MOHTIARHMEM, KIMEHLMEW M T.0. )

Puc. 1. [lepcoHai, MOruGUIMi MPH IKCIUTyaTalliH IPY30MOABEMHBIX KpaHoB B 2018-2020 rr. [2]

Panee B paborax, MOCBAIMIEHHBIX BompocaM oOecriedueHus Oe3omacHOCTH mepcoHana [3, 4], 6but 1moapoOHO
paccMOTpPEHbI NMPUYMHBI TPAaBMHUPOBAaHMWH M HECUACTHBIX CIIydaeB, B TOM YHCIE POJb «UEJIOBEYECKOro (akTopa» M
HU3KUH ypOBEeHb NPOo(eCcCHOHATBHOM NOATOTOBKH IepcoHana [5].

IlocranoBka 3amaum. J[n9 WCKIIOYEHHWS TPAaBMHUPOBAHMS CTPONAIBIIMKOB W TIOBBIIICHHUS KadecTBa
00cITy)KMBaHUS TPY30TIOABEMHBIX KPAaHOB HEOOXOANMO MPUMEHATh HOBBIE ITOIXOABI M METOJIBI B paMKax IMOJIAEeP/KaHMUs
YpOBHS MPO(heCCHOHATBHBIX 3HAHUH PA0OOTHUKOB.

B HacTosmee BpeMsi paOOTHHK, MOTYYHBIINH MPO(GECCHOHATFHOE 00pa30BaHNE CTPOMANIBIINKA, TOCTYIAaeT B
MIOJTHOE PACHOpPsDKEHHE PYKOBOIUTENS COOTBETCTBYIOIIETO MOApPA3[CNiCHHs] HAa NPEANPHSITHH, TAEC OTHOIIEHHE K
JajbHEHIIEMy MOJJIEp)KaHUIO YPOBHS €ro npodecCHOHANBHBIX 3HAHUH HE BCErjJa I'apaHTHPOBAHO BBICOKOE.
IMpenycmorpennsie [6, 7] exxeroqHble 04epeJHbIe TPOBEPKH 3HAHUH CTPONANIBIIMKOB HEPEJIKO MPOBOIATCS (OPMAIBHO,
00beM mNpodecCHOHANBHBIX 3HAHUH paOOTHUKOB IPH 3TOM CyXKaeTcs JI0 YPOBHS BBINOJHEHUS! OMNpEIEIeHHbIX
JeUCTBUH, HE 3aTparuBasl IOJYAaC BOINPOCH, CBS3aHHBIE C IEPCOHAIBHOW 3aIIMTONW CTpONANbIIMKa B HEPUOJ
BBIMOJIHEHUSI STHUX TPYIOBBIX JeWcTBuil. Takod NOAXOA K MPOBEACHUIO IMEPUOAMYECKMX IIPOBEPOK 3HAHUM
MOTEHIMAIbHO IPUBOJUT K HECYACTHBIM CllydasiM Ha MPOU3BOJCTBE, NPUYMHAMU KOTOPBIX SIBISIETCS XalaTHOE
OTHOIIEHWE pYKOBOACTBAa M pabOTHUKOB K TPUMEHEHHIO CPEJICTB 3allUThl, CHEIHATbHBIX HHBEHTAPHBIX
npucriocobneHnii n T. 1. Kpyr BoOmpocoB, HEOOXOOWMBIX K YCBOGHHIO B paMKaxX OLEHKH KBalu(ukamuu
CTPOTANBIIUKOB, HE JOJDKEH OTPAaHWYMBATHCS TOJIIBKO 3HAHHUEM TPYJOBBIX JEHCTBHUH, OOJIBIIOE 3HAUYCHNE UMEIOT TAaKXKe
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HaBBIKM MJICHTU(QUKALUK M BBHIOPAKOBKM CHEMHBIX TIPYy303aXBaTHBIX IIPUCHOCOONECHUH, BbIOOpAa M NPHUMEHEHUS
WHBEHTAPHBIX NPHUCIIOCOOICHUH, a TaKKe MPUMEHEHUsI CPE/ICTB MHAMBUAYATbHON 3aIlIMTHI, CHEINATBHON OJEXKIBI U
00yBH [T BBITTOTHEHUSI KOHKPETHBIX PadoT.

Teoperuueckasi 4acTb. [IpoOmemMa HEJOCTATOYHOW  KBaNM(pUKAIMK MEpCOHANa Ha  OOBEKTax,
9KCIITYaTUPYIOIIUX TPY30MOIbEMHBIC KpaHbI, MOTEHIHWAIBFHO MPUBOAMT K CEPhE3HBIM IIOCIEACTBUSAM, TAKUM Kak
IIPOU3BO/ICTBEHHBIE TPaBMBbI, B TOM YHCJIE CO CMEPTEIBHBIM HCXOJIOM, a TAK)XKE€ BICUET 3HAYMTENBHBIN MaTepHalbHbBIA
ymepO ISt SKCILTyaTUpYoLIel OpraHu3aiyy.

[IpakTika MOKa3pIBaeT, YTO OpraHM3alMs O4YepenHOH (NepUOANYECKON) MPOBEPKM 3HAHUK Ipeirojaraet
(opMaT yCcTHOTO 3K3aMeHa, KOTOPBIH MPOBOJIUTCS HAa KOMHCCHH, OPTaHM30BaHHOW camoil opraHuzanued. B peaxux
ciTy4asix MPOBOIMTCS MPEAaTTeCTaMOHHAs JieKIus. Kak nmpaBuiio, 00CyXKaaloTcs HeIOCTaTKHU, OIIMOKH, TOMYIEHHbIE B
KOHKPETHBIX paboTax Ha OOBeKTaXx. B KkauecTBe aJbTEepHATUBBI OYEPEAHBIM IIPOBEpKaM 3HAHMH OCOOBIH Bec
npuoOpeTaeT He3aBUCHMas olleHKa kBanudukanuu B LlenTpax onenku kanmudukanun (LIOK), ocymecTBistomux cBoo
IESITENBHOCTD B COOTBETCTBUH C TPEOOBAHHUAMHU 3aKOHOAATENbCTBA [8].

Ipaktuka pa6oter IJOK mo omenke kBamudukamuu, Hampumep, pabOTHUKOB iu(pTOBOM oTpacam [8, 9],
MIOKA3bIBACT MOJIOKHUTEIbHYIO INHAMHUKY B YPOBHE IOATOTOBJICHHOCTH IIEPCOHANA K BBIITOJHEHHIO TPYAOBBIX (QYHKITHHA
n peiictBuil. He mocnenHioo posib UrpaloT KOMIIETEHTHOCTh W HE3aBUCHMOCTh CaMOTO MEPONIPHSATHS OLEHKH
kBanmupukanmu B I[OK, 4To mno3BonsieT OOBEKTHMBHO OLEHHTH Ka)XJOro arrectyemoro. Ilpouenypa OLEHKH
KBaM(UKALWY TIPEII0NIaraeT HECKOJILKO ATANlOB — TEOPETUYECKU U npakTHdeckuil. [Ipouecc npoBeneHus: IpoOBEPKU
3HAHMH 3aMUCHIBACTCS HA BUEO. 3aTeM BUAeOMaTeprall OTnpapisioT B CoBeT 1o npodeccrHoHanbHbIM KBaTH()UKAIMAM
10 OIpENeNICHHBIM BHIAaM IMPO(QECCHOHANBHON JEATeNbHOCTH. DTO OpraH, 00eCHeYMBAIOUIMNA U KOHTPOJUPYIOUIMN
NESITeIBHOCTh 110 HE3aBHCHMOI OllcHKe KBaiudukanuidi. B ero monHoMounsi BXOIAT: IpPOBEepKa, oOpaboTKa H
NIPU3HAHNE PE3YNbTATOB HE3aBHCHUMOM OLEHKHM KBalM(MKAIMW, TPHHATHE PEIICHHS O BBIAAYE CBHICTEIBCTB O
KBaMM(HUKANUU HEHTPOM OLCHKH KBAIU(HKALMK; HANPaBICHHE B HALMOHAJIHHOE arcHTCTBO Pa3BUTHUs KBaTH(UKAINI
nH(popManny 0 BEIJAHHBIX CBUAECTEIBCTBAX O KBANN(HUKALNH JJIs1 BHECEHUS B PEECTp.

B Hacrosimee Bpemst npoiiTu oneHky kBanu¢ukannu B LIOK cTpomanbiuk MOXKET caMOCTOSTENBHO WIH TI0
HampaBJICHUIO OT MpeAnpusTHa-padoronarens. OOs3aTeNnbHBI XapakTep MPOXOXKICHUS HE3aBHCHUMOI OIIEHKH
KBaMM(HUKAIUU A0 HACTOSINETO BPEMEHH HE ONpeleNéH Ha 3aKOHOAATelIbHOM ypoBHe. OnmHAaKo IaHHas mpobiema
LIMPOKO 00CyXaaeTcs B MPO(PecCHOHANBHBIX COOOIIECTBAX.

HezaBucumo ot GopM U MecT IMPOBEACHUS OLEHKH KBaTU(HUKAIMK WM MPOBEPKU 3HAHUH CTPOIANBIIUKOB,
JTAHHBIC MEPOTPHUSTHS TaKKE TPEOYIOT MPUMEHEHHs HHBIX (OPM M MOAXOAOB, B YaCTHOCTH, HCMOJb30BaHus IT-
TexHosoruil. UT-TeXHOMOTHH — 3TO TPOIECCHI, METOMbI TOUCKa, cOopa, XpaHeHus, 00pabOTKH, MPEeAOCTaBICHHUS,
pacrpocTpaHeHust HHPOPMAIIUHU U CITOCOOBI OCYIIECTBIEHHUS TAKKX MPOIeccoB u MeTo10B [10].

WHdopMannoHHble TEXHOJIOTMN IUIOTHO BOILIM HE TOJBKO B MOBCEJHEBHYIO JKM3Hb Ka)KIOTO YEIOBEKa, HO
CTaJM HE3aMEHMMBI M B MPOM3BOJCTBEHHBIX Mporeccax. CeroaHs mo0O0i Kenalomuil UMeeT JOCTYH K OTPOMHOMY
KOJIMYECTBY BH3YyaslbHOH MH(popMmanuu. M3BecTHO, 4TO BH3yanbHas MH(OpManus 3allOMHHAETCSI M BOCIPON3BOJHUTCS
ObIcTpee, YeM JIpyrue BUabl. DTOT (aKT MOXKHO IPUMEHHUTH B pa3paboTKe MOOMIIBHBIX MTPHIIOKEHNH U y4eOHbBIX KeHCOoB
JUISL TIPOBEPKH 3HAHHUH CTPOIIAJIBIINKOB.

ITpodeccnonansubiii cranaapT «Ctponansmuky» [11] B HacTosIee BpeMsi HAXOAUTCS B CTaAUM YTBEPIKICHHUS.
DTOT TOKYMEHT MOXKET OBbITh UCIIOJIb30BaH Uil (GOPMHUPOBAHUSI MOHUMAaHUsI pacrpeeeHust GyHKIHUHA U TpeOOBaHUN K
YMEHHSM M 3HAHHUSM CTPOIAIBIIUKOB B IIPOIIECCE MPOU3BOJICTBEHHOM J€ATEIbHOCTH. DKCILUTyaTHPYIOIINE OpraHU3aluK
pa3pabaThIBarOT MPOM3BOACTBEHHBIC HHCTPYKIIMH Ui CTPOTAIBIIUKOB, PYKOBOJCTBYSCH THIIOBOH MHCTpYKIHen [12].
Takum 006pa3oM, B COBOKYITHOCTH ITOJIOKCHMH BBIIICYKa3aHHBIX JOKYMEHTOB MOXKHO PacCMOTPETh TpeOOBaHHUS K
BBINIOJTHEHMIO TPYyNOBBIX (yHkumit. Hampumep, mis tpynoBoit ¢ynkunu «IIpoBeneHHe MOATOTOBUTENBHBIX PadbOT
repesl Ha4yaJioM TPOCTOH paboThI» cpenn HEeOOXOAMMBIX YMEHHH ykazaHO: «[IpuMMeHsTh CpencTBa MHAWBHUIYyaIbHON
3amuThy, «CoboaaTe TpeOOBaHUS OXpaHbl TPYAa, TEXHHKY O€30MacHOCTH M MPOTHBOIOXKAPHYIO 0€30MacHOCTB» U
Ip., 2 HEOOXOJMMBIM 3HAHUEM SBIISICTCS BJIQJICHHUE TOPSAKOM IIPUMEHEHHsT KOHKPETHBIX CPEJICTB MHIMBHAYaJIbHOH
3aIIUTHIL.

Kak mnpaBuno, B mpouecce IpOBEAEHUS INEPUOAUYECKONW IPOBEPKU 3HAHUM CTPONAIBLIMKOB OCHOBHOE
BHHUMAaHUC KBaJ’[PI(bHKaL[PIOHHOﬁ KOMHUCCHUH COCPEIOTOYCHO Ha 3HAHWW TPUHIUIIOB TMPAaBUJIBHOCTHU BBIIIOJIHCHUA
CTPOIOBKH, IIOJBEUIMBAHMS I'PY30B HA KPIOK, COIPOBOXKIEHUS I'PY30B U APYIMX KOHKPETHBIX TPYAOBbIX neicTBul. IIpu
OTOM TMPAKTHYCCKU HE YACIACTCA BHUMAHUEC 3HAHUAM, YMCHHAM W HaBbIKaM BBIGOpa n TPUMCHCHHA CpPEACTB
HHIIPIBH}IyaHBHOﬁ 3aI0UThl U CHCHHaIIBHOﬁ OJCKIBI. Tlonnmas Ba)KHOCTH BCEX KOMHGTCHHI/Iﬁ CTponajJbIIuKa, B TOM
YHUCJIE W BBINIEYKa3aHHBIX, IpeylaracTcsi pa3padoTKa MPAaKTHYECKUX MaTepHalioB B BHJE Y4YEOHBIX KEHCOB WIH
MOOMJIBHBIX NPHUJIOKEHUH. B HUX B KauecTBe 3aJjaHuil IIIaHUPYETCsl BKIIOUYEHHE CUTYaI[MOHHBIX 3a/1a4 WJIK BOIIPOCOB C
rpadguyeckuM H300pakeHHEM, B KOTOPbIX, HAIPUMEP, HEOOXO0ANMO BBIOpPATh KOMIUIEKT CHELOASKIbI Ui KOHKPETHOTO
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Busia paboT: paboT, BEINMOJIHAEMBIX Ha paccTostHu 30 M U Omke oT KpaiiHero nposoja JIDII; Ha BeicoTe; B yCIOBUIX
3aIlbUICHHOCTH MJIM TIOBBIIICHHOTO YPOBHS IIyMa. Tarke BaKHO BKIIOYHTH BOMPOCHI Ha TeMy «Oka3zaHHWE IEpBOM
MEIUIMHCKON momMomm». VHBIMH CloBaMH, 3aJaHHUS JOJDKHBI HPEACTABIATH COOOM BH3yalIM3alMi0 KOHTPOJBHBIX
TECTOB U TIPOBEPKH 3HAHUH M yMeHUH. TecTsl MOTyT OBITH Pa3IMYHOTO YPOBHS: MEPBBI — pacro3HaBaHKE, BTOPOH
— BOCTPOMW3BEICHHE, TPETHH — pCEHICHHE CHUTYaIl[MOHHBIX 3ajad; 4YETBEPTBI — pEIICHHE OPHTHHAIBHBIX
HECTaHJAPTHBIX 3a/4ad. [lJIs1 CTPONAIBIINKOB, BO3MOXKHO, OyZIET HOCTATOYHO MPOBOAUTH TECTHI IIEPBOTO YPOBHS, a IS
PYKOBOAUTENIEH — BTOPOro U 00Jiee BHICOKMX YPOBHEH.

Hnst Toro, 4toObl HayaTh MPOBEPKY 3HAHHM, HE0OXOAMMO BbIOpaTh TecT (puc. 2). Ilocrme 3TOro MOsSBHUTCS
BOIPOC, B KOTOPOM, HANpPHUMEpP, HYKHO BBHIOpaTh OJWH MPAaBUIbHBIA OTBET M3 YETHIPEX MPEAJIOKCHHBIX (pHc. 3);
MIPaBWJIBHBIA OTBET IOJCBETUTCS 3€JE€HBIM, HENIPABUIILHBIH — KPacHBIM. 3aTeM He0OX0IMMO MEPEHTH K CIIeAYIoIeMY
Bompocy. B xoHIe TecTa OyayT NOKa3aHbl pe3yabTaThl.

© W40 2028 ) © V.40 2036

QuizAndroid

€  TectupoBanue

Bbibepute HEobX0AVMBIA KOMNNEKT OAeXAbl
AnA paGoT Ha BLICOTE B YCNOBUAX
3anbINEHHOCTU

CNEAYIOLLWA BONPOC
A i \ I
Puc. 2. MoOuneHoe npuioxenue (BpIOOp TecTa) Puc. 3. MoOunbHOe niprioxkeHue (BHIOOp OTBETa Ha BOMIPOC)

IIpumeHeHre BU3yaIM3UPOBAaHHBIX MAaTEPUAIOB [UIsl IEPUOJAMYECKOM IMPOBEPKH 3HAHUN CTPONAJIBIIUKOB
MTO3BOJIUT OIPEIENIUTh yYPOBEHb TOTOBHOCTH PAa0OTHHKOB K PEAJIbHBIM TPYJIOBBIM JCHCTBUSM, a HCIOJIb30BaHHUE
HH(POPMAIMOHHBIX TEXHOJOTHH TMO3BOJIMT JIET4e YCBAaWBaTh TCOPETHUCCKYID W IMPAKTHYCCKYIO HH(DOPMAIMIO U
NPUMEHATh €€ B JanbpHeimend pabore. Takas mporeaypa B JaIbHEHUIIEM HCKIIOYUT (OpMaabHOE OTHOIIEHHE K
MIPOBEACHUIO TPOBEPKH 3HAHUI CTPONMAJBIIMKOB, KaK CO CTOPOHBI UJICHOB KOMHCCHH, TaK M CO CTOPOHBI
9K3aMEHYeMOr0, TIOCKOJIBKY y4acTHe PabOTHHUKA B MEPOIPHSTHH, TAE OH JOJDKEH NaTh OTBET HA BOIPOC, NMPHHATH
pellicHHe B CHTYallMOHHOW 3ajjaue yXKe MOIATBEPIKIACT €ro JMYHOE yJIacTHE M MOXKET T'apaHTHUPOBATh 3allOMHUHAHHE
HE00X0IUMOY MH(POPMAIIH, TTOTYISHHON C ITOMOIIBI0 MOOMIIBHBIX MPHIIOKCHUN 1 YISOHBIX HHTEPHET -KEHCOB.

BeiBoabl. Bricokuii  ypoBeHb NpOo(EeCcCHOHAIBFHOW IMOATOTOBKH CTPONMANBIIMKA — HEMaJIOBaXKHAS
COCTaBJIAOMIAs B BOIIPOCE MOBBIIICHUS YPOBHS 0E30MACHOCTH IPH IKCILTyaTaIlH HOABEMHBIX COOpyKeHmiA. [loaTomMy
ocoboe BHHMaHHE HEOOXOIMMO YAEIHUTH IOATOTOBKE KBAIM(HUIMPOBAHHBIX KagpoB. OOydeHHe W MpOBEpKa 3HAHUI
MepCoHaNa JOJDKHBI IPOBOIWTHCS C HCIOJIB30BAaHHEM COBPEMEHHBIX TEXHOJOTHH, B TOM YHCIE MOOMIBHBIX
MIPUIIOKEHNH, yIeOHBIX MHTEPHET-KeHCOB. JTO OymeT crmocobcTBOBATH OoJiee MMPOKOMY OCBOCHHUIO TEOPETHUECKON U
MIPAKTUIECKOI MOATOTOBKHM, YTO B JaNbHEHIIEM MO3BOJINT MUHUMH3HPOBATH HAPYIIEHUS TPEOOBAaHHMIA MPOMBIIUICHHON
6€30IacHOCTH |, CIE0BATEIFHO, IIOBBICUT 0€30MaCHOCTH MPH SKCIUTYaTaIlUH MTOIBEMHBIX COOPYXECHHUH.
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AHaJIM3 CYyIIeCTBYIOIIMX MOAXO0/I0B K OLlEHKe OMACHOCTell U Mpo¢eCCHOHAIBHBIX PUCKOB
PadoOTHUKOB NPOMbINLIEHHBIX NpeanpusiTuii Pecnnydauku Kazaxcran

P. b. lllupBanos
3anagHo-Ka3axcraHCKHH HHHOBAaIMOHHO-TEXHOJIOTHYECKUH YHUBepcHTeT (T. Ypanbck, Pecryonnka Kazaxcran)

Beedenue. OnHOM U3 aKTyaldbHBIX NPOOJEM B BOMPOCE MPEAYNPEKACHHUS IPOM3BOACTBEHHOIO TpaBMaTH3Ma
pabOTHHUKOB MPOMBIIUICHHBIX MPEANPHUATHH SBISETCS CBOEBpEMEHHAss M d(QEKTUBHAS UISHTU(HKALMS, OLIEHKa BCEX
OIacHOCTeH U MpohecCHOHATBHBIX PUCKOB. Kak 3aKOHOIaTeIbHO-HOPMAaTHBHBIMH aKTaMH, TaK U PSIOM 3apyOeKHBIX U
OTEYECTBEHHBIX aBTOPOB IIPEJIAraloTCs pazIMyHbIe MOJXOABI K TAKON OIICHKE, aHAIM3Y NMPEUMYIIECTB U HEAOCTAaTKOB
KOTOPBIX U MOCBSIIEHAa HACTOSIIAs CTAaThsI.

Ilocmanoska 3a0auu. 3anadeil TaHHOTO UCCIEAOBAHUSA SBIAETCS KPUTHUYECKUN aHANU3 CYIIECTBYIOIIUX MOAXOAOB K
OIIEHKE OTIACHOCTEH U MPOQECCHOHANBHBIX PUCKOB PAOOTHUKOB IPOMBIIIIICHHBIX TPEIIPHUATHIH.

Teopemuueckaa uacms. B xadectBe 0a30BOM WH(OpMAIMU HCIOIB30BAHBI T'OCYAAPCTBEHHBIC HOPMAaTHBHBIC
METOJUKH, a TAKXKE METOJUKH IO OIEHKE MPO(ECCHOHANBHBIX PHUCKOB PaOOTHHKOB NPOMBIIUICHHBIX HPEANPUSITHH,
IpeularaéMble pa3INdHbIMU ABTOPaMH.

Bbigoowl. Tlo pesynbTaTaM IPOBEJCHHOTO aHalIW3a OIpPENENICHbl IyTH PEIIeHHsS NPOOJIeMbl TpeayHpesKaAeHHs
MIPOM3BOJICTBEHHOTO TpPaBMaTH3Ma PaOOTHUKOB MPOMBINUICHHBIX MPEANPUATHH Ha YCIOBHUSX «IIPEABAPUTEIIHLHOCTU
OIIEHKH MX MPO(PECCHOHANBHBIX PUCKOB, T.€. 10 BOSHUKHOBEHHUS HETATHBHBIX COOBITHIA.

Knrouesvie cnoea: pabOTHHKH, POM3BOJICTBEHHBIA TpaBMAaTH3M, MpodeccHoHaIbHOe 3a0o0iieBaHKHe, padouee MecTo,
OIacHbIE ¥ BPEHbIE IPONU3BOJICTBEHHBIE (PAKTOPBI, IPOPECCHOHANBHBIN PHUCK, OLICHKA.

s yumuposanus: upeanos, P. b. AHamu3 CyecTBYIOIINX MOIX0I0B K OI[EHKE OIACHOCTEH 1 MPO(eCCHOHATBHBIX
PUCKOB pabOTHHUKOB IPOMBINUICHHBIX npennpusatuii PecryOmmkm Kaszaxcran / P. b. llupanoB // BesomacHOCTB
TEXHOTCHHBIX ¥ NPUPOIHbIX cucteM. — 2022, — Ne 2. — C. 14-23. https://d0i.org/10.23947/2541-9129-2022-2-14-23

Original article

Analysis of existing approaches to the assessment of hazards and occupational risks of
workers of industrial enterprises of the Republic of Kazakhstan

R. B. Shirvanov
West Kazakhstan Innovation and Technological University (Uralsk, Republic of Kazakhstan)

Introduction. Timely and effective identification and assessment of all hazards and occupational risks is one of the
urgent problems in the prevention of occupational injuries of industrial workers. Both legislative and regulatory acts and
a number of foreign and domestic authors offer various approaches to such an assessment, the analysis of the
advantages and disadvantages of which is the subject of this article

Problem statement. The objective of this study is a critical analysis of the existing approaches to the assessment of
hazards and occupational risks of workers in industrial enterprises.

Theoretical part. As the basic information, state regulatory methods were used, as well as methods for assessing the
occupational risks of employees of industrial enterprises, proposed by various authors.

Conclusions. According to the results of the analysis, the ways of solving the problem of preventing occupational
injuries of industrial workers on the conditions of "preliminary"” assessment of their occupational risks, i.e. before the
occurrence of negative events, are determined.
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BBenenne. Jlio0ass nesTeNBHOCTh UENOBEKa, BKIIOYAs TPYIOBYIO, COICPKHUT PA3INYHBIC IMMOTCHIHMAIBHBIE
OTACHOCTH, KOTOpBIC SBIIAIOTCA TNPHUYNHONW BO3HUKHOBCHHS IIPOW3BOACTBEHHBIX TPaBM H TPO(ecCHOHATBHBIX
3aboneBanuii. ClieICTBUEM MOTYT SIBJISITHCSA HECYACTHBIC CITyYaH, aBAPUH, ITOKAPHI U TIP.

[IpakTUYecKuil OMBIT CBUACTEILCTBYET, YTO aOCOIIOTHO HYJICBBIC 3HAUCHHS PHCKA JUIA JKA3HU M 3IOPOBbS
YeloBeKa HU B OJIHOM BHUJE €ro ACSITeNbHOCTH HEAOCTMKUMBI. OJHAKO CYIIECTBYIOT, B 3aBUCUMOCTH OT BHUIA
MOTCHIMATBHBIX OMACHOCTEH, pa3HbIC YPOBHM pHCKa. TakuM o00pa3oM, TIJIaBHAas 3ajJavya MPeIyNpeiKIACHUST
MIPOU3BOJICTBCHHOTO TPaBMAaTU3Ma COCTOHUT B ONPECIICHUHN BEIMYUHBI TOTCHIMAILHOW OMACHOCTH KaKOr0-IH00 BUIA
TPYAOBOM AeATeNbHOCTH. Peds maeT 00 OmacHOCTH, KaK IMOTEHIINAIHHON yTpo3e HETaTHBHOTO BO3ACHCTBHA Ha JKU3HB
YeNoBeKa, €ro 3JJ0POBbE W/MIN OKPYKAIOIIYIO cpedy. B HacTosmiee BpeMs pa3invaloT MOTEHIHAJIbHBIE (CKPBITHIC) U
peasbHbIC OMACHOCTH, a JUIS PEANU3aliH EPBBIX BO BTOPbIC HEOOXOIMMBI ONPE/ICICHHbIC YCIOBHS MK NpuanHbI [1].

Uwucno omacHOCTE TEXHOTCHHOTO XapakTepa, a TakKe CTENeHb WX HETaTHBHOTO BIHSHHUS B COBPEMEHHOM
MHpE TOCTOSHHO pacteT. He wuckmoueHuem sBisiercs u PecmyOnmuka Kaszaxcran (manee PK), rme exeromHo B
pe3ynbTare MpPOU3BOJICTBEHHOTO TpaBMaTu3Ma rubHeT 6osee 200 U MOMy4aroT TPaBMBI Pa3IMYHON CTEIIEHU TSKECTH
6onee 2 000 uenorek. ExeroaHo peructpupytorest okoio 15 000-16 000 upe3BpIYaiiHBIX CUTYAITHUH U MPOUCIICCTBHIA,
npuyeM nojaBistoniee 4nucio u3 Hux (6omee 90%) coCTaBIAIOT MPOKUCIIECTBHS TEXHOTEHHOTO XapakTtepa. 13 1,6 MuH.
PabOTHHUKOB MPOMBIILICHHBIX MPEANPHUIATUN CTpaHbl, 00cienoBanHbiX B 2019 roay, 370 Thic. paOOTHUKOB WIIA KA IbIi
4yeTBepThIi (22 %) ObUIH 3aHATHI BO BPEAHBIX U OMACHBIX YCIOBHSIX TPy/Aa. B yCIOBHAX MOBBIICHHBIX YPOBHEH 1IymMa 1
BUOpauuu TPyAWICS Kaxiplii Bropoit (45,9 %), mox BO3JEUCTBHEM MOBBIIICHHON 3ara30BaHHOCTH M 3albUICHHOCTH
paboueii 30HBI — Kaxaplid TpeTnit (32,6 %), TsokenbM Gu3nYeckuM TpynoM ObLIH 3aHATH 94 ThIC. Yenosek (5,6 % ot
qucia pabOTHUKOB 00CIIEIOBAHHBIX peaAnpusThii) [2—4].

HocTranoBka 3agaum. OnHON W3 mpoOieM B cdepe NpeaynpekIeHHs TpaBMaTH3Ma, BO3HUKHOBEHHS
Ype3BbIUAHHBIX CHUTYAIlMil U MPOUCIIECTBUN SIBISIETCSI CBOEBpEMEHHAas, OObEKTHBHAS U TIOJHAS OLEHKAa UMEIONTUXCS
WM BO3HUKAIOIINX MOTEHIMAJIBHBIX omacHocTel. Ha HacTosmuit MOMEHT CyIIecTByeT 0OJIbIIOe KOJINYECTBO METOIUK
TakoW OIIEHKH (YUCIIOBBIC, OAJTbHBIE U Jp.). Haubosee pacnpocTpaHeHHON OIIEHKOW OMACHOCTEH SBIISETCS PHCK, T.€.
BEPOATHOCTh HACTYIUIEHUS B CHCTEME HEXKENaTeIIbHOTO COOBITHS, KOTOPYIO C ONPEIEIEHHON U JOCTaTOYHON CTETIEHBIO
TOYHOCTH MOYKHO BBISIBUTh M3 CTATUCTUYECKUX AaHHBIX [5]. [To qpyromy ompeaeneHuo puck — 3T0 00bEKTUBHOE WU
CyOBEKTHBHOE HW3MEPEHUE BEPOATHOCTH W BO3MOXKHOCTH IIOCIICACTBUI OMACHOTO COOBITHS, KAacCaroIlerocs
67arocoCTOSIHUSL YeJioBeKa WM OKpykaromeil cpensl [6]. BonmbIIMHCTBO ydyeHbIX W HccienoBareneil B cdepe
0€30MacHOCTH JKU3HEACATEIIFHOCTH HCIONB3YIOT Cleayrolee olmiee OmpelesicHHe: PUCK — 3TO KOJIHYeCTBEHHAs
orieHka omnacHoctu [7,8]. Aurnumiickuii ydyensiii B. Mapmiamn B cBoell kHure «OCHOBHBIE OMACHOCTH XHUMHUYECKUX
MIPOU3BOJICTBY Jall TAKOE ONPEAEICHHUE 3TOMY IMOHATHIO: PUCK — 3TO 4YacTOTa pealn3allii ONAacHOCTEH, IPYyrMMHU
CJIOBAMH, PUCK B YHCIIOBOM BBIPOKEHHUH MPEJACTABISIET COOOH OTHOIIEHHE KAaKOTO-THOO0 KOJMYECTBa HETaTHBHBIX
curyanuit (N) kK ux BosamokHoMmy kommdectBy (N) 3a onpesenennsiii mepuos Bpemen [8].

BriepBbie MOHSATHE «PUCK» CTAJO MIMPOKO MCHOJIB30BaThCs nocie npouienmero B ceHTsiope 1990 r. B Kenbhe
o1 ieBu3oM «Ku3Hb B 6e3onmacHocT» [lepBoro BecemupHOTo KOHTpecca o 0e30IacHOCTH KU3HEACATSIIEHOCTH.

B MHpPOBO# npakTHKe MAaKCHMAIBHO JOMYCTHMBIM (TIPHEMIIEMbBIM) YPOBHEM MHIAMBUIYaIbHOIO PHCKA THOETH
paboTHUKA HA MPOM3BOJCTBE MPHHATO CUMTATh YPOBeHb, paBHbii 10° B rox, T.e. ecim Ha | MWwuIMOH moruGHeT 1
qesoBeK, a npene6peskimo MansiM — 10 B rox [5]. C 9THX MO3MIMIT UIs CPABHUTEIIBHOTO aHATH3a ONPEIEIAM PUCK
rudeNy Wik TPaBMHUPOBAaHUS PabOTHUKOB B ycloBHAX dKOHOMHKH PK. B Tabmwmie 1 mpepcraBieHBl CTaTHCTUYECKUE
JIAHHBIE TIO TIPOM3BOJICTBEHHOMY TpaBMatu3my 3a mepuoxa ¢ 2018 mo 2020 rr. B memom 1o crpare [2]. Kommaectso
MOCTPAJABIINX TIPH HECYACTHBIX clTydasx Ha mpou3Bojactse B 2020 romy, B cpaBHeHuUH ¢ 2018 rooM, CyliecTBEHHO He
n3MeHuII0ch 1 coctaBmwiio 2 033 genosek (B 2018 romy xommuecTBo moctpaaaBmux O0bi10 2 160 wen.). Oxnako B 2020
roxy OOJNBIIMHCTBO MPEANPHUATHH PecIyOJMKH OOJBIIYI0 YacTh BPEMEHH HE paboTalu B CBS3M C KapaHTUHHBIMH
MeponpusTusiMu, odycioieHHbiMu nanaemueir COVID-19. B 2020 romy B pe3yibraTe HECUaCTHBIX CIIydacB Ha

npousBoicTBe norubio 203 yenoseka, B 2018 — 215 yes. [Tokazatens cMepTHOCTH cHU3MIICS Ha 5,6 %. OObsicHseTCS
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9TO HE IOBBINICHUEM YPOBHSI 0OE30MAaCHOCTH M OXpaHbl Tpyla paboTaloIUX, a MPOCTOEM HPEAINIPUSTHH B CBS3H C
KapaHTUHOM.
Tabuuma 1
CraTtucTudeckre TaHHbBIE IT0 TpaBMaTHU3My paboTtarommx B oTpacisax skoHomuku PK 3a mepron ¢ 2018 mo 2020 rr.

N H 3HadYeHne TIOKa3aTeleH 1Mo rogamMm
o anMEHOBaHHUE MTOKa3aTes
2018 2019 2020
1 KonmuecTBo 3aHATHIX B oTpaciisix skoHoMukH PK, ThIc. 8704.0 87732 8 750.1
Yell.
5 KonmuecTBo norndmmnx pabOTHUKOB Ha MPOM3BOACTBE, 215 190 203
Yel.
3 Konm4ecTBo TpaBMUPOBaHHBIX PAa0OTHHKOB Ha 2160 9111 2033
MPOU3BOACTBE, eIl
4 DaKkTHYECKHH PUCK THOESN pabOTHUKOB Ha 2 47x10° 2.16x10° 2.31x10°
MPOU3BOJICTBE
dakTHyeckuil prcK Tpa oBa a0OTHHKOB Ha
5 TUYECKUN PUCK TPABMUPOBAHHUsI pAOOTHUKOB H 2 48x10" 2 4x10° 2.32x10°
MPOU3BOJICTBE

IIpencraBnennsle B Tabmuie 1 nOaHHBIE CBHIETENBCTBYIOT O TOM, 9YTO PHCK TI'HOenH pabOTHHKOB Ha
NIPOM3BOJICTBE B IEJIOM IO pecnyOnuke Oojee 4eM B 2 pas3a BbIle, 4eM OOLICIPUHATHIH MHPOBOW YPOBEHB
JIOIYCTUMOTO ITpuemiieMoro pucka. [Ipuuem pacder ocylecTBISJICS B LIEJIOM MO 3KOHOMHKE Kak 1o 0oJjee, Tak H IO
MeHee TPaBMOOIACHBIM OTpaciisiM. Ecim Takoil pacueT mpou3BecTH Mo Haubojee TPaBMOONACHBIM OTPACISIM CTPaHBbI,
TO OH COCTABHT: JUISl OTPACIH cTpouTenseTBa — 9,43x107°, st ropHomoGsIBaromeii npomsiieHHocTd — 11,1x107,
JUI OTpacid MamuHOCTpoeHHs — 5,48x10°. Bee 9TO yKasblBaeT Ha HENPHEMIEMO HH3KHI YPOBEHb 0OECIICUCHHS
6e3omacHocTd 1 oxpansl Tpyaa (nanee buOT) pabOTHUKOB MPOMBIIUICHHBIX peAnpustHii PK.

XoTs mpeacTaBIeHHAS BBIIIE OIIEHKA PHCKa 110 MeToanKe B. Mapiamia HOCHT 3J1eMEeHTapHBIN U YIPOIIEHHbIH
XapakTep, HO OHA JOCTATOYHO 3 PEKTUBHA M IIMPOKO HUCTIONb3YETCS.

3agadeil MPOBOANMOTO MCCIICAOBAHUS SBIISUICS KpUTHUECKUH aHanu3 cymecTBytomux B PK rocynapcrBeHHbIX
HOPMAaTHBHBIX JIOKYMEHTOB, TIIpe/UIaraeéMbIX pa3IMYHBIMH aBTOpaMH METOJOB WM TOAXOAOB K OLEHKE
podeCCHOHANBHBIX PUCKOB, & TAK)Ke BHIPaOOTKa MPUOPUTETHBIX HATIPABJICHHUI 110 UX COBEPILEHCTBOBAHUIO.

Teoperuueckasi yactb. Ilynkrom 2 cratem 182 TpymoBoro koxmexkca PK pabotomartenmio BMeHsSETCS B
0053aHHOCTh TIPOBEICHHE IOCTOSHHOTO MOHHUTOPUHIA YPOBHS IPO(ECCHOHATBHBIX PHUCKOB C IEJbI0  €ro
NpoQUITAKTUKH, a TAKXKE 3aMEHbI IPUMEHSEMBIX OMACHBIX TEXHOJOTHI 1 MPOM3BOACTBEHHOTO 000PYIOBaHHs Ha Ooliee
OesonacHble [9]. B cBs3u ¢ aTuM cooTBeTcTBYIOIIME Ciy)0bl BUOT mpeAnpusTHid TOKHBI HIMETh JOCTATOYHO HPOCTHIS
1 3(Q¢EeKTUBHBIE METOAWKH OIEHKH MpOQECCHOHAIBHBIX PHCKOB padOTHHMKOB. IIpoBeneHHbIH 0030p HOPMATHBHO-
MIPAaBOBBIX JOKYMEHTOB M HAay4YHOH JINTEPATYphl IO TEME MCCIIeOBAaHMs MO3BOJIII BBHIJCIUTH OCHOBHBIE IOJIXOJIBI U
METOJIbl OLCHKH OINAacHOCTeH M PHUCKOB B cdepe NpoMblluieHHOH Oe3omacHocTr (nanee I1B), mpuMeHsemble B
peciryommKe.

HopMaTHBHBIE MeTOIMKH OLEHKH ONMACHOCTEll M PHCKOB, OCHOBAHHbIE HA CTATHCTUYECKUX JAHHBIX MO
NPON3BOJCTBEHHOMY TPAaBMATH3My M HeCYacTHbIM ciay4yasMm. B Hactosmee Bpems B PK neiicTByroT Heckombko
TOCYJapCTBEHHBIX METOAWK, KOTOPBIE O0s3aTEeNbHBI K HCIOJIHEHHIO BCEMH TOCYAAapCTBEHHBIMH KOHTPOIBHBIMH W
HQ/J30pHBIMH YIIOTHOMOYEHHBIMH OpTaHAMM, a TakKe NPEANpHATHAMH W OpraHm3anusMu. PexoMmeHayemas Ha
rOCY/IapCTBEHHOM YpOBHE HOPMAaTHBHAs METOJMKa OLIEHKH YPOBHS IPOMBIIUICHHONH 0€3011acHOCTH HMPOMBIIIIIEHHOTO
00BeKTa M3JI0KEHA B MpPUKa3e W. 0. MUHUCTpA MO MHBECTHUMAM W pazButuio PK ot 26.12.2014 roga Ne 300 [10].
I'maBHOW menbto nanHbIX [IpaBun sBsIeTCsl ONpesesieHHe CTENeHH 3aliuThl (U3MYECKUX M IOPUAMYECKUX JIUIL,
OKpYXKalollel cpelbl OT ONAcHBIX M BPEIHBIX IPOU3BOACTBEHHBIX (akTopoB (nanee OBII®) 3a cuer MoHHTOpHHTA
ypoBHs IIb Kkak co CTOpOHBI I'OCYZapCTBEHHBIX YIOJIHOMOYEHHBIX OpraHoB B oOmactu I1b, Tak m co CTOpOHBI
COOTBETCTBYIOIIMX IMOAPA3IEICHUN MPEeANpPUATHI 1 opranuzanuii. OOmuN ypOoBEHb OMACHOCTH MPOU3BOJICTBEHHOTO
o6wekra (nanee OITO) onpenensercs NpeaUPUATHEM, SKCITyaTHPYIONINM 3TOT 00BEKT, OJUH pa3 B O]l PaCYETHBIM
METOJIOM TI0 CIIEAYIOIIMM ITOKa3aTesIM: COCTOSHHE NPOHM3BOJACTBEHHBIX 3aHUN M TEXHOJOTHYECKHX COOPYKEHHH;

COCTOSAHUEC TECXHHYCCKHX yCTpOﬁCTB, B TOM 4YMCJI€ M OIIACHBIX, IPOM3OLICAIINX aBapHﬁ U HUHIUJACHTOB, YaCTOTHI
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HecyacTHBIX ciydaeB (nanee HC) Ha nmpousBoactse; npousonteamux HC Ha npon3BoJCTBE CO CMEPTEIBHBIM HCXOIOM.
HToroBelii 001U ypOBEHb OMIACHOCTH O0OBEKTA OMPEAEISIETCS CYMMOH BBIIIEYKAa3aHHBIX II0KA3aTeIeH.

Hcnons3oBaHne TPEACTaBICHHOW METOAMKM ANl OLCHKM YPOBHS MPOMBINUICHHOW O€30MacHOCTH
IIPOU3BO/ICTBEHHBIX OOBEKTOB 3aTPYAHUTEIBHO 110 CIEAYIOIUM IPUIHHAM:!

