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Annomayusa. PaccMOTpEHBI BOIPOCHI OPraHM3aLMd W pea3alliid KOHTPOJIBHBIX (HaA30PHBIX)
Meponpuatuid B 2023 r. OTMeEUeHBl OCHOBAaHMS U MOPSIOK IMPOBENCHHS BHEIIAHOBBIX KOHTPOJBHBIX
(mam3opHbIX) MeponpuaTuid. [IpuBeaeH TOPSIOK MPOUICHUS B ABTOMATHYECKOM PEKUME CPOKA UCTIOTHCHHUS
npeanucanuss o0 YCTpaHEHHH BBIABJICHHBIX HApyIICHHH. YTHOMSHYTa MpoOJjeMaTHKa, 3aKII0YaroIascs
B HEOJHO3HAYHOCTH TPAKTOBKM HEKOTOPBIX IOJOXEHUW HOPMATUBHBIX IPABOBBIX akTOB Poccuiickoi
®enepanuu. [IpuBeneH psi U3MEHEHHUH, KOCHYBLIMXCSI CIIMCKAa KOHTPOJIBHBIX BOIPOCOB, OTBETHI HA KOTOPbIE
CBHUJIETEILCTBYIOT O COOJIOICHUH WIIM HECOOIIOICHIH KOHTPOJIMPYEMBIM JIMIIOM 00s13aTelIbHBIX TPeOOBaHMH
IOpU  OCYLIECTBICHUN (eaepabHOrO0 TOCYAApCTBEHHOIO Haa30pa B 0O0JAcTH TPaxJaHCKOW OOOPOHBI.
OTMeueHbl HOBBIE MOIXOABI KaK BEKTOPHI HAMpPAaBJICHHUSA MO OCYLIECTBICHHUIO KOHTPOJIBHBIX (HAA30PHBIX)
U TpOoPUIAKTHUECKIX MEpPONPHUITHH B 007acTH TPakIaHCKOW OOOpOHBI B TeKymieM ronay. OTMeYeHBI
0COOEHHOCTH MpOBeNeHHUsS MPOQUIAKTUIECKUX MEPONPHUITHH KaK OCHOBHOH (OpPMBI pabOTHl Hal30pHBIX
opraHoB. KoHcTaTupoBaHo, 4TO AESTEIBHOCTD AOJDKHOCTHBIX JIMIL HAA30PHBIX OPraHOB, OCYIIECTBIISIOLINX
(denepanbHBIi TOCYAapCTBEHHBIM HaA30p B 00JacTH TIPaXKIAHCKOH OOOpPOHBI, IEPEOPUEHTHPOBaHA
Ha OCYIIECTBIICHHE NPOPHIAKTUIECKAX MEPOTIPUATHH.

Kniouesvie cnosa: KOHTpOJNbHBIE (HAA30PHBIE) MEPONPHITUS B OOJIACTH TPaXKIAAHCKOH OOOpPOHBI,
OTMEHA KOHTPOJIBbHBIX (HAI30pHBIX) MEPOIPUATHH, TPOPUIAKTUIECKHE MEPONPUATHS, IPOBEPOUHBIN JIHCT,
MPO(QUIAKTUUSCKUN BUZUT

Jas mutupoBanms: YepnoycoB W.IO., Kysemuna T.A., Konapamun A.B. Opranuszanust 1 ocOGEHHOCTH
OCYIIIECTBJICHHUS] KOHTPOJILHOM (HAA30pHOMN) JeSITEIbHOCTH B 00JIACTH TpaXIaHCKoW 000poHsl B 2023 romy //
Hanzopnas nesrenbHOCTH U cyneOHas sxcnepTu3sa B cucreMe 6ezonacHocTu. 2023. Ne 1. C. 4-8.

BBenenune

IIpaButenscTBOo Poccuiickoii denepanuu ¢ UENb0 CHUKEHHUS ABJICHUS HA OpraHU3aluu,
OpraHbl MECTHOTO CAaMOYTIPABJICHHS U OpraHbl MCHOJHUTENbHOM BiacTu npojamwio Ha 2023 .
OrpaHUYCHUs, YCTAaHOBJIICHHBIE IIOCTaHOBJIeHHEM IIpaBurenscTtBa Poccuiickoir ®Penepanuu
ot 10 mapta 2022 1. Ne 336, 1 JOMOJHIIIO JAHHOE ITOCTAHOBIICHHE OMPEICICHHBIMU TOJOKeHHIMH [ 1-4].
OrpaHuyeHus U CHEIHAJIbHBIC YCIOBHUS, BBEJCHHBIE 3aKOHOJATENIeM, MpoJUIeHbl 10 31 nexadps
2023 r., OOHAKO HUMEIOTCS ONPEACICHHBIE HCKIIOUECHHUS. TakK, OrpaHUYEHUs HE KOCHYJIHUCH
BO3MOKHOCTH TPOBEICHHS IJIAHOBBIX M BHEIUIAHOBBIX MPOBEPOK 3a peanu3aiuei deaepaibHbIMU
OpraHaM¥ UCIIOJIHUTEIbHOM BIACTH MOJHOMOYHIT B 00s1acTh TpaxaaHckoit odopons (I'O).

Peanusanus 3agaun, BosnoxkeHHoH IIpaBurensctBoM Poccuiickonn denepanuu Ha OpraHsl,
OCyllIeCTBISIONIME Hag3op B obmactu [0, Oymer pocturarbecsi 3a CYET IPOBEIACHHS
NpOopUIAKTUIECKUX MEPONIPUATHI B OTHOILIEHUH KOHTPOJIUPYEMBIX JIUIL.
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HamzopHast nesTebHOCTE M CyIcOHas 9KcrepTu3a B cucreme Oe3omacaoctr. Ne 1-2023

OcHoBaHHS ¥ NOPSIAOK NPOBEACHUS BHEIJIAHOBBIX KOHTPOJILHBIX (HAA30PHBIX) MEPONPUSITHI

IIpaBurenscTBOoM Poccuiickoit @enepanuu onpeneacHbl OCHOBAHMS U MOPSAAOK NPOBEACHUS
BHETIAHOBBIX KOHTPOJIBHBIX (Haa30pHBIX) MeponpusaTiii B 2023 1. OCHOBaHMS MOPa3ICISIOTCS
Ha J[Ba THIIA, IEPBBI U3 KOTOPBIX TPEOyeT cOrjacoBaHMs C OpraHaMH IPOKYpaTyphl, a BTOpOi 0e3
TaKOBOTO COOTBETCTBEHHO. K mpumepy, A NpOBENECHHsS BHEIUIAHOBOW BBIC3JHOW IIPOBEPKU
B OTHOUIEHMM OpraHU3allM{, OCHOBAaHHEM JUIsl KOTOPOH SIBJISIETCS MUCTEUEHHE CPOKA HCIIOJIHEHUS
npeanucadus o0 yCTpaHEHHH BBIBICHHBIX HapylIeHUH 00s3aTenbHbIX TpeboBanuil B obnactu 'O,
TpeOyeTcsl COrIacoBaHKEe C OpraHaMH MpoKypaTypsl. [Ipu 3ToM HapylieHus, ycTpaHeHHEe KOTOPbIX
IIOJIBEPraeTcsl MPOBEPKE, AOJDKHBI MPEICTABIATE HENOCPEACTBEHHYIO YIrpo3y INPHYMHEHHUS Bpela
KHU3HH U TSHKKOTO Bpela 3JI0pOBBIO I'paxJaH, 00OpOHE CTpaHbl W 0€30IMacHOCTH TOCYIapCTBa,
BO3HMKHOBEHHS  YPE3BBIYAWHBIX  CUTyallud IPUPOJHOIO M  TEXHOIEHHOIO  XapakTepa,
U UX (HapylleHuil), €clii OLEHKAa TAaKOBbIX HEBO3MOXKHA HA OCHOBAaHUU JOKYMEHTOB U HHOMN
nHopmanuu, umeromeilics B ['maBHom ympasneann MUC Poccun mo cybwekty Poccuiickoit
®enepauun. Ha nene, kputepuu, NpeacTaBiIsIFOIINE HETOCPEACTBEHHYIO YIpo3y, OyeT onpeaesiTh
OpraH HpOKypaTypbl COOTBETCTBYIollero cyoOwnekta Poccuiickoii @enepauuu, Tak Kak
3aKOHOJATEIbHO TaKUE MOHSTUS HE 3aKPEIUIEHbI, U JOCTOBEPHOCTh MH(pOpMaIUU (JOKYMEHTAIUH),
uMerolIeiics B KOHTPOJIbHOM (HaJ30pHOM) OpraHe, MOXKeT ObITh UCKa)KeHa U JlaJieKa OT PealbHOCTH.

[Tpy mOArOTOBKE K IPOLIECCY COIIACOBAHUS BHEIJIAHOBOTO KOHTPOJIBHOTO (HAJA30pHOIO)
MEpPONPUATHS HEOOXOAUMO 3alpOCUTh Y KOHTPOJIMPYEMOro JiMla MH(OpMAIU0 00 HCHOIHEHUU
paHee BBIAHHOTO TMPENNUCaHUs 00 YCTPAaHCHHWU BBIBICHHBIX HApYyIICHUH 00s3aTelbHbBIX
TpeboBanuii B obsactu 1'O. Ilocne momydeHus: ucTpeOOBAHHBIX CBEIEHHM JOJKHOCTHOE JIMLO,
OTBETCTBEHHOE 3a JJAaHHOE HAIpaBJICHHE, OLEHUBAET UX HCIOJIHEHHE U B Cilydae MOATBEPKICHUS
HEUCIIOJHEHUS NIPEIIIMCcCaHus TOTOBUT MOTUBUPOBAHHOE IIPEJICTaBIeHHE. B TakoM citydae Ha Ju1o,
[IO/IrOTABJIMBAIOIEE MOTHMBHUPOBAHHOE IIPEICTABICHUE BBIIIECTOSIIIEMY HAaYaJbHUKY, JIOKUTCS
OpemMsi OTBETCTBEHHOCTH 3a PACKpBITHE XapaKTEPUCTUK TEX HapyLICHUH, KOTOpblE MOIYT
MPEJCTABIATh HETOCPEACTBEHHYIO YIpO3y >KH3HH, 3JI0pPOBBIO, 00OpPOHE CTpaHbl, 0€30mMacHOCTH
rocynapctBa. Ilpu packpbITMM TakMX XapaKTEPUCTHK CIEIyeT YAEIUTb 0co0oe BHUMaHHE
OCHOBHBIM I10JIO’KEHUSIM HOPMATUBHBIX NIPaBOBBIX akTOB Poccuiickont denepannu, 3aKperusiroImx
OCHOBBI 0€30MaCHOCTH, a TaKXe JEHCTBHIO JHOO0 Oe31eHCTBHI0 KOHTPONMPYEMBIX JIHI[ TPH
HecoOmoaeHun TpeboBaHuii B obnmactu ['O, KOTOphle MOTYT NPUBECTH K HENOCPEICTBEHHOU
yrpose. B ciayuae cornacusi HayaapHUKa HaJ30pHOTO OpraHa ¢ MOTUBUPOBAaHHBIM IIPEICTaBICHUEM
HamnpaBJIeTCsl 3asBJICHHE B OpraH MNPOKypaTypbl O COIJIACOBAaHUHU IMPOBEACHUS BHEIJIAHOBOIO
KOHTPOJILHOTO (HA/{30pHOT0) MEPONPUATHSL, IPU 3TOM K 3asIBICHHUIO MTPUIIAraloTCsl BCE JOKYMEHTHI,
coOpaHHbIE B X0/1€ MOJATOTOBKU K JAaHHOMY MEPOIPUSTHIO.

AHaJIOrMYHBIN TOPSAAOK IO MOATOTOBKE M COIMNIACOBAHUIO NPEyCMATPUBAETCS 110 BHEILUIAHOBBIM
BBIC3JJHBIM IPOBEPKaM B OTHOLIEHUH MCIOJIHUTEIbHBIX OpraHoB CcyOBeKkToB Poccuiickoii
deneparyy 1 OpraHOB MECTHOTO CaMOYIPaBJIeHUs 3a peanu3anueit noirnomounii B oomactu I'O.

IIpoaJienne B aBTOMAaTH4YE€CKOM pe:KMMe CPOKA MCIIOJTHEHUs NMPeaNucaHus
00 ycTpaHeHHM BbISIBJEHHBIX HAPYIIEHHI

B03MOXHOCTh aBTOMATHUYECKOTO IPOJUICHHUS CPOKa YCTPAHEHHUS HAPYIICHHS, YKa3aHHOTO
B Mpeanucanuu, kak u B 2022 r., ocTaercsa U MPUMEHsIETCS K TeM HapyIICHHsIM, KOTOpHIE eIle
HE YCTpaHEHBL. ABTOMAaTHYECKOE TPOJUICHHE CPOKA YCTPAHEHHUsS 3aKIIOYaeTCs B MPOUICHHH CPOKa
ycTpaHeHus: HapymieHuidl Ha 90 KaleHJapHbIX JHEH 0e3 xojaTaiicTB MO0 3asBICHHUN OOBEKTa
HaJ30pa C J1aThl CPOKA YCTPAaHEHMsI BBIABICHHOIO HApYIIECHUs. PEKOMEHAYEeTCs Mpy HACTYIUICHUH
CpOKa YCTpaHEHHUsl HapyIICHHs AeNaTh 3alpoc KOHTPOIMPYEMOMY JIMILY O BBHITIOJHEHUH HAPYIICHUN
C pPasbiACHCHHUEM IIpaBa O HaIIPAaBJICHUN XOHaTaﬁCTBa 00 OKOHYAHHU WCIIOJHEHUS npeaArnrcanus,
OTCPOYKH HCIIOIHEHHSI THOO pa3pelIeHud BOPOCOB, CBSI3aHHBIX C UCMIOJHEHHEM IpeAnucanus. Tak,
B CJIy4ae MpeIO0CTaBICHMS] XO1aTalCTBa U IOKYMEHTOB, IIOATBEPKIAIOIINX BBITIOJHEHUE HAPYILIEHUH,
JIOJDKHOCTHOE JIMIIO, BBIHECIIEE IMpelanucanue, o0s3aHo B mopsjake cr. 94 denepanbHOro 3akoHa
Poccuiickoit ®eneparm ot 31 wmroms 2020 1. Ne 248-®3 [1] paccMoTpeTh €ro M BBIHECTH
COOTBETCTBYIOIIEE PEIICHHE.
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Bompoc o TOM, MOXET M TMpPOJJIEBAThCS B ABTOMATUYECKOM pEXHUME IPEANUCcCaHne
00 yCTpaHEHWH BBISBIICHHBIX HApYIICHUH MO peanu3anuy NoiaHoMmounii B obmactu 'O, BBIIaHHBIX
UCTIOHUTEbHBIM Opranam cyobekToB Poccuiickoit @enepauy 1 opranaM MECTHOTO CaMOYTIPaBIICHHS,
3aKOHOJIATeNIeM HE PacKpbIT U TpeOyeT COOTBETCTBYIOIIETO Pa3bsCHEHHS, TaK KaK JaHHbIC PEATMCAHUS
OBUTH BBIIaHBI B COOTBETCTBHU ¢ DenepanbHbIM 3ak0HOM OT 6 okTs10pst 2003 1. Ne 131-D3 [5]. BmecTte
¢ teM ['maBHoe ynpasnenrne MUC Poccun no cyonekTy Poccuiickoit @enepammu BripaBe 0OpaTuThCS
B COOTBETCTBYIOLMI OpraH NpOKypaTypbl 3a Pa3bsCHEHUSAMH 110 JaHHOMY BOIIPOCY.

B cityuae HEBBINOIHEHUS MPEANHUCAHNS TI0 YCTPAHEHUIO HAPYILIEHUH I10C/IE aBTOMAaTHYECKOTIO
IIPOJUIEHUS] KOHTPOJIMPYEMOE JIULO BIIPABE HAIPABUTh XOJATANUCTBO (3asBJICHUE) O JIOMOJHUTEIBHOM
MIPOJUIEHUH CPOKA UCTIONHEHHS NpeAnucanus B cooTBercrBytoiee ['naBHoe ynpasienne MUC Poccun,
HO HE IMO3[Hee IMpPErOCIeAHer0 AHSA CpOKa, MPOIJCHHOTO B aBTOMAaTHYeCKOM pexume. Cpok
paccMOTpeHMsI XoJaTaiicTBa WM 3asBICHHUS COCTaBIseT MATh pabouux mHed. Bmecre ¢ Tem
MaKCHMaJIbHBI CPOK OTCPOYKM WCHOJHEHHs NpeanucaHus 3akperieH m. 1 cr. 93 Ne 248-03 [1]
Y COCTaBJISIET OJIUH TOJI.

Taxkum o6pa3om, B 2023 1. BO3HHKAET HEONMPEIEICHHOCTh C MCIIOJIHCHHEM IPEIITUCaHUN,
npo/uieHHbIX B 2022 1., cocrosiias B OTCYTCTBHM 3aKOHOJATENbHO 3aKPEIUICHHON HOPMBI
[0 TIOBTOPHOMY MPOJJICHUIO CPOKa HCIIOJIHEHUS HEUCIONHEHHBIX HapymeHuidt B obmactu ['O.
C opHOH CTOPOHBI, AOKHOCTHOE JMIO JOJDKHO MPOJUIMTh CPOK HCHOJHEHUS IpeANucaHus
yCTpaHEHUs HAPYIICHUH, a ¢ APYTOH, Takast 00s13aHHOCTh YK€ ucroiaHeHa B 2022 r.

['opa3no MeHble BONPOCOB BO3HUKAET IpU pabOTe, HANpPaBJIEHHOM Ha COTJIacOBAaHUE
C opraHamMy MpOKYypaTypbl COOTBETCTBYIOLIETO cyObekra Poccuiickoit @Dexnepanuu «mipu
BBISIBJICHMM WHAMKATOPOB pHCKAa HapylieHUs o00s3aTeNbHbIX TpeboBanuit» [6]. OTcyTcTBHE
nH(pOpMaLUK Y HAJA30PHOTO OpPraHa O 3alIUTHBIX coOpyXeHusXx ['O y KOHTpoIHpyeMoro JHIia,
CHSIBILETO MMEIOLIEECs Yy HEro ¢ yuéra 3amuTHoe coopykeHue I'O, y)xe ToBOpUT O MpeanoiaaraeMoM
HapylLIeHUH, HO MpPsIMO Ha 3TO HEe yKas3biBaeT. CBeleHus MO JaHHBIM IapamMeTpaM HHIUKaTopa
HeoOxonuMo ucTtpeboBaTh B noapasaenenuu [nmaBuoro ympasinenus MUYC Poccun mo cyObekTy
Poccuiickoit ®enepanuu, B 4YbM IMOJTHOMOYHMS BXOJUT 3a/aya IO MOATOTOBKE JIOKYMEHTallUU
Ha CHATHE C yueTa (M3MEHEeHHe Tura) 3amuTHbIX coopyxkenuil ['O. [Ipu moarotoBke u HampaBieHUH
3asBJICHUS Ha COIJIJACOBAHME BHEIJIAHOBOI'O KOHTPOJBHOIO  (HAA30pPHOI0) MEpPONpPUATHS
HE0OXOJIMMO y4YeCTh OCHOBAHHUS JJIsl OTKa3a B COIVIACOBAaHMH, TOCKOJIBKY TOJIBKO TaKUE OCHOBAHUS
MOTYT MPENSATCTBOBATH MMPOBEIECHUIO BHEIJIAHOBOTO MeponpusaTus. Bmecre ¢ TeM Juisl ycnemHoro
COTJIACOBaHUSI HYXKHO COOIIOCTH TOPSAIOK, 3aKperieHHbIH mpuka3zoMm ['eHmpokypatypsl Poccum
ot 2 utonst 2021 r. Ne 294 [7].

IIpodpunaxkTuyeckne MepoONpUsTHS KAK OCHOBHas1 opma padoThI
Ha/J30PHbIX OPIraHOB

3akoHOJaTeNb, BHOCS MOpATOpPUH Ha OCYIIECTBIEHHE KOHTPOJIBHBIX (HAJ30PHBIX)
MEPOINPHUATHI U MTPOBEPOK, MAPAJUIEIBHO JAET MOHATHh BCEM YYAaCTHHKAaM B3aMMOOTHOILIEHUM, YTO
TENepb OCHOBHOM BEKTOp paOOThl HAA30pPHBIX OPraHoB HampaBi€H Ha IPOBEJCHHE
npodunaktuyeckux Meporpusatuil [4]. Bmecre ¢ tem IlpaBunamu [3] BooOIie He mpeaycMOTpeHa
Kakag-mubo mnpodunakTuyeckas paboTa, W Kak oOHa OyJgeT OCYHIeCTBIATbCS B JIaHHOM
rOCyJJapCTBEHHOM HaJ30pe — TOK€ HE YyCTaHOBJEHO. Bompoc mpoBeneHus npoduiakTHuecKon
paboThl HEOOXOIMMO periaTh Ha ypoBHE cyObekTa Poccuiickoit denepanun myTeM HaIpaBiIeHUS
COOTBETCTBYIOILIETO 3alpoca B OpraH Mpokyparypbl cyObekta Poccuiickoit ®enepanuun. Ilpn
pELIeHUH JaHHOTO BOIPOCA TaK K€, KaK W MPU PEIICHHH BOIPOCA COIIACOBAHHSI BHEIUIAHOBOTO
KOHTPOJIBHOTO (HaJ30pHOT0) MEPOIPUSTHS, BCE 3aBUCUT OT JOBEIEHUS 10 OpraHa MpOKypaTypbl
NPaBUIBHON 1 000CHOBaHHOM MO3UIMK cOoOoTBeTCTBYIoMIero [ maBHoro ynpasnenuss MUC Poccun.

Yro xkacaercss (enepalbHOrO TOCYJapCTBEHHOro Haazopa B obmactu 'O, TO TyT
C MNpOQHUIAKTUYECKUMHU MEPONPUATUAMHU Jieda OOCTOST Tropa3fo Jydlle. 371ech ONpeesieH
MCYEpNBIBAIOIINNA TEepedYeHb MNPOPMIAKTUYECKUX Meponpustuil. be3ycioBHO, H3 JaHHBIX
MEpPOIPUATHI OCHOBHBIMH U Hambosee AeicTByromumu B 2023 r. cTaHOBATCS NpodUIaKTHUECKHE
BU3UTHI, KOHCYJIBTAIIMM U O0BSIBIEHUE MpelocTepeeHn . Pe3ynbTaTsl M CBeJIeHHUs O MPOBEICHHBIX
BU3UTaX U OOBSABJICHHBIX IPEIOCTEPEKEHUAX, HECOMHEHHO, JIOJDKHBI HAHTH CBOE OTpa)keHHe
B EaniHoM peectpe KOHTpOIbHBIX (Haa30pHbIX) Meponpusatuii (EPKHM).
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OcymiecTBiIeHne TUCTAHIIMOHHOTO CIOco0a TMpOBeNeHHUs] NPOPMIAKTUYECKUX BHU3UTOB
OTKpBIBACT INEpPE]] YINOJIHOMOYEHHBIMHM JOJDKHOCTHBIMU JHIAaMH [naBHoro ympasieHus MUC
Poccun BO3MOXHOCTB CIpyNIUpPOBaTh OJHOTHITHBIE OOBEKTHI HA/30pa U MPOBECTH PACHIMPEHHYIO
OHJIAMH KOH(EPEHLIHIO.

B yBenomieHnr KOHTPOJIMPYEMOro JMLA O NPOBEAECHUU 00s3aTeIbHOIO MPO(UIaKTUIECKOTO
BHU3UTA JOJDKHBI COAEPIKATHCS CIEAYIOINE CBEACHMUS:

—ccouikn Ha monokeHuss D3 [1] u Ilomoxkenust [2], B COOTBETCTBHUM C YEM JIHIIO
YBEAOMIISIETCS,

— pa3bsICHEHUE CIIOCO0O0B MPOBEIEHHS BU3UTA (II0 MECTY OCYIIECTBJICHHUS JIE€ATEIbHOCTH WIN
JMCTAHITMOHHO);

— IIPUMEPHOE COAECPKAHUE BU3NTA;

— pa3bsACHEHUE MPaB KOHTPOJIMPYEMOTO JINLIA HA OTKA3 OT BU3HTA;

— JlaTa U BpeMs IIPOBEAEHUS BU3UTA, a TaKXKe Jara, 10 KOTOPOH HEoOXOAMMO YBEIOMHTH
KOHTPOJIbHBIN OpraH 00 oTKa3e J100 0 COrJIacuu ¢ BUSUTOM,;

— oTMeTKa o pa3meniennu ceenenuii B EPKHM c ykazanmem yuetHoro Homepa u QR-kxona,
00€eCTIeYNBAIOIIETO MEPEX0/T Ha CTPaHUILy B ceTH «HTepHeT».

B pamkax ocymecTtBieHuss NpOoQUIAKTUYECKMX BU3UTOB MOXKET OBITh OKa3aHa
KOHCYJIbTAISI ¥ OOBSIBIICHO IPEIOCTEPEIKEHHE.

Copneprxanue npo(UIaKTUYECKOr0 BU3UTA 3aHOCUTCS B YUETHYIO KapTOUKYy, THIIOBas popma
KoTopoii yrBepxaeHa npukazom MUC Poccun ot 25 oktsaopst 2021 r. Ne 726 [8], a yuer kapTouek
OTpaXkaeTcs B JKypHajie NPO(UIAKTUYECKMX BH3UTOB. B KapTOuKy MOMHUMO YTBEpPXKIEHHBIX
CBEJICHUM BHOCATCS U JIONOJHUTENIbHBIE CBEIEHUS O pa3MEUIEHUH NPOPUIAKTHUECKOTO
mepornpusatus B EPKHM c cootBercTByromum QR-komom.

KoHcynbTupoBaH#ue OCYIIECTBISIET JOKHOCTHOE JIMIIO B XOJ€ MPOQPHIAKTHYIECKOTO HITH
KOHTPOJILHOT'O (HaJ30PHOI0) MEPOIPUATHSL.

Bornpockl KOHCYIBTUPOBaHUS, 110 KOTOPHIM JOJKHOCTHOE JIMLIO HaJ30PHOTO OpraHa MOXKET
IIPEIOCTABUTH OTBETHI, OTPAHUYEHBI ONPEIECICHHON TEMaTUKOM.

[Ipodpmiaktnyeckoe  MEpONpUATHE, TaKoe KaKk  OOBABICHHE  MPEIOCTEPEKECHUS
KOHTPOJIMPYEMOMY JIMLY HaJA30pHBIM OPraHOM, Ha CETOAHSIIHUN JIEHb YK€ UMEET MPaKTUYECKOe
IIPUMEHEHNUE U OIpeeNeHHbIH pe3ynpTaT. ONHAaKO ¢ NPUMEHEHHWEM €ro Ha MPaKTUKE 3a4acTyro
y JOJDKHOCTHBIX JIMII HAJ30pPHBIX OpPraHOB BO3HMKAKOT BONPOCHL. I[loj0KeHHs HOpPMAaTHMBHBIX
npaBoBeIX akToB Poccuiickoit @Penepauuu AalOT HAA30PHBIM ~ OpraHaM  ONPEACIICHHYIO
BO3MOYKHOCTh OOBSIBIICHHS TNPEIOCTEPEKEHHUS] KOHTPOJIMPYEMOMY JIHMIy Kak IpH INPOBEJCHUU
NpoUIAKTUYECKUX MEPONpUATUN (MPOPUIAKTUYECKUE BHU3UTHl M KOHCYJbTAllMH), TaK WU TMpU
pabotre ¢ xamobamu u oOpameHusivu [8-9]. CBenmeHust o Bblgaye KOHTPOIHPYEMOMY JIHILY
npenocrepesxenus: BHocsaTest B EPKHM ¢ mpucBoernem QR-kxona.

C 1 mapra 2022 r. BCTynui B IeHCTBUE HOBBIN NPOBEPOUHbIH JucT [10].

OCHOBHBIMU U3MEHEHUSIMU B HOBOU (hOpMe B CPABHEHMH C IIPEIKHEN SBISETCA:

— o0s13arenpHOe HalM4uKMe oTMeTKU o pasMerieHnu B EPKHM c cootserctByromum QR-komom;

— yBenuueHue odbeMa HMH(OpMalHM, KOTOPYID HEOOXOAMMO 3alOojIHUTh O KOHTPOJIBHOM
(HaI30pHOM) MEPONPHUATUHU U O IPOBEPSIEMOM JIMIIE;

— M3MEHEHHE BapHaHTOB OTBETOB Ha BOIPOCHI — BMECTO OJJHOTO CTOJIOLA C MpeAnoiaraeMbIMu
OTBETaMH «1a, HET MO0 He MPUMEHSIETCS» MOSBUIIOCH YEThIPE OTAEIBHBIX CTONOA ¢ (OPMYIUPOBKON
«J1a, HET, He IPUMEHSETCS, IPUMEYaHuE»;

— HaJW4Me B KOHLE IMPOBEPOYHOIO JINCTA YyKa3aHUs AOJDKHOCTEHW JIMI, IPOBOAMBIIHX
KOHTPOJIbHOE (Ha{30pHOE) MEPOIIPUSATHE U 3aOTHUBIINX MPOBEPOYHBIH JIUCT;

— YBEJIMYEHHE KOJIMUYECTBA KOHTPOJIBHBIX Bompocos co 111 no 119;

— yKa3aHHUE aKTyaJlbHBIX PEKBU3UTOB HOPMATHUBHBIX ITPABOBBIX AKTOB.

3akiaouyeHue

Ha ocHOBaHMM BBIIEN3I0)KEHHOTO OIPEENISAIOTCS HOBBIE NTOAXO0/bl U BEKTOPBI HAITPABIECHUS
[0 OCYUIECTBICHHUIO KOHTPOJIbHBIX (HAA30pHBIX) W MNpOPMIAKTHYECKUX Meporpustuil. Crout
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OTMETHTb, YTO 3aNpEThl U OrpaHUUYCHHUS HE KOCHYJIUCHh HaA30pa 3a peaiu3anuei eaepaabHbIMU
opraHaMH UCTIOJTHUTEIHHOU BIACTH NoJiHOMOYH B obsactu ['O. JlesTenbHOCTh JOKHOCTHBIX JIHIT
HAJ30pHBIX OPTraHOB, OCYIIECTBISIONMX (eAepalbHBIN TOCyIapCTBEeHHBIA Haa30p B obmactu 'O,
MIePEOPUECHTUPOBAHA U HAIIPABJICHA HA OCYIIECTBICHUE MPO(UIAKTHUCCKIUX MEPOTIPUSITHIA.

Cnmcok HCTOYHHKOB

1. O rocynapcTBeHHOM KOHTpoJie (HaA30pe) MU MYHHIIMIAILHOM KOHTpolsie B Poccuiickoii
Oenepanun: Denep. 3akon Poc. Denepamuu ot 31 utonsa 2020 1. Ne 248-D3. Jloctyn u3 uHpopm.-
npaBoBoro noprana «KoncynsrantlLirocy.

2.0 (enepanbHOM TOCYIAapCTBEHHOM Haa30pe B 0OJACTH Tpa)JAaHCKOW OOOpOHBI:
nocraHoBieHue IlpaButenbctBa Poc. ®enepaumm or 25 wurons 2021 r. Ne 1007. Hoctyn
u3 undopm.-ipaBoBoro noptana «Kouncynprantlnrocy.

3. O rocynapCcTBEHHOM HAJ30pe 3a pealHu3aluell OpraHaMu TOCYIapCTBEHHOH BIAaCTH
U OpraHaMd MECTHOTO CaMOYIpaBJCHHs IOJHOMOYUN B 0OJACTH TpaKIAaHCKOW O0OOpPOHBI:
nocranosienue [IpaBurtensctBa Poc. denepanmu ot 9 uronst 2022 r. Ne 1052. octyn u3 unpopm.-
npaBoBoro noprana «Koncynbrantllmocy.

4. O6 0COOECHHOCTSIX OpPraHW3alWU U OCYIICCTBICHHS TOCYJapCTBEHHOTO KOHTPOJIS (HAI30pa),
MYHULHUIIAJIBHOTO KOHTPOJIsA: noctaHoBieHue [IpaBurensctBa Poc. @eaepaunu ot 10 mapra 2020 r.
Ne 336. Toctym u3 nadopm.-ipaBoBoro nopraia «Koncymbrantllmocy.

5.006 oOmmx mnpuHIUIAX OpraHu3allid MECTHOTO camoymnpaBiieHuss B Poccuiickoit
Oenepamun: denep. 3akoH Poc. enepammu ot 6 okt. 2003 1. No 131-®3. loctynm u3 uHOOPM.-
npaBoBoro noprana «Koncymnbrantllmocy.

6. O0 yTBep)KACHWM HHIUKATOpPa pPHCKA HapYyIICHHs O00sA3aTeNbHBIX TpPeOOBaHWA MpU
OCYILECTBICHUH (heepaTbHOr0 TOCyIapCTBEHHOTO Haa30pa B 00JacTH TPakIaHCKON OOOPOHBI:
npuka3 MUC Poccuu ot 26 okrt. 2021 1. Ne 730. JJoctyn u3 WHGOPM.-TIPAaBOBOTO MOpTaIa
«Koncynprantlnrocy.

7. O peanuzauuu PenepanbHoro 3akoHa oT 31 urons 2020 r. Ne 248 «O rocynapcTBEHHOM
KOHTpoJie (HaA30ope) M MYHHIMIAILHOM KOHTpoje B Poccuiickoit ®enepauun»: mpukas
I'enepanbHoit npokypatypsl Poc. @enepanuu ot 2 uroHs 2021 r. Ne 294. Jloctyn u3 uHpoOpM.-
npaBoBoro noprana «Koncynsrantllmocy.

8.00 yrBepxkaeHun GOpM  JOKYMEHTOB, WCIOIB3YEMBIX TPH  OCYIICCTBICHUU
(benepaabHOrO TOCYAApCTBEHHOIO HaA30pa B OONACTH TIpaxJaHCKoW oOopoHbl: mpukaz MUC
Poccuu ot 25 okt. 2021 1. Ne 726. Jloctyn u3 undopm.-npaBosoro nopraia «Koncymaprantllitocy.

9. O TunoBbIX (hopMax AOKYMEHTOB, UCHOJIb3YEMBIX KOHTPOJIBHBIX (HAA30PHBIX) OPTaHOM:
npuka3z Munskonompaszsutus ot 31 mapta 2021 1. Ne 151. Jloctyn u3 undopm.-ipaBoBOro mopraia
«Koncynprantllimrocy.

10. O6 yrBepkaeHUH (GOPMBI TPOBEPOYHOTO JIMCTA (CIHCKA KOHTPOJIBHBIX BOIPOCOB,
OTBEThl Ha KOTOPbHIE CBHJIETEILCTBYIOT O COOJIOACHUU WM HECOOJIOJEHUH KOHTPOJIUPYEMBIM
JUIOM  00s3aTeNbHBIX TpeOOBaHUM), MPUMEHSEMOI0o TMPU OCYIIECTBICHUH (elepasbHOTO
roCyJapCTBEHHOTO HaJ30pa B 00jacTu rpaxkaaHckoit oboponsl: npukaz3 MUC Poccun ot 4 desp.
2022 r. Ne 61. loctyn u3 uadopm.-npaBosoro nopraia «Koncynasrantllmocy.