— U3 PEKOMEHIYEMBIX CEMH PACUETHBIX MOKa3zaTeleH YeThIpe — 3TO MOKa3aTeIH IPOW3OUICANINX aBapHi,
WHIOUACHTOB, YaCTOTHI HECUACTHBIX CciydaeB u npomsomeammx HC Ha mpou3BoACTBE CO cMepTENbHBIM HexoqoM. OHH
SIBISIFOTCS] CTATUCTUYECKIMH M HE 0TOOPa)KalOT PEabHOTO TTOJIOKEHUS [eN. YKa3aHHBIC HETaTUBHbBIE COOBITHS MOTYT
NIPOM30MTH MW Ha COBPEMEHHOM XOpOIIO OCHAIIEHHOM IPOU3BOJCTBE IO NPUYMHE OLIMOOYHBIX, HEMPaBHIbHBIX
JICUCTBUSl TEpCOHANla, a TaKKe NMpHU TpyOOM HapyIIEHMHM TeXHHKH Oe3zomacHoctd. Hapsimy ¢ TeM, Ha HeOOJBIIOM
NPEANIPUSTHN C MAJIBIM YHCJIOM pabOTaIONINX, YCTAPEBIINMH TEXHOJOTHAMH M 000pyJIOBaHHEM aBapHy U HECYACTHBIE
cllyyad MOTYT W HE NpOM30MTH BooOlie. BeneacTBre 3TOro MOXKHO caeiaTh HEBEPHBIH BBIBOJ O HHU3KOM YpPOBHE
MIPOMBIIIIICHHON Ge30macHOCTH mepBoro. KpoMe Toro, B KH3HM MHOTHE CTaTUCTUYECKHE JAHHBIC NIPU MPEACTaBICHUN
OTYETHOCTH B YNOJHOMOYEHHBIE TOCYJapCTBEHHBIC OpraHbl OTOOpakaloTCS HEIOCTOBEPHO, MOIYYUTH pEalbHYIO
KapTUHY 110 HUM KpaifHe 3aTpyAHUTEIbHO;

— 000011IeHIe U CBEJCHUE B €AMHBIN CTaTHCTHYECKMH MAaccHUB BceX COOBITHII MOA OOLIMMHU ITOKa3aTeNsIMU
«IPOM3OIIE NG aBAPUI» M «IIPOU3OMICANINE HHIUACHTBI» CO3/1aeT IPOOJIeMy TOTO, YTO BHYTPH JaHHBIX MOKa3zaTeleh
BCE CIIYYMBILHECS COOBITHS OJWUHAKOBBI, T.e. NPHUPAaBHEHbI JPyr K Apyry. B coOTBETCTBMM ¢ 3TUM B3pHIB Ha
MPEANPUATHA C THOCNBIO OOJBIIOTO YHCA JIFOJACH M pa3pylleHHE KaKoro-mubo o0OpymoBaHHs 0€3 MOCTpaaaBIIMX
SIBJISIFOTCSI paBHO3HAYHBIMU COOBITHSIMU. OIHAKO HEe OBIBAET COBEPILEHHO OJMHAKOBBIX aBapWil WM MHIMICHTOB, T.C.
Ha OCHOBaHMM OJTOTO IOKa3aTesisi Kakue-1u0o BbIBOABI 00 ypoBHe [Ib KOHKpeTHOro mpennpusTus Wik 00bEeKTa
MPaKTHYECKU CAEIaTh HEBO3MOXHO. AHAJIOTMYHAS CUTYyalus U ¢ TokasareneM npousomenmux HC Ha npousBojacTee
CO CMEpTenbHBIM HCcXoloM. [IpakTnka mOKa3pIBaeT, YTO Uil OOJBIIMHCTBA IHPOMBIIIICHHBIX NPEANPHUITHN 3a
OTYETHBIH mepuop (rox wiam Oonee) OH JMOO HUYTOKHO Majl, THOO NpakTHYECKH paBeH Hymo. Ha ocHoBaHMM
BBIIIICYKa3aHHOTO MOXXHO CJI€JIaTh BBIBOJ, YTO HMCIOJIB30BAHHE TOJIBKO MOKa3aTelel aBapUiHOCTH M TPaBMATH3Ma JUIS
OILIEHKH YPOBHS OIACHOCTEH M PHUCKOB MPOMBIIIICHHOTO MPEIIPHSTHS B IIEJIOM, a TeM 0oJiee IJIsl OIpE/IeICHUS] YPOBHS
MIPOMBILIIEHHOW O€30MacHOCTH OTIENIbHBIX OMACHBIX MPOM3BOJICTBEHHBIX OOBEKTOB NPUBOAMT K HEIOCTOBEPHBIM U
OLIMOOYHBIM BBIBOJIAM;

— OTCYTCTBYET psijJ BaXHBIX I[IOKa3arelieil, TakuX, HamnpuMep, Kak obecredeHue 0e30IacHOCTH
TEXHOJIOTMUECKOTO TpOlecca, CBOCBPEMEHHOCTh NPOBEACHHS PErjiaMeHTHbIX PabOT M YPOBEHb WX OpraHH3alUH,
kBanu(UKanus 1 3HaHue nepcoHaioM tpedoBanuii [1b, KOTOpbIe HEMOCPEACTBEHHO BIUSIOT HAa TAKYIO OLICHKY;

— HECOMHEHHO, 4TO JJaHHas METOIMKa pa3paboTaHa JIMIIb JUI KOHTPOIUPYIOMINX TOCYIapCTBEHHBIX OPIaHOB,
KOTOpBIE MPOBOASAT TOJNBKO BHELIHIOI OIIEHKY O€30I1TaCHOCTH IPOM3BOJCTBA B LIEJIIOM, HE YIrIyOJsisich B NPUYUHBI U
CIIEICTBHS €€ HU3KOTO YPOBHS, a TAKXKe, HE OL[EHNBast IPO(eCCHOHAIbHBIE PUCKH PaOOTHHKOB.

Jpyrast rocyJjapcTBEHHAs] HOPMATHBHAsI METOIMKA OLICHKH YPOBHS OIACHOCTH W PHCKOB ITPOM3BOICTBEHHOTO
00beKTa M3JI0KEHA B COBMECTHOM TpHKa3ze MUHUCTpa 10 MHBeCTUIMAM U pa3zButuio PK Ne1206 ot 15.12.2015 roaa u
MunucTpa HanumoHainbHOM sSkoHOMUKH PK Ne@14 ot 28.12.2015 roma [11]. OueHouHble MOKa3aTead 371€Ch
(hOpMHPYIOTCSI TOCPEICTBOM OOBEKTHBHBIX U CyOBEKTHBHBIX KpUTepHeB. [10 0OBEKTHBHBIM KPUTEPHSIM CYOBEKTHI
WM 00BEKTHI, NOJIeXKAIINE TPOBEPKE, Pa3eIIIOTCS Ha 2 TPYIIbI — BBICOKOW M HE OTHECEHHOW K BHICOKOW CTEIEHH
pucka. Jnst cyObeKTOB MM OOBEKTOB IEPBOIl IPyMIbl HPUMEHSETCsS OCOOBIH MOPSJIOK MPOBEICHHs HMPOBEPOK Ha
OCHOBaHHH MOJYT'OJIOBEIX I'pa)MKOB, BHEIUIAHOBBIE TPOBEPKH M MHBIE POPMBI KOHTpOII M Hag3opa. st cyObheKToB
WM 00BEKTOB BTOPOM TPYMNIIBI — TOJBKO BHEIJIAHOBBIE NPOBEPKHM M HMHBIE (GOpMBI KOHTposisi M Hajazopa. Ilo
NoKa3aTeasiM CyObEKTHBHBIX KPHTEPHUEB NPUMEHSETCS MEXaHH3M IMOOLIPEHHs J0OPOCOBECTHBIX CYOBEKTOB HWIIH
00BeKTOB B (hopMe OCBOOOXKIEHHMS HMX OT 0CO0Oro mopsiaka mHpoBeneHHs HpoBepku coctosiuus [1b. JlanHble
KPUTEPHH IO 3HAYUMOCTH B pacCMaTpHUBAEMOM JOKYMEHTE pa3jelieHbl Ha 3 creneHu HapyuieHuit no I1b: rpyOsie,
3HAa4YMTENbHBIE W HE3HAYMTeNbHbIE. [IpU ONpe/eNeHnu: MoKa3aTessi CTeNeHH pHCKa OIICHUBAeTCs YICJbHBIH Bec
Ka)XIO0T0 M3 HEBBINOJHEHHBIX TpeboBanuii I[1b. 3aTeM oHM CYyMMHPYIOTCS UM HaXOJUTCS OOILIMII TOKa3aTeNb CTETICHH
pHCKa MPOBepsieMOro cyobeKTa MM 00beKTa BBICOKOW CTENEHH PHUCKa, B 3aBUCUMOCTH OT BEJIMUMHBI KOTOPOTO TaKOM
cyOBeKT MM 0OBEKT OCBOOOXKIAeTCS OT 0COOOTO TMOpSIKAa IMPOBEIACHHUA IPOBEPOK HA OCHOBAHUH IOJYTOOBBIX
rpa¢ukos (ot 0 go 60 6aitoB) MM He ocBoboxknaetcs (ot 60 no 100 H6anos).
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IIpu sTOM, ecnu BBISBIEHO XOTsI ObI OZHO HeBbINOJNHEHHOE TpeboBanue I1b rpy6oii cremenu, To oOmMA
MoKaszaTedb CTENEHU pHCKa MpoBepsieMoro cyObeKkTa WiIM O0beKTa MpHUpaBHUBaeTcs K mokaszaremto 100 u
JalbHENIINMI pacueT He POU3BOJUTCS.

Kpurepun OIEHKH CTENEHH pPHCKAa, MO KOTOPBIM IIPOM3BOAMTCS BBIMICYKAa3aHHBIH pacueT, MPHBEICHBI
B IIPIJIOKEHUH K JAaHHOMY NIPHKa3y U comepxut 6onee 1000 omeHOYHBIX TTOKa3aTeei.

[Ipumenenne manHOW Metommkum B pabore cmyk0sl BuOT mnpowW3BOICTBEHHOTO MPEANPHUSATHS IS
BHYTPEHHETO HCIIOJIH30BAHNUS 10 OLIEHKE YPOBHS OMACHOCTH M PUCKOB 3aTPyIHHUTENBHO 110 CIIETYIONIMM IPUIHHAM:

— OHa IMOJIHOCTBIO OPHMEHTHUPOBAHA HA BHEIIHIOK OLEHKY MNPEeANpHUsTHs B LEJIOM CO CTOPOHBI
KOHTPOJIMPYIOLUX FOCYAAPCTBEHHBIX OPTraHOB;

— JaHHas METOJMKa OYeHb TPYAOEMKa, TaK Kak JUuisl ONpeAe]eHUs OOIIMX IoKa3aTeneil HeoOXOAMMO
oueHUTh 6osiee 1000 1OMOTHUTENBHBIX OLEHOYHBIX [TOKa3aTelel, IPUBEICHHBIX B 3TOH METOAMKE.

B nponomkenny BhIIEyKa3aHHBIM METOIUKAM HAYT MeTonudecKre peKOMEHIANH 110 YIPaBICHAIO PUCKAMHU
Ha OIIO, yrepxxaennsie [Ipukaszom Komurera mo rocynapcrsenHoMy kKoHTporo 32 YC u I1B PK Ne46 ot 1 oxtsa0ps
2013 roxa, W ycraHaBIMBAaIOIIUE OOIIMII MOPSIOK M MPOLEAYPY IHPOBEICHUS KOMIUIEKCHOTO aHalInM3a M OICHKH
cocrostaus 116 ma OITO [12].

Tak, cOrmacHO MM, OCHOBHBIMH 3TallaMH aHAJNIW3a PHCKA SBIIOTCA: WACHTU(HKALUS PHCKA, aHAINU3 €ro
YPOBHS MJIM KOJIMYECTBEHHO!H BEJIMYMHBI CTENIEHH OMACHOCTU JUIi PaOOTHUKOB, 00OPYNOBAaHUS M MPOU3BOICTBECHHON
WIM OKpY)Karolled cpenpl; OKOHUYaTeIbHAas OIICHKAa CIIOCOOOM CpaBHEHHMA C IMPHUEMIIEMBIMH WIH JOITyCTUMBIMHU
YPOBHSIMH.

OCHOBHBIMHU JTalaMH aHajW3a PHUCKA SBIAIOTCS. ONpEJeIeHHEe YacTOT BO3HUKHOBEHHS HHUIUHPYIOUUX U
BCEX HEKeNaTeNbHBIX COOBITHH; OLIEHKA IOCJIEJACTBUI BO3HHMKHOBEHUS HEXEJAaTeNIbHBIX COOBITHH M 0000IIeHHas
oleHKa pucka. Jlysi peneHus NepBoi M3 yKa3aHHBIX 3a7ad HUCIIOJIB3YIOTCSI CTATHCTHYECKUE TAHHBIE M0 aBapUHHOCTH,
IIPOM3BOJICTBEHHOMY TpaBMaTH3My U mpogzadoneBaemoct Ha OINIO, a Takke 3KCIIEPTHHIE OLEHKH CIEIHAIICTOB.
OxonHuatenpHast (0000IEeHHAs) OLIEHKa pUCcKa onpenersieT ¢pakTuieckoe coctosiaue ypoBHs [1b ¢ yueTrom mokasareneit
pHCKa OT BCEX HETaTHUBHBIX CUTYalHil, KOTOpbIE MOTYT BO3HHKHYTH Ha OI1O.

I'maBHBIE HEZOCTATKM PACCMOTPEHHBIX METONMUYECKHX DPEKOMEHIAIMH 3aKIIF0YaloTCs B CIOXKHOCTH cOopa
JOCTOBEPHBIX MCXOIHBIX JAHHBIX U PacueToB, a TaKKe B TOM, YTO OIIMOKA ONPEAEICHHOIO 3HAUYEHUS BEITHYMHBI
pHCKa, Jake PU HAIMYMK BCEX HEOOXOAMMBIX MCXOJHBIX JIAaHHBIX, O4YeHb Besuka. [1o 3TOi mpuynHe UCIoIb30BaHHE
pe3yabTaTOB pPHUCK-aHATU3a Ul INEPHOAMYECKOTO M HempepblBHOro MoHHTOpuHra ypoBHS [IB OIIO ¢ mensio
OTIpE/ICICHNUS BIUSHIS HA 3TO COCTOSIHUE T€X WM MHBIX IPUHUMAEMBIX MEP O4YEHb 3aTPyAHUTEIbHA.

Ecnm BrplmeykazaHHble MeToanuecKre peKOMEHIAUK PErJIaMeHTHPOBAIN YIpaBJIeHHE PHCKaMM TOJBKO Ha
OTIACHBIX ITIPOM3BOJCTBEHHBIX OOBEKTaX, TO mosfHee IlpaBuiaMu ynpaBieHHS NPOQECCHOHANBHBIMH PHCKAMH OT
11.09.2020 roma Takoe ympaBieHHE MPEIyCMOTPEHO Ha BCeX NpOMbIIUIeHHbIX mnpeanpusitusx PK [13]. [lauusie
[IpaBuna oroBapuBarOT MOPANOK YHpaBJICHHS NPOPECCHOHATBHBIMA PHUCKaMH, U B OTJIMYHE OT APYIHX METOJUK,
BKJTIOYAIOT 3TAlbl HE TOJIBKO UX HICHTU(UKALMN U OIIEHKH, HO U ATAITbl IPOBEACHUS KOPPEKTUPYIOIINX MEPOIIPHUATHIA,
a TaK)Ke KOHTPOJI 1 MOHUTOPUHIA YPOBHEH MPO(ECCHOHABHBIX PUCKOB.

Oran uaeHTUGUKAIIMA PUCKOB MPEIYCMaTPUBACTCSI [0 KX I0# mpodeccun paboTarONUX WK paboueMy MECTY
MIPEOIPUATHSI TI0 BUIY IESTEIFHOCTH M BKIIFOYAeT B ce0s1 cOOp M aHaIN3 WHPOPMALNH, KOMIIEKCHOE 00CIe0BaHHE C
MPOBEACHUEM TEXHHYECKHX W3MEpPEHHH, OIpelesieHHe [0 pe3yabTataM OOCIEZOBAaHHMS BCEX  BPEIHBIX
IIPOM3BOJICTBEHHBIX (haKTOPOB C 3aIIOJIHEHUEM YTBEPXKIaeMOro pykoBogutesieM Peectpa mpodeccrnoHaIBHBIX PHUCKOB
0 IPEANPUITHIO.

O1eHKe MMOJUIeKAT BCE BBIBICHHBIE paHEe BpEIHBIC MIPOU3BOCTBEHHBIE (haKTOPHI, 110 PE3yJIbTaTaM KOTOPOH
YCTaHABJIMBAETCSl YPOBEHb MX OMACHOCTH IO 5 CTENEHSIM ITPOeCcCHOHAIBHOTO pUCKa: | CTEeNeHb — JOIyCTUMBIH, 2 —
HU3KUH, 3 — cpeaHuii, 4 — BBHICOKUI H 5 — OYEeHb BHICOKHH YPOBEHb PHCKA.

Jis  ompeneneHHWs CTENeHH TNPO(ECCHOHAIBFHOIO pHCKAa WCIONB3YETCS CIEAyIOiee aHAINTHYEeCKOe

BBIPAKEHUE!
B+T O.+C,
IIP=0,7- +0,2-—4—=410,1-3,
2 2
rie B — mnokasarens BpemiHOCTH YCIOBUI TpyAa, XapaKTepU3YIOIMUN BEPOSTHOCTb BO3AEHUCTBHS BpPEAHBIX

MPOU3BOACTBCHHBIX (baKTOpOB Ha prﬂOCHOCO6HOCTL paGOTHI/IKa I[aHHOﬁ HpO(l)eCCI/II/I Ha pa60qu MECTC, T —
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MOKa3zaTeJb TPAaBMOOIIACHOCTH  YCJIOBMHM TPYyZAa, XapaKTEpU3YIOLIMH BEPOSTHOCTh  BO3AEHCTBUS  OMACHBIX
MIPOM3BOJICTBEHHBIX (DaKTOPOB Ha TPYAOCIOCOOHOCTH pabOOTHMKA JAaHHOW mpodeccun Ha pabodyem Mmecre; O —
MoKa3aresb 0€30IIacHOCTH MCIIONIF3YEMOTO pabOTHUKOM Ha pabodeM MecTe MPOM3BOACTBeHHOTO 0bopynoBanus; C,, —
MoKa3arelh 00ecreueHHOCTH pabOTHHKA CPeACTBAMH HWHAMBHAYATbHOM 3amIUTHI, 3 — IOKa3aTelb 3a00JeBaeMOCTH
paboOTHHKOB AaHHOM mpodeccuu [13].

CrieytoIiid 3Tan KOPPEeKTHPYIOIINX Mep NpeaycMaTpUBaeT HX IPOBEACHHE Ha OCHOBE pPa3paOOTaHHOTO
[Inana meponpuaATHil npenupuaATHs 10 3(Q(GEKTUBHOMY YIPABICHHIO NaHHBIMH PHUCKAMH C LEIbI0 CHIDKCHUS
BBISIBJICHHBIX YPOBHEH /10 00Jiee HU3KHX U IIPHEMIIEMBIX.

3aKIIFOYUTENBHBIN 3Tall KOHTPOJIS M MOHHTOPHHIA NPO(QECCHOHAIBHBIMU PUCKaMH IPEIyCMaTpUBAET, BO-
NIEPBBIX, KOHTPOJIb M IPOBEPKY BCEX Pa3paOOTaHHBIX KOPPEKTUPYIOLUIMX MEPONPHATHHA, BO-BTOPHIX, MOHUTOPUHT
PHCKOB 3a cyeT cOopa M aHaJln3a aHAIMTHYECKUX MOKazaTeJed pe3ysIbTaToB MMPOBEJCHHON OLEHKH Uil (POPMHUPOBAHUS
MIOJTHOW MH(OPMALIMH IO CHU)KEHHIO CTETIIEHU UX OMAaCHOCTH.

[IpeumyimiecTBO NaHHOW METOAMKH COCTOMT B TOM, YTO HMMEHHO OHa II0 CBOEMY COJICPIKaHHIO OTBEYaeT
TpeOOBaHMIO MPEIBAPUTEIBHOIO YCTAHOBICHHUS YPOBHEH NPO(pecCHOHANBHBIX PUCKOB U pa3padOTKe MEPONPHUATHH HX
CHIDKSHHS IO BOSHUKHOBEHHS YPEe3BBIUAHBIX cuTyanuid. K HemocTaTkaM MOYKHO OTHECTH CIIEAYIOIINE:

— HE OIPe/ICIICHA MEPHOIMYHOCTb POBEACHUS NPEIIPHATHEM TaKOW OLICHKH NIPO(YECCHOHATIBHBIX PHCKOB;

— HETOHSTHO, MOYeMY IIPH MJCHTHYHBIX C CYILECTBYIOLIEH METOIUKOMN aTTecTanueil pabounx MecT (KoTopast
OylneT paccMOTpeHa HMXKe) TpeOOBaHMSAX MO KOMIUIEKCHOMY OOCJIEOBAaHUIO YCIOBHH TpyAa C IPOBEICHUEM
WHCTPYMEHTAIBHBIX U3MEpeHuit nanHble [IpaBuna He ObUIM COBMEIIECHBI/00bEIUHEHBI.

MeToauka oleHKH NMpo(decCHOHAIBLHBIX PUCKOB, pa3padoTaHHasi B CHCTEMe CTPaXOBaHHs PabOTHHKOB
0T HEeCYACTHBIX ciy4aeB. B coorBercTBuM co 1m.14 cT.182 Tpynosoro komekca PK B o0s13aHHOCTH paboTomaress
BMEHSCTCS INIPOBOJHUTH CTpaxoBaHHe paboTHHKOB OoT HC mnpH HCHONHEHMH HMH TPYAOBBIX (CIIyKeOHBIX)
obs3aHHOCTE. MeEXaHH3M Takoro CTPaXxOBaHHS MOIPOOHO M3JIOKEH B CICAYIOIIMX HOPMAaTHBHO -TIPABOBBIX
JTOKyMEHTaX:

— 3akoH PK «O0 o0s3aTeIbHOM CTpaxOBaHUM pabOTHHKA OT HECYACTHBIX CIy4acB HPH HCIOJIHCHHH UM
TPYHOBBIX (CiTy)KeOHBIX) 00s3anHOCTE#» 0T 07.02.2005 roma Ne30 [14];

— «IIpaBuia oTHeCEHHs BUAOB YKOHOMHUYECKOH NESATEIbHOCTH K Kiaccam Mpo(ecCHOHAIBHOTO PUCKa» OT
30.06.2005 roma [15].

Tak, corjacHO JaHHBIM JOKyMEHTaM, B Cllydyae HACTYIUIEHMH CTPaxoBOTro (HECYaCTHOro) ciydas
MOCTpazaBiieMy (3aCTpaXOBaHHOMY PabOTHHKY) BHIIUIAYHBACTCS CTPAXOBAsi MPEMHSI, pa3Mep KOTOPOH OTpenesieTcst
corNalmeHueM CTOpoH (paboronareneM W CTpaxoBOW KoMIaHWed) Ha 0aze crpaxoBoro Tapuda,
1 GepeHIUPOBaHHOTO TI0 BHJAAM JKOHOMHYECKOH JEATeNbHOCTH NPEANPHUSITHH, B 3aBHCHMOCTH OT Kiacca
npo(ecCHOHANBEHOTO PUCKA, YMHOXXEHHOTO Ha CTPAaXOBYIO CyMMY IO IOTOBOpYy cTpaxoBaHHsi. OTHeceHHE BHUIOB
9KOHOMHYECKOH JAeATEeIBHOCTH INpeaycMaTpuBaeTcss Ho 22 pas3iM4HbIM KiaccaM Npo(eCCHOHATBHOTO pHUCKa.
HenocpencTBeHHO nokasarenb NpodecCHOHAIBHOTO PUCKA 10 KOHKPETHOMY BUY SKOHOMHUECKOW JIESTENIbHOCTH B
AHAJM3UPYEMOM TOJdY OMpEeNeNseTcsl KaK OTHOIICHHE BEJIMYHWHBI TOJOBOW (AKTUUECKOW CYMMBI HAUYHUCIEHHBIX
BBIIUIAT Ha BO3MEIIEHHE Bpena, MPUUYMHEHHOIO >KU3HM M 30POBBI0 PAOOTHHKA IPH HCIOIHEHHH UM TPYIOBBIX
(cmyx)e0HbBIX) 00s13aHHOCTEH K pazMepy roJoBoro GoHaa OTUIATHl TPYa.

OrneHka cTeneHd MNpOoQpEecCHOHANIBHOTO pPHCKAa KOHKPETHOTO BHIA JKOHOMHYECKOH JesTEeIbHOCTH
NPEQNpUATHS WM OpraHu3aluu 0asupyercss Ha CIEYIOIIMX CTaTUCTHYECKMX MOKa3aTelsix: YHCIeHHOCTh
nocrpanasmux npu HC B Tedennu rona; rogosas pakTHUecKH HAUYMCIEHHAst CyMMa BBITUIAT ocTpaaaBumM npu HC,
B T.4. CpPeJHHMH pa3Mep HAYUCICHHBIX BBIIAT HAa OJHOTO ITOCTPAJaBIIET0; TOJOBOE YHCIO NOCTPAAABIIMX OT
npo¢3aboieBaHus; CyMMa Ha4MCIIEHHBIX BHIIJIAT NOCTPaAaBIIuM OT npod3aboieBanus B oA, B T.4. CPEIHUN pasmep
HAYMCIIEHHBIX BBIIUIAT HA OJHOTO IMOCTpajaBIlero; 4ucieHHocTs norubmwmx npu HC B rox; romomas cymma
(haKTHYEeCKN HAYMCICHHBIX BBIIUIAT B CIy4ae CMEPTH pabOTHUKOB, B T.4. UX CPEAHUHN pa3Mep; TOA0BOM (OHJ OMIaThI
Tpyda 10 JaHHOMY BUOY YKOHOMHUYECKON JACATCIIBHOCTHU,; CPEAHETOAO0BAA CIIMCOYHAsA YUCIICHHOCTDH pa6OTHI/IKOB 10
JIAHHOMY BHY 9KOHOMHYECKOM aestenpHocTr [15].

XoTs M0 paccCMOTPEHHOMY METOAY OLEHKH MHPO(ECCHOHAIBHOIO PHCKA M MOXHO CJeNIaTh BBIBOJBI O
CTETIEH! TPaBMOOIACHOCTH PA3IMYHBIX OTpAciIeld MPOMBIIUIEHHOCTH 10 BHAaM JKOHOMHMYECKOW JEATeNbHOCTH,

OJIHAaKO ero wucmosib3oBaHue ciyxO6amu buOT mnpennpusTHii 3aTpyqHEHO B CBA3M C Y3KO OPHEHTHPOBAHHOMN
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HalpaBJICHHOCTbIO Ha cdepy crpaxoBaHus. Tarke Bce pacdeTsl 3[€Ch NMPOU3BOMATCS YK€ MO CBEPIIMBIIMMCS

HETaTHUBHBIM MOCIEICTBHAM (KOJUUECTBY NOruOmuX, nocrpagasuux ot HC n npod3zaboneBanus u 1.11.).
3aKOHOJATEIbCTBOM TAKXKE NTPEIYyCMATPUBACTCS IIPABO OOpAIIEHHUS CTPaXOBOI KOMIAaHNEH B ONpPEAEICHHBIX

CiIydasix 3a MOMOIIBIO K 3KCIIEpPTaM B IaHHOH 00JacTu Il yCTAHOBJICHUS CTETICHN IPO(ECCHOHATBHOTO PHCKA.

JKcnepTHbIe MeTOAbI HAeHTH(HKALMY ONACHOCTelH M OLEHKHM PUCKOB. B HacTtosmee BpeMs B mpobieme
OLIEHKH OIACHOCTEH M TMPO(ECCHOHANBHBIX PHCKOB IIMPOKOE PACHPOCTPAHEHHE HAILIM Pa3IWIHBIE SKCIEPTHBIC
MeTonbpl. OCOOEHHYIO aKTyaJIbHOCTh HMCHOJIB30BAHME TAKHX METOJOB IPHOOPETAET MPHU OTCYTCTBHU CTATUCTUYECKHX
JIAHHBIX M0 TPAaBMaTU3MY M NMpo(h3ab0IeBaeMOCTH, a TaK)Ke 0a30BBIX MOKa3aTeeH ISl ONpe/IeNICHHs] PUCKA PaCUETHBIM
myTeM. OCHOBHBIMHU 33/ladaMM JKCIIEPTOB, KOTOPBIE, KaK MPaBHJIO, IMPUBIEKAIOTCS M3 YUCIA BEIYLIUX YYEHBIX WU
ONBITHBIX MPAKTHKOB B JTOH 00nacTd, SBISIOTCA: WACHTU(GHMKALMWS ONACHOCTEH W OOBEKTHBHAs OIIEHKa
podeCCHOHANBHBIX PHUCKOB PAaOOTHUKOB Ha OCHOBE XapaKTEPUCTUK HPOU3BOJCTBEHHOTO Mpolecca M Cpelpl,
CYLIECTBYIOILIEH OpraHM3alliM TpyJa W Jpyrux (akTopoB, BKIOYAs M KPUTEPUAIbHYIO OLEHKY II0 CTENEeHH
MIPUEMIIEMOCTH M HEJIOIyCTUMOCTH; OLEHKY HCIONb3YEMBIX MEPONPHUATHA U TEXHUYECKHX CpPEACTB IO HX
3¢ PEKTUBHOCTH 3alIUTH pAOOTHHKOB; TOKYMEHTHPOBAaHNE BCEX IPOBEACHHBIX MPOLEYD.

OKCHEepTHBIE METO/IbI ACHTH(UKAINH OTIACHOCTEH 1 OIIEHKH PHCKOB IPH BCEH CBOEH NMPOCTOTE M HOHITHOCTH
XapaKTEPU3YIOTCSI OONBIION CTENEHBIO 3aBUCHUMOCTH PE3yJIbTaTOB TaKOW MACHTU(HKALUKN OT CyOBEKTHBHOTO MHCHHS
KOHKPETHBIX JIL, IIPUBICYCHHBIX B KAaueCTBE JKCIEPTOB. B CBA3M C 3TUM Takue METOIbl HEJOCTATOUHBI [
MIOJTHOLIEHHOTO HccieioBanust (paxkruueckoro cocrosiuus buOT Ha mpousBojactee. Hakomnennsiit onsiT B chepe [1b
MOKa3bIBaeT, YTO JOCTOBEpPHAS U MOJIHAas MH(OPMALHs 00 YCIOBHAX TPYyJa M YPOBHSIX MPOQPECCHOHATIBHBIX PUCKOB HE
MOXeT ObITh ToONydyeHa 0e3 MPOBEJCHUS WHCTPYMEHTAJBHBIX 3aMepoB 3Ha4YeHWi mokaszareneii OBIID
IIPOU3BOJCTBEHHOU CPEJIBL.

Marpu4Hbie METOAbl OLCHKH NPOdecCHOHANBHBIX PHCKOB. IIpsMas KonndecTBEHHas OLEHKA ypOBHEH
poeCCHOHANBHBIX PHCKOB MOXXET OBITh peali30BaHa Yepe3 METOJ OLECHKH PHCKOB C NPUMEHEHHEM MaTpPUIIbI
«BEpOSATHOCTB-yImepO». CyTh 3TOr0 METOJa COCTOMT B TOM, UTO IJISI Ka)XKJOH KOHKPETHOW CHUTYallH OINpPENeIsieTCs
PaHT BEPOSITHOCTH €€ pPealn3aliii — HH3Kasi, CPEIHAS WU BBICOKas (CTONOIBI MATPHUIIBI) — W IOTEHIMANBHBIHN yiiepo
OT €€ BO3HHMKHOBEHHUS — MaJlblid, CpEeIHMiA, OOJbIION (CTpOKM MaTpuilbl). Ha mepeceuyeHuH COOTBETCTBYIOIIETO
cTONOIa M CTPOKM HAXOIUTCS 30HA onTuMyMmMa. Ho M jaHHOMY MeTOJy XapakTepHbl HEAOCTATKH BbIIICYKa3aHHBIX
MeToguK. OH OTCTpaHEH OT YCJIOBHH pPeaJbHOTO NMPOU3BOJACTBA, HE YUUTHIBAET COCTOSHHE NMPOU3BOJICTBEHHOM CpE.sl,
MIPOMU3BOJICTBEHHOTO 000PYIOBAHUSI U T. II.

MeToabl OLEHKM PHCKOB HAa OCHOBe KJacCM()MKaLMU YCJIOBHIl Tpyaa Ha padouyMx MecTax MpH
NMpOBeJeHUHN aTTecTanun padounx mect. B cootBercTBum ¢ 1. 2 cT.183 TpymoBoro koaekca PK paboromatens 00s3an
3a c4eT COOCTBEHHBIX CPEACTB MPOBOJIUTH NEPHUOANYECKYIO, HE peke ueM | pa3 B 5 JIeT, aTTecTaluio pabounx MecT 1o
ycnoBusiM Tpyna (nanee APM) B cOOTBETCTBHH C NpaBWIAMH, PEKOMEHIALMSIMH M METOIMKOH, YTBEP>KACHHBIMU
YIIOJITHOMOYEHHBIM T'OCYIapCTBEHHBIM OpPraHOM B cepe TPYHOBBIX OTHOLICHWH W MPOMBIIUICHHON Oe3omacHocTH [9].
Takum nokymentoM B PK sBisitorcs «[IpaBuiia 00s3aTelbHON TEPHOIUYECKO aTTECTAl[MM IPOW3BOJCTBEHHBIX
00BEKTOB MO ycaoBusAM Tpyaa» ot 28.12.2015 roxa [16]. CornacHo ykasaHHbiM [IpaBuiam, aTrecTanus pabounux MecT
U TIPOU3BOJICTBEHHBIX OOBEKTOB MPEANPHATHA W OpraHu3alMid HpencTaBiIseT co0Oi KOMIUIEKCHYIO OIIEHKY Ha
COOTBETCTBHE TpaBmwiaM U HopMmatuBaM B cepe buOT u Brimouaer B cebs cleAyromue 3Tanbl: HHCTPYMEHTAIbHBIE
HU3MEpPEHUs] U OLIEHKAa YPOBHEH BPEIHOCTH U ONACHOCTH TPYyJAa; MHCTPYMEHTAIbHbIE U3MEPEHMsI U OLICHKA YpPOBHEH
TSDKECTH M HaNPSHDKEHHOCTH TPY[a; OLEHKa YPOBHS TPaBMOOE30MacCHOCTH M 00€CIIeYeHHOCTH pabOTHUKOB CPEACTBAMU
KOJUIEKTHBHOW ¥ MHIIMBHIYAJIbHOH 3aIINTHI; 00ECIIEYeHHOCTD CPEJICTBAMH 00YUYEHHS U HHCTPYKTaXa.

O6BexkToM U3Y4EHHUS pu APM SBJIAETCS cucrema «IIPOU3BOJCTBEHHAS cpena —
TEXHOJIOTHYECKOe 000pyAoBaHne — pabOTHHKY». [Ipon3BOACTBEHHAs cpesla aHATM3UPYETCS] CO CTOPOHBI IIPHCYTCTBHUS B
Hel PU3MUYECKHUX, XUMHYECKHX, OMOJIOrniecKuX, rncuxopusnonorndeckux OBII®, Texnonornyeckoe o0opyoBaHmne —
10 YpOBHIO 0O€30MacHOCTH MPOW3BOACTBEHHOTO IIpOIEcca B IIEIOM, a PabOTHMK — IO TOKAa3aTeNsIM TSDKECTH U
HaTPSHKEHHOCTH TPYJa, KOTOPHIE MO3BOJISIOT CYIUTh O COCTOSIHAHN €T0 3/I0POBhs Ha pabouem MecTe.

IIpu momHOM otcytcTBrHM OBII® Ha paGouymx mMecTrax WIH MPH WX HAIWYWH, HO COOTBETCTBHSA (DAaKTUIECKHUX
YPOBHEH CaHWTAPHO-TUTHEHMYECKHM HOpMaM U TpeboBaHusiMm Oe3omacHoctu (Hampumep, TIJIK, TIJTY), a takxe mpu
BBINIOJTHEHNH TPEOOBaHMI MO TPaBMOOE30MacHOCTH U oOecriedeHHOCTH paboTHHKOB CU3, pestomupyercs, YTo yCIoBus

0e30ImacHOCTH TpyAda Ha pa6oq1/1x MECTax COOTBCTCTBYIOT YCTAHOBJICHHBIM Tpe6OBaHI/IﬂM buOT B cOOTBETCTBHH CO CT.
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184 TpymoBoro komekca PK u oHM MoOryr ObITH OTHECEHBI, COIVIACHO | MIMEHWYECKUM KPHUTEPUSIM OLEHKH W
KJIaccu(UKaIMU yCIOBUI TpyAa, KO 2-My (IOMyCTUMOMY) Kiiaccy ycioBuil tpyna [17].

Paboune mecTa CUMTAIOTCSA HE YIOBIECTBOPSIONMMHU yCTaHOBJIECHHBIM TpeboBanmsaM buOT mpu Hammunu Ha
HHUX OJIHOTO M3 CJIEAYIONINX (PaKTOPOB MIIM MX COBOKYITHOCTH!

— QaxTHyeckue 3HAYCHHS KAaKUX-IIMOO BPEOHBIX (PAKTOPOB MPEBBHIMIAIOT CYIIESCTBYIOUINE TPeOOBaHUSA WU
HOPMBI,

— He cobOmroatoTcs TpeOOBaHMS IO TPAaBMOOE30MIaCHOCTH PaboduX MECT;

— obecnieyeHHOCTH paboTHNKOB CH3 He COOTBETCTBYET JACHCTBYIOIIMM HOPMaM.

B 3aBucuMocTH OT TOTO, HACKOJIBKO YpOBHH (akTHiyeckux 3HaueHuii OBII® mpeBblmaoT CyIIecTBYOLIHE
HOPMBI, YCIIOBUSI TPYJa, COTJIACHO [ MrMEHWYECKHX KPHUTEPUEB, JOJDKHBI OBITh OTHECEHBI K CIIEAYIOIIUM Kiaccam
yeaoBuid Tpyna: 3.1; 3.2; 3.3; 3.4 u 4, a B nocienyronieM pa3paboTaHbl MEPONPHUATHS MO UX MPEAYNPEKACHUIO W
nokanu3armu [17].

Takum oOpazom, APM oxBaTeiBaeT BC€ TJIaBHBIC COCTABIIONIME MPOHM3BOJACTBEHHOTO IIpoIiecca
(pabOTHHKOB — 000pYAOBaHNE — MPOM3BOACTBEHHYIO cpeny), a mo ee uroraMm ciayx6a buOT mpennpustust Moxer c
YCIIEXOM OIIEHHUTH MPO(ECCHOHANBHBIE PUCKH CBOMX PAaOOTHUKOB. [IPYyrMM MPEHMYIIECTBOM 3TOTO METOAA SBIACTCS
TO, YTO, MCIOJIB3YS €€, MOXKHO OLICHUTh BO3MOXKHBIC OIACHOCTH M NMPOQECCHOHATIBHBIE PUCKU «J0%» BO3HHKHOBEHHMS
HETaTUBHBIX HMHIUACHTOB U MNPENNPHUHATH MEpHl MO0 UX MPEeRyNpekICHUIO, B OTIMYHE OT APYIrHX PacCMOTPEHHBIX
METOJIMK, OPUCHTHPOBAHHBIX HAa TAaKyI0 OLIEHKY «II0CJIe» MPOU3OIIEANINX HHIUACHTOB, OCHOBAHHBIX Ha aHAJIU3E yXKe
MOTHOIIKX, NOJTYYUBIIUX TPAaBMbI PAOOTHUKOB, CIYYUBIIUXCS aBapUsX H T.II.

OpHaKo U METO/IaM OLIEHKH PUCKOB Ha ocHOBe APM Tarke mpucCym psii HEIOCTaTKOB, @ UMEHHO:

— TpOBEJICHHE TaKOH aTTecTalluu SABJSETCA JIOCTATOYHO IOPOTOCTOSIIHMM MEpPONpHUSATHEM, U, XOTS OHO
3aKOHOJATENbHO BMEHEHO B OOS3aHHOCTH paborojartenei, MOCIEIHHE TPH JTO00H BO3MOXHOCTH YKIIOHSIOTCS OT
TaKOTo MPOBEJCHMUS, YEMY CIIOCOOCTBYIOT NPHUHATHIC HA MPOTSHKEHUN MOCIECAHUX JIET OTPAaHUYEHHS B OCYIIECTBICHHN
Ham30pHEIX (yHKmuid B obmactu 16 co croponsr Komurera mpompinierHol Oe3omacHoctn MUC PK Becrmencteue
o0wsBenHoro Ilpesunentom PK B 2014 romy MopaTopus Ha MpOBEpKH CyOBEKTOB MalloTO M CpemHEero Om3Heca H
npoasieHHoro 1o 1 suBaps 2023 rona,

— (¢opManbHOE TPOBEICHHE aTTeCTallMH, HEJIOCTOBEPHOCTH IMOJIYYeHHBIX pe3ysbraTtoB. APM 3aHumarorcs
AKKPEAMTOBAaHHBIE OpPraHMU3allii, ¢ KOTOPBIMH paboTO/aTelNb 3aKI0YaeT JIOTOBOP Ha €€ MPOBEJEHUE, HO, KaK INIACHT
MIOTOBOPKA, «KTO IUIATUT JEHBIH, TOT U 3aKa3blBaeT MY3bIKY», II0O3TOMY B IIOJYyYCHHBIX pe3yJIbTaTax TaKue
OpraHM3aly OTpaKaloT He (aKTHUECKOE IOJIOKEHHE JIell, a ToxKelaHus padotoaartens. JJoXomuT 1o Toro, 4to psij
aKKpPEAWTOBAaHHBIX B Bompocax mpoBeneHnss APM  opranmsanuii Jake He HMMEIOT B CBOEM COCTaBe
CHELUaIM3UPOBaHHBIX J1a00PAaTOpUil M MaTepuanbHOro OOOpYAOBaHWS, B CBA3M C 4eM MUHHCTEpCTBO Tpyna H
corzamutel PK BBENo orpaHnyeHus Ha MPOBEACHHE aTTeCTallny pabOINX MECT 10 YCIOBHSIM TPYAa OpraHu3alusIMK, He
UMEIOIIMMH  COOCTBEHHBIX aKKPEJUTOBAHHBIX JadopaTopuii, W WHUOMHPOBAIO MEXaHM3M JIMIICHUS HX
COOTBETCTBYIOILIEH JIMILIEH3UH,

— BCE YyKa3aHHBIE OOCTOSITENBbCTBA IPEIONPEIACNIAIOT HE TOJNBKO TPYIHOCTH, HO U HEBO3MOXHOCTb
00BEKTUBHOM OLIEHKH IPO(ECCHOHATLHBIX PUCKOB HA OCHOBE HEJIOCTOBEPHBIX pe3yibTaToB APM.

BoiBoabl. [IpoBeneHHBI aHaNM3 CYIIECTBYIOIIUX IOAXOJOB M METOJOB K OIIEHKE ONAcHOCTe U
po¢heCCHOHATBHBIX PUCKOB PAOOTHUKOB MPOMBIIIIICHHBIX NMpeanpusaTiii B Pecrry6nnke Kazaxcran mo3Bosmn cienats
CeYIOUINe BEIBOABIL:

— TIJIaBHBIM aCIIEKTOM B PEIICHWH JAHHOW NpOOJeMBbl SBISETCS INPOBEJCHHE IPEIBAapUTEIbHOrO 3Tara u
XapakTepa TaKOM OLEHKH, T.€. TaKOr0 MEXaHHW3Ma, KOTOPBIM MO3BOJSET IPOBOJUTH OLEHKY PHUCKOB «IO»
BO3HHMKHOBEHHS HETaTUBHBIX COOBITHH, a He «1oce» ux Bo3HukHoBeHus (HC, aBapuii u T.11.);

— B HAaCTOSIEE BPEMs CPEIM YUEHBIX M IPAKTUKOB HET €JMHOTO I0/X0/a K KaTeropuu MpoQecCHOHaIbHOTO
pHUCKa, MEXaHU3MY €ro WACHTUUKAIMHA M n3MepeHns. CaMo coaepikaHHe WINM HAIlOJHEHWE MOHSATHS PHCKAa MOXET
MEHSATHCS B 3aBUCHMOCTH OT CeHU(UKH npodeccrn pabOTHHKA, XapaKTepa BBIIOTHIEMOH paboTHl U T.11.;

— PAacCMOTPEHHBIM HOPMATHUBHBIM H IpPEUIaraéMbIM DPa3IUYHBIMH aBTOPAaMH METOJaM WM IOIXOAaM K
OIIEHKE MPO(ECCHOHATIBHBIX PUCKOB MIPHUCYIIN T€ WM HHBIE HEAOCTaTKH. Hampumep, OIHU M3 HUX OTPAHUYHMBAIOTCS
TOJIBKO OLIEHKOM COCTOSHHMS OTHEIBbHBIX PadOYMX MECT M HE YUYHMTHIBAIOT pPa3Mephl BO3MOXKHBIX aBapui (MeToAMKa
omnpeneneHus yposHs [1b no nokazarento aBapuiiHOCTH), IPYrHe XapakTepH3YIOTCs ONPEAEIEHHbIM CyObEeKTHBU3MOM

(SKCHepTHLIe MGTOIH)I), qacTb METOAOB HMECT OTBHC‘IGHHHﬁ xapaKTep n HEC I/ICHOJ’II)3yeT B XO04€ TaKOﬁ OLUCHKHU
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JOCTAaTOYHBIX (HAKTUUECKUX CTATUCTHYCCKUX MAHHBIX (MATpPUYHBIC METOMBI), HEKOTOPBIC CIOXKHBI B MPUMCHCHHH
(HOpMaTHBHBIC U BEPOSATHOCTHBIC METO/IbI OLICHKH);

— pe3ydbTaThl MPOBEICHHOTO aHAHM3a pa3IMYHBIX IOJXOJOB K OIGHKE NPO(QECCHOHANBHBIX PHCKOB
CBUJICTENBCTBYIOT O TOM, YTO HH OJMH U3 HHUX B OTJCIBHOCTH HE OOECIeYMBAacT OOBEKTHBHOCTH U YCIOBHUS
«IPEABAPUTEIHHOCTIY TaKOW OLICHKH, T.€. O BO3HHKHOBEHHS HETAaTHBHBIX COOBITHH, 32 MCKIIIOUYEHHEM JIBYX W3 HHX:
«[IpaBun ympaBieHus NpodecCHOHANBHBIME pHcKamu» u «[IpaBun 00s3aTenbHON NEPHOJUYECKOW aTTeCTallnu
IIPOU3BOICTBEHHBIX OOBEKTOB 10 YCIOBHAM TpyAa». OIHAKO U MOCIEAHIE TPEOYIOT CBOETO COBEPIIICHCTBOBAHMS;

— MOWCK M pa3paboTKa HOBBIX CIIOCOOOB M METOJNOB OLEHKH NPO(ECCHOHAIBLHOTO PHUCKA, 00JaJarolINX
JOCTaTOYHOW TIPOCTOTOM U  JOCTOBEPHOCTHIO IPU IPUMEHEHUH B YCIOBUSIX PEAJbHOTO IPOMU3BOJICTBA,
MIPEAYNPEXJAI0INX BOZHUKHOBEHHUE TpaBMaTu3Ma pa0OTAIOUIMX, a B I1I€JIOM W TEXHOI'CHHBIX aBapHil JOCTATOYHO

AKTYyaJIbHbI.
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AHaJM3 TPOM3BOJCTBEHHOI0 TPABMATH3Ma B CTPOUTENbHONH MHAYCTPUH M IYTH €ro
CHHIKEHUSI

C. JI. llymenko =, B. JI. 'anonos, B. A. Kykapexko

JloHCKO# rocynapcTBEHHbIH TexHIYeckuii yHIBepcuTeT (T. Poctos-Ha-JlonHy, Poccuiickas denepanus)

Bgeodenue. B cTpouTenbHONW OTpacid B MOCIEIHEE BpeMs HaONIOMACTCS MOJOXKHUTEIbHAS TEHACHIUS MO CHIKCHUIO
NoKasaTesield TpaBMaTu3Ma. ABTOpaMHU OINpPENeJIeHbl CrelM(UUECcKHe YCIOBUS CTPOUTEIBbHBIX PaboT, KaK MCTOYHHKA
BO3HHUKHOBEHUS TMPEANOCHUIOK IporcmiecTBhil. [IpoBeseH aHanmW3 CTaTHCTHYSCKOW BBIOOPKH MAHHBIX O HECYACTHBIX
ciay4asX U NpPOU3BOJICTBEHHOM TpPaBMAaTU3ME B CTPOUTENBHOM OTpaciid, KOTOPBIA IMOKA3bIBAET, YTO HCTOYHHUKAMH
TTOIABJIAONIETO OOJBITMHCTBA CIIydacB MPOU3BOACTBEHHOTO TPAaBMAaTHU3Ma SIBITIOTCS YCTPAHUMEIEC (DaKTOPHI.
Ilocmanoska 3adauu. 3anadell JAHHOTO HCCIEIOBAaHUS SBISETCS ONPEIEIICHUE 3aBUCUMOCTH MEXAY 4YacTOTOM
HECUACTHBIX CIIyYaeB HA CTPOHUTEIHHOM IPOU3BOJICTBE H (PaKTOpaMu, CBSI3aHHBIMH ¢ 00pa3oBaHHEM U KBaiupukanmeit
pabOTHUKOB.

Teopemuueckas uacmp. B xadectBe 0a30BOii MH(GOpPMAIMU HCIIOIH30BAHBI JaHHBIC CTATHCTUYECKON OTYCTHOCTH O
cily4asix IPOU3BOJCTBEHHOTO TpaBMaTu3Ma, penocrabisieMble OenepalibHoi ci1yk00ii ToCy1apCTBEHHON CTaTHCTHKH,
a TAaKXKXE€ MaTepualibl JUTEPATYPHBIX MCTOYHHUKOB OTCUECTBCHHBLIX U 3apy6e>KH1)1x aBTOPOB. Hpe,unoxceHa METOAUKA
KOMILUIEKCHOH OILIEHKH KBaJIM(HUIIMPOBAHHOCTH NEPCOHATA.

Buo16oowt. OnpenieneHpl YHKIIMOHAIBEHBIE 3aBUCHIMOCTH 9aCTOTHI HECUACTHBIX CIy4YaeB Ha MPEINPUATHH OT KPUTECPHUS
KBaJTU(UIMPOBAHHOCTH TIepcoHasia. Ha OCHOBE MONYYEeHHBIX pPE3YyIbTaTOB MOXKHO CHETaTh BBIBOJ, UTO YpPOBEHB
00pa3oBaHUs COTPYAHHKOB CTPOHUTEIBHBIX IPEANPUATHH, COOTBETCTBHE WX 0a30BOro 00pazoBaHHs TNPOQUIIO
JEeSITeIPHOCTH TIPENNPUATHS W YacTOTa IIOBBIIICHHS KBAIM(UKAIIUN TOJOXHUTEIBHO BIHMAIOT Ha O0IIee COCTOSHUE
CHCTEMBI OE30TIaCHOCTH TPYy/Ia Ha MPEATPUSATHN, B TOM YHCJIC Ha CHIDKCHUE KOJIHISCTBAa HECYACTHBIX CITyYaeB.

Knrouegvie cnosa: oxpaHa Tpyna, CTpOMTENIbHAas WHIYCTPHs, NPON3BOJCTBEHHBIH TpaBMAaTH3M, NPO(heCcCHOHAIbHBIH
PHCK, HECUaCTHbIE CITy4an Ha IPOU3BOJICTBE, OIIACHBIE M BpeIHbIE (GaKTOPHI.

Mna wumuposanus: Ilymenxo, C. JI. UccienoBanue 3(P(PEKTHBHOCTH aTIOMHHHEBBIX JJIEMEHTOB MaCCHBHOU
0e30macHOCTH B aBTOMOOMJIE Ha OCHOBe KomrmbioTepHoro wmojenuposanus / C. JI. Ilymenko, B. JI. I'anoHos,
B. A. Kykapexo // bBe3onacHOCTh TEXHOTEHHBIX W TNPHPOAHBIX cucteM. — 2022, — Ne 2. — C.24-30.
https://doi.org/10.23947/2541-9129-2022-2-24-30

Original article
Analysis of occupational injuries in the construction industry and ways to reduce it

S. L. Pushenko™*, V. L. Gaponov, V. A. Kukareko
Don State Technical University (Rostov-on-Don, Russian Federation)

Introduction. In the construction industry, there has recently been a positive trend towards a decrease in injury rates.
The authors have identified the specific conditions of construction work as a source of occurrence of prerequisites for
accidents. The paper provides the analysis of a statistical sample of data on accidents and occupational injuries in the
construction industry, which shows that the sources of the vast majority of cases of industrial injuries are avoidable
factors.

Problem Statement. The objective of this study is to determine the relationship between the accident rate in the
construction industry and several factors related to the education and qualifications of employees.

https://btps.elpub.ru 24



https://doi.org/10.23947/2541-9129-2022-2-24-30
https://doi.org/10.23947/2541-9129-2022-2-24-30
https://orcid.org/0000-0002-3679-7862
https://orcid.org/0000-0002-3679-7862

bBe3onacnocme mexnozennvix u npupoonwix cucmem 2022. N 2. C. 24—30. ISSN 2541-9129

Theoretical Part. As the basic information, the data of statistical reporting on occupational injuries provided by the
Federal State Statistics Service, as well as materials from literary sources of domestic and foreign authors, were used.
The method of complex assessment of the qualification of personnel is proposed.

Conclusions. Functional dependences of the frequency of accidents at the enterprise on the criterion of qualification of
personnel are determined. Based on the results obtained, it can be concluded that the level of education of employees of
construction enterprises, the correspondence of their basic education to the profile of the enterprise's activities and the
frequency of professional development positively affect the overall state of the occupational safety system at the
enterprise, including the reduction in the number of accidents.

Keywords: occupational safety, construction industry, occupational injuries, occupational risk, accidents at work,
dangerous and harmful factors.

For citation: Pushenko S. L., Gaponov V. L., Kukareko V. A. Analysis of occupational injuries in the construction
industry and ways to reduce it. Safety of Technogenic and Natural Systems. 2022;2:24-30.
https://doi.org/10.23947/2541-9129-2022-2-24-30

Beenenne. OnHolf M3 HamOosiee BaKHBIX M CIOXHBIX MPOONEM B CTPOMTENBHON WHIYCTPHH SIBISETCS
obecrieueHne 6€30MaCHOCTH TPyAa paOOTHUKOB, TaK KaK CTPOUTEIBCTBO BXOAUT B YUCIIO OTPACIICH MPOMBIILICHHOCTH,
JeATebHOCT KOTOPBIX CBSI3aHA C BPEIHBIMHM W ONAcHBIMH ycioBusMH Tpyna. OmnHako B Poccuiickoit @enepanuu
MOKa3aTes Iy MPOM3BOACTBEHHOIO TPaBMAaTH3Ma B CTPOUTENILHOM OTpaciyu Ha NPOTSHKEHUH MOCIEAHUX JIET OCTAIOTCS Ha
HEJIOMYCTHUMO BBICOKOM YpoBHE. CTaTHCTHYECKHE JaHHBIE 10 MPOM3BOJCTBEHHOMY TPaBMAaTHU3MY B CTPOHMTENILHOM
HUHIyCTPUH OOOCHOBBIBAIOT aKTYaJIIbHOCTh CHM)KEHMS TPaBMHUpOBaHHs pabOTHHKOB B JNaHHOW oTpaciu. CocTosiHHe
YCJIOBHI U OXpaHbl TPYZa 3a4aCTYIO OCTAIOTCSl HEYIOBJICTBOPUTEIBLHBIMHU, & YHCJIO pabOTAIONIMX BO BPEIHBIX YCIOBHIX
npoJosrKaeT pact. [Ipu 3ToM HeOGJIaronpusATHEIE YCIOBHS TPYJAa IIOPOXKIAIOT BBICOKUI YPOBEHb NPOU3BOJICTBEHHOTO
TpaBMaTu3Ma 1 MpoecCHOHATBHBIX 3a00JIeBaHMI.

IMocranoBka 3amaun. 3agadeii JaHHOTO MCCIICIOBAHUS SBISIETCS OIPEACICHIE 3aBUCUMOCTH K03 duimenra
YaCTOTHl HECYACTHBIX CIIy4aeB Ha CTPOMTEIHLHOM IPOU3BOJCTBE OT COBOKYITHOCTH (haKTOPOB, OIPECISIONINX yPOBCHb
00pa3oBaHUs 1 KBaMH(pUKaIUU paOOTHHKOB.

Teopernueckass yactb. OXpaHa TpyAa Ha NPENIPUATHN HANpaBICHA HA COXPAHCHHWE XU3HU H 3/10POBBS
pabOTHHKOB, a TaKKe Ha NMPOPHUIAKTUKY HMPO(EeCCHOHANBHBIX 3a00IeBaHUN M MPEOTBPAIIEHHE HECUACTHBIX CIIydaes,
KOTOpbIE MOTYT MPUBECTH K MPOU3BOJCTBEHHOMY TpaBmaTu3my [1]. B cootBetcTBuu co cr. 212 TK PD ot 30.12.2001
Ne 197-@3 (pen. ot 29.12.2020) paboromatens o6si3aH obecrieunTh pabOTHHKAaM Oe3omacHble yciaoBus Tpyna [2].
OnmHako B TPAKTUYECKOW JEATEIBHOCTH COCTOSHHE YCJIOBHH M OXpaHbl TPy[a Ha MNPEIPHATHH YacTO OCTaeTCs
HEY/IOBJICTBOPUTEIIBHBIM, @ YHCJIO PAaOOTHHKOB, 3aHATHIX Ha paboTax ¢ BPEAHbIMU M (WIIM) OMACHBIMH YCIOBUSIMU
TpyZa, IPOJIOKAET PacTu.

s aHann3a cTaTUCTHYECKUX HAOIIONEHNI B CTPOUTENBFHON OTPAciy HEOOXOANMO PaCCMOTPETh, KAKHE BHUJIBI
paboT, XapaKkTepu3yIOUIHecss BPEIHBIMH W OIACHBIMHM YCIOBMSIMH TpyJAa, OKa3bIBAIOT HauOoJbIIee BIUSHUE Ha
paboTHHMKOB. B Tabm. 1 mpeacraBieHbl cBEACHUS 110 YACIbHOMY BeCy paOOTHHKOB CTPOUTEIHLHONW OTPACHIH, 3aHATHIX Ha
paborax ¢ BpeAHBIMH W (WIM) ONMAcHBIMH YCIOBHSIMHM TPYyZAa, Ha TSDKENBIX paboTax W paboTax, CBSA3aHHBIX C
HaNPSDKCHHOCTRIO TpyaoBoro mpomecca 3a 2016-2020 rr. B COOTBETCTBHH C JaHHBIMH DenepalbHON CITyKOBI
roCyIapcTBeHHOM craTucTuk [3].

Tabnmma 1
Y nenpHbIN Bec pabOTHUKOB CTPOUTENFHON OTPACHIH, 3aHATHIX Ha paboTax ¢ BPEAHBIMH U (MJIM) ONACHBIMH yCIOBUSMHI
Tpy/ia, Ha TSDKEJBIX paboTax u paboTax, CB3aHHBIX C HANPSHXKEHHOCTHIO TpyAoBoro mnpoiecca 3a 2016—2020 rr.

ITon VY nenbHEIH Bec pabOTHHUKOB 110 ToaaM, %
PaGOTHHKOB 2016 2017 | 2018 | 2019 | 2020
PaboTsI ¢ BpeTHBIMH ¥ (WIIM) OITACHBIMU YCIIOBUSIMH TPYAa
My»XCKOH 42,1 41,2 40,8 44,0 41,3
Kenckuii 15,9 14,2 13 12,3 10,6
Tsoxenpie pabOTHI
Myxckoin 24,1 24,7 25,3 27,7 26,7
Kenckui 79 7,6 6,6 6,7 6,0
PaboThl, cBsI3aHHBIE C HAMPSIKEHHOCTHIO TPYJAOBOTO MpoIecca
Myxckoi 8,2 7 49 4,7 4,3
Kenckuii 2,4 1,6 1,2 1,0 1,0
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Ilo nmanHBIM Tabi. 1, MOXHO 3aKIIOYHMTB: CPEIHUH YJAENBHBIH Bec pPAaOOTHUKOB CTPOMTEIBHOM OTpaciH,
3aHATBIX Ha paboTax ¢ BPEOHBIMH M (WMJIM) ONMACHBIMH yCIOBHSIMH Tpyza, B 2016 r. coctasun 37,9 %, B 2017 1. —
37,0 %, B 2018 7. — 36,7 %, B 20191. — 39,4 %, B 2020T. — 36,9 %, T.e. B mepuox 2016-2019 rr. nmenacr
TEH/ICHIN K YBEIWYCHUIO JaHHOTO rokaszareis, a B 2020 r. oH ymeHsmmics. CpeqHHAN yAETbHBIA BeC paOOTHHKOB
CTPOMTENBHON OTPACHIH, 3aHATHIX Ha TSHKENBIX paboTax, B 2016 r. cocrasmn 21,5 %, B 2017 r. — 22,1 %, B 2018 1. —
22,5 %, 82019 1. — 24,7 %, B 2020 7. — 23,8 %, curyamus cxoxa ¢ IpeAbBAyIINM Noka3areneM. CpenHuil yaeabHbIi
BeC pabOTHHKOB CTPOUTENBLHON OTPACIIH, 3aHATHIX HAa paboTax, CBA3aHHBIX C HAIPSHKEHHOCTBHIO TPYIOBOTO Ipoliecca, B
2016 r. cocraBun 7,3 %, B 2017r. — 6,2 %, B 2018 1. — 4,3%, B 2019r. — 4,2%, B 2020r. — 3,8 %, T. €.
COXpaHsIeTCs TeHJICHIUS K CHIDKCHHUIO JaHHOTO ToKa3aress. [IpoleHTHOe COOTHOLIEHHE MY>KYMH U JKEHIIUH, 3aHAThIX
Ha paboTrax C BpeAHBIMM M (WJIM) ONACHBIMH YCIOBHSIMH TpyJa, 3a HUCCIEAYeMbIH MEepHOA COXpaHseTcs
NpUOJIM3UTENLHO Ha OXHOM ypoBHe. Takum o0pa3oM, B TOCHEIHHE TOJbl NMPOLEHT PaOOTHUKOB, CBS3aHHBIX C
BpEeIHBIMU U (HJIM) OTIACHBIMHU YCIIOBHSAMH TPYJa, a TAKKe ¢ TSHKETIOH padoTOH, MW yBeIHIuBaics, oqaako B 2020 T.
CHUTYaIsI CTaJa HEMHOTO MEHSTHCS B JIyUIIyl0 CTOPOHY.

HeOmaronpustHele ycloBHs TpyJda IOPOXIAIOT TNPO(EeCcCHOHATIbHBIE 3a00JIEBAaHMS W BBICOKHH YPOBECHB
MIPOM3BOJICTBEHHOTO TPaBMAaTH3Ma, KOTOPBIM SIBISIETCS OIHUM W3 OCHOBHBIX IIOKa3aTelei, XapaKTEepH3YIONINX
npogeccHoHANbHBINA PUCK Ha pabodeMm Mecte [4-6]. B Poccuiickoit depepannu B eJIOM YpOBEHb MPOU3BOACTBEHHOIO
TpaBMaTHU3Ma Ha NPOTSHKCHUUN MOCJICAHUX JIET OCTACTCA JOBOJBbHO BBICOKHMM, OJTHAKO MPOCJICKUBACTCA TCHACHIUA K €TO
cHkeHuro. B Tabn.2 nmpuemeHsl naHHble  DenepanbHOM  CIyKObI TOCYJapCTBEHHOW  CTATUCTUKH 110
MIPOU3BOICTBCHHOMY TpaBMatu3My B Poccuiickoit denepariuu 3a 2016—2020 rr.

Tabmnuma 2
JlaHHbIE 0 MPOU3BOICTBEHHOM TpaBMaTu3Me B Poccuiickoit ®denepanuu
3a 2016-2020 rr.
Tlon TToka3aTenu no rogam
pabOTHHUKOB 2016 2017 2018 2019 2020
UncneHHOCTh MOCTPAAABIINX MPU HECUACTHBIX CIydasx Ha MPOU3BOJICTBE, THIC. YEll.
Mykckoi 18,6 17,6 16,6 16,3 14,4
Kenckuii 8,1 7,8 7,0 7,0 6,1
YuCIIeHHOCTh ITOCTPaIaBIINX MPH HECUYACTHBIX CITydasX Ha MPOU3BOJICTBE
CO CMEPTENBHBIM HCXO/I0M, THIC. YelL.
Mykckoit 1,21 1,07 1,00 0,99 0,85
Kenckmii 0,08 0,07 0,07 0,06 0,07
UncneHHOCTh MOCTPAAABIINX MMPU HECUACTHBIX CIyUYasX Ha MPOU3BOJICTBE
Ha 1000 paGorarorux (KO3Q(UIMEHT YaCTOTHI HECYACTHBIX CIYYAEB)
Mykckoit 1,6 1,6 1,5 1,4 1,2
Kenckuii 0,9 0,9 0,8 0,8 0,7
YuHCIIeHHOCTh MOCTPaIaBIINX MPH HECUYACTHBIX CITydyasX Ha MIPOU3BOJICTBE
Ha 1000 paboTaromux co CMEPTENBFHBIM HCXOI0M
Mykckoi 0,103 0,094 0,089 0,087 0,072
Kenckmii 0,009 0,008 0,008 0,007 0,008

CormacHo JaHHBIM Tabj1. 2 YUCIEHHOCTh MoCTpagaBIINX NP HECHACTHBIX ClIy4dasiX Ha NPOU3BOJACTBE B 2016r.

cocraBuia 26,7 teic. uen., B 2017 r. — 25,4 teic. wen., B 2018 r. — 23,6 teIC. e, B 2019 r. — 23,3 ThIC. Uell., B
2020 r. — 20,5 TsIc. yen. M3 HUX co cMepTenbHbIM ucxoaoM B 2016 r. — 1,29 Tric. wen., B 2017 r. — 1,14 Teic. Yern., B
2018 r. — 1,07 Thic. wen., B 2019 r. — 1,06 ThIC. wen., B 2020 r. — 0,91 ThIC. Yen. UnCIEHHOCTh MOCTPANABIIMX MPU

HECUACTHBIX Caydasx Ha npousBojactse Ha 1000 padoraromux B 2016 r. cocrasmia 1,3, 8 2017 r. — 1,3, B 2018 1. —
1,2,82019r. — 1,2, B 2020 1. — 1,0. 13 HEX co cMmepreiabpHbiM ucxomoMm B 2016 r. — 0,062, B 2017 r. — 0,056, B
2018 r. — 0,054, B 2019 r. — 0,053, B 2020 r. — 0,045. YnciieHHOCTh MOCTPANABIINX MMPH HECYACTHBIX CIIydasX Ha
MIPOU3BOJCTBE 3a HCCIICAYSMBIH NEPHOJ OCTACTCs MPAKTHUYCCKH HAa OJMHAKOBOM YPOBHE, OIHAKO IPOCIICKHBACTCS
TEHICHIUS K CHIKECHHUIO. [IPOLIEHTHOE COOTHOIICHHE MY)KYHH U JKEHIIKH, IOCTPAIABIINX MPH HECUYACTHBIX CIIydasx Ha
MIPOU3BOJICTBE, COXPAHICTCS MPUOTU3UTEIBHO Ha OJTHOM YPOBHE.

Yucino 4enoBeKo-THEW HETPYIOCHOCOOHOCTH Yy TOCTPAJaBIIUX Ha IPOU3BOJACTBE COXPAHIETCS HAa OJHOM
YPOBHE M COCTAaBHJIO Ha oJlHOro noctpagasiiero B 2016 r. — 49,0, B 2017 r. — 48,7, B 2018 r. — 49,3, B 2019 1. —
50,6, 82020 r. — 49,9.
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M3pacxooBaHO CpeACTB HAa MEPONPUSATHS IO OXpaHe TPyZAa B pacueTe Ha oaHoro padoraromiero B 2016 r. —
11479,8 py6., B 2017 1. — 12964,7 py6., B 2018 7. — 14246,4 py0., B 2019 1. — 14862,4 py6., B 2020 T. —
18825,3 py0., T. €. IPOUCXOANT MOCTETIEHHOE YBEIMICHNE TaHHOTO IIOKA3aTEls.

W3 tabm. 2 ciemyert, 94TO B MOCIIEAHNE TOABI HAOMIOMaeTCa CHIDKEHNE TpaBMaTi3Ma B Poccuiickoit deneparim
B IIEJIOM, OJHAKO B TO K€ BPEMs 4acTOTa HECUACTHBIX CIy4acB HA MPOM3BOJCTBE OCTACTCS MPAKTHYECKH Ha OJHOM
ypoBHe. Ilpy HBIHENTHHX OQUIMATHHBIX MOKA3aTeIsIX MPOU3BOACTBEHHOrO TpaBMaTm3Mma B Poccuiickoit deneparmm
OUYEBH/IHA aKTyaJbHOCTH MOBBIIIEHHUS 0€30MaCHOCTH TPYAa B CTPOUTENILHOM OTpaciy.

Mo naneeiM @enepanbHoil ciyxObl Mo Tpyay W 3aHsTocTh P® mpoBeseH aHanu3 NPOU3BOJCTBEHHOTO
TpaBMaruzmMa B P®, cormacHo koTopoMy HanOosiee 3HauMMasl NMPUYMHA TPABMUPOBAHUS — HEYJOBJIETBOPHUTEIIbHAS
OpraHu3alysi MPOU3BOJCTBA PadOT, BCIEACTBUU YEro NMpoHucXoauT TpeTh (32,4 %) HecuacTHbIX ciydaeB. [lo maHHOU
NIPUYMHE YBEJIUUUBACTCS BIIMSIHUE YEIOBEYECKOro (akTopa Ha BO3HMKHOBEHHE aBapWil M JPYruX MPOMCIIECCTBUI Ha
IIPOM3BOJICTBE: HEY/OBICTBOPUTEIbHAS OpPraHU3alMs IPOU3BOACTBA PAOOT, HECOBEPIICHCTBO TEXHOIOTHYECKOTO
mpomecca, HEJOCTaTKM B  OpPraHW3allM W TNPOBEACHWM MOATOTOBKM pPAaOOTHHKOB IO OXpaHe TpyZHa,
HEYIOBJICTBOPUTEIBHOE COACPIKAHME W HEJOCTATKH B OpraHm3auuu paboumx mect u ap [7, 8]. dus peurenust 3ama4u
HACTOAIIETO HCCIIEIOBAaHUS ABTOPAaMH IIPEIJIaracTcsi BBECTH CIEIYIOIIME MapaMeTphl, CBS3aHHBIE C YPOBHEM
00pazoBaHus 1 KBaIH(UKAHEH COTPYTHUKOB:

1. Koa¢poduumeHt coorBercTBHS 0a30BOro 00pa3oBaHus (CHELUUAIBHOCTH, HANpPaBICHUS IIOATOTOBKH)
COTPYIHHUKOB MPEANPHATHS 3aHUIMAeMbIM JIOJDKHOCTSM 0. Brraucisercs mo ¢popmyie:

Ko
o= 7l X 100%,
rae Ko — KoIuuecTBO pabOTHHKOB C COOTBETCTBYIOIIUM 0a30BbIM 00pa3oBaHueM; K — o01iiee KOIUIecTBO
pabOTHUKOB.

2. Kosdpdunuent yposus o0pa3zoBaHus cOTpYAHHUKOB mpeanpustus ' . [Ipemiaraetcss BBECTH CIEAYIOIIYO
IIKaJTy YpOBHS 00pa3oBaHMS:

e HEMoJHOE cpexHee — 1;

e TMONHOE cpenHee (MKoma) — 2;

e cpeanee npodeccrnoHaNpHOE — 3;

e HEMOJHOE BhICIIeE — 4;

e TIOJHOE BhICIIEEe — 5.

Kosddumment B’ BBIUuCseTCsS M0 GopmyIie:

B’ = 55— X 100% )
Y1 X
rae xj — KOJHUYCCTBO COTPYAHHUKOB C COOTBCTCTBYHOIIMM YPOBHEM 06paSOBaHI/I$I. HapaMeTp B BBIYUCIISCTCA 110

bopmye:
B = 1IXy+.. .+5Xs.

3. KoaddunueHT noBbImeHUs KBATH(OUKAUA COTPYIHUKAMH CTPOUTEIHLHOTO MpeAnpustis Y . CrienuamincTsl
B 00JTACTH CTPOHUTENHCTBA JOJDKHEI IIPOXOINTH MOBHIIICHIE KBATH(HUKAINN HE PEeXkKe OJHOTO pas3a B MATH JeT (cT. 55.5-1
I'panoctpoutenshoro kogekca P®) [9]. ITockosbky 3T0 TpeOoBaHUE SBJISETCS MUHMUMYMOM IO JaHHOMY Iapamerpy,
MIPUMEM CIIEAYIONIYIO IIKay: TOBbIIeHne KBanudukanuu 1 pa3 B 5 mer — 1; 2 paza — 2; 3 paza — 3; 4 paza — 4; 5
paz — 5. Kosdduuuent y' Beraucisercs 1mo GpopmyJie:

Y
Y = —<5—— X 100%,
521':1 xj
rac Xj — KOJIMYECTBO COTPYAHHKOB, MNPOMIEANINX ITOBBIMICHUC KBaJ'II/I(pI/IKaHI/II/I COOTBETCTBYIOMICEC KOJHUYECCTBO pPas.

ITapameTp Y BBIYUCISETCA MO POpMyIIE:
Y= IXq+.. . +5Xs.

O6006meHHas GyHKINSA KBATH(OUITIPOBAHHOCTH IIEPCOHANIA KOMITAHUK A BBIYHCIIIETCS IO (POpMYyIIe:
a+p +vy
3 :

ﬂaHHaH (byHKI_[I/Iﬂ 6])1_]'[& BBIYMCJICHA [JId JdaHHBIX, MPEAOCTABJICHHBIX JIBAaAUATBIO MPECANIPUATUAMU
crpoutenbHOM orpaciau FOra Poccun. ABTopamu B Tabi1. 3 0000meHs! nanubie 3a 20162020 rr.
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Tabnuna 3
JaHHble MpeanpusaTHii cTpouTeNnbHOM oTpaciu 3a 20162020 rr.
2016 2017 2018 2019 2020
Howmep Kon-Bo A, Koi-Bo A, Koim-Bo A, Koi-Bo A, Kon-Bo A,
HPCANPHA | gecyacTH HECUaACTH HECUaCTH HecyacT HECYaCTH
THA BIX % BIX % BIX % HBIX % BIX %
CIly4yaes CIly4yaesn CIly4Yaesn CIly4Yaesn CIly4yaes

1 2 72 2 75 2 71 1 87 2 70
2 4 53 3 68 1 85 4 51 3 69
3 10 1 10 6 8 12 12 5 13 5
4 6 44 5 41 6 28 8 15 5 42
5 4 65 3 67 4 38 2 73 6 37
6 1 89 1 83 3 68 1 91 1 87
7 2 74 4 61 1 77 4 68 2 73
8 5 46 6 43 5 41 4 46 6 32
9 3 71 2 79 4 45 3 66 5 58
10 6 39 7 37 8 17 7 27 9 22
11 2 81 4 62 3 57 1 84 3 75
12 12 4 14 2 13 3 13 1 14 1
13 7 23 8 25 7 22 5 38 7 26
14 58 5 57 3 57 5 54 5 68
15 8 17 9 19 9 14 10 8 9 16
16 6 37 6 42 6 24 6 33 6 31
17 10 6 11 6 11 5 12 3 11 8
18 7 26 8 31 9 8 7 24 5 46
19 8 6 10 9 10 6 9 12 8 23
20 3 67 1 78 1 74 1 85 1 82

Janee mpeacTaBiasieTCss BO3MOXKHBIM YCTAHOBUTH CBSI3b KOX((HIIMEHTa 4aCTOThl HECYACTHBIX ciydaeB K, ¢
0000mIeHHONW (yHKIMEH A, XapaKTepu3yronied KBaJU(pHUIMPOBAHHOCTh IEPCOHAa KOMITAHWH. Pe3ysbTaThl pacuyera
TaKWUX 3aBHCUMOCTEH MpeCTaBICHbI Ha puc 1.

s Ku = -2,706In(A) + 14,606 20 y =-3,292In(x) + 17,34
10 15
Z 2 10
~ . 97 CR
L T
0 0 20 10 60 80 100 0 20 40 60 80 100
A A
a) 6)
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15 y = -3,46In(x) + 16,952 20 y = -3,259In(x) + 16,605
15
10
Z Z 10
5 5 °
0 ee 0 ®
0 20 40 60 80 100 0 20 40 60 80 100
A A
6) 2)
20 y = -3,338In(x) + 17,339
15
Z 10
@
( X J
0 20 40 60 80 100
A
0)

Puc. 1. 3aBucuMocCTh KO3 PHIIMEHTA YACTOTHI HECYACTHBIX CITydaeB OT 00pa3oBaHuUs U KBAIU(PHUKAIIMK COTPYIHUKOB 3a 2016 T. (a),
2017 r. (6), 2018 1. (6), 2019 1. (2), 2020 1. (0)

BruiBoabl. Pa3zpaborana mMeTonuka KOMIUIEKCHOM OLIGHKH KBaJH(DUIMPOBAHHOCTH IEpCOHAla, B pe3yjbTaTe
Yero IMpEeACTaBISIETCS BO3MOXKHBIM YCTAaHABIIMBATh (DYHKIMOHAJIbHBIE 3aBHCHMOCTH KPHUTEpPHs TaKOW OLEHKH C
YacTOTOM HECUaCTHBIX CIIlydyaeB Ha MpeANpUsATHH. MeToauka amnpoOHpoBaHAa Ha MpUMeEpe psAAa NpeAnpUsITHI
CTPOUTENILHOM OTpAaCiIu.

YpoBeHb 00pa30BaHMs COTPYJHHUKOB CTPOMUTEIBHBIX NPEIIPHUITHI, COOTBETCTBHE UX 0a30BOr0 00pa3oBaHMs
NpOoQUITI0 AEATENBHOCTH MPEANPUATHS M YacTOTAa IOBBIIICHUS KBATM(HUKALNKM TOJOKHUTEIBHO BIMSIOT Ha oOIee
COCTOSTHHE CHCTEMBI 0€30MacHOCTHM TpyZAa, B TOM 4YHCJIE Ha CHIDKCHME KOJIMYECTBA HECYACTHHIX CIy4acB B
COOTBETCTBHH C ONPEEICHHBIMHI (DyHKIIMOHAIBHBIMHU 3aBUCHMOCTSIMH, XapaKTEPHBIMH ISl KaXK/10TO TPEIIPHUSTHSL.

PexomeHyeTcss pyKOBOIHMTENSM MPEINPHATHH TPOBOIUTH OLEHKY COCTOSHHS KBaJH()UIIMPOBAHHOCTH
MepCOHANa PYKOBOJCTBYSACH OOOOIIEHHBIM KPHTEPHUEM ITOTO COCTOSIHHUS, MPOTHO3HPOBATH BEPOSITHOCTHYIO YacTOTY
HECUACTHBIX CIIy4aeB M MPUHUMATh COOTBETCTBYIOIIME perieHus no moaepanzannu CYOT B HanpaBieHUsX:
OCYIIECTBJIATH TPHEM Ha paboTy CHENHANTHCTOB COOTBETCTBYIOUIETO YPOBHS, CTHMYJIHUPOBATh COTPYAHHUKOB K
MOBBILICHUIO KBAIN(HUKALUK, TOBBIILICHHIO YPOBHS 00Opa3oBaHUs, LENEBOMY OOYYEHHIO B COOTBETCTBHH C
[Mocranosnenuem I[IpaButensctBa PD ot 13 oxtsa6ps 2020 r. Ne 1681 "O neneBoM 00y4eHHH MO0 0Opa3oBaTeIbHBIM
IIPOrpaMMaM CpeTHEro MpogecCHOHAIBHOTO M BBICIIEro 00pa3oBaHus” (C M3MEHEHUSIMU | JIOTIOJTHEHUSIMH); YIUTHIBATh
JOCTUTHYTBIH YPOBEHb KBaIM(UKAIIMY IPU IPUHATHH KaJPOBBIX PEIICHHH.
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0030p U3MeHEeHU# B 3aKOHOIATEILCTBE, YCTAHABJIUBAIONIEM TPeOOBAHUS
K OLleHKe NMPo(eccCHOHAIBLHBIX PUCKOB HA MPeANPUSITUN

E. U. Baxonuna'=', B. A. Hacu0y/uimna
Y dumckuii rocyaapcTBeHHBIH HEPTAHOM TEXHUUECKU yHUBepcHuteT (T. Y da, Poccuiickas enepanns)

Bgeoenue. B nannoii pabote mpoBejeH aHaIU3 TPeOOBaHUIl K OLIEHKE MPO(PECCHOHATIBHBIX PUCKOB Ha MPEANPHSATHH.
VYka3aHHas IIpoueAypa 10 HEeIaBHEro BpeMeHH (pakTHueckW He mMmena moj co0ol HeoOXOOMMOW 3aKOHOJATENIbHOMN
0a3bl, IO3TOMY aBTOPBI CTATHH MPEAJIArafoT MOAPOOHO PACCMOTPETH KITIOUYEBBIE HU3MEHEHHS B HOPMAaTHBHO-TIPABOBOM
PETyIHpOBaHUH OXPaHBI TPY/a, KOTOPBIE KOCHYJIHCH BOIIPOCOB YIPABICHUS MPOHECCHOHATBHBIMU PHCKAMH.
Ilocmanoska 3a0auu. 3anadeii TaHHOTO HCCIEIOBAHUS SBISCTCS JETAIBHOE PACCMOTPEHHE HOBOBBEACHHH B cdepe
OXpaHHI TPy/a, BCTYIHBIINX B cwiy ¢ 1 mapta 2022 roxa.

Teopemuueckas wacmo. B xauectBe 0a30BOM MHPOPMAILIUU JJIs UCCIACIOBaHUS OBUT MCIOJIB30BaH TpPymoBOM KOAEKC
Poccuiickoit denepanuu.

Boieoowvr. TlonmydeHHble pe3ysbTaTbl NPOBEACHHOTO aHAM3a CBHJICTENILCTBYIOT O HEOOXOAMMOCTH CO3/aHMs
3¢ PEKTUBHBIX HHCTPYMEHTOB /I HOPMAaTHBHOTO PETYJIMPOBAHUS MPOLEAYPhl OLCHKH MPO(eCCHOHATBHBIX PHCKOB.

Kniouesvle cnosa: oxpana Tpyjaa, pUCK, NpOLEAypa OLIEHKH NPO(GECCHOHATIBHBIX PUCKOB, YIPABICHUE PHCKaAMH,
CUCTeMa YIpaBJICHHs OXPAHOM TPy/Ia.

Jna yumupoeanun: baxonwna, E. 1. O630p m3MCEHEHHH B 3aKOHOJATEILCTBE, YCTAHABIHMBAKOIIEM TpeOOBaHHUA K
OIlCHKe TpodeccHOHANBEHBIX puckoB Ha mnpernnpusatiu / E. U. baxonnna, B. A. HacuOymmHa // be3zomacHocTh
TEXHOTCHHBIX ¥ NPUPOIHbIX cucteM. — 2022, — Ne 2. — C. 31-35. https://doi.org/10.23947/2541-9129-2022-2-31-35

Original article

Overview of changes in legislation establishing the requirements for the assessment of
occupational risks at the enterprise

E. I. Bakhonina'™, V. A. Nasibullina
Ufa State Petroleum Technical University (Ufa, Russian Federation)

Introduction. The paper analyzes the requirements for the implementation of occupational risk assessment at the
enterprise. Until recently, this procedure did not actually have the necessary legislative basis, so the authors offer a
detailed review of the key changes in the normative-legal regulation of occupational safety, which specifically touched
upon the management of occupational risks.

Problem Statement. The purpose of this study is a detailed consideration of innovations in the field of the occupational
safety, which came into force on March 1, 2022.

Theoretical Part. The Labor Code of the Russian Federation was used as the basic information for the study.
Conclusions. The results of the analysis indicate the need to create effective tools for the regulatory procedure of
occupational risk assessment.

Keywords: occupational safety, risk, occupational risk assessment procedure, risk management, occupational safety
management system.

https://btps.elpub.ru 31



https://doi.org/10.23947/2541-9129-2022-2-31-35
https://doi.org/10.23947/2541-9129-2022-2-31-35
https://crossmark.crossref.org/dialog/?doi=https://doi.org/10.23947/2541-9129-2022-2-31-35&domain=pdf&date_stamp=2022-05-31
https://orcid.org/0000-0003-1712-7350
https://orcid.org/0000-0002-0975-1922
https://orcid.org/0000-0003-1712-7350
https://orcid.org/0000-0002-0975-1922

Besonacnocms mexnozennvix u npupoonvix cucmem 2022. Ne 2. C. 31-35. ISSN 2541-9129

For citation: Bakhonina E. ., Nasibullina V. A. Overview of changes in legislation establishing the requirements for
the assessment of occupational risks at the enterprise. Safety of Technogenic and Natural Systems. 2022;2:31-35.
https://doi.org/10.23947/2541-9129-2022-2-31-35

Beenenne. Kak moka3piBacT MEKIyHapOIHAS U OTCUCCTBECHHAS IIPAKTHKA, JIFOOOE MPOM3BOACTBO — HCTOYHUK
TIOBBIIIEHHO! ONAaCHOCTH, a OTBETCTBEHHOCTh 32 CO3laHHE OC30MACHBIX YCIOBHH TpyJda Ha HEM LEIUKOM JIEKHUT Ha
pabotomareine. OrieHKa PUCKOB — OJUH U3 Hanbosee 3P GEeKTHBHBIX HHCTPYMEHTOB st JOCTIKEHUS 3To# 1ienu [1, 2].

IMocranoBka 3agaun. B HacTosiee BpeMsi OTCYTCTBYIOT Kakue-ITHOO TpeOOBaHHS K IIPOBEICHUIO OLCHKU
YPOBHS pO(heCCHOHANBHBIX PUCKOB. OpraHu3aiys UMeeT MPaBo IIPOBOJUTH €€ KaK CaMOCTOSATENHHO, TaK M 3aKJII0UYNB
JIOTOBOP CO CNIELHAIU3UPOBAHHON OpTaHU3aLUEH.

OnHaKo OCHOBHAas MpoOJieMa COCTOMT B TOM, YTO PErJIaMEHTHI 110 MPOBEACHHUIO OLIEHKH NMPO(eCcCHOHATBHBIX
PHUCKOB (paKTHUECKH OTCYTCTBYIOT, BCJIEACTBHE YEro MHOTHE paboTojaTesii OTHOCATCS K Hel (popMalibHO, MOJBEprast
OTIACHOCTH NIEPCOHAJ CBOETO MPEAIPHUATHSL.

B cBs131 ¢ 3TUM BO3HUKIIA TOTPEOHOCTH OLEHUTh U3MEHEHHS, MPOM30IIEAIINE B HOPMATHBHOM PEryJINPOBAHUA
JAHHOTO BOTIPOCA.

Teopernueckasi yacTb. HeoTbemiieMoil 4acThiO NMPOM3BOACTBEHHOW IEATENLHOCTH JII000TO padoronmaresns
SBISIETCST  CcHcTema ynpaBieHus oxpanoir Tpyaa (CYOT), crpykrypa KOTOpOH mpomnmcaHa B —IOJOXKECHUH
Muntpyzna Ne 7761 ot 29.10.2021.

JlaHHOE TOJI0KEeHHEe yCTaHaBIMBaeT o0IIue TpeOOBaHMs K OpraHu3alyy padoThl 0 OXpaHe TPy/Aa Ha OCHOBE
HOPMAaTHBHO-TIPAaBOBBIX ~ JOKyMEHTOB, NPUHIWIOB ¥ MeTOA0OB ympaeieHus. @DyHkuuonupoanue CYOT
OCYIIECTBIISICTCSL TIOCPENICTBOM COOJIIO/ICHHSI TOCYIapCTBEHHBIX HOPMATHUBHBIX TpeOOBaHMI OXpaHbl TPYya, NPUHITBHIX
00513aTeNbCTB M MPUMEHEHHS JIOKAJIBHBIX JOKYMEHTOB IIPU PEAJIM3alMHU IPOLECCOB, MPEIyCMOTPEHHBIX pa3/ielaMu
CYOT [3, 4].

Onnoit n3 rnaBHBIX npodiaeM CYOT sBisercst TO, YTO OHA MOJPa3yMEBAET HEMIOCPEICTBEHHOE pearnpoBaHNe
Ha BO3HHKHOBEHHE ONACHOM cUTyaluu, a He Ha e mpo¢unaktuky. Ilo 3Toif mpudunmHe OLEHKa MOTEHIHAJIBHBIX
OTACHOCTEH IO MOKa3aTelsIM pUCKa M pa3pabdoTKa NPEBEHTHBHBIX MEp Ha OCHOBE STOH OLEHKH CTAaHOBSTCA
NEPBOCTENICHHBIMH 3aJa9aMy yIpaBJIeHHs 0e30MacHOCThIO TpyAa [5].

INon mnpodeccnoHambHBIM PHCKOM B COOTBETCTBHM C TpymoBbIM KoaekcoM P® mnpuHATO NHOHMMATh
«BEPOATHOCTh INPUYMHEHUS BpeAa 3I0pPOBBI0 B pe3yiabTaTe BO3JACHCTBUSA BpeAHbIX H  (WIM) ONACHBIX
MIPOM3BOJICTBEHHBIX (DaKTOPOB MPU HMCHOJHEHWH PabOTHHKOM O0s3aHHOCTEH M0 TPYIOBOMY JIOTOBOPY HJIM B WHBIX
ClTyJasx, yCTAHOBJICHHBIX HacTosuM Kosekcom u apyrumu depepanbHbIME 3aKOHaMm» [6].