HNudopmanus o craTbe: cTaThs noctynwia B pegakuuio: 17.02.2023; npunsra k nmyonukanuu: 21.02.2023
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TEOPUS U IPAKTUKA CYJIEBHOHN SKCIEPTU3bI

Hayunas craTes
YK 614.841.249

BO3MOKHOCTHU U TEHAEHIINU PA3BUTHUA BCEPOCCHUHCKOM
CHHEKTPAJIBHOMU BA3bI JAHHBIX 1O CPEACTBAM ITO/KOTI'A

“Boponnosa AHHAa AHATOJIbEBHA;

IIpunueBa Mapus IOpbeBHa;

JloooBa Codnbs PenopoBHa.

Cankr-IlerepOyprekmii yausepceurer I'TIC MYUC Pocceun, Cankr-IlerepOypr, Poccnst
@annavorontsova@msn.com

Annomayus. ONHCaHBI 3Tambl pabOTHl C CO3MaHHOH B lccliemoBaTeNbCKOM IEHTPE SKCIEPTH3BI
MOYKapoOB BCEPOCCHIMCKON 0a30i JaHHBIX MO CHEKTpaM (IIyOpecUCHIUH, TO0Ka3aHbl BO3MOXKHOCTH
ee ycoBeplIeHCTBOBaHMA. Pa3paborana ymydmieHHas JIOTHUYECKas CTPYKTypa 0asbl NAaHHBIX U XpPaHEHHS
00X 00BbEMOB MH(POPMAIMH WU JUIS OCYIIECTBIEHUS OBICTPOTO TMOWCKA W UACHTU(UKAUK CHEKTPOB
(hiIyopecleHIIMH, TTOJYYCHHBIX OT TOPIOYMX JKUAKOCTEH, MPOU3BEICHHBIX B Pa3HBIX peruoHax Poccuiickoit
®enepanuu. [loBblIeHa TOYHOCTH ONPEICICHUS] MAKCUMAITBHBIX 3HAUCHUH MHTEHCUBHOCTH ()TyOpECLCHIINH
C BO3MOXHOCTBIO BapbHpOBaTh €€ B JOMYCTUMBIX Ipenenax. OmucaHbl dTambl BHEAPEHUS 0a3bl JaHHBIX
B pabOTy CyAeOHO-IKCIIEPTHRIX yUpekIeHHH QenepanbHol mpoTuBomokapHoi ciyx0et MUC Poccun.

Knioueswvie crnosa: cpencrsa nomxora, 6asa JaHHBIX, TOPIOYUE KUAKOCTH, CIIEKTPHI (IIyOpECCHITUH,
MOKapHO-TEXHUYECKasl HKCIIEPTU3a

s nuruposanus: Boponnosa A.A., [Ipuniiera M.IO., Jlo6osa C.®. Bo3MOKHOCTH U TSHJICHIIUN Pa3BUTHUS
BCEPOCCUICKON CIIEKTPAIbHOM 0a3bl JaHHBIX O CpeAcTBaM mokora // HamzopHas nesTensHOCTh U cyieOHas
sKcriepTH3a B cucteme 6ezomacaoctr. 2023. Ne 1. C. 9-13.

KonuuecTBo mokapoB, MPUYUHON KOTOPBIX SBISETCS MOKOI, Ha CETrOAHSIIHUN JEHb
ocrtaetcs ctabmibHO BhicOKUM. [1o cratuctuke B Poccun 3a 2020 r. 1o 3T0i MpUYKHE MPOU30ILIO0
8 758 moxapos [1]. BombIioe pazHooOpasue u MUPOKOE PACIPOCTPAHCHHE B TTIOBCETHEBHOM YKH3HU
pPa3IMYHBIX JIETKOBOCIIJIAMEHSIOIMXCS U roprounx kuakocredt (JIBX, I7K), mpumensembix
MOJIKUTATESIMU I COBEPILEHUS MPECTYIUIEHUH, 00yCcIaBiInBaeT HEOOXOAUMOCTh CO3AAaHUS MPU
OOHApyK€HMM U HCCIEJOBAHUU CPEACTB TIOKOTa BCEPOCCUICKOW 0a3bl MO  CHEKTpam
(bayopecieHIun.

Bcepoccuiickas 6a3a criekTpoB (hIyopecleHIIUU ToprounX >KUAKOcTe [2-3] co3maHa s
XpaHEHUsI U CUCTEMAaTH3allud JaHHBIX, NMPEAOCTABICHHBIX W3 Pa3IMYHbIX PEernoHoB Poccuiickoi
@®enepaunn. Mcnonp30BaHME TAaKWX AAHHBIX CYIIECTBEHHO YCKOPSIET M YIPOIIAET MPOBEJICHUE
M0’KapHO-TEXHUYECKUX JKCIEPTU3 IO JejlaM O MOJPKOrax C MPUMEHEHHEM TOpPIOYMX >KUIKOCTEH
u ux cMeceil. Beepoccuiickas 6a3a crieKTpaibHBIX JaHHBIX CPEJCTB MOJPKOTa B HACTOSIEE BpeMs
UCHoNIb3yeTcsl B paboTe J3KchepTraMu  CyAeOHO-DKCHEPTHBIX  YUpEeXKICHHH  (enepanbHOM
npotuBonoxapHoit ciayx0b61 MUC Poccun (COY ®IIC MUYC Poccun). B xone co3manus 6a3bi
CHEKTPAJbHBIX JAaHHBIX pa3paboTaHa JIOTMYecKas CTPYKTypa Al XpaHEHUs OoybIIuX 00BEMOB
uHdpopMalud ® JUIS  OCYIIECTBICHHS OBICTPOTO TIOMCKAa W HJISHTU(UKALUU CIIEKTPOB
(bayopecueHIH, TOJyYEeHHBIX OT HEM3BECTHBIX CPEJCTB Mmojakora. basa conepxut onuppoBaHHbIE
CHEKTpPHI (DIYOPECHEHIIMN TOPIOYUX JKUIKOCTEH KaK HMCXOJHBIX, TaK U BBITOPEBIIUX, B 00beMeE,
JOCTaTOYHOM JUIsl MIEHTU(UKALIMKA 00pa31i0B HEM3BECTHBIX TOPIOYMX KHUJIKOCTEH, U3BATHIX C MECTa
nomkora. CrekTpel QuyopecieHnMM B 0a3e JaHHBIX MPEJICTaBICHBI B BHIE MH(PPOBBIX
WHBApUAHTOB, YTO 00ECMEYMBAET MOUCK, 00PAOOTKY M MACHTH(PHUKAIMIO MAaTEPHATIOB C TTIOMOIIBIO
IporpaMMHBIX cpeacTB. OumdpoBka CHEKTpOB (IIOOPECHEHIMA MPOU3BOIUTCS IMpPH MOMOIIU
MPOrpaMMbl CHEKTPOMETpa M JIONOJHUTENbHO oOpalaThIBaeTCs CHUCTEMON yrpaBieHus 0a3oif

© Cankr-TletepOyprekuii yausepcuret I'TIC MUC Poccun, 2023
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JaHHBIX C IIENIbI0 YMEHBIICHHUS IU(PPOBOrO WHBAPHAHTA B CIWHUIAX XPAaHCHHUS HHQOPMAITUH.
Cucrema ynpapineHusi 0a30d [aHHBIX OKPYIVISIET 3HAYEHHMs] MHTEHCUBHOCTH (piroopecleHnu
710 AECATUYHBIX 3HAUCHUH M OMpEeIIeT XapaKTEpHbIC YHCIIA CIIEKTpa — MAaKCUMallbHbIC 3HAYCHUS
MHTEHCUBHOCTU  (DIIIOOPECUEHIIMN JJIsi  HCCIEIyeMOro BelIeCTBa. TOYHOCTh OMpesesieHus
MaKCUMAaJIbHBIX 3HAYCHUIH WHTEHCUBHOCTU (IIYOPECUEHIIMH OTPEAEISIeT MOIb30BATENb 110 CBOEMY
ycMmoTpeHuto. JlaHHble omepanuy HeoOXOAMMBI ISl ONTUMHU3AIMM BPEMEHHU IIOMCKa CXOXKHUX
WHBApUAHTOB W  (OPMHUPOBAHUS OKCIEPTHBIX BBIBOJAOB JUISI HEW3BECTHOTO  BEIIECTBA.
JIOTIOJIHUTENBHO CHCTEMa YIpaBieHUs 0a30i JaHHBIX (OPMHUPYET AaHATUTUYECKYIO CIPaBKY,
COJZICPIKALIYI0 Ppe3yNbTaThl C OOHApPYKEHHBIMH Ha CIIEKTpE HCCIeayeMoil mpoObl o0iacTsIMu
U MakCUMyMaMH (pJIyopecleHIIMU pa3HbIX TPYIIT apOMaTHYECKUX YIIIEBOI0POAOB (puc. 1):

— MOHOUHUKJIMYECKHE apomarudeckue yrieBojpopoiasl (MAY) 270-300 uM — romoisioru
OeH30ma;

— OunuKIndeckue apomarnueckue yrieBoaopoas (BAY) 300-330 um — rpynmnsr audennna
1 HaTaMHa;

— TpuuuKIndeckue apomaruyeckue yrieBogoponabl (TAY) 330-370 M — rpymnmsl
(dheHaHTpeHa;

— TOJIMIUKJIMIeCKUe apoMarndeckue yraepogoposst (ITAY) 370-390, 390410, 410-430 am —
TpYyMIbI aHTpaleHa, MUpeHa u ap.

TakuM oOpa3oM, CTPYKTypa H coJepkaHuhe O0a3bl JAHHBIX IO TOPIOYHM KUIKOCTIM
(cpeacTBam mojxora) 00eCreurnBaOT XpaHEHHE U 00padOTKY CIEIYIOIINX MaTepUaIOB:

1) oumdpoBaHHBIE CIEKTPHI (DIYOPECICHIIMU TOPIOYUX KHAKOCTEH M HMX BBITOPEBIIMX
WHBAapUAHTOB;

2) MaKCUMaJIbHBIC 3HAUYCHHSI HHTEHCUBHOCTH CIIEKTPOB ()IyOPECIICHITNH TOPIOYHMX YKHIKOCTEH;

3) uH(pOpMAIIHIO O TPOU3BOUTEIIE TOPIOYUEH KUIKOCTH U CTEIICHU BHITOPAHUS.

Ha puc. 1 u 2 nmokazan uHTepdeic mporpamMmbl, OCYIICCTBISIONIEH MOUCK WH(POPMAITUN
1o 0ase CeKTPaIbHBIX JAHHBIX.

85 Pesyneratni

B cnexTpe ®nyopecueHm uccneayemon npobil 0BHapyKeHbl MaKCuMyMs! B 06nacTax ~ MpessaputensHan
- BULBIK NMuecKIX apomMaTyeckux yrnesoaopoaos (BAY) 300-330 1M - rpynnbl amPeHnna M HaPTankHa MakuMyM cooTseTcTeyrowmit 308 Hm.; KNACCAPUKAIA
- TPMLIAK NMYECKMX apoMaTHueckmx yrnesonoponos (TAY) 330-370 Hm - rpynnb! @eHaHTPeHa MakuMyM CooTBETCTBYIoWMIA 358 HMm NBX. K

- NONMLK IMHECKUX 3POMATHYECKIX yrnesoaopoaos (TTAY) - rpynnbl aHTPaueHa, NMpeHa 1 ap MaKuMyM COOTBETCTBYIOWMA 378 HMm.;
- NONMLK IMNECKMX 3POMATHYECKIX yrnesoaopoaos (MTAY) - rpynnbl aHTpaueHa, nMpeHa 1 ap Makumym cooTseTcTayowmi 400 Hm.
- NONMUMK IMYECKMX 3POMATHYECKIX YT nesoaopoaos (MAY) - rpynne: aHTpaueHa, nMpeHa 1 ap MakuMym CooTBeTCTBYIownA 422 1. |

Haiperiol cosnanermn makcumymos npu: 308 358 378 400 422 HM., - Ha rpadvKe BbIAENEHB! NMYHK TMPHBIMMA NUHARMIA v

CpaBHeHWe CNeKTPoB (hryopecLeHLnn.

[———_Cnekrp cpasHeHua —— CnekTp uccneayemoro obeekra |
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Puc. 1. I'pajduyeckoe u3odpaxxeHue cpaBHeHHs CEKTPOB (uiyopeciieHI[UN B TporpaMmMe MOUCKa
1o 0a3e cneKTpoB (IyopecueHIUH
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85 Mporpamma noucka cnektpoe

| N2 Mccnenyemoro obbexTta Cnexp PacnonoxeHue nuHwit B cnexTpe [oBasuTs cnekTp
| M 1 250,00 0.084597 291,00 0.074548 ... | 0.24 308 0.7 358 0.93 378 1 4000.... nccorgzgke;oro
®opmaTt noucka
ICosnaneHMe nioBbix NMHWIA CNeKTpa v | Mouck
IMﬂﬂ no KpacHonapckomy kpato| v I
PesyanaTu NMOMUCKa
i VR HBORIAELIR D GBS TMonoxeHie coBNaBLIMX MMHIA 1 A
MHTEHCHUBHOCT TaBnn4HOro Monoxerue coBNaBLUMX NNHWIT KonnuecTso coBnasLumx nvHMA v
CcpasHeHns
CcrieKTpa, HM
| Heepac A-130/150 (TOCT 10214-78)c... | 0.5307 0.493210,63 359 0,94 378 1 ... | 308 358 378 400 422 5
| Pacteoputens N1, TY2319-081-3281... | 0,17306 01731703 358 0,91 378 1 ... | 308 358 378 400 422 5
Beriar MNpemuym EBPO-95. s1a 3 (AW... | 0,48 2910,79309 0,76 319 0.76 346 ... | 308 358 378 400 422 5
> stk A o ke 0.55 309 0,56 3150.83 360 1378 14... | 308 358 378 400 422 5
| Pacteoputens N=1 ynusepcaneroiit, T... | 0,15 306 0,18 327 0,39 343 0,43 360 ... | 308 358 378 400 422 5 v
Pactsopurtens 647, TOCT 18188-72,
cTeneHt BoiropaHua 39 mace.%.
Mpoussoartens: 000 "ONXU-HH" ana 000 "OsepxuHcknpomxmmmtsect”, r. Huxhuit Hosropoga (nata
warotosnenus: 17.03.16 r.) - UMM no KpacHonapckomy kpaio, 2016 .
Crpaska Ouncims dopmy

Puc. 2. OxHo nmporpaMMbl MOUCKA MO 0a3e CIEKTPOB (uIyopecueHIun

Jns unentudukanum cnexTpa (GaroopecueHIun, ToIyYeHHOTO OT HEU3BECTHOTO BEIECTBA,
JOCTaTOYHO 3arpy3uTh B IPOrpaMMy €ro OLUU(POBaHHbBI HMHBAapHUAHT, U1 3TOr0 HEOOXOIMMO
HaXaTh HAa KHOMKY «/l00aBUTH cHekTp wucciuemxyemMoro ooObekTa» (puc. 2) IJIeBOW KHOIKOU
KOMIIBIOTEPHOM MBIIIN, 3aTeM BbIOpaTh (hopMaThl MOMCKA M 3allyCTUTh MOUCK IO 0a3e JaHHBIX.
B pesynbrare mporpaMma moucka BbIJIACT pe3yibTaT CPaBHEHUS 1 KOMMEHTAPUH, KOTOPbHIE SKCIIEPT
MOJKET UCIOJIb30BATh B JaJbHEUIIIEM B CBOMX BBIBOJAX IPU HANMCAHUU 3aKIHOUYEHUS.

Ha cerognsmauii neHp 0aza CHEKTpaldbHBIX JaHHBIX conepxuT Oonee 4 000 crekTpoB
(bI0OpECHEHIIMY UCXOAHBIX M C PA3HOM CTENbIO BBIFOPAHUS FOPIOYUX JKUAKOCTEH, MPOU3BEIEHHBIX
B pa3iMuHbIX pernoHax Poccuiickoit ®@enepanuu. [lo mepe 3anonHeHus: 6a3bl JaHHBIX CIIEKTPaMU
¢bnyopecueHIIMM  COTpylHUKaMu LleHTpa »SKCHepTH3Bl MOXKApOB €XKEroJHO (OpMHUpYyETCs
oOHOBJIEHHas 06a3a JaHHBIX.

Ha puc. 3 npencrapnena Tabimuiia ist XpaHEHHs CIIEKTPOB (PITyOpecIieHIMU U MHPOPMAIIMH O HUX.

A B C D
id B text B information B index -
1 OundpoBanHbIi  MHGOPMALKA O cnekTpe XapaKTepUCTMECKME YMCNA CTIEKTPA
cnekTp

4 265,00 0,149663 BeH3WH aBTOMOBKMAbHBIA HESTUNMPOBaHHBIA Mmapku 0,98 309 1321 0,1 402 0,637 288 0,155 380

266,00 0,129787
267,00 0,118498
268,00 0,128029
269,00 0,166385

270,00 0,236962
271 NN N 222457

10 265,00 0,134035

266,00 0,165509
267,00 0,209403
268,00 0,283933
269,00 0,389530
270,00 0,528857
271,00 0,693826

Hopmanb 80 knacc 4 (TOCT P 51105-97 ¢
WimeHeHuem 1-4) 3aBog u3rotoemuTens 000
"fMyxoin - BonroHedTenpoaykt" (Huseropoackan
obBnacT, KcToBCKMIA paioH, noc. Jpy#HbIA)-UMNN
Huweropoackoi obn., 2010 T,

BeH31H aBTOMODKMBHBIFA HESTUMPOBAHHDBIA C
YAYULIEHHBIMM IKONOTMUECKMMM CBOMCTBAMM
(ropoackoii) mapru AM-80 ( TY 38.401-58-171-96 ¢
M3m.1-7) 3aBoa MaroToBrTent ODAO "MOCKOBCKHA
HedTenepepabaToiBatow i 3asoq” (r. Mockea,
HanoTwa, 2, keapTan, a.1/3)-WMNJ1 Huxeropoackoi
oban., 2010T.

0,97 292 1 304 0,08 402 0,85 320 0,11 380

Puc. 3. Tabauma nia XxpaHeHHs1 ONM(POBAHHBIX CIEKTPOB (iIyopeceHIMH U HHPOPMAIAM 0 HUX
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OnekTpoHHass 0a3a CHEKTPAJbHBIX JAaHHBIX IO CPEACTBAM IOJXKOra M PYKOBOJICTBO
1o paboTe ¢ Hel pacIoIoKeHbl Ha OHUIIHATEHOM caiiTe VccinenoBarenbcKoro neHTpa SKCIEPTH3BI
MO’KapoB. 3aperucTpUPOBaHHbIN 3KkcnepT McnbiTaTenbHol nokapHoi naboparopun MUC Poccun
MMEeT JIOCTYI K AUCTPUOYTHUBY MPOrPaMMbI CUCTEMBI YIIPABIICHUS U K 6a3e TaHHBIX.

B nanpHeimeM mniuaHupyercs NpOrpaMMHUpPOBAHUE CHUCTEMbI YIPABJICHMS, MO3BOJISAIOLIEE
aHAJIM3UPOBATh U UACHTU(DUIUPOBATH CIIEKTPHI (DIyOpECLEHIINHU, TOJyYEHHBIE B X0/1€ BBIIIOJTHEHUS
[10’KapHO-TEXHUYECKUX 3KCIIEPTU3 IO JIe]aM O IHOJpKorax ¢ NPUMEHEHUEM MHTEPHET TEXHOJIOTH.
Jlis BBINIOJTHEHHMS] TMOCTaBJICHHOM 3a7aud HeoOXoauMma cHucTeMa yIrpaBieHUs 0a30i JaHHBIX
C yHIaJeHHBIM JOCTyIoM 1o cetu MHTepHeT depes o060l Be6-0003peBareab. ITO 03HAYALT, YTO
0a3a IaHHBIX OyAeT JOKaJbHO XpaHWUTbCA Ha cepBepe lccrnenoBarenbCKOro IEHTpa 3KCIEePTU3bI
[I0’)KapoB, K KOTOpOMYy OyAeT pas3peuieH JOCTyln 3KCHepToB VcnblITaTeNbHBIX IOKapHbBIX
naboparopuil ¢ pa3iaMyYHBIX KOMIbIOTEpOB cetu HWHTepHer. B cBsi3m ¢ uyeM mpenmnonaraercs
MIOJTHOCTBIO TEPENPOrpaMMHUPOBATh CUCTEMY yIIpaBiieHUs 0a30i JaHHBIX B BHJIE BEO-TIPHUIOKCHUS
Ha s3pike C# [4-6] ¢ npumenenuem texHoiorun ASP. NET (Active Server Pages mus NET) [7],
yro yOeper 3aBUCHMOCTh (YHKIMHA HCIOJHAEMBIX HPOTPaMM OT OMNEPAIMOHHONW CHCTEMBI
Y TIO3BOJIUT OCYIIECTBISAThH JOCTYI K 0a3e JaHHBIX U3 Pa3NUYHbIX FaJKETOB, TAKMX KaK MOOUIIbHBIE
TeneOHBl M IUIAHIIETHL. APXUTEKTypa BEO-TIPHJIOKEHHSI YK€ pa3padoTaHa U COCTOUT
13 CEPBEPHOW U KIMEHTCKOM YacTH, C YUETOM TE€XHOJIOTMH «KJIHEHT-cepBep». [lonb3oBarenbckuii
uHTepdeiic (KIMeHTCKas dYacTh BEO-TIPWIIOKEHHWS) pa3paboTaH C  y4eToOM  IOKETaHWU
moJib30Baresieil 0a30i CHEeKTpajdbHBIX JAHHBIX, MHTYUTHUBHO TOHSTEH M BBIMOJIHEH C YYETOM
NepeloBbIX KOHUENIUH Bu3yanu3zaunu. OCHOBHOM 3ajjauell KIIMEHTCKOM 4acTH SIBJISETCS 3arpy3ka
u 00paboTka crekTpa GIIOOPECHEHIIMM TOpIoYe KHIKOCTH, B (OpMy, NIPUTOIHYIO IS
dbopmupoBaHHs 3ampoca K CepBepy, Ha KOTOPOM XpaHUTCS 0a3a MaHHBIX, W BH3YyaJIM3allUH
pEe3yNbTAaTOB TMOHUCKA, a Takke (OpMUpOBaHHME M BH3yaiu3anus BbeiBoja. CucTeMa yIpaBICHHS
0a30if MaHHBIX (CEepBEpHAs 4YacTh BEO-TIPHIIOKEHHUS), TOJydas 3ampoc OT KIIMEHTA, BBITOJHSCT
TIOWCK aHaJjiora M TepechlUlaeT HaiileHHbIe JaHHbIE OOpaTHO B KIMEHTCKYIO YacThb BEO-TIPHUIIOKEHUS,
JIITOPUTMBI KOTOPOro 00padaThIBalOT MOIYYEHHbIE JaHHBIE M BBIBOJAAT MX Ha SKpaH I0JIb30BATENA
pu nomMoInu rpadguueckoit 6ndbmuoreku. KimroueBbIM MOMEHTOM B pealid3alliy JaHHOTO MPOEKTa
SBJIIETCS HCIIOJIb30BAHME TEXHOJOTMH AjaX, YTO TIO3BOJUT HE TNEpPerpyxartb CTpPaHUIIbI
BEO-TIPUIIOKEHUS, a JIMIIb JOTPYXATh C CepBepa pe3ysbTaThl OUCKA, YTO CYIIECTBEHHO YCKOPUT
paboTOCIIOCOOHOCTh CUCTEMBI B LIEJIOM U MOBBICUT €€ IPOU3BOJUTENBHOCTD.

K Tomy ’xe miaHupyercs pa3paboTaTth M 3ampOrpaMMHUpPOBATh AJITOPUTM OMpPEIETICHHS
OPUEHTHUPOBOYHOM CTEMEHH BBITOPAaHUS HAECHTU(ULIMPOBAHHON TOprOYed JKUAKOCTH IyTeM
CPaBHEHHMsI C ATAJOHHBIMU 00pa3llaMH pa3HOW CTENEeHH BbIropaHus. /laHHOE HOBILECTBO OMOKET
M0’KapHO-TEXHUYECKUM 3KCrepTaM B (POPMYIHPOBKE OKOHUYATEIILHOTO BBIBOAA MO JUIMTEIBHOCTU
ropeHusi obpaslia, M3bATOrO0 C MecTa NpouciiecTBUs. [l BBINOJHEHHsS IMOCTaBICHHON 3anauu
HE0OXOIMMO TEpPEenporpaMMHUpPOBaTh AJITOPUTM aHalu3a CHEKTpa (UIyOpecUEHINH, YBEIUYUTh
JE€MOHCTpAallMOHHbIE Tpaduueckue BO3MOXKHOCTH IPOTpaMMbl BbIBOJIAa HH(GOpMAMU IyTEM
HAJIOXKEHUSI HECKOJBbKUX CHEKTPOB (IyOpECUEHIMH Ppa3IU4YHON CTENEHU BBITOPaHHUS Ha OJUH
pucyHok. C 3Toil 1enbio Heo0X0aAUMO OyAeT NmepenporpaMMUpoOBaTh U rpapuuecKyto OMOIHOTEKY
CUCTEMBI yIpaBiieHus1 0a3bl JaHHBIX. TakKe IUIaHUPYeTCsl YBEITUYUTh BO3MOKHOCTH COOBITUMHOTO
psna yxe pealn30BaHHONH OOBEKTHO-OPUEHTHPOBAHHOW CHCTEMBI, HAlPUMEp, MO0 OJAHOMY KIHMKY
10 TIEPBOM sTUEHKe JIF0O00M CTPOKHU B TabnwuIle «Pe3ynbTaThl MOMCKa» BHIBOJUTH B TpaduuecKkoe mosie
«Pe3ynbTaThl CpaBHEHHUSI CIEKTPOB (DIIOOPECICHLIMU» CIEKTPhl (DIyOopecleHlnd STaJIOHHOM
roproveil KHUAKOCTH, Pa3HOM CTENeHH BBITOPAHMUS U CIEKTP (IIYOPECHEHIIMH HCCIEeTyeMOTo
obpasua. llenp BHeJpeHUS BhINIEYKA3aHHBIX HOBOBBEJICHUN YCKOPUTH BpEMsS MpPOBEACHUS
JKCIIEPTU3 MO JieJaM O TMOJKOrax ¢ MPUMEHEHHEM JIETKOBOCIUIAMEHSIOIIMXCS W TOPHYHX
KHUJIKOCTEH, YITYUIIUTh KauecTBO IpaMuecKoi BH3yalM3allid BBIBOJAOB HKCHEpPTa M PACIIUPUTH
IpaHULbl HHTEPIPETAIMA UMEIOILIEToCs SKCIIEPUMEHTA.

BaxHolt 3anmaueil sBnseTcs pacmMpeHHe 0a3bl JAaHHBIX CHEKTPOB (DIyOpecleHIIuN
M3Y4aeMbIX TOPIOUMX KHUJIKOCTEH, JAJI 3TOT0 IUIAHUPYETCs MOMOJHEHHe 0a3bl CIIEKTpaMu cMeceit
pPa3NUYHBIX WHHUIMATOPOB TOPEHHUs, YACTO MCIOJIb3YeMbIX IpH mojxkorax. HeoOxogumas
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aHanuTHdeckas pabota Benmercss B McciaemnoBaTenbCKOM IIEHTpE 3KCHepTu3bl moxkapos ¢ 2010 r.
Okcnepthl VMcnblTaTeNbHBIX MOXAPHBIX JIA0OpaTOPHil, PACIONOKEHHBIX B PA3IUYHBIX PETHOHAX
Poccuiickoit @enepanuy, NPEeJOCTABIAIOT HA M3Y4EHUME W AHAIMU3 OTYETHl 110 CO3JAHUIO
pEruoHANbHBIX 0a3 CHEKTpalIbHbIX JaHHBIX. Takas paboTa MO3BOJIAET HE TOJIBKO PACUIMPUTH 0a3y
JaHHBIX CIEKTPOB (DIFOOpPECHIEHIINN HOBBIMH HMHUIIMATOPAMHU TOPEHHS, HO U UX CMECSMH, TaK Kak
MOJDKUTaTelTl UCOIB3YIOT caMble pasHooOpasHbie cmecu JIBXK, 7K. Takumu 1aHHBIMEU TTOTTOJTHSETCS
1 y4eOHO-METONYeCKOe COMPOBOXKACHUE PaboThl coTpyaaukoB COY ®IIC MUC Poccumn.

Exerogno [lemapramMeHT HaJI30pHON NEATEIBLHOCTH M TpoduiakTudeckon padorer MUC
Poccun mnanupyer aist COY OIIC MUC Poccun nccnenoBaTenbekyo paboTy o popMHUPOBAHUIO
U TONMOJHEHHUIO 0a3bl CHEKTPajbHBIX JAaHHBIX [0 MOTEHIHAIbHBIM CPEACTBAM IOJHKOra,
MMEIOIIMMCS B TOPTOBBIX CETAX PA3IM4YHBIX peruoHOB Pocculickoit @enepauuu. 1o uroram rakoi
paboThl €XKEroJHO MPOU3BOJUTCS IOMOJHEHHE BCEPOCCUHCKON 0asbl CIEKTPAIbHBIX JaHHBIX
o cpeacrsaMm mnomkora. B MccinemoBarenbCKOM LIEHTPE 3KCHEPTU3bI MOXKApOB E€XKETOIHO
MPOBOAUTCS OOy4YeHHE OJKCIEepPTOB 10 creuuanu3amuun «OOHapykeHHe U Kiaccu(UKaus
WHUIIMATOPOB TOPEHUS NPU HUCCIEAOBAHMM OOBEKTOB CyAeOHOM IMOKapHO-TEXHHUYECKOU
HKCIIEPTU3BD», B MporpaMmMy oOy4eHHsI BXOJUT, B TOM 4YHCIE, U O0Oy4eHHE MO0 METOAUKE paboThI
¢ 0a30i1 CrIeKTpaIbHBIX JAaHHBIX, TEM CAMBIM pacIIupseTcs BHeApeHue 0a3bl TaHHbIX B paboty COY
@OIIC MUC Poccun.
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Annomayusi.  CTaThsl TIOCBSIICHA OLIGHKE IIOKAPHOTO PHUCKA C HCIOJIB30BAaHWEM METOJa
MMHTALMOHHOTO MozeaupoBanus. C MOMOIIBIO MPOrpaMMHOI0 HHCTpyMeHTa «Fenix +3» Oblia mocTpoeHa
MOJIeTh O0BEKTa, CMOJIEIMPOBAaHA Ype3BblUaiiHas CUTYyallus U MOJyYeHbl pacueTHbIE 3HaYeHHs IOKa3aTeNneH,
OIIPEIEIISIOIMX BpEMsl 3BaKyalluy, TEMIEpaTypy, BUAMMOCTh U APYTHE ONacHble (PaKTOPHI MOXKapa, a TAKKe
3Ha4YeHUE MHIUBHUIYAIBHOTO MOKAPHOTO PUCKa. 3HAUEHHE PHCKA, OJTYYEHHOTO TIPH MOAETHPOBAHUH, OBLIO
COTOCTABJICEHO C HOPMATHBHBIM 3HAYCHWEM M OBUIM CAETaHbl BBIBOJBI O OE30MACHOCTH HCCIENLyeMOTrO
00bekTa. bbul BRIABIECH NONTOKUTENBHBIN 3((EKT MOAETUPOBAHHS IPU OLICHKE MOKAPHOTO PUCKA.

Knrouegvie cnosa: moxapHslit puck, «Fenix +3», moaenupoBanue, GpakTopsl moxapa, OLEHKa pUcKa

Jas mutupoBanus: [llaxmaroB B.A. OrneHka MOXXKapHOTO pHCKAa 3[aHUS Ha MPHUMEPE CTYACHUYECKOTO
obmexutus // HagzopHast AeSTeIbHOCTD U CyZieOHas dKCIepTu3a B cucreMe 0e3omnacHoctu. 2023, Ne 1. C. 14-19.

BBenenune

OneHka MOXApHOTO pPHCKAa 3JaHUA M COOPYKEHHUU Pa3IUYHOrO (PYHKIHMOHATHHOTO
Ha3HAa4YeHMs — 3TO aKTyajbHas 3ajada B obsiactu oOecrieueHrs 0e30macHOCTH OT noxapoB. Kaxoe
3laHUE WIM COOPY)KEHHE HMMEET CBOM pecypc, B XOJE HCUEPHaHMsI KOTOPOIO CHMIKAETCS €ro
6e3onacHoCTh. OlLIEHNBAas MOXKAPHBIA PUCK, MOXKHO CHENaTh BBIBOJ O TOM, SIBISIETCS JIM 3/laHUE
nokapo0Oe30nacHbIM JJIs JII0/IeH, U JOCTaTOYHBI JIM MEPONPUATUS MO0 OOECIEYEHUIO MOXKapHOU
0€30MacHOCTH, MPOBOJAUMBIE B 3TOM 31aHuM. [Ipum mocTpoiike HOBBIX 3AaHMH U COOPY’KEHUH,
a TaKkKe IMocjJe KalmUTaJbHOIO PEMOHTa OIEHKAa I0KapHOI'0 pPHUCKA SBISETCS 00s3aTeNbHbIM
MEPOIPUATHEM JUISl TOMYCKA ITUX 3/1aHUM K KCIUTyaTalluHu.

C pa3BUTHEM HOBBIX TEXHOJIOTHH NPOLIECC OLIEHKHU IOKaPHOI'O PHCKA BCE YaIlE IPOBOAUTCS
C HCIIOJIb30BAHUEM MPOTPAMMHBIX KOMIIJIEKCOB, MO3BOJIAIOIIMX CTPOUTH MOJENb OLIEHHBAEMOI'O
00BEKTa U MOJIETUPOBATh Pa3IMYHbIE CLIEHAPUU Pa3BUTHUS MOXKAapa, C yUETOM TEXHUYECKUX CPEJICTB
MoKapHOW 0€30MaCHOCTH, UCTIOIB3YEMBIX Ha JAHHOM OOBEKTE.

Kuraiickumu uHXeHepamMu ObUla TpesioKeHa CHUCTEMa OLIEHKHM IOKapHOTo pHCKa,
OCHOBaHHasi Ha CHCTEME€ CKOPHMHIA, MCIOJIb3yeMOi B OaHKOBCKOW M cTpaxoBoi oTpacisax. CyTe
JAHHOM CHCTEMBl 3aKJIIOYaeTcs B ONpeAeNeHUH (HAKTOPOB, BIMAIOUIMX HAa BO3MOXHOCTb
BO3HHUKHOBEHHUS IOXapa, W TMPUCBOCHMM JTUM (akTopaM 3HaueHusi B Oauiax B 3aBUCHUMOCTHU
oT ux BiusHUA. [locrme oueHKHM Kaxaoro u3 (hakTOpoB TMONydYeHHbIE Oajulbl CYMMHpPYIOTCH,
Y UCXO/sl U3 pe3yJsibTaTa OLIEHWBAETCS MOXKapHbId puck [1].