CyliecTByeT MHOXECTBO METOJIOB, C TIOMOIIBI0 KOTOPBIX MOXHO OIPENEUTh YPOBEHb MPO(ECCHOHAIBHOIO
pHCKa Ha MPEINPHUATHH: MaTpU4HbIe, OajuIbHbIC, NPSMbIE, KOCBEHHbIC, CIIMCKH KOHTPOJBHBIX BOIPOCOB, MO3TOBOM
mrypM (Merox Henbpu) uT. 1. Hcrmonp3oBaHME 3THX METOAOB HE OBUIO 3aKPEIUIEHO 3aKOHOIATENBHO, IO3TOMY
paboTonarens BIpaBe caM BBIOMPATh OJWMH M3 HHUX JHOO pa3padaThiBaTh METOJUKY B 3aBHCHMOCTH OT CHELU(DHKH
cBoero npeanpustus [7].

Onenka npoecCHOHANBHBIX PHUCKOB TPAAWIMOHHO TPOBOAMTCS B HECKOJBKO JTAIOB: HACHTH(HUKAIUS
OTIACHOCTEH, aHaJM3 PHUCKOB, B KOTOPBIA BXOJHUT ONpPENCIICHHE YPOBHS PUCKOB, IOIMYCTHMOCTH YPOBHSI PHCKOB H
HEOOXOJAMMOCTH NPUHATUS Mep 0e30MacHOCTH, BHIOOP METOJIOB YIPABJICHUS! PUCKAMHU M MX peaju3alys, MOBTOPHBIN
aHaJIN3 PUCKOB VIS MPOBEPKU JOCTHKECHHUS TOMYCTUMOCTH YPOBHS PUCKOB.

Konnenuust  ynpasieHus Npo(ecCHOHATBHBIMUA PHCKaMH Ha CErOJAHSIIHMNA JIeHb SIBIsieTCs Haubolee
aKTyaJTbHOM, TaK KaK MO3BOJIIET MUHIMH3UPOBATh YHCIIO HECUACTHBIX CIIydaeB M MPOQeCcCHOHANBHBIX 3a00IeBaHNI Ha
npousBocTee [8].

B cBs3u ¢ 3TUM pONb OLEHKH NPO(ECCHOHATBHBIX PHCKOB B KayecTBE HHCTPYMEHTA IO ITOBBIIICHHIO
spdexruBHocTn CYOT Bo3pacraeT 1 BO3HUKAET HEOOXOIMMOCTD B COBEPILICHCTBOBAHNH ITPOLIEAYPHI.

B pamkax naHHOTO HCcienoBaHHMS OBbII NPOBEAEH aHaIM3 KIIOYEBBIX HM3MEHEHWH IO OXpaHe TpyJa,
KOCHYBILHXCS OLICHKH NPO(EeCCHOHATIBHBIX PHCKOB, KOTOpbIe BCTYNHIM B cuiy ¢ 1 mapra 2022 roza (tadum. 1).

Tabimma 1
AHaM3 KIFOYEeBbIX H3MEHEHUH, KOCHYBIINXCS OLIGHKHU MTPO(ECCHOHANBHBIX PUCKOB
MN3menenus CyTb u3MeHeHHu! KomMmeHnTapuu
Berymaer B crmy @3 Ne 311 ot | @3 Ne 311 3akperuisier Takue TOHSITHS, HogBas nonutuka no oxpase Tpyna
02.01.2021 «O BHECEHMM KaK «TpeOOBaHUsI OXPaHbI TPYIa», 3aITycKaeT MPOoLEecC
n3MeHeHnH B TpyioBoii KofieKe | «IIpoQeCCHOHAIBHBIN PUCKY, NIEpEOPUECHTHPOBAHHS B CTOPOHY
Poccuiickoit deneparmm, «yIpaBiieHHe NPOQecCHOHATBHBIMU CHIDKEHUSI KOJINUECTBA OIIACHOCTEH Ha
KOTOPBIH BHOCHT PpHCKaMm». pabouem mecte. COBEpIIEHHO
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N3menenus

CyTb u3MeHeHuit

Kommenrapun

KOPPEKTHPOBKH B PSJT
nonoxkenuii TK

VYrpasneHre npogecCHOHATHHBIMA
PHCKaMU TPaKTyeTCs KaK KOMIUIEKC
B3aUMOCBSI3aHHBIX MEPOTIPUSITUI U
TIPOLIEALYP, SBIFOLLIXCS DIIEMEHTAMU
CHCTEMBI YIIPaBJICHHsI OXPAHOH Tpy/a U
BKITFOYAIOIIMX B Ce0s BBISBICHHE
OIIaCHOCTEH, OIIEHKY PO eCcCHOHATTEHBIX
PHCKOB U IPUMEHEHHE Mep TI0 CHIKEHHIO
YPOBHEH MPO(eCCUOHATBHBIX PUCKOB HITH
HEOITYICHUIO MOBBIIICHYS UX YPOBHEH,
MOHHTOPHHT H IIEPECMOTP BBISBICHHBIX
TPO(HECCHOHATIEHBIX PHCKOB [6]

3aKOHOMEPHO, YTO JUI BHEJPEHUSI HOBOM
MOJMTHKY BO3HUKIIA HEOOXOJUMOCTh
3aKOHOJIATENIBHO 3aKPENHTh ¢€ Oa3HUCHBIE
MOHATHSA

CymecTBeHHBIM W3MEHECHUSAM
noasepres pasaen X
TpynoBoro kojaekca PO

[Ipousoien Tak Ha3pIBaEMBIN MEPEXOLT
K azipecHoi moautuke [9]

[TonpaBku, BHECEHHBIE B paznen X TK
P®, no3BosAIOT NEpCOHATU3UPOBATH
CUCTEMY YNPaBICHHS OXPAaHOU TpyJa C
MIOMOIIBIO TIepexo/ia K aJpecHOM
TMOJIMTUKE, KOTOPasd YUUTBIBACT
pe3yNbTaThl OLEHKH MPO(heCCHOHATBHBIX
PHUCKOB U, KaK CIEJCTBHE,
MHIBHIYyaJIbHbIE 0OCOOCHHOCTH Ka)KJJOTO
pabodero mecra

Brenens! monpaBku B
crateio 209.1 TK PO

CoracHo 0OHOBIICHHOH BepcHA
crarbu 209.1, OJHUM U3 OCHOBHBIX
MIPUHITUIIOB 00CCTICYCHUS
0€30MacHOCTH TPyia OyIeT SBIATHCS
CHIYKEHHE YPOBHS
npodeccHOHAILHOTO PUCKa Ha
pabouem mecte [9]

Jlerye npenynpeanuTs IPHIKHY, YeM
ycTpaHATh nocieacTsus. Ilponenypa
OLIEHKH TPO()EeCCHOHAIBHBIX PUCKOB
npuoOpeTeT 00s3aTeNbHBIN XapakTep,
HOCKOJIbKY B KQUeCTBE OJHOTO U3
OCHOBHBIX IPUHIIMIIOB 00€CTIeYeHHs
0e30MacHOCTH yCTaHABIMBACTCS €€
popUIaKTHKA

Brenens! monpaBku B
cratbio 214 TK PD

CoracHO HOBO¥ peakuuu craThu 214
TK P® paboronatens 00si3aH
00€eCIeYnTh CUCTEMATHYECKOE
BBISIBJIEHUE OTMIACHOCTEH U
npo(eCCUOHATBHBIX PUCKOB, UX
PETyJISPHBIA aHATU3 U OIICHKY,
pacciieIOBaHKUE M YYET HeCYACTHBIX
CITy4aeB, yueT U pacCMOTpPEHUE
MPUYUH U 00CTOATEIHCTB
MHUKPOTOBPEKACHHH (MUKPOTpPaBM) [6]

MUKpPOTIOBpEkKACHUS, TOTyYeHHBIC Ha
pabodem mMecTe, MOTYT CIIPOBOIMPOBATH
BPEMEHHYIO MOTEPIO TPYAOCIOCOOHOCTH,
MMOTOMY BECTH UX yUET, OPOPMIISS
CIIPAaBKY B KQ4€CTBE aKTa
paccieoBaHus, B HHTEPECaX CaMOro
paboromatenss. MUHTPYI K€ COBETYET
KaXXIOMY TIPEANIPHATHIO pa3paboTaTh
CBOH JIOKaJbHBIN aKT, COAEpKAIIUN
MOPSIOK 3TOTO yueTa. Takas mpakTuka
YCHEIIHO MPUMEHSIETCS U MO3BOJISIET
MpeaynpeauTh HECYaCTHBIE Clydyan Ha
MHOTHUX MHOCTPaHHBIX TPEIIPUATHIX

Bgenens! nonpasku B
crateio 214.1 TK PO

CornacHo monpaBKaM, pabOTHHK 110
3aKOHY MMEET IIOJIHOE IIPaBo He
NIPUCTYTIATh K CBOUM TPYLOBBIM
0053aHHOCTSIM JI0 yCTPaHEHHS
(axTopoB NpoheccHnoHATBLHOTO PUCKA

Jlydiiie mpoBecTH OIEHKY
npodeccnoHaTbLHBIX PUCKOB
HETIOCPEICTBEHHO Iepe/T CIIeHaIbHOM
OLICHKOM yCJIOBUH TpyJa, TaK KaK, ECIIH
COVT BbISBUT ONAaCHBIE YCIOBUS TpyJa
4 knacca, paboToareIto MpuaETCS
00BSABUTH NPOCTOH C COXpaHEHNUEM
JIOJDKHOCTH pabOTHHKA, a TAKXKE €T
cpemHero 3apaboTka

Beenens! nonpasku B
cratbio 214.2 TK PO

Paboronaresp Teneps BIpaBe BECTH
BHJICO- U ayaUO(HKCAITIIO HA
MTPOU3BOJICTBE I 00CCIICUCHIUS

WHorna ypoBeHb Mpo(hecCHOHATFHOTO
pHcKa Ha pabo4eM MecTe MOXKET
HOBBICHTH JIaKe caM pabOTHUK, He
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N3menenus

CyTb u3MeHeHuit

Kommenrapun

KOHTPOJIS 32 0€3011aCHOCTBIO
MIPOBOJIUMBIX PadOT

crietyst IPeAUCaHusIM 110 OXpaHe TPY/Ia.
braropaps Buneo- u ayanopukcanuu
paboToaaTesb CMOXET HEIPEPHIBHO
HaOJII0IaTh 32 TPYJOBBIM MPOIECCOM,
YTO MO3BOJIUT EMY BOBPEMS BMEIIATHCS,
ecyu OyIyT JOMYIICHBI HAPYIIICHHS,
n30€KaB HeKeNlaTeIbHEBIX MOCIEACTBUM.
Heo6x01uMo MOMHUTB, 9TO IPUMEHSTh
JTaHHBINA CII0OCOO MOXKHO CTPOTO C
cornacusi, iHa4e pabOTHUK CMOXKET
MOJIaTh B CYJI [0 IPHYMHE HE3aKOHHOT'O
BTOPIKCHUSI B €r0 YaCTHYIO KH3Hb

BBeznens! nomnpasku B
crateio 218 TK PD

Puicku Teneps AemsTes (B 3aBUCHMOCTH
OT MPUYHMHBI) Ha CICIYIOIIHE
KaTeropyuu: TPaBMHUPOBAHUE U
npuodpeTeHue NpodheccuoHaNbHBIX
3a0oseBaHu i

He Bcerma npencraBiseTcs BO3MOKHBIM
HOHSTh, KAKOW CTPaXOBOM Cily4ai
MPOM30ILEN ¢ PAOOTHUKOM.
TpaBMupoBaHue B pe3ynbTare
HECYaCTHOTO CIly4asi 1
npodecCUOHANbHBIC 3a00ICBaHMUS
paccienyroTcs mo-pasHoMy, €CIH
MPHUHATHh HECYACTHBIHN cllydail 3a
npod3aboeBaHUe U HE COOOUIUTH O HEM
B T€UEHHE CYTOK, paboToaarens Oyaer
omTpagoBaH.

Pa3nenenue pucka Ha KaTeropuu
MO3BOJIUT YETKO ONPEIEUTh, KaKhe
Mepbl He00XOIUMO MIPEATIPUHSTD JIJIst
€ro ynpasJieHUsl B KOHKPETHOM Cily4yae

Berynun B crity npukas
Muntpyaa P® Ne 796 ot
28.12.2021, yrBepxnarouuit
PEKOMEHAAIINH 10 BEIOOPY
METOZa OIICHKH YPOBHS
npodeccnoHamTbLHOrO pUCKa U
0 €T0 CHUKECHHIO

MuHTpyIOM pa3paboTaHbI
PEKOMEHIANINH 110 BEIOOPY METOTUKU
OILICHKH MPO(HEeCCHOHANBHBIX PUCKOB.
PexomeHmanmu coaepikat KpUTEPHH,
TIpoIIecC ¥ ATAIbl BEIOOpa
HE00X0IMMON METOJIUKH, TIOJIO0PKY
IMPpUMCHSACMBIX B OTEYECTBEHHOH U
3apyOeKHOM MPAKTUKE METOUK, a
TaKKE MPUMEPBI OLICHOYHBIX

cpencts [8]

Metoandeckue peKOMEHIAINH He OyIyT
UMETh HOPMAaTUBHOTO Beca,
paboTomatens BCE eIIé uMeeT IpaBo Ha
CaMOCTOSTENFHBIN BHIOOP METOIUKH
OIICHKHY B 3aBUCHMOCTH OT CIICITU(PIKHI
MIPEeATPUSITHS

Brenens! monpaBku B
cratbio 221 TK PD

W3meHuIIcs MOPsiIOK BBIIAYU CPEICTB
nHAuBHAYyanbHOM 3ammtel (CU3). 1o
OIIBITY 3apyOEKHBIX CTPAH Bblayua
OyZeT MPOUCXOHUTh Ha OCHOBE
PE3yJIbTaTOB MPOILEAYPHI OLIEHKH
npodeccrHoHanbHBIX pruckos [10]

Taxoit mogxon 6onee 3 hekTuBeH, YeM
BbIJIa4a TI0 THITIOBBIM HOpMaM, TaK Kak
konuuectBo CU3 onpenensercs B
3aBHCUMOCTH OT PEabHBIX YCIOBUH
paboThI

Bgeniens! nonpasku B
crateio 218 TK PD

Amnann3 npoQeccHOHATBHBIX PUCKOB
Terneps HeOOXOAMMO MPOBOANUTE HE
TOJIBKO JJI IEUCTBYIOIINX
TIPEATIPUSTHH, HO M JUISl TeX OOBEKTOB,
KOTOpBIE TOJILKO COOMPAIOTCS BBOJHUTH
B 9KCILTyaTalUIo0

DTO HE YTO MHOE, KaK OJIHA U3
IIPEBCHTUBHBIX MEP, HAITPABJICHHBIX Ha
YCTpaHEHHUE ONAaCHOCTH €lI€ Ha
HavyalbHOM 3Tare padoThl PEANPHSTHS.
VY paboroznaresi, KOTOPBII MPOBET
OLIEHKY NMPO(ECCHOHATILHBIX PUCKOB €I11é
Ha 9Tale BBOJA IPOU3BOJCTBEHHOIO
00beKTa B KCILUTYaTalHIO, MOSBISIETCS
BO3MOKHOCTH CAMOCTOSTEIIEHO
00HapYXUTH U OTIEPATHBHO YCTPAHUTH
BCE CBOU HEJOYETEHI
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Kak BHIHO MO NaHHBIM TaONHIBI, TCHACHIUH B 3aKOHOJATCIBCTBE SBHO CTPEMSATCS K BHEIPEHHUIO PHUCK-
OpUEHTHPOBAHHOTO ITOIXOIA.

BsiBoasl. Bonpoc 06 m3MeHEHHAX B 3aKOHOAATENBCTBE TI0 OXpaHe TPya Ha3pes I0CTaTOYHO aAaBHO. Cremyet
O0XKHAATh, YTO TEPEXOIHBIA TEpPHOa HE MPOM3OUIECT OJHOMOMEHTHO, OH MOXET 3aHATh OT TPeX A0 IATH jeT. Tak,
MHOTHE W3 TIEPEYUCICHHBIX B pab0Te MONpaBOK INIAHUPOBAIOCh BBecTH emé B 2021 romy, 0JHAKO O HBIHEIIHETO To/1a
3TOTO HE OBIIO CHAEIIaHO.

ITomoOHOTO ponma W3MEHEHHs CMOTYT JaTh TONYOK K (popMupoBaHHIO 3PQPEKTHBHON MPABOBOI OCHOBEI,
perIaMEeHTHPYIOIICH MPOBEACHUE TAKOW MPOIETYPHI, KaK OICHKA MPOECCHOHATBHBIX PUCKOB.
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TEXHOC®EPHASA BE3OITACHOCTDb

HayuHas cratbs
VK 504:351.77 ") Check for updates
https://doi.org/10.23947/2541-9129-2022-2-36-42

AHaJIM3 ¥ OLleHKA 0€30MaCHOCTH MPH IKCILIyaTALMHU APo0ecTPYIHOr0 annmapara
B JIMTEi{HOM NMPOU3BOICTBE

B. 5I. Manoxun' ', |.JI ®. I[p03£[0B32| , E. . TostoBuna ™, JI. A. CokouoB

1B0pOHC>KCKI/II71 rOCYAapCTBEHHBIN TeXHUYECKUH yHUBepcUTeT (T. Boponex, Poccuiickas ®eneparys)

Bantnifcknit TocyIapCTBEHHBIH TexHUdecknit yauBepeuter «BOEHMEX» nm. JI. @. Ycernuosa (r. Cankt-Ilerep6ypr, Poccuiickast

Denepanns)

Beedenue. PaccMoTpeHs! BpenHble (DaKTOPHI JIUTEHHOTO NMPOU3BOACTBA. ABTOPHI MPOBOIAT aHAIHM3 M JAIOT OLECHKY
paboyero mecTa ornepaTtopa IpoOecTpyHHON KaMepbl U MpeularaloT TEXHUYECKUE PELICHUs JUIsl YIydlIeHHUs yCIOBHMA
TpyZa ¥ CHW)KEHHS Pa3BUTHS IPO(ECCHOHATBHBIX 3a001eBaHUN.

Ilocmanoska 3adauu. 3afa4a JaHHOTO HCCIIEA0BAHUS — J1aTh OLEHKY CTENEHH BO3JACHCTBHA IIyMOBOTO U IBIIEBOTO
3arpsA3HCHUA Ha IPOU3BOJACTBCHHBIX Y4aCTKaXx JIMTEHUHOTO IMPOU3BOJACTBA.

Teopemuueckaa uwacmp. B mponecce HCCleOBaHUS BBISBICHBl HauOoiiee 3arps3HEHHBIE yYacTKHU C IPEBBIIICHHEM
JOIYCTUMBIX 3HaYCHUI paccMaTpUBAEMBIX MOKa3aTeNed YPOBHS IIyMa M COAEPKaHMS IBUTH, 3TO YJacTKH BHIOMBHBIX
PELIETOK M OYUCTKHU JINThSL. BBUIM MpesioxkeHbl MEpOIpUATHS MO YJIYyUIICHHI0 0OOCTAaHOBKHM, TaKHE KaK OpraHW3alys
aKyCTHKH C y4YeTOM OCOOEHHOCTEH INPOM3BOACTBEHHOIO ITOMEIIEHHS (AKyCTHUECKHE 3KpaHbl, 3BYKOH30JIMPYIOLINE
MIepeTOPOAKH), MOAXOJSMIasl IUIONMAAb 3BYKOIOIJIOMIEHNS! IIOMELICHUH, YJIydYIIEHHE 3BYKOIOIJIOIICHHS IIyTeM
MO/JIEpHH3AIMN KOpITyca IpoOecTpyHHONH KaMephl.

Bb1600b1. Pe3ynpTaThl MPOBEICHHOTO aHAJIH3a CBUAETEIBCTBYIOT O JOCTAaTOYHO BBICOKOM YPOBHE BIMSHHUS BPEIHBIX
MIPOM3BOJICTBEHHBIX (h)aKTOPOB HA OIIEPATOPOB APOOECTPYHHOTO yUacTKa JIMTEHHOTO MPOM3BOJICTBA U O HEOOXOIMMOCTH

YCHJICHHsI OXpaHbI TPy/a B paccMaTpuBaeMoii cdepe.

Kniouesvie cnoea: nymoBoe 3arpsisHeHUE, BUOpaIysi, TbLIb, JUTEHHOE MPOU3BOJCTBO, MPOU3BOJICTBEHHBIN yUaCTOK,

JpobecTpyiiHOE 000pyIOBaHNE, aKYCTHKA.

Jlna yumuposanua: AHANA3 W OICHKA OE30IIACHOCTH NPH SKCIUTyaTalldl APOOECTPYHHOTO ammapara B JHUTEHHOM
npousBoacTBe / B. 5. Manoxwun, JI. ®@. [Ipoznoa, E. U. 'omoBuna, [. A. CokonoB // Be3omacHOCTh TEXHOTEHHBIX U
npupoAHbIX cucteM. — 2022. — Ne 2. — C. 36—42. https://doi.org/10.23947/2541-9129-2022-2-36-42

Original article

Analysis and assessment of safety during operation of the shot blasting machine
in the foundry

V. Ya. Manokhin*’| |L. F. Drozdova®|"”, E. I. Golovina'*/, D. A. Sokolov*
Woronezh State Technical University (Voronezh, Russian Federation)
?Baltic State Technical University "VOENMEH" named after D.F. Ustinov (St. Petersburg, Russian Federation)

Introduction. The article discusses the harmful factors of foundry production. The authors analyze and evaluate the
workplace of the operator of the shot blasting chamber and offer technical solutions to improve working conditions and
reduce the development of occupational diseases.
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Problem Statement. The objective of this study is to assess the impact of noise and dust pollution on the production
sites of the foundry.

Theoretical Part. In the course of the study, the most polluted areas were identified with the exceeding permissible
values of the considered indicators of noise level and dust content. These are the areas of shake-out grids and casting
cleaning. Measures to improve the situation were proposed, such as: organization of acoustics taking into account the
characteristics of the production room (acoustic screens, soundproof partitions), a suitable sound absorption area of the
premises, the improvement of sound absorption by upgrading the body of the shot blasting chamber.

Conclusions. The results of the analysis indicate a sufficiently high level of influence of harmful production factors on
the operators of the shot blasting section of the foundry and the need to strengthen labor protection in this area.

Keywords: noise pollution, vibration, dust, foundry, production site, shot blasting equipment, acoustics.

For citation: Manokhin V. Ya., Drozdova L. F., Golovina E. I., Sokolov D. A. Analysis and assessment of safety
during operation of the shot blasting machine in the foundry. Safety of Technogenic and Natural Systems. 2022;2:36
—42. https://doi.org/10.23947/2541-9129-2022-2-36-42

BBenenune. PaccMOTpeHO BO3JEHCTBHE HETaTHBHBIX (PAKTOPOB HAa PAOOTHUKOB JIMTEHHBIX MPEANPUSTHH.
Bosnymnas cpena paboueiil 30HbI OIEPATOPOB JIMTEHHBIX IIEXOB YaCTO HE COOTBETCTBYET CAHUTAPHO-IMTHEHUYECKHM
HOpMaM. DTO 00YCJIOBJIEHO CIIOKHOCTHIO TEXHOJIOTHYECKHUX TPOLECCOB M HAIMUUEM BpelHbIX (hakTopoB. Hanbosbiiee
KOJIMYECTBO MBLIM, IIyMa W BUOpalUM INPOM3BOAMT OOOpYIOBaHHE, KOTOPOE HCIOJb3yeTcs sl 00paboTKu |
nIH(OBKH U3AEINN NPOoOECTPYHHBIM METOZOM.

IIpomecc npobecTpyiHOM 3aUMCTKH JaeT BO3MOXKHOCTH IUTM(OBKU JHUTCHHBIX 3arOTOBOK pPa3HOH (hOPMBI,
OJTHAKO 3TOMY TEXHOJOTHYECKOMY IIPOIECCY COIyTCTBYET BO3HHMKHOBCHHE OOJBIIOTO KOJMYECTBA MBUIM, KOTOpAs
co3/aeT yrpo3y s 370poBbs paboraromux. KOMIUIEKCHBIH TOAXOJ K CHIDKCHHIO COJCP)KaHHWSA IIBUIM U
MIPEAYNPEXRACHUIO TPOPECCHOHATBHBIX 3a00JICBAHUI MOXET IO3TAITHO PELINTh 3a7ady IO CO3MAHHI0 Oe30MacHBIX
ycnoBwuit Tpyna [1].

KoHTpomnb 10nmycTHMOT0 YpOBHS IlIyMa ¥ BUOpaLWK Ha IPOU3BOJCTBE SBILSIETCS] OUEHb CJIOKHBIM U (PMHAHCOBO
3aTpaTHBIM MeponpusTieM. [10BBILIEHHBIE IIYM U BUOPAIHs CYMTAOTCSI TEMHU 3KOJIOTHYECKUMH (haKTOpaMu, J0OUTHCS
COOTBETCTBHSL KOTOPBIX HOPMATHBHBIM BEIMYMHAM TEXHHYECKH BeChbMa CIOXKHO [2]. Bomblioe KoIM4eCTBO
npodeccHOHANBHBIX ~ 3a00JIeBaHMi, CBSI3aHHBIX C HapyILIEHHEM CJlyXa, MpPOSBISIIOTCS Yy pabouux —CIIycTs
TIPOJIOIDKUTENEHOE BpeMst paboThl. PazBuTne cepbhe3HBIX MPOOIIEM CO CIyXOBBIM HEPBOM 3aBHCHUT OT TEXHOJIOTHUECKHX
MIPOLIECCOB, IPH KOTOPBHIX YPOBEHb IIyMa IIPEBBINIAET JOIYyCTUMble 3HaueHWs. Hambomnbinee Bo3aelicTBHE
TIOBBIIIEHHOTO IIIyMa OTMEYaeTCsl Ha Y4acTKax (JOpPMOBIIMKOB, BEIOMBATIBIIUKOB (OPM, OOPYOIIMKOB M YNCTHIIBIIINKOB

JUTBS JUII MaCCOBOTO MIPOM3BOJICTBA, T/Ie 3HAUCHUS MHJCKCA 3arps3HeHns JocTuraroT 1,43—2,74 [3]. [laHHbIe 3aHECEHBI

B Tabm. 1.
Tabmuma 1
3HaueHUEe HHJIEKCA 3arpsSI3HEHUS 110 IIyMOBOMY (DakTopy
Ha y4acTKaX JUTCHHBIX I[EXOB C PA3IHYHBIM XapaKTEPOM IIyMa
Ne i/m IIpodeccus WHupaexc 3arps3HEHAS 110 ITyMOBOMY (hakTopy, Konuuectso
K paboumnx mect

1 DOPMOBIIIHK 1,43 3
2 BriOuBansmk 2,74

3 O6pyOImmK 2,46 3
4 YHUCTHIBIIUK JIUThS 2,67 1
5 3aJMBIIUK MeTalljIa 0,79 4
6 TInaBUIBIIMK METAJIOB M CIIJIABOB 0,79 4
7 IIIuxTOBIIMK 0,22 1
8 Hanaguuk TuTeMHBIX MAIIUH 0,45 1
9 3emtenen 0,71 2
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IMocranoBka 3agaum. [lepBoHauanbHOM 3amavyell JaHHOTO MCCIIENOBaHMS OBbUI aHAIM3 SKCIIEPHMEHTAIBHBIX
XapaKTEePUCTHUK [IyMOBOTO 3arPsI3HCHUSL.

PesynpTaThl HcciaenoBaHMH YPOBHS LIyMa ITOKA3aJIM, YTO IMYMOBOE 3arpsi3HCHHE 3HAYMTEIBHO IPEBBIIIACT
YCTaHOBJICHHBIE HOpMBI. HanGomnbnive mpeBbIIeHUs AOMYCTUMBIX YPOBHEH 3ByKa OTMEYAIOTCS Ha PaboduX MecTax y
CTepKHEBBIX M ()OPMOBOYHBIX BCTPSAXMBAIOMMX MammH Ha 12-23 nb, y BHIOMBHBIX pemeTok — Ha 17-26 b, y
006py60YHO-0IHCTHOTO 060pyaoBanws — Ha 16-27 nb [3, 4].

B cooTBeTCTBMM € CaHMTapHBIMH HOPMaMH YCTAHOBJICHBI 3HA4YEHUs JOMYCTHMBIX YPOBHEW 3BYKOBOTO
nasnenus (Tabdi. 2) [5].
3BYKOBOE I10JI€ B 30HE pabOYMX 30H JIMTEHHBIX LIEXOB HEOJHOPOIHO. DTO CBSA3aHO C PA3HBIMHU PEXUMaMHU U
BpEeMEHEM paboThI IPOU3BOJICTBEHHOTO 000pyaoBaHus. Hanbosee onacHbIM SBISIETCS IEPUOIMYECKUN PEKUM pabOThI
C M3JIy4€HHEM MaKCUMaJlbHOTO YPOBHS IIyMa B 00JIACTH CPEHUX U BHICOKHX YaCTOT.
Tabmuma 2
JomycTrMble ypOBHH 3ByKOBOTO JABJICHUS, YPOBHH 3BYKa W SKBUBAJICHTHBIC YPOBHH 3ByKa Ha Pabounx
MECTaX, B IPOM3BOJACTBECHHBIX IIOMCIICHHUAX U Ha TEPPUTOPUH IPEIIPUATHI

. YpoBHH 3BYyKOBOTO AaBIECHHUS, Ab, B OKTaBHBIX MOJIOCAX YpoBHH 3ByKa U
Bun tpynosoi

JACATCIBbHOCTHU

CO CPEIAHETCOMETPHICCKIMH YaCTOTaMy, ['11 9KBHBAJICHTHBIC
31,5 | 63 | 125 | 250 | 500 | 1000 2000 4000 8000 | ypoBHH 3ByKa, 1BA

Brinmonnenue Bcex
BUJIOB paboT Ha
ITOCTOSTHHBIX
pabounx MecTax B
MIPOU3BOJCTBEHHBIX
MIOMEIICHUAX U Ha
TEPPUTOPUU

107 | 95 | 87 82 78 75 73 71 69 80

IpeAIPUATUN

Jlutelinble Lexa CEpUITHOrO NMPOU3BOJACTBA OTIUYAIOTCS TEM, YTO MEHBIINN YpPOBEHb aBTOMATH3alMU H
MEXaHM3aIM1 MPOLECCOB MO3BOJIAIOT BBIOpaTh Hanboee parroHAIBHOE M M30JIMPOBAHHOE TOJIOKEHNE 000pyJOBaHHS.
W3 »sroro cnemyer, 4To OCHOBHBIE METOJBI 3AIUTHl PAOOTHHKOB 3aKIIOYAIOTCS B PAalMOHAIBHOM pPa3MEIICHUU
00Opy/IOBaHUsI, OpraHM3alMy IMPABHJIBHOW AaKyCTHKH IIOMEIICHHH, YCTAaHOBKE 3BYKOM3OJIALHOHHBIX OSKPaHOB U
YCOBEPIIIEHCTBOBAHUH KOPITYCOB ApobecTpyiHOro o6opymoBanus [6].

Btopoii 3amaueil wmcciemoBaHHS cTaia pa3paboTKa MEPONPHUATHH MO0 MHHUMHU3AIMU 3albUICHHOCTH H
obecrieueHH0 0OE30MACHBIX YCIOBMH Tpyla Ha CaMbIX 3albUICHHBIX YYacTKaX JIMTEHHOrO IPOHM3BOJCTBA —
IpoOeCTpyHHBIX.

CrnenuanbHble MEPONPHUSTHS MO HCIONB30BAHUIO HENPEPHIBHOM TEXHOJIOTHUM MPOM3BOJACTBA YAAISAIOT MbLIb
cpa3y B MecTax €€ MOSBJICHHS, TAaKKe IPEISTCTBYIOT OOpa3oBaHMIO M PACHPOCTPAHEHWIO IBUIM MEXaHH3aLUs U
aBTOMAaTH3aLMsl TIPOIECCOB, pa3padOTKa, YCTAHOBKA M HACTPOWKAa CHCTEMBl JUCTaHIMOHHOTO YIIPaBIEHUS,
repMeTU3aLys 1 U30JILHsA 000PyIOBaHUs, CUCTEMbl IPUTOYHO-BBITSIKHOM U BBITSDKHOW BEHTHIISILUH [ 7].

B nureliHOM nexe 3albUICHHBIA BO31yX MPOXOJUT UYEPE3 CUCTEMY IbUICYJIOBUTEIEH M 3aTe€M IIOCTYIAET B
arMochepy. OaHako d3PEKTUBHOCTH TAKUX CHCTEM HE SIBIIAETCS TOCTATOYHOM [4].

Teoperuueckasi yactb. OJHUM K3 OCHOBHBIX BOIPOCOB HCCIICIOBAaHHMS — BONPOC O XapaKTEPHCTUKAX
HMCTOYHMKOB HM3JIy4aeMOIo ITyMa M INBUTH Ha 00pyOOYHO-OYMCTHBIX y4acTKaX, MMEIOIINX CaMBIii BBICOKHH ypPOBEHB
LIYMOBOT'O 3arpsI3HEHUSI.

OnHUM M3 OCHOBHBIX M CaMbIX YacTO HCIIOJIb3yEMBIX METOJI0B OOpabOTKH MOBEPXHOCTH METAIITMYECKUX
3aroTOBOK SIBJISIETCS JpoOecTpyiHast 3a4MCTKa. Takod MEeToJ| MO3BOJISIET HanboJiee KaUeCTBEHHO OTHIIN(OBATh JIHUTHE,
IIPOBOANTCS OH B ApOOECTpyHHOI Kamepe.

Ha puc. 1 mpexncrasnena cxema apobectpyitHoro yuactka [7].
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Puc. 1. Cucrema npoGecTpyiHOr0 y4acTKa JUTSHHOTO MPOU3BOJCTBA: 1 — ApobecTpyiiHasi KaMepa; 2 — 3arpy304HBIiA CEKTOP
OUHIIAEMBIX JeTalIel ¢ TePMETHYHOM ABepIiel; 3 — MyJbT yIpaBICHUs; 4 — OKHO MoJad ApoOeCcTpyHHOTO anmapaTa;
5 — TEXHOJIOrHYECKOE OTBEPCTHUEC C FepMeTH‘IHOﬁ KprIHKOﬁ JUIA yiaJICHUS Z[pO6I/I; 6 — Marucrtpalib CKaToro BO31yxa;
7 — monava Bo3ayxa Ha (GOPCYHKY; 8 — BO3AYXOBOJ; 9 — KOHHUYECKUI IIUKIIOH OYUCTKH BO3JIyXa;
10 — BIM (Bubpoaemndupyromumii matepuan); 11 — koHCTpyKunoHHbIH Matepuan; 12 — 3TIM (3ByKOMOTIOIIAOIIHI
Mmarepuan). O6o3nauenus: Cp3 — KOHIEHTpays B paboueii 30He, CIKk — KOHIIEHTpanus B IBIIEBOH Kamepe,
CMO — KOHIICHTpAIMA B MECTHOM OTcoce, FIik — rmiomanap neuieBoit kamepbl, APp — nepenas qaBineHus IpH yrpaBiIeHUN

JpobecTpyiiHas OYHCTKAa TPOXOMUT B Kamepe, KOTOpasl IMPEICTaBISET COOOM 3aKpHITYI0 METaJLTMYECKYIO
KoHCTpykuuio pasmepoM 2000x2000x2500 MM, BHYTpEHHsSSI INOBEpXHOCTh €€ BBIIOJHEHA M3 CTalbHOTO JIHCTa
TOJNIUMHOW 3 MM M MOKpbITa pe3uHoi TonmuHoi 10 MM. B BepxHeil yacTu kamepa MOACOEAMHSAETCS MOCPEICTBOM
narpyoka guamerpoM 630 MM K MECTHOM BBITSKHOM BEHTHIISIMHU, KOTOpas cojepuT mukinon [TH-11 [7].

UYepe3 OKHO MOAAYM Ha MOBEPXHOCTh M3AEIHA CO CKopocThio 30 M/c momagaer ApoOb, AMAMETP KOTOPOH B
CpefHeM cocTaBisgeT 2 MM. [IpHHIMI JeHCTBUSI MPOCTOr0 HArHEeTaTeNIbHOro JpoOecTpyWHOro armnapara OCHOBaH Ha
paboTe repMeTHYECKH 3aKphIBaeMOro 0aka, B KOTOPOM IOl JaBICHHEM CXXAaTOTO BO3AyXa Haxoautcs ApoOs. Ilox
NEWCTBHEM CHJIBI TSDKECTH W JaBJICHHSA C)KaTOro BO3Ayxa IpoOb momaercs B Kamepy. lIpm 3TOM NpOMCXOAUT
M3BJICUEHHE [ITyMa MOBBIIIIEHHOW HHTEHCUBHOCTH.

Pa3mep 3ampuIeHHOCTH B CUCTEME acIIUpaIiy 10 MHIICYIaBIHBAIOIIETO 000PYIOBaHHS COCTABUII OKOJIO 6 /M,
B paboueil 30H€ — oOKolO 9 mr/M° [7]. CreneHb BIMSHHS TNBUTH Ha 310pDOBbE 4YEJIOBEKAa 3aBUCUT OT €€
IpaHyJIOMETPHUECKOTO cOCTaBa. B jerkux B OoiblIedl CTENEHM OCTAIOTCSA YaCTHUIIBI, Pa3Mepbl KOTOPHIX MEHbIIE
10 mxm. Knace onacuoctn — 3, TIJIK = 0,5 Mr/m°. YpoBeHb 3arpsisHeHus Bo3yxa paGoueil 30HbI pOPMHPYET GOIbIIOE
KOJIMYECTBO (DAaKTOPOB, KOTOPHIE HEOOXOAUMO COONIOIaTh. DTO PETYISAPHBIA U KAUeCTBCHHBIH PEMOHT M 0OCTYXKHBaHUE
o0opynoBaHus, co3nanue >)(HEKTUBHBIX PEKUMOB PaOOTHI CUCTEM ACHHUpAIMA U OOOPYAOBAHHS JUIS YIIaBIHMBAHUS
meuTH [8].

[Ie1p mocne  0OpaOOTKM  TOBEPXHOCTH  METAJUIMUECKMX  JAeTajled  JpoObio  IpeBpamiaercs B
MHOTOKOMIIOHEHTHY0, IT03TOMY TpeOyeTcst pa3paboTka 3(QEeKTUBHBIX Mep MO OYMCTKE Ta30BOH MBUIH, B CBSI3H C 3THM
HCCIICIOBAaHHUE 3JIEMEHTHOTO M JWCIEPCHOTO COCTaBOB YACTHI[ MBUIM CUUTAETCS aKTyalbHBIM. /I OIEHKHM YacTHI
IIBITH IO Pa3Mepy HCIIONIB30BANICS TpaHyJioMeTprdeckuid aHanu3 [3]. ILtoTHOCTs pacipeseeHnss YacTHIl M UX pa3Mep
BIUSIFOT HA CBOWCTBA NBUICBHUAHBIX MaTepuaioB. CocTaB MbUTH OBLI OMpEICNiCH Ha Ja3epHOM aHATU3aTOPE YACTHIL
¢dupmer Fritsch NanoTec, monens Analisette-22, ¢ ucnonb3oBanuem nporpammuoro obecrnedenus (I10) Fritsch Mas

control. [Tony4deHHbIe JaHHBIE OTPAXKEHBI HA PUC. 2.
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dQ3(x)

0.1 05 1 5 10 50 100 500 1000
[um]

Puc. 2. I'padmuyeckue pe3ynpTaThl JUCHEPCHOTO aHANN3a MBUICBBIX YaCTHIL

Pe3ynpTaThl OKa3aJINCh CIACAYIOUIMMU: B COCTAaBE MBUIM HaXOIUTCS 0Koso 90 % Memnko- U cpeaHequcIIepCHON
meitH pasMepom MeHee 100 MxM. YacTHibl MOJZOOHOTO pofa HECYT OMACHOCTh IJIsl 3J0POBbs JIFOJACH, €CTh PHUCK
BO3HHUKHOBEHUS THEBMOKOHHO30B U CUJIMKO30B.

Bropoii 3Tan skcnepuMeHTa OBl HAaNpaBJICH HA ACTATH3alMI0 AMCIEPCHOTO COCTAaBA IBUIM, OH MPOBOIHICS
METOJIOM PEHTICHOCHEKTPAIbHOIO MUKpOoaHau3a [7].

Pentrenoscknii  (a3oBeI  aHanM3  ABISIETCST HamOoyiee  MEPCIEKTHBHBIM — METOAOM M OTIIMYACTCA
JIOCTOBEPHOCTBIO M CKOPOCTBIO TOJyYSHHUS! pe3yIbTaTOB, OCHOBAH HE Ha CPaBHEHHE C JOCTYNHBIMH oOpasliamH, a Ha
aHalIM3e KPHCTAJUIMYECKOHM CTPYKTYphl BemlecTBa. lIperMyInecTBa [aHHOTO THIA aHalM3a 3aKJI0YalTcs B
HEHapYyLIEHUH LEIOCTHOCTH JIEeTalIN, OLleHKe (a3 B CMECH, TOJIEPAHTHOCTH K 00bEMY HCCIIElyeMOro 0ObeKTa.

JlaHHbIe, OJTyYeHHBIE TP IPOBEICHUH PEHTTEHOCHIEKTPAILHOTO aHaIM3a, TI0Ka3alli, YTO MbUIb UMeeT (hopMmy,
KOTOPYIO YCIIOBHO MOJXKHO CUuTaTh chepuueckoi. [IpH ocemaHMy YacTHIBI MBUIM TAaKOH (OPMBI BpAIIAIOTCSA H
3aHMMAIOT II0JIOXKEHHUE, ITPYU KOTOPOM OKa3bIBAIOT HauboJIblee conpoTuBieHre Bo3nyxy. @opma chepsl criocodcTByeT
OCEIaHHIO B NBUICYJIOBUTEINSIX HHEPLIMOHHOTO TUIIAa ¥ B aTMocdepe. boiee IpoaomkuTenbHOe BpeMs 0CeIa0T YaCTULIbI
MeHbple 10 MKM, HadW4Me TAaKMX 4YacTHIl B BO3JyXE CBUJAETEIBCTBYET O HEOOXOIMMOCTH YCTaHOBKH Ooiiee
3¢ PEKTUBHOM CHCTEMBI JOOYHCTKH BO3yXa.

PentrenocnexTpanbHBI aHAIN3 Ha BOJIHOBOM peHTreHoduryopecueHTHOM criektpoMerpe Bruker S8 Tiger B
IleHTpe KOJUIEKTHBHOIO MOJIb30BaHuUs Hay4HbIM obopymoBanueM (LIKIT HO) BI'Y mo3somnmn mony4uTh 6ojiee TOUHOE
KOJIMYECTBO Co/epXKamuxcsi B oOpasie aneMeHToB. C 1IEIbI0 TOOYMCTKH BBIOpPOCA 10 HOPMATHUBHBIX KOHIEHTpALWH,
paBHBIX TPEACIBHO OMYCTHMBIM KOHIICHTPAIUsIM BpPEIHBIX BEIIECTB B Bo3ayxe paboueit 3o0ms! (ITKp.3.),
CYIIECTBYIOIIYIO CHCTEMY IbUICYJIABINBAHIS MTPEIAraeTCsl TOTMOIHUTD «MOKPOI CTYIECHBIO.

OcHOBHasl NMpUYMHA BO3HUKHOBEHHS CHJIFHOTO ITyMa — OCOOCHHOCTH TEXHOJIOTHYECKOTO IIpoIecca, MpH
KOTOPOM BO3HHKAET a’pOAWHAMHYECKHH mIyM. JIis CHIDKEHHS ITyMa IOJO0OHOTO poja HEOOXOIMMO HCIOIB30BAThH
METOJMKH YITydIICHHUS a9POANHAMIYECKUX XapaKTEPUCTUK 000PYIOBAHHS.