Taxxe B Kurae Ob11 paspaboTaH crioco0 OIEHKH MOXKApPHOTO PHCKA JUIs KPYIMTHOMACIITaOHBIX
KOMMEPYECKUX 3JaHUM, B OCHOBE KOTOPOTO JIEKHUT METOJI HTPOMUHUHOIO BECa KOHCTPYKIUU.
OcHOBa JaHHOTO CcII0COOa OLEHKM JISKUT B ONPENEICHUH WHICKCOB OLIEHKH PHUCKOB
BO3HHMKHOBEHHUS TOXKapa, M C TOMOIIbI0 METO/Ja Beca SHTPOIUU KOHCTPYKIMM oOmpenensiercs
3aJjaHue Beca KaxJaoMy uHaekcy. Croco® ObUT MPOTECTHMPOBAH HAa KPYMHOMACIITAOHBIX 3JAaHHIX
U TOKa3aJl XOPOIIIne pe3yIbTaThl [2].

© Cankr-TletepOyprekuii yausepcuret I'TIC MUC Poccun, 2023
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WTanpsHCKUMH Y4€HBIMU ObLT pa3paboTaH METOJ OIEHKH IOKApHOTO PHUCKA C HAa3BaHUEM
«FLAMEY, ocHOBaHHBIi Ha HCIOJIB30BAaHWU <«JI€peBa KOHIIEMIIUH MOKApHOH OE30MacHOCTH.
JlaHHBII METO/T TIO3BOJISIET PA3JICIUTh OLICHKY PUCKA JUIS )KUJIBLIOB U pUCKa JIst 31anus [3].

Ha ocHoBe meronma omeHku mnokapHoro pucka «FRAME» [4] Oblma co3maHa cucrema
MHJIEKCOB 1 MaTeMaTU4eCcKasi MOJIeNb, KOTOPbIE, B CBOIO OUepeb, ObLIM UCIIOIB30BAHBI B TEXHOJIOTHU
nHpopmanmonHoro moxaenupoBanus 3maanuil (BIM — Building Information Modeling). Jlannas
pa3paboTka NpPEeOCTaBIIIET BO3MOXKHOCTH €II€ Ha JTane NMPOCKTUPOBAaHHS OOBEKTa OLEHHBATH
MOYXapHbIN PUCK [S5].

Kommanueit «CoBpeMeHHbIE MPOTpaMMHBIE TEXHOJOTHH» ObLT pa3padoTaH MPOrpaMMHBIHI
npoAykT «FeniX +3», Mo3BOJISIOMKIl CO3/[aBaTh UMHUTAIIMOHHYIO MOJIEINb 3JaHUsl B COOCTBEHHOM
rpaMuecKoM pelaKkTope M MPOBOAUTH C HEH SKCIepUMEHTalbHbIE AeicTBHs. JlaHHas mporpaMma
IIPOM3BOJUT PACYEThl IOXAPHBIX PHUCKOB Ha OCHOBAaHMM (OPMYJI M HOPMATUBHBIX 3HAYECHUH,
IIPECTaBIEHHBIX B METOUKE, yTBepxkAeHHOM nprkazoM MUC Poccun ot 30 nrons 2009 r. Ne 382 [6].
B «Fenix +3» pa3BuTHe IUHAMHKH IOXapa IPOM3BOMUTCS MPH IOMOIIM HHTEIPHPOBAHHOIO
B niporpammy noxxoxaa FDS (Fire Dynamic Simulator), oGecrieunBaroinero peaiucTiyHOe 1 TOYHOES
OIMcaHMe JII000ro pacrpocTpaHeHus noxapa [ 7]. MoaenupoBaHue 3BaKkyally JIIOJeH MPOUCXOAUT
[0 MHAUBUAYAJIbHO-TIOTOYHOM MOJIEIM, B KOTOPOH HCKIIIOYAEeTCs BO3MOXKHOCTh CTOJIKHOBEHUS
MoJieJIeH JII0JIeH JpyT ¢ JPYTroM.

[lenp naHHOM PabOTBHI — HPOBECTH OLIEHKY IOXKAPHOTO PHUCKAa U PACCUMTATh 3HAUCHHE
MH/IMBUIyaJIbHOTO TIOYKAPHOTO PUCKA 3/1aHUS OOLIEKUTHSI, C TIOMOIIBIO IPOIrPAaMMHOI0 KOMILIEKCA
«Fenix +3», a Takke B ciiydyae HEOOXOIUMOCTH MPEATIOKUTH MEPOIIPUATHS MO CHIDKCHHUIO TAHHOTO
rokasareJs.

HoBusna nanHOW pabOTHI 3aKIIOYACTCSl B TOM, YTO TOXKAPHBIM PUCK JAHHOTO OOBEKTa
OLIeHUBAJICS 0€3 UCIO0Ib30BaHUS UMUTAIIMOHHOI'O MOJIETIMPOBAHUS.

MeTtoanbl

B Poccun oneHka mokapHOro pucka OCHOBBIBAETCSl Ha IIECTH IYHKTaX, B COOTBETCTBUU
C KOTOpPBIMH COCTaBJIIETCS MOPSAOK IPOBEACHHS pacuera, U BBIUUCISIIOTCS HENOCPEICTBEHHbBIE
3Ha4yeHus1 puckoB. [Iy11 Hadama HEOOXOIMMO NMPOU3BECTH AaHAIU3 MOXKAPOONACHOCTH 34aHud. [lyis
3TOr0 PAacCMaTPUBAIOTCS XapaKTEPUCTHKU TOPIOYUX BEIIECTB, MNPUCYTCTBYIOUIMX B 3JaHUH,
a MMEHHO HUX BHJ, KOJIMYECTBO M MECTO pacloJIOKEHHUs. 3aTeM u3y4yaeTrcs HHGOopMaIus
O BO3MOXKHOM YMCICHHOCTH W MECTOPACIOJIOKEHUN JIIOJeH, HaXOASIIUXCS B 3JaHUU WU
COOpPYKEHHH; YUUTHIBAETCS OOBEMHO-IJIAHUPOBOYHOE PEIIEHHE, a MMEHHO IO03TaXHbIE IUIaHBI
3/1aHUsl WM COOpYXKEHUs; MH(POpMalUs O CHUCTEME MOXApOTYUIEHHs] U MOXApHOM CUTHATW3alWN
(B TOM 4uclie aBTOMaTHYECKOM yCTaHOBKHM mnoxkaporymenus — AVII); unpopmanusa o cucreme
IIPOTUBOABIMHON 3aILUTHI; XapaKTEPUCTUKA CHCTEMBI ONOBEILEHUS JIOACH O MOKapHOW CUTyallun
u ynpaeineHus ux odBakyanuern (COYD). Ha ocHOBaHMM 5STHX JaHHBIX MPOU3BOIAUTCS
HENOCPEACTBEHHBIN aHalIM3 I0XKAapOONAaCHOCTH 3[JaHHUS WM COOPYKEHHS C Y4ETOM BO3MOXKHOMU
JUHAMHKU Pa3BUTHS 110XkKapa U BO3MOXKHBIX MOCIEICTBUN 11 JIOAEH U JUIsl CaMOTro 3aHMS.

[Tocne aHanM3a MOXAPOOMACHOCTH HEOOXOAUMO ONPEAENUTh YacTOTy peau3aliu
M0’KapOONAaCHBIX CUTYalUil (TO €CTh YacTOTy BO3HHKHOBEHHMS MOXapa B 3JaHHMM 3a IO, KOTopasd,
B CBOIO OYe€pe/Ib, ONPECISACTCS CTATUCTUYECKUMH JJAHHBIMH).

Crnenyroumm 3TaroM HEOOXOAMMO MOCTPOUTH MMOJisA omacHbIX (akTopoB moxapa (OIID).
Jlns aroro B «Fenix +3» crpoutcs Mojenb 3qaHus, (GOPMYIUPYETCS CLHEHAPHA WM CLEHAPHU
pa3BUTHA MOXKapa, KOTOPbIE MOTYT MIPUBECTH K HAUXYALIUM MOCIEACTBUAM JUIs Jarofei. J{ins atoro
BBIOMpAETCsl MECTO HAaxXOXKICHHUS ouara Io)kapa, 3aJaercsi pacyeTHas oONacTb W IapaMeTphbl
okpyxatouiei cpensl. I[locne co3gaHus MareMaTHUecKOM MOJeNW, MOAETUPOBAHUSA JAMHAMUKU
pa3BUTHSI ITOXKapa U dBaKyauuu, noctpoeHus noueil OlId u pacuera BEpOATHOCTH 3BAKYalMH JIIOAECH
MIPOU3BOJIUTCSL HEMOCPEICTBEHHBIN pacueT HHIMBUAYAIBHOTO IMOKapHOTO pHUCKA C  Y4ETOM
K03(h(pUITEHTOB, ONpENENAIOINXCA HATMYMEM CUCTEM o0ecTieueH s 0KapoOe30IacHOCTH 3JaHuUSI.

[Tocne pacuera 3HaueHUs J€NalOTCSl BBIBOJBI O O€30MacHOCTH OOBEKTa, W B CiIydae
HE00XO0AMMOCTH MPEAIAraloTCsl MEPOIIPUATHS 110 €T0 CHIXKEHUIO.
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Pe3y.]IbTaTLI HCCJICI0BAHUA U UX AaHAJIN3

3nanre oOmEeKUTHS TOCTpoeHo B 1932 1. W umeer maATh dSTaxked. KoHCTpyKTHBHBIE
AJIEMEHTHl 3JaHMsl, @ HMEHHO HECYIIUEe CTEHbl, BHYTPEHHUE IEPErOpPOJIKH, MEXKIYITaKHbIE
MEePEKPHITUS, JIECCTHUYHBIC TUIOMIAJKA W MAapIIA BBIOJHEHBl W3 HETOPIOYUX MaTCPUANIOB.
JIByxckaTHas Kpblla cenana u3 metauonpoduiist. Kimacc KOHCTpYKTHBHOM MOKapHON OMacHOCTH
paccmarpuBaemoro oobekTa — C1. CTerneHb OTHeCTOMKOCTH 3[JaHUS — BTOPasl.

Knacc ¢dynknuonansHoit moxkapHoit omnacHoctu (PIIO), ompenensieMbii 0COOEHHOCTSIMU
JKCIUTyaTaluu 34aHus W ero HasHadeHneM — @ 1.2. OOBEKT 3alUThI SBISETCS 3TAHHEM,
MpeaHa3sHauYeHHbBIM Ul MPOKUBAHUS JIIO/ICH, CIIeJ0BATENbHO, BpeMsl (YHKIIMOHUPOBAHUS 00BEKTa —
24 4, a BEpOSTHOCTh MPUCYTCTBUS JIOACH paBHa equHUIlC. MaKCHUMaIbHO BO3MOKHOE KOJIMYECTBO
JIOJIEH, KOTOPOE MOXET E€AMHOBPEMEHHO HAaXOIWUThbCs B 31aHuu, Oojee 350 ven. B Tabm. 1
MIPEJICTaBJICHA KpaTKasl XapaKTePUCTHUKA O0BEKTA.

Tabmuma 1
KpaTkast xapakTepucTHKA 00beKTa

CBOIiCTBO 00BEKTA 3AIUTHI 3HaueHue
Kiacc ®I10 D1.2
ITnomans 5 665 M
BricoTa staxeit 2,7 M
Orormenne LIEHTpaJIbHOE
OxpaHHO-TIOXKapHAsl CUTHAIHA3AIHS BeJIETCSI KPYTIOCYTOYHBI MOHUTOPHUHT
JIbIMOBOM ITOKApHBIN H3BELIATEIID 184 .
COYD 3 tun
Cucrema MpOTUBOABIMHOMN 3aIIHUTHI OTCYTCTBYET
Pexxum paboTsr 24 g
MaxkcuMansHO BO3MOKHOE KOJTMIECTBO JTIOACH, 350 qeu.
HaXOSIIUXCS B 3/IaHUH
AVII OTCYTCTBYET

[Toxapnast Harpy3ka B TMOMEIICHHSIX JKUJBIX 3/aHUM, corjlacHO JaHHbM Akaaemuu ['TIC
MUC Poccnn, cocrassier ot 20 10 50 kr/m’ [8]. B xomHaTax OOLIEKHUTHS MMOXKAPHAS HArpy3Ka
B CpeIHEM COCTaBisieT 24 Kr/M>.

JI7Is OLIEHKH MOYKAPHOTO PUCKA paccMaTphBaeMoro o0bekTa B mporpamme «Fenix +3» Obuia
nocrpoeHa ero wmojenb. C momomiplo (QYHKIUH «IIOAJ0XKKa» B Cpely MOCTPOeHUs Obun
UMIIOPTUPOBAHbl TEXHUYECKUE IUIAHBl JTAXKEH, IIOCJIE YEro, HCIONb3ys WHCTPYMEHTHI IS
HENOCPEACTBEHHOIO TOCTPOEHUs, ObUla CO3/JaHa UMUTAIMOHHAs MOJENb 3/JaHus OOLIeKUTHS,
Ha KOTOpPOM B MOCJIEAYIOUIEM MPOBOIUIOCH MOJAEIUPOBAHUE MOKAPHON CUTYaLUU IO Pa3INYHBIM
cuenapusiM. 3D-monens oObekTa npeacTaBieHa Ha pUCYHKE.

Puc. 3D-moaeib 001meKuTUs

16



HamzopHast nesTebHOCTE M CyIcOHas 9KcrepTu3a B cucreme Oe3omacaoctr. Ne 1-2023

Jlis pacueTta 3HAa4YEeHUS MHIUBUAYaJIHHOTO MOXKAPHOTO pUCKa HEOOXOAWMO 3HATh YaCTOTY
BO3HHUKHOBEHMSI TOKapa B TEUYEHUE TOJla, KOTOpas B JaHHOM CJydae paBHa 4*10, Tak Kax
CTaTUCTUYECKUE JaHHBIE OTCYTCTBYIOT, a coryacHo npukasy Ne 382 B ciydae OTCYTCTBUS
CTaTUCTUYECKUX JAaHHBIX MPU pacyeTe MOKHO HCIIOIb30BaTh BhIICYKa3aHHOE 3HaYeHHe [ §].

s pacuera MOXapHOTO pPHCKa HEOOXOIMMO paccMaTpUBATh TaKWE CICHAPHHM PA3BUTHUS
Mokapa, NMpU KOTOPBIX YCJIOBUA O€30MacHOCTH JIoAe OyayT HauxyamuMH. Takue yCIoBHS
XapaKTepU3yITCs HanOoJiee 3aTPYAHCHHBIMHU MYTSAMHU IBaKyallMd U HAuOOJee BBHICOKMM TEMIIOM
pacnpoctpanenust OII®. Takum 06pazom, OBLIIO PACCMOTPEHO TPH CLEHAPUS MOKAPHOU CUTYAINH,
OIMCaHKUE KOTOPBIX MPEACTABICHO B Ta0M. 2.

Tabnuna 2

Onucanne clieHapueB Pa3BUTHSI OKapa

Ne [TapameTpsl o4ara moskapa.
Pacnonoxenne odara mokapa
cLieHapust Marepuai
1 sTaxx. BOIM3u 3BaKkyalHOHHOI0 BEIXOA.
1 }v] H A meOenb + TKaHu
B OenneBoii koMHATe
2 staxx. HanpoTuB BBIX04a HA JIECTHUYHYIO
2 p a y mebensb + kabelb
mwIomaaxKy. B KyXxoHHOM oMeleHnu
3 3 srax. XXunas komHara Mebenb + Oymara

Crnenyromum 3TanioM B paboTe, Mocje ONpeAeTeHUs CLEHApHEB IOKapHOM CUTyaluu
M CO3JaHMs ouara moxapa, ObUIO MOAETHPOBAHMS MOXKAPHOW CHUTYyallMd O CPOPMYIHPOBAHHON
Ha OCHOBAaHMM METOAMKM MaTeMaTH4ecKoil Monenu. B pesynbTare MozpenupoBaHus Obuld
MIOCTPOEHBI TOJISI OIMACHBIX (PaKTOPOB TOXKApa, a TAKKE MOTyYSHBI 3HAYCHUSI BPEMEHHU JTIOCTHUIKCHUS
OIacHBIMU (PAKTOPaMU MOKapa KPUTHUECKUX 3HAUEHUH, KOTOpbIE IpecTaBIeHbl B Ta0I. 3.

Tabnuua 3

Bpems gocTuaxenust kpurudeckux 3nayenuii OIll®

OId _ BpeMSI: c _
cueHapuii 1 cueHapuit 2 cueHapuii 3
Bunumocts 292 298 302
t’ 308 403 335
HCI He OJIOKHpYEeTCs He OJIOKHpYEeTCs He OJIOKHpyeTCs
CO 502 561 557
CO, He OJoKHNpyeTcs He OJoKHNpyeTcs He OJoKupyercs
Konnenrparus O, 351 304 397
DTtanm  ompeAeNieHUss BpPEMEHH OBaKyalldd W BEPOSTHOCTU OBaKyallMH  SIBJISIETCS

3aKJIIOYUTENBHBIM, MEpe] TeM KaK MpPEeCcTyNUTh K HENOCPEACTBEHHOMY pacueTy 3HAaueHUus
WHJIMBUIYAIBHOTO TOXapHOTo pucka. Ha manHOM 3Tame B MOCTPOCHHOW MOJENH OOBEKTa OBLIO
pa3MenieHO0 MAaKCHUMallbHO BO3MOXHO€ KOJIMYECTBO JIOJEH, CHOCOOHBIX €JMHOBPEMEHHO
HAXOJUTHLCS B 37aHUH, MOCJIE Yero nmporpammoi «Fenix +3» Obuta cMOJeTUpOBaHa dBaKyaryst 11
KOKIOTO0 M3 paccMaTpUBAaeMbIX B paboOTe CIIEHapWeB, W TIONy4YeHBbl 3HAUEHHUS BEPOATHOCTH
9BaKyalll¥, KOTOPBIC MPEACTaBICHBI B Ta01. 4.

Tabmnuia 4

BeposiTHOCTB 3BaKyanum Jroaei

Ne Bpewms Hauana Ob6mmee BpeMs BepostHOCTB
cleHapus 9BaKyallMH, C 9BaKyallMH, C 9BaKyaluu
1 120 226 0,999
2 120 236 0,999
3 120 223 0,999
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3aKJIIOUYUTEIbHBIM 3TallOM B OLIEHKE II0KapHOI'O pHUCKA SBISETCS pacueT 3HaueHus
WHJUBUAYaTbHOTO TI0KapHOTO PHCKa, KOTOPBIM TaKKe paccyMTaH B mporpamme «Fenix +3».
PesynbTathl pacueTa npencTaBieHsl B Ta0II. 5.

Tabmuua 5
Pacyer MHAUBHIYAJIBHOIO MOKAPHOIO PUCKA
Yactora
No BOSHIKHOBCHILS Koadpunment | BepositHocts | BepostHocts | Koaddurment VMBI Ay anb L
crieHapu Hoxapa COOTBETCTBHS | NPUCYTCTBHS | OBaKyaluu COOTBETCTBHSA pHCK
roz('l ? AVII nmoaeit JIroaei 113

1 4*10° 0,9 1 0,999 0,87 5,2*107

2 4*10° 0,9 1 0,999 0,87 5,2%10°7

3 4*10° 0,9 1 0,999 0,87 5,2%10"

CorymacHO JaHHBIM 3HAa4eHMSIM, HauOOJIbLLIEE BpEMs, KOTOpPOE MOTpedyercs JI0IIM
Ha 9BaKyaluio (pacueTHOE BpeMs dBaKyalllH) U3 OOILIEKHUTHs, MpeAcTaBiseTcs B cieHapuu No 2
u paBHO 236 c. Ho 3T0 BpeMsi He mpeBhIlIaeT 3HaUEHUS BpeMeHH, 3a kKotopoe ODII nocrurarot
CBOMX KPUTHUECKUX 3HAUCHUH.

B peanbHOCTH %€, 3HaUEHNE BPEMEHHU BaKyallMl MOXET OBITh KakK OOJIbIIe, TaK M MEHBIIE
pacueTHOro, B 3aBUCUMOCTHU OT TOT0, HACKOJIBKO pabOTOCIIOCOOHOM SIBIISIETCS CUCTEMA OMOBEILICHUS
moaeil o noxape. Kpome Toro, Ha 3Hau€HHUE 3TOrO BPEMEHHU MOKET IOBJIUATH 4YEJIOBEUECKUN
(hakTOp, BEIpAKEHHBIN B IPOSIBIICHUH TAHUKH, BEI3BAHHOM MOXKapoM [9].

CornacHo nepBomy myHKTy 79 cratbu @3 Ne 123, 3HaueHHE WHIUBUIYAIBHOTO TTOXAPHOTO
pHUCKa HE JIOJKHO MPEBBIIIATH OJHOW MUJUIMOHHOMN B TOM, MIPH YCJIOBUH, UTO XOTSI ObI OJMH YEIIOBEK
B 3/IaHUH, JJI1 KOTOPOTO MPOBOJUTCS OLIEHKA IOYKAapHOI'O PHUCKA, pAacIoOJIOKEH B TOUKE, Hanbosee
ylajieHHOW OT 3BakyalnoHHOro Bbixoaa [10]. YuuTeiBas 3TO, 3HAU€HHE pPUCKA, KOTOpPOe OBLIO
MIOJIyYEHO B XOJI€ MOJEJIMPOBAHUSA M PACUETOB, HE INPEBBIIIAET HOPMATUBHOTO, CIIEJOBATEIBHO,
Ha OOBEKTE BBIMOIHAIOTCS BCE TpeOyeMble TEXHUYECKUE MEPOTPUSATHUS, HAlIPABICHHbIE Ha 3aIUTY
JIIOEH TP ToKape.

3akao4eHue

CymiecTBYIOT MEpONpHUSTHS TO OOECIEUYEHHI0 MOXKapoOe30NmacHOCTH OOBEKTa 3allUTEHI,
pcainursanus KOTOPBIX MOKET MNPUBECTU K CHWIKCHUIO BCIWMYHMHBI WHIAWBUAYAJIBHOI'O ITOXKAPHOIO
pucka. BeImomHeHHe 3TUX MEpONpUSATHH HEOOXOJMMO B TOM CIyd4ae, €CIIM YHCIEHHOE 3HAaueHHe
BEJIMYMHBI HMHJMBUIYaJIbHOTO IOXKApPHOTO pHUCKAa MpPEBBINIAET JomnycTumoe. B maHHON pabote
3HAUYEHHE pHUCKa HE TPEBBINACT JOMYCTUMOTO, HO MOXET BO3HHUKHYTh MOTPEOHOCTH
B PCKOHCTPYKOWH 3JaHUA WIIW HU3MCHCHUA €TI0 00BEMHO IIaHUPOBOYHOI'0 PCIICHHA, U B 3TOM
cirydae HeoOX0IUMO Oy/leT CHOBAa OIIEHUBATH MOXKAPHBIA PHCK. DTO TaK jK€ MOXKHO OY/eT caenaTh
IpU MTOMOIM TPOTPAMMHOTO KOMILTeKca «Fenix +3», mpuaeTcs JIUIlb OTPEIaKTHPOBATh MOJIEIb
3maHds. B ATOM M 3aKimroyaercss IUTIOC MMHTAIMOHHOTO MOJCIHMPOBAaHHUS, KpPOME TOTO,
B IIPOIPaMMHOM KOMIIJIEKCE MOXHO MCKJIIOYMTH OIIMOKU IpU pacueTe HEOOXOAMMBIX 3HAYEHH,
KOTOpPBbIE MOXKET JOIYCTHTh YENIOBEK IPH CAMOCTOSTEIbHOM pacuere. [Inroc Tak ke B TOM, YTO
MOJICIUPOBATh CICHAPUH I0XKapa MOXXHO OBICTPO M MHOXKECTBO pa3, a Py4YHOM pacyer 3aiimer
ropaszo 0oJbIlie BpeMEHH.
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Hayuynas cratbs
YK 614.8

OIIEHKA ITOKAPHOI'O PUCKA HA ITPEJIPUSTHAUN IUIIEBOM
INPOMBIIIVIEHHOCTH 000 «MYKOMOJI IIOBOJIKb D>

CeupunoB EBrennii BacuibeBuu.

Cankr-IlerepOyprexmii Ilosmmrexnudeckuii yuusepcuret Ilerpa Benukoro,
Cankr-Ilerep0Oypr, Poccusi

sviridov.ev@edu.spbstu.ru

Aunomayus. llpoBeneH aHanM3 BEJIWYMHBI IIOKAPHOTO PHUCKA HA MPEIUPUSITHN IHIIEBOU
MPOMBIIIJICHHOCTH. AHalIU3 NPOTUBOIMOMKAPHBIX TEXHUYECKHX MEPONPHATHH, MPOBOAMUMBIX Ha OOBEKTE
3aIlUThI, TPOBE/ICH MTyTEM PAacueTOB C MCIOJIB30BaHUEM MPOrpaMMbl MojeupoBanusi«Fenix +3». Ilo uroram
ObUIN cocCTaBJIeHBbl I'paMKH ONACHBIX (DAKTOPOB IOXKapa, ONPENENEeHbl NTUHAMHKA WX PaclpOCTpaHEHUs,
3HA4YEHUs] BPEeMEHHU OJIOKMPOBAHMS 3BAKYallMOHHBIX BBIXOJIOB, BPEMEHH 3BaKyallMd. BBl caenaH BBIBOJ
O COOTBETCTBHHM TpeOOBaHMSM IOXKapHOH OE30MaCHOCTH Ha OCHOBAHWMHM TMPOBEACHHOI'O aHajiM3a STHX
JaHHBIX U paCyY€TOB.

Kntouegvle cnosa: WHIWBUAYANbHBIN TOXApHBIM pPHCK, TpeOOBaHUS IOKapHOH OE30TaCHOCTH,
OTIACHBII TPOU3BOJICTBEHHBIN 00BEKT, MOJICIIMPOBAHNUE, YBAKYaI[HSI

Jast umrupoBanusi: CupuaoB E.B. Ouenka noxapHoro pucka Ha MpeAnpUsITUN MUILIEBON MPOMBIIUIEHHOCTH
000 «Myxomon IloBomxbs» / HamzopHast mesTenbHOCTD U cyneOHas SKCIIepTH3a B CHCTeMe O€30MTacHOCTH.
2023. Ne 1. C. 20-26.

BBenenune

MyuHas nmbUlb Ha 3epHollepepalaThIBAIOIIEM IPEANPUATUH C JaJbHEHIIUM XpaHEHUEM
1 COBITOM TOTOBOM MPOIYKIMH — 00BIYHOE siBlIeHHE. D(HPEKTUBHOCTH MPOU3BOJICTBA OMPEICISCTCS
HEMOCPEJCTBEHHO Pa3MEPOM MENbHHULIBL, U, €CTECTBEHHO, 00Jiee KPYITHbIE MEJIbHUIBI 3HAUUTEIILHO
HSKOHOMHYHEE, B TO € BPEMsI CaMH TEXHOJOTHMYECKHE IMPOIECCHl MPEABABISIOT 0oJiee BBHICOKHE
TpeOoBaHus B oOecrieueHU: NOKapHOii 6e3omacHocTH [1]. B mporecce mpou3Bo/cTBa 4acTh MyKH
OCeJ]aeT Ha CTeHax IlieXxa, CTaHKaX, HaXxOJIUTCS B BO3JyXe, IOKa He ocsieT Ha paboueil dopme
obcnyxkuBatomiero nepcoHasa. C  yBenuueHHMeM MaclTaba IMPOU3BOJACTBA  BEPOSTHOCTH
CaMOBO3TOpaHUsl MbUIM Bo3pacTaeT. M mpu MpeBbIIEHUH ONpeAeNEHHOrO0 YpPOBHS €€ B COCTaBe
BO3/lyXa CYILECTBYET BEPOSITHOCTh CAMOBOCIUIAMEHEHUS C JAJIbHEHUIIIMM HOPHIBOM IbIIIEBO3AYIIHON
cmecu [2]. OtoT QakTOop MOXKET CHpOBOIMpPOBaTH Ha (abpuke Ccepuio  B3PHIBOB
U OTHEHHBIX IIapoB. B3pbIBOONAcHOM MbLIbIO B MUILEBOW MPOMBIIIJIEHHOCTH MOTYT CTaTh TaKHe
MaTepuaibl, Kak MyKa, IOPOIIOK 3aBapHOI0 KpeMa, pacTBOPUMBIN Kode, caxap, CyX0e MOJOKO,
KapToQeNbHbI U CYNOBOW MOPOUIKK. B3pbIBBI MBUIM MOTYT NPHUBECTH K KaTacTpo(UUYECKUM
YeJI0BEYECKUM JKepPTBaM, TpaBMaM M pa3pyLICHUIO IPOMBIIUIEHHBIX 00BEKTOB [3].

Kaxnas npou3BoJICTBeHHAs! JIMHUSA, TJe oOpabaThIBaeTCs MUIIEBON MPOIYKT, T€HEpUPYET
IBIIb, KOTOPYIO HEOOXOIUMO YIIaBIMBATh M cOOMpaTh. BaXHO clemuTh 3a KOHIIEHTpALUEH MbUTH
B BO3lyXe M o0ecrneyuBaTh COOJIIOJCHHME HOPMATUBHBIX TpeOOBaHMN 1O BO3JCHCTBHIO
€e Ha OKPYKaIONIYI0 CPey, YTO MOXKET TapaHTUPOBAThCS BHEAPEHUEM MEPCIIEKTUBHBIX HHHOBAIIHN
U CTpaTeryii coBepuIeHCTBOBaHus [4, 5].

[Ipu ocHameHUH KOMOMKOPMOBBIX 3aBOJIOB BBICOKOIIPOU3BOAMTENBHBIMUA YCTaHOBKAMHU
¢ OOJIBIIION CTETIEHBI0 aBTOMATU3AIIMH HEOOXOIMMO TapaHTHPOBATh OCHANICHHUE WX CIIEIUATbHBIMA
nbelIeBbIME (punbTpamu [6]. Takoe kauecTBeHHOE 00OpYyIOBAaHHE OOECIEUUT YHUCTOTY BO3YXa,
OYHCTHUB €T0 OT COAEPIKAIIMXCS B HEM TBEPABIX YaCTHI], a 3aTE€M H3BJIICUCHHBIC TBEP/IbIC MaTEPHAIHI
MOBTOPHO BBOJIATCS B TEXHOJIOTHYECKUI npouecc. [Tokazarenb Haauuus MbLUIM Ha 3aBOJIE SBISETCS
OJIHUM U3 OTpeAeAomuX (pakTopoB s MPOBEPKH BO BpeMs ayauTa [7].

[ToxxapHast 0e30MacHOCTh MNpPEAyCMAaTPUBAET TAKOE COCTOSHHE OOBEKTa, NMPU KOTOPOM
C YCTaHOBJICHHOH BEPOSTHOCTBHIO MCKITIOYAETCS BOZMOKHOCTh BOSHUKHOBEHHSI M Pa3BUTHS MTOXKapa

© Cankrt-IletepOyprekmii yausepcuret I'TIC MUC Poccun, 2023
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U BO3JCHCTBHE Ha JIOJEH ero omacHbIX (DaKTOpOB, a TaKKe IMpelycMaTpUBaeT 3allUTy
MaTepHaIbHBIX LEHHOCTEeH. [[1s mnpaBUIIbHOM OpraHu3alu MPOTUBOMOKAPHBIX MEPONPUSTUN
Y OpraHu3alyy TYIIEHHUS M0KapoB HEOOXOIUMO MOHMUMATh CYIIHOCTh (PM3UYECKUX U XUMHUECKUX
MPOIIECCOB, KOTOPBIE MMPOUCXOAST IPU TOPEHHUH.

[Tpon3BOACTBO 3epHAa — OCHOBHASI OTPacib CEIbCKOXO03IHCTBEHHOTO MPOM3BOACTBA OOJIBIIIMHCTBA
ctpan wmupa. Ilpenmpustus xi1e00MpPOAYKTOB SBISIOTCS OOBEKTAMHU IOBBIIICHHONW OIACHOCTH.
Ha Bcex sTamax mpOH3BOJICTBEHHBIX MPOIECCOB BO3MOXKHO 0Opa30oBaHME B3PHIBONOXKAPOOMACHBIX
MBUIEBO3YIIHBIX cMecel. ExxerogHo B Mupe Ha 3epHONepepadaThIBAOIIUX 00bEKTaX MPOUCXOAUT
400-500 B3psiBoB. 3a nocaeanue 20 jer B Poccuiickoit depeparmu npousonuto 195 B3peisos [8-10].

Llens paGOTHI — ONPEAETUTh ONTHMAIBHYIO BETMUYUHY WHAUBHIYATBHOTO TOXKAPHOTO PUCKA
Ha npuMepe o(pUCHOTO 31aHUS HA TEPPUTOPUU MYKOMOJIBHOTO MPEIIPUSATHS.

OO0BbeKTOM HccieI0BaHUS SABISIIOCH MPEANPUATHE MUILEBON MTPOMBIIIIEHHOCTH, MPEIMETOM
HCCIIEA0BAHUS — MHIUBUYaJIbHBIN T0KAPHBIA PUCK.

Pabora mpoBeneHa Ha OCHOBAaHMM OTKPBITOH HH(POpPMAIUM O NPEANPUSTHH IHIIEBON
MIPOMBIIIJICHHOCTH: IJIaHbl 3aHMs], HHPOPMAIUS O CTPOUTENBHBIX KOHCTPYKIUSAX U MaTepuasax.
Pacyer uHIMBUya IbHOTO MOKAPHOTO PUCKA MPOBOIUICS HA OCHOBE OPHUIIMATBHBIX METOINYECKUX
PEKOMEHTALIHIA.

3amaun, KOTOpPBIE PelIaIiCh B X0/1€ PabOThI:

— U3y4YeHHUE JaHHBIX O MOXKapaxX Ha TEPPUTOPUH MOAOOHBIX MPOU3BOJICTB;

— aHaM3 METOJIOB IO CHIKCHHIO TOKAPHOH OMACHOCTH M PACCMOTPEHHE BO3MOKHOCTH
WX pean3allii;

— pacyeT WHAMBUAYAIBHOTO TMOXApPHOTO pHUCKAa Ha 3allUIIaeMOM OOBEKTE U aHalu3
MOJTyYCHHBIX PE3yJIbTaTOB.

OObexT wuccnenoBaHUs JaHHOH paboThl — OQHUCHOE TIOMEIIEHHE Ha TEePPUTOPUHU
MPEANPHUATHS MUILEBOM MPOMBIILICHHOCTH.