[Ipennoxenne aBTOpOB — 3a cUeT Moj00Opa 3BYKOM3OJMPYIOUIMX M 3BYKOMNOIJIOMIAIOMINX YacTeld Kopiryca
JIpobecTpyHHOro 000pyAOBaHUS CHU3UTH YPOBEHB IIIYMOBOTO 3arpPsI3HEHHMS.

OKcnepuMeHTaNbHbIE HCCIeOBaHNUs KOA(QUIIMEHTOB MOTOMEeHHs OOJbIIOro KOJMYECTBAa OOJIMIIOBOYHBIX
MaTepHanoB B OKTAaBHBIX IMOJOCAX CIEKTpa 3BYKOBBIX 4YacTOT, MpPEACTaBIeHHbIe B pabote [9], momormu BBIOpaTh
HanbOosee 3(h(PeKTHBHOE COUYETaHNEe KOHCTPYKIIMOHHOTO, 3BYKOIIOTJIONIAIONIEro M BUOPOAeMII(UPYIOIIET0 MaTepHaoB.
CriocoOBI pacyeToB aKyCTHUECKHX XapaKTEPHCTHUK MATEPHAJIOB M 000PYIOBAaHHS MOMOTIIH ONPEASIUTh ONTHMANbHBIE
TapaMeTphl COCTaBHBIX YaCTeH MPOU3BOICTBEHHBIX MAIIHH.

OnmHO W3 TIPEUIOKEHMI aBTOPOB 3aKJIIOYAETCS B COXPAHCHHWH TOJIIMHBI CTEHKM W3 YEPHOTO METalia B
npobecTpyiiHON Kamepe, paBHoii 3 MM (puc. 1, mo3. 12), Ha KOTOPYIO HAHOCHUTCS CIIOM IPUKIICEHHON PE3UHBI TONIIIMHON
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10 mM (puc. 1, mo3. 10), 4To AaeT AOMOJIHUTENBHYIO 3BYKOM3OJSILHIO CTEHOK Kamepbl. Ha BHYTPEHHIOK MOBEPXHOCTb
KaMepbl He00X0IMMO HAaHECTH 3BYKOIIOTJIOMIAIONIIE MaTepHabl TOMIINHOM 30 MM, TIpeACTaBIIONIEe COOON H3Ieus,
KOTOPBIE COCTOSIT U3 CYHNEPTOHKHX 0a3abTOBBIX BOJIOKOH IOHaMeTpoM 1-3 MHKpOHa, CKPEIUICHHBIX MEXIy COOOW B
BHIIC XOJICTa B 000JI0UKE M3 CTEKISHHON TKauu (puc. 1, mo3. 12). KospduimeHT 3ByKOMOTIIONMEHHS TPEACTABICHHBIX
MaTepHalioB B CPEAHE-BBICOKOYACTOTHOM Juamna3oHe coctasiseT oT 0,5 1o 0,9. 3ByKOn30IsINOHHBIE XapaKTEPHCTHKH
MaTepHala U3 CyIepTOHKUX 0a3aJIbTOBBIX BOJIOKOH IIPEICTABICHEI B Ta0M. 3.

Tabmuua 3
3BYKOHM30JSILIMOHHBIC XaPAKTEPUCTUKH MaTepHalia U3 CyNePTOHKUX 6a3albTOBBIX BOJOKOH
[InotHOCTH Marepuana — p = 15 kr/ms. Tomuunaa matepuana — 30 Mm.
BenuunHa 3a30pa MEXIy MaTepHaioM U H30JIUPYIoLel cTeHKoi — 0 MM
Juanazon yacror, ['1g 100-300 400-900 1200-1700
HopmanbHblit K03(h(UIKEHT 3BYKOTIOTIIOIEHUS 0,05-0,15 0,22-0,75 0,85-0,93

IIpoBeneHHbIH IpeaABapUTEIbHBIN pacueT CHIXKEHHUS IIyMa Ha paboueM MecTe olepaTopa MpH HCIOJIb30BaHUU
npeaIaraeMblX MEPONPUSTHH MMOKa3al HEBO3MOXKHOCTh JIOCTHYb TPEOOBaHUI CAHUTAPHBIX HOPM.

Pe3ynpTaThl AIKCHEPUMEHTAIBHBIX JAHHBIX [IYMOBOTO 3arps3HEHHS HE COOTBETCTBYET OXKHMIaeMbIM
TpeboBaHusaM. [IpoBeneHNe KOMITIIEKCa MEPOTIPUATH MO3BOIIUT CHU3aTh ypoBeHs nryma Ha 8—10 xb, uto He sBiseTCS
Oe3omacHBEIM 3HadeHHeM. [ Ooyiee Cepbe3HOTO CHIDKCHHS YPOBHS IIyMa HEOOXOIMMO TPHOETHYTH K YCTaHOBKE
JIMCTAHI[MOHHOW CHCTEMBbI YIPABJICHHS, IIPOBECTH repMeTu3aiuio odopyrosanus. [10].

[pemmoskeHre aBTOPOB 3aKIIOYACTCS TAKKE€ B YCTAHOBKE ITYMO3AIMUTHBIX KOHCTPYKIUH W OTpakICHHU
YY9acTKOB ¢ HamOoJiee WHTCHCHBHBIM ITyMOM. JTO TIOMOXET C(OPMHPOBATH 3BYKOBYIO 3aIllUTy M 3HAYUTEIHHO
YBEJNMUYUTH Juccumnarmio [11].

PexoMeH10BaHHBIE MEPBI HE TO3BOJISIIOT JOCTHYb HOPMATHUBHBIX 3HAUEHUH IIIYMOBBIX XapaKTepUCTUK. Tak Kak
BHECEHHE W3MECHEHMH B KOHCTPYKIHIO JpOOECTpYWHOH Kamepbl SBISETCS TEXHHYECKH HEpealn3yeMbIM, TO
paccMaTpuBaeTcs IPUMEHEHHE CPEICTBA HHANBUIYATbHOMN 3allMThl — IIIeMa ¢ HaylHuKamu [12].

ABTOpBI NIpeJIaraloT KOMILIEKCHBIE PEKOMEHAALMH 110 CHIDKEHUIO YPOBHS NBUIM M IIyMa Ha pabodyeM MecTe
OIEepaTopa, YTO MO3BOJIUT MOCIIEAOBATEILHO PEIINTh 3a/[auy CO3JaHus 0€30MaCHBIX YCIOBHI Ha mpou3BoacTBe [12].

BeiBoasl. OmricaH KOMIUIEKCHBIA aHAN3 BIMSHUS IIyMa Ha PaOOTHUKOB JUTEHHBIX IIEXOB U M3YYCHBI IyTH
ONTUMU3AINH YCIOBUH TPYya OIEPaTOPOB YCTAHOBOK ApoOeCcTpyHHON MITH(OBKU:

1. OnpeneneHbl HEOIATOMONYYHBIE YYACTKH ¢ HAHMOOJBIIAM YPOBHEM IIYMOBOTO 3arpsi3HCHUS — YYacTKH
BBEIOWBHBIX PEIIETOK U IPOOECTPYIHON OYHCTKH.

2. 'panysoMeTpuiecKuii aHaau3 o0pa3loB MMoKas3al, 4To mblib pazmepoM meHee 100 mxm cocrasisier 90 % ee
o01ero oobema.

3. YCTaHOBICHO, YTO Ha ydYacTKax JApoOeCTpyWHOW O0OpabOTKU JHTEHHOrO MPOM3BOJCTBA HAONIOMACTCS
MIPEBBIIICHIE HOPMATUBHBIX 3HAYCHHUN YPOBHs 1yma Ha 4—18 1b.

4. TIpennoskeHO TEXHIUECKOE PelIeHHe N0 CHIKEHHUIO YPOBHS IIyMa JUIs IITaTHOM IpobecTpyHHOH KaMepsl —
HaHECEHHEC Ha €€ BHYTPCHHIOK MOBEPXHOCTh JBYXCIIOMHOTO MOKPBITHS, COCTOSIIET0 W3 BHOpOAEMIT(UPYIOMIEro
MaTepuaia, IPEICTAaBIAIOMEro co0oi CIOH NPUKICEHHOW pPe3WHBl TOMMHUHOW 10 MM ¥ 3BYKOMOTJIOIIAIOIIETO
MaTepualia W3 CYMEPTOHKHX 0a3albTOBEIX BOJIOKOH, BBHIIIONHEHHBIX [0 IDIOCKOH cxeme (IOJIOTHO), 4YTO He
oOecrieynBacT HOPMATUBHBIX 3HAYCHUH YPOBHS IIyMa, HO 1acT 3HAYUTEIBHOE €r0 CHIKCHHUE.
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OneHka ypoBHS O’KAPHOH ONACHOCTH IKCILIYyaTHPYeMbIX 31aHHI (COOPY/KEHH) € y4eTOM

KJj1acca GyHKIHMOHAIBbHOM MoKapHOii onacHocTH 32 2017-2020 roasi

B. B. Xapun'*/, E. B. boopune'*', A. A. Kongamos"*', E. 0. Yaasuosa'*', T. A. lllaBbipuna
Bceepoccuiickuit Opaena «3nHak [louyera» Hay4HO-HMCCNENOBAaTENbCKHHA HHCTUTYT MpOTHBOMNOXapHOW o0oponsl MUC Poccun

(r. Banammxa, Poccuiickast Meneparius)

Bgeoenue. IlpoaHann3upoBaHBl CIOCOOBI OLEHKM YPOBHS IOXKAPHONH OMACHOCTH OKCIUTyaTUPYEMBIX 3AaHuil
(coopyxenuii). IlpemmokeH mMoKa3aTelb «I0JdS TPaBMUPOBAHHBIX IIPU TOXKapax JIOJACH OT OOIIero KOJUYeCTBa
MOCTPA/IaBIINX JIFOAEH NpH IMoXapax» Uil OLEHKH YPOBHA IIOKapPHOH OIACHOCTH JKCIUTyaTHPYEMBIX 3JaHUH
(coopyxeHuit).

Ilocmanoska 3adauu. JIns OUIEGHKA YpPOBHS TOXAPHOH OIACHOCTH OJKCIUTyaTHPYEMBIX 3HaHHUH (COOPYKEHHIA)
UCTIONB3YIOTCS Pa3iIMYHbIE MTOKA3aTEeN, HE YYUTHIBAIOIINE KOJIWYECTBO JIOJCH, MPUCYTCTBOBABIIMX HAa OOBEKTE BO
BpeMs moxapa. BMmecte ¢ TeM paccMarpuBaeMble IMOKa3aTeN HAXOAATCS B 3aBUCHMOCTH OT 3TOTO KOJIWYECTBA JIOJIEH.
Pacuer moxkasarenst «1oJis1 TPaBMUPOBAHHBIX IPH MOXKAPaX JIIOJEH OT OOIIETro KOJIMYECTBA MOCTPAJABIINX JIOJEH MPH
MOXapax» B KauyecTBE JIOMOJHUTEIHLHOTO MO3BOJIUT OLCHUTDH (DaKTOPHI MOXKAPHOH OIMacHOCTH Ha o0bekTax Oe3 ydera
KOJIMUECTBA JIF0/Iei, HAXOAUBIINXCS HAa OOBEKTE 3alUThI BO BPEMs IoxKapa.

Teopemuueckas uacme. B xauectBe 0a30BOM HHPOPMALIUU B UCCIACIOBAHUN UCIIOJIF30BaHA CTATHCTHKA MTOYKAPOB M MX
nocneactBuid 3a 2017-2020 rr. Ha 9KCIUTyaTHPYeMbIX O0BEKTax, CrPYNIMPOBAHHBIX MO KiaccaMm (pyHKIMOHAIBHOM
MOXapHOW omacHocTH. [lokaszarenu, MCHOJIB30BaHHBIE MPH pacyere. KOJMYECTBO I0XKAPOB, KOJIMYECTBO MOTMOLIMX
JIOIeH, KOJTMYECTBO TPAaBMHUPOBAHHBIX JIFOACH.

Boteoowi. Tlokazatens «J107s TPaBMUPOBAHHBIX MPHU MOXKApaX JIIOACH OT OOIIEro KOJIWYECTBA MOCTPAAABIINX JTIOACH
IIPU TI0XAapax» OIEHHBAET BEPOSITHOCTh BHDKMBAHUS JIIOJICH, OKa3aBIIMXCS B 30HE BO3AEHCTBHUS ONAcCHBIX (haKTOPOB
MoXapa, MPUBOAIINX K TPaBME WIN I'MOENN YeI0BeKa, M XapaKTepu3yeT BEJMUNHY (PakTOpOB MOXKApPHOW OMACHOCTH.
Bonbiye 3Ha4eHUs 3TOro MoOKa3aTess MOTYT CBHICTEIbCTBOBATh O HU3KOM YPOBHE MOXKapHOW omacHOCTH. IIpu sToM
HaHECCHHBI BpeA 310pOBBI0 HE MPUBOAMT K TuOenu mnocTpazaBiiuX. [IpHBeseHBI pacdeTsl 3TOrO M JIPYrUX
ToKazaTesiel Uil OOBEKTOB 3alIMTHI 10 KiaccaM (YHKIMOHAILHOM MOXXAPHOHW ONMAcHOCTH Ha OCHOBE CTATUCTHYECKHX
JaHHBIX O TIIOKapaXx M MX COLMAJIBHBIX MOCieAcTBHsIX. Iloka3aH BBICOKMH YpOBEHb MHOXKapHOW ONACHOCTH B
OJNHOKBAapTHPHBIX KHMJIBIX JIOMax, 3/JaHHUAX CEJIbCKOXO3IHCTBEHHOTO HAa3HAYeHMs U  KyJIbTYPHO-IOCYTOBBIX

YUPEKACHUSX.
Knrwouesvie cnosa: noxap, 00bEKT 3aIINUTH, K1acC QYHKIIMOHAIBHONW MOXXapHON OMTaCHOCTH, THOEIb, TPaBMa.

Jna yumuposanus: OnieHKa YpOBHSI MIOKAPHOW OMACHOCTH IKCIUTYaTHPYEMbIX 3JaHUN (COOPYKEHHI) C YIeTOM Kiacca
(dbyHKIIMOHABEHOM TIoXKapHOH omacHocTH 32 2017-2020 roast / B. B. Xapun, E. B. boopunes, A. A. Kornamos [u ap.]
// Be30ImacHOCTh TEXHOTEHHBIX M NPUPOIHBIX cucTeM. — 2022. — Ne 2. — C. 43-48. https://doi.org/10.23947/2541-
9129-2022-2-43-48
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Original article

Assessment of the fire hazard level of buildings (structures) in operation, taking into account
the functional fire hazard class for 2017-2020

V. V. Kharin"¥, E. V. Bobrinev'®, A. A. Kondashov'®', E. Yu. Udavtsova'>, T. A. Shavyrina
The Federal State Budgetary Institution "The Research Institute of Fire Protection of All-Russian Order "Badge of Honor" of the
EMERCOM of Russia" (Balashikha, Russian Federation)

Introduction. The article analyzes the methods of assessing the fire hazard level of operated buildings (structures). The
indicator "the proportion of people injured in fires from the total number of people injured in fires" is proposed to assess
the fire hazard level of operated buildings (structures).

Problem Statement. To assess the fire hazard level of operated buildings (structures), various indicators are used that do
not take into account the number of people present at the facility during the fire, but are dependent on this value. The
calculation of the indicator "the proportion of people injured in fires from the total number of people injured in fires" as
an additional one allows us to estimate the magnitude of fire hazard factors at facilities without taking into account the
number of people who were at the protection facility during the fire.

Theoretical Part. As the basic information in the study, the statistics of fires and their consequences for 2017-2020 at
operated facilities grouped by functional fire hazard classes were used. The indicators used in the calculation are the
number of fires, the number of people killed and the number of injured people.

Conclusions. The indicator "the proportion of people injured in fires from the total number of people injured in fires"
evaluates the probability of survival of people caught in the zone of exposure to fire hazards that lead to injury or death
of a person, and characterizes the magnitude of fire hazard factors. Large values of this indicator may indicate a low
level of fire hazard — the damage to health does not lead to the death of victims. The calculations of this and other
indicators for objects of protection by functional fire hazard classes based on statistical data on fires and their social
consequences are given. The high level of fire hazard in single-family residential buildings, agricultural buildings and
cultural and leisure institutions is shown.

Keywords: fire, object of protection, functional fire hazard class, death, injury.

For citation: Kharin V. V., Bobrinev E. V., Kondashov A. A., Udavtsova E. Yu., Shavyrina T. A. Assessment of the
fire hazard level of buildings (structures) in operation, taking into account the functional fire hazard class for 2017-
2020. Safety of Technogenic and Natural Systems. 2022;2:43—48. https://doi.org/10.23947/2541-9129-2022-2-43-48

BBenenne. [IpoGieMe OlEHKH MOKAPHOW OMACHOCTH IKCIUTYaTHPYEMBIX 3laHUN (COOPYKEHUH) MOCBAIICHO
MHOTO Hay4HbBIX HuccienoBanmii [1-4]. Tlpu 3TOM TOAXOIBI K TaKoil OIEHKE 9acTo pasnmuarorcs. [lpemmaraercs
HCIIONIB30BATh MOKA3ATEIH: «PUCK [UIS YelIOBeKa MOTHOHYTh Tpu moxape» [1, 2]; «mosst morudIux u TpaBMUPOBAHHBIX
JOAEH IS TPYIIBI 00BEKTOB 3AIMUTHI, CXOKUX IO BHaM SKOHOMHUYECKON JesITeIbHOCTHY, PACCUNTAHHAS KaK CpeHee
KOJIMYIECTBO MOCTPAABIINX JIFOCH, MPUXOAAIINXCS HA OJUH 00BeKT 3a roj [3]; mokasaresb, OCHOBAHHBIH Ha TTOIXOIE
Hoy-Axonca [4] u np. OgHako He Bcerna MOXKHO TOYHO OLICHUTH KOJHMYECTBO JIIOACH, HAXOMAIIMXCS Ha OOBEKTE
3aIIMTHI BO BpeMs moxapa. Kpome Toro, cMEIeHHBIMH OLIEHKAMU SIBIISIIOTCSL PACUEThl CPEAHET0 KOJIMYECTBA MOTHOMINX
moniel, mpuxosmmxcs Ha 1 o0bekT 3a rox wiaM Ha | moXkap, T.K. HE YYHTHIBAIOT OOIIee KOJIMYECTBO JIHO/EH,
HaxOJSIIUXCS Ha OOBEKTE 3aIIMTHI BO BpeMs I0OXapa, B TO K€ BPEMs paccMaTpHBacMble OLEHKH HaXOJiITcsi B
3aBUCHMOCTH OT OOIIET0 KOJIMYECTBA JIIOJICH.

B 2020 r. xoyM4ecTBO IJIAHOBBIX M BHEIUIAHOBBIX NPOBEPOK MOXKAPHOH O€30MacHOCTH OOBEKTOB 3aIIUTHI
YMEHBIIMIOCH Ha 66 % [5]. OT0 00yCIOBIEHO HECKOIBKUMH (HDaKTOPaMH: BO-TIEPBBIX, M3MEHEHHSIMH KOHTPOJBHO-
HA/I30PHOM IEATCILHOCTH, 3aKperuieHHbIMU DenepanbHbiM 3akoHOM OT 31.07.2020 Ne 248-03 «O rocymapCcTBEHHOM
KOHTpoJie (HaJI30pe) U MYyHHIIMIIATBHOM KOHTpoJe B Poccuiickoit denepanuny, ycTaHABIUBAIONIUM HOBBIM TOPSIOK
OpraHM3allM W OCYIIECTBICHMS TOCYIAapCTBEHHOTO M MYHHIMIIAJIBHOTO KOHTPOJS; BO-BTOPBIX, IPUHITHEM
IIpaBurensctBoM PD psna mocTtaHOBNEHUH, CBA3aHHBIX C MaHAEMHEH, B 4HCIe KOTOPBIX MPOJUIEHHE MOPATOPUU Ha
TUIAHOBBIE TIPOBEPKH CyOBEKTOB MAJIOTO M CPETHETO MPEANPUHIMATEIbCTBA H OTPAaHNYCHNE BHEIJIAHOBBIX IPOBEPOK B
yenoBusix pacnpocrtpaneruss COVID-19. Llenp HacTOSIIMX HCCIEIOBaHWN COCTOMUT B BBISIBJIEHHH OOBEKTOB 3alUTHI,
00I1a/1a10INX MaKCUMAJIBHBIM YPOBHEM ITOXKAPHOH OMAaCHOCTH.

IMocTtanoBka 3axauyu. B HacTosmel paboTe Ha OCHOBE CTATHCTHKH MOXAapOB M WX mociencTsui 3a 2017-
2020 rr. [6-9,10] mpoBemeHa OICHKA MOXKAPHOW OMACHOCTH OKCIUIyaTHPYEMBIX 3HaHUi  (COOpYXEHHH),

CTPYIIITUPOBAHHBIX 110 YPOBHIO TaKOH OITAaCHOCTH B COOTBETCTBUH CO cTaThel 32 denepanpHOro 3akoHa oT 22.07.2008
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Ne 123-®03 «TexHudeckuit periaMeHT o TpeOOBaHHIX MOXKAPHOW Oe3omacHOCTH». JlaHHBIE [0 CTATHCTHKE MOXKApOB U

WX TIOCTICICTBHUN MPUBEACHHI B Tabm. 1.

Tabmuma 1
CraTucTrieckue JaHHbIE O KOJMUECTBE MOKapOB U MOCTPaIaBIINX JIOACH
3a 2017-2020 rr.
Knacce ¢pyHKIIMOHATBHOM KomiaecTso srozeit
. KonuuectBo noxapos
HOKapHOH OIaCHOCTH MOTHOIIHIX TPaBMUPOBAHHBIX

1.1 889 32 62
1.2 1446 56 140
1.3 119665 9713 14478
o1.4 173086 17555 10031
2.1 528 65 86
®3.1 10961 44 165
®3.2 2563 14 84
®3.4 488 11 21
®3.5 1136 10 38
3.6 9627 86 158
D4.1. 776 2 21
4.3 3552 40 102
5.1 13059 244 527
5.2 30616 521 792
5.3 8091 185 154

Jist ka0 TpyHIbl 00bEKTOB 3aIIUThI, PA3IMYAIOLIMXCS 110 KiIaccy (QyHKIMOHAIBHOM NOXKapPHOW OMACHOCTH,
PaCCUUTHIBAIN CIIETyIONIHE TOKa3aTeIIH:

® KOJHMYECTBO IOTMOLIMX MPH MOKapax Jitoieil B pacuere Ha 1 moxap;

®  KOJMYECTBO MOCTPaJaBUIMX (IIOrMOLIMX U TPABMUPOBAHHBIX ) NIPH MOXKapax JIAeH B pacuere Ha | moxap;

e J10JI1 TPABMUPOBAHHBIX JIFO/IEH OT CyMMBI JIIOJICH, ITOCTPaAaBIINX PH MOXKapax.

Teopernueckass yacTb. Ha puc. | npuBeneHo pacmpesesieHne MOXKapoB IO TpymniaM OOBEKTOB 3allWTHI,
COOTBETCTBYIOIIMX KJlaccaM (YHKIIMOHAIBHON MOXapHOW omacHocTtu. bonpme Bcero moxkapos 3a 2017-2020 rr.
MIPOM30IIUI0O B OJHOKBAPTHPHBIX JKWIBIX JoMax (46 %), MHOTOKBApTHUPHBIX XWIbIX aoMax (32 %) um oObekrax
(yHKIHOHATIBHOM TIOKapHOH omacHOCTH Kiacca @5.2 (cxmaackue 3manus u ap.). Ha puc. 2, 3 oTpakeHBI MOCICICTBHS
M0’KapoB Ha Pa3IMYHBIX 0OBEKTaX.

3%

29 1% 0%
7\ ol

*®Pl4 =P1l3 P52 =D51 =31
®3.6 =P53 =P43 =P332 =Pl2
*®35 =dl.l P4l P21 D34

Puc. 1. Pactipesenenue noxapos 1o kiaccaMm (GyHKIHOHAIBHON OIACHOCTH
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Kiace ¢pyHKIHOHANBHOI omacHOCTH
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CpenHee KOIMYECTBO TTOTHOIINX IIPH MTOXKAPaxX JIIOAEH B pacueTe Ha 1 moxap, den./moxap

Puc. 2. PacnipenencHue KoMM4ecTBa MOTHOIINX MPH MOKapax JIFOeH
B pacueTe Ha | mosxap 1o rpynmnaM 00beKTOB 3allUThI
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CpenHee KOIMYECTBO MOTHOIINX M TPaBMUPOBAHHBIX IPH MTOXKapax Jiroaei B pacyere Ha 1
moxap, 4ei./moxap

Puc. 3. Pactipenenenue KoJIM4ecTBa MOCTPaIaBIIKX (MOTHOLIMX M TPaBMUPOBAHHBIX) HPH TT0XkKapax JI0fCH B pacyeTe Ha | moxap 1o
rpymnmaM 00bEeKTOB 3aIIUTh

MaxkcuManbHbIN HeraTUBHBIN 3()(eKT OT mokapoB 3a)UKCUPOBaH Ha 00BEKTaX (YHKIIMOHAIBHON OMACHOCTH
knacca @2.1 (KyJabTYpHO-JOCYTOBBIE YUpPEXACHHUS M Jp.). TakkKe BBICOK ATOT IOKa3aTelb B OJHOKBAPTUPHBIX H
MHOTOKBApPTHUPHBIX KWIBIX MoMax W Ha o0bekTax kimacca ®1.2 (roctuHMIbI, oOmEx)uTHs u np.). OmHako Takue
3HAYCHUS PAaCCMATPHUBAEMBIX IIOKa3aTelieil MOTyT OBITh CBA3aHBI KaK C BBICOKHM YPOBHEM IIOXKapHOH OMAacHOCTH
0OBEKTOB 3aIINTHI, TaK U C OOJBIITUM KOJIMYECTBOM JIFOICH, HAXOISMINXCS Ha 00BEKTaX BO BpeMs IOXKapa.

JUIss OIIEHKH TOKapOOIMACHOCTH SKCIUTYaTHPYEMBIX 3IaHUH (COOPY)KCHHI) B KadecTBE JOMOJHHUTEIHHOTO
MpeJyIaraeTcsl MCIOJB30BaTh IOKA3aTelb «IOJs TPaBMUPOBAaHHBIX IIPU IMOXKapaxX JIOJACH OT OOMmero KOJHYecTBa
MOCTPAABIINX JIIOACH MpH MoXKapax». JJaHHBIN MOKa3aTeNb OICHUBACT BEPOSTHOCTh BBDKUBAHHS JIFOACH, MOIABIINX
IOJT BO3JCHCTBHE OMACHBIX (PAaKTOPOB MOXKapa, MPHUBOISIIIUX K TPaBME WM THOCIH 4YelOBEKa, M XapaKTepHU3yeT
BEJIMYUHY (aKTOPOB MOKAPHOH onacHOCTH. Bojbiie 3HaAYeHHST 3TOTO ITIOKA3aTelsl MOTYT CBHICTEIbCTBOBATh O HU3KOM
YpOBHE TOXAPHOH OMACHOCTH, KOTJa MOBPEKIACHHS 3MOPOBBI0 HE NPHBOAAT K THOenw mocTpamaBmmx. Ha puc. 4

https://btps.elpub.ru 46




bBe3onacnocme mexunozennvix u npupoonwix cucmem 2022. Ne 2. C. 43—48. ISSN 2541-9129

MIPEACTaBIICHBI COOTHOIICHHS JI0OJIM TPABMUPOBAHHBIX IPH IT0Kapax JIIOAEH OT 00IIero KOJIN4ecTBa MoCTPaAaBIInX Py
MOXAapax I10 TPYIIaM 00BEKTOB 3aIIUTHI, COOTBETCTBYIOIINX Ki1accaM (pyHKIMOHAIBHON OMAacHOCTH.
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Jlomng TpaBMHPOBAHHBIX JIFOZIEH OT CYMMbI TPAaBMUPOBAHHBIX U MOTUOLINX

Knacc ¢pyHKIIMOHANEHON OMACHOCTH

Puc. 4. Jlonst TpaBMHPOBAHHBIX JIFOAEH OT CyMMBI ITOCTPAJABIINX 110 TPYIIaM 0OBEKTOB 3aI[HTHI

Kak BumHO u3 puc. 4, caMblii BBICOKMH YPOBEHb IOXKapHOH OIACHOCTH 3a(pMKCHUpOBaH B OJHOKBAPTHPHBIX
KIIBIX goMax. ClienyeT OTMETHTh, YTO Ha 3THUX 00BEKTaX MPOM30MUI0 Ooiblle Bcero moxapos (puc. 1). OmHako B
Cllyyae WCIIOJIb30BAaHMS ITOKA3aTelsl «CpelHee KOJMUYECTBO MOTHOIMMNX Ha 1 0OBEKT B roa» HoiydaeM oueHky 2,4-10°
® 4ei1./06BeKT/rOJI, TOT/IA KAK JUIsi MHOTOKBAPTHPHBIX JOMOB aHAJOTHUHAs OLeHKa coctapiseT 9,0+ 107 uem /o6bexT/rox.
[TomyueHnsle pacyeTHble AaHHBIE NOATBEPKIAIOT BBIBOJ O HEKOPPEKTHOCTH HCIIOJIB30BAHUS JAHHOTO IOKa3aTens JUIsl
OLIEHKH YPOBHS IOXapHOM OMACHOCTH SKCILTyaTHPYEMBIX 3/aHMH (coopykeHMi) 6e3 ydera KOJIMYECTBa JIIOAEH,
HaXOJSIIUXCS Ha OOBEKTE 3allUThl BO Bpems moxkapa. [IpeasokeHHbIH TOKa3aTenb «I0Jisi TPaBMHPOBAHHBIX IPU
NoXapax JIoed OT OOILIero KOJMYecTBa MOCTPAJABIIMX JIIOJEH NpPU MOXKapax» He 3aBUCHT OT y4yeTa KOJIMYeCTBa
JIIO}Ieﬁ, HaxogAIIuxcsa Ha OG'BeKTe 3alllUTBI BO BPEMs IMOXKapa, U MpCACTaABIIACTCA 0oJjiee ONTHUMAaJILHBIM 11 OLICHKH
BEITMYMHBI TT0’KapOONACHOCTH 3KCIUTyaTHPYEMBIX 3/aHuM (coopykeHmit). Creayer OTMETHTh, YTO HHU3KHE 3HAUYEHUS
JAHHOTO TOKAa3aTesisl MOJNyYeHBI s 3MaHUH CeNbCKOXO3SHCTBeHHOro HasHaueHus (M5.3), a Takke KyJIbTypHO-
nocyroBeix yupexaenuit (P2.1). 3amernM, 4TO OCTaNbHBIE CHOCOOBI OIEHKH IOKapOONACHOCTH 3KCILUTyaTHPYEMbIX
3MaHuil (CoOopyXeHHH) He (UKCHPYIOT BBICOKHH ypPOBEHb ITOXAPHOM OIMACHOCTH 3AHUH CEIbCKOXO3SHCTBEHHOTO
Ha3HAYCHUSL.

BeiBoabl. [IpoaHann3upoBaHbl IOKA3aTeNM OLEHKH II0KAPHOH ONACHOCTH JKCIUTYaTUPYEMBIX 3/1aHHH
(coopykeHui), OTKIACCH(UIMPOBAHHBIX II0 YPOBHIO IIOKApPHOH OIIACHOCTH B COOTBETCTBMM CO CTaThed 32
Ddenepanpaoro 3akoHa ot 22.07.2008 Ne 123-D3 «TexHUUYCSCKHUI PETIaMEHT O TPEOOBAHUSX MTOKAPHOM OE30MACHOCTHY.
IIpennoxeH HOBBIM IIOKa3aTesb M TakoBOM oOLeHKU. IlokazaH BBICOKMII YpOBEHb IIOKAapHOM OIACHOCTH B
O/THOKBAPTHUPHBIX KWJIBIX JOMaxX, 3JIaHMIX CEeJIbCKOXO3SHCTBEHHOTO HAa3HAYCHHWA M KYJbTYpPHO-IOCYTOBBIX
yapexaenusax. Heobxomumo paspabaTeiBaTh HOBBIE (OPMBI OpPraHM3AalMH M OCYIIECTBIICHHS TOCYJapCTBEHHOTO WU
MYHHITUTIAJIBHOTO KOHTPOJIS, YUYUTHIBAIOIINE BBICOKHE PUCKH IMTOKAPHOM OMACHOCTH OOBEKTOB 3aIIUTHI BBIACIICHHBIX
KaTeropui.
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HccnenoBanue 3(1)(1)eKTI/IBHOCTI/I AJIIOMHHHEBBIX 3JIEMEHTOB NACCUBHOM 0€30I1aCHOCTH B
aBTOMOOHMJIE HA OCHOBE KOMIIBIOTEPHOT0 MOACJTHPOBAHUSA

JI. A. XKykos'=', A. JI. Ky3pMuHoB

YepemnoBelkuii rocynapcTeHubiil yausepeurer (r. Uepenosen, Poccuiickas Demeparius)

Beéeoenue. BHIITOTHEHO WCCIIEAOBaHUE YHEPTOMOTIIOMaromero ieMenTa (O110) U3 alfOMHHUEBOTO CIUIaBa, KOTOPHIH
SIBJISIETCSL 4acThI0 MACCHBHOM CHCTEMbI O€30MaCHOCTH TOHOYHOI'O aBTOMOOMIS. IIpoeKkTHpoBaHHME M TECTHPOBAHHE
SHEPTOMOTIIONIAONIETO 3JEMEHTa BEITIONHEHO B PaMKaX TEXHHYECKOTO PEriIaMeHTa MEXIYHAPOIHBIX CTYICHUYCCKHIX
uHKeHepHsIX copeBHoBanuit Formula SAE. Formula SAE — 310 nmXeHepHbIe COPECBHOBAHMUS CTYJCHUYECKUX KOMAH],
opranmn3zoBanHbie O01IECTBOM aBTOMOOHIBHBIX HHKeHepoB (Society of Automotive Engineers, SAE).

[lpoekTupoBaHre M aHANM3 JIUHAMHYECKUX TIOKazaTeneld o0ObEeKTa WCCIECNOBaHMs IPOBOJWINCH B CHCTEME
aBToMatu3upoBanHoro npoektupoBanus (CAIIP) Ansys® Workbench SpaceClaim u Ansys Explicit Dynamics.
Ilocmanoska 3a0auu. 3anayeii JaHHOTO UCCIIEIOBaHMS SABIsETCS aHAIU3 () (HEKTUBHOCTH NPUMEHEHNUS aJIFOMUHHEBOTO
CIUTaBa B Ka4eCTBE OCHOBHOTO MaTepHajia IJI M3TOTOBIICHHS JHEPTOIOTIIOMAIONIETO SJIEMEHTa CHCTEMBI MMACCHBHOM
0€3011acHOCTH aBTOMOOMJIS.

Teopemuueckasa uacms. B kadecTBe TEPCIIEKTUBHBIX MOJEICH YHEPTONOTIIOMIAOIINX 3JIEMEHTOB OBLIO pa3padoTaHo
11 ux KOHCTPYKLUi pa3Hoii HopMbI (CTPYKTYpPBI) U3 alIOMUHKEBOTO ciiiaBa 6063. beiia nmpoBeqeHa CUMYJISIIUS Kpalll-
TecTa (PppoHTANBHBIN yAap U yaap ¢ MEePeKphITHEM), B Pe3ylbTaTe KOTOPOTo MCCIEeIOBAaHO MpOoTeKaHue AedopManiu B
KOHCTPYKIIMU aBTOMOOMJIS U YCTAHOBJICHBI OCHOBHBIE 30HBI HANIPSXKEHHOCTH U Harpy3ku. [IpoBeneHHOe Mccie1oBaHne
SHEPTOMOTTIONIAOIINX JIIEMEHTOB MOXET OBITh HCHOJB30BaHO IIpH OOOCHOBAaHWM BBIOOpa MaTephana Uit
M3TOTOBJICHHUS MACCHBHBIX CHCTEM O€30MacHOCTH aBTOMOOWIS aBTONPOU3BOIUTENSIMH W MAIIMHOCTPOUTEIBHBIMU
TIPEIIPUATHSIMH.

Bbi6oowi. Pe3ynpraToM HCCIEIOBaHHS SIBIAETCS CMOJCJIMPOBAHHBIM mpomecc paspymeHus (aedopmariim)
9HEPTONOTIIONIAOIIETO 3JIEMEHTAa, OTBEYAIONIETO 3a TOTJIONICHHE YHEPTHH B ciiydae (ppOHTAILHOTO yAapa M yaapa c
nepeKkprITHeM. VcceoBaHO BIMSHHE MaTepHana W (GOpMBI SHEPTOIOIJIOUIAIONIET0 3JIEMEHTa Ha KadeCTBEHHBIE U
KOJIMYECTBEHHBIC XapaKTEPUCTUKHA TIACCHBHOW CHCTEMBI OE30MACHOCTH aBTOMOOWISA. M3y4eHel Harpy3ka U
HaTpSDKCHUS, BO3HMKAIONIME B KOHCTPYKIMM SHEProMOIJIOmaromero »siemenTta. JlokaszaHa 3¢(deKTHBHOCTH
UCIIONIb30BAHMS AIIOMHHHEBOTO CIUIaBa B IIEPCIEKTHBHBIX JJIEMEHTaX IIAaCCHMBHOW 0€30MacHOCTH aBTOMOOWIIA.
[IpoBeneHHBIE CUMYIALINN KPAII-TECTOB MOKa3alH, YTO UCIIOIb30BaHUE MPOTPECCUBHBIX MaTEPHAIOB KOHCTPYKTHBHBIX
9JIEMEHTOB IACCHBHOM 0€30IaCHOCTH  TPAaHCIOPTHBIX CPEACTB, a WMEHHO aJIOMHUHHMEBBIX CIUIaBOB B
ONTUMHU3UPOBAHHOM B pE3yJIbTaTe MOJEIMPOBAHUS HCIIOJHEHUH, ITO3BOJSIET JOOMBATHCA BBICOKHX IIOKa3aTelei
3aIIMIIEHHOCTH SKUIIaXKa aBTOMOOWIIS.

AHanmu3 pacupefeNieHus BEIWYHHBI IOTJIOMIEHHONW SHEPrHH ITOMOTaeT BBIIBUTH HAIIPaBICHHWE /IS JalbHEHIIero
YCOBEPIICHCTBOBAHMSI CHUCTEM MAcCUBHOM O€30MacHOCTM aBTOMOOWIS. YCTAaHOBJIEHO BIHMSHHE Marepuana
M3TOTOBJICHHUS JHEPTOMOTIIONIAIONIET0 AJIEMEHTa Ha MPOTEKAIONIHe NPOIEcCHl BO BpeMs (POHTAIBHOTO yaapa.
Pa3zpaboTana yHuBepcanbHas TEXHOJOTHS IIPOBEIEHMs Kpall-TecTa (MOJAENIMPOBaHUE NPOLECCOB COYNAPEHHMs)
SHEPTOTOTIIONMAIONIETO dJeMeHTa ¢ >kecTkoi mperpamgoii B [IO Ansys. MccnemoBaHO TPOIEHTHOE OTHOIIEHHE
(mepepacnpe/eneHne) MOTI0IAaeMOoi SHEPTUH (PPOHTANBEHBIME JJIEMEHTaMH [TACCUBHOM 0€3011aCHOCTH aBTOMOOMIISL.

Kniouegvle cnosa: >HEpronoriomalomnil 2JIEMEHT, allOMUHUEBBIN CIUIaB, AedopmMariys, 3G(EeKTHBHOCTD, KPall-TECT,
CHCTEMa MTaCCHUBHON 0€30MacHOCTH aBTOMOOMIIA.
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Original article

Research on the effectiveness of aluminum passive safety elements in cars based on computer
simulation

L. A. Zhukov'=, A. L. Kuzminov
Cherepovets State University (Cherepovets, Russian Federation)

Introduction. The research of energy-absorbing element made of aluminum alloy, which is part of the passive safety
system of a racing car, is carried out in the article. Designing and testing of the energy absorbing element was
performed within the framework of the technical regulations of the international student engineering competition
Formula SAE. Formula SAE is an engineering competition of student teams organized by the Society of Automotive
Engineers (SAE).

The design and analysis of the dynamic performance of the research object were performed in the computer-aided
design system (CAD) ANSYS® Workbench SpaceClaim and ANSYS Explicit Dynamics.

Problem Statement. The task of this research is to analyze the effectiveness of the use of aluminum alloy as the main
material for the manufacture of the energy-absorbing element of the passive safety system of the car.

Theoretical Part. Eleven structures of different shapes (structures) made of aluminum alloy 6063 were developed as
promising models of energy-absorbing elements. A simulation crash test (frontal impact) was carried out, as a result of
which it was possible to study the flow of deformation in the structure, to find the main zones of stress and load. This
study of energy-absorbing elements can be used to justify the choice of material for the manufacture of passive car
safety elements by car manufacturers and machine builders.

Conclusions. The result of the research is a simulated process of destruction (or deformation) of the energy-absorbing
element responsible for the absorption of energy in case of a frontal impact. The dependence of the manufacturing
material and the shape of the energy absorbing element on the qualitative and quantitative characteristics of the passive
car safety system has been investigated. Loads and stresses appearing in the structure of energy absorbing element have
been studied. The efficiency of using aluminum alloy in promising car passive safety elements has been proved.
Simulations of crash-tests showed that the use of progressive materials of construction elements of passive safety of
vehicles, namely, aluminum alloys in an optimized (as a result of modeling) performance allows you to achieve high
levels of protection of the pilot and passengers of the vehicle.

The analysis of the absorbed energy value distribution allows revealing the direction for further improvement of the car
passive safety systems. The influence of energy absorbing element manufacturing material on the processes occurring
during frontal impact has been established. A universal technology of crash-testing (modeling of impact processes) of
an energy absorbing element with a rigid obstacle has been developed in Ansys software. The percentage ratio
(redistribution) of energy absorbed by frontal elements of passive safety of the car has been investigated.

Keywords: energy absorbing element, aluminum alloy, deformation, efficiency, crash test, vehicle passive safety
system.

For citation: Zhukov L. A., Kuzminov A. L. Research on the effectiveness of aluminum passive safety elements in cars
based on computer simulation. Safety of Technogenic and Natural Systems. 2022;2:49-68.
https://doi.org/10.23947/2541-9129-2022-2-49-68

BBenenne. ABTOMOOHIbL — 3TO CaMbIil pacpOCTPaHCHHBIH HA3eMHBIH B TPAHCIIOPTA B MHUPE 110 COCTOSHHIO
Ha 2022 ron. Tak, B Poccuiickort deneparyin aBTOMOOWIIBHBIA BU TpaHCHOpTa 3aHMMaeT 61,6 % ot obmero o0bema
NaccaXXUpCKUX mepeBo3ok (puc. 1) [1].
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CTpyKTypa IepeBO30K [1acCaKIIPOB 110 BIAM TpaHcmopTa 1o Poccniickoil deneparin, %
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Puc. 1. CtpykTrypa nepeBo30k naccakupoB Mo BuaaM TpaHcmopTa B Poccuiickoit @enepannn
(B mpourerTax ¢ 2000 1o 2020 rox)

['maBHBIM KOHCTPYKIIMOHHBIM MaTepHajJOM B MAIIMHOCTPOCHUHU sBIseTcs cTanb. OIHAKO C pa3BUTHEM
TEXHOJIOTHI B aBTOMOOMIIEHON OTPACIH MOSBIIIMCH HOBBIC TIPHOPHUTETHRIC HAIIPABICHIS PAa3BUTH: CHIDKCHUE PacXxoja
TOIUTHBa, CHIKeHHe BeIOpocoB CO,, moBbImeHHEe O0€30MacHOCTH AaBTOMOOWIIS, WCIIOJNB30BAaHUE IIOJIHOCTBHIO
JIEKTPUUECKOM WITM THOPUIHON CHUIIOBOM YCTaHOBKM B aBTOMOOMIIE [2]. MHCTpYMEHTOM ISl PEIIeH s TPHOPUTETHBIX
3aJad B MAIIMHOCTPOHUTEIBHON OTpaciW SBISIETCS TMPUMEHEHHE afOMHHHEBBIX CIUIABOB B KOHCTPYKIIHU
aBromobwmits [3]. Tlo cocrosinuto Ha 2021 roj motpebiieHne aqlOMUHHS B MalIMHOCTPOEHHH 3aHuMano Oonee 10 %
Bcero oObeMa TMPOM3BOJCTBA AlOMHHHMA B MHUpe. KiroueBbIMU (paKkTOpaMy TMOBBIIICHHOTO CIPOCa ATIOMHUHHS B
MaITMHOCTPOEHUH SIBIISIETCS YBEIMUYEHUE MPOUM3BOJCTBA aBTOMOOWIIEH, a TakKe KOJUYECTBAa MX Y3JIOB U arperaros,
BBIMOJHEHHBIX U3 amfoMuHUs. Tak, Oy alOMHHUS B 00IeM Bece aBTOMOOWsI BbIpocia B cpexnem c¢ 35 (1970-
e roasl) 10 152 kumorpammos (2021 rox), a k 2025 roxy 05151 aTFOMUHUSI MOYKET TOCTUTHYTH 270 KrmorpaMmoB [4].