MeToabl HCCIETOBAHNUSA

OO0bexkT Haxoautcs Ha Tepputopun CaparoBckodt 00a. B 1. Ilyrauese. Ilpenmpusitue
MPOU3BOUT MYKY HECKOJBKMX COPTOB, a TakXe TOTOBbIE CMECH KOMOMKOpMa JJsi CKOTa
Y TOMAIIHUX XKMBOTHBIX Ha COBPEMEHHOM INPOU3BOACTBEHHOM 00opynoBaHuu. [loa mpousBoacTBO
BBIZICJICH OJMH 1eX, Pa3feJEHHBIA Ha TpU paBHble 4yacTu. Tepputopusi — 3,3 ra. OCHOBHYIO
oAb MPEANPHUATHS 3aHUMAeT IPOU3BOJICTBEHHAs TEPPUTOPHSI, CTOSIHKA JJIsi TPY30BBIX
aBTOMOOMJIEH U CKJIa/ibl TOTOBOM MpOyKIMH (puc. 1).

Puc. 1. Tepputopust npeanpusiTus:
1 — MyKOMOJIBHBII LeX; 2 — CKJIaJ TOTOBOI MPOAYKINH; 3 — 3aKPbIThIil TOProBbId IEHTP;
4 — TONOJIHUTEIBHBIN CKJIAJl TOTOBOW MPOLYKIUHUH; 5 — CKJIaJ MeTAJJIOKOHCTPYKLMIi;
6 — aHrap nJsl XxpaHeHUs 3epHA; 7 — 3/1aHMe TUPEKINHU; 8 — Bechbl JJIsl MOCTYNAIOLIETO CHIPbS
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OCHOBHBIE CTPOUTENBHBIE MAaTEPHAIIBI — JKETIE300€TOH B MPOU3BOACTBEHHBIX MTOMEIICHUSX,
METAJIOKOHCTPYKIIMM Ha CKJIQJCKMX ITOMEIIEHUAX, KHUpPINUYHas KiIagka B O(GUCHOM 3/JaHUU
Y 3/1aHuu ObIBIIErO Mara3zuHa. MimeeTcst moapoOHbIN miaH odrica, pacuéT MoKapHBIX PHUCKOB OyeT
MpOBOANTHCS Ha ero mnpumepe. OducC COCTOMT U3 MATH TMOMEIICHUN: TPU MOMELIEHUs IS
HEMOCPEACTBEHHON pabOThl COTPYIHUKOB M XPAaHEHHS JTOKYMEHTAIMU OOMmIeH ruiomanpo 133 M2,
KyXHsl, Tyajer, aym — BMecte 20 M u kopumop 48 m?. TlonHas nHpopmanus 006 0OBEeKTe
npenocrasiieHa B Tab. 1.

Tabmuma 1

XapakTepucTHKA 00beKTa

I[aHHI)Ie 0 31aHUHU 3HaquI/IC / XaPAKTCPUCTUKHU
Kareropus 3panus o4
KommdaectBo sTaxkei 1
[Tmomans 213 M
KonuuecTBO BXOI0B 1
OroruieHue [EHTPAILHOE, BOJISTHOE
DIEKTPUIECKOE OCBEIICHUE 220V
BeHTI/IJ'IHLII/ISI €CTCCTBCHHAs
OkHa 3
OXpaHHO'HO)KapHaH CUTrHaJInu3anusia B HAJIMUNU
JpIMOBOH M3BeIIATEND 5 wr.
3BYKOBOI OIOBEIATEINb 2 wWT.
MaxkcuMalIbHOE BO3MOKHOE KOJMUECTBO J0AEH, HAXOAUBIINXCS B 3MaHUH 6
Bosee monpoOHBIi IJ1aH 3/1aHUS MIPEICTABICH HA PHC. 2.
COMACOBAHO MNAH YTBEPKDAID
HauansHux otrenesns OFTIH Bupexrop 000 ‘Tyrasea-epronpopyxs”
no Myra4esckomMy pasoHy IBAKYaUMH NIOAGH U MMyujecTea " AwrowosCI.
___Anmcumos AT npu noxape
e TlrA A
| ’
E = = e — | [_—_“H
| ;
{l i - o
& —
| J
|
i Yenosiie 0BOIHAYBHMA:
~ Pyunoi nomaphbi n:nn.lﬂnmb e lpW BosHw o’ Domap
A MepenocHON YIMOKHCIOTHRIA OTHETYLITEN 38 NPOTMBONOKAPHOB COCTOANN: 1. Betagam, noxapuyio MWMW‘WW 10101,
* OCHOBHOR MYTh JBAKYALMM “Bunaity” - 010, "MTC" - 112
*+  3anacHod MyTh IBAKYALHH TIPH 3TOM HYIHO NOTKO COOBUMTE ARpec, 4TO ropuT, oBnACHTE, K10
] ‘IBAKyaUHOHHAR NBCTHHLA ;.m“ mmmm
: Tenedan i fioneh u
1 mo;:.m:oﬁﬂ?n’::mw“ l.nmwwwwuw
" Mnmpﬂuiw 5

Puc. 2. Ili1an 3Bakyanum Jioeil 1 UMYyLIeCTBA NMPHU MoKape

[lepBbIM 11aroM cTajgo MOJETUPOBaHHE OOBEKTa 3AIIUTHI C UCIOJIB30BAHUEM IPOTPAMMBI
«Fenix +». CornacHo 1uiaHy 00O3HAueHBI BCE MOMEICHHs, OKHA, MeOenb. B paccmarpuBaeMbix
CLIEHapHsIX MoXkap OyJeT HauMHAThCS UMEHHO C O(PUCHOM MeOenH, B YaCTHOCTH — JIBYX PabO4MX
cToyioB ¥ mikada ¢ Oyxranrepueit. 3D-mMonenp 00beKTa U BU CBEPXY MPECTABICHBI HA pUC. 3.
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Puc. 3. 3D-moxeinb 00beKTa

dopmyia A noAcYETa UHAMBUAYAIBHOTO OKAPHOTO pHCKa!
Qs =Qu X (1-Ran ) XPyp % (1-Py ) x (1-Pys),

rre Qu — yacToTa BO3HUKHOBEHMs IOXKapa B 3JaHUM B Te4YeHHE ronaa; R,; — BeposATHOCTH
¢ pexTHBHOTO  cpabaThIBaHUS  YCTAaHOBOK aBToMarmyeckoro moxkaporymenus (AVYIIT),
OIIPEAEIAETCS TEXHUYECKONM HaIeXKHOCThI0 3iieMeHTOB AVIIT, nmpuBoguMBIX B TEXHMUYECKOH
nokymenrtanuu. AYIIT B 3qanun He mpexycMmoTpensl. [lokapHas Harpy3ka B OQHCHBIX 3JaHUSIX
npuHAMaeTcs 3a 50 kr/m; P, — BEpOATHOCTH NPUCYTCTBHSA JIIOACH B 3laHMH, OIpeleisieMas

N3 COOTHOIIICHUI .
Pnp = t¢yHKH /24,

TO€ tgyuy — BPEMS HAXOXKACHUS JIOAEH B 3maHUM B 4acax. [IpuHATOo Pup = tyyma /24=12/24=0,5.
P, — BEposATHOCTB IBaKyaIllu JIFOJICH:

08 =ts, — t
gtggg*w

— H3
Pai_

i 0,999, ecnu t, + tyy < 0,8 * t5, Ut < 6 MUH
0,000,ecnu t, = 0,8 * t5, unu t, > 6 MUH

,ecnn t, < 0,8 * tg, < t, + by, Ut < 6 MUH

r7e t, — pac4eTHoe BpeMs DBAKyalluM JIIOJIEH, MUH,; 1, — BpeMs Hayana 5BaKyalluH (MHTEpBall BpEMEHU
OT BO3HMKHOBEHMs MOXKapa /10 Hayajla 3BaKyallMM JIOJeH), MHH; ls; — BpeMs OT Haudaia Iokapa
70 GJIOKMPOBAHMS HIBAKYALIMOHHBIX MyTel B pe3yabTaTe paclpoCTPaHEHUSI Ha HUX OMACHBIX (PaKTOpOB
roxkapa, UMEIOIIMX MPEeJeNIbHO JOMYCTUMbIE AJIs JIIo/iel 3HayeHHs (Bpemsi OJOKHpOBaHUS MyTei
9BaKyalluu), MUH; tc, — BpeMs CYIIECTBOBAHHUS CKOIJICHUH JIt0JIei Ha y4acTKax MyTH.

Py; — BepoaTHOCTD A PeKTUBHON pabOTHI CUCTEMBI TPOTUBOIIOXKAPHON 3aIUThI, HAIIPABIEHHON
Ha obecrieueHre 0€30MacHON IBaKyalluy JIOJIeH pU MoXkKape, pacCUUTHIBAeTCs Mo popMmyIie:

P =1 —(1 — Rose Reovs) (1 — Rege Rima),

r1e Rosy — BEpOATHOCTD 3(h(eKTUBHOTO cpadaThIBaHUsI CUCTEMBI NMOKapHOW curHanuzanuu; Reoys —
yCIIOBHasi BEPOSTHOCTh 3(P(GEKTUBHOIO cpabaThIBaHUS CHCTEMbI OIOBEIIEHUS JIIOJIEH O MoXape
U yIpaBleHHs dBakyauued soneil B ciydae 3((eKTUBHOro cpalbaThIBaHHS CHCTEMBbI MOXKapHOU
curHanm3anuy; Ry — ycnoBHas BeposATHOCTh 3()(PEKTHBHOro cpabaTbIBaHMS CHCTEMBbI
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OPOTHBOJBIMHOM 3alIUThl B ciydae d3(PQeKTHBHOro cpabaThIBaHUS CHCTEMBl IMOXApHOU
CUTHAJIM3aIlUH.

B mporpamme Takxke co3maeTcss  HMHIMBUAYaTbHO-TIOTOYHAS  MOJENb  IOBEACHUS
IBAKYHPYIOLIMXCS, KOTOpasi CO3/1aeT UMHUTAIMIO TIEPEBIKCHNS OTACIBHO B3ATOTO YenoBeka. Takas
MOJIENIb MCIIONIB3YETCS JUIsl pacdyeTa pasInYHbIX CLIEHApUEB SBAKyallid, YYUTHIBAS MEPCOHATIHHBIC
ponu Jofeld B IMOTOKE, M BhIOOpAa HAWIydlIeld CXeMbl MX JABIKEGHHUS C TOYKH 3PEHHS Mep
OezomacHoCcTH. [l KaXZoro M3 mHapaMeTpoB ONACHBIX (DAKTOPOB IOXKapa pPacCUUTHIBACTCS
KPUTHUYECKOE BPEMsI — BpeMs, 3a KOTOpPOEe 3TOT (HaKTOp IOCTHUTHET MAaKCHMAJIBHO IOIMYCTHMOTO
3Ha4yeHus. [IpenenbHo 1omycTUMBbIE 3HAaYeHuUs B Ta0I. 2.

Tabnuna 2

IIpenenbHO K0mMycTUMBIE 3HAYEHUSI ONIACHBIX (PAKTOPOB MOKapa

[IpenenbHO nOMyCTUMBIE
OmnacHele GakTopbI Mmoxkapa bent oty

3HAYCHHUS
TenoBo#i NOTOK 1400 Br/m”
IInamst 1 uCKpsl -
[ToBbIIeHHAs] TEMIIEpATYpa OKPYKAIOIIEH Cpeabl 70 °C

CO, - 0,11 kr/nm®
CO - 1,16*107® kr/m®
HCL — 23*10°® kr/m®
CHIDKEHHE BUJIUMOCTH B IBIMY 20 m
IToHm>xeHHasi KOHIIEHTPaLUs KHCIOPOAa 0,226 xr/m°

BrIcokast KOHLIEHTpaLusi TOKCUYHBIX IPOJAYKTOB FOPEHUS
U TEPMUYECKOTO Pa3IIOKEHHS

['paduk u3mMeHeHus onacHbIX (PAKTOPOB C TEUCHHEM BPEMEHH MOKa3aH Ha puc. 4.

| LA L oL S D it N Lo o o O e i i i [
6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 6
Bpems, ¢

® Kputuueckoe 3HaueHue @ Temnepatypa* © Buaumocte® @ O,* @ CO,* @ CO* @ Tennoeoii NOTokK*
Puc. 4. PacnosioskeHne oyara noxapa B TpeTbeM CHeHAPHH

AHanu3upys JaHHbIM rpaduk, MOXXHO CHeNaTh BBIBOJ, YTO BpeMs OJOKHPOBAaHUS
3HAYUTENIbHO TMPEBBIIIAET BpeMsi MoJenupoBaHus. JIroau 3BakyupyroTcs U3 3[JaHUS 3HAUYUTEIbHO
paHblIIe, TO3TOMY TPEeOYyeTCs TOTOIHUTEILHOE BpeMsl MOJIEIUPOBAHHUSL.

Pe3y.]1bTaTl)I HCCJICJ0OBAHUA U UX AHAJIHN3

YucneHnoe MOJCIINPOBAHUC CIICHApHECB IMOXapoB IIHUPOKO HCIIOJIB3YECTCA
B HpOTHBOHO)KapHOfI HayKe. BKCHepI/IMCHTaJIBHBIe JAaHHBIC IIOJYYCHBI ITYTEM MOICIUPOBAHUA
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C TOMOIIbI0 HMMHUTAIIMOHHOTO TporpaMMHOro obecmeucHus «Fenix +3» (ceTku, peakiuu,
MaTepuasbl, MOBEPXHOCTH, CO3/IaHWE CTPYKTYp U BEHTWIALHUOHHBIX OTBEPCTUH, CO3JaHHE
anmaparypbl 00HApY>KEHUS, YIIPABJICHUE BBIXO0M, MOJICITMPOBAHUE TAPAMETPOB).

Ha ocHoBe naHHBIX U3 MPOrpaMMbl MOJEIHMPOBAHMS IMOKAPOB M H3BaKyalluu IepcoHala
«Fenix +3» MOXHO caenaTh psii BHIBOJOB 00 HHIMBUAYaJbHOM IIOKaPHOM PHCKE B O(PHUCHOM
3MaHMM Ha TEPPUTOPHH  OIMACHOIrO Mpom3BoAcTBeHHOro obbekra (OIIO0) OO0 «Mykomon
[ToBOMXKBSI»:

— 3HAa4YeHUsI BpeMeHU OJIOKMPOBKHU MPEBBILIACT BpEMs IBaKyalllH [epCcoHaa;

— WHJAMBHUIYABHBIA TOXKAPHBIA PHCK HE MPEBBIIIACT, COMIACHO TPEOOBAHUSAM, OJHY
MUJUIMOHHYIO B TOJI;

— JIOTIOJTHUTEIBHBIC MEPhI TI0 O0ECTICUCHUIO TIOXKAPHON 0e30MacHOCTH B O(DUCHOM 3JIaHUU
Ha TEPPUTOPHUHU MPEATIPUATHS HE TPEOYIOTCS;

— o(uc HAXOAUTCS B OTAAICHUU OT MYKOMOJILHOTO II€Xa — MPOTHBOIIOKAPHBIC PACCTOSIHUS
co0roatoTcsl. Y cTaHOBKA B3PHIBOYCTOMYMBOIO OKHA B KaOuHeTe 48 M’ He TpeOyercs.

tsx =0,76 muH;

t, =0,16 muH;

ty =0,1 muH;

T =0,37 MuH;

P, =0,994;

5,2%107 >10°.

[TokazaTenp HHAMBUAYATHLHOTO MOXKAPHOTO PUCKA B MPEEIax HOPMBI.

3akjaueHue

B xoxe manHO# paboThl ObIIO paccMoTpeHO oducHoe 3manue Ha Tepputopun OIIO OO0
«Myxomoit [ToBosKbs». C MOMOIIBIO TPOrpaMMHO cpefibl «FeniX+ 3» ObLIH ONpeeICHbI:

— BpeMsl 3BaKyalluu U OJOKMPOBKU IBAKyallMOHHBIX BBIXOJIOB;

— 3HaYeHHE WHIANBUAYAIBHOTO MOKAPHOTO PHUCKA;

— BEpOSATHOCTD IBAKyal[1H JIFOIEH.

Bblu BBINOSTHEHBI ONpe/IeTICHHbIE 3aJauu:

— U3y4YEHHUE CTAaTUCTUKHU O TIokapax Ha tepputopuu OI1O;

— aHaJIM3 METOJOB IO CHI)KEHHUIO TOXApHOH ONAaCHOCTH M PAacCMOTPEHUE BO3MOKHOCTH
UX peanusaluy,

— pacyueT HWHAMBUAYAIBHOTO IOXXApHOTO PHUCKA Ha 3allUIIaeMOM OO0BEKTe M aHaIu3
MOJIYYEHHBIX PE3yIbTaTOB.

PacuéThl TOKa3bIBAIOT, YTO MHIUBUAYAJIbHBIA IOXApHBIH PUCK Ha OOBEKTE 3alUThHI
HE TIpeBbIaeT ycraHoBieHHOro DenepanbHbIM 3akoHOM OT 22 wmronst 2008 1. Ne 123-D3
«TexHn4eckuil periiaMeHT o TpeOOBaHUAX MOKAPHOW OE30MaCHOCTHY 3HAUYEHUSI.

MokHO crienath BbIBOJ, YTO Ha JaHHOM OOBEKTE 3alllUThI:

— obecrieunBaeTcst HeOOXOMMask CTETIEHb MOXKAPHOM 0€30IacCHOCTH;

— BBINOJIHEHBl BCE HEOOXOIMMBIE MEPONPUSTHS, HANPABICHHbIE HAa CHI)KEHHUE BEIMYMHBI
II0’KapHOT0 PUCKa

CnucoK MCTOYHMKOB

1. JlomoBckuit O.U., bonasipeB B.B. MexaHoxuMus B PEIICHHH SKOJOTUYECKHX 3amad //
Okomnorus. Cepust aHATMTUYECKUX 0030pOB MUpPOBOH uTepaTypsl. 2006. Ne 79. C. 1-221.

2. TakTnka ocMOTpa MecTa TMPOWCIICCTBHS IO JejiaM, CBSI3aHHBIM C TIPUMEHEHHEM
B3pbIBHBIX ycTpoiicTB / M.E. 'anaktuonos [u ap.]. Tomck, 2017.

3. Maxkamer B.A., Iletpo C.B. OnacHble CHTyallu TEXHOT'CHHOT'O XapaKTepa W 3alluTa
oT HuX: yue0. mocobue. M.: DHAC. 2008. C. 55.

4. Tlonos K.M., ®uwmunnoB A.H., Xypmyasa C.A. IlumeBble HaHOTEXHOJOTUU //
Poccuiickuit xumuueckuit xypraai. 2009. T. 53. Ne 2. C. 86-97.
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u B mupe B 2003 roxy // Ctparerus rpaxx1aHCKON 3amuThl: po0ieMbl u uccinepoBanus. 2013. T. 3.
Ne 2. C.363-461.

8. Tpery6oB A.A. bubmorekaps Mmneparopckoro Kazanckoro yausepcurera. K 200-netuto
co nus poxnaenus A.M. AprembeBa // bubnuoreunsiit BectHuk. 2020. Ne 1. C. 55-59.

9. umoB B.®., Acanuna J[.A. CTaTUCTHUYECKUI aHAIN3 U TIPOTHO3UPOBAHUE KOJIMUYECTBA
TOpPOJCKUX TOoXKapoB B peruoHe // XXI Bek: UTOrH MPOLLIOrO U MPOOJIEMbl HACTOSIIETO ILIIOC.
2015. T. 1. Ne 1. C. 264.

10. bypues B.A. AHamu3 OCHOBHBIX HapyIIEHWH MOXKapHOH O€30MacHOCTH B MeECTax

OOIIEeCTBEHHOTO MUTaHUs // AKTyanbHble TpoOieMbl crpouTenscTBa, JKKX u texHochepHoi
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BE3OINACHOCTDb TEXHOJOI'MYECKHUX
IMPOHECCOB 1 IMTPOU3BOJACTB

Hayunas ctates
VK 614.844

METO/IUKA AHAJIN3A TIOKAPHOM OITACHOCTH ITPOU3BOJICTB

EBmmrpano]a» Baaagumup HukosaeBuu.

Cankr-Ilerepoyprcekuii ynusepceuter I'lIC MUC Poccuu, Cankr-Ilerepoypr, Poccus.
JIyrosoii Anexkcanap AJleKCaHIpPOBHY.

Cankr-lIlerepOyprckuii OpuanYecKuii MHCTUTYT ((priimajn) YHUBEPCUTETA IPOKYPATYPbI
Poccuiickoii @enepanuu, Cankr-Ilerepoypr, Poccus.

TpyHoBa Annna BuranbeBHa.

CrneunuajabHoe ynpasJjieHue ¢enepaabHoil NpOoTUBONOKAPHOI cayx0b1 Ne 50 MUC Poccun,
Cankr-Ilerepoypr, Poccust

2y1a4934@yandex.ru

Annomayus. PaccMoTpeHa METOAMKA aHAJIM3a MOXKapHON OMacHOCTH MPOoU3BOACTB. OmHcaHbl 3TaIbI
aHaJM3a MOXKAPHOH OMAaCHOCTU OOBEKTOB 3aLIUTHI, IPEIJIOKEHBI CIIOCOOB! 3aLUThI TOTEHIHAIBHO OMACHBIX
TEXHOJIOTHUECKUX IpolueccoB. [IpuBeneH mnpumMep aHauu3a HOKApHOH OMACHOCTH Hamboyiee OMAacHBIX
XMMHYECKHUX MPOU3BOJICTB HA MPHMEPE 3aBOIOB M30IPEHOBOI0 Kaydyka B ropoaax Crepnuramak U TodbATTH.

Kmouesvie cnosa: TEXHONOTMYECKUI MPOLIECC, KATErOpysl, IIPOU3BOICTBO, HOXKApHAasi ONACHOCTb, MOXKap,
HCTOYHUK 3aKUTI'aHUA

s nurupoBanust: Bunorpanos B.H., Jlyrosoit A.A., TpyHosa A.B. Metoauka aHainu3a mo>kapHoil OacHOCTH
npousBoJCTB // Han3zopHas aesTenbHOCTh M cyaeOHasi dKcrepTu3a B cucteme OeszomacHocT. 2023, Ne 1.
C. 27-32.

JIro6oe MpOU3BOJCTBO HEPA3PHIBHO CBSA3AHO C IPOLIECCOM TOJYYECHHS TOTO WJIA WHOTO
MPOAYKTa. DTOT MPOILIECC OCYIIECTBISETCS JIOAbMH, KOTOPBIE HCHONB3YIOT s MONyYeHUs
KOHEYHOTO MPOJYKTa TEXHOJOrH4eckoe oOopymoBaHue. B pe3ynbTare Ha 00BEKTE MMEET MECTO
3HAYUTEIIFHOE KOJMYECTBO HCXOJHOTO CBIPhS M TOTOBOW MPOMYKIMU. B KOMIUIEKCe Haimudue
Toei, 000pyI0BaHMSI 711 TEXHOJIOTMUYECKOTO MpoIiecca, OOIBIIOr0 KOJTUYECTBA UCXOJHOTO ChIPhS
Y TOTOBOHM MPOIYKIIMH C OMPEIEICHHBIMHU M0KapOOMacCHbIMU (PU3UKO-XUMHUECKUMU CBOMCTBAMU
XapaKTEPU3YIOT MOKAPHYIO OMACHOCTH MPOU3BOJICTBA.

YCyryOmsiioT MOXKapHyH0 OMAacHOCTh OOBEKTOB HAMYME 3HAYUTEIBHOM MPOTSHKEHHOCTH
MIPOM3BOACTBEHHBIX KOMMYHHUKAIUM, CIOKHOCTH TEXHOJOTMYECKUX alMapaToB ¥ KOHCTPYKIIWH,
AIIEKTPOOOOPYIOBAHUS U ITIEKTPUUECKUX CETEH, KOHCTPYKTUBHBIE OCOOCHHOCTH 37[aHUN M COOPYKESHHUH.

Bonbioe BiausiHME Ha COCTOSIHHE TOKAPHON 0€30MaCHOCTH O0BEKTa MMEET YEIOBEUECKHUI
daktop. Pabota ¢ moapMHU, TMOBBINIEHWE WX MPOTUBOMOXKAPHBIX 3HAHUH, COOIIOJCHHE UMHU
MIPOTUBOMOXKAPHOTO PEeKUMA SBISIETCS BaKHOM MEpOii 3allIUThl 00BEKTa OT MOKAPOB.

[TepeunciieHHbIe (GaKTOPHI TIPEIITOJIaraeMOl 00CTAHOBKH HA TIPOMBIIUICHHOM TIPEIIPHSITHN
MO3BOJISIFOT CJIETaTh BBHIBOJI O BOBMOKHOW CTETIEHH WX MOKAPHOM OMacHOCTH.

B mHactosmiee Bpemsi OTMeHaeTCs 3HAUYMTEIBHBIA POCT TOXKapOB Ha MPOU3BOJCTBAX
C TEXHOJIOTHYECKHMH TPOIIECCAMHU, ONTAaCHBIMU B MOKAPHOM OTHOIIEHWH. CTaTHCTUYECKHE JTaHHbBIS
MOKAa3bIBAIOT, YTO HA TaKUX OO0beKkTax Bo3HuKaeT Oonee 10 % mokapoB, a YOBITKM OT HHUX
cocTaBisIoT 6osee 35 % OT Bcero KOJIM4eCTBa MOKapOB MO CTPaHe.

CrnemoBaTenbHO, aHAIM3 W OIICHKA IMOXKAPHOM OIMACHOCTH Ha TaKUX OOBEKTaX HMEET
Ba)KHEHIIIee 3HAUCHUE JIsl 00ECTIeUeHUS UX TOXKapHOUW 0€30MMacHOCTH.

OreHka MOXapHON OMacHOCTH OOBEKTa JOKHA OCHOBBIBATHCS HA U3YYEHUU TEXHOJIOTHH
mpolecca MPOU3BOJCTBA, KOHCTPYKTHBHBIX OCOOCHHOCTSIX 3IaHMM WM COOpPYKEHUH, (HU3HKO-
XUMHYECKHX CBOWCTB BEIECTB W MaTepUaOB, PSKHMa W IAapaMeTpoB pabOTHI 00OpYyTOBaHUS
Y TIPOTHBOITOKAPHOTO PEKHMA Ha OOBEKTE.

© Cankrt-IletepOyprckuii yausepcuret ' TIC MUC Poccun, 2023
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Be3omacHOCTh TeXHOIOTMIECKHUX TpOoHeCCOB U MMPOU3BOACTB

JInst u3ydeHus o’KapHOM OMAaCHOCTH MPOU3BOJICTBA HEOOXOIUMO:

— O3HAKOMHUTBLCS C HOPMATHBHBIMH TPEOOBAaHMAMM K 3JaHUSM U coopyxkeHusM. C 3Toif
1eNblo U3yuuTh TpeboBanus B coorsercTBytomux CHull, HIIb, I'OCT, CII u ap.;

— OIpPEIEIUTh KATETOPUIO IO B3PBHIBONOKAPHOW M IOKAPHOM OINACHOCTH ITOMEILECHHI
U 3J1aHHH, a Takke Kinaccubukaiuio 300 mo «l[IpaBunam ycTpoiicTBa 3eKTpoycTaHoBok» (I[TYD),
KOTOpBIE ONPEIENIAIOTCS 110 METOAUKE, npeacrasieHHoi B CIT 12.13130.2009;

— IPOBECTU PACUET MOMKAPHBIX PUCKOB, KOTOPBIE OMPEEISIIOTCA N0 «MeToIMKe OIpeeIeHus
pacyYETHBIX BEJTMUMH MOXKAPHOTO PUCKA Ha MPOU3BOJCTBEHHBIX 00ObekTax» ([Ipunoxkenue k mpukazy
MUC Poccun ot 10 mroms 2009 r. Ne 404) u npukaz MUC Poccun ot 12 nexadps 2011 1. Ne 749;

— NPOBECTU aHAIMU3 MOKAPOB. AHAIIN3 MPOBOJUTCA C LIEJIBIO BBISABICHHUS OCHOBHBIX IPUYHH
U MECT BO3HHMKHOBEHMS I[10’Kapa, YCJIOBUH CHOCOOCTBYIOUIMX pPACIpPOCTPAHEHHUIO TIOXkKapa,
XapaKTepHBIX IS JAHHOTO TPOM3BOJCTBA, OCOOCHHOCTEH pa3BUTHA M TYIIEHHS IOXapa, s
BBISIBJIEHUMSI HEJOCTAaTKOB CHUCTEM IIPOTHMBOIOXKAPHOM 3aIMTHI U IPEAOTBpallleHus noxapa. s
BBITIOJIHEHUS JTAHHOM 33/1a4i 00O0O0IIAIOTCS W aHAIM3HMPYIOTCS JaHHBIE O MOXKapax M 3aropaHusx,
npouciienmux 3a 5—10 1etr Ha u3ydaeMoM O0OBEKTe W aHAIOTMYHBIX IPOU3BOACTBAX;

— U3YYWTh [IOKA3aTEIM TEXHOJOTMYECKOrO IIPOLIECCa, KOTOPbIE XapaKTEpU3YIOT €ro
MOXKapHYI0 OMAacCHOCTh. TEeXHOJIOrMYECKHMH TpOoIecC TMPOU3BOACTBA H3Yy4aeTcs B o0ObeMe
He0OXOIMMOM JJIsl OTIpE/IeTICHHs €ro MmoXapHoii onacHocTu. [Ipu 3ToM HEOOXOAMMO PacCMOTPETh:
TEXHOJIOTHYECKUN PpErjIaMeHT, TEXHOJIOTMYECKYH) CXEMY IPOM3BOJICTBA, BBICHUTH IOKA3aTENH
TEXHOJIOTHYECKOr0 IMpoIecca, XapaKTEpU3YIOUIME €ro MpPOTUBONOXKapHOe cocTosinue. K Takum
MOKA3aTeNsIM CIEAyeT OTHECTH: NMPOU3BOAUTEIBHOCTh YCTAHOBOK, JIMHMI, anapaToB; CTEIECHb
IIPEBPALICHUS] CBHIPbS; CEJIEKTUBHOCTh; CKOPOCTh XHMHUYECKUX IIPOLIECCOB; MaTepUalIbHbBIN
U TEIJIOBOM OallaHC YCTaHOBOK, ammapartoB. HeoOOCHOBaHHOE 3aBBIICHHE (3aHMKEHHE) TAaHHBIX
apaMeTpPOB MPUBOAMT K CO3JIAHUIO aBAPHITHOM, MOKAPOONACHO 00CTaHOBKH Ha OOBEKTE;

— BBUICHUTH KOJMYECTBO, BHJ U I[10’)KAPOONACHBIE CBOMCTBA INPUMEHSEMBIX BEIIECTB
U MarepuasioB. B mpoiecce H3ydeHHs yKa3aHHOIO BOIpOca HEOOXOJMMO HMETh CIEAYIOLne
JAHHbIE W MaTepHallbl: NPOEKTHYH JTOKYMEHTALUIO IPOU3BOJICTBA, TEXHOJOTMYECKHUE CXEMBI
Y periiaMeHThl TEXHOJIOTUYECKHUX MPOLIECCOB, JaHHbBIE O (PU3UKO-XUMHYECKUX U B3PHIBOMOKAPOOMACHBIX
CBOMCTBAxX UCXOJHOTO ChIPbs, IPOMEXYTOUYHBIX U MOJYYEHHBIX IPOIYKTOB;

— BBISIBUTH I0’KapOOINACHBIE YYaCTKHU, MOXapHas 0€30MacHOCTh KOTOPhIX HE oOecreunBaeTcs
MepaMH MOKapHOH MPOPUIAKTHUKU. DTO BBIABISETCA MYTEM CPAaBHEHMs PEATbHOTO pa3MEIICHHUs
MIPOM3BOJICTBEHHBIX YYaCTKOB C HOPMAaTUBHBIMH TPEOOBAaHUSAMU 110 MTOKaPHON OE30MaCHOCTH;

— OIpEeNEeIuTh BO3MOXHOCTh OOpa3oBaHMs TOproyeil cpeibl BHYTPH NPOU3BOJACTBEHHOTO
o0opynoBaHuss M B TOMEUICHUSX. BHYTpM TEXHOJOIMYECKHX ammapaTtoB MOTYT ObITh
B3pPbIBONOXKAPOOIIACHbIE  Mapbl, Ta3bl WA MbUIb. [IOCKONBKY  B3pBIBOIIOXKAPOOIACHBIE
KOHILEHTPAallMd MOTYT CO3JaBaThCsl MPU ONPEIENIEHHBIX YCIOBHUSIX, TO HEOOXOJAWMO 3HAaTh
napaMeTpbl TEXHOJIOTHYECKOTO Mpoliecca, MPOTEKaroOIIEero B anmnapare, i CBOMCTBa 00paIiaonmxcs
BELIECTB C LENbI0 NPELYNPEKIACHUS B3pbIBa WU 10Kapa;

— M3YYUTh NPUYMHBI aBapUITHOTO BBIOpOCA HapY)Ky FOPIOUMX MApoB, Ia30B WU KUJIKOCTEH
U3 TEXHOJIOTMYECKUX anmaparoB. YacTbIMM NpPUUMHAMHU MOBPEXKACHHUS IPOU3BOACTBEHHOIO
00OpyZOBaHUS SABISETCS TEMIIEPATypHOE BO3JEHCTBME Ha MaTepHuaj ammapaToB B pe3yJbTare
MEXaHMYECKOT0 WM XMMHUYECKOT0 U3HOCAa MaTepuasa 000py10BaHMUs;

— M3YyYUTh BO3MOXHOCTb OOpa30BaHMsI UCTOYHUKOB 3aKUTaHMsI B TOPIOYEN cpele BHYTPU
MIPOM3BOJICTBEHHBIX alllapaToB U MOMEIIEHUAX. VICTOUHUKY 3a)KuraHus pas3/iessitoTcsl Ha TPYIIbl —
3TO MOXXET OBITh TEIUIO, BBIAECIMBILEECS MPU MPOSBICHUHU MEXaHUYECKON SHEPTHU U HHEPrHH
U3ITy4eHUs, TEIUIO IK30TEPMUYECKUX XHMHUYECKUX IPOIIECCOB, a TAaKXK€ TEIUIOBOE MPOSBICHHE
ANEKTPUYECKON SHEPTUH;

— TPOBECTH OLEHKY 3()(EKTUBHOCTH CHUCTEM OIOBELICHMs, IMPEeIOTBpAILEHHUS I0XKapa
Y TIPOTUBOMOKAPHOH 3aIUTHl METO/IOM MPAKTHUYECKOTO CpabaThIBaHUS;

— W3Y4YUTh OPTraHU3alMI0 HA 00BEKTE COCTOSHHS MPOTUBOIIOKAPHOTO PEKMUMA B COOTBETCTBUH
c [II'TP B Poccuiickoit deneparum. [IpoBoaMTs MPOBEPKY HATMYMS MPUKA30B 110 00ECTICYEHUIO TTOKAPHON
0€30MacHOCTH, JOOPOBOJILHOW TOXKApHOW JPYKHHBI U OOEBBIX MOXKAPHBIX PACUYETOB, OPTraHU3AIU
MPOBEIEHHS OTHEBBIX palOOT, MPOBEIEHUS 3aHATUN C PabOUYMMM M CIYXKALUMMH MO MepaM IOXKapHOU
0€301MacHOCTH, OpraHU3aIN YIeHUH TI0 TIOKapHOK 0€30MacHOCTH, TPAKIAHCKON 000POHE U JIp.;

— Ollpe/ieJIeHNe BO3MOXHOCTH PACIIPOCTPAHEHHUSI IT0XKapa.
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PacnipocTpanenuio moxapa CrHocoOCTBYIOT: OOJbIIOE KOJMYECTBO TOPIOYEro Marepuana
B IIPOM3BOJACTBEHHBIX I€Xax M CKIaaaX, OTCYTCTBHE IIPOTUBOIIOKAPHBIX IIperpan, aBapuu
MIPOU3BOJICTBEHHOTO O0OPYAOBaHMs, HECBOEBPEMEHHOE WIIM 3aI03/aJI0€ OTOBEIIEHUE O IMOXKape,
OTCYTCTBHE CPEJCTB MOXKAPOTYIICHUS WJIM HEyMEHHE MMM I0JIb30BaThCs, HEMPO(pECCHOHATBLHOE
TYLICHUE MOKapa.

Crnenyer oTMeTHTH, YTO OTCyTcTBHE Ha oOBekTe JIIJ] mim GoeBOro mokapHOro pacyera
3HAYUTEIHHO MOBBIIIACT BO3MOKHOCTh PACIIPOCTPAHEHHUS TTOKapa Ha Oouibiue miomaau [1-6].

KopoTko paccMoTpuM BOmpochl 0€30MaCHOCTH MOTEHIIMAIBLHO OMACHBIX TEXHOJOTHYECKHX
npoueccoB. M3BecTHO, 4TO BOZHUKHOBEHHE IMOXkapa BO3ZMOXKHO, €CIM COOII0AAeTCd KPUTHUECKUN
TPEYroJbHUK: TOpPIOYee BEIECTBO, OKUCIUTENb, UICTOUHUK 3aKUTaHUs (puc.).

I'B

n3
Puc.

B ycnoBusix peanbHOI 00CTaHOBKH, yamie BCero, okuciautenab (O — KUCIOpOa BO3yXa)
UCKJIFOUUTH HEBO3MOXKHO. CIie10BaTeNbHO, YCIOBUEM 00ECIIEUEHUS MT0KApHON O€30I1aCHOCTH SIBIISETCS
UCKITIOUCHHE U3 TPEYroJbHUKa 00 ncrounrka 3axkuranus (13), mudo roprodero Beniectsa (I'B).

W3BecTHO, YTO roprodee BEIIECTBO NMPHU BO3HUKHOBEHWH TOPEHHS JTOMHKHO OBITH HArpeTo
710 TeMIIEpaTypbl BOCILIAMEHEHUS WK Bbllie. VcXoas U3 3TUX MPEANoChUIOK Ha MPOMBIIUIEHHBIX
00BbEKTaxX B COOTBETCTBUM C HOPMAaTHBHBIMHM JOKYMEHTaMM, Ha OCHOBE aHajM3a IOXKapHOU
OIAaCHOCTH CTPOMUTCS CUCTEMa IIPOTUBOIOXKAPHBIX MeEp.

[TpenoTBpaiieHue mnoxapa JJOCTUraeTCsl NPeAoTBpalieHneM 00pa30BaHus roproueit cpespsl,
IpEeJOTBpallleHueM OOpa30BaHUsl B TOprYed cpeae HCTOYHHMKOB 3aKUIaHMs, CHHKCHHEM
TeMIIepaTyphl Ipolecca A0 TeMIIepaTypbl HIXKE TeMIIepaTypbl BOCIJIAMEHEHHs BELIeCTBa, a AJIs
KHUJKOCTEH HM>KE TEMIIEPaTyphl BCIIBIIIKH I1apOB.

[TpenoTBpamienne 0Opa3oBaHus TOPIOYEH CPEIbl TOIHKHO 00€CIIeYnBaThC:

a) COOTBETCTBYIOIIEH KOHIICHTPAIIMEH TOPIOYHX Ta30B, TAPOB U B3BECEH B BO3/IyXE;

0) KOHILIEHTpaluel HHrMOUTOpa UM KUCIOpoaa (UM APYroro OKUCIIUTENS B TOPIOYEM Trase,
nape, B3BeCH);

B) CIIOCOOHOCTBIO BEIECTB, MAaTEPHAIIOB, 000PYIOBAHUS U KOHCTPYKIMH rOpPEeTh B YCIOBUSAX
IIPOU3BOJICTBA.

TexHUYeCKUMHU pelIeHUs MM, TO3BOJISIOIMMHU O00ECHEUYNTh BBIOJHEHUE H3JI0KEHHBIX
TpeOOBaHUH, B YACTHOCTH, MOTYT OBITh:

a) JMKBUAALMUS MapOBO3JYIIHOTO O0beMa B €MKOCTSX, pe3epByapax IyTeM YCTpPOHCTBa
3aIUIICHHBIX XPaHUIMILL;

0) IpUMEHEHHE BEIIeCTB U  CIOCO0OB, MPENATCTBYIOIIMX MCIAPEHHUIO  KUAKOCTU
1 00eCreurBaIOIINX U3O0JISALHUIO XKUAKOCTH OT CBOOOAHOIO MPOCTPAHCTBA;

B) IPUMEHEHHE TEXHOJIOTUH, HCKIIOYAIOIUX CO3/IaHHe YCIOBUH K 00pa30BaHUIO
B3PBIBOONIACHBIX KOHIIEHTPALUN MTapOB KUIKOCTEW;

I') IPUMEHEHHE BEIECTB MU YCIOBUM, CHUKAIOIINX JaBJIEHUE MTapOB )KUKOCTH;

J1) TIPUMEHEHUE pPACUYETHBIX KOHIIEHTPALM{ B3pPHIBONOXKAPOOMACHBIX Tra30B WJIM IapoB
B amnmaparax BbILIE BEPXHETO UM HUKE HI)KHETO ITPEIETI0B BOCIUIAMEHEHNUS;

€) YCTaHOBKAa Ha TEXHOJOTMYECKUX JIMHUAX K allapaTy aBTOMAaTHYECKHX pPETYJIATOPOB
JIaBJICHUS I'a30B;

) KOHTPOJIb KOHIIEHTPAIIMK CMECHU T'a30B C OKUCIIUTEJIEM ITyTEM YCTAaHOBKH aBTOMAaTHYECKUX
ra30aHagInu3aTopoB;

3) IPUMEHEHUE BEHTWISLMOHHBIX CHUCTeM Ui yJaJeHHUs Ta30B, MapoB, IbUIH
C TEXHOJIOTUYECKOTO 000PYIOBaHMUS;

1) IpUMEHEHNE MHEPTHBIX ra30B MIPY MTHEBMAaTUYECKOM TPAHCIIOPTUPOBKE OMACHON B TIOKAPHOM
OTHOILIEHNU TIbLIH,

K) HCIIOJIb30BaHME amNmapaTtoB M TPYOONPOBOJOB, KOHCTPYKTMBHO 0OECHEUMBAIOIINX
MHUHUMAaJIbHOE KOJINYECTBO OCEBILEH IIBIIM HAa IOBEPXHOCTH.
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Oco6eHHo 3()(eKTUBHBIMU C TOYKHM 3pEHHsS OOECIeYeHHs B3PHIBOOE30MACHOCTH BHYTPH
anmapaToB SBJISIETCS MPUMEHEHHE (UIerMaTH3UPYIONIMX JOOABOK, KOTOPBIE CHIKAIOT KOHIICHTPAIIUIO
KHCJIOpO/ia B BO3yX€ /10 0€30I1aCHON B IOPIOYEM rase, ape WIu IbLIN.

Haubonee s¢dexktuBHO mpenorBpaiieHne oOpa3oBaHUSI B ToOprouei cpefe HMCTOUYHUKOB
3aKUTaHus JocTuraeTcs myrem BoinosHeHus: TpeboBanuii HIIB, TITTP B Poccuiickoit ®denepanuu,
I[IYD u CII. B aroit cBsi3um mokapHas 0€30MacHOCTh OOBEKTOB JOJKHA OO0ECIeYMBATHCS
MIPUMEHEHUEM HETOPIOYUX WM TPYAHOTOPIOYHMX BEIIECTB U MAaTEPUATIOB, BMECTO MOKAPOOIACHBIX.
[IpuMeHEHHEM CTPOMTENBHBIX KOHCTPYKIUHA OOBEKTOB C COOTBETCTBYIOIIUMHU TpeAcliaMu
OTHECTOMKOCTH M TOproud. JlomkHa OBITH OpraHM30BaHA KOMILICKCHAS 3allUTa JIOACH OT moXapa
IIPY TIOMOILIM CPEACTB IOKAPOTYLIEHUS, ITOXKAPHOM CUTHAIM3AUUMU W CPEACTB H3BEILCHUS
0 TOXKape, a TaK)Ke OpraHu3OBaHa IOXKapHas oOXpaHa OOBEKTa, OCHAIIeHAa aBTOMATUYECKUMU
CUCTEMaMHU 3allUThl U KOHTPOJISL.

Baxxnoli Mepoi N0’KapHOM 3alLIUTHI ABISETCA OTPAHUYCHUE KOJIMYECTBA TOPIOYUX BEILECTB,
MIPUMEHSIEMBIX JTUOO CKIAIUPYEMBIX B TPOU3BOJICTBEHHBIX TIOMEIICHHSIX, 3TO JOCTUTACTCS:

— HOPMHMPOBAaHHUEM KOJIMYECTBA TOPIOYMX BELIECTB M MAaTEPHUAIOB B IPOU3BOJICTBEHHBIX
MIOMEUICHUSAX U CKJIa/1aX;

— INPUMEHEHHEM aBapUMHBIX CIMBOB I IOKApOOIACHBIX KUAKOCTEH W aBapuUUHOIO
BBIITYCKA TOPIOYMX T'a30B U3 alapaTyphl;

— HaJIMYHMEM MPOTUBOMOKAPHBIX Pa3pPHIBOB U 30H 3aIUTHI;

— HaJIMYMEM CHCTEM YTHUJIM3AIMH U BHIBO3a OTX0JI0B ITPOU3BOJICTBA;

— PAacCIOJIOKEHUEM B3PBIBOIOXKAPOOIACHOTO 000PYIOBAHUSI B OTEIbHBIX, U30JIMPOBAHHBIX
MIOMEUICHUSAX WM Ha OTKPBITBIX IUIOUIAJKAX, PACIOJIOKEHHBIX B HOPMHPOBAHHBIX pa3pbiBax
OT NMPOU3BOJICTBEHHBIX U aIMUHUCTPATUBHBIX 3[JaHUN;

— MeéXaHMu3aluel U aBToMaTu3alyeld TEXHOJIOTMYECKUX MIPOLIECCOB, CBS3aHHBIX ¢ OOpalleHueM
[10’KapOONACHBIX BEILIECTB U MaTEpUAIIOB;

— IPUMEHEHUEM YCTPOMCTB 3alllUThl OT aBapUM U MOBPEKACHUII;

— MEePUOIUYHOCTHIO YOOPKU IOMEIIEHUH, KOMMYHHKALIUH, anmapaTypbl OT IPOU3BOACTBEHHBIX,
CrOopaeMbIX OTXOJI0B;

— YMEHBIIEHHWEM KOJIMYECTBAa pPabOYMX MECT, Ha KOTOPBIX IO TEXHOJOTHUU MPUMEHSTCS
M10’KapOOIacHbIE BEIIECTBA.

Jns  ananu3a TOXKapHOW  OMAacHOCTH TMPOM3BOJICTBA HEOOXOAUMO H3YUYUTh HAJIAYUE
MEpONPUITHI MO MPEAOTBPALICHUIO pACIpPOCTPAHEHUs TMOXkapa 3a Mpeleiabl odyara ero
BO3HUKHOBEHHUSA. JTO JOCTUTAETCS pa3paboTKOM CIeayIOINX PelIeHUH:

— TMPUMEHEHHEM YCTPOMCTB, MCKIIOUAIOIIUX pPACTEKAaHHWE JKUJIKOCTEH TMpU ToXKape
1 00ecreurBaOIINX aBapUiHOE OTKIIOYEHHE alllapaToB 1 KOMMYHUKALIUN;

— MIPUMEHEHHEM Ha TEXHOJIOTMYECKOM 000pPY/I0BAHUH OTHETIPETPAIUTEIICH, TIPEIOXPAHUTETHHBIX
MeMOpaH U KJIamaHoB.

BaxxHpIM MOKa3aTeneM MOXapHOM ONAcCHOCTH SIBIISIIOTCS  NPEAeNibl  OTHECTOMKOCTH
KOHCTPYKIUN 00bekTa. OHU JTOJDKHBI COXPaHSATh HECYIUE W orpaxjaaronive (QyHKIUU B TeUCHUE
BCETO BPEMEHH dBaKyalllu JIIOJIeH WM MPeObIBAaHUS UX B MECTaX KOJJIEKTUBHOM 3aIIHUTHI.

Ha xaxnoM o0bekTe 00bllloe 3HaU€HNE UMEET IIJIaH dBaKyalluy JII0JIeH Ha ciydai moxapa.

OOBEKT J0KEH UMETh Takoe 00BEMHO-TUIAHUPOBOYHOE U TEXHUYECKOE MCIOJHEHUE, MpU
KOTOPOM 3BaKyallus JIOAEH MokHa OBITh 3aBeplleHa /10 HACTYIUICHUS JOMYCTUMBIX YpOBHEH
OTMaCHBIX (PaKTOPOB TMOKapa, YCTAHOBICHHBIX CAHUTAPHBIMU HOPMaMH.

Jlnst ycrenrHoi »BaKyaluu JiroJiei Heo0X0AuMo:

— o0ecreynuTh WCIOJHEHWE OHBaKyallMOHHBIX TIYTE€H H BBIXOJIOB, COOTBETCTBYIOIICE
HOPMAaTHBHBIM TPeOOBaHUSM;

— CO3/1aTh yCIOBHS OECIPENSITCTBEHHOTO ABM)KEHUS JTIOACH IO IMyTSIM 3BaKyalluu.

B cnyuae HEBO3MOXXHOCTH TOJHOW 3BaKyallid JIIOJEH JOJDKHBI OBITH TOTOBBI CPEICTBA
KOJUJIEKTUBHON M MHIMBUYaJIbHON 3alIUThI, KOTOPBIE JOJHKHBI 00ECTIeunBaTh O€30MacHOCTh JIto 1k
B TCUCHHE BCETO BPEMEHHM JCHCTBHUSA OMACHBIX (hakTopoB moskapa [2, 7-9].

CnenyeT HECKOJIbKO MOApPOOHEE OCTAaHOBUTHCS Ha aHalu3€ I0KAPHOW OMACHOCTH
XUMHUYECKUX MPOU3BOJCTB. K MeTOMMKE N3ydeHUs TTOKapHON OMACHOCTH TaKUX OOBEKTOB CIIEIyET
OTHECTH U Te O0IIIre BOMPOCH! aHAJIN3a TIOXKAPHOIN OMMACHOCTH, KOTOPHIE IPUBEICHBI BHIIIE, OJTHAKO
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UMEIOTCA crienupuieckue 0codeHHocTH. PaccMOTpuM uX Ha mpuMepe MPOU3BOJICTB H30IIPEHOBOTO
Kaydyka B ropojax Crepauramak u TonbsTTH.

M30npeHoBbI KaydyK — 3TO NPOAYKT PaJUKAIBHOW IOJMMEPU3ALMY MOHOMEpa-U30IPEHa
B pacTBopuTene (B OCHOBHOM H3OMEHTAaHE) B MPUCYTCTBUM KaTAIUTHUYECKUX KOMILJIEKCOB.

CrpykrypHas popmyna:
nCH2=C(CH3)-CH=CH2 — (-CH2-C(CH3)=CH-CH2-)n.

Hcnonb3yeMble KOMIOHEHTHI IS MTOJY4YeHHs KaydyKa SIBISIOTCS JIETKOBOCILIAMEHSIOIIUMUCS
AKUIKocTAMU. [l mporecca MONMMEPU3alMK [IPUMEHSIOT METAJUIOOPraHUYECKUE KaTalu3aTophbl
Ha ocHoBe TiCl; m amomMuHHMopranuueckux coeauHeHni. Hawmbonee 3(pQekTHBHBIMEM SBISIOTCS
TPUM300YTUIT-, TPUPEHIIT-, TPU-TI-TOMMIIATIIOMUHMH. Yale BCero UCob3yI0T TPUHU300YTHIIATFOMIHHUMN.
Takue MerasmoopraHnyeckue KaTajau3aTopbl IPU B3aUMOJAEHCTBHM C KHUCIOPOJIOM BO31yXa
CaMOBO3TOpAIOTCs, & MPU KOHTAKTE C BOAOW — B3pPBIBAIOTCS, YTO JEJAET MPOLECC B IIEJIOM OYEHb
ormacHbiM. TakuM 00pa3oM, XUMHUYECKHE IPOU3BOJCTBA, B YACTHOCTU IO IPOU3BOJCTBY
M30IPEHOBOr0 KaydyKa, 00J1a/1aloT MOBBIIIEHHOH M0)KapHO OaCHOCTBIO U B3PbIBOOIIACHOCTHIO.

C 1uenpl0 KaueCTBEHHOW B3PBIBOMOXKAPHOM 3alIMTON TaKUX OOBEKTOB HEOOXO0IuM Ooliee
Ka4eCTBEHHBIN aHaIN3 0XKapHOI ONIAaCHOCTH.

Jlis Takux npeanpusTuil HE0OXO0qUMO:

— IpexycMaTpuBaThb MeEpbl, HCKIIOYAIONIME BO3MOXKHOCTb IOJAYUd B CHCTEMY ChIpbS,
MaTepuajoB M HHEPTHOIO Tas3a, COAEpKallluX KUCIOpOoA M (WiIM) BIary B KOJIMYECTBaX,
MPEBBIILIAIOIINX MPEIEIbHO TOIYCTUMBbIE 3HAUECHUS;

— JIOIYCTUMbIE€ KOHLIEHTPALUK KUCIIOPOAA U BJaru, CocoObl U MEPUOJUYHOCTh KOHTPOJIS
UX KOJMYECTBA B HCXOAHBIX MPOIYKTaX CIEAYeT OINpeleNiTh C Y4eTOM (PHU3UKO-XUMHUECKUX
CBOMCTB, NIpHUMEHsSEMbIX Karanu3aTopoB. CiegyeT oOTpakaThb JONYCTUMbIE KOHLEHTpalUuu
KHCJIOPO/A U BJIarM B TEXHOJOIMUYECKOM PErJIaMEHTEe Ha MPOU3BOCTBO MPOIYKIIUY;

— JI03UPOBKY KOMIIOHEHTOB B PEAKIMOHHBIX Ipoleccax HeoOXOJUMO KOHTPOJIMPOBATh
aBTOMaTMYECKM W OCYHIECTBISATh B IOCJIEIOBATENBHOCTH, MCKIIOYAOMEH BO3MOXKHOCTH
o0Opa3oBaHMsI BHYTPU ammapaTypbl B3pbIBOOMACHBIX CMECEW WM HEYIPaBIIIEMOT0 X0Jla peakluH,
4TO OomnpeAessercs pa3paboTUMKOM MpoIecca U yCTaHABIMBACTCA B TEXHOJIOIMYECKOM perjaMeHTe
Ha MPOU3BOCTBO MPOIYKIIHH;

— ©KEJHEBHO INPOBEPATh O0(OPMIIEHHE OTHEBBIX PabOT, 000PYIOBAaHHE MECT NMPOBEICHUS
MEPBUYHBIMH CPEJCTBAMHU IOKAapPOTYLIEHUS, MOATOTOBKY HCIOIHUTENS K TMPOBEACHUIO padoT
(B cootBeTcTBUH ¢ TpeboBanusimu I1TTP B Poccwuiickoii denepanuu);

— ©XEJIHEBHO NPOBOAMTH 00XOJ 1LIEXOB M HApPYKHBIX YCTAaHOBOK C IIE€JBIO IPOBEPKU
TepMETUYHOCTH armaparoB, TPyOOIPOBOIOB, BEHTHIIEH U 33aJJBH)KEK, HAJTMYMS NEPBUYHBIX CPE/ICTB
MO0’KapOTYILIEHUS U UX UCIPABHOCTH;

— ©XKEIHEBHO NPOBOJIUTH O0XOJ] TEPPUTOPUU OOBEKTAa C LENbI0O MPOBEPKH COCTOSHUS
MO/I3EMHBIX TpaAHIIEH C MPOJOXKEHHBIMU TPYOONpOBOAaMH, KaOEIsIMU M JIPYrUX KOMMYHHUKAIIUN
Ha TpeIMeT 3ara3oBaHHOCTH. [IpoBOIUTH HM3MEpEHUs KOHLEHTPALMU B3pPBIBOONACHBIX Ta30B
U TIapoB B TPAHIIEAX M OTCTOMHHUKAX NMPOU3BOJICTBEHHOM KaHANM3allMy, a TaKke B pabodux 30HAX
HapyXHBIX YCTaHOBOK, HacOCOB H ammapatos [ 10, 11].

[TpriMepoM MOBBIIIEHHON OMACHOCTH XMMHMYECKUX IPOU3BOJCTB MOXET CIYXHUTh IOXKap,
npouctreanmii 27 HosiOpst 2022 r. B 1. Crepnuramakxe Ha 3aBojie OAO «Cuntes-kayuyk». Kak coobmraer
npecc-ciyx6a MUC no Pecrrybnnke bamkoproctan, Ci1ydunoch BO3ropaHue U30MEeHTaHa.

[TpenBapuTENbHO YCTAHOBJIEHO, YTO B 3/IaHUU 1I€Xa HA YIHLEe TEeXHUYECKON IMpPOU30LIeN
noxap. [Iponsonuio Bozropanne uzonentana B nexe OAO «CHHTE3-KaydyK» B pe3yJbTaTe YTEUKH
ero u3 20-ky6oBoil emkocTH. Ha Tymenun moxapa pabotanu 24 enuHUIBI TEXHUKU U 44 yer.
JUYHOT'O COCTaBa, MoXap ObLI JIOKATU30BaH B TEYCHHE TPEX YacOB.

B pesynbrare BO3ropaHMsl NOCTpajajid YETHIPE YEJIOBEKA, MOJYYWIM OXKOT'M pa3In4HON
CTEINCHHU TSHKECTH, JIBOE U3 HUX B TSHKEIIOM COCTOSHHH OKa3ajKcCh B peanumaiuu [12].
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3aka4eHue

OnucaHHas METOJMKA MOXET C YCHEXOM MPUMEHSTHCS JUIsl KOMILUIEKCHOTO H3Y4YCHHS
MOKapHOW OMACHOCTH OOBEKTOB 3amuThl. OHa MOXET CIYXUTh OCHOBOW Ui MPOBEICHUS
JETabHBIX  TOKAPHO-TEXHUYECKUX  OOCIICIOBAaHWA H  TPOBEPOK HA  MPEANPHUSATHIX,
a TaKKe COCTaBIJICHUS JCKJIapallyii o MoXKapHO OMacHOCTH 00BEKTA.

N3 martepuana no aHau3y MOXKAPHOM OMACHOCTU CIEAYET, YTO KaXKAbI MPOMBINUIEHHBIN
O0BEKT IOJKEH ObITh 00ecreyeH HaJeKHBIMU CPEJICTBAMU M3BELICHUS U CUTHAIM3AIMH O M0XKape
B €ro0 Ha4YallbHOM CTaguu, 00NaJaTh BCEM KOMIUIEKCOM 3alllUThl JIOACH W MaTepUaIbHBIX
ueHHocted. [Ipu 3TOM JOMKHBI COOMIOJATHCS HOPMATHUBHBIE MPOTHUBOIOXKAPHBIE TpPeOOBaHUS
u [II1P B Poccuiickoit @enepauuu.

[TpodunakTuyeckue MeponpusATUS U TPUMEHSEMbIE CPEACTBA IMOXKAPOTYILIECHUS JOJIKHBI
MaKCHMaJbHO OTpaHUYMBATh BO3MOKHOCTH 3arOpPaHUs U pa3Mephl ToxkKapa, 00ecrednBaTb ObICTPOE
1 3¢ (PEeKTUBHOE €ro TYyIICHHE.
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NCCIEAOBAHUE COAEPKAHUSA YACTUL MUKPOIIVTIACTUKA
B JTOHHBIX OTJIOKEHUAX JJALOXKCKOI'O O3EPA

MTyposa Mapusi AJleKCAHAPOBHA;

IMonuraeBa Hatanbsi AHATOILEBHA.

Cankr-IlerepOyprekuii nonmmrexunnveckuii ynusepceurer Ilerpa Besukoro,
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Annomayus. CtaThbsl TIOCBSIIIEHA MCCIECIOBAHUIO YAaCTHI MHUKPOIUIACTHKA B JOHHBIX OTJIOKEHHAX
Jlanoxkckoro oszepa. IlpoOnema 3arps3HeHHs BOAHBIX OOBEKTOB MHUKPOIUIACTHKOM C KaXAbIM TOJIOM
IpuBJeKaeT BcE Oopliee BHUMAaHHE YUEHBIX 110 BceMy MUpy. JlaHo omnpeneneHne NOHATH «MUKPOIAICTH
W ero BIMsSHUE Ha MOPCKYIO cpeny. C HCIOIb30BaHUEM METOJUKH MCCIIeIOBaHUS P00 JOHHBIX OTIOKEHUN
ObUI BBIIIOJIHEH aHAIW3 COIEPKaHMS YacTHL[ MUKPOIUIACTHKA B JAOHHBIX OTJIOXKEHMAX Jlamokckoro osepa.
Beuto u3ydyeHo dersipe MPOOBI TOHHBIX OTJIOXKEHHUH, B PE3yJIbTaTe HMCCIEAOBAaHMS OBLJIO BBISBICHO, YTO
B 3THX mpobax ObUTM OOHAPYKEHBI YACTHUIBI MHUKPOIUIACTHKA PA3IWIHONW (QOpPMBI, IBETa W pazMepa.
st nomydenust 6onee TOUHOW HHGOPMALUMHN O XMMUYECKOM COCTABE YaCTHLl HEOOXOIUMO POBECTH aHAIN3
¢ ucnonn3zoBanueM MK-cnexrpomerpa. [IpexycmarpuBaeTcs qanpHeiIIee uccaeoBaHue JaHHOW TpoOIeMbl
C LIEJIBIO TIOWCKA MyTEH €€ PeIICHUsL.

Knrouegvie cnosa: MUKpOIIIACTHK, TOHHBIE OTIIOKEHUS, MOPCKON Mycop, Jlagoxckoe o3epo

Jasi umrupoBanusi: TypoBa M.A., TlonutaeBa H.A. UccnenoBanue coaep:kaHus 4acTULl MUKPOILIACTUKA
B JIOHHBIX OTJIOkeHUsAX Jlamoxkckoro o3epa // HamzopHas NesiTebHOCTh M CyneOHas SKCIEePTH3a B CUCTEME
6e3omacHocTH. 2023. Ne 1. C. 33-41.

BBenenune

[Tnactuk mpencrasisger co00l BUJ MOPCKOIO Mycopa, KOTOpbIH Hambojee pacipoCTpaHeH
KaK B OKeaHe, TaKk U pekax, u ozepax. dopma, IIBET U pazMep IUIACTUKOBOIO Mycopa MOKET ObITh
pasHbIil, ONHAKO TOJBKO TE€ YAaCTUIBI, JJIMHA KOTOPBIX HE MPEBBINAET IISITh MUJUIMMETPOB
(IpUMEpPHO COMOCTAaBUMO C Pa3MEPOM KYHKYTHOT'O CEMsl), IPUHSTO Ha3bIBaTh «MUKPOIIJIACTUKOM).

B nocnennue ronpl npodiema 3arpsisHeHUs BoJ MUpPOBOro okeaHa MUKPOIUIACTUKOM BcTaja
Hauboyiee OCTpo, MpUBJEKash BHUMaHHE BCE OOJBIIETO KOJMYECTBAa MOJIMTUKOB, OOIIECTBEHHBIX
nesiTenied U, KOHEYHO, yueHbIX. OOHapyKUBaeTcss MOPCKOM MUKPOILJIACTHK Yallle BCEr0 HEMOAalEKy
0T 1MoOepexbs U MOKET HaXOJUTHCS B 3TOM 30HE KaKOe-TO BpeMsl, HO, HE CMOTPS Ha 3TO, IKOJIOraM
OUEHb MAJIOM3BECTHO, YTO NPOUCXOJUT C ATUMHM YaCTHLIAMM, U KaK OHHU PACIPEAEIAIOTCS
B IPUOPEXKHBIX pailoHaX.

HcTOYHUKYM BO3HMKHOBEHMSI MHUKPOILJIACTHKA pPa3jMYHbl, HO 4Yallle BCEr0 OH IMOCTYIAaeT
B BOJIHYIO Cpe/ly OT KPYIHOT'O IJIACTUKOBOT'O MYCOpa, KOTOPBIN OYKBAJIbHO PAacChINaeTcsl HA KYCOUKU
Oonee Menkoro pasMepa. Tak, MHUKpPOTpPaHyJdbl — 3TO MaJIeHbKHE YacTHULBl MPOMBIIUIEHHOTO
MOJINATHIIEHA, MCIOJIb3yEeMble KaK OTIIENYIIMBAIOIIMM KOMIIOHEHT B Pa3JIMYHBIX JIEKAPCTBEHHBIX
U KOCMETUYECKUX cpelncTBax. YacTuIlbl MUKPOIUIACTHKA SIBISIIOTCS MOTEHIUAIBHON Yyrpo3oi asis
BCeil BOAHOM JKM3HU, TaK KaKk OHM CIIOCOOHBI IPOMTH Yepe3 CUCTEMBI, (PUIBTPYIOLINE BOAY.

[Tpobnema mukporactuka He HoBass. OHH yTBepxknaet, onupasich Ha naHHble [IporpaMmel
[0 OKpYXarolel cpene, YTO OKOJO MATUAECITH JIET Ha3ajJ MHUKPOTpaHyibl Hayald aKTUBHO
UCIIOJIb30BaThCs B IPOJYKTaX, NPEAHA3HAUYEHHBIX U1 JUYHOM TWrueHsl. B Hacrosiee Bpems
HaTypaJbHbIE COCTABJISIOIIME 3aMelialoT Mukporutactukamu. Eme 10 mer Hazan motpeduren,
MOKYTasl MPOJYKIUIO, COIEPKAIyI0 YAaCTHUIIbl MJIACTUKA, JTaXKe HE MOA03peBall 00 ITOM, TaK Kak
3Ta TeMa SIBJISUIach Ha TO BPEMSI MaJION3BECTHOIA.

© Cankrt-IletepOypreckuii yausepcuret ' TIC MUC Poccun, 2023
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Jlamoxxckoe 03epo SIBISETCS KPYMHEHIIM 03epoM EBpOTBI, pacmoniaraercsi OHO Ha CeBepo-
3anane Poccuiickoit denepanuu Henoganeky ot Cankt-IlerepOypra, k Boctoky B 40 km. [Lnomans
BOJHOTO 0ObekTa OKOMo 17 600 KM% mpm 5TOM OCTpOBa B 9Ty IUIOMAAb HE BXOJST,
10 IJTUHE 03epo MpUMeEpHO 219 KM, mHprHa Ke cocTaBisieT 82 KM U TiTyOruHa B cpeiHeM paBHa S1 M.
Ero namOonbinas romyOMHa B TOYKE K 3amaay oT octpoBa Bamaam cocraBmser 230 m. B o3epo
Brajgaer okosno 40 pek, KOTOpble B CBOMX BOJAaxX COJAEPXKaT OOJbIIOE KOJIUYECTBO PAa3TMYHBIX
3arpsi3HUTEIICH, KOTOPBIE Yepe3 03epO OKA3bIBAIOTCS B €r0 €IMHCTBEHHOM HMCTOKE — peke Hepa.

[lenb paboThl — aHaNIKU3 MPOO JOHHBIX OTJIOKEHUH JIai0KCKOro o3epa Ha HaJM4KUe YaCTHUIL
MUKPOTLIACTHKA.

3aaun — pacCMOTPEHHE METO/I0B aHaIKM3a MPOO JOHHBIX OTJIOXKEHUI, aHaN3 P00 AOHHBIX
oTJIO)KEeHUH JIamoKCKOro o3epa.

OOBeKT uccaenoBaHus — JOHHbIE OTI0XKeHUs Jlagoxckoro o3epa.

Metoabl ucciaenroBanus

Jis n3yyenus npo6 ObLia UCIOIb30BaHa CIEAYIOIas METOAUKA.

Oman |. Pazoenenue npod6 00HHbIX OMI0JICEHUL HA Gpakyuy no mIOMHOCMU C UCNOIb308AHUEM
pacmesopa ZNnCl,.

Ha manHOM 3Tarie npoBOJUTCS COSAMHEHUE TOHHBIX OTIIOXKEHUH ¢ pacTBopoM ZNnCly, motom
IIPOMCXOJUT B3MYyUYMBaHUE U oTcTauBaHue. HeoOxoaumo npoBeseHne JaHHbIX JeHMCTBUI AJs TOTO,
9TOOBI MHUKPOTPAHYJbl OTIACIWINCH OT IUIOTHBIX YaCTHI[ C MHHEPAJbHBIM COCTaBOM. PacTBop
XJIOpU/1a IUHKA BeIAENAET A0 99 % noaumepoB, KOTOPbIE UMEIOT BBICOKYIO IUNIOTHOCTb, B UX COCTaB
BXOJIUT MUKPOIUTACTHK.

Oman . Oxkucnenue nepekucvto OOHHbBIX OMLONCEHUI.

bronormyecknii Marepra — 3T0 COCTAaBIISIONIAs JOHHBIX OTJIIOXKEHUH, ipuMepHo Ha 0,5 — 7 %.
Tak, Ha 3TOM 3Tare Ba)kKHO U30aBUTHCSA OT OCTATKOB OPraHUKH, HE MOBPEIUB MUKPOILIACTUK. J{i1s
3TOro B 1po0y 1:1 HanuBaeTcs nepekuch BOJOPOAA, U IPOUCXOAUT HarPEBAHNUE CMECH.

Oman . Bvicywusanue npobd na uawe Ilempu.

[Tpo0ObI ocTaBIAIOTCA HA Yalle Ha HEKOTOpoe BpeMs (3—4 qHs) 10 UX MOJTHOTO BBICHIXaHMSL.

Oman \V. Hccenedosanue npob npu nomowju 0nmu4ecko2o MUKpoCcKond.