Hcnonb3oBaHne amiOMUHUS B aBTOMOOHMIJIECTPOSHUHM TO3BOJIIET JOCTUYhL CJENYIONIMX PE3YJIbTaTOB:
YMEHBIIUTh MacCcy aBTOMOOHIIS, YBEIIMIHUTE TPY30II0bEMHOCTh, CHU3UTh PAcX0]] TOTUTHBA (U, KaK CICICTBUE, BEIOPOCHI
VTAEKUCIIOTO Tra3a), yAy4dlIuTh TUHAMUKY Pa3roHa U TOPMOXKEHUS, MOBBICUTh 0€30MacHOCTh aBTOMOOWIIS, MOCKOJIBKY
ATIOMUHHN 00J1a7aeT JYUIIUMH XapaKTePUCTHKAMHU SHEPTOTIOTIIANIEHHS, YeM CTallb.

Cr1ocoOHOCTh aJTIOMHHUEBBIX CIUIABOB TAaCUTh ynmap B 2—3 pa3a BBINIC, YeM y CTalH, W OTO YCKOPHIO UX
BHEJPEHHE B ABTOMOOMIIbHYIO TMPOMBIIIIEHHOCTh. Hanpumep, B aBToMoOmiIsix Tesla yctaHaBiuBaeTcst TpeXypoBHEBast
CHCTEMa MAaCCUBHOM 0€30MacHOCTH aBTOMOOWIISI, BBITIOJHEHHAS U3 aTIOMUHUEBBIX CTUIaBOB. [IepBbIil ypOBEHD 3aIIUTHI
npejicTaBisier  co0oi  amoMUHMEBBIH 0TOOMHUK Ha guuige T1esla Model S, BoimonHeHHBIH B BHE TOJIOTO
ATIOMUHHUEBOTO Opyca crenuanrbHOU (OPMBI, KOTOPBIH OTOpAChIBAaeT JIeXKAIIUE HA JOPOTe MPEIMETHI, TOMABIINE O
aBTOMOOMIIb, BBEPX, HAMPABJISISI OCHOBHOW ynap B pallOH MepeaHero OaraxHWKa, TeM CaMbIM 3alluiias OaTaperdHbIi
OTCEK W COXpaHsis YIPaBIIEMOCTh aBTOMOOMIeM. BTopoil ypoBeHb 3alIMTBl  MPEACTABISIECT  COOOU
BOCBMHMWJUTIMETPOBYIO HENPOOWBACMYIO IUTUTY W3 aTIOMHHHACBO-TUTAHOBOIO CIUIAaBA, KOTOpas 3allWIIacT
OarapeiiHbpIli OTCEK OT MOBpeXIeHWH. TpeTuit ypoBeHb 3alIUThl — IMUT W3 INTAMIIOBAaHHOTO AFOMHHUS, KOTOPBIH
paccerBaeT IHEPTHIO yapa U, eCIIU NPEISITCTBUE TBEPIOE U HEMOABIKHOE, IPUITOIHIUMAET aBTOMOOUITL Ha HUM [5].

Bbonpmoe pacnpoctpanenue B 2021 roxy mNoJy4yusiao TPUMEHEHHE alOMUHUSI B KaueCTBE OCHOBHOIO
MaTepuaja MpPH HM3TOTOBJIEHHHM Ky30Ba aBTOMOOWIS. JTO OOYCIOBIEHO TEM, YTO NeOpMAalUH B aTIOMHHUEBBIX
KOHCTPYKIHUAX JIOKAIH3YIOTCSI B KOMIIAKTHBIX 30HAX, HE JaBasi 1e()OPMHUPOBATHCS JPYTUM YacTSIM Ky30Ba, TEM CaMbIM
COXpaHseTC MaKCUMalibHasi O€30MacHOCTh TOM YacTh aBTOMOOWIIS, TIEC HAXOMAATCS MacCaXupbl. [lepCrieKTUBHBIM
HaTpaBJICHHEM ISl TPOM3BOAWTENICH aBTOMOOWIEH TakKe SBISCTCA CO3IaHHE MPOM3BOJACTB 3aMKHYTOTO LHWKJIA, B
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KOTOpPBIX HAYIIME Ha JIOM ATIOMHUHHEBBIC JETAIHM YTHIU3HPYEMbBIX aBTOMOOWIICH OyAyT CIIyKHUTb CBIPbEM JUIS
M3TOTOBIICHHS 3aMlaCHBIX YacTEH AJIs1 HOBBIX TPAHCIIOPTHBIX CPEICTB.

AKTYaJIbHOCTh HCCJIEZIOBaHUSI B OOJACTH IacCHBHOW OE€30MacHOCTH TPAHCHOPTHBIX CPENCTB OOYCIIOBIEHA
CIIOKHOCTBIO M HEJOCTaTOYHOW W3YYEHHOCTHIO METONOB TECTHPOBAaHMSA M BHPTYaJIbHOTO MOAEINPOBAHMSA
JMHAMUYECKUX KpPAIl-TECTOB MACCUBHBIX 3JIEMEHTOB OE€30IT1aCHOCTH aBTOMOOHIIS.

HMeHHO cHCTeMBbl MacCHBHOW 0€30MacHOCTH aBTOMOOWIIS, BHIIIOJHEHHbIE M3 ATIOMHUHUS, CTAJIH IPEIMETOM
HCCIIeIOBAHUs, PE3yNbTaThl KOTOPOTO MPECTAaBIECHb] B JAHHON CTaThe.

IlocranoBka 3amauyu. IlepBoHauanpHOW 3amadell WCCIENOBAaHUS SBISUICS aHANMW3 A((EKTHBHOCTH
UCIIONIb30BaHMS AJIFOMHHUS B DJIEMEHTaX aCCUBHOW 0€3011acHOCTH aBTOMOOWIIS.

B kauecTBe HMHCTPYMEHTaJbHOIO METOJAa MCCIEIOBAHUSA HCIONb30BANIOCh MOJEIHPOBAHUE YCTPOMHCTBa
ITACCUBHOM 0€30MacHOCTH TOHOYHOTO OO0NHIa — SHEProIOrIIONIAOIETO AIEMEHTa U3 aJIOMHHHEBOTO CIUIABA U €T0

JajbHeiIee TeCTUPOBAHNE HA SHEPTOMOTIIONIAOIINE CBOWCTBA pH (hpoHTaIEHOM yaape (puc. 2) [6].

Puc. 2. KoHCTpyKuusi FTOHOYHOTO aBTOMOOWIIS, CIIPOEKTHPOBAHHOTO 10 perinamenTy FSAE,

C DHEPTOMOTIIOIAOIINM JIEMEHTOM (Ha pHC. 0003HAUYCH 3€JICHBIM IIBETOM)

B xadecTBe HCXOIHBIX MAHHBIX IS TBEPAOTENHHOTO KOMIBIOTEPHOTO MOAETHPOBAHUS U HCCIICTOBAHUS
SHEPTOMOTIIOMIAIOIIETO IEMEHTa OBUTH MPHUHSATHI TEXHUYECKHE TPEOOBaHUS K 00BEKTY NCCIEOBAHNS U3 TEXHHYECKOTO
pernamenTa npoekta Formula SAE.

TpeboBanus Texuuueckoro pernamenta FSAE:

— cornacHO TyHKTY T2.18.2 5HEpromoriomaromuil IeMeHT TOJDKEH OBITh YCTAHOBJICH CIEpEAH TepeIHEiH
MepEeropoAKH paMbl aBTOMOOWIISl, IMETh pa3Mepbl kKak MUHUMYM 100 MM B BicoTy ¥ 200 MM B IIMPHHY Ha PacCTOSHUN
He mMeHee 200 MM OT mepejHeil neperopoaKy BAOJIL OCH PaMbl, HAJEKHO 3aKpeIUIEH Ha NepeaHel neperopojke (mpu
TIOMOIIIHX KJI€sI, CBApKU MJIM OOJITOBOTO COCIHMHEHHMS);

— coryacHO TyHKTY T2.18.3 Ha BceX TpaHCHOPTHBIX CPEACTBAaX JOJDKHA OBITH MHTEIPHUPOBAHA 3aIUTHAsS
IUTAaCTHHA U3 AIFOMUHUS TOJIIWHON 4 MM WJIH U3 KOHCTPYKIIMOHHOM CTaJIM TOJMIIMHON 1,5 MM;

— cornacHo myHKTy T2.20.1 TecTHpoBaHHE SHEPrONOIIIOIIAIONIETO IEMEHTA NPOBOJUTCS MPU MOMOIIU
KeCTKOro (poHTansHoro yaapa (mox yrmom 90°) mpu ckopoctd aromoOuist 7 m/c. B pesynbrare TecTUpoBaHus
9HEPTONOITIOIIAONIET0 JIeMEHTa 001Iee KOJIMYECTBO ITOTIOIIEHHON SHEPTHH JOJDKHO COCTaBIATh He MeHee 7 350 [k,
a MakCHUMaJlbHas meperpyska He qoipkHa npepbimats 40 g [7].

PesynbraThl McciaegoBaHUs MOTYT OBITh IPUMEHEHBI MAIIMHOCTPOUTEIEHBIMY TPENPHUATUSIME TIPH BEIOOpE U
obocHOBaHMN >(P(PEKTHBHOCTH WCIONB30BAHMUSA ANMIOMHUHHUS B KadyeCTBE OCHOBHOTO MaTepHaia Uil IacCHBHBIX
3JIEMEHTOB O€301IaCHOCTH aBTOMOOMIIS.

Teopernueckass 4acTb. J[os pemieHUs IOCTaBIEHHOM 3aauyd B KAayecTBe MaTepuana H3TFOTOBICHUS
9HEPTOMOTIIONIAONIETO 3JIEMEeHTa ObUT BBIOpaH amoMuHueBbIi crutaB 6063 (AW-6063), XUMUYIECKHIA COCTaB KOTOPOTO

npezcTasieH B Tabdi. 1 [8].
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XuMuueckuii coctas amoMuans 6063

Tabuuma 1

Xumudeckuii coctas crasa 6063 no crangapram EN 573-3

Si Fe Cu Mn Mg

Cr

Zn

Ti [poune dmeMeHTHI

0,2-0,6| 0,35 0,1 0,1

0,45-0,9

0,1

0,1

01 0,05 0,15

Amomunuii 6063 — 3T0 aTIOMUHUEBEBIN CIUIAB C MarHUEM U KPEMHHUEM B Ka4YC€CTBEC JICTUPYIOLIUX 3JIEMCHTOB.

CraHmapT KOHTPOJS €ro CcocTaBa MOJCPKUBACTCS AFOMUHHEBOH acconumaruieir. OOBIYHO OH HMEET XOpOIIne

MEXaHWYECKUE CBOMCTBa, MojaaeTcs TepMoobpaboTke u cBapke. Amomunuii 6063 — Hamnbonee pacmpocTpaHeHHbIN

CIUIaB, WCIOJB3YeMbIH JJIsi W3TOTOBICHUS INpoduied ¢ (UKCHPOBAHHBIM IIONEPEUHBIM CEUeHHEM (IKCTPY3HN)

amomuHus. OH TO3BOJISET (l)OpMI/IpOBaTL CJIOKHBIC (bOpMI)I C OYCHb IJIaJKUMU IMOBCPXHOCTAMHU, MPUTOJAHBIMU JISA

aHogupoBaHus. AmoMuHHA 6063 SBISIETCS AIOMHHHEBHIM CIDIABOM MOBBIMICHHON IUIACTHYHOCTH W KOPPO3HOHHOM

cToiikocTH. KOoppo3roHHas CTOHKOCTB 3TOTO CIUIaBa BHICOKAs: OH HE CKIIOHEH K KOPPO3HOHHOMY PACTPECKUBAHHMIO ITOJ

HaOpsO>KEHUEM HE3aBUCHUMO OT COCTOSIHUA MaTE€puaa. On NOAXOAUT 11 aBTOMATU3UPOBAHHBIX C60pO‘IHLIX onepaunﬁ,

MIOCKOJIBKY XOPOLIO CBApUBACTCS JTyTOBOI CBAPKO B Cpe/ie HHEPTHOTO rasa.

Mexannueckue cBoiicTa amoMuHus 6063 pruBeAeHEI B Ta0MI. 2.

Tab6muua 2
Mexanudeckue cBoiicTBa amoMuans 6063
VY nenbHBIN Bec 2690 wr/u’
(2,69 r/em® pu 20° C)
[penen npoyHocTH (BpeMEHHOE CONPOTHBIICHUE Pa3phIBY), MuH., Rm, MIla 240
Ipenen TekydectH, Mus., Rp0,2 B H/Mm? 215
OTHOCHTENPHOE YATHHEHUE, MUH., %0 11
Teepmocts no bpunemnio, HB maxkc. 78
Monayns ynpyroctu npu pactsbkenuu, MIIa 68300
Monyns ynpyroctu npu casure, MIla 25800
Monyins ynpyroctu npu cxaruu, MI1a 69700
Koadduiment remneparypHoro pacmmpenus, pm/m-C 234
Koadpunuenr ITyaccona 0,33

Pacnonoxenne amomuHust 6063 B ceTke IPYrux CIUIABOB aJIOMHUHHUS B 3aBHCHUMOCTH OT MPOIEHTHOTO

comepxanus Si (kpemuusi) u Mg (Maruus) IpuBeIeHO Ha puc. 3.
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Puc. 3. CeTka pacnonoxeHue aqTlOMHHUEBBIX CIIJIABOB B 3aBUCHMOCTH OT IPOIIEHTHOTO COJEPKAHHUS KPEMHHUS U MarHUs
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Takum o00pa3oMm, MOKHO CHeJaTh IPEABAPUTENBbHBIA BBIBOJ, UYTO aJIOMHUHHEBBIH cIutaB 6063 umeer
MEXaHUYECKHUE CBOWCTBA, IMO3BOJLSIIOLIME HCIOIb30BaTh €0 B MPOW3BOJCTBE IMACCHBHBIX 3JIEMEHTOB 0€30MaCHOCTH,
TpeOYIOIUX OT MaTepHaia JOCTATOYHOU MPOYHOCTH U CIIOCOOHOCTH K YIPaBJIAEMO# aeopMaIuu MpU PaCCUUTAHHBIX
HarpysKax.

Juisi MOzIenMpoBaHusi KOHCTPYKIIMH 3HEPrOMOINIOMAONIMX 3JEMEHTOB ObUIO HCIIOJB30BAHO MPOTPAMMHOE
obecrieuerre Ansys SpaceClaim (CAIIP). ®opma U CTPYKTYpPHOE PACIONOKEHHUE IHEPrOMOTIAIIAIOIIEr0 dJIeMEHTa
BBIOMPAITICH HCXOIS U3 CIOCOOHOCTH YHEPTrOMOTIIOMIAIONIEr0 YCTPOHCTBA K CTPYKTYPHOU Ae(opMaIii aTfOMHUHHEBOTO
CIUIaBa B MPOLECCE N3TOTOBIICHUS IHEPTOMOTIIONIAIOIIETO 3JIEMEHTA.

B KkauecTBe MEPCHEKTUBHBIX MOJENEH IYHEPrOMOTIIONIAIOIINX 3JIEMEHTOB U3 ATIOMUHMS ObLIM pa3pa0OTaHBI
MOJIeSIM KOHCTPYKIIUH, KOTOPBIE TPECTABIEHBI B Ta0l. 3. B KauecTBe METO/Ia TIOCTPOCHUS KOHEUHO-PA3HOCTHOU CETKU
6611 BBIOpan Automatic method (aBromatuueckuii Merox) B Ansys Explicit Dynamics ¢ ycTaHOBIEHHBIM pazmMepoM
aneMeHToB 2 MM [9].

Bsi6op paszmepa 37IeMEHTOB CETKH OOYCIIOBJICH KOHCTPYKIMEH MOIEIH SHEPrOMmOTIONIAIOIINX dJIEMEHTOB, a
TaKKe€ BO3MOXKHOCTBIO TPOBECTH TOYHOE HCCICJOBaHHE paclpeneseHus Harpy3ok B OIID B MoOMeHT
cronkHoBeHus [10].

KosnuecTBO y370B M 3JIEMEHTOB CETKH pa3pabOTaHHBIX MOJETEH IHEProMOrIOMIAONINX JIICMEHTOB TaKKe

MIpeCTaBICHO B Ta0M. 3.

Tabnuua 3
IlepcniekTHBHBIE MOJIENIN SHEPTONOTIOIIAOIINX 3JIEMEHTOB U3 alfoMuHus 6063
U MX CETKa KOHEUHBIX 3JIEMEHTOB
CrpykTypHOE XapakTepucTUKa
Ne PYRIYD 3D monens CeTka KOHEYHBIX 3JICMEHTOB parIep
HanMEHOBaHUE CeTKU
DHEepronoriomaIIni Statistics
1 3JIEMEHT BHUA Nodes | 145685
yCEUYEeHHOM MUpaMu/Ibl e 1ok
DHePronorIONIAOIIHHA
3JIEMEHT BUAA L
. Statistics
5 | yoeueHHOH MupaMuAE! e T
¢ HCTRIPEMA Elements | 142056
TEXHOJIOTUUECKHUMHU
OTBEPCTHAMHU
DHePronorIONIAIIHHA
AIIEMEHT BUAA
CEYEHHOI a Statistics
YCHHOM MTUPaMUJIBI »
3|7 paMux Nodes 143989
C IIECThIO Elements 143265
TEXHOJIOTUYECKIMHU
OTBEPCTHAMHU
DHepronoriouaroLIni
SJIEMEHT Statistics
4 | mpAMOYTOJIEHOTO BUAA Nodes | 186165
U3 ATIOMUHUEBOTO Elements 185276
pod s
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CTpyKTypHOE XapakTepucTuka
Ne PYKTYP 3D moznens CeTKa KOHEYHBIX DJIEMEHTOB P P
HanMEHOBaHHE CETKHU
OHEepronorIomaroIIni
Statistics
5 SJIEMEHT BH/a Nodes 141020
CIVIAKEHHOU Elements 140456
YCEUYEHHOMN NMUpaMuIbl
OHEepronorIomaroIIni
3JIEMEHT BHUA
CIIa)KEHHOM
YEeHHON MUpaMHIbI s
6 YCCHUCHHO pamMui Nodes 138789
C ABYM: Elements 138065
TEXHOJIOTUYECKUMU
MIPSIMOYTOTbHBIMHA
OTBEPCTHAMHU
DHEpronoriomaIIni
Statistics
3JIEMEHT
7 Nodes 185729
ABYXCEKITMOHHOTO Elements 184826
BHA
DHEpronoriomamni
Statistics
3JIEMEHT
8 . Nodes 149332
HUIHHAPUICCKOU Elements 149022
(bopMeI
DHEpronoriomaIInml
Statistics
DJIEMEHT
9 . Nodes 211941
YEeTHIPEXCEKIIMOHHON Flements 1211065
KOHCTPYKIIUH
DHePronorIONIAOIIHHA
Statistics
DJIEMEHT :
10 . Nodes 212056
TPEXCEKIMOHHOU Elements 211035
KOHCTPYKIIUH
OHepronoriomarui Statistics
11 3JIEMEHT M3 Nodes 465640
AIOMHHHEBBIX COT Element e

B mpomiecce uccnenoBanuii, pa3paboTKA U pacueTOB SHEPTOMOTIIONIAIOIINX dJIEMEHTOB HEOOXOAUMO TPUHSITH
BO BHHMaHHUe TOT (akT, 4TO METOI KOHeuHbIX dneMenToB — FEM (Finite Element Method) — npubsamxenHslit MeTox,
TOYHOCTh KOTOPOTO 3aBHCHUT OT JOMYyLICHHWH, CBS3aHHBIX C THUIIOM JJIEMEHTa M Pa3MepoM CeTKd. B amemeHTax

KOHCTPYKIIMH SHEPTOTOTIONIAIOIIETO JIEMEHTA, TJe MIPOUCXOSAT U3MEHEHUs HANIPsDKEHUN 1 eopmanuii Ha OPSI0K
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u bonee, TpeGyeTcsa Ooree MIOTHAS ceTKa. B aneMeHTax, MoABEP)KEHHBIX MPAKTHIECKU MTOCTOSHHOMY HAIpsKEHUIO, C
MHUHAMAaJIbHOW pa3sHMICH 3HAYCHHH, a TaKkKEe B DJIEMEHTaX, HE TPEOYIONIMX TOYHOTO HCCIECNOBAHMS, NMPHUMEHSICTCS
penkas ceTka, ¢ 0oJbIIMM pazMepoM aneMeHToB. [Ipu GopmupoBannu ceTkr KoHEUHBIX dneMeHTOB (K3) MoryT ObITh
UCTIONIH30BaHBI OJJHOBPEMEHHO KaK 3JIEMEHTHI TPEYTOJIBHON, TaK U IMPSMOYTOJIbHON (JOPMBI, IPH 3TOM CETKa CTPOHUTCS

6e3 MPOMEKYTKOB MEKTY dleMeHTaMHu (pHc. 4).

Puc. 4. ITpumep cetkr KD Moenyt sHEPromnoriomaromero 3JIeMeHTa U )KECTKOTO MPETSTCTBUSL

Junamudeckoe wucciieioBaHue (Kpal-TecT) MPOBOAMICA C HCHOJIB30BAaHUEM MPOrPAMMHOTO OOecTedeHHs

Ansys Workbench ¢ yctanoBieHHBIM IPOrpaMMHBIM AKETOM JUHaMH4Yeckoro ananu3a Explicit Dynamics (puc. 5).

K. Explidt Dynamics

Engineering Data
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Explicit Dynamics

Puc. 5. Ctpykrypa mpoekra AWHAMUYECKOTO MccieqoBaHusI ANSYys

[IpoexT AMHAMUYECKOTO NCCIIEIOBAHHS COCTONUT M3 CIEAYIOINX OCHOBHBIX 3JIEMEHTOB (3TAIlOB):

— Engineering Data — sBisiercsi 6a30ii MaTephanoB, B KOTOPOHl MOKHO Kak BBIOMpAaTh W HACTPAMBATh
TOTOBBIE MaTepHaIIbl, TAK U JOOABIATH CBOH;

— Geometry — sBisieTcsi cpefoil pa3paboTKH Mojelnei, CTPYKTyp, HOBEpXHOCTEH, MO3BOJISET 3arpyskaTb
TOTOBYIO MOJIENb B IIPOEKT WU pa3padoTaTs €€ ¢ HyJIs;

— Model — cucrema, 00benMHSIONIAS TEOMETPHIO, BBHIOPAaHHBIC MATEPHAIbBI, KOOPAHUHATHYIO CHCTEMY,
coenuHeHus B cOopke, ceTky KD Mozenu u HacTpolKu mpoBeAeHus uccnenoBanuii (Setup). JaHHbli pa3aen no3BoseT
BBIOpaTh 00J1aCTh AMHAMHYECKOTO UCCIIEIOBAHNS U TI0 OKOHYaHHUHU PACYETOB Cpa3y BBEIBECTH PE3YNbTaTHl B TpapUIeCKU
HHTEPaKTHBHOM BH/IE,

— Solution — pacuetsr BxoasaT B noapaszaen Model, MoXHO 9KCTpanonupoBats B APYrie CUCTEMbI aHANN3a;

— Results — pesymbraThl TIPOBENCHHBIX pPacyeTOB [0 HCCIIEAyeMbIM MOKaszaTeiasMm (medopmaimu,
HaTIPSKECHUS, I3MEHEHHS CKOPOCTH, TEPEMEIIEHHS U T. 11.).

Bce naHHBIE 10 MaTepuany BHocsTCs B pasnen Engineering Data (puc. 6).
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A B | C D E ~
1 Contents of Engineering Data 2| #3 | source Description
2 =
3 Aluminum Alloy =| @ l? Gen| General aluminum alloy. Fatigue properties come from MIL-HDBK-5H, page 3-277. v
Juminum Alloy A X
A B c D|E
1 Property Value Unit (<]
2 E Material Field Variables = Table
3 T Density 2690 kgm~-3 LA [E] =]
4 |@ T3 Isotropic Elasticity =
5 Derive from ‘Young's Modulus and Poisson's R... ;I
[3 ‘foung's Modulus 6,8E+10 Pa hd [}
7 Poisson's Ratio 0,33 [=]
8 Bulk Modulus 6,6667E+10 Pa [
g Shear Modulus 2,5569E+10 Pa |}
10 T spedficHeat, C; 875 Jkg~-1C7-1 =E|E

Puc. 6. Kaprouka marepuana amomuaneBoro ciwiaa 6063 (AW-6063) B Ansys Engineering Data

Ot BBIOOpa crmocoba MPOSKTHPOBAHUS 3aBUCIAT CKOPOCTh pacueTa MPOTPaMMHBIM OOeclieYeHHEM H
TpeOoBaHUS, NpeabsIBIsIEMble K 000PYJOBaHUIO pa3padoTurka. Mojenab 3HEpProlorIONIAIOIIEro 3/IeMEHTa H0JDKHA
OBITh PACIIOJOKEHA BIUIOTHYIO K BHpPTyajbHOMY mpernsrtctsuio (mox yriaom 90°), 370 mo3BoisieT B XOJe pacuera
CBOCBPEMEHHO IOJy4aTh HEOOXOIMMYK HMH(POPMALMI0O ¥ JIaHHBIE O MpoLeccax, IPOUCXOASAIIUX BO BpeMs

CTOJKHOBEHUS (pHC. 7).

Puc. 7. Ilpumep pacriosioskeHUs: FJHEPTONOTIIOUIAIOIIEr0 AIEMEHTA NEPE] JKECTKUM MPENSITCTBUEM

Iocine ycTaHOBKM MAaTepHalioB JJisi BCEX KOMIIOHEHTOB COOPKHM HACTPAMBAIOTCS CBSI3H (KOHTAKTHI) MEKITY
y3iaamu cOopku (puc. 8). HacTpoiika KOHTaKTOB KOMIIOHEHTOB OCyIlecTBisieTcss B moxapaszzaene Connection. Tak,
00s13aTe/IbHBIM ~ YCJIIOBHEM  JUUIsI  KOPPEKTHOTO  HCCICIOBAHUS  SBISCTCS  OTCYTCTBHE  CBS3M  (KOHTAKTa)
SHEPTrOMOTIIOMIAOIIEr0 JIEMEHTa C MPEMITCTBHEM, IMOCKOJIBKY JAHHbIE OOBEKTHI B PEANbHBIX YCIOBHSIX HHYEM HE
cBs3aHbl. [Ipy nccneqoBaHuy ObUTH YCTAHOBJICHBI CIEAYIOIINE CBA3U (KOHTAKTHI) KOMIIOHEHTOB:

— pama aBTOMOOWIIsI — (POHTAbHAS TUIOMIAIKA;

— (prHTaJ'IBHaH momaaka — 3Hepronornomaron_{m‘/i QJICMCHT.

a) 0) 6)
Puc. 8. [IpuMep ycTaHOBKH KOHTAKTOB MEK/Ty SHEPTOIOTIIOMIAIONIAM JIEMEHTOM 1 (pPOHTAIBHON IIIOIIAKOH, YCTAHOBICHHOH Ha
pame aBTOMOOHIISL: a) OOIIHIf BU KOHTAKTOB B MOJIENTN KOHCTPYKIIMH SHEPTOTIOTIIONIAIOIINX IEMEHTOB;
0) KOHTaKT MEXJIy paMoii aBTOMOOWIISI ¥ (PPOHTANIBHOM IIJIOIIAIKOM; B) KOHTAKT MEXK/IY HEProNOIIONAI0NINM YJIEMEHTOM

1 ppoHTaNTBHON IIIOLIAKO
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IMoce co3aanst CETKM M yCTAHOBKH KOHTAKTOB B COOpKE MPOUCXOAUT (HPOPMHUPOBAHUE OTPAHHUUYCHUI B MOJICIH
W 3aJaercsi CKOPOCTb JBMXKEHHS cOopku ¢QpoHTansHOH wact aBTomMoOwns (puc. 9). Ilpm MonemupoBaHun
(UKCHPYIOTCSI KOHTYD U 3a/HsIsl CTCHKA MPETSTCTBUS, @ TAK)KE BBOIATCS OTPAHUYCHHS B CMEIICHHH PaMbl aBTOMOOHIISL.
CKopoCTh yaapa 3HEpPrororjoIlalonero 3JeMeHTa O JKECTKOE MPEMsSTCTBUE, COTJIaCHO TEXHHYECKOMY pPEriiaMeHTy
Formula SAE, npunumaercs paBHOi 7 M/c (mist JaHHBIX omnepauuii npumensitorcs ¢ynkuuu Fixed Support,
Displacement, Velocity).

A: Explicit Dynamics
Explicit Dynamics
Time: 3,5¢-002 5
03,06.2021 21:52

A Fixed Support
Velocity
Displacement

Puc. 9. Hacrpoiika nepemerieHuid HCTIBITyeMOTro 00pasiia SHEProOoTIAIAIOIIero SIeMEeHTa Ul IPOBEICHHUS Kpalll-TecTa

Ha mocmennemM TeXHOJIOTHYSCKOM JTare HaCTpauBaKOTCA MapaMeETPhI IPOBEACHUA TUHAMWYICCKOT'O UCIIBITAHUA

npu nomomm moayis Analysis Setting u Beibuparotcst Heo6X0UMBIe TTOKa3aTen s pacuéra (puc. 10).

& Explicit (ymamics (AS) - o B0 Explieit Dynamies (AS) || dutput Controls )
&1/l Inital Conditons -,/ Initial Conditions | Save Results on | Equally Spaced Points
2% Analyss Settngs 7\ Analyss Settngs Refult Number Of Points n
A P 2 e * W Fhrad St ¥ || save Restart Fies on | Eaually Spaced Points
Details of “Analysis Settings™ # Details of “Analysis Settings™ B | | Restant Humber Of Points |
= Analysis Scitings Preference * | | Minimum Strain Rate Cutoff 16010 A | | SaveResult Tracker Data o0 Cyeles
Tipe | custom = Euler Domain Contrals || ek crdes j
= Step Contrals ) | Domain size Definition Program Contralied || Qutput Contact Forces |on
Humber Of Steps 1 | Dispiay Evier Domain Tes - M"’:‘Im Management
Cument Step Humber 1 [Scape AN Badies :“"“' 1es Dureciary }
End Tine et ! | Scrateh sower Faes Dienctory | v
| 14 X Scale factor 12
Resume From Cycle | ¥ Scate factor 2z
Masimum Number of Cydes | 16-07 [ZScale factor Tz
:;:‘"!':ZEE';'W Ec""‘: .:" | Domain Resolution Definition Total Cells
. | |
Initial Time 5:.’? * | Program Controlled {Tetal Cells |25e08
— ! Lower X Face Flow Out
Minimum Time Step Program Controlled | 1
! Lower ¥ Face Flow Out
Maximum Tisne Step Frogram Controlled |
Time Step Satety Factar IED |tower 2 Face Flow Out
Characteristic Dimension | Diagonals |Upper X Face Flow Out
Autamatic Mass Scaling I |Upper ¥ Face Flow Out
= Salver Controts ) |Upper 2 Face Flow Out
Feohe Onits o | Euler Tracking By Body
Beam Solution Type |Benaing ) Dacpiag Conlsol:
|Beam Time Step Safety Factor | 0,8 Linear Artificial Viscosity 02
Hex Integration Type |Exact | Cuadeatic Artidicial Viscosity 1,
' Shell Sublayers 6 |Linesr Viscasity in Expandion o
Shell Shear Comedtion Factor | 0,8333 | Astificial Viceasity For Shelle et
Shell BWE Warp Comection | Fes | Hourglas: Damping AUTODYH Standasd
Shell Thickness Update | Modal | Viseous CotMficient o1
Tet integration Average Nodal Pressure Static Damping 3
Shell Inestia Update Recampute = Erosion Controls
| Density Update | Program Controlied | On Geametrie Strain Limit e
Minimum Velsity [1,6:006 m 141 | Geometie Strain Limit 1,
Marimum Velocity |Les010mst |'on Matenial Failure Yes
Radius Cuteff |1.e.003 | ©n Minimum Element Time Step Mo
Minimum Strain fate Cutaf | 1.e-010 Retain Inertia of Eroded Material Yes

Puc. 10. Hacrpoiika mapameTpoB IpoBeIeHNS] JTUHAMIYECKOTO HCTbITaHus Analysis Setting

B HacTtpoiikax peKOMeHIyeTCsl yCTaHaBIMBaTh KoHeuHoe BpeMs pacdera (End Time) ve 6omnee 50 mc (0,05 c),
MIOCKOJIBKY B cpefHeM 3a 40 MIJUTMCEKYH]I IIPOMCXOJUT IIOJHOE TallleHNe yapa U HOCIEAYIONHi OTCKOK aBTOMOOMIIS.
[Ipu Bpemenu cumymsaiuu 40 MumuucekyHa npousBoautcs B cpegaeM 126000150000 pacueTHBIX onepanuii-nuKiIoB.

Jns moucka HanOonee MEpCIeKTHBHBIX KOHCTPYKIIMOHHBIX PEUICHUH SHEProIoryoNalomnX 3JIEMEHTOB U3
AIIOMUHHEBOTO CIUIaBAa M MX JajbHEWIIero aHanu3a ObUIM NPOBEIEHBI Kpall-TecThl C (uKcanueil mokazaHuil B

muanazone ot 0 go 40 muwutncekyHA. Pe3ynbTaTbl NPOBENEHHBIX HCHBITAHUA OTOOpakeHbI B Tabu. 4.
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Tabnuua 4
JebopMannu 3HEProNOTIIONMIAOIIIX JICMEHTOB B YeTHIPE MOMEHTa BPEMCHH ITOCIIE yaapa
(10-20-30-40 MuuIHCEKYHI)

Ne 3D Mogpens Jdedopmarius SHEpronorIomaromero 3JIeMeHTa

10ms 20 ms 30ms
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Ne 3D Mounens JHedopmariust 5SHepronoraomaroIIero JEeMeHTa

10

[To pesympbTaTaM MPOBEICHHOTO KOMIIBIOTEPHOTO MOJCIMPOBAHUS JUI JANbHEHIIEro aHaln3a U BbIOOpa
MEPCICKTUBHBIX ~ KOHCTPYKIMH SHEPTOMOTIIOMIAIONIMX 3JIEMECHTOB ObUTH  CHOPMHUPOBAHBI CBOJHBIC TpaduKu
nedopmanun 1 3GHeKTUBHO TOTIIONIEHHON dHepruu (puc. 11, 12).

MM
360

300

g

neipopmarmsn, MM
=
(=]

120

60

02 4 6 8§ 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 MC
BpcMA, MC

SHepronoIoAKIIHE JIeMEeHT:
== [ [HTHHIPHYECEOTO BHIA
== BHIA CIIaKeHHOH VCeTeHHOH MHPAMHEZIEI ¢ 2 TeXHOIOTHIeCKHMH OTBEPCTHAME
Buga ycedeHHOH MHpaMBEIED
=s=— BHIa yceueHHOH MHPAMHAIE ¢ 4 TEXHONIOTHIECKHMH OTEEPCTHAMH
==g= [IpAMOYTOIEHOTO BHIA H2 AMIOMHEHHEEOTO IPOQHIL
BH1a ycedeHHOH MHPAMHTE ¢ § TEXHOTOTHISCKHMH OTEEPCTHAMHE
== [[BYXCEKITHOHHOTO BHIA
== BHIA CIIAKeHHOH VCeTeHHOH MHPAMHBIEI
== JeTrIpexcelITHOHHCTO BHIA
== TpexceKTHOHHOTO BHIA

Puc. 11. Inarpamma nedopManvy SHEPromorIOIAOIIIX YIEMEHTOB B quana3one Bpemenu 0—40 MusuncekyH
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3enenoit nuHued Ha puc. 11 orpanmuena 3ona or 0 mo 26 MwuiMcekyHI. B 3TOT nuana3oH BpeMeHH
npoucxoamna Hanbomeimmas 3¢dexruBras nedopmarus (Effective Plastic Strain) sHepromoriomaromero 3jJeMeHTa, B
Xo/me KOTOpoil oH He ae(opMHpOBAJICS WM HCIBITHIBAI HE3HAUNTEIbHBIC CMEIIECHHS NPOCTPAaHCTBEHHBINH KapKac
aBTOMOOMIIS.

Ax
45000

40 000
35000
30000
25000
20 000

15 000

MOTITOIIEHHAA YHEPTHA, ,-r.[}]\'

10 000

5000

0 w15 20 25 30 35 40 MC
BpeMA, MC

SHEPTONONICIIARCITEE FIEMEHT

e Tpedyemoe 3HATCHHE NOMOMIEHHA 3HEPTHA 00 TEXHHYECHOMY pernamenTy FSAE
Bupga ycedeHHOH MHPaMHBEIE
BH1a ycedeHHOH NHpaMHIE ¢ 4 TeXHOMOTHIECKHMH OTBEPCTHAMH
IpaMoyTOAEHOTO BHIA H2 AMIOMHHHEBOIO ITpodHIA

= BHIa ycedeHAOH MHPAMHIE] ¢ § TEXHOIOTHIECKHMHE 0TEEPCTHAMH

= TBYXCEKIHOHHOTO BHOA

Buga crnaxennol yoedeHHOR MHPAMHIEL

= BHI3 CIIaXeHH0H YCEUeHHOH MHPAMHE/IEL ¢ 2 TEXHOIOTHIECKHMH OTBEPCTHAMHE
= [[HIHHAPHYECKOTO BHIA

= UeTHIpEXCEXTHORHOTO BHIA

e [ DEXCEKIHOHHOTO BHIA

Puc. 12. luarpamma morionieHHoM 3ueprud (/[x) SHEPTromorIonamIMy 3JeMEHTaMU
B auana3oHe BpemeHn 0—40 MuIHCeKyH

3eseHoi nuHMel Ha puc. 12 Takke orpanuuena 3oHa ot 0 10 26 MUUIHCEKYHA. B naHHBIN 1nana3oH BpeMeHH
SHEProNOTIOMAOIINI 3JIEMEHT IOTJIONA MOCTYIAOUIYI0 SHEPTHIO IIyTeM COOCTBEHHON JedopManni 6e3 cepbe3HBIX
MOBPEXICHUN OCTalbHBIX 2JIEMEHTOB ABTOMOOMIISL. Bepxnee 3HaYCHHE 3TOrO BPEMEHHOTO
nuana3oHa (26 MUIUTMCEKYHI) — 3TO BpeMsl, 32 KOTOPOE JHEPrONOIJIOMIAMIINI dJIEMEHT U3 AFOMUHUEBOrO CIUIaBa
cnocobeH 3¢ hexTHBHO racuTh yAap, Npy NPaBUIbHO PACCYMTAHHON KOHCTPYKIUH 3TO NPOHUCXOIUT 0€3 3HAYMTEIBHBIX
HEPETPY30K.

PesynbraTel pacuéra nokaszany, YTO KOHCTPYKIMS 3HEProNOTIOMIAIOLIETO 3JIEMEHTAa U3 aIFOMUHUEBBIX COT HE
YIOBJIETBOPsIET TpeOOBaHHAM OE30MacHOCTH TexHU4Yeckoro pernamenta Formula SAE. JKecTkocTe  JaHHOTO
KOHCTPYKIIMH OKAa3aJIOCh CIIMIIKOM OOJBIIOH, YTO CTajl0 NMPUYMHON NpekIeBpeMeHHOH aedopmanuu (HpOHTAIHHON
IUTACTHHBI U paMbl aBTOMOOWIIS, @ BO3HUKAIOIINE Meperpy3ku >20 g He TI03BONIAIOT UCIIOIB30BATh JTAHHBIN aCCUBHBIN
sneMeHT Ge3omacHocTr B aBromobmite Formula SAE (puc. 13).
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as

181y

082S
LI
Qs
040

35

2105

@

a) 0)

Puc. 13. Hanpsbxenust 1 geopManiy B SHEProOMOIIONAOIIEM IEMEHTE U3 alIOMUHHEBBIX COT:

a) HaIPSDKEHUS B SHEPTOIOTIIOIAONIEM MIeMeHTe U3 anroMuHueBbIX cot (['Tla);
0) nehopmanus B SHEPTOMOTIIONIAIONIEM dJIEMEHTE M3 aJFOMUHHEBBIX COT (MM)

JlononHuTeNEHO OBUTH MCCIIEAOBAHBI YHEPTOIOTIIONIAIOIINE MHOTOCOCTABHBIE 3JIEMEHTHI C IMJIMHIPHICCKUMH
KOHCTPYKIIMSIMH, HO OHH OKa3aauch abcomoTHO HedhdekTuBHbIME (prc. 14). Bricokas )XeCTKOCTh KOHCTPYKIIUH HE
M03BOJIMJIA B JJOCTATOYHOM KOJIMYECTBE IACUTh yAap 3a cueT AeopMalliy SHEPronorIoIaoIero 31eMeHTa, II03TOMY

HCIIOJIB30BAHUC JAaHHBIX KOHCprKI_II/Iﬁ B aBTOM06I/IJ'IC, BBITIOJTHECHHOM 110 PCIIIaMCHTY Formula SAE, HUCKIIFOYCHO.

a) 6)

Puc. 14. MHOTOCOCTaBHBIE SHEPTOMOTIIOMIAOIINE SIIEMEHTHI:

a) OJTHOYPOBHEBBI YHEPrOIOTIIONIAIOIINH 3JIEMEHT ¢ 16 MIMHApaMu; 0) IBYXypOBHEBBIN SHEProNOTJIOIAIONINI JIEMEHT ¢
15 nunmHapamu Ha iepBoM 1 10 HWIMHIApPaMU Ha BTOPOM YPOBHE

Jnst naneHeimero aHanusa npo0GiemMbl Obuta chOPMUpPOBaHA Ipajalyis SHESPTrONOTJIOMAOIINX IEMEHTOB 110
ux 3pPEeKTUBHOCTH, KOTOpasi MOCTPOEHA MO COBOKYIHBIM KadecTBaM (puc. 15). OHu BKIIOYAIOT B ce0st ciocoOOHOCTh
MOTJIOMIATh JOCTATOYHOE KOJIMYECTBO MOCTYMAIOIIEH SHEPriH, OCYLIECTBISATH TallieHHe yaapa 0Oe3 MpeBbIICHHs
JIOIYCTUMBIX TIOKa3aTeledl Ieperpy3kd, CIIOCOOHOCTh K aedopManun 0e3 NpexIeBPEMEHHOIO paspyLIeHUs WIN

CMCIICHU SHEPTOMOTJIOMIAIOIIETO JIEMEHTA.
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Buma yceuennoll mupaMuIbI

Buna yceueHHOH THpaMHIE! ¢ 4 TEXHOIOTHYSCKHMH
OTBEPCTHAMH

JIByXCeKITHOHHOIO BHIA

TpexcexiiHoHHOTO BHIA

Bricokas s(ipexrusHocTs

q&TBI]JEXsC CEITHOHHOI'O BHIA

Buna crmaxerHoH yceueHHOH MHpaMHIE

Buna yceuenHol THpaMHIEL ¢ 6 TEXHOTOTHYSCKHMH
OTBEPCTHAMH

[IpAMOYTOIBHOTO BHAA H3 ATIOMHHHEBOIO IPOQHIT

Iunusapaaeckoro BHIA

Cpenstst 3(ppeKTHBHOCT

Braa crmaxeHHOHR yeeueHHOH MHpaMHIE] ¢ 2
TEXHOTOTHIECKHMH OTBEPCTHAME

Buoa ammioMHHHEBBIX COT

MHorococTaBHOH ¢ HHIHHIAPHIECKHMH YIeMeHTaAMH

Huskas s>(pexrusnocts

Puc. 15. I'pagarust 3HEPronoriomaroIHX 3JIEMEHTOB M0 3)(HEKTHBHOCTH

JanbHeiimee wccienoBaHWEe TNPOM3BOAMIOCH TOJNBKO JUIS HHEPrONOIVIOMIAIOIINX 3JIEMEHTOB KaTerOpHH
«BbIcOKast 3(dexTuBHOCTHY. JlaHHbIe 11 TpaduKoB (HOPMHUPOBAIKMCH C KOHTPOJBHOW TOYKH, PACIIOJIOKEHHOH MO
LEHTPY Nepecedenust GPOHTANBHBIX TPYO NPOCTPAHCTBEHHOIO KapKaca 6e30MacHOCTH aBToMoOmIs (puc. 16).