Hccnenosanue mpo0d NpoBOAUTCS B HECKOJIBKO cTaauid. CHaYasIa BU3yaJbHO C UCIOJIb30BaHUEM
MHUKPOCKOIA aHAJIM3UpYeTCs cojepkaHue mpoObl. Ha naHHOM 3Tame BakHO HMICHTU(UIIMPOBATH
YaCTUIBl MUKPOIUTACTHKA, OTJIMYUTH WX OT ()ParMEHTOB OPraHUKH (JIATIOK M YCHKOB PadKOB,
HUTEBUJHBIX Bogopocied u T.4.). [Ipu3HakoM, MO KOTOPOMY MOXHO OTJIMYUTH IUIACTHK
OT OMOJIOTMYECKUX MAaTepUaloB, SBISETCS OTCYTCTBHE Yy MUKPOILIACTHKA KIETOYHOW CTPYKTYPHI,
HEpaBHOOMEpHAasi OKpacka BOJIOKOH, a TaKkKe HAIWYME Y YacTHUI] MUKPOIJIACTHKA HEPOBHBIX OCTPBIX
KpaeB. YacTo ObIBaeT Tak, 4TO M3-3a TOCTOSIHHOTO BIIMSIHUS PA3IMYHBIX BHEITHUX (PaKTOPOB YacTUIIA
IUTACTUKA MOJKET Pa3pyLIMTbCA U IMOKPBITbCA OHOIICHKOH, NMPU TaKUX YCIOBHSAX OINPEAEIUTH
MUKPOIUTACTHK OYEeHb CIOXKHO. /st TOro, 4YToOBI TOYHO HICHTU(UIIUPOBATH MHUKPOIUIACTHK,
HE00X0AMMO MPOBECHUE CIIEKTPATIBLHOIO aHaJIM3a Ul ONPE/IeIeHUs COCTaBa BEIIECTRA.

Ot16op mpoO MOHHBIX OTJIOKEHUN OBLT Tpou3BeneH Ha JlagoKCKoM o3epe, B Mpesenax
MIOJINTOHA NPOTSHKEHHOCTHIO 100 M.

JlanHoe uccreoBaHue MPOBOAMIIOCH C UCIOJIb30BaHHEM Mukpockorna MBU-1.

HccnenoBanre Ha MMKpPOCKOIIE MPOBOAWIOCH ¢ yBenumueHueMm 150x (oObektuB — 10X,
oKyJsip — 15X), HyMepoBaHHbIE pUCKU HaxosaTcs Ha pacctossHuM 0,1 MM mim 100 MKkM ApyT OT Ipyra.

Jns uccnenoBanus ObUIM 0TOOPAHbI YETHIPE MPOOHI.

AHanu3 Obl1 Hayat ¢ npoosl Ne 7. B mpoOe copepxarcss MUKPOIJIACTHKA BOJIOKHHUCTOM
¢dopmbl ipo3paynoro (puc. 1-3) u cunero (puc. 4) usera.
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Puc. 1. IIpo6a Ne 7. MUKpPOIUIACTHK BOJOKHUCTOI (h)OPMBI MPO3PAUHOIO I{BETA

Puc. 2. IIpo6a Ne 7. MUKpPONJIACTHK BOJIOKHHUCTOI (pOPMBI IPO3PavHOro LBeTa

Puc. 3. IIpo6a Ne 7. MuKpoImIiacTuK BOJIOKHUCTOH (hopMBbI IPO3PavyHOro IBETA
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Puc. 4. IIpo6a Ne 7. MuKpomIacTHK BOJIOKHHUCTOI (pOPpMBbI CHHEr0 IIBETA

[Tocne mpoBenmeHust aHanuza npoObl Ne 6 OBUIO BBIICHEHO, YTO B IMPOOE COAEpIKATCS
(bparMeHThI MPO3PAYHOTO IUIACTHKA ¢ HEPABHOMEPHBIMH OCTPBIMH KpOsiMH (pHC. 5), Mpo3pauHbIii
MHUKPOILUTACTHK BOJOKHUCTOM (opMBI (pHc. 6) 1 KpacHOro 1Beta (puc. 7). B mpobe erie comeprkacs
¢dparmenT opranuku (puc. 8).

/

Puc. 5. IIpoda Ne 6. MUKpoONIacTHK NPO3PayHbIil ¢ HePABHOMEPHBIMH OCTPLIMHU KPAasiMH

e

Puc. 6. [Ipo6a Ne 6. MukponaacTuk mpo3payHblii BOJTOKHUCTOI GopMbI
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Puc. 8. [Ipo6a Ne 6. ®parMeHT OpraHuKu

[Mpn m3ydyenwnm mpoOsl Ne 4 B Hel coieprKancs MUKPOIUIACTUK BOJIOKHUCTOW (HOPMBI
npo3paunoro (puc. 9) u cunero (puc. 10) 1Bera, erie ObLT HaiimeT GparMeHT opranuku (puc. 11).

Puc. 9. IIpo6a Ne 4. MUKPOIJIACTHK NMPO3PaYHbIii BOJOKHUCTOH (OpPMBbI
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A

Puc. 11. lIpo6a Ne 6. ®@®parMeHT OpraHuKu

[Tpu anammsze mpoGel Ne 3 B Hell cogepikaicsi MHKPOIUIACTHK BOJIOKHHCTOW (OpPMBI
npo3paunbiii (puc. 12, 13), rony6oro (puc. 14) u uepnoro (puc. 15) 1pera.

Puc. 12. lIpo6a Ne 3. MUKpOMJIACTUK NPO3PAYHBINA BOJOKHUCTOH (OpMBI
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Puc. 13. IIpoda Ne 3. MuKponjacTHK MpPO3pavyHblii BOJOKHHCTOI (pOPMBbI
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Puc. 14. IIpo6a Ne 3. MukponjaacTuk BOJTOKHHCTOH GopMBbI ro1y6oro nupera

Puc. 15. IIpo6a Ne 3. MukponjacTuk BOJTOKHUCTOH GopMBI YepPHOTO IIBETA
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PGSyJIBTaTLI HCCJICJ0BAHUA

BusyanbHelii aHanu3 npod ¢ MCMOJIB30BAaHHEM MHUKPOCKOINA MO3BOJMI M3YyYHTh YaCTHUIIH,
a UIMEHHO UX MOP(OJIOTHYECKHE XapaKTePUCTUKUA. MOXKHO 3aKJIFOYHUTh, YTO BCE UCCIIEAYEMbIE TPOOBI
coziepkar B ce0e B HamOOJbIIEM KOJUYECTBE MHUKPOIUIACTHK BOJIOKHHCTOM (OPMBI PA3IUUHBIX
1BETOB (MPO3pavyHOro, CHHEro, TOJy0Oro, KpacHOTO W YEpPHOro), Takke ObLI1 3a(UKCHpOBAH
(dbparMeHT NMpO3pavyHOro IJIACTHKA C HEPAaBHOMEPHBIMH OCTPHIMH KposiMH. B Xone ucciemoBaHus
B IIpo0ax ObLIM 0OHAPYKEHBI (PparMeHThI OPraHUKH (CKOpee BCETO OCTAHKH PAKOB, JKUBYIIIHX B 03€pe).
Bce dparmenThl MUKpOIUIACTHKA B aHAIM3UPYEMBIX IIP0OaxX UMEIOT pasmep Mensble 1,5 MM (1500 Mxm).
O XMMHMYECKOM COCTaBE aHATM3UPYEMbIX YaCTUIl MOXKHO OYZET CIeNiaTh BBIBOJIbI I1OCIIE TPOBECHUS
uccienoanuii ¢ nomoupro MK-cnekrpomerpa.

3akjaouyeHue

B mpouecce uccienoBanusi Oblla paccMOTpeHa M IPUMEHEHA Ha NPAKTUKE METOJMKa
aHanu3a Npo0 JOHHBIX OTJIOXKEHWH, MO3BOJISIOIAS CHENaTh BBIBOABI O COJEPXKAHMM IUIACTHKA
B JOHHBIX OTJIOKCHHUAX, B3ATHIX U3 .HaI[O)KCKOFO 03¢pa.

BusyanpHplii  aHanu3 1npo® C  MCHOJNB30BAHUEM MHUKPOCKONA IO3BOJIWI  U3Y4YUTh
ux Mopdonoruueckue xapaxkrepucTuku. I[lo pesynpraram aHanmsa BcCe HCCIEnyeMble HPOOBI
B HaumOOJbIIEM KOJUYECTBE COAEpKaT B ce0e MHUKPOIUIACTHK BOJIOKHHCTOW (OPMBI Pa3IUUYHBIX
L[BETOB (MPO3pavyHOro, CUHEro, rojiydoro, KpacHoro M 4epHOro), Takke ObLI HailieH (QparmMeHt
IIPO3payHOro IUIACTHKA C HEPaBHOMEPHBIMU OCTPhIMHU KposiMH. B xoze uccienoBaHust ObLIoO
BBISIBIICHO COJIepKaHne ()parMEeHTOB OPTaHUKH (CKOpPEE BCETO OCTAHKH PAKOB, )KUBYILUX B 03€pE).
Bce parMeHThl MUKPOILTACTHKA B aHATM3UPYEMBIX IIPodax UMEIOT pasmep Mensiie 1,5 MM (1500 Mxm).
Yr1oO0bI CACIaTb BBIBOABI O XHMHYCCKOM COCTAaBC QAHAIM3UPYCMBIX YaCTHI, HCO6XOILI/IMO
IPOAOIDKUTH HcciieoBaHus ¢ nomoisio MK-cnekrpomerpa.

[Tpobnema, 3aTpoHyTass B JAaHHOM MCCJIEIOBAHUHU, SIBISETCS, HECOMHEHHO, AKTYaJbHOM.
VY4eHble BCEro Mupa 3aHMMAIOTCS W3YYEHHEM JIaHHOM TEMbl M YK€ JI0Ka3aHO, YTO BIIMSHHE
MUKPOIUIACTHKA BPEIHO KaK JUIsl OKPYKAOLIEH HAac (IIOpBl, TAK U HEMIOCPEACTBEHHO Ul YEJIOBEKA.

MoxHO cnenate BBIBOJA, 4TOOBl HAWTH HyTH pelIeHUs 3TOM Mpobiembl, HEOOXOIUMO
IIPOAOJIKATh JAJIbHEHIIEe UCCIIEOBAHUE.
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Annomayus. B pabote paccMaTpyBaeTCs 3HAYMMOCTD Pa3MEIICHUs MaPKUPOBOYHBIX 3JIEMEHTOB TIPH
KOHCTPYHUPOBAHWH 3alIUTHBIX KOCTIOMOB. TakoW BWJ MapKHPOBKH Mpe/iaracTcs BHEAPSATH, WCIONB3Ys
coBpeMeHHble QR-Ko/bI, BMeIIaronue B ce0s MONHbIA 00beM MH()OPMALUK 110 HCIOIB30BAHUIO CPEICTB
VHAWBUIYaJLHOW 3alUThI, paboueMy MecTy U cOTpymHUKy. O3HAKOMHTHCS C JOCTYMHOM WH(Opmanuei
mo QR-koay paOOTHHUK MOXKET B JHO00C BpeMs, MCIIOIb3YS TOJNBKO TelehOH M MHTEpHET. [Ipemnararmorcs
pa3UYHbIC BUIBI KOJIOB M BAPUAHTHI HEOOXOAMMBIX M JIOTIOJHUTENBHBIX JTAHHBIX, KOTOPBIC JOJIKHBI OBbITh
B HUX 3allu(poBaHbl. YCTaHOBJICHO, 4YTO BBOJ B OKCIUIyaTaluil0 LUQPOBBIX KOJIOB HAa CpPEIACTBAaxX
HH)Z[HBI/II[yaHBHOﬁ 3allluThl U CHCHHaJ’IBHOﬁ OACKAC MOXKCT PCIIMUTL PAJ BAXKHBIX 3aa4d OJIA O6CCHC‘ICHI/IH
0e30macHOCTH paOOTHUKOB U BHIBECTH COBPEMEHHYIO OXPaHy TPY/a Ha HOBBIH MPOTPECCHUBHBIN YPOBEHb.

Kniouesvie cnosa: nndpoBod KoA, oXpaHa TpyZAa, CIEHOAEKAa, 3alIUTHBIA KOCTIOM, MapKHpPOBKa,
CPEICTBO MHIMBHIYyaJIbHON 3aIUTHI, CIICI[00YBb

Jass uurupoBanusa: lVBanoBa A.A. 3HaYMMOCTHP MApKUPOBKH 3AIUTHBIX KOCTIOMOB ISl YIIPABICHHS
mpoleccaMy OXpaHbl TpyAa Ha Mpou3BojcTBe // HamzopHas nesitenbHOCTD U cyleOHast SKCIEepTH3a B CUCTEME
6esonacHoctH. 2023. Ne 1. C. 42-46.

BBenenune

CoBpeMeHHbIE TEXHOJIOTUH, KOTOpbIE BHEAPSAIOT s obecriedeHus 0e30MacHOCTU Tpyla
Ha OPEIUpUSTHUH, BIMSIOT Ha JKU3Hb U 3/I0pPOBbE padOTalOLIUX JIIOJEH, a Takke Ha KadyecTBO
MIOJIHOLIEHHOT'0, 0€3011acCHOr0 (PYHKIIMOHUPOBAHUS CUCTEMbI OXPaHbl TPY/a.

Crenoznexxia U 3alIUTHBIE KOCTIOMBI MapKUPYIOTCS COIVIACHO TEXHHUYECKOMY PETIIaMEHTY
TC 019/2011, nauunas ¢ 2012 r. C MOIIHBIM pa3BUTHEM ITU(POBOI 3pbl BO3HUKAET MOTPEOHOCTH
BHE/IPUTH COBPEMEHHbIE TEXHOJIOTUH U B 00J1acTh OXpaHbl TpyAa [1, 2].

Bormpockl ynydiieHusi 3alMTHBIX KOCTIOMOB 32 CU€T YCWJIEHHS MX 3alUTHBIX CBOICTB,
U3MEHEHMs Ju3aifHa, pa3pa0OTKM HOBBIX TEIUIONPOBOASIIMX M JbIIIAIMX TKaHEH OCTaloTCs
OJIHUMH U3 CaMbIX BaXKHBIX B T€MaTHKe oOecrieueHHs] paOOTHUKOB CPEJICTBAMHU WHIUBUAYAIbHON
samuthl (CU3) [3, 4]. Ho xakum Obl yA0OHBIM W MHOTO()YHKIHOHAIBHBIM HE OBLT KOCTIOM,
paboTHUKaM TaK WIHM HHaue OyJeT HEJOCTaTOYHO KOM(POPTHO paboTaTh B HEM.

Bce cpeactBa MHIMBHIyallbHOM 3alllUTHI, BCS CHENOAEkKAAa W CHELOOyBb — 3TO BCeria
nuckoMdopT. HecuacTHble ciyuan Ha TPOU3BOICTBE, MPOUCXOAMAIINE 110 TpuunHe oTcyTcTBust CH3
WIN B CUTYaI[MH, KOT/1a UX HAMEPEHHO HE HaJIeBaIOT, IPOUCXOISIT UMEHHO IOTOMY, YTO paOOTHUKU
KpailHE MaJo OCBEIOMJIEHBI O Ba)XHOCTH M HYKHOCTH BblJaBaeMbix MM CU3 W 3amUTHBIX
KOCTIOMOB. VIMEHHO B Takumx ciydasx KpaillHe Ba)XHO BHEJIPHUTHh IIOCTOSHHYI0 MapKHpPOBKY
3aIIUTHBIX KOCTIOMOB CIEIIHATbHBIMU U(PPOBBIME Koamu [5—7].

© Cankr-TletepOyprekuii yuusepcuret I'TIC MUC Poccun, 2023
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AHAIUTHYECKAA YACTh

QR — »3TO HBYMEpHBI THN IITPUX-KOJA, KOTOPBIA JIETKO CYUTHIBAETCS LU(POBBIM
YCTPOHCTBOM M XpaHUT WHGPOPMALMIO B BUJAE CEPHH IMUKCEIEH B KBAaJIpaTHOW CETKe, KOTOpas
BHEIIHE BBINIAIUT Kak 4yepHO-0emnblid y30p. QR-Kod, B OT/IMYME OT MITPUX-KOJA, YUTAETCS B JIBYX
HANpaBJICHUAX — [10 TOPU3OHTAIH U 110 BEPTHUKAIU. DTO MO3BOJISIET XPAHUTH B HEM OOJIbIIE JAaHHBIX.
[Ipu cxanupoBanuun QR-koja MOJB30BaTENb IMONY4aeT JOCTYN K ATHUM JaHHBIM MTHOBEHHO.
HecmoTpst Ha cBoii pasmep LuppoBoii KO CIIOCOOEH BMECTUTH OOJBIIOE KOJIWYECTBO JaHHBIX [§].
CkaHupys OIpEACIICHHBI KOJ, BBl IOJIy4aeTe€ JOCTYNl K JaHHBIM MTHOBEHHO [9]. OHu Ooiee
KOMITaKTHBI, TO3BOJIIIOT COXPAaHATh OOJbINE MAaHHBIX M MOJICPKUBAIOT Oosiee HIIMPOKUA Habop
cuMBOJIOB. [Ipu 3TOM HX TakKe JIETKO cO3/aBaTh U Ie4YaTaTh.

bnarogaps ucnonb30BaHUIO TaKUX KOJOB, CUCTEMAa KOHTPOJS U MOATBEPKIACHUS KadecTBa
NPOAYKIIMK CTAaHET 3HAYUTENbHO mpoine. [Lmoc BO3MOXHOCTH MONydaTh Oojee MOJIHYIO
MHPOPMALIMIO O MPOAYKIUHU Terepb OyaeT He TONBKO y KOMIIAaHUH, 3aKyIMaloUlel CIEeoeKIy,
HO M Yy Kaxzaoro pabodero. LludpoBbie KOJIbl MOTYT MO3BOJHUTH 3HAUUTEIHHO COKPATHTH BpeMs
Ha IpOBEJIEHUE O00YYAIOIIMUX MEPOIPHUSITHH, MOCBALICHHBIX IpPAaBUJIAaM SKCILTyaTallud U PUCKAM,
C KOTOPBIMHU MOTYT CTOJIKHYTBCS JIFOJIU Ha cBOUX paboumnx mectax [10, 11].

[Tony4ast 3amIMTHBIA KOCTIOM, KaXIblii pAaOOTHMK MOXET HABECTH Kamepy CBOETO
cMapTdoHa Ha KOJI, pacIOJIOKEHHBII Ha U3HAHOYHOW YacTH BBIIAHHOM OJIEXKIIbI, © O3HAKOMHUTHCS
CO Bceil mH(OpMAIMCH B TIOJHOM 00beMe, MepeiIs BCero JIMIIb 1o OAHOW cchuike [12—14]. Tlpu
3TOM K MTOBTOPHOMY MPOYTEHHIO U JETATILHOMY M3YYEHHIO MOKHO BO3BpAIIAThCd HEOTPAHUYEHHOE
YHCJI0 pa3, MOBTOPsS BCe Te ke omneparuu [15, 16].

[{udpoBble KOABI MOTYT BKIIIOUATh B C€0sl CIEAYIOIIYI0 HHGOPMAIUIO:

1) uadopmarus o pabouem MecTe;

2) BO3MOXHBIE OMTACHOCTH U PUCKH;

3) CpOKH MPOXOKICHUS IEPUOTUUSCKUX aATTECTAMI U TIPOBEPOK 3HAHUI 110 OXpaHEe TPY/a;

4) CpOKH MPOXOXKICHHUS TOBTOPHBIX U HHCTPYKTAKEH;

5) cpoKH NMPOXOKIACHUS MEIUITUHCKON KOMUCCHU;

6) CpOKH TOJJHOCTH BBIZABAEMOT'0 3aLIUTHOTO KOCTIOMA,

7) KaK MpaBWIIbHO KCIONBb30BaTh CM3 1 ero OCHOBHBIC 3alIUTHBIC XapaKTEPUCTHKH;

8) ommcaHue BO3MOXKHBIX HECUYACTHBIX CIIy4aeB, KOTOpbIE MOTYT MPOM30HMTH B cCiydae
HEHUCIOJIb30BaHus WIN HEMPaBUIBLHOTO Hcnonb3oBanus CU3;

9) nopsAOK eHCTBUI MTPU BOHUKHOBEHUH HECYACTHOTO CiTydasi Ha IIPOU3BOICTBE.

Baxxno, 4To0bI KOJ MMeNI BO3MOXKHOCTh M3MEHSATbCS M KOppekTupoBaThes. IIpu Beimaue
KOCTIOMa pabOTHUKY, paboTo1aTeNb 00513aH JIONONHATh KO/ cienyromeit uudopmarueii [17]:

1) ®U1O u 70mKHOCTh paOOTHHUKA,;

2) pocr;

3) Bec;

4) Bo3pacT;

5) rpyniy kpoBu ( Ha cy4ail BOSHUKHOBEHHS HECYACTHOTO CIIy4as).

HoBoBBeneHue Takoro miaHa NOMOXET COKOHOMUTH BpeMsI PYKOBOJAUTENEH CpeTHETO 3BEHA
1 paOOTHUKOB CHU3UTH PACXObl HA CO3JaHUE CTEHJIOB, a TJaBHOE, BOBJIEYET BCEX COTPYAHUKOB
B pereHue npoodsiem 6e3omacuoctu [18].

Panee Bca umHpOpManus O TPOBEAECHUM aTTecTallMii paOOTHUKOB IO OXpaHe Tpyla,
MPOXOKICHUU MEJIKOMUCCHH, MOPSAOK OOeclneyeHusl CpeACTBaMU HWHAMBUAYAIBHON 3alUThI
pasMmeliagach Ha OIPOMHOM YHCJIE CTEHJOB, B YrOJKax II0O OXpaHe TpyAa U IO0KAPHBIX
6e3onacuoctr [18-20]. Ilpu BBeacHME U(POBHIX KOAOB MOKHO 3HAYUTEILHO CHCTEMATH3UPOBATh
BCIO MH(OpMaIIMIO TI0 OXpaHe Tpy/a, CIAeNaTh ¢ 00IIeI0CTYITHOM U IOHATHOM i1 Kaxkoro [21, 22].

[TpummBate KoA cieayeT Ha M3HAHOYHOW CTOpoHe KocTioMa. dopmar ero J0mKeH ObITh
HeOOoJIbIION, 0€3 KOJOLIMXCS U HAaTUPAIOIIUX 3JIEMEHTOB.

[MudpoByt0o MapKUpPOBKY CpPEICTB WHIUBUAYaJIbHOW 3aIlIUThl HEOOXOAMMO CJIeNaTh
OJTHOMEpPHBIM KOJOM. Tak Kak B AKCIUIyaTalli0 YK€ BBOJMIMCH MOJIOOHBIE KOJbI, HO OHH ObUIN
JIBYMEPHBIMH, 0Ka3aJI0Ch, YTO TaKO BapHaHT KOJAUPOBKH HEOCTATOYHO XOPOIIO CUUThIBaeTCs [23].
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OnHOMEpPHBIN IITPUX KOJA MOXKET CUMUTHIBATHCS YCTPOMCTBOM Jake MPHU MOBPEXKIECHUSX, KOTOPHIC
npeBbIaoT 70 %. JIBymepHas ke OTMETKa CPEICTB MHAWBUYaIbHOM 3aIUThI BEIXOIUT U3 CTPOS YiKE
npu 5 % mnoBpexaenuit [24, 25]. To ecth nrobasi ManeHbKasi MOTEPTOCTh, IApPANHA, MOSBUBILIASICS
BO Bpemst okciutyaTanun CU3, craHeT MpUYKHOM, 10 KOTOPOH €€ He yaacTcs cuuTarh [26—28].

Konx HeBO3MOXHO mojdenarb WIM  U3MEHHThb. [Ipu  co3gaHuM  NPUMEHSIOTCS
Kpunrtorpaguueckue TEXHOJOTUH MH(poBaHusl NaHHBIX. [lpumep mporpamMmbl A cO3daHUS
10/T00HOTO KO/1a TIPEACTABJICH Ha PUCYHKE.

3. AuzaiH Bawero QR-kopa (@) Nomouw Be6-ctpaHuua Z E]
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3akjao4eHue

Takum 00pa3zom, 1MojoOHass MapKHPOBKA CIIEIIOAEKIBI TTO3BOJIUT BBIBECTH OXPaHy Tpyaa
Ha HOBBIN COBPEMEHHBIN YPOBEHb PAa3BUTHS.

ITo mpoBeaeHHOMY HCCIIEJOBAaHUIO MOXKHO CJETIaTh CIIETyIOIINE BBIBOIBI:

1. Buenpenue noJoOHBIX KOJOB 3HAYUTEIBHO YNPOCTUT KU3Hb KaK paboTojaTessM, Tak
1 pabOTHHUKAM.

2. Bca HeoOxoaumas uH(popMmanus o paboyeM MecTe M TeXHuKe Oe3omacHocTd Oyrer
Ha BUJIY Y K&KIOTO pabOTHHUKA B TEYEHUE BCEH CMEHBI.

3. lludpossie KOABI MOTYT IO3BOJUTH 3HAYMTEIBHO COKPATUTH BpEMsl Ha IpPOBEACHUE
00yJaroImuX MEPOIIPHUATHH, IIOCBSIIEHHBIX MPABIJIaM SKCILTyaTallud U PUCKaM, C KOTOPBIMH MOTYT
CTOJIKHYTBCS JIFO/IM Ha CBOMX PabOYMX MecTax.

CnucoK MCTOYHMKOB

1. HoBble momxopl B OpraHr3aIiy CHCTEMBI OOYUEHUsI ¥ TIPOBEPKH 3HAHU TPEOOBAHUI OXPaHbBI
Tpyaa B opranmsanusix / B.A. Cenuenko [u ap.] // besonmacHocTh 1 oxpana tpyaa. 2020. Ne 1 (82). C. 73-76.

2. Onrtumusanmst oOy4eHHsI M MPOBEPKH 3HAHWH TPeOOBAHWH OXpaHBI TPyAa C MOMOIIBIO
uHTepHeT-TexHomoruii / B.A. Cenuenko [u np.] // besonacHocts sxusHenestensroctu. 2020. Ne 8 (236).
C. 49-55.

3. Cenuenko B.A., KasepzneBa T.T. MecTto MHCTPYKIIMI IO OXpaHe TpyAa B IU(poBOi
skoHOMHEKE // OXpaHa Tpyla ¥ TeXHHKa 0€30MacHOCTH Ha MPOMBINUICHHBIX mpeanpustusax. 2021.
Ne 9. C. 10-17. DOI: 10.33920/pro-4-2109-01.

44



HamzopHast gesTebHOCTE U CyIcOHas SKcrepTu3a B cucreme 0e3omacaoctr. Ne 1-2023

4. Vorobinskaya L., Finochenko V. Modern directions of development health and safety
systems in the transport sector. 2023.

5. Cenuenko B.A. AkryanbHas 3aja4a Mo JTOHECCHHIO TPEOOBAaHUI MHCTPYKIUN TTO OXpaHe
TpyZla MOJIOJIOMY TOKOJICHHUIO Z B YCJIOBUSAX IM(poBU3anuu odmiecTBa // be3omnacHocTs U oxpaHa
tpyna. 2021. Ne 2 (87). C. 56-60.

6. Jlykomckuii A.B. Texnomorms QR-KOJOB Kak CpeACTBO CO3/IaHUs y4eOHO-
METOJIMYECKOTO0 O00ECIeYeHHs] HOBOTO TIOKOJCHHS // AKTyaJbHBIE TPOOIEMBI XHUMHYECKOTO
oOpa3oBaHMs B CpelHEW W BBICHICH IIKoje: cO. Hayd. crareid BurteOck: Butebckuii roc. yH-T
uM. [1.M. Mameposa, 2018. C. 267-269.

7. Digitalization of safety in the field of labor protection / Y.S. Sergeenko [et al.] // Earth and
Environmental Science: Paper presented at the IOP Conference Series. 2020. Ne 543 (1).

8. Integrated system of industrial safety and labor protection / M.A. Akbarova [et al.] // Paper
presented at the Annals of DAAAM and Proceedings of the International DAAAM Symposium.
2019. Ne 30 (2). P. 872-877. DOI: 10.2507/30th.daaam.proceedings.121.

9. Tedeev A. Information technologies in business processes and modern labour activity
regulation problems. Masaryk University Journal of Law and Technology. 2014. Ne 8 (2). P. 223-231.

10. AnpropHas oreHKa prcka (hakTopoB padboueii Cpelbl U TPY0BOTO MpoIiecca y OYpHITBIIUKOB
U MX ITOMOIIHHUKOB, 3aHATHIX B HedTemobbBaromei mpomsiiuieaaocts / I'.I'. T'umpanosa [u ap.] //
['uruena tpyna u meauuuHckas skomnorusi. 2017. Ne 1 (54). C. 17-22.

11. Hygienic assessment of the working conditions and the health state of workers engaged
in drilling of superdeep boreholes / I.I. Alekperov [et al.] // Meditsina Truda | Promyshlennaya
Ekologiya. 1983. Ne 12. P. 8-12.

12. TK «Bocrok-Cepsuc». URL: https://shop.vostok.ru/ (nara obparmienus: 20.03.2021).

13. XKernosa A.B. IIpodheccroHanbHbI PUCK U KPUTEPUH HAPYIICHUS 3I0POBbS PAOOTHUKOB
TOPHOPYIHOM MPOMBIILIICHHOCTH // MemuimHa Tpy/a 1 rpoMbinuieHHas sxonorus. 2009. Ne 5. C. 14-18.

14. Chernyshev M.V., Davydov A.F., Chernysheva G.M. Complex estimation of fabrics
for sewing clothing for workers in oil refining plants // Fibre Chemistry. 2017. Ne 49 (1). P. 67-69.

15. dakTophl ¥ MoKa3aTeau MpoheCcCHOHAILHOrO pucka mpu n00sde Hehu / I'.I'. ['mmpanoBa
[1 np.] // BectHuk PTMYVY. 2014. Ne 1.

16. 5th International scientific conference of modern management of mine producing,
geology and environmental protection, SGEM. 2005.

17. Heat-insulation of special clothing: An analysis using regression models. Human
Ecology (Russian Federation). Ne 4. P. 21-25.

18. Ovsyannikov S.N., Skripchenko D.S. A research of sound-proof properties of materials
at various static loadings News of higher educational institutions // Technology of the textile
industry. 2016. Ne 4 (364). P. 40-44.

19. Mine rescuers’ heat load during the expenditure of physical effort in a hot environment,
using ventilated underwear and selected breathing apparatus / A. Marszatek [et al.] / International
Journal of Occupational Safety and Ergonomics. 2018. Ne 24 (1). P. 1-13.

20. A user-centred design process of new cold-protective clothing for offshore petroleum
workers operating in the barents sea / O.P. Naesgaard [et al.] / Industrial Health. 2017. Ne 55 (6).
P.564-574.

21. Development of the construction of overalls for oil workers with improved hygienic
properties / M.M. Chorieva [et al.] // Paper presented at IOP Conference Series: Materials Science
and Engineering. 2020. Ne 862 (2).

22. Transformation of labor legislation in the digital economy / M. Inshyn [et al.] //
InterEULawEast. 2021. Ne 8 (1). P. 39-56.

23. Protective footwear and clothing. 1980.

24. Golod V.A., Rudakov M.L., Stepanova L.V. Substantiation of the parameters of personal
protective equipment of the employees for ensuring thermal comfort of the coal mines underground
personnel // Bezopasnost' Truda v Promyshlennosti. 2019. Ne 5. P. 52-58.

45



BbeszonacHoCTh XH3HEACATEILHOCTH

25. Testing of hot-water and steam protective performance properties of fabrics. Advanced
characterization and testing of textiles / S. Mandal [et al.]. 2017. P. 211-235.

26. KoMIUIEKCHBIM TOIX0J] K MOA0O0pY CHENHATBLHON OJCKIbl OypHiIbIIUKa HE(TSIHBIX
CKBaXMH ¢ ydeToMm mokasatens PMV / T.T. KasepsueBa [u ap.] // XXI| Bek: UTOrH MPOILIOrO
1 npobaembl Hactosmiero mitoc. 2022. T. 11. Ne 3(59). C. 159-164. DOI: 10.46548/21vek-2022-
1159-0024. EDN VBLXRP.

27. UBanoBa A.A. Pacdyer WHAEKCOB TEIUIOBOTO KoMQoOpTa MpH KOHCTPYUPOBAHUHU
3alIUTHOTO KOCTIOMa OypuiiblilvKa // buorexHomoruu u 6e€30macHOCTh B TeXHOC(epe: MaTepHalbl
Bceepoc. koud. CII6.: C.-ITerep6. momurex. yu-T [lerpa Bemukoro, 2021. C. 149-152. EDN UYBXTL.

28. NBanoBa A.A. OreHKa TEIIoBOro komgopra pabOTHUKOB OYPOBBIX YCTAaHOBOK C YYE€TOM
Kareropun paboT ToO ypoBHIO OdHepro3arpar // CryneHuyeckuid HayuHblii ¢dopym 2021:
c0. crareil MexayHap. Hayd.-pakT. koHd. [lenza: Hayka u Ilpocemenue, 2021. C. 78-81. EDN
CTVVAW.

HNudopmanus o craTbe: ctaThs noctymwia B pegakiuto: 04.02.2023; npunsta k myommkanuu: 01.03.2023

Hugopmayus 06 asmopax:
HNBanoBa AnHa AuapeeBHa, maructp Cankr-llerepOyprckoro moiurexHudeckoro yHusepcutera Ilerpa
Bemukoro (195251, Cankr-IlerepOypr, [lomurexandeckas yi., 29), e-mail: ivanoval0.aa@edu.spbstu.ru

46



HamzopHast gesTebHOCTE U CyIcOHas SKcrepTu3a B cucreme 0e3omacaoctr. Ne 1-2023

Hayuynas cratbs
YK 331.45

«MATPHUIIA IIOCJEJICTBUMA U BEPOSITHOCTEM»
KAK METO/J OHEHKH NPO®ECCHUOHAJIBHOI'O PUCKA

Kyunmkun Koncrantun CepreeBuy.