Puc. 16. KontponbHast Touka (0003HaU€Ha JKENTHIM IBETOM) Ha KOHCTPYKIUH YHEPTONOTJIOMIAIONIETO IIEMEHTA

I'paduku mnepemenieHus, CKOPOCTH M YCKOPEHHS Uil KOHTPOJIbHOM TOUYKM 3(p(EeKTUBHBIX BapHUAHTOB
KOHCTPYKIIMHU SHEProNOrIONIAI0IINX 3JIEMEHTOB IIpeCTaBleHbl Ha puc. 17, 18.
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30

25

20

15

MEPEMETIEHHE, MM

10

0 2 4 6 8§ 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 MC
BpcMA, MC

SHepronoNIomMAITHA ATeMEHT:
== [[EyXCEKIHOHHOIO BHIA
s TpexceKIHOHHOTO BHIA
s YeTRIPEXCEKIHOHHOTO BHIA
Buna yceuennofi mupaMuier

= Buna ycedeHHOH MHPaMUIE! ¢ 4 TEXHOIOTHIECKHME OTBEDCTHAMH

Puc. 17. T'paduk 3aBUCHMOCTH NepeMeNICHHS YHEPTOMOTIIOMAIONIEeH KOHCTPYKIMU OT BpEMEHH
(pe3ysIbTaThl MOIYYECHBI ¢ KOHTPOIBHOM TOuKH pHc. 16)

M/C

(=]

CKOPOCTE, M/C

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40MC
- BpeMA, MC
DHEPTONONIOMIAFOLIHH JTEMEHT:
e [[BYXCEKITHOHHOIO BHIOA
=== TpexceKIIHOHHOTO BHIA
s e TEIPEXCEKITHONHOTO BHIA
Buna ycedeHHOH THPaMHIE

e Buna ycedeHHOH MHPaMUIE! ¢ 4 TEXHOIOTHIECKHMH OTBEDCTHAMHE
Puc. 18. I'paduk 3aBUCHMOCTH CKOPOCTH 3aMEJICHHS HEPrONOIOIIAIONIEH KOHCTPYKIUHI OT BPEMEHH (Pe3y/IbTaThl IOTyICHBI C
KOHTPOJILHOH TOUKH pHc. 16)

B mpomecce cumyrsimu ObUTH UIACHTHGOUIIMPOBAHBI OCHOBHBIE 30HBI KOHIICHTPAIUK HampsokeHui (puc. 19).
Tak, yCTaHOBJIEHO, 4YTO OCHOBHBIM Harpy3kam IIOJBEpraercsi IepecedeHue (LeHTpP) [UaroHajJbHBIX TPYyO
MPOCTPAaHCTBEHHOW paMbl, YIJIOBBIC 3JEMEHTHl (PPOHTANIBHOW YacTH KapKaca aBTOMOOWJIS, MEPUMETp IIACTHHBI, K
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KOTOpOﬁ KpenuTcsa 3H€pFOHOFHOHIaIOH1Hﬁ JJICMCHT, B MECTax CTPYKTYPHBIX crudoB n erHJIeHI/Iﬁ

SHEPIrOIOTJIOMIAIOIIETO SJIEMEHTA.

Puc. 19. Mecta HHTCHCUBHOM KOHLIEHTpaLUU HAaKOIUIEHHBIX HanpspokeHui (['Tla)

%7

oL

LFa]

Ha ocHOBe KOMIBIOTEPHOTO MOJEIUPOBAHUS MOXKHO CJIIeNaTh BBIBOJ O TOM, UYTO BCE MpEICTaBICHHBIC
SHEPTrOMNOTJIOMIAIOIINE AIEMEHTHl M3 KaTeropuH «BbICOKas 3(P(EeKTUBHOCTH» MOTYT HCIIOJB30BAThCS B KayeCTBE
MIACCUBHOM CHCTEMBI 0e30macHOCTH roHo4Horo Oommaa. Kareropumst 3peKTHBHBIX 3HEPrOMOTIOMAIONINX HJIEMEHTOB
HUMEET XOpOIIO MPOTHO3UPYEMOE CMSTHE B ciydae (POHTAIBRHOTO ynapa. JONMOIHHUTETHHO HECKOJIBKO KOHCTPYKIMH
OBUIO IIPOTECTUPOBAHO (PPOHTATBHBIM yaapoM ¢ 40-IIPOIEHTHBIM MEPEKPHITHEM, KOTOPOE CUUTAECTCSI CAMBIM CIIOKHBIM

U TSOKEJBIM TECTUPOBAHHUEM SJIEMEHTOB 0€30MacHOCTH U3 cylnecTByoommx (puc. 20) [11].

10 mc 20 mc 30 mc 40 mc
a)

10 mc 20 mc 30 mc 40 mc
0)

Puc. 20. Kpam-tect 3HepronoriaomaroIiux 31eMeHTOB ¢ 40-IPOLEHTHBIM ePeKPhITHEM:
a) OIID aByxceknmonHoTro BUAa; 0) D110 Buaa yceueHHOW MHpaMuIbI
C YETBIPbMS TEXHOJIOTHUECKUMHU OTBEPCTHAMHU

TecTHpoBaHUE JHEPrOMOIIONANIET0 deMeHTa ¢ 40-TPOLEHTHBIM MEPEKPHITUEM CUUTAETCS YCICIIHBIM,
€ClIM B Pe3yJIbTaTe CTOJIKHOBEHHs He ObLIa MPEKAEBPEMEHHO pa3pyllieHa KOHCTPYKIHS 3JEMEHTa W COXPaHEeHa ero
yCTOIUMBOCTE Ha (ppOHTANBEHON TUIACTHHE. B pesynprare TecTHpoBaHus Kpam-TecToM ¢ 40-TIpOLeHTHRIM IIEPEKPBITHEM
HCIBITYEMBIX 06p8.3HOB OHCPIrOMOIIOMIA0IINX JJICMCHTOB W3 AJIOMHUHHA MOXKHO CJI€IaTh BBIBOJA O TOM, 4YTO
MOJIATJIMBOCTh MaTepHaja MO3BOJSET BBIIEPKUBATH IeGopMalii B KOHCTPYKIHMH Oe3 pa3pylieHHs, CABHIOB U C
MaKCHMaJIbHO BO3MOXKHBIM pachpesieieHHeM (B cilyyae 4aCTHYHOTO KOHTAKTa JHEProIOrJIONIAOIIEr0 JJIEMEHTa U
MIPETSATCTBHA) HAIIPSDKEHUH 1 HArPY30K 110 BCEH KOHCTPYKIMH YKa3aHHOTO 3JIEMEHTA.

DHepromnorionamnuue 3JIeMEHThl U3 KaTerOpUU «BBICOKas 3 (HEKTHBHOCTD» OTIMYAIOTCS CTA0MIBHOCTBIO MTPU
MIPOBEJICHUH SKCHEPHUMEHTAIBHBIX KPall-TECTOB: KOHCTPYKIIMOHHOE CMEIIEHHE OTHOCUTEIEHO TOPU30HTAILHOM OCH HE
CYIIECTBEHHOE M COOTBETCTBYET TpeOoBaHMsAM TexHnueckoro pernamenta FSAE. [ornomenue sHepruu U neperpy3ku
TaK)ke COOTBETCTBYIOT TEXHHYECKOMY periiamMeHTy FSAE.

[Ipoananu3upoBaB IOJy4eHHbIE JaHHbIE 1O HEI(P(HEKTUBHBIM KOHCTPYKIMSAM 3HEProNOTJIOMAOIINX
JJIEMEHTOB, CJIEAYEeT OTMETHTh INPONOPLHOHAILHOE pAacIpe/ielieHHe TIOMIOMEHHONW SHEPTUH  OTAEIbHBIMHU
KOHCTPYKIMOHHBIMHU 3JieMeHTaMK aBToMoOmisl. [Ipu ynape sHepromorionamiero JieMeHTa Hu3koi s dexTuBHOCTH
(HanpuMep, W3  aNIOMUHHMEBBIX COT MJIM MHOTOCOCTaBHOTO) HE [OrJomaercs TpedyeMoe KOJIMYECTBO
sueprun (7350 Jxk), mpu 5TOM HanOOJBIIYIO BEJIUYNHY TIOTIIONICHHON SHEPTHH GepeT Ha cebst epeHss IeperopoaKa
ABTOMOOWIISI WJIM OTIOpa IUIACTHHBI. BTOPOil 10 3HaYMMOCTH (YPOBHIO) TOTJIOIICHHUS TOCTYAMOLICH SHEPTUH SBISETCS
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IUIACTHHA, K KOTOPOH KPEMHTCSI YHEPrONOIJIOIMAOIInil 5eMeHT. OCTaabHYI0 SHEPTHIO MOTJIOMIAeT paMa aBTOMOOWIIS.
DHepromnoriomaniie dJIEMEHTHl B CIy4ae HEJOCTaTOYHOW MM H30BITOYHONH KOHCTPYKIMOHHOW JKECTKOCTH
nornomaroT Jumb 15-35 % ot TpebyeMoil 3HEprum, 4To SBISACTCS HENOIyCTHMBIM JUIS HMCIOJB30BAHUS B KadeCTBE
OCHOBHOro  JeopMUpyeMoro siieMeHTa. [IpOLeHTHOE OTHOIIGHHE MOTJIOIIAeMOM DJHEpruM IpU  yIape
KOHCTPYKIIMOHHBIMH JIEMEHTAaMH aBTOMOOWIIS IPUBEICHO B TA0M. 5.

Tabmuma 5
[IporeHTHOE OTHOIICHUE MOTIIONIAEMOM YHEPTUU KOHCTPYKIIMOHHBIMY 3JIEMEHTaMHU aBTOMOOIIS
HaumenoBanue
KOHCTPYKIMOHHOTO Bricokas Cpennsis Huskas
eMeHTA ABTOMOGHIA 3¢ (P EeKTHBHOCTD 3¢ (P EeKTHBHOCTD 3¢ PEKTHBHOCTD
1 2 3 4
5 =
HEPTOMOTIOMAIOTHH 65-100 % 35-65 % 15-35 %
JNEMEHT
Iepenusist miactTuHa 5-15% 15-25% 20-35%
Kapkac 6ommna 5-15% 10-25 % 15-45 %

IIpencTaBieHHBIC YHEPTOMOIIOIAOIINE YIEMEHTHI (32 HCKIIIOYEHHEM HU3K0d()(EKTHBHBIX COITIACHO Tabmuie
rpagauuy o 3p(QEeKTHBHOCTH SHEProOMOINIOMAIINX HIEMEHTOB) 10 OOIIEH MOTJIOMIEHHON YHEPTUH YAOBICTBOPSIOT
OpEIBSIBIICMBbIM TPEOOBaHUEM TeXHIUIECKOTO periaamenta FSAE. Onxako Bcera BOSMOKHO YITy9qIICHHES KOHCTPYKIUH
9HEPTOIMOTIIOMIAONIEr0 IEMEHTa 32 CYET KOHCTPYKLIHMOHHBIX W3MEHEHUH U KOPPEKTUPOBKH COCTaBa AIFOMHHHEBOTO
CIUIaBa.

U3 Hay4yHBIX IyOJMKALWi H3BECTHO, YTO SHEPTOIOTIIOMIAOIINE JIEMEHTl KOHHYECKOW (OpPMBI MM BUAA
yCeUeHHO# mupamubl 3G deKTHBHEE APYTUX MO3BOJSIOT YIPABIATH MPOIECCOM SHEPTOMOTNANICHHUS TIPH COYAapCHUH
aBTOMOOMIIA € JKeCTKO#t perpanoit (puc. 21) [12].

Puc. 21. Moaens SHEpPToMOTIOMAIOIIETO HJIEMEHTA C MTa30BOH CHCTEMOW KPETUICHS,
3aUKCUPOBAHHOM KIIeeBOM OCHOBOM Impax

Tarke OBUIO OOHApYKEHO, YTO KOHCTPYKTHBHBIE OCOOECHHOCTH SHEPTOMOTIIOMAIONIAX 3JICMECHTOB
(TEXHOJIOTHYECKHE OTBEPCTHS, M3THOBI MPOQWIL M Tak Jajiee) IO3BOJIAIOT YIPABIATH HE TOJBKO MPOXOKICHUEM
neopManuy, HO ¥ T'EOMETPUYECKOH YCTOHYMBOCTRIO KOHCTPYKIMHA. B  Xome aHammsza aedopmanuu
SHEPTONOTTIONIAOIINX 3JIEMEHTOB, O0JaNaloMKX JJUIMNTHYCCKUMH (MW Jpyrod (QOpMBI) TEXHOIOTHYECKUMH
OTBEPCTHSIMH, YCTAHOBIICHO, YTO OHH 3((HEKTUBHO MepepacipeessiioT IHEPT o JedopManny 1Mo Bceid KOHCTPYKIUH B
MPOIIECCE CTOJIKHOBCHHSI aBTOMOOWIIS C TPETISITCTBUEM.

B ciyyasix HEeIOCTaTOYHOMN KECTKOCTH KOHCTPYKIIMK DHEPTOMOTJIONIAONIUX JIEMEHTOB ITPOUCXOIUT JTHOO ero
MPEXKAECBPEMEHHOE Pa3pyIICHHE, MO0 HE3HAYUTEIBHOE IOTJIOMICHUE YHEPTHU CO 3HAYUTEIBHBIM CMEIICHHEM BCEH
KOHCTPYKIUH. Il03TOMYy pa3paboTYyMKaM IIACCHBHBIX CHCTEM OE30MAaCHOCTH, B YAaCTHOCTH JHEPrOMOTIIOIIAOIINX
JJIEMEHTOB, CIICAYET MPHHUMATh BO BHIMAHHE BO3MOXKHOE Iepepacipe/ielieHIe SHEPTHH MEXITY JIEMEHTAMH CHCTEMBI
6e3onacHocTd. Tak, U3MEHSAS KOHCTPYKIHMOHHYIO (hOpMy, pasMep M MaTepuai W3rOTOBICHHS YHEPrOIOTIOIIAIONIETO
AJIEMEHTa, MOKHO IIepepaclpeieNsAiTh SJHSPTHIO B IIPOIEcCe COyNapeHUsL.

IIpoekTupyst TAaCCUBHBIC JIIEMEHTHI OE€30IIaCHOCTH, B TOM YHCJIE OSHEPrOMOTIOMIAIOIINAES DIIEMEHTHI
aBTOMOOWIIS, CIEIyeT YYHUTHIBATH CHIbHOE BIUSHHE (OPMBI M pPa3MEpOB KOHCTPYKIMU HA €€ YCTOHYUBOCTH IPHU
nedopmupoBannu. B mpomecce pa3zpaboTku 3GGEKTHBHOTO YHEPTOMOTIIOMIAIOIIETO 3JIEMEeHTa HE0OX0IUMO TO0OUBATHCS
nehOopMUPOBAaHUS KOHCTPYKIIUU TIO BCEH €r0 OCEBOH JIITMHE.

BeiBoabl. Pe3ynbTaThl POBENEHHOTO MCCIACAOBAHUS PA3JIUYHBIX KOHCTPYKLMHM 3HEPrONOIIOLIAOIINX
3JIEMEHTOB CBHUJCTCILCTBYIOT O TOM, YTO Paclpeic/icHHe HANpsKeHHH U aedopMmanuii B HUX 3aBHCUT OT (HOPMBI,
pa3mepoB U MaTepuaia usrotosieHus O113. Ilpun MomennpoBaHUH U JaTbHEHIINX UCTIBITAHUSAX SHEPTOMOTIIOMAIOIINX

3JICMCHTOB HCOGXOHI/IMO I[O6I/IBaTBCSI HpOXO)KZIeHI/IS{ ,He(i)opMI/IpOBaHI/IH KOHCprKIII/II/I I10 BCGI71 €€ JINHC.
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VYCTaHOBIICHO, YTO MOTEPsl YCTOMYMBOCTH KOHCTPYKIMH 3SHEProIOIJIONIAIONIEro 3JIEMEHTAa IPUBOIUT K
YBEJMYCHHUIO ero JeOpMaIiy, 9TO BICUET 32 cOO0H pa3pylIeHre UCTIBITYeMOTo o0pasiia.

Ha ocHoBe MonenmupoBaHHsS IOBEICHHS pa3pabOTaHHBIX BAPHAHTOB KOHCTPYKLHH 3HEPrOMOTIOIIAOIINX
3JIEMEHTOB NPH (GPOHTATHHOM yJape yCTAHOBICHO:

— I KeCTKUX (Hene(OopMHUPYEMbIX) DJHEPTOMOTJIOMAOIINX JJIEMEHTOB jAedopMallist  OIpenenseTcs
MIEPEMEIIICHUEM TIEPEAHEH CTEHKH aBTOMOOMIIS;

— 1 JHEPrONOIJIOIAIOIIMX  3JIEMEHTOB  HHM3KOM W CpPEemHEH  JKeCTKOCTH  OCHOBHAas  4acThb
nepeMerteHus (1eopmanyu) Bo BpeMs yapa MpoUCXOIUT 3a cUeT eOpMalii SHEPTrOTOTIIOIIAIOIIET0 3JIEMEHTa,;

— aHAJIN3 HANPSDKEHUH TUIOBBIX KOHCTPYKIMH SHEPTONOTIIONIAIONINX 3JIEMEHTOB, BOSHUKAIONIUX MPU yIape
0 JKECTKOE TPEISATCTBUE, TI0KA3aJl, YTO OCHOBHBIE 30HBI MaKCHMAaJIbHOW KOHLEHTPAI[MH HAIIPSHKEHUH PAaCcHOJIOKEHBI B
cepenuHe TpyO QpoHTANBEHON YacTh KapKaca aBTOMOOWIIS, B MecTax KperuleHus nepeaHeii (ppoHTansHOI) 1acTUHEL, a
TaKKe B MecTax Ieperuda CTeHKH SHEPTOINOTIIONIAIONIEr0 SIEMEHTa;

— HanOoJbIllee MaJeHue CKOPOCTH aBTOMOOWIA HaOIromaeTcss B MOMEHT Hadaia AedopManui ImepeaHen
IUTACTUHBI, KOrJa JIe(opMaluy CaMOro SHEProIOIIIOMIAOINIETr0 3JIEMEHTa yXe HexocrarouHo. Kak mpaswio, 310
nepuof BpeMenu ¢ 30 1o 40 MUIUTHCEKYH.

AHanu3 pedopMaruy HEPronorIONIAOIIEro 3JIEMEHTa, NepelHeld CTCHKH W PaMbl MO3BOJIMII YCTAaHOBHUTH
CBSI3aHHOCTh BCEX KOHCTPYKTHBHBIX JJIEMEHTOB TOHOYHOTO aBTOMOOWIS B 00JacTH oOecnedeHus MacCHBHOU
OezomacHoctu. IIpy W3OBITOYHON MOCTyHAOMIEH KHHETHYECKOW HSHEPTUM KaXKIblii KOHCTPYKLMOHHBIH 3JIEMEHT
pacrpeeNseT 1 MorIomaeT onpeIelIeHHbIN MPOLEHT YHEPTUH.
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@®opMUpPOBaHHE CTPYKTYPHBIX 0COOCHHOCTEH MOPOIIKOBBIX MATEPHUAJIOB

NMPH OXJIAKIEHUHU M0CJIe TePMUYecKoil 00padoTKH

M. C. Eropos"*, P. B. Eroposa"*, I'. I'. Hopaanuau

JloHCKOH rocynapCTBEeHHBIN TeXHH4ecKkHi yHuBepcuteT (T. PoctoB-Ha-Jlony, Poccuiickas ®enepanust)

Beeoenue. B nocnenHee BpemMs B TOPOIIKOBOM METAIUTypTMU BCE Yallle CTajd MPUMEHSATH CIICUEHHBIE MAaTepUalbl U
n3aCIINA U3 HUX. B cBs3u ¢ atuMm OCTpPO CTOUT BOIIPOC O MNOJYUCHHUU CIECYCHHBIX 1/13):[en14171, 06na)1a101111/1x BBICOKMMHU
9KCIITyaTallHOHHBIMU CcBOMcTBaMU. UTOOBI MOOMTBCS TaKWX CBOMCTB, MaTepHaibl IOABEPralOT TEPMUYECKOH
o0paboTke. JlaHHas mponeaypa 3HAYUTENBHO BIHMAET Ha MX CTPYKTYpYy M MEXaHHUYECKHE CBOMCTBA. B mpomsBoncTse
CICYCHHBIE MaTepuanbl HauboJee YacTo IOABEPTraloTCs MOCHENyIomel 3aKajike M OTIYCKY, BCIEICTBHE YEro
YCTAaHABIMBACTCS WX PABHOBECHAs CTPYKTypa, IPEKpamlaeTcs pocT 3€pHa, YIydIIaloTcs I[POYHOCTHBIC
XapaKTEePUCTHKH.

B craree paccMOTpeHbI MpoOJIeMbl, KOTOPbIE BO3HUKAIOT MPH (OPMUPOBAHUN KaueCTBEHHOW CTPYKTYPBI JAUCIIEPCHO-
YIPOYHEHHBIX CIUTABOB B PE3yNbTaTe UX TEPMHUECKON 00pabOTKH.

Ilocmanoska 3a0auu. 3anada faHHOW pabOTHI — MPOBECTH HCClieoBaHUE (a30BBIX U3MEHEHUH, IPOUCXOMSIINX IPU
OXJTXKICHUH TOPOIIKOBBIX CTAJCH M CIUIABOB, YTOOBI OMPEACIUTH PEIKUMBI UX TEPMHUUYECKON OOPaOOTKH C IICIIBIO
(OpMHPOBaHUS ONTUMABHBIX YCIOBHH JJIsI MAPTEHCUTHOTO NTPEBPAIIECHHS ayCTEHHTA.

Teopemuueckan wacmsy. Pa30BbIe NPEBPAIICHUS B MTOPOIIKOBBIX CTAISIX COBEPIIAIOTCS B MHTEPBAJIE TEMIIEPATYD, MPH
KOTOPOM ITPOMCXOJUT TEPECTPOKa UX CTPYKTYp, a BCIAEIACTBUE 3TOTO M3MEHSIOTCS cBOMcTBa Marepuana. OCHOBHBIMU
(axTopamH, BIUSIOIMMHA Ha (a30BbIe MPEBPAILICHUS, SBISIOTCS XUMHUYECKHH COCTaB CIUIaBa, Ae(PEKTHOCTh CTPYKTYPEI
U BeIMYMHA 3€peH. VI3MEHEHUs CTPYKTYphl W CBOWCTB CIIABOB PAacCMAaTPUBAIOTCS B CPABHEHWH C KOMIIAKTHBIMHU
Marepuanamu. Tepmudeckas 00pabOTKa CYIIECTBEHHO BIIMSET Ha ()a3oBble U CTPYKTYPHBIE XapaKTePHUCTHKH
TIOPOMIKOBBIX MATEPHUAJIOB, KOTOPBIC CBA3aHbI C MEXaHUYCCKUMU XapaKTCPUCTUKAMU CaMUX CITJIaBOB.

Bui6oowi. IlpoBeneHHBIC HCCIIEOBAHUS TOKA3alM, YTO C yBEJIHMUYEHHEM I'€TepPOTeHHOCTH TBEPJOr0 PacTBOpa craiei
TEMIIEpaTypa Haydajla MapTECHCUTHOI'O IPCBPAICHUSA TMOBbINIAIACE. Tlonmxenue TEMIIEpATYpbl MapTECHCUTHOT'O
NpeBpallieHnss C YBEJIMYCHHEM CTENeHH TOMOIEHHOCTH TBEpPJOro pacTBOpa MPOMCXOAWUT H3-32 OOOTallleHUs] ero
YrIepogOM U JPYTHMHU JICTHPYIOIIMMH JJIeMEHTaMH (XpoMoM, MojnOaeHoM). C  MOBBILICHUEM MPOLEHTHOTO
COJIep)KaHMsl yIiiepoja, yBEIMYEHHEM HOPUCTOCTH O00pa3lloB TOUYKAa Hadaja MapTEHCHUTHOT'O MPEBPAILCHUS TaKKe
noHmkaercst. Ha temmepaTypy Hawyaiga MapTEHCHTHOTO TNPEBpAILICHUs HE OKA3bIBAIOT BIIMSHHSA KapOWAbI, KOTOpbIE
HaxoJATCS C ayCTEHUTOM. JlaHHBIE BBIBOABI IMOMOTYT OIIEHHTh MEXaHMYECKHE CBOMCTBA MaTepualioB, a TaKke
BBIpAabOTaTh PEKOMEHAANNH [UIS MPAKTHYECKOT0 MPUMEHEHHUS] TePMHUYECKON 00paOOTKH NMPH M3TOTOBICHUH H3IEIUI

CJI0KHOU (DOPMBL.
Knioueewie cnosa: moponkoBsie cTany, TepMuIecKas 00paboTka, (pa3oBble MpeBpaIleHNs, MAPTCHCHUT, AyCTCHHUT.

Jna yumupoeanusn: Eropos, M. C. DopMupoBaHHe CTPYKTYPHBIX OCOOCHHOCTEH IOPOIIKOBBIX MaTEPUAIOB IPH
OXJIKIEHUH Tocie TepMmuueckoil oOpaborku / M. C. Eropos, P.B. Eroposa, I'. T'. Lopmanuau // BezomacHocts
TEXHOTeHHBIX U MPUPOIHBIX cucTeM. — 2022, — Ne 2, — C. 69-75. https://doi.org/10.23947/2541-9129-2022-2-69-75
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Formation of structural features of powder materials during cooling after heat treatment

M. S. Egorov'®, R. V. Egorova'™, G. G. Tsordanidi
Don State Technical University (Rostov-on-Don, Russian Federation)

Introduction. Recently, sintered materials and products made of them have been increasingly used in powder
metallurgy. In this regard, the issue of obtaining sintered products with high performance properties is acute. To achieve
such properties, the materials are subjected to heat treatment. This procedure significantly affects their structure and
mechanical properties. In production, sintered materials are most often subjected to subsequent hardening and
tempering, as a result of which their equilibrium structure is established, grain growth stops, and strength characteristics
improve.

The article discusses the problems that arise in the formation of the qualitative structure of dispersed-hardened alloys as
a result of their heat treatment.

Problem Statement. The objective of this work is to study the phase changes in the process of cooling of powder steels
and alloys in order to determine the modes of their heat treatment in order to form optimal conditions for the martensitic
transformation of austenite.

Theoretical Part. Phase transformations in powder steels occur in the temperature range at which their structures are
rearranged, and as a result, the properties of the material change. The main factors affecting the phase transformations
are the chemical composition of the alloy, the structure imperfection and the size of the grains. Changes in the structure
and properties of alloys are considered in comparison with compact materials. Heat treatment significantly affects the
phase and structural characteristics of powder materials, which are related to the mechanical characteristics of the alloys
themselves.

Conclusions. The conducted studies have shown that with an increase in the heterogeneity of the solid solution of
steels, the temperature of the beginning of the martensitic transformation increased. A decrease in the temperature of the
martensitic transformation with an increase in the degree of homogeneity of the solid solution occurs due to its
enrichment with carbon and other alloying elements (chromium, molybdenum). With an increase in the percentage of
carbon, an increase in the porosity of samples, the starting point of martensitic transformation also decreases. The
temperature of the beginning of the martensitic transformation is not affected by carbides that are with austenite. These
conclusions will help us to evaluate the mechanical properties of materials, as well as to develop recommendations for
the practical application of heat treatment in the manufacture of products of complex shape.

Keywords: powder steels, heat treatment, phase transformations, martensite, austenite
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Beenenne. CoBpeMeHHbIE TEXHOJOTHH — TpeXMepHas Ie4aTh, WHKEKIHOHHOE (HOpMOBaHHE, HCKPOBOE
IUTa3MEHHOE CIIeKaHNe — CTaJH CTUMYJIOM JUIS HOBOT'O BHTKA Pa3BUTHS IOPOIIKOBOW METAJLTYPrHUH. DTO OTHOCHUTCS U
K TOJIy4EeHHUIO TOPOIIKOB C 3aJaHHBIMHM CBOWCTBAMH, IOSBICHHIO HOBBIX CIIOCOOOB OLIEHKH CBOWCTB IIOPOILIKOB U
MIOPOILIKOBBIX CMECEH, a TAKXKE K PA3BUTHIO0 KOMIUIEKCHBIX METOIUK I OLEHKU CBOMCTB I0JIy4a€MbIX IOPOIIKOBBIX
MaTepHalloB.

Haubonee MaccoBbIM BHIOM TNPOAYKIMH IOPOIIKOBOW METAINIYPrHU SIBISIIOTCS Marepuaibl M M3JeIHs
KOHCTPYKIIMOHHOTO Ha3HAYEHHUS, KOTOPhIE MCIOJB3YIOTCA B PA3IMYHBIX y3JaX M MEXaHM3Max MalldH. DTH JeTaad B
3aBHCHMOCTH OT BBIOPAaHHOTO MaTepHaja W TEXHOJOTHH MOTYT OOJafaTh BBICOKMMH TBEPIOCTBHIO, MPOYHOCTHIO,
HU3HOCOCTOMKOCTBIO, )KapOCTOMKOCTBIO U CHELIMANbHBIMUA CBOWCTBAMH.

K coxxanennio, 0coOOEHHOCTH CTPYKTYPBI CIIEYEHHBIX ITIOPOLIKOBBIX CIIJIABOB HE MO3BOJIIIOT NPUMEHSTH K HUM

TapaMeTpsl U PEKUMbI OOBIYHOM TEPMHUECKON 00pabOTKH JIMTHIX U KOBaHBIX cTayiell. [loaToMy cymecTByeT mpobiema:
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KaK ¥ 32 CYET Yero MOBBICUTh MEXaHHUECKHE U KCILTyaTallHOHHBIC CBOWCTBA TAKHUX CIUIaBOB? PelINTh €€ MOXKHO TOCIe
THIATENBHOTO UCCIIEN0BAHNS CTPYKTYPHBIX NPEBPAIIECHUI CIIEYEHHBIX MOPOLIKOBBIX CIIABOB.

IocranoBka 3agaun. OnHUM W3 MyTeH pELIEHUs JaHHOW NMPOOJIEMBI SBJISETCS MPEJIOKEHHOE aBTOpaMHU
uccienoBaHue (a30BBIX NPEBPAIICHWH MOPOIIKOBBIX CTaled Uil ONpPENEICHUS pAIlMOHANBHBIX PEKHUMOB HX
TePMHUYECKOH 0OpabOTKH, BBISBICHUS BIHMSHASA CBOOOJHOTO YIJIEPOAa Ha CMEIICHHE TeMIIepaTrypsl (ha30BBIX
IpeBpalieHuid npu oxjaxiaeHuu. Ilporecc oOXJakAeHUS MOPOLIKOBBIX CTaled U CIUIABOB SIBISIETCS. OCHOBHBIM
NPOLIECCOM TIpH TepMHUueckol oOpabotke. Ilpm sTOoM HEOOXOOMMO TMOAYEPKHYTH, YTO OCHOBOIIOJIAraroIUMU
nponeccaMu  (DOPMHPOBAHMS CIICUYEHHBIX CIUIABOB SIBJSIIOTCS CTPYKTYpooOpa3oBaHWME MaTepHana M CO3JaHHE
Ka4eCTBEHHBIX CBS3ed MEXKIy YacTHUIAMHU CIUIAaBOB Ha Y€ HMEIOIIUXCS M BHOBb OOPa3yIONIMXCS KOHTaKTHBIX
MIOBEPXHOCTAX. 3HAYCHHE CBOMCTB MOPOIIKOBBIX CIUIABOB BO MHOTOM perIaMeHTHpYeTCs MIOTHOCThIO MaTepuana. [1pu
JOCTI)KEHUH Pa3INYHBIMH METOAaMH Ae(HOPMHPOBAHUS BBICOKHX IIJIOTHOCTEH HX CBOMCTBA MOTYT NPEBOCXOAUTH
CBOWCTBa KOMIIAaKTHBIX MaTEepPHAJIOB aHAJOI'MYHOTO COCTaBa. DTO MOXHO CBS3aTh C MX OOJBIION OZHOPOJHOCTBIO U
MEJIKO3EPHUCTOCTBIO, @ TaK)Ke€ C OTCYTCTBHEM aHHM30TpONHH. Takue marepuanbl 00NaAaloT IIUPOKMM KOMILUIEKCOM
(bU3MUIECKNX, MEXaHMYECKHUX 1 SKCILUTyaTallMOHHBIX CBOMCTB.

Teopernueckasi yactb. Tepmuyeckas oOpabOTKa MOPOIIKOBBIX CTajel sBisieTcsl 3QPEeKTUBHBIM CrIocOOOM
YIYYIICHUS X MEXaHWYEeCKUX CBOWCTB M MOBBIILICHNUS] N3HOCOCTOMKOCTH. B TpakTHke TepMUYECKOi 00pabOTKH CTalln
MIPEBPAIIEHHS TIPOUCXOAAT CAMOIPOU3BOJIBHO NTPH M3MEHEHUH BHEUIHNUX YCJIOBHH (TeMIIEpaTyphl, JaBICHUS), IPUIEM
NIPEBpPAIlEeHNs] TPOTEKAl0OT B CTOPOHY YMEHBIIEHHS CBOOORHON sHepruu. Crlemyer OTMETHTh, YTO PaBHOBECHAS
TemnepaTtypa Al, SBIAACH TEPMOAMHAMMYECKHM IIapaMETPOM CHUCTEMbI, HE 3aBUCHUT OT MCXOIHOH CTPYKTYphl U
CKOPOCTH HarpeBa WJIHM OXJIAXKICHHUS cIUlaBa. B To ke Bpems 3Ta TemrepaTypa sBisieTcs (QYHKIHEH cocTaBa CILUIaBa,
MOJTOMY AJsl HOPOUIKOBBIX CTallel, XapaKTEePHU3YIOIIHXCS HEOAWHAKOBBIM COJEPKAHHEM YyIIepoJa U JIETHPYIOMIUX
SJIEMEHTOB B CTPYKTYpe U B 00bEME, OHO3HAYHO ONpeaenTh ee TpyaHo [1-3].

ITo ycmoBuaAM (a3oBOro paBHOBECHS IPEBPAIICHHE ayCTEHHTa B MEPJIUT MOXCET HA4yaThCsl TOJIBKO HIDKE
TemrepaTypsl A;.  [IpeBpaimmeHne COCTOMT B MepecTpoiike pemeTku ramma-anbha U Juddy3HoHHOM
nepepacipeeicHu KOHLEHTpAlMu yriepoaa Mexay ¢asamu. C yBeTHYEHHEM pa3HOCTH CBOOOAHAS IHEPTUA
yBEIMUYMBAETCA M 00pa30BaHNE KPUTHUYECKOTO 3apoJIbllIa aycTeHnTa yMeHbuaerca. Ho nuddy3nonHas moaBHKHOCTh
aTOMOB TaKXkK€ YMEHBIIAETCA, M MOITOMY KpHBas CKOPOCTH MpPEBPAIICHUS HMEET MaKCUMyM IIpH CTENEHU
nepeoxnaxaenus nopsaka 150°C. JIns KOMIaKTHBIX YTAEPOAMCTHIX cTanel 310 mopsiaka 550°C. st mopOIIKOBBIX
MIOPUCTBIX CTaNeil KPUBBIE OXJIAXK/ICHHUS CIBUHYTHI BIIPABO U BBEPX, [IPUYEM TeM OoJIblie, 4eM MEHbIIE M0 aOCOIIOTHOM
BenmunHe SHeprust nuddysrnonHoro HaceimieHus. C yBenM4YeHHEM CBOOOIHON METaJUIMYECKOH ITOBEPXHOCTH IOP
9HEprus akTHBALWK YMEHBIIAETCS, YTO NMPHUBOAMNT K YBEJIWYCHUIO pa3Mepa KPUTHUECKOro 3apojsima. K takomy ke
pe3yapTaTy MPUBOAAT yBEIMUEHHE HETOMOT€HHOCTH TBEPJIOTO PacTBOpa M MOBHIMIEHHE AE(PEKTHOCTH METAIHYECKUX
4acTull.

C yBenM4eHHEM B CTalM IHCIEPCHBIX HEMETAJUIMYECKHX BKIIOUEHHH M POCTOM MEKYACTHUHBIX TPaHMIL
YBEJIMYHMBACTCSI BEPOSTHOCTh T'€TEPOTEHHOTO 3apOXIEHUS HOBOHM (ha3pl BCIEACTBHE 0oJiee BBICOKOTO BKJIAZA CHIIBI
I'PaHUYHOT'O B3aMMOJICHCTBYS B CBOOOZHYIO SHEPTUIO 00pa30BaHMS 3apoJIbIIa. DTO TaKXKe HPUBOAMT K YBEINYEHHIO
abCOJIOTHOTO 3HAYEHHS SHEPTMHM W YMEHBIICHHIO 00pa3oBaHUS KPUTHYECKOTO 3apopplma. TakuMm oOpaszoMm, 4dem
MEHbBIIIE O a0CONIOTHOW BEIMYMHE SHEPrHsl YIUIOTHEHHS M OOJbIIe CHiIa, TeM OI[yTUMEE KpPUBBIE CKOPOCTH
IIPEeBpallEHHs] CABUTalOTCS BIIPaBO U BBEPX.

HecMoTpst Ha BBICOKYIO CTENEHb JIETUPOBAHUS Y MOPOIIKOBBIX CTalell MHKYyOAIlMOHHBIH IEpHOJ OKazajcs
HEBEJIMK. Y’Ke Ha MepBOH MUHYTE M30TEpPMHUUECKON BBIACPKKH HAOJIOAasCsS pachal] ayCTeHNTa. B KOMIOAKTHBIX CTalIsIX
AQHAJIOTMYHOTO COCTaBa MHKYOAQIIMOHHBIN TIEPHOJ COCTaBJISI HECKOJIbKO MHHYT. TakuM o0pa3oM, Makpo-
MHUKPOHETOMOTEHHOCTh TBEPJIOTO pPAacTBOPa, KaK M IUIOTHOCTb, CIIOCOOCTBOBAJIM YMEHBIICHHIO YCTOWYHMBOCTH
MepeoxIaxaeHHoro aycrenuTa. Ha puc. | mokasaHbl 3aBHCHMOCTH ayTEHTHYHOTO MPEBPANICHNS CIEYCHHBIX CTajlel B
3aBUCHMOCTH OT CKOPOCTH OXJIQXJICHHUS IPU Pa3IMuyHON MOPHUCTOCTH, a TaKKe OT IJIOTHOCTH 00pa3ioB. Temneparypa

BI:I6I/IpaJ'IaCL B 3aBUCUMOCTH OT NOJIOKCHHA TOUKHN Havdalla MPpEeBpalllCHU Al-
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Puc. 1. OTHOWICHHE JTUHEHHOIT 3aBUCHMOCTH TOYEK Havalla MApTEHCUTHOTO NPEBpaIlieHUst Aly IUCIEPCHO-YIIPOYHCHHBIX CIIABOB:

a) OT MaKCUMAITBHOTO OXJIaxaeHus (ToTHOCTh — 1-0 %; 2 — 2" —5-10 %; 33" — 12-15 % u 4 — 4" — 20-30 %); 6) OT IUIOTHOCTH

(cxopocts mocne 3akanku — 1 — 120°C/mun; 2 — 250-300°C/mun; 3 — 400-500°C /mun u 4 — 600—700°C/MuH); CIUIOIIHBIE TMHUA —
naHHble 111 06pasuoB u3 cruiasa [JI-TDK4M2+0,8 % C, mirpuxoBbie — nanHble aj1st 00pa3uos u3 ciuiasa [IJI-TDK4M+0,8 % C

MakcnmanbHasi CKOPOCTh TIPEBPALICHUs] ayCTEHWTa IOPHUCTBIX IOPOIIKOBBIX cTajled Oouplne, dYeMm
KOMMakTHeIX. CienoBaTenbHO, MHUHHMalbHAs YCTOHYMBOCTH IIOPUCTOTO aycTeHHTa OyneT HaOmoAaThes IpH
temnepatrypax Beime 500°C. ITostomy C-o0pa3Hble KpHBBIE H30TEPMHUYECKOTO IIPEBpAINCHHS] MOPHCTON CTajH
9BTEKTOMAHOTO COCTABA MPUOIIIKAIOTCS K OCH OPJMHAT U CMEIAI0TCS BBEPX.

B n03BTEKTOMAHOM cTaNu H30TEPMUYECKUH pacal IepeoxJIakICHHOTO ayCTEeHUTa HAUMHAETCS C BBIICIICHUEM
(deppuTa, a B 3a3BTEKTOMIHOW — C BbIIENICHHEM H30BITOYHOTO LEMEHTHUTa. JTH mnpeBpauieHus Ha C-o0pa3HOi
JUarpaMMe OTMEYAIOTCsl AOMOJIHUTENBHBIM JHHUAMHU. VHKYOAallMOHHBIA MEPUOX U BpeMsl IOJIHOTO M30TEPMUYECKOTO
pacnaza ayCTeHHMTa y JO3BTEKTOMJHOM KOMIIAKTHOWM CTald MEHBINE, YE€M y 3BTEKTOUJHOW, y KOTOPOH ayCTEHUT
SIBJISIETCS O0JIee TOMOTEHHBIM H, CIICIOBATENBHO, 00JIee yCTOHUMBEIM (pHC. 2).
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Puc. 2. I'padhuk 3aBHCUMOCTH NIPEBPAIIEHHS AYCTEHUTA YBTEKTOUTHOM CTAIN CIICYeHHBIX 00pa3IOB, MOIYIEHHBIX MEXaHHYECKUM
cMelnrBaHueM u3 muxTel crutaBa [TJI-ITK4M2+0,8 % C

AyYCTeHHT, TEPEOXTAKIACHHBIA O HU3KUX TEMIIEpaTyp, TepseT TEPMOJUHAMHYECKYIO YCTOWYHBOCTH, HO B
CBSI3U ¢ TeM, 4To Au(Py3rMoHHAs TIOJBMKHOCTH aTOMOB YTJIEpOJa MOJHOCTHIO TOJABJIeHA, MPEBpAICHIE HE MOXET
OCYIIECTBJIATHCA IO TEPIUTHOMY Mexanusmy. OOpasyromuiicss B pe3ynbTaTe 0e3au(@y3MOHHOTO TpPEeBpaIICHUS
ayCTEHUTa TEPECHIICHHBIN TBEPABIA PAacTBOp yriepoaa B anb(a-keae3e ¢ TaKOW K€ KOHIIEHTpAIMeH, Kak H Yy
HCXOJIHOTO ayCTCHHUTA, HA3bIBACTCSA MAPTCHCUTOM. J[JIs MOMyYeHUsT MapTCHCUTHON CTPYKTYPBI HEOOXOIUMO OXJIAJUTh
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MOJYYeHHBIH 00pa3lbl C KPUTHYECKOH CKOPOCTBIO, YTOOBI BpEMsSl €ro HaxXOXIEHUs B HWHTEpBAJC TEMIIEparyp
YCTOIYMBOIO COCTOSHHS IEPEOXJIKACHHOTO ayCTeHHTa OBUI0 MEHBLIE IPOJODKHTEIBHOCTH HHKYOAIllMOHHOTO
neproja ero pacnajga. MUHUMaNbHas CKOPOCTh, OTBEYAOIIAsi STHM YCJIOBHSAM, HAa3bIBAETCSI KPUTHYECKOH CKOPOCTBIO
3akanky. C yMEHbIIEHHEM YCTOHYMBOCTH INEPEOXJIAKACHHOTO ayCTeHUTA U cMelieHneM C-o0pa3sHOH KpHBOH BIEBO
KPUTHYECKAst CKOPOCTH 3aKAKH YBEINUUBACTCS (pHC. 2).

B 3aBucuMocTH OT cocTraBa, IUIOTHOCTH, COACPIKAHMS YIJIepoda M JICTUPYIOIIMX SJIEMEHTOB, CTEIECHH
HEOJHOPOAHOCTH, BEJIMYMHBI 3€pPHAa ayCTEHHTa M JPYIUX OCOOEHHOCTEH CTPYKTYphl OTMEYAIOT pa3IM4HbIC
KPUTHUYECKHE CKOPOCTH 3akaiku. Ha HuX OoJbllloe BIMSIHME OKa3bIBaeT CTENEHb INeperpeBa aycreHuTa. Uem Bblie
TeMIIepaTypa 3aKaJlki, TeM HI)KE ee KpUTHYecKas cKopocTh. ['opu3oHTanbHas nuHus M, Ha C-00pa3HO# nuarpamme
MOKa3bIBaCT TEMIIepaTypy Havana 6e3quddy3noHHOT0 MapTeHCUTHOTO mpeBpamieHus (puc. 2). s o6pasuos
YIJIEPOUCTBIX CTajlel, paccMaTpUBaeMBIX aBTOPaMHM, JlaHHas TemIilepaTypa cocrasiser mopsaka 250°C. B teuenue
100 cexyHx TPOWCXOAWT MAapTEHCHUTHOE IIPEBpAIICHHE, B pe3yJbTaTe KOTOPOTO 00pa3yercss pa3lIndHBIC TBEPHbIC
pacTBOpHl. B oTimuMe OT HepiaMTHOrO MpeBpalleHus, TeMIepaTypa Hadajla MapTeHCUTHOIO NPEBPalICHHsI He 3aBHCHUT
OT CKOPOCTH OXJIKACHHS (B AUANla30HE CKOPOCTEeH, NMPUMEHSEMBIX Ul NPOMBIIUICHHON 3aKajkH craid). YToOBI
MapTEHCUTHOE IPEBPAIlCHHE Pa3BHBAIOCH, HEOOXOAUMO HENPEPBIBHO OXJIAXIATh YIIEPOAUCTYIO MOPOLIKOBYIO CTANIb
B MHTEpBAJIe paccMaTpUBaeMbIX TeMuepaTyp [4-6].

[Tpu ObICTPOM OXJIAXJIEHUU YTIEPOIUCTHIX CTalled ayCTEeHUT YCIEBAeT CHIIBHO OXJIAJAUTHCS, HE IMOTEpIeB
1 dy3MOHHOTO pacriazia Ha GpeppUTO-LIEeMEHTUTHYIO cMech. Ho aycTeHMT HauMHasi ¢ HEeKOTOpoil Temneparypsl To He
MOXET CYIIECTBOBATh, MOCKOJBbKY €ro cBOOOJHAs DHEPrHs NPHU ITOH TEMIepaType OKa3bIBaeTcs BbIIIE CBOOOJHOM
SHEPTUH NEePECHIIIEHHOr0 TBEPAOro pacTBOpa yrieposa B aab(a-kenae3e MapTeHCUTA.

B MomeHT MpeBpalIiCHsA MapTEHCUT UMECT OI[HHaKOBbIﬁ COCTaB C UCXOOHBIM aYyCTCHUTOM U OTIIMYACTCA OT HETO
JIMIIb THIOM KPHUCTAJUIMYECKOW penreTki. MapTeHeut — (aza MeTacTabHiIbHAsA, W MOITOMY Ha JHArpaMME <«OKeNe30 —
YIIepoa» ee HeT. B paBHOBECHBIX YCIIOBHAX, KOIZla CHCTEMa O0JnagaeT abCONIOTHBIM MAaKCHMyMOM CBOOOIHOI SHEPIHH,
CTPYKTYpa CTaJl HIDKE TOUYKA Aj M COCTOUT U3 CMECH JBYX CTaOMIBHBIX (paz — deppura (D) n nementuta (LI). MapreHcut
TIPH BCEX TeMIlepaTypax obiiagaeT Oomplueil CBOOOIHON SHEPrHei, YeM NepIIHT, H0IToMy 6e3auddy3noHHOe IpeBpallecHIe
AyCTCHUTa B MAapTCHCHT NPHBOAUT CHCTEMY K OTHOCHTEIIBHOMY MHHHMYMY CBOOOJHOW JHEPIMH. OJTO 3HAYMT, YTO
BBIJICTICHHE KapOHMIOB JKele3a U3 MEePEeCHIEHHOrO YIIepoaoM TBEPIOro pacTBopa (epputa TepMOINHAMHYIECKH BEPOSTHO
TIpH JTIO0BIX TeMIIepaTypax, HO IpU TeMIepaTtypax, 61mu3kux k 20° C, CKopocTh 3TOro nporiecca 0eCKOHEUHO MaJia.

Ha puc. 3 mpezacraBiieHa 3aBHCMMOCTh Hadajla MapTEHCHTHOI'O NPEBPAIIEHHs JISl TOPOLIKOBBIX CTajield OT
mI0THOCTH (TIopUcTOCTH). [IpakTHueckw i BceX MaTepUaOB 3aBUCUMOCTh HOCHUT JIMHEWHBIH XapakTep, U C
TIOHMKCHUEM TTIJIOTHOCTH MPOUCXOAUT YBCIIMYECHUE TEMIIEPATYPHI MAPTCHCUTHOT'O MPEBPALICHHA.
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Puc. 3. 3aBUCHMOCTB IJIOTHOCTH 0OPAa3IOB U3 OPOLIKOBOI CTAIM OT TEMIIEpaTypbl MAPTEHCUTHOTO MPEBPAICHHS

JluHelHy10 3aBUCUMOCTh KPUTHYECKUX TOYEK MapTEHCUTHOTO MPEBPALIEHHs OT IUIOTHOCTH 00pa3oB MOKHO
OOBSICHUTh TEM, YTO OOIIas IUIOTHOCTBH IPOIOPIMOHANbEHA METaJIMYECKOH MOBEPXHOCTH IIOP, C POCTOM KOTOpPOH
YMEHBILAETCS CTEMeHb BIMAHUS YIPYTUX CHII B3auMmonenctsus [2, 7-8].

OKcIIeprMEeHTaJIBbHBIE HCCIIEIOBAHUS IPOIleccoB 0e31n(pGy3HOHHOTO MPEBpalieHHs ITOPHUCTOr0 ayCTEHHUTa
CIICYCHHBIX CIIaBOB IOATBEPXKIAIOT CHWIBHOE BIMSHHE IOPUCTOCTH Ha CMEIICHHE TeMIepaTypbl Hadaja
MapTEHCUTHOTO NPEBPAILICHNS YIJICPOIUCTHIX M JIETHPOBAHHBIX CTallel B 00s1acTh Ooliee BHICOKHX TeMmepatyp. Kak n'y
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KOMIIAKTHBIX CTaJIel, TeMIepaTypa MapTeHCUTHOTO IPEBPAIICHUS HE 3aBUCUT OT CKOPOCTH OXJIAXKICHUS M YCIOBHUN
HpEBpAICHHs] ayCTEHUTAa (M30TEPMHUYECKOTO WIIM TIPH HEMPEPHIBHOM OXJIAKICHWUH), a C YBEJIHYCHHEM YIIepoJa,
JIETHPYIOIIUX 3JIEMEHTOB B CIICYCHHBIX CIUIABAX C OJHOM M TOXe IUIOTHOCTHIO OHA IOHMXAeTCs. [IpH yBENUYEHUH
[UIOTHOCTH CIICYEHHBIX OOPA3IOB MPOHUCXOIUT YMEHBINEHHE BPEMEHH HHKYOAIMOHHOTO TEPHOJa W YCTOHYHBOCTH
ayCTeHHTa CHuKaercs. JlanpHeilliee yMEHbIIEHHE TIOTHOCTH WM YBEIMYCHHE MOPHUCTOCTH OOpAa3loB MPUBOIUT K
pocty Temmeparypsl M,, (puc. 4).
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BeiBoapbl. [IpuMeHeHHEe TepMUUYECKO OOpabOTKH CIUIABOB MO3BOJIET IIOJy4YaTh y HUX OOJee BBICOKHE
MPOYHOCTHBIC W TUIACTHYECKHE CBOMCTBA, YeM y JNUTHIX cTajeil. [IpenBaputenbHO ISl 3TOro TpedyeTcs: MpOBEICHHUE
KOMIUTCKCHBIX TEOPETHYECKHX M IKCIICPUMEHTABHBIX HMCCIEIOBAHMNA. DTO TO3BONUT PEUINTh MPOOIEMY CO3IaHHS
HOBBIX CIUIABOB 3a CUET MPUMEHEHHS PAIHOHATBHBIX PEXKUMOB TEPMUUECKOM 00pabOTKH.

C yBeJMYCHHEM TE€TEPOTCHHOCTH TBEPAOTO PACTBOPA PACCMATPUBAEMBIX CTANCH KPUTHUSCKHE TOYKH Aj U Ag,
a TaKke TeMIlepaTypa Hayala MapTCHCHTHOTO MPEBPAIICHHS CMEIMIATHCH B 00MacTh Gojee BBICOKHX TEMITEpatyp.
Takoi XapakTep CMEIICHHS KPHUTHIECKUX TOYCK OOBACHSIETCA TEM, YTO YYACTKH MHKPOHEOJHOPOJHOCTH, OyIydH
TOTOBBIMH LCHTPaMU KPHCTAJUTM3AIlUH, SIBILIIOTCS HAamOoJee BEPOSTHBIMH MECTaMH I'€TEPOT€HHOTO BO3HHKHOBEHUSI
3apopblineil MapTeHcuTa. J[efCTBUTENbHO, TETEPOreHHOE 3apOXKICHHE MApTEHCHTA CBS3BIBAIOT C OCOOBIMH LIEHTPaMU
3apOXKICHUsI, PACIIOJIOKEHHBIMUA HA MHKPOYYacTKax ucxoxHoil daspl [8-9]. Takumu meHTpaMu MOTYT OBITH Ae(eKTHI
YIAKOBKM, BO3HHKAIOIIME TIPH CIEIUICHHH AUCIOKAIWi, pas3inyHble MHKPOHEOIHOPOAHOCTH. I[lOHMIKeHHE
TEeMIIePaTyPbl MAPTEHCUTHOTO MPEBPAIICHUS C YBEIMUYCHHEM CTETICHH TOMOTEHHOCTH TBEPIOTO PACTBOPA TAKKE MOXKHO
OOBSICHUTH B TIEPBYIO OYepeab OOOTAIICHHEM €ro YriepoaoM M IPYTHMH JIETUPYIOUIUMHU 3JIEMEHTaMH (XpOMOM,
MOJIHOIEHOM).

B paboTte mokazaHo, 4TO ¢ yBEIHMYESHHEM MPOIIEHTHOTO COMCPIKaHUsI YIIIEpoa U MOPUCTOCTH 0OPA3IOB TOYKA
HaYaja MapTEeHCUTHOTO MPEBPAIeHHs TOHMKaeTCst. Jlake I KOMIIAKTHBIX CTaleil ColepKaHne yriiepoia B ayCTCHUTE
HE BCeryia OJIMHAKOBO JIMOO M3-3a HEPABHOMEPHOCTH €r0 PaclpeiesieHus, T100 MOTOMY, YTO YIJIEpO/ BXOAUT B COCTAB
kapOuaHbIx ¢as [2, 6, 10].

KapOuapl, HaXoAsCh € ayCTEHHTOM, Ha TeMIlepaTypy Hayajla MapTCHCHTHOIO MPEBPAILCHHS BIUSHHUA He
OKa3piBatoT. [Ipy TOBBINIEHHMH TEMIEPATYphl 3aKalKd W YBEIWYCHWH BPEMEHM BBIICPKKH, KOTAA KapOuIpl
pacTBOpSIFOTCS B AyCTECHHMTE, KOHLEHTpaUUs YIjiepoja W JICTHPYIOIIMX B HEM BO3pacTaeT WIH BbIPABHUBACTCS,
TOYKa MH 00513aTEeIBHO TODKHA TOHIKATHCS.

C yBelMYCHHEM TOMOTEHHOCTH AyCTEHHWTa HW3MEHSETCS W COCTaB TBEPIOrO0 pacTBOpa, YTO OKAa3hIBaeT
pernraroniee BIUSHUE HA TEMIIEPATYPY 3aKalKd U TOYKY MH.
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Onpeue.ﬂenne 3aBHCHUMOCTH MeXaHNYeCKHUX CBOICTB ciedeHHbIX
AUCIIEPCHO-YIIPOYHCHHBIX CIIJIABOB HA OCHOBE 7keji€3a 0T yCJIOBI/Iﬁ CIICKaHuA

M. C. Eropos"~, P. B. Eroposa

JloHCKO# rocynapCTBEHHBIH TexHIYeckuii yHuBepcuTeT (T. PoctoB-Ha-Jlony, Poccuiickas denepanus)

Bgeoenue. Ilpobiiema co3anusi HOBBIX CIICUSHHBIX MAaTEPHAIOB B HACTOSLIEE BPEMsi HAXOJUTCS B LICHTPE BHUMaHUS
CIICIIHATICTOB B 00JIACTH MOPOMIKOBOM MeTayutyprun. [Ipu co3maHuM HOBOTO Kilacca KOHCTPYKIMOHHBIX MaTEpHAIOB
MIPECTONT PEIINTh TIABHYIO MPOOJIEeMYy — YBENHYEHHE MX MPOYHOCTH. [IpOYHOCTH AOCTHTAeTCs B MEPBYIO OYEpenhb
Ka4eCTBEHHBIM MEKYaCTHIHBIM CPAlIMBaHHAEM IHCIICPCHO-YIIPOYHEHHBIX MAaTepHajoB, KOTOPOE OMpeAeisaeTCs
MEXaHUIEeCKUMH CBOWCTBAMH CIUIABOB, IIOKA3BIBAIOIIMMH CTEIICHb €TO 3aBEPIICHHOCTH NPU CIICKaHWH. B 3aBucHMOCTH
OT IUIOTHOCTH HWCXOIHBIX MAaTEpUAJIOB, TEMIIEPATYyphl CIEKAHUS W MPOIECHTHOTO COAEp)KaHUS YTIepona, KOTOPHIH
BBOAUTCA B HIUXTY, MECHAIOTCA MCXaHUYCCKUEC CBOMCTBaA TOJIYUYCHHBIX CIUIaBOB. Onpe):[eneHHe 3THUX HU3MCHAIOIIUXCA
CBOWCTB SIBJISI€TCSA 3a/1aueil UCCIeOBaHUM.

Ilocmanoska 3adauu. Jlns onpefencHUs MPOYHOCTHBIX M IUIACTUYECKUX XAPAKTCPUCTHK CICUCHHBIX MaTEepHajioB
HE0O0XOIMMO HMCCIEI0BaTh, KaK BIMSIET Ha MaTepHalbl BBOJUMBIN B MIUXTY CBOOOAHBIN yriepoa. I[lomyueHHbIe 00pa3bl
C JIYyUYITUMHU MEXaHUYCCKUMHU CBOMCTBAaMH B3SITBI JUIA TIPOBEACHUA ,uam)Heﬁme HCCHCZ[OBaHHﬁ.

Teopemuueckas uacms. B xauecTBe TEOPETHUESCKOTO OMICAHUS MMPOAHATU3UPOBAHEI MTPOIIECCHI CIIEKAHUS TUCIIEPCHO-
YIPOYHEHHBIX CIDTABOB, TOMOTCHH3AIMH yIiIepoa U BIUSHIE TUIOTHOCTH W JTABJICHUS MPECCOBAHUS Ha MEXaHHICCKHE
CBOICTBA CILIABOB.

Bb1600b1. MexaHn4ecKHe CBOMCTBA MOMYUCHHBIX B Pe3yJbTaTe UCCICIOBAHUS 00Pa3IOB CIICYCHHBIX MaTEPHATIOB Jaf0T
OCHOBaHHE YyTBEPXKIATh, YTO U1 AOCTIDKCHHS WX OOJNBIIEH MPOYHOCTH MocTaTovyHo noGamieHus B cmiaB 0,8 %
yrnepona. Onnako mobarnenue yriepoga Ha 20-30 % yxe CHIDKAeT IUIACTHYECKUE XapAKTEPUCTHKH CIUIABOB. DTH
JaHHBIC, TMOJIYUYCHHBIC B XOJ€ MPOBEACHHOI'O UCCICA0OBAHUA, JOJKHBI TIOMOYb B OIIPEACIICHUN MaT€puaia, mpuroaHoro
JUIsI U3TOTOBJICHUA I/I3}I€J’IPII>1 C BBICOKMMMU OKCIIITyaTallMOHHBIMU CBOMCTBaMH.

Kniouegvie cnosa: criekanue, yriiepo], CIJIaBbl, MPeAebl IPOYHOCTH, TIPeell TEKY4eCTH, OTHOCHTENILHOE yUIMHEHHE,
MHUKPOCTPYKTYpa MOBEPXHOCTH, (hakTorpadus MoBepXHOCTU pa3pyLICHUs.

Jna yumupoeanua: Eropos, M. C. OnpezneneHrue 3aBUCUMOCTH MEXaHHYECKHUX CBOWCTB CIEUEHHBIX IUCIEPCHO-
YIIPOYHEHHBIX CIIABOB Ha OCHOBE jkene3a orT ycinoBui cnekanus / M. C. Eropos, P. B. Eroposa // bezomnacHocts
TEXHOTCHHBIX U MPUPOIHBIX cucTeM. — 2022, — Ne 2, — C. 76-83. https://doi.org/10.23947/2541-9129-2022-2-76-83

Original article

Determination of mechanical properties of sintered dispersion-strengthened iron-based alloys
depending on sintering conditions

M. S. Egorov¥, R. V. Egorova
Don State Technical University (Rostov-on-Don, Russian Federation)

Introduction. The problem of creating new sintered materials is now in the center of attention of the entire domestic
community in the field of powder metallurgy. Today, when creating a new class of structural materials, first of all, it is
worth paying attention to their strength properties. The article considers technological features in the formation of high-
quality interparticle splicing of dispersion-strengthened materials. High-quality splicing is primarily determined by the
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mechanical properties of the alloys, which show the degree of its completeness during sintering. Depending on the
density of the materials, the sintering temperature and the percentage of carbon that is introduced into the charge, the
mechanical properties of the material also change. The determination of these properties is the main task of the
research.

Problem Statement. To determine the strength and plastic characteristics of the materials under consideration, it is
necessary to analyze how these characteristics are affected by free carbon introduced into the charge. Determination of
mechanical properties will allow us to recommend an alloy with the best characteristics for further research.

Theoretical Part. As a theoretical description, the processes of sintering of dispersion-strengthened alloys, carbon
homogenization, and the effect of compaction density and pressure on the mechanical properties of alloys are given.
Conclusions. The obtained mechanical properties show that the addition of 0.8% carbon is sufficient to achieve high
strength characteristics. However, the addition of carbon by 20-30% reduces the plastic characteristics of the alloys. The
results obtained in this work will help to recommend the material for the manufacture of products with high
performance properties.

Keywords: sintering, carbon, alloys, strength limits, yield strength, elongation, surface microstructure, fracture surface
factography.

For citation: Egorov M. S., Egorova R. V. Determination of mechanical properties of sintered dispersion-strengthened
iron-based alloys depending on sintering conditions. Safety of Technogenic and Natural Systems. 2022;2:76—83.
https://doi.org/10.23947/2541-9129-2022-2-76-83

Beenenune. Cpean HOMEHKJIATYPhl MOPOIIKOBBIX MaTepHajIoB HauOOJbIIee NMPUMEHEHHE MMEIOT CIUIaBBI Ha
OCHOBeE jkeJie3a — cTaiu. [Ipu co3gaHnu HOBBIX KOHCTPYKIIMOHHBIX MaTepHaliOB HApsAy ¢ Tp€OOBaHUSIMU MOBBIIICHUS
Ka4yecTBa, HANEKHOCTH M OIKCIUTyaTalHOHHOW CTOMKOCTH BBIIBHUTAETCS 3aJadya SKOHOMUHU W 3aMEHBl JOPOTHX U
JIeQUIMTHBIX JIETMPYIOIIMX 3JEMEHTOB Ha MeHee Ne(UIMTHBIE M HEBBICOKOW CTOMMOCTH. DTOT (haKT MOCITY>KHUII
CTHMYJIOM JUII HOBOTO BHUTKA Pa3BUTHS OTEUECTBCHHOW METAIIYPIHU B 00JIACTH MOyYSHUSI MaTepHalioB C 33JaHHBIMA
CBOMCTBAMH, pa3BUTHS MCETOJUK OICHKH HMX CBOWCTB. B Hacrosiiee BpeMsl CYIICCTBYET OOJBIIOE KOJHYECTBO
HaHOPa3MEPHBIX I00aBOK, MMEIOIINX pa3lIMYHbIC CBOMCTBA, NPUYEM OJHA M Ta Xe J00aBKa MOXKET OBITh IOJIydeHa
pa3sHbIMH METOJIaMH M WUMETh pa3jIMuHble CBOWCTBA, (OpMYy U pa3mepbl. Takke BBI3BIBAET OCOOBIH MHTEpPEC MOMCK
OTBETa Ha BONPOC, KaK BBEACHHE HAHOPA3MEPHBIX 4YacTul] OyJeT BIMATh Ha CTPYKTYpoOOpa3oBaHWE CIUIABOB IPH
paznuuHbiX BUAax ¢GopmoBaHus unau  Aedopmaruu.  OCHOBOMOJATalOMMMU  TpoueccaMud  (HOPMUPOBAHUS
ropsuene(OpMUPOBAHHBIX CIUIABOB SIBISIFOTCS CTPYKTYpOOOpa3oBaHHE MaTepHasa M CO3IaHHE KauyeCTBEHHBIX CBSI3eH
MEX]Ty YaCTUI[AMH TOPOIIIKA.

Heablo padoThl sABIAETCS ONpEAEICHHE 3aBHCHMOCTH IapaMeTpOB IPEIBAPUTENIBHOIO CIIEKaHUS Ha
(hopMHpPOBaHUE CTPYKTYpPBI M CBOWCTB BBICOKOILIOTHBIX JMCIIEPCHO-YIPOYHEHHBIX JIETHPOBAaHHBIX CILIaBoB. Cruenarth
3TO HEOOXOAMMO il AajibHeimero 3()(eKTUBHOTO HMCHOIBb30BaHUS TEPMHUYECKON 00pabOTKM C IENbI0 MOBBIIICHUS
MEXaHHYECKUX U IKCIUTYaTallMOHHBIX CBOMCTB TaKHX CIUIABOB.

IMocranoBka 3amaum. [l onpeaeneHuss MPOYHOCTHBIX W IUIACTHUECKUX XAPAKTEPUCTHK CIEYEHHBIX
MaTepHaoB HEOOXOAMMO IPOAHAIN3UPOBATh, KaK BIHMSIET HA HUX BBOAMMBIA B IIMXTY CBOOOIHBIN yriepoi. 3HaHUE
9TUX MEXaHMYECKHX CBOMCTB IO3BOJIUT aBTOpPaM pPEKOMEHJOBaTh CIIAaB C JIYYIIUMH XapaKTEPUCTHKAMHU JJIs
[IPOBEJIEHUS NAaJbHENIINX UCCIIEN0BAHUN.

Teopernueckast 4acTb. CriekaHHWe BBINOJHSAET TJIABHYIO pOJb B mpoluecce (OPMUPOBAHHS KOMILIEKCA
(U3NKO-MEXaHUIECKUX CBOWCTB CIIOKHOJIETHPOBAHHBIX MOPOIIKOBEIX cTanel. B nucepcHO-yIpOYHEHHBIX CIIJIaBax B
Iporecce MX CreKaHus (GOPMUPYETCsI CTPYKTypa, 3HAUMTEIbHO OTIMYAIOIMIASCS OT CTPYKTYPBHI JIMTBIX M KOBaHHBIX
MaTtepuanoB. CrieueHHbIE MPECCOBKH MPEXIE BCETO — 3TO MOPHUCTHIC M3ACTHS, B KOTOPHIX KOJHMYECTBO IOP MOXKET
n3mensaThes ot 0,5-2 1o 80-90%. Takum 0OpazoM, A1t OPOIIKOBBIX MaTEPHAJIOB M CIUIABOB MOPHUCTOCTh BHICTYIAET B
KauecTBE CTPYKTYpHOU cocTaBisromeid. dopMoii Mmop, UX BEIUYMHON, MOPQOJIOTHEH M OOBEMHBIM COACpKAHHEM
orpenerstoTes: pU3NKO-XMMHUECKHE, MEXaHUIEeCKHe U APYrHe CBOWCTBA M3/EINHMH, a Takke 00JacTh MX NMPUMEHEHHS.
[Ipu ciekaHuM B COCTaBe MIMUXTHI OCOOYIO PO UTPAET HAJMYHE YIIIepoia, KOTOPHIN T00aBISIETCS B Hee Pa3TUIHBIMU
cnocobamu. [IporieHTHOE cozepkaHUe yriepoja BBIOMpaeTcs MCXOAsS M3 TOTrO, KaKMMH CBOWCTBAMH JOJDKHBI OyIyT
obnamaTh M3MeNus MOCIe ONEpaluy CIeKaHdsA. B HameMm ciaydae KOJHMYECTBO yriepoja Opajoch B IPOLEHTHOM
COOTHOLICHHHU OT 001Iero oobema Matrepuaia u cocrasistio 0,5 u 0,8 % coorsercTBenHo [1-3].

Criekanue SBIIETCS JOCTATOYHO BaXHOI omepanuedl B IOPOIIKOBOW METAJTyprHHM, M OT BBEIOOpa ee
TEXHOJIOTUUECKUX PEKMMOB 3aBUCHT KauecTBO MOJIydaeMblx u3fenuid. llerecooOpasHo paccMmaTpuBarh cpasy JBa
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MIOCJIEI0BATEINILHBIX JTala Ipolecca CIeKaHHus: 00pa30BaHHE W POCT MEKYACTHIHBIX KOHTAKTOB (HAa4YalbHAS, PAaHHAS
CTaJus Ipolecca), a Tak)Ke MOBBIIIEHHE TUIOTHOCTH CIIEKaeMOTO Tejla BCIIEJCTBHE YMEHBIIEHHUS Yyuciaa U o0beMa Iop
(TpoMeXxyTodHast U MO3IHSSI CTagun). B peanbHBIX ycIOBHsIX 00a 3THX IpoIecca HElb3sl MONHOCTBIO PAa3AeiIUTh, OHU
MEePETUICTAIOTCSI U B 3HAYUTENBHOM Mepe MPOTEKAI0T mapajieasHo [2—6].

ITockonmbKy mpolecC TOMOTE€HH3AaLUM HE YCIIEBAeT IOJHOCTBIO INMPOHM30HTH BO BpeMs CIIEKaHHUS CTayei,
MOJYYEHHBIX W3 IIUXTHl KOMIIOHEHTOB, 3TO JOJDKHO IOBJEYb 3a COOOH 0Opa3oBaHHE HEOJHOPOIHOIN CTPYKTYpBHI.
Hanmmume Takoil CTpyKTypsl Hapsay C IOPUCTOCTBIO [EMAeT CHCTEMY HEPABHOBECHOH, YTO MOIDKHO OKa3bIBATh
cnenuduyeckoe BIMSHUE HAa XapakTep IMPOIECCOB, MPOTEKAIOMINX MIPU HAarpeBe M OXJIaXICHUHU MOPOIIKOBBIX CTaleH.
OnpenensomuMy TEXHOJIOTHYECKIMU TapaMeTpaMH  CIIEKaHMS IIPECCOBOK SIBILIIOTCS TEMIIEPAaTYpHBIH pPEXnM,
MIPOJIOSKUTENEHOCTD CHIEKaHUsl, MapaMeTphl MpeBapUTENIbHON 00pab0TKN YacTHI] MaTepuaia JaBjieHueM u ap. Kpome
HHUX, HEOOXOIMMO YYHTHIBATh ONpPECICHHBIE OCOOCHHOCTH, MPHUCYIIHE MPOIECCaM CIEKAHUS OJHOKOMIIOHEHTHBIX H
MHOTOKOMIIOHEHTHBIX MatepuasioB. [Ipy criekaHWM OJHOKOMITIOHEHTHBIX MaTepHajioB IU(Qy3HOHHBIE MPOIECCH B
OOJIBIIMHCTBE CIIy4aeB CIIOCOOCTBYIOT YIUIOTHEHHIO TEl, @ B MHOTOKOMIIOHEHTHBIX CHCTEMax MOJKET BO3HHKHYTBH
TOPMOXKEHHE Ipollecca YIUIOTHEHWS W JaKe pacIIUpeHHe CIeKaeMoro oObeMa BCIEACTBHE HEPaBHOMEPHOCTH
map¢dy3un. CHIKeHHE CBOOOJHOW 3HEPTMH MHOTOKOMIOHEHTHOH CHCTEMbI NMPU CHEKaHWH MOJKET HMPOUCXOIHUTH HE
TOJIBKO B PE3YJIbTaTe YMEHBILEHHUS IIOBEPXHOCTH M YHCIIA TI0P, PEKPUCTAIUIN3AIMN M COKPAIIEHHS TNIOTHOCTHU 1e()eKTOB
KPHUCTAJUTMYECKOTO CTPOCHUS, HO U BCIICACTBHE 00pa30BaHMS CILIAaBOB. [IpH 3TOM HCIIONB30BaHHE HU3KOOKHCIICHHBIX U
MEJKOAMCIIEPCHBIX YacTHIl CIUIABOB, BBICOKAs TeMIlepaTypa CHEKaHHs Iepe] IPEecCOBaHMEM M MAaKCHMaJIbHO
BO3MOXKHOE YIUIOTHEHHE IIPECCOBOK JaBJICHHEM CIIOCOOCTBYIOT IIpolieccy ciuiaBoobpasoBanus [7—10].

AHanu3upysi (axkTophl, BIMSIOIIME Ha MPOLECC CIEKaHWUS M COOTBETCTBEHHO Ha KAauyeCTBO IOJy4aeMbIX
MaTepHalIOB U M3JIEINH U3 HUX, HEJIb35 HE YUNTHIBATh TAKOW Ba)KHBIH IapaMeTp, Kak (pakTop BpeMeHH.

CrpoeHHe MOPOUIKOBBIX CTajiel OKa3blBaeT BIMSHHUE HE TOJBKO Ha TeMIepaTypy, HO M Ha KHHETHKY
ayCTeHM3alH. B ycIOBUSIX CKOPOCTHOrO HarpeBa HE TOJIBKO CHM)KAETCs TeMIlepaTypa Hadaja MpEeBpaIleHHs, HO U
yYMEHbIIAeTCsS MHKYOAI[MOHHBIN TIEPHO/], YBEIMYUBAIOTCS TeMIIepaTypHble U BpEMEHHbIE MHTepBallbl IpeBpamienus. C
YBEIMUYECHUEM TTOPUCTOCTH, COJCPKaHHU HEMETAUINIECKUX BKIIFOUCHHH, TOBBIIICHHEM A€()EKTHOCTH YaCcTHUI] HOPOIIKa
yKa3zaHHBIE OCOOEHHOCTH TIPOLIecca ayCTEHU3AIMH yCUIIUBAIOTCSL.

YroObl MOMYYHTh KAYECTBEHHOE MEXKYACTUYHOE CpalIMBaHWE, KOTOPOE XapaKTepU3yeT BBHICOKHE
MeXaHH4YeCKHe CBOMCTBA, HEOOXOAMMO JOOUTHCS MOJIHOTO PACTBOPEHHUS YIJIEPOa B MIUXTE CILIABA.

B Hactosmielt pabote OBUIM TIpHMEHEHBI COBPEMEHHBIC IOpPOMIKOBEIE cMecu Mapok [1JI-H4/12M u
ITKPB 2.200.26 nmpoussojactea AO «Ceepcransy (. Uepemnoserr) (puc. 1).

a) 0)
Puc. 1. PeHTreHOCTpYKTYpHBIit aHamM3 yacTull cruiasa: a) cruias [1JI-H4/12M; 6) crimas IDKPB 2.200.26

I[aHHI)IC 00 X XUMUYECKOM COCTaBE IMMPpUBCJICHLI B Tabm. 1.

Ta6umma 1
XUMUYECKUN COCTaB CIIJIABOB
Mapka MaccoBoe cozepikaHnne KOMIIOHEHTOB, %
CIuIaBa Mo Ni C 0] H Cu Si Mn P S
ITDKPB - - 0,09 | 0,14 - - 0,014 | 0,087 0,012 0,005
2.200.26
IJI-H412M | 0,45-0,55 | 3,545 | 0,02| 0,2 - 1,3-1,7 - — 0,02 0,02

XHUMHUYECKHUH COCTaB CILIaBOB BI)I6I/IpaJ'II/I HCXOJd U3 COCTaBa JICTUPYIOIHNX 3JIEMECHTOB U OLCHKU BJIIMAHUA DTUX
SIIEMEHTOB Ha MeXaHW4YecKue coiicTsa [11-14].

Pe3yabTaThl U MX 00Cy:KIeHMe. PacCMOTpPUM 3aBHCHUMOCTH MEXaHHYECKHMX CBOWCTB cruiaBa Mmapku [1JI-
H4JI2M oT TI0THOCTH M3TOTOBJIECHHBIX 00pa3lioB M KOJMYECTBA BBOMMMOIO B MIMXTY yriepoaa (puc. 2). Crekanue
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npoBomwin nipu temmeparype 1200° C B Teuenme 30 munyT. B mmxty goGaemsuim cootBerctBeHHO 0,5 m 0,8 %

yriepona [15-18].

ILIOTHOCTB, T/eM®
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Puc. 2. Ymnorusiemocts muxtel crutaBa [IJI-H4/[2M B 3aBHCHMOCTH OT JaBJICHUS IPECCOBAHMS M KOJIUYECTBA BBOJUMOIO yriiepoa

. 3

OO0pasus! A1 pacTsDKEHHST OBIIM BBITIOJTHEHBI ¢ PA3INYHOM IIOTHOCTHIO (OT 6,7 10 7,6 T/cM”), ¢ pasIuIHBIM
COJIep)KaHNEM YTIIEPOAa M CIEKAINCh B CPEAE AUCCOIMMPOBAHHOIO aMMHaka B TedeHne 30 MuHyT npu temmneparype T
= 1200° C. Pe3ynbTaThl IPOBEICHHBIX SKCIIEPUMEHTOB IIPEICTaBICHBI Ha pHc. 3—0.

IIpenen texyuectu Mlla
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Puc. 3. 3aBucuMocTH npezea MpOYHOCTH Ha pacTsbkeHHe (MpsMble 1) U Tpesena TeKydecTd (IpsMbIe 2) OT INIOTHOCTH 00pasioB
npu criekanuu npu T = 1200° C B Teuenue 30 munyt crasa [1JI-H4/12M
(conmeprkanmne yranepoaa B muxte 0 % C, 0,5 % C, 0,6 % C)

Htorn mpoBeneHHOr0 3KCIEpHUMEHTa: Mpenedl MpOYHOCTH umuctoro crutaBa [1JI-H4JI2M mnoxasbiBaeT mpu

wioTHocTH 7,6 r/em® 3Hauenne 750 MIla, a npu nobaBineHun yriepoaa B konudectse 0,8 % 3HaueHHe BO3pacTaeT Jo

900 MI]a.

Hamee ompemennM 3aBHCUMOCTH TBepmoctd cmuiaBa [1JI-H4JI2M ot mmotHOCTH 00pa3ioB M COIEpKaHHS

yriepoza.
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Puc. 4. 3aBucumocts TBepaoctd HRB oT rutoTHOCTH 00pa3ioB NpH ClieKaHUH
npu T = 1200° C B Teuenue 30 munyt cruiasa [TJI-H4J12M (0 % C, 0,5 % C, 0,8 % C)
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OTMETHM H3MEHEHMS OTHOCHUTEIBHOrO YAJIUHCHUA 06pa3u013 Opu paspbiBE B 3aBUCUMOCTH OT UX IIJIOTHOCTHU H
KOJIMYECTBA B IIUXTE YIjI€poaa.
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Puc. 5. 3aBUCHMOCTH OTHOCUTENBHHOTO YIUIMHEHUS TIPH PACTSHKEHUU OT IUIOTHOCTH 00pa3noB mpu crekanuu mpu T = 1200° C B
teyenue 30 munyT crutasa [1JI-H4/12M (0 % C, 0,5 % C, 0,8 % C)

I[aHHLIe, MNpCACTABJICHHBIC Ha PHC. 5, IIOKa3bIBAKOT, 4YTO ,I[aHHBIﬁ CIllIaB 06J1az[aeT JIYYIIMMHA TIJIaCTUYCCKUMU
XapaKTCPpHUCTHUKaMU IIPH PACTAKCHNUN, YEM CI1JIaBbI HIBG,E[CKOﬁ (I)I/IpMBI Xeranec.

Crenyromui mar — onpeeuM 3aBUCHUMOCTb YCAaJKH 00pas3lioB OT INIOTHOCTH W KOJHMYECTBA BBOANMOIO B
IIUXTY YIJIEpoJa.
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Puc. 6. 3aBUCHMOCTH YCaJKH OT IUTOTHOCTH 00pa3ioB mpu crekanuu mpu T = 1200° C

B teuenne 30 munyt crutasa IUI-H4/12M (0 % C, 0,5 % C, 0,8 % C)

Teneps npoaHanM3upyeM 3aBUCUMOCTh MeXaHHUYECKUX cBOicTB cmiaBa Mapku IDKPB 2.200.26 oT moTHOCTH
W3TOTOBJIICHHBIX OOpa3lOB M KOJIMYECTBa BBOJMMOIrO B LIMXTY yriepoaa (puc. 7). CrekaHue NPOBOAWIH IPH
temrepatype 1100° C B teuenne 30 munyT. B mmxTy nobasinsum coorserctenso 0,5 u 0,8 % yriepona.
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Puc. 7. Ymmotusemocts muxThl ciaBa ITDKPB 2.200.26 B 3aBUCHMOCTH OT JaBJICHUS
MIPECCOBAHMUS M KOJIMYECTBA BBOJMMOTO yIIIepoia
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OO0pasiub! AJ1st pacTsDKeHUsT ObUIM BBITIOJIHEHBI € Pa3JINYHON IUIOTHOCTHIO (0T 6,7 10 7,6 r/CM3), C Pas3InYHbIM
COJep)KaHWEM YTJIEpOJa M CIEKAlNCh B Cpelie AUCCONMUPOBAHHOTO aMMHaka B TedeHHe 30 MHHYT IpH TeMIEpaType
T=1100°C.

PesynbraThl MpOBENEHHBIX KCIIEPUMEHTOB IpeAcTaBIeHH Ha puc. 8—10.
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Puc. 8. 3aBucumocTH npesena IPOYHOCTH Ha pacTsHKEHHE OT INIOTHOCTH 00pa3uoB pu criekanuu pu T = 1100° C B TeueHne
30 munyT crutaBa IDKPB 2.200.26 (comepxanue yriepoaa B ummxte 0 % C, 0,5 % C, 0,8 % C)

[IpoyHOCTHBIE XapaKTEPUCTUKHU NAHHOTO CIUIaBa YCTymaroT mokazarensMm crutaBa [1JI-H4JI2M. Tak, npu
mwiotHocTH 7,6 r/em’ npeaen npouHocTy yuctoro cruiaBa IDKPB 2.200.26 cocrasnset Beero 200 Mia.

Jlanee paccMOTpUM 3aBHCUMOCTH TBEPJOCTH OT IUIOTHOCTH OOpa3lOB M COIEpKaHUs yriepoia sl CIUiaBa
TDKPB 2.200.26.
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Puc. 9. 3aBucumocts TBeproctn HRB oT rutotHOCTH 00pa3uoB npu criekaHuu
mpu T = 1100° C B Teuenne 30 munyt crutaBa IDKPB 2. 200.26 (0% C, 0,5 % C, 0,8 % C)

PaCCMOTpI/IM HU3MCEHCHUC OTHOCUTCJIBHOI'O YIJIIMHCHUA 06p33L[0B IIpyu pa3pbiB€ B 3aBUCUMOCTH OT HUX
IUVIOTHOCTH U KOJIMYECTBA B IIUXTE yrijiepoaa.
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Puc. 10. 3aBHCUMOCTb OTHOCHUTEIBHOT'O Y/UIMHEHUS! IPU PACTSHKEHUHU OT INIOTHOCTH 00pa3uoB npu criekanuu npu T = 1100° C B
teyenne 30 munyT crtaa [DKPB 2.200.26 (0 % C, 0,5 % C, 0,8 % C)
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PesynbraTel, npexactaBieHHsle Ha puc. 10, TOKasbIBalOT, YTO JAHHBIH CIUIaB  OOJIaJaeT JIy4dIIUMHU
IUTACTHYECKAMH  XapaKTePUCTHKAMH TIPH pacTshkeHWH, deMm ciuaB Mapku  [IUJI-H4/12M. Tlpu conmepxxanuun
yraepona 0,8 % B cruaBe ¢ MIOTHOCTRIO 7,6 r/em® moKasaTenb OTHOCHTENIBHOTO yaauHeHUs cocTtaBiseT 12 %.

OreHKa MEXaHMYECKUX CBOWCTB CIUIABOB IOCIIE CIIEKAHMS MOKAa3aia, YTO C IOBBIIIEHHEM BBOAUMOTO B IIUXTY
yTiIeposa MpOYHOCTHBIE CBOWCTBA yBenmuuBarorcss Ha 25-30 % Mo CpaBHEHHMIO C YHCTBHIMH CIUIABAaMH. YBEJINYCHHE
TUTOTHOCTH TaKKe CHIIBHO BIIMSIET HAa TIPOYHOCTHBIC U TUIACTHYECKHIE CBOWCTBA TaKMX Marepuanos [19-20].

BrbIBoAbI. DKCIIEPUMEHTAIIBHBIM ITyTEM aBTOPAMH OIIPEENIeHbl 3aBUCHMOCTH IPOYHOCTHBIX M TUIACTUYECKHX
XapaKTEepUCTUK CIIEYEHHBIX CIUIABOB OT IUIOTHOCTH O0OpasloB, a Takke OT BBOAMMOIO B IIMXTY YIJIEpoja.
YcTaHOBIIEHO, YTO clieKaHue B TedyeHne 30 MUHYT /IS YHCTHIX JKEJIE3HBIX CIUIABOB SIBJISICTCS MUHUMAJIbHBIM BPEMEHEM,
IIPU KOTOPOM MPOMCXOJUT TOMOTEHH3aIMs yriiepoja B MeTalinieckoid marpuie. Temneparypa crnekanus B 1 100° C
JUISL TAKUX MaTepHajoB SBISIETCSI aOCOJIOTHO OOOCHOBaHHOM, M TIOBBIIICHHE TEMIIEPAaTyphl HE OyJeT UMETh 3HAYCHUS
IUIsL YCKOpEHUsI Ipornecca crekaHust. [loka3aHpl TPOYHOCTHBIE CBOWCTBA PACCMOTPEHHBIX CIUIABOB B 3aBHCHMOCTH OT
MIPOIICHTHOTO COJepKaHus yriepoxa B mcxomHod mmxrte. ns cmmasa [1JI-H4JI2M ontimManbsHON TeMmepaTypoit
crnekanus sBisietcst 1 200° C, grto Ha 100° C mpeBBImAcT TeMIlEpaTypy CHEKaHWS IS JKEJC3HBIX CIDIABOB.
[NomydeHHbIe pe3yabTaThl MOKA3BIBAIOT, YTO HAWIYYIINE MPOYHOCTHBIC CBOWCTBA JOCTHTAIOTCS IIPU CIICKAaHWH CIUIaBa
I[UI-H412M+0,8 % C B Teuenne 30 munyT nipu Temmepatype 1200° C.
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