Cankr-IlerepOyprekuii nourexnudeckuii ynusepcurert Ilerpa Benukoro,
Cankr-IlerepOypr, Poccust

kuchishkin.ks@edu.spbstu.ru

Annomayus. B maHHOW cTaThe pacCMaTpUBAETCS MaTPHYHBIA METOJ Ha OCHOBE OATbHOHN OIICHKH,
KOTOpasi HasbIBaeTcsi «MaTpuia MOCIeACTBUH M BepoATHOCTeH». lIpuBoauTcs OOBSCHEHHE MOHATHS
Mpo¢eCCHOHANBEHOTO PHCKA, a TaKKe JOKa3bIBaeTCsi HeOOXOAMMOCTh BHEIPEHHS Mpolecca YHpaBICHUS
npodeCCHOHANBHBIMU PUCKAMHU, YTOOBI ONTUMM3MPOBAaTh U YIYyYLIMTh YCIOBHA Tpyda COTPYAHHUKOB
Ha palOouumx wMmecrax. PaccmarpuBaeTcs mpoLecc OLEHKHM NPO(ECCHOHATBHOIO PHUCKA C IIOMOLIBIO
MaTPUYHOTO METO/Ia Ha OCHOBE 0albHOM orleHKH. ONpeesstoTCsl STalbl OIIeHKH NPodecCHoHaIbHOTO pUCKa
[0 BBIOPAaHHOMY METOAY, TAaKue Kak: ONpEeAEICHHE IO0KaszaTellsl BEPOSTHOCTH, IOKa3aTels MOCIEeACTBUH,
YPOBHS DHCKa, OIpENeNICHHEe CPOYHOCTH mnpoduiakTuiueckux wMeponpustuil. IIpuBonmsrcs Tabmumbl
oIpeeNieHus 3Ha4eHUI OabHBIX TMMOKa3aTelel TSHKECTH MOCICACTBUN, 3HAYCHUH BEPOSTHOCTH, MaTpUla
PHCKOB, OIpe/iefieHHEe YPOBHS pUCKa U CpouHOCTH Mep. Llenbio paboThl siBisieTcs: aHanu3 Merona «Marpuia
MOCJEICTBUNA U BEPOSITHOCTEIN».

Kniouesvie crosa: MaTpuyHbI METOM, OXpaHa TPy/a, OlIEHKa pUCKa, TpodecCHOHaIbHBIN PUCK

Jas nurupoBanmsa: Kyunmkun K.C. «Marpuiia moclneACTBHI W BEpPOSTHOCTEH» KaK METOJA OIICHKHU
npodeccuoHanbHOro prucka // HamzopHas AesTensHOCTh U cyleOHasl dKCIepTh3a B CHCTeMe 0e30MacHOCTH.
2023. Ne 1. C. 47-51.

BBenenune

[TpodeccuonanbHblif pUCK — BEPOATHOCTb NPUUYMHEHHS BpeAa 370pPOBbI0 B pE3yibTare
BO3/ICHCTBUSl BpPEOHBIX M (WJIM) OMACHBIX MPOHM3BOACTBEHHBIX (DAaKTOPOB MPU HCIOIHEHUU
pabOTHHUKOM O0sI3aHHOCTEH MO TPYIOBOMY JOTOBOpPY. To ecTh, MpoheCCHOHATBHBIA PUCK — 3TO
o0s3aTeNIbHOE  KAayeCTBO  A0COJIIOTHO — KaX/JO0TO  JEHCTBHS, CBSI3aHHOTO C  BBIPAOOTKOM,
npeoOpa3oBaHNUEM U UCTIONB30BaHUEM BEUIECTBA, SHEPTHH U HH(POPMAITUH.

[To qaHHBIM MEXITYHAPOJHOW CTATUCTUKH, MPO(EeCCHOHANBHBIE 3a00JICBaHNS U HECYACTHBIC
Cllyday Ha MPOU3BOJICTBEHHBIX O0BEKTAX CIyXKaT MPUUYUHONW CMEPTHU MPUMEPHO JJIs 2,3 MIIH JIIoAen
exerogHo. Pacxoapl Ha JaHHYIO MPOOJIEMY COCTaBIAIOT Gosee 2,8 TPJIH J0JIapOB BO BCEM MUDE.
Takum 00pa3oM, MOXHO CJeJaTh BBIBOJ O HEIOCTaTOYHOM KOHTPOJIE WpOIecca OIECHKH
npo(heCCHOHATIBHOIO PHCKA U MTHOPHPOBAHUE CIIOCOOOB CHIXKEHUS €ro Belnn4uHbI [ 1-2].

Onenka mpo(heCCHOHAILHOTO pPHCKA SBISIETCS OCHOBOM ISl 0OecredeHHs] BBICOKOM
MIPOM3BOAUTENBHOCTH U Oy1aronony4yus paOOTHHKOB, a TaKKe 3aKperuieHa 3aKoHoaTenbHo B Poccun
1 B OOJIBIINHCTBE IMPOMBIIIJICHHO Pa3BUTHIX CTpPaH. 9TO HE TOJILKO MpeaAOTBpaAllICHUE HECYACTHBIX
cllydaeB WJIM TpaBM, HO M WACHTH(UKAIMS ONMACHOCTH, HICHTU(PHKALUS JIOACH, KOTOpbIC
MOTEHIAJILHO MOJIBEPKEHBI PUCKY; OLIEHKA PUCKA; MEPOIIPUSTHS IO CHIDKEHHUIO pUCKa U pa3padoTKa
HOBBIX CIIOCOOOB IO €ro mnpeAoTBpauieHuto. VIMeHHO Oyarogapsi BBEACHHUIO CHCTEMBI OLIEHKU
MpoeCCHOHAIBHOTO ~ PHUCKa, JeNaTh Oojiee Oe3omacHOW pabodyro cCpeay CTajllo MeEHee
HHEpPro3aTpaTHBIM IPOLECCOM. A TpOBEIEHUE HCCIEAOBAaHUM W BHEApPEHHE pPa3paboTOK
C IPpUMCHCHHUEM HOBEUIINX TEXHOJIOTHHA U HHCTPYMCHTOB JJIs1 CHMXKCHUA pHUCKaA IMOMOracTt Co34aTb
ycioBust Oosee Oe3BpeHO# paboThl Ha TPOU3BOACTBE [3].

© Cankr-IletepOyprekuii yuusepcuret I'TIC MUC Poccun, 2023
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MeToanbl Hccjie10BaHUA

Jlna penieHus NOCTaBJIEHHOHM 3ajjaud, a UMEHHO IPOBEIEHHUS aHalIM3a METOJa «MaTpulia
IOCJIEJICTBUM U BEPOSITHOCTEN», ObUIN UCIOJIb30BaHbl O0IIEHAYYHbIE METO bl HCCIIE0BAHMSL.

[l aToro ObUT MPOU3BEAEH OTOOP MOAXOASAIINX UCTOYHUKOB C MOCIEIYIOIIMM aHAJIU30M.
ITocne aTuX onepanuii 0TcenBanach HEKOPPEKTHAS UM HEAKTyalbHas HHPOpMaLUs.

Kpurepusimu nipu ananuse nHGOpMAIMU SBISUTUCH:

1) 10CTOBEpHOCTh M HAJEKHOCTh UCTOUHHUKOB;

2) aKTyaJIbHOCTb;

3) cOOTBETCTBUE HANPABIEHHOCTH PabOTHI, TO €CTh ONPEENsIach CTEEHb OCBAIIEHHOCTH
TeMe Ipo(hecCHOHANBbHOIO PUCKA,

4) cyuiecTByOIME UCCIIEI0OBAHNS B JaHHON 00JIacTH.

Jlanee, ¢ MOMOIIbI0O METOJIOB CPABHEHHUS M COIOCTABJICHUS MOIXOAAIICH JTUTEPaTyphl OBbLI
CllelaH BBIBOJ O TOM, YTO MaTpPUUYHBIH METOJ Ha OCHOBE OalbHOI OLEHKH, KOTOPBIH Takke
HazbIBaeTcs «MaTpuiia nociaeACTBUM U BEPOATHOCTEN», SIBIISIETCS HAauOO0JIee MOMYISIPHBIM.

A c momompl0 MeToJa CHHTe3a OBbUIO COCTaBJIEHO IIOJHOE NPEACTaBICHUE O TOM, Kak
IIPOXOJUT OLIEHKA TPO(ECCUOHATIBHOIO PUCKA BEIOPAHHBIM METOJIOM.

Pe3yJ’leaTbI HCCJICI0BAHUA U UX aHAJIHN3

«MaTtpuua TOCHEACTBUM W BEPOSATHOCTEW» — OTO MATPUYHBIM METOJ OLECHKHU
npo(ecCHOHAFHOTO pPHCKa HAa OCHOBE OanbHOM OLIEHKH. MeToj 3aKiouaeTcsi B Ka4eCTBEHHOMN
OIICHKE, TJI¢ BEPOSTHOCTh PEaM3allii ONACHOW CHTYAaIlMM U TSDKECTh IMOCICICTBUN MMEIOT CBOU
BecoBbIe Kod(duimenTsl (0amibl). iToroBoe 3HaueHne onpeaensercs Kak Mpou3BeieHne 0anbHOTro
3HAYCHUSI BEPOSTHOCTH BO3HUKHOBEHHUS OIACHOCTH, NMPHUBOJIIETO K IMOBPEKICHUIO 3JI0POBBS,
1 6aNBbHOTO 3HAYEHUS TSHKECTU MOCIEACTBHM MPHU OCYIIECTBICHUH JAaHHOTO PHUCKA.

MaTpHuyHBIA METOJ SIBJSICTCS OAHUM M3 CaMBIX PACIPOCTPAHCHHBIX B CHITY CBOCH MPOCTOTHI
u poctynHocTd. OH He TpeOyeT 3HAaUUTEIbHBIX BPEMEHHBIX U (DMHAHCOBBIX 3aTPaT U YrIyOJIEeHHBIX
3HaHUU B o0siacTu mpodecCHOHaIbHBIX pUCKOB. HemocTtaTkoMm siBisieTcsl CyObEKTHBHBIA XapaKTep
OLICHOK 3HaY€HUI BEPOSTHOCTHU U TSHXKECTH MOCIEICTBUM.

Kareropus prcka 1mo MaTpua4HOMY METOJTy OIpeeseTcsi PopMyIoi:

R=P-§,

rae R — GaibHOE 3HAYCHHE PUCKA IO OMPEIETICHHOMY COOBITHIO; P — OallbHOE 3HAYEHHE BEPOSITHOCTH
BO3HUKHOBEHUS COOBITHS; S — OaJIbHOE 3HAYEHUE TSXKECTH MOCIECTBHIA COOBITHS.

Martpuily pUCKOB CJeAyeT NpPOBOIUTH [UIS KaXJOTO OMACHOTO IPOW3BOACTBEHHOTO
(akTopa, CiIoCOOHOTO MPUYNHUTH BPe]] 37I0POBbIO PAOOTHHKA, HA BEIOPAaHHOM padboueM Mecte [4-5].

PamxupoBanue 3HaYeHWH BEPOSTHOCTH BO3HUKHOBEHHS OIMACHOTO COOBITHUS W TSKECTH
MOCTE/ICTBUIM MOXKET OTInYaThesl. YUCIo paHroB JOKHO OBITH HE MeHee TpexX. UeM Oouiblile Yucio,
TEM CIIO)KHEE MpOIecC OINEHKH NPOPEecCHOHAIBHOTO pHCKa, HO B TO K€ BpEMs, TOUYHEe
OIpeJieJIeHUe CPOYHOCTH MIPOBEICHUS MEPOIIPUATHUS IO CHIPKEHHIO PHCKA.

Jns Toro 4YTOOBl 3HAa4YeHHWE NPOPECCHOHATHHOTO PHCKA TONYYHMIOCh MaKCHMAaJIbHO
NpUOIMKEHHOE K JCHCTBUTEILHOMY, HA NPEANPUATHIX UCHONb3yeTcss MaTtpuna 4x6. [lokazaTens
BEPOSITHOCTH peaju3aiiu onacHoi cutyanuu (P) OyaeT mojieneH Ha mecTh PaHTOB, a MOKa3aTelb
TSOKECTH MOCNIeACTBUHN (S) COOTBETCTBEHHO — YETHIPE PaHTa.

[TocnenoBaTeTbHOCTh NEUCTBUI 1O OIEHKE NPO(ECCHOHATBLHOTO PHCKA I KaXKIO0TO
UICHTH(UIIMPOBAHHOTO OMACHOTO COOBITHS OYIET UMETh CIEeIYIOUIHI BU (PHC.):
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OnpegeneHue
MoKa3aTe1d
ESPOATHOCTH

¥

Omnpegererne
MOKAZATENT

MOCTIEICTEHE

¥

Omnpegererne
VPOBHA PHCEA

¥

Omnpegererne
CPOEHOCTH

MEpOIpPHATHH

Puc. ITansl oueHKH NPoecCHOHAIBLHOTO PpUCKA

Jlyist ympoIieHusi BOCIIPHUATHS, a TaKXKe MOCIeIyroIeii 00paboTKU pe3ysIbTaTOB MaTPHIIBI
ObUTH BBE/IEHBI OYKBEHHO-IIU(PPOBBIE KOIBI.

B Tabn. 1 ykazaHo ompejeneHue OalbHOTO IMOKa3aresis BEpOSATHOCTH BO3HUKHOBeHHs (P)
10 YaCTOTE BO3JIEMCTBHS OMACHOCTH.

Tabmumua 1
OmnpeneneHue Noka3arejis BepOSITHOCTH

bykeennsie | [lokaszarens BEpOSTHOCTH N
KObI BOBHHKHOBCHIS Omnrcanue 4acTOThI BO3JACHCTBHS OMACHOCTH
A HesepositHO Pexe, uem oaus pa3 B 10 ner, 1100 He BO3HUKAET
B ManoBeposiTHO Ot oziHOrO pa3za B roj A0 ofHOro pasza B 10 et
C OTtnaneHHo OT 07HOTO pa3a B MeCSI 10 OJHOTO pa3a B roJ
D Bosmoxuo OT 0JTHOTO pa3a B HEJCIIO JI0 IBYX pa3 B MECSI]
E BepositHO OT 0J1HOTO pa3a 3a CMEHY JI0 OJIHOTO pa3a B HEJIEN0
F Bricokast BEpOSITHOCTb OnuH 1 6oee pas 3a CMeHy

[Ipu ompeneneHnn OaTbHOTO 3HAYEHHS TSHKECTH TOCIEACTBUM HEOOXOIUMO BBIOUpATH
HauXYAIIMNA BapUAHT Pa3BUTHUSL COOBITHUH.

B Tabn. 2 mpuBeneHbl ompeAensmomue OalTbHbIE TOKAa3aTeNH TSHKECTH TOCIEICTBUI
C MX OMHMCAHUEM.

Tabmuna 2
OnpenesieHne NoKa3aTeas TAMKECTH NMOCTeICTBUI
Tloka3zaTenpb TSXKECTH MOCIIEICTBUN Onncanue TSKECTH ITOCIEICTBUN
1. HesnauuTenpHBbIH MuxkpoTpaBma, HE0OXOANMO O00paIIeHHs 32 MTOMOIIBIO
2 Jlerkue HecuactHslii ciyuaii ¢ HETpyJOCIOCOOHOCTBIO CPOKOM MEHEe
JIBYX HEJIETb

HecuactHblii ciiyyail ¢ HETPYI0CTIOCOOHOCTBIO CPOKOM OoJiee
JIByX HEZIETb
4. KpymnHsie CwMepTenbHBIN ciydail, mosHas moteps paboTocnoCOOHOCTH

3. CepbesHble
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Takum 00pa3oM, BBIOpAaHHBI METOJ OICHKH MPO(ECCHOHATBHOIO PHUCKA, a HMEHHO

Marpuiia 4x6, Oyner BBITIISIETh, KaK MMOKa3aHo B Ta0. 3.

Tabmmma 3
MaTpuua puckoB
BepostHocTh TsxecTb NOCIENICTBUI
BOSHHKHOBCHHA 1. He3nauurtenbHbIe 2. Jlerkue 3. Cepbesnbie 4. Kpynnsie
COOBITHS
Al A2 A3 Ad
A. HeseposiTHO Masio3HauuMBbIi Masio3HauuMbIi Maunbiii YMepeHHbIi
pHUCK pHUCK pHUCK PUCK
Bl B2 B3 B4
B. ManoseposiTHO Maino3HauuMbIi Mainiii YMepeHHbIN YMepeHHBIH
pHUCK pHUCK pHUCK PUCK
C1 C2 C3 C4
C. Ornmanenno Manprii YMepeHHbIi YMepeHHbII Cpennuit
pHUCK pHUCK pHUCK pHUCcK
D1 D2 D3 D4
D. Bo3moxHO YMepeHHbIN YMepeHHbIN Cpennuit 3HaYUTETbHBINA
pHUCK pHUCK PHUCK pHUCK
El E2 E3 E4
E. BepositHO YMepeHHbIi Cpennuit 3HauutenbHblil | HenomycTumeril
pHUCK pHUCK PHUCK pHUCK
F1 F2 F3 F4
F. Beicokast . . . .
Cpennuit 3nauurensHbii | Hemomyctumelii | HenomycTumeril
BEPOSATHOCTD
pHUCK pHUCK pPHUCK pHUCK

,Z[JI?I OIIPCACIICHUA IMoKa3aTeseh PUCKA U TPUOPUTCTHOCTHU MCPONPUATHUA 110 €r0 CHUIKCHUIO

HY>KHO 00paTuThCs K Tabm. 4.

OnpenesieHne ypoBHsl PUCKa U CPOYHOCTH Mep

Taonuua 4

ITokazarensb pucka

YpoBeHb pucka

[Ipuopurer meponpusTuit
M0 CHM)KEHHUIO PHCKa

Meponpustus He TpeOyroTCsl.

Al, A2, Bl MaJto3HaYuMBIH
JlocTtaToueH KOHTPOJIb
. Meponpuarus He 003aTeNbHbI, HO
A3, B2, C1 Maibri porip ’
JKenaTeabHbI
Meponpusarus HeoOxoaumel. OHH
A4, B3, B4, C2, C3, y porp A
YMepeHHbIiH pa3pabaThIBarOTCS
D1, D2, El
Y IPOBOJISATCS TI0 TpauKy
Meponpusarus He00X0IUMO
C4, D3, E2, F1 Cpenunit CIIAaHUPOBATH U TIPOBECTH
110 rpauKy B CKATHIE CPOKU
Meponpusrtust 00s3aTeNbHBI.
D4, E3, F2 3HaYNTEIbHBII Hx npoBenenre HeoOX0IMMO
HAaYaTh HE3aMEJIUTEIIHLHO
Meponpusarus 00s3aTeNbHBI.
Hauats He3amemurensHo. Padora
E4, F3, F4 Henomyctumsiii Ha JJaHHOM pabodeM MecTe JOJDKHA

OBITH TIPEKpaIeHa J0 MOMEHTA
CHUKCHUS PUCKA

50




HamzopHast gesTebHOCTE U CyIcOHas SKcrepTu3a B cucremMe oezomacHocTr. Ne 1-2023

3HavyeHus1 Npo¢ecCHOHATIBHOIO PUCKA BHIOpAaHHON Mpodeccuu onpeaensercs s KaxIoro
OTACHOTO MPOU3BOJICTBEHHOTO (haKTOpa, KOTOPHIC OBLTN WACHTU(UIIMPOBAHKI 3apaHee.

HToroBoe 3HadeHHE MPOPECCHOHATHHOTO PHUCKA, KOTOPOE NPUCBAMBAETCS OLIEHHUBAEMOIl
npodeccu, onpeaeNsIeTcs Kak caMmoe 0O0JIbII0e U3 MOTYyYCHHBIX 3HaYeHU# [6—8].

3akjarouyeHue

ITpodeccnoHaIbHBINA PUCK PACCUYUTHIBACTCS TSI KOXKI0W MACHTH(PUIIMPOBAHHON OIMaCHOCTH.
Taxke i1 KaxIOH OMACHOCTU  OMNPENENSIOTCS HEOOXOJUMBbIE MEphl [0  CHUXXEHHUIO
npodeCCHOHAIBHOTO prcKa. Bce momydeHHbIe pe3yIbTaThl 3aHOCATCS B KapTy OIICHKH PUCKOB.

OnenuBaemoii mpoeccuu MPUCBaUBAETCS MAaKCUMAIbHO 3apETUCTPUPOBAHHAS HA paboueM
MeCTe KaTeropusi prucka.

Ecnu mo urory omeHkd mpodecCHOHATBHBIX PUCKOB OT Pa3IMYHBIX OMACHOCTEH BBICHSIETCS,
YTO 3TUX MEPOIPHUATUI JOCTATOYHO, TO CO3/IaHKE TOTIOJHUTEIBLHBIX MEPOTIPUITHI HE TpeOyeTcs.

Ecnu ompepensercs, 4To JaHHBIX MEPOMPUSITHI HEIOCTATOYHO, TO OMPEIEISIETCS CIUCOK
JIOTIOJTHUTEIBHBIX MEPOTIPUSATHUI, U COCTABIIACTCS TUIaH KOPPEKTUPYIOIIUX EHCTBUI.
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JMAJIOTH CO CIELUAJIUCTAMHA

Hayunas craTes
YK 614.8

AHAJIN3 UTHO®OPMALIMOHHBIX CUCTEM, IPUMEHSAEMbIX
B IEHTPAX YIIPABJIEHUSA B KPU3UCHbBIX CUTYALUSAX ITPH
OPI'AHM3AIIMU U ITPOBEJAEHUU ABAPUUHO-CITACATEJIBHBIX PABOT

“Boponnosa AHHA AHATOJIbEBHA;

yrunuesa Eauzasera HukosaeBHa;

JloooBa Codbs PenopoBHa.

Cankr-IlerepOyprekmii yausepcurer I'TIC MUC Poccun, Cankr-Ilerepoypr, Poccus
gannavorontsova@msn.com

Aunomayus. B cTaThe MpUBENCHBI pe3yIbTaThl UCCICIOBaHUS (PYHKIMOHAIA aBTOMATH3HPOBaHHON
WHGOPMALMOHHO-YIPABIAIOMIEH CHUCTEMBl — €OUHOM CHUCTEMBl MPEAyNpPEXICHUA U JIMKBUIALUHU
Ype3BBIYAMHBIX  CHUTyallid. PaccCMOTpeHbl BO3MOXKHBIE Moxenu KuOepyrpos. CdopmyrmpoBaHa
HEOOXOIUMOCTh pa3BUTHS NPOTPAMMHBIX CPEACTB Ul OIECHKH pHUCKAa KUOEpYrpo3 B  YCIOBHAX
HC6H3FOHpI/I}ITHOI‘O Pa3BUTUA MCKTOCYAAPCTBECHHBIX OTHOIIICHHUH.

Kniouesvie  cnosa: vHpOpMaLMOHHAs  CHCTEMa, AaBTOMATH3UPOBAaHHAas  HH(DOPMALIOHHO-
YOpaBISOLIAas CHCTEMa €IUHON CHUCTEMBl NPENyNpeXkACHUs U JUKBHIALMU YpPE3BbIYAMHBIX CHUTYaIHi,
WHpOpPMAaILIMOHHAas O€30MaCHOCTh

Jnsa nurupoBanusi: Bopormosa A.A., [lyruanesa E.H., Jlo6oa C.®. Arann3 MHPOPMAIIMOHHBIX CHCTEM,
IIPUMEHSAEMBIX B LICHTpaxX YIPABJICHMS B KPU3UCHBIX CUTyalUsX IPU OpraHW3alMy U IPOBEIECHUU aBapUIHO-
crnacaTeNbHbIX paboT // Ham3opHast AeaTenbHOCTh W CyneOHast 3KCIepTH3a B cucteMe Oe3omacHoctu. 2023.
Ne 1. C. 52-55.

BBenenune

CH0XHO TpelncTaBUTh CYOBEKT HAIMOHAIbHOM »KOoHOMMKHM Poccuiickoil @enepanuun 6e3
YEeTKO BBICTPOECHHOH CTpyKTypbl MH(popmannoHHoW Oe3onacHoctu (Mb). Ilonstue Wb cBs3ano,
B TOM 4YHCJI€, C IOHATHEM 3alUThl MH(popMarmonHo uHppacTpykTrypsl (M) cyobekra ot yrpos
kuOeparak. llenpto kuOeparak ABIAIOTCS. cOOop HHOpPMaNMM, Kpaka WIH YHUYTOXKEHHE
uHpOpMalUY, TPOTPAMMHBIX CpPEICTB M TEXHMYECKHX PECypCOB IYyTEM IOABIEHHUS CHCTEM
3allUThl, BHEIPEHHMs] BUPYCOB W  JPYrMX pa3HOOOpasHBIX MPOrPaMMHBIX  3aKJIaJ0K.
MesxayHapo/iHble COOBITHSI TOCIEAHEro Toja IOKas3ald, YTO IeJbl0 KuOepaTak MOTYT CTaTb
YHUUTOXKEHHE WJIM aKTHUBHOE IOJAaBJICHUE JIMHUM CBSI3M, HENpPaBWJIbHAs aJpecalus, Meperpyska
y3JI0B KOMMYHUKAIlUd U TPOBEACHHE HH(POPMAIMOHHO-TICUXOJIOTHYECKUX ONepaluidl C LENbIo
ne3nH(pOpMaIIMKA HACETICHHUS.

NN MYC Poccun BkiIrodaeT cienyroomme uHpopMmanuoHHbsle TexHoioruun (MT): web-
TEXHOJIOTUH (CalThI JIJIs1 ”HPOPMUPOBAHUS HACEJIEHNUs ), 0a3bl JaHHBIX, B TOM YHCIIE CBEPXOOIbIIIHE
0a3bl JIaHHBIX, CHCTEMY €IWHOTO AJIEKTPOHHOIO JOKYMEHTOOOOpOTa, aBTOMAaTH3UPOBAHHYIO
AQHAJIMTUYECKYI0 CUCTEMY MOJJICPKKH M YIPaBICHHUS KOHTPOJIBHO-HAI30pHbIMU opranamu MYC
Poccun, mporpamMmHBIE CpeACTBAa TeOJOKAlMM M 3JEKTpOHHOM Kaprorpaduu, IP-tenedonun
(royiocoBast ¥ BUJIEO CBSA3B) U .

B HacTosmee Bpems npuopureTHeMUA HanpasieHussMu MUC Poccun sBistoTCSI BHEApEHNE
U HCHOJb30BAaHUE B CBOEH NEATENbHOCTH TEXHOJOTUH HOBOTO TOKOJEHHUS U COBPEMEHHBIX
MH(OPMAIMOHHBIX PECYPCOB M CUCTEM, MO3BOJISIOIIMX MPU MPOBEAECHUH aBapUHHO-CIIacaTeIbHbBIX
pabor (ACP) mnpuHMMAaTh CBOEBPEMEHHbIE U JOCTAaTOYHBIE YIPABICHYECKHWE PpELICHMUS,
HalpapJICHHbIE HA YMEHbIIICHNE BPEMEHHU JIMKBHUJIAIMU MTOCIEACTBUM upe3Bbuaiinbix curyanuii (UC)
U CHWXKEHHE OT HUX pazMepa yuiepoa 00beKTaM SdKOHOMHUKHU U OKPYKaIOLIEH cpefe.
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Boinonnasembie 3amaun MUC Poccum 1Mo3BOJMMIM OCYHIECTBUTH BHEIPEHUE U pPa3BUTHE
aBTOMATU3UPOBAHHON MH()OPMAIIMOHHO-YIIPABIISIONIEH CUCTEMBL: €IMHON CHCTEMBbI MPEIyNpekKICHHS
u ukuganuu YC (AUYC PCUC) [1-2].

ANYC PCYC npenna3HaveHa i1 00eCIIeYeHHs TOArOTOBKH, cOOpa, XpaHeHusI, 00paboTKH,
aHalM3a W mepefadd WHQOpPMAIMK, a TAKKe MOJACPKKU MPUHSATUS YIPABICHYCCKUX PEIICHUN
opranamu ynpasiieausi PCUC B paznuyHbIX pekuMax (yHKIIMOHHUPOBAHUS [2].

K coxanenuto, ys3BuMocTh uHpopManmonHoi cucrembl AUYC PCUC k kubeparakam
He u3ydeHa. Het Hay4yHbIX paboT, MO3BOJIAIONIMX OLEHUTH €€ KU3HEHHBIH UK KaK IPOrPaMMHOTO
MPOJYyKTa B yCIOBUsIX umnopro3amenienus. [IpasurensctBo Poccuiickoii ®@eneparuu emie B 2014 r.
OOBSBUJIIO KypC Ha TIOCTENEHHBIM OTKa3 OT 3apyOeKHBIX TEXHOJOTUA M MPOrPaMMHOIO
obecrieyeHus. boumn BeIgeneHsl 00beKThl Kputhdeckoi WM, ycTaHOBIEHBI CPOKHM, B TEUEHHE
KOTOPBIX POCCHIICKHE OpraHu3alyu JODKHBI MEPeHTH Ha POCCUIICKOE MPOrpaMMHOE oOecrieueHne
MPU HAJIMYKUUA OTE€YECTBEHHBIX aHAJIOTOB.

B pabote nmposenen ananus mHpopmarmonHo cuctembl AUYC PCUC ¢ Touku 3peHus
€€ HCIOJIb30BAaHUSA B TOBCEJIHEBHOM JESTEIIBHOCTA COTPYIHUKOB IIEHTPOB MPUHATUS PELICHUN
B KPHM3UCHBIX CUTYallUsX, MPEANPUHATA TIONbITKA aHaiuW3a €€ YSI3BUMOCTH K KuOepaTakaM pasHOro
YPOBHSL.

MeToabl HCCIeTOBAHNUSA

K coxanenuto, HeT €IMHOT0 NOX0/a K aHAIN3Y TaKUX CUCTEM C TOUKH 3PEHMSI YA3BUMOCTU
K KuOepaTakaM, HO3TOMY MpPEANpPHUHATA OLIEHKAa XapaKTePUCTUK WHGOPMALMOHHON CHCTEMBI,
[I0OKa3aHa €€ 3HAaYMMOCThb B IOBCEIHEBHOH pabore corpyaHukoB MYC Poccuu, um npuBeneHs
BO3MOJKHBIE MOJIEIM aTaK Ha CUCTEMY, UCXO/s U3 €€ (PYHKIIMOHAIBHBIX BO3MOXKHOCTEH.

Onaum w3 ocHoBHBIX cerMeHTOB AUYC PCUC sBnsercs wHQOpPMAalMOHHAS CHCTEMa
«Atnac onacHoctel u puckos» (MC «Atiac onmacHocTell U pUCKOBY»), KOTOpasi O3BOJISET:

1) ocyImecTBIsATh aBTOMAaTH3UPOBAHHBI OOMEH MEX/y OpraHaMH YIPaBJICHUS TIOBCEAHEBHOTO
ynpasienuss PCUYC Bcex ypoBHEHl naHHBIMH OO0 HOTEHIMAJIbHO OMACHBIX OOBEKTAX, OOBEKTax
UH(PACTPYKTYPHI, 00CCIICUNBAIOIINX JKU3HEACATEIBHOCTh HACENEeHUs (Ta30MPOBO/IBI, BOJOIIPOBO/IBI,
AJIEKTPUUYECKUE CETH U JIP.);

2) NpoU3BOAUTH MOHUTOPUHI THUIPOJIOTMUYECKOH, METEOPOJOTHYECKON, HIKOJIOrMYECcKOH,
reopu3n4Yeckoil U Opyrux BHUJIOB OOCTAaHOBKH, BKIIOYas ceOs pe3yibTaThl 0OpaOOTKH JaHHBIX
JTUCTAaHIIMOHHOTO 30HANpoBanus 3emiu (nannabie [[33) u3 kocMoca;

3) aHanM3MpOBAThH CYIIECTBYIOIIME PUCKU Ha TeppuTopusax Poccuiickoit @eneparuu, B ToM
qlClie OCYIIECTBIATh MoJenupoBanue nociueactsuil YC, cBA3aHHBIX C:

— MOATOIUICHUSMH (3aTOIUIEHUSIMU) TEPPUTOPUI (HA OCHOBE OPTO(OTOMIAHOB U LIU(PPOBBIX
Moyzienei pesbeda, HOCTPOSHHBIX Ha OCHOBE pe3y/IbTaToB IUIAHOBOM M OMEPAaTUBHON a3pOOTOCHEMKH);

— B3pBIBAMH B 3/IaHUSAX U COOPYKEHUSX;

— naHaAma(THEIMU (IPUPOTHBIMU) MTOKAPAMHU;

4) mpou3BOIUTH BBIPAOOTKY MPEAJIOKEHUH HA OCHOBE aHAJIM3UPYEMBIX MJAHHBIX IS
IIPOBEJEHUS KOMIUIEKCA TPEBEHTUBHBIX MEPONIPUATHI.

Bxomsmme B HMC «ATinac OMacHOCTE W PHUCKOB» MOJCHCTEMBI PACHIUPSIOT €ro
BO3MO>XHOCTH IIpY PELIEHUH 3a/1a4 110 IpeaynpexaeHuto 1 suksuaanun YC.

Takumu noacucTeMaMu SBISIOTCS:

1. Iloacucrema yBenomiieHust o Tepmuueckux Toukax MC «Atiac omacHOCTel U PUCKOBY,
BKJIIOUAroIasi THPOPMAIIMOHHBIHN MOPTa U MOOMIIbHOE MPHIIoKeHHE « [ epMUYeCKHe TOUKI.

JlanHass cucTemMa B HENPEPBIBHOM DPEKUME OCYIIECTBIsAET INpueM JaHHbIX J[33
¢ KOCMHUYECKHX anmnaparoB Kak oredecTBeHHOH (I'K Pockocmoc), Tak u H”HOCTpaHHOHN IpyNIHUPOBOK
(EBpomneiickoe kocMru4eckoe areHTcTBO, HarroHanbHoe ynpaBlieHHe OKEaHHYeCKUX U aTMOC(EPHBIX
uccinenoBannii, NASA). B aBromarnyeckoM M MOJIyaBTOMAaTHYECKOM peXUMaxX MPOU3BOJIUT
00paboTKy TMOJIyY€HHBIX [aHHBIX, IO pe3yJlbTaTaM KOTOPOW NPOMCXOJUT JETEKTHPOBAaHHUE
naHaAmwadTHEIX (MIPUPOAHBIX) MOXapoB Ha Teppuropun Poccuiickoir denepannu, C UENbIO
JAJIbHENIIETO pearnpoBaHysl Ha HUX U JIMKBUJALMH ITOCJIEICTBUM;
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2. Ilogcucrema aBTOMaTU3MPOBAHHOTO ydeTa Mokaszarenel onepatuBHor nHpopmanuu MC
«ATtnac onacHocTel U pucKoB» «ba3a 3HaHMITY, TO3BOJIAIONIAS B €UHOM HH(POPMAIIMOHHOM TI0JIC
MPOU3BOAUTH cOOp M 0000ILIEeHHE CBeACHUH, Hcmoib3yeMbix crnenunanmuctamu MYC Poccun npu
npeaynpexacHuu u aukuaanuu YC.

«ba3a 3HaHUI» COCTOUT U3 CIEAYIOIIMNX MOTYJIEH:

— «lIpoucmectsus (UC)» — BeneHue oUIMATHLHOTO U ONEPATHUBHOTO CTATUCTHYECKOTO
yuetra UC 1 X OCHOBHBIX MapaMeTPOB;

— «CuIibl ¥ cpeacTBay — BeICHUE CBeIeHUM 1o cocTaBy cuil u cpeacts MUC Poccuu;

— «[IpoucmiecTBusi Ha BOJE» — BEJIEHUE CTATUCTUKH MPOUCIIECTBUI Ha BOJIE;

— «CBeneHHsI O 3UMHHUKAaX, JIEJOBBIX IEpenpaBaX M MECTaX MACCOBOI'O BBIXOJAA JIIOJEU
Ha Jea» — cOop MHPOPMAIMH 10 TUIAHUPYEMBIM K OTKPBITHIO, OTKPBITHIM U 3aKPBITHIM JICIOBBIM
nepernpaBaM M 3WMHHKAaM, a TakXke HMH(OpMAalUd O MeCTax MacCOBOIO BBIXOJa JIIOJEH Ha Jie[
Y TIPOUCILIECTBUSIX HA HUX;

— «MeponpusTHs 10 00e3BpEKUBAHHIO, YHUUYTOKEHUIO B3PBIBOOIACHBIX MTPEIMETOBY;

— «EOIl» — BBOA MmapaMeTpoOB €XKEIHEBHOTO OINEPATUBHOIO IMPOTHO3a BO3HUKHOBEHUS
u pa3sutus YC Ha tepputopun Poccuiickoit @enepanuuy,

— «TB croxets», «berymue crpoku Ha TB» — cOop mapopmanuu 06 ocsemennn B CMU
nearenbHocTH noapazaenenuii MUC Poccuu;

— ¥ IPyTU€ MOYJIN.

Hcnons3oBanue Beimenepeunciennoro Qynkuuonana AWUYC PCUC wmoxkeT ObITH
MOJBEPTHYTO CJIECAYIOUIUM MOJEISIM aTaK:

1) UCTIONB3YIONIMM YSI3BUMOCTH, CBSI3aHHBIE C CETEBOM HH(PPACTPYKTYPOIi;

2) UCHONB3YIONIMM YA3BHUMOCTH C YIPO30H HCIIONIB30BAHUS HEIOCTATOYHOIO YPOBHS
UCIPaBIIEHUH KO/Ia TPOrPaMMHOT0 0OecreyeHus,

3) “CHOMB3YIOIINE YSI3BUMOCTh KOH(UTYpaIlK CepBepa, HaCTPOSHHOTO TI0 «OOIIeMY THITY»;

4) UCTIOJB3YIOIINE YSI3BUMOCTD, CBA3aHHYIO C MCIOJIb30BaHHEM CTaHIapPTHOTO MPOrPaMMHOTO
obecrnieueHus U IponprUeTapHOe porpaMMHOe 00ecTieueHue;

5) ucnosb3yIoIIne «3BYKOBBIC aTaKu».

Pe3yJ'leaTbI HCCJICI0BAHUA U UX aHAJIU3

[IpoBeneHHBI aHANN3 IMOKa3al, YTO HEOOXOJIUMMO IPOBECTH OoJiee AETalbHBIA aHaIu3,
CBSI3aHHBIN C MMIIOPTO3aMEIIEHUEM MPOIIPUETAPHOTO MPOrPaMMHOI0 00ECTIEYEHNsI, UCIIOIb3YEMOT0
B pabote ALYC PCUYC [3]. YuursiBast T0, 4TO B cBoel ciy»x0e npu nposerenun ACP crnieruanuctsl
MYC Poccun ucnosb3yroT caeayoe BeIOMCTBEHHbIE MH(OPMAIIMOHHBIE CUCTEMBI:

—TUC «O630p»;

— CAYVYP (pacuer nocneAcTBHI B3pbIBOB U JIaHAMA(THBIX (IPUPOJHBIX) [TOKAPOB);

— CHCTEMa BU3YyalIM3alluy JaHHBIX Superset;

a TaxKe MpPorpaMMHOe oOecreyeHne MHOCTPAHHOTO POU3BO/ICTBA:

— Marinetraffic (mpenocrasisier uHdOpPMAIMIO B pealbHOM BPEMEHH O JBHKECHHH CYIOB
U TEKYIIEM MECTOIOJIOKEHUH CYJIOB B FaBaHAX U MOPTAX);

— Flightradar24 (mo3Bonsier B peaabHOM BpeMeHH HaOIIOIATh 32 MOJOXKEHUEM BO3JIYIIHBIX
CY/IOB);

— Sentinel-browser (mpenocraBnser cCyTHUKOBBIE CHUIMKH BBICOKOTO pa3peIleHHs);

—WINDY (mo3B0JIsIET OCYIIECTBIATH TPOTHO3UPOBAHUE MTOTO/IBI TI0 BCEMY MHPY);

— Ventusky (oToOpaskaroTcst KapThl BETPOB, OCAIKOB U TEMIIEPATYP),

HEOOXOMMOCTh B TAKMX MCCJIEIOBAHUSIX OUYEBHUIHA, YTOOBI MCKIIIOUNTH COOM B paboOTe MPOrpaMMHOTO
obecrnieuenus npu JukBuaanuy YC uiam npy NpoBeIeHUH aBapHHBIX ClIacaTeIbHBIX PadoT.

3aKjao4eHue

B 3akmouennu HYXHO OBLIO OBI AKIICHTHUPOBATb BHUMAHHC HaA HGO6XOI[I/IMOCTI/I pa3pa60TKH
ImporpaMmMHOIO o0OecrieueHus AJId aHaJIu3a W OICHKH PHUCKOB BO3MOXHBIX HYTeﬁ BBISIBJICHU A
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KUOepyrpo3, CBA3aHHBIX C NpUMEHeHHeM B pabore uHpopmanmoHHbix cucteM MUC Poccun
00OpyIOBaHUSI M MHPOTPaMMHOTO OOECTIeYeHUs] WHOCTPAHHOTO IIPOM3BOACTBA, B TOM YHCIIE
UCII0JIb30BAHUE WHOCTPAHHBIX cIyTHUKOB [4—10].
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AHAJIN3 PABOTOCIIOCOBHOCTH U MIOMEXOYCTOMYNBOCTH
AJITOPUTMA IMPOI'HO3UPOBAHMUSA C UCITIOJIB3OBAHUEM
INPUHIUITA CAMOOPI'AHU3ALINHU

Jlabunckuii Anexkcanap IOpbeBuy.
Cankr-Ilerepoyprckuii ynusepceuter I'IIC MUC Poccuu, Cankr-Ilerepoypr, Poccus
labinskyi.a@igps.ru

Aunomayus. VI3moxeHbl pPe3ysbTaTbl aHaiu3a pPabOTOCHOCOOHOCTH M IOMEXOYCTOMYMBOCTH
JITOpPUTMa IIPOTHO3UPOBAHMS C HCIIOIB30BAHUEM IIPUHIIMIIA CAMOOPraHn3aluy. PaccMOTpeHo BIMsIHUE BUIA
HUCKOMOHM (YHKIMH W XapakTepa 3allyMJICHUS HCXOIHBIX AAaHHBIX Ha pPabOTOCMOCOOHOCTH anropuTMa
POTHO3MpOBaHUs. i MOATOTOBKM MAacCHBa TECTOBBIX JaHHBIX, MCIOIB3YEMBIX [UIS aHalu3a
PaboTOCIIOCOOHOCTH aNTrOPUTMa MOJIEITHPOBAHUA O0OBEKTOB METOJOM TPYIIIIOBOTO ydeTa apryMEeHTOB, OblIa
coznana mporpamma aist OBM, mo3Bosisitomas BHIOUPATh TECTOBBIE 3aBUCUMOCTH, TPEACTABIISIONIAE COOO0M
MOHOTOHHO BO3pacTalolliie, MOHOTOHHO yObIBalomye U mnepuoandeckue ¢pyHkuun. [IporpamMma mosBossieT
MPOU3BOAUTE TPa)UUECKyr0 HHTEPIPETALUI0 MAacCHBa HCXOAHBIX NaHHbIX. CHOpMyIMpPOBaHO MOHITHE
HOMCXOyCTOﬁ‘IHBOCTH AJIropuTMa MOACJIMPOBAHUA, BKJ'IIO‘-IaIOHIeI\/'I BCJIMYMHY ITIOKAa3aTCJid MHTCHCHBHOCTH
myMa. /I mOArOTOBKM 3allyMJIEHHBIX HCXOAHBIX JAaHHBIX HCIOJb30Bajach mporpamma g OBM,
MO3BOJISIIONIAsl BBIOMPATh 3aKOHBl PACHPEACTICHUS CIydalHOW BEIMYUHBI (PaBHOMEpPHOE, HOPMAJBHOE,
JKCIIOHEHIIMANbHOE U Penes), a Takke BEMMYMHY MAaKCUMAlbHOW aMIDIMTYABI Bo3MmymieHwid. [Iporpamma
MO3BOJIICT MPCACTABIIATH 3alllyMJICHHBIC JAaHHBIC B Fpaq)H‘-ICCKOM BUJC. HpeI[CTaBJIeHBI PE3YJIbTAThI
pacu€ToB IO 3allyMJICHHUIO OSKCIHECPUMCHTAJIBHBIX JOAaHHBIX JJId YKa3aHHBIX 3daKOHOB pPaCHpCACICHUA
CJIy4allHOr0 IIyMa, KOTOpbIe MOKa3ald HE3HAUUTEJIHOE BIMSHUE XapakTepa 3allyMJICHHUs Ha IOTPELIHOCTh
pacuera.

Kntouegvie cnosa: mporHo3upyonue MaTeMaTHIeCKUEe MOJICIIH, CAMOOPTaHHU3aIHsl, METO/I TPYIIIOBOTO
ydera apryMeHTOB, pPa00TOCIIOCOOHOCTh, IIOMEX0YCTOMYHBOCTh

Js uutupoBanusi: JlaOunckuii A.JO. Ananu3 paboTocrnocoOHOCTH M MMOMEXOYCTOWYHBOCTH aJIrOpUTMa
MIPOTHO3UPOBAHUS C MCIOJIb30BaHUEM NPUHIIMIIA caMooprann3anuy / Hag3zopHas aedarenbHOCTh U cyneOHas
sKcnepTH3a B cucrteme 6e3onacHoct. 2023. Ne 1. C. 56-60.

BBenenne

B mensix CHM)XEHUS TEXHOT€HHBIX PUCKOB U MOBBIMIEHUS 3PPEKTUBHOCTH JEATETbHOCTH
nozapazaenenni MYC Poccum Oonbllioe 3Ha4eHHE HMMEET OIpelelieHHe 3aKOHOMEpPHOCTEN
BO3HUKHOBEHUS upe3BbluaiiHbix cutyauuit (UC) u co3naHue MareMaTHMYeCKHMX MOJEIed CHCTEeMbl
nporHo3upoBanus BozHukHOBeHus YC Ha oObekTax [1, 2].

Mertoabl camMOOpraHu3alMi MJIM METOJbl IpymmnoBoro ydera aprymeHtoB (MIYA)
HaIlpaBJIeHbl Ha BCEMEPHOE YMEHbLIEHHE HEO0OXOAMMOI anpuopHO HH(OpPMalNUK, BBOAMMOMN
yenoBekoM B OBM [3]. I'maBHOe — yka3aTh Kputepuil BbiOopa (cenekuun) moaenu. Janee, SBM
HaXOJUT €IUHCTBEHHYIO MOJENb ONTHUMAJIbHOM CIOXKHOCTU MpH MOMOLIM nepedopa O0IbIIOro
qucJla MOJENEN 10 3alaHHOMY KPUTEPUIO.

[TpuHIMI camMOOpraHU3alMy 3aKJIIOYaeTCss B TOM, YTO MPU IOCTEHNEHHOM YCIIOKHEHUU
MoJIeJIell HEKOTOpble KpUTEpUHU (BHEIIHUE JOMOJHEHUS) MPOXOJAT uYepe3 MUHUMYM. [nmyOuHy
MHUHHUMYyMa MO>KHO paccMaTpHUBaTh Kak Mepy ycrexa MOJAEeTUPOBaHUs U HaJIEKHOCTH MojienH [4].

Ilocmanoska 3adauu:. pa3paboTaTh KOMITBIOTEPHBIE MOJEIH, PEATU3YIOIIUE MPOLECCHI
MOAITOTOBKM MaccHBa TECTOBBIX JaHHBIX, @ TAKXK€ IOATOTOBKM MAacCHBA 3alllyMJIEHHBIX MCXO/IHBIX
JAHHBIX C BO3MOXXHOCTBIO BBIOOpA 3aKOHOB paclpelieNieHusl CydyailHON BENMYMHBI U BETMYUHBI
MaKCUMaJIbHOM AaMIUIMTYABl BO3MYIIEHHH. TeMa cTaTbM aKTyajdbHa, TaK KakK CO3[aHue
IIPOTHO3UPYIOIIUX MaTEMaTHUECKUX MOJIENEH I03BOJSET CHU3UTh PUCKM BO3HUKHOBeHUs 4YC
MyT€M YMEHbILIEHUSI BEPOATHOCTH UX MOSBICHUS.

© Cankr-IletepOyprekuii yuusepcuret I'TIC MUC Poccun, 2023
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HoBu3Ha wuccnenoBanusi 3akiodaeTcss B pa3pabOTKe JBYX KOMIBIOTEPHBIX MOJIENEH,
pean3yIoNMX MpoIecc BbIOOpa TECTOBBIX 3aBHUCHUMOCTEH, MPEACTaBISIONIMX COO0OW MOHOTOHHO
BO3pACTAlOIIMe, MOHOTOHHO YOBIBAIOLIME W NEPUOJUYECKHE (YHKUIMHU, U TPOLECC MOATOTOBKU
3alTyMJIGHHBIX MCXOAHBIX JaHHBIX C BO3MOXKHOCTBIO BBIOOpa 3aKOHA pacrpeieeHUs CIydailHON
BEJIMYMHBI (PaBHOMEPHOE, HOPMaJIbHOE, YKCIIOHEHIINaIbHOe U Pernest) u BeIMYMHBI MaKCUMaJIbHOM
aMIUTUTY/Ibl BO3MYLICHUI.

PaGoTocnoco0HOCTD AJIropuT™Ma MOIeTUPOBAHMS

[Ton mnOMEXOYyCTOMUMBOCTBIO aNrOpuTMa IIOHUMAETCs CIIOCOOHOCTh METO/Aa HaWTH
UCTHHHYIO CTPYKTYpPY HEKOTOPOH 3aaHHOW (TecTOBOH) (YHKIMHU IO 3alIyMJICHHBIM JaHHBIM.
B 1aHHOM BBIUMCIMTENBHOM SKCHEpPUMEHTE BbIOUMpaeTcss pax (YHKIMH JUHEHHOro BHJIA
c KoBapuanuei. IIpm HEKOTOPHIX 3HAYEHUSX IEPEMEHHBIX BBIYUCISIOTCA 3HAUYCHUS (DYHKIUH
U CyMMHPYIOTCSI CO 3HAYEHHAMHU LTyMa (HETPEpbIBHBIMU CITy4aiiHBIMU BEJIMYMHAMU, PACIIPEAEICHHBIMU
[0 33JaHHOMY 3akoHy). TakuM o00pa3oMm, MOMEXOYCTOMYMBOCTb alrOpUTMa — CIIOCOOHOCTD
BOCCTAaHOBUTb CTPYKTYPY JIMHEHHOIO YpPaBHEHMs C KOBapualUedl NEPEMEHHBIX IIPU YBEIMYEHUU
3HAQ4YE€HMS] MHTCHCUBHOCTH IIIyMa J0 HEKOTOPOU NPEEIIbHON BEINYUHBI.

Jis  aHanu3a paboOTOCHOCOOHOCTH AIrOpUTMa MoOJEIMpoBaHus 00bekToB MI'YA Obln
IIOCTABJIEH PsIJl BBIUMCIIUTENIBHBIX 3KCIIEPUMEHTOB [5—7]. B pamkax sKcriepuMeHTOB ObLIO BBIOPAHO
ZBa psijia TECTOBBIX 3aBUCHMOCTEH, IPEICTaBIAIOIINX CO00M MOHOTOHHO BO3pacTarollue,
MOHOTOHHO yOBIBAIOIINE U MIEPHOAMUYECKIE (DYHKITHH.

JUis NMOArOTOBKM MaccuBa TECTOBBIX JaHHBIX Obula co3faHa mporpamma it OBM,
uHTepdeiic KOTOpoi mpeacTasieH Ha puc. 1.

™o WOTOBKA TECTOBDIX 30BHUMMOU TEH 1A NPOTPOANALI EA0 B IMPORAHMA CI04HMX CHETEIA M YA

n - Maccuae pxaanex peawmn XIi] u ouooanoRt peauwsmns il il

PYNNA TECTOBLX SABMCHMOCT

= 1-a rpynna sasucumocTed I A1l lm M ]XSE] Im ])G'lil lYﬂ I
’ 0.96933 _0&91) 003603 095852  0.00000 0654343 19991928

' S3BMCHMOCT !
| - e ) 120412 096017 075660 023645 054402 100000 084147 20051718

W | Calo Xt | 23045 091113 027942 0582 065029 229740 092311 19636272
36123 08435 09833 091815 0912% 3773 0IKIG 2007988
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||9s32% 042418 028730 008681 (074511 1033041 (03391 200334
(1123745 029214 075089 000081 085030 1212573 09961 17843666

‘ 1301030 015425 (09129 000632 026237 1396661 (039160 20087694
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Save X[i] File
Buxoanan nepemennan
C Y[1] =1 +X2 + X4 + X6
" Y[2] =10 -X3 + X5 * X7
Y31 = 20 + X1 = X3 + X572
& Y[4] = 200 - X1 « X1 * X7 « X7°2
CY[5]=1+X2+X2"X4 + X4™2
 Y[6] = 10 + X572 + X6"2 « X7"2
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||1476685 001228 000885 01253 03976 1584893 098565 17165001
|[1656263 01279 090588 043346 030461 1776934 097658 20060263
1833465 026654 (076256 080180 | DS2683 1872502 097063 16463973
026021 03913 (027091 0997 077389 2171351 (096261 20016919
||z215682 052512 038803 088177 038778 2373305 095407 15761433
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%0514 074215 (052908 0130 017608 2785762 09%3B 15046285
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_ Close_| _ Clow_ |

Puc. 1. IIporpaMmma noaroTOBKH MacCMBA TeCTOBBIX JAHHBIX

[Iporpamma mO3BOJISIET MPOU3BOIUTH TpadUUECKYI0 WHTEPIPETAIMIO MACCHBA HCXOIHBIX
JAHHBIX, IPEICTABJICHHYIO Ha PHUC. 2.
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Puc. 2. I'paduueckasi uHTepHpeTalusi HCXOAHBIX JAHHBIX

B kadectBe nepBOi IpynIbl TECTOBBIX 3aBUCHUMOCTEM B BHAE MOHOTOHHO BO3PACTarOIIUX,
MOHOTOHHO yOBIBAIOIIMX M MEPUOANIECCKUX (PYHKIIUI ObLIM BEIOPAHBI CIIEIYIONINE 3aBUCUMOCTH:

X1=L0g1 (2*Z)*Z; Xp=Cos(3*Z)*(-1)% X3=Sin(2*2);
Xa=[SIN(Z/37; Xs=Sin(5*Z); Xe=[(Z-1)"?]1*(-1)%
X7 =Sin[Logwo(5* 2)] * (-1)%; Z=1...21.

B kauecTtBe BTOpPO#l IpynImbl TECTOBBIX 3aBUCUMOCTEW B BHAE MOHOTOHHO BO3PAacTarOIIUX,
MOHOTOHHO yOBIBAIOIIMX M NMEPUOANIECCKUX (QYHKIUI ObUTH BHIOpAHBI CIICAYIOINE 3aBUCIMOCTH:

Xi=2*e% Xo=V(Z)-Cos(Z); X3=0,25*Z*Sin(Z/2);
Xs=Cos(Z/2)*e ?'2; Xs=2*Ln(Z/2)!Z; X¢=ArcCos[ Cos(Z/2)];
Xo=1/[1+(Z12)?]; Z=1..2l.

3uavenus Y =T ( Xj) BBIUHUCISITUCH C MCIIOIB30BAHUEM CIIEIYIOIINX 3aBUCHMOCTEH

Yi=1l+Xo+Xu+Xe; Yo=10-X3+ Xs* X;7: Y3=20+ X * X3 + X5* Xs;
Y4:200—X1+X1*X7 +X7* X7 Ys=1+Xy, +Xo*Xu+ Xg* Xy
Ys=10+ Xs* Xg+ Xg* Xg+ X7* X7; Y7=1000 + 10 * X3—20 * X5 + 30 * X;.

MaremaTHnueckas MOJielb 00beKTa Oblila ONTMCAaHa B BHJIE MOJIMHOMA C KOBApHALUAMU (CKAJSIPHBIMU
NpOM3BEACHUAMH X;*X|) N KBaJIPaTUYHBIM OIMCAHHUEM (0 CEMH HEM3BECTHBIX ):

Yi= Agij+ A * Xi+ Ag* X+ A * Xi* X+ A * Xi? + A * X2,

roeij=1...7.

[Tpu BBIMMCIIEHHH TTOTPEITHOCTH PACcYeTa HCIIOIB30BAIUCH CIEIYIOIINE BETUIAHBIL:

— TUCTIePCHSI Cep = V[Z (Ysi—Ypi)l I'N,
rzie Y51 Y pj— SKCIIEPMMEHTAIBHBIE M pacueTHbIE 3Ha49eHHs, N — 00beM BBIOOPKH SKCTIEPUMEHTATBHBIX JJAHHBIX;

— CpeIHssl OTHOCUTENbHAs OTPEUTHOCTh Sep=[2 (Ypi— Y5)]/ (N*Yy),
rae Ypj 1 Y, — pacueTHbIE U SKCIIEPHMEHTANbHbIC 3HAUCHUS.

Pe3ynbpTaThl pacueToB TOKa3aid, YTO TPH HAIMYAK HE3ANIYMJICHHBIX 3HAYCHHUN
OKCIIEPUMEHTANBHBIX JaHHBIX aroput™ MIYA uMeeT CTPYKTYpPHYIO CXOIUMOCTh, TO €CThb
HAXOJUT UCTUHHYIO CTPYKTYPY UCKOMOTO BUJa GYHKIIMH U, KPOME TOTO, C IOCTATOYHOMN CTEIICHBIO
TOYHOCTHU OIpezenseT 3HaueHus KodpduiuenTos Ajj.

OnHako BBUIBICHO BJIMSHHE BHJIA MCKOMOH (YHKIIMH, a MMEHHO BEJIMYMHBI 3HAYCHHS
cBOOOIHOTO WieHa Ay, Ha CTPYKTYPHYIO CXOAMMOCTh alTOpUTMa (3aBUCUMOCTH I Y1 U Ys).
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IHomexoycTOMYMBOCTL AITOPUTMA MOACTUPOBAHNUSA

[Ton mnOMEXOyCTOMUMBOCTBIO aNrOpUTMa IIOHUMAETCs CIIOCOOHOCTh METOAa HaWTH
UCTHHHYIO CTPYKTYpY HEKOTOPOW 3adaHHOW (TecTOBOW) (YHKUIMHU IO 3alIyMJICHHBIM JaHHBIM.
To ectp B mpolecce IPOBEAECHUS UYUCIEHHOIO 3KCIIEpUMEHTa BblOMpaeTcs psa GyHKUMH BHUA
Yi=A+ X+ Xi*Xj.

IIpu HekoTopblx peanu3auusax X BBIUUCIAIOTCA 3HAaueHUs Y M CYMMHPYIOTCS
CO 3HAUYEHMUSIMM IIymMa (HENPEpBIBHBIMU  CIy4YallHBIMHU BEJIMYMHAMM, PpaclpellelIeHHBIMU
110 3aJaHHOMY 3aKOHY). [loka3areneM HHTEHCUBHOCTH IIyMa IPUHUMAETCS BEJIMYMHA!

p=V{IZ (&)1 [Z(Yi) Th,

rae & — ciaydaiinoe Bosmynienue (Yi=Yj + gj).

Takum o00pa3oM, MOA IOMEXOYCTOWYMBOCTBIO IOHMMAETCS CIIOCOOHOCTh BOCCTAaHOBUTh
CTPYKTYpy ypaBHeHHs Y = A+Xi+Xi*Xj npu yBennyeHUM 3HAYCHUS MHTEHCHBHOCTH IymMa P
710 HEKOTOPOM IpeNeIbHON BETUYHHBI.

JI1 MOATOTOBKY 3allyMJIEHHBIX MCXOAHBIX JJAaHHBIX MCIOJIB30Bajiach nporpamma aius OBM,
MO3BOJISIIONIAs  BbIOMpaTh 3aKOHBI PACHpPENENICHUs CIIydallHOM BEIWYMHBI (paBHOMEPHOE,
HOpMaJIbHOE, SKCIIOHEHLMalbHOEe M Penes), a Takke BEJIMYMHY MaKCUMAJIbHOM aMIUIUTYAbI
Bo3MynieHui. MHTepdelic mporpaMmmsbl peAcTaBiIeH Ha puc. 3.

™ 3awyrane nue annbix

Xapaxrep pacnpefencHia CAYNAHON0 WYMa.
PagsorepHos pacnpenenese: YeYeps+E*A
HopmanoHoe pacnpedenemse. Y =Ycp+S*En*A 1

JxcnoHesuMancHoe pacpe Y=Ycp+[-LnE)FA

Pacnpenenetme Penes. Y =Y cp+(Sqtf-2LnE)lA
E - cayuadsan sanama (or 0o 1)
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Puc. 3. HporpaMMa MOATOTOBKH 3aIIYMJICHHBIX TaHHbIX

Jns  3amrymieHHss JIaHHBIX — HCIOJIB30BAIMCh HENIPEPBIBHBIE CIIydailHbIE BETUYMHBI
CO CIICIYIOUIMMH 3aKOHAMH PACTIPEICIICHHUS:
1. Pasnomepnoe pacnpedenenue.
[TnotHOCTH pactpenenenus BepositHoctu: ¢ (X ) =1/ (B-A), A<X<B.
Cnyyaiinas Beau4uHa onpeaensercs mo popmyrne: X =(B—A) *P + A,
rae P — cioyyaiiHas Benn4ynHa, paBHOMEPHO pacrnpezeneHHas B uHtepBaie ot 0 1o 1.
2. Hopmanvhoe pacnpedenenue.
[T10THOCTH pachpeieseHus] BEPOSTHOCTH:
¢ (X)=[1/((6.28*c)] * Exp[-(X - Xp)*/ (2 * &7)]
Crnyyaiinas BenuuuHa onpenensercs no gopmyne: X =6 * P + Xo,
IJIe G — CpeJHee KBapaTHIeCKoe OTKIIOHEeHuE, P = m, — ((on3— 3*w,) /(20 *n),
®n =M/ N —49acToTa UCIIBITAHUIA.
3. Okcnonenyuanvroe pacnpedenetue.
I110THOCTB pacmpeeneHus Beposithocti: @ (X) = A *e ™%,
rre X>0uAi>0.
Cryuaitnas BenmunHa onpezaensiercs mo ¢popmyne: X =-Ln(P)/ A .
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4. Pacnpedenenue Penes.

[LnotHOCTS pactpenenenus sepositaocti: @ (X) = [ X/ (6%)] *exp [-(X)) / (2 * 6%)].

Ciyuaiinas BenmauHa onpegensiercs no gopmyire: X = [-2* Ln (P) ].

Pe3ynbTaThl BBIYMCIUTENBHBIX OKCIEPUMEHTOB IOKA3alHM, YTO TPH 3HAYUTEIHHOM
3allyMJICHUU JTaHHBIX (MHTEHCUBHOCTH myma Oonee 50 %) amroputM MI'YA B OONBIIMHCTBE
cinydaeB (3a UCKIOUYeHHEM 3aBUCHUMOCTH Y1 = 1 + X, + X4 + Xg) umeer cinabyro CTPYKTYPHYIO
CXOAMMOCTh, TO €CTh HE MOXET HaWTH CTPYKTYpy HCKOMOTO Buaa (QyHkmmu. B ciydae
3aBuCUMOCTH Y1 anmroput™ MI'Y A He MOKeT HallTH pelneHue (3aluKInBaHue mporpammel) [8-12].

Jlaee OBLTM BBITIOJHEHBI PAcUEThl MO 3AIIYMIICHHUIO SKCIICPUMEHTAIBHBIX aHHBIX JUIS
JPYTUX 3aKOHOB paCIpeNeICHUs] CIyYaiHOTO IIyMa: HOPMaJILHOTO, SKCIIOHEHIIMAIBHOTO U Perest.
PesynbpTaThl pacueToB IMOKa3alM, YTO XapakTep 3allyMyIeHus (paBHOMEpHOE, HOPMalbHOE,
AKCIIOHEHIIMATILHOE pacpe/iesieHus U pacnpeaencHue Penest) ciabo cka3piBaeTCsl Ha MOTPEITHOCTH
pacuera 1o anroputmy MI'VA.

BriBog

Pe3ynbTaThl pacdeToB IMOKAa3bIBAOT, YTO NPU HAIUYMU CJIa00 3allyMIICHHBIX 3HAYCHUUN
SKCIIEPUMEHTAIIbHBIX JaHHBIX (MHTEHCUBHOCTH miyma He Oonee 20 %) anroputm MI'YA umeer
CTPYKTYPHYIO CXOJMMOCTb, TO €CTh HAaXOIUT CTPYKTYpPY, OJIM3KYIO K CTPYKType HMCKOMOTO BHIA
(GyHKLIUY U, KpOME TOTO, ONpeeseT 3HaueHus kodhuuueHToB Ajj.
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ABTOPAM KYPHAJIA
«HAA3OPHAA AEATEJIBHOCTDb U CYJAEBHAA
JKCIIEPTHU3A B CUCTEME BE3OITACHOCTW»

K nyOnmukanmuum NOpUHUMAIOTCS  OPUTHMHAIBHBIE HUCCIENOBATEIbCKHE W 0030pHBIE
aHAJIMTUYECKUE CTaThU, OTBEYallue NpodWIlo >KypHala, MPEICTaBISIIOIINE Pe3yIbTaThl
3aBEPILIEHHOI0 HAYYHOTO HCCIIEOBAHUS, BBIIIOJHEHHOTO HA aKTyalbHYIO TeMy, oOjajnaromme
HAyYHOM HOBHU3HOW, HUMEIONIME MPAKTUYECKOE 3HAUYEHHWE U TEOopeTHYeckoe O00O0CHOBaHUE,
o(hopMIICHHBIE B COOTBETCTBUH C TPEOOBAHHSIMH.

Cratbs noKHA OBITH paHee HE ONMYOJIMKOBAaHHOW M HE MOJAHHOW JUIsl PacCMOTpPEHUs
B JIpyrue xKypHaibl. Bce craTbu IpOXOAsT IPOBEPKY B CUCTEME «AHTHUILIIATUATY.

Crarbu 00y4YaHOIIUXCH MATHCTPATYPbl, KYPCAHTOB M CTYJAEHTOB IIPUHUMAIOTCS TOJBKO
B COABTOPCTBE ¢ HAYYHbIM PYKOBOAUTEJIEM.

1. MaTtepuajbl s IyOJIMKAIIMA TPEICTABISIOTCS B PENaKIUI0 KypHayia. Marepuan
JOJKEH COTPOBOKIATHCS:

a) nisi corpyanukoB CII6 ynusepcurera ['TIC MUC Poccun — swinuckou U3 mpoToKoIa
3aceqaHus Kadeapsl o 1enecoo0pa3HOCTU MyOIUKALUU, 3aKIoYeHuem 00 OTCYTCTBUU MaTepUaioB,
3aMpeNICHHBIX K IMyOJUKAIMA B OTKPBITOW TICYATH, peyeH3uell om uYieHd pedaKyuoHHO20 CO8emd
(xomnerun). Ilo >kemaHWIO TpuUilaraeTcsi BTOpas PELEH3US OT CHEIHaTUCTa COOTBETCTBYIOIIETO
poduIIs, IMEIOIIETO YUECHYIO CTCIICHb;

0) UI1 aBTOPOB CTOPOHHHMX OpraHU3aALUNA — 3akmoueHuem 00 OTCYTCTBUH MAaTe€pHUasoB,
3amnpenieHHbIX K MyOIMKAIUU B OTKPBITOM ITEYATH, peyersuell OT CIICIIHATICTA IT0 COOTBETCTBYIONIEMY
CTaThe MPO(UITIO, UMEIOIIEMY YUEHYIO CTETIECHb;

B) CTaThs acIUpaHTa (bIOHKTA) MJIU COUCKATENS MMOMHMO BBINICYKa3aHHBIX JOKYMCHTOB
JIOTKHA COTIPOBOKIATHCS OM3bI6OM HAYUHO20 PYKOBOOUMEIN,

T') 9JIEeKMPOHHOU 6epcueli CTaTbu, PeACTaBICHHON B (opmare pemakropa Microsoft Word
(Bepcus He Hike 2003). Ha3Banue daiina 10IKHO OBITH CIEAYIONUM:

Astopl, ABTOp2 — [lepBbie Tpu ciioBa Ha3BaHus CcTaThi.dOC, Hanpumep: UBaHOB — AHaIN3
cyliecTByomeii npakTuku.doc;

1) niama ¢ aIbIOHKTOB U aCIIUPAHTOB 32 IMyOJUKAIINIO0 PYKOITUCEH HE B3UMACTCS.

2. CTaTbH, BKIIOYAsh PUCYHKH W TOANKMCH K HHUM, CIIHCOK JINTEPATYPHI, JODKHBI HMETh
00beM oT 8 10 15 MaMHOMUCHBIX CTPAHUII.

3. TekeT cTaThbH J0JKEH ObITH 00813aTEJILHO CTPYKTYPHPOBAH IO pa3jeiaM:

Beenenue

B pasmene «BBenmeHue» TMPOBOAMTCS AaHAIM3 COCTOSIHUSL  HCCIETYEeMOM  IPOOIeMBI
Mo TNyOJMKalMsM OTEYECTBEHHBIX M 3apyOSKHBIX HCTOYHHUKOB, Ha OCHOBAaHHUH KOTOPOTO
00OCHOBBIBAETCS AKTYaJIbHOCTh UCCIIE0BAHUS, (OPMYITUPYIOTCS LEb U 3aa41 UCCIIEIOBAHMSI.

Metoasbl ucciie10BaHUA

B pazgene onuceBaloTCsl MpUMeHseMble B paboTe METOAbl MCCIEIOBaHMS, MPUBOAITCS
cBeieHUsT 00 OOBEKTaX HCCIIEOBAHMS, U3MEPUTEILHOM OOOPYAOBAHUHU, OMUCHIBAIOTCS YCIOBHUSA
HKCHEPUMEHTOB U T.J. BO3MOXHO yKa3aHue cChlIOK Ha paboThl ¢ Ooyiee MoAPOOHBIM HU3II0KEHHEM
METOJIOB, OJHAKO TMPUBOJAMMOIO ONHCAHUSA JOJHKHO OBITh JOCTATOYHO JUIsl TOHUMAaHHUS XO0ja
UCCIIEIOBaHUS.

[Tpy ucnonb30BaHUM CTAaHIAPTHBIX (MM M3BECTHBIX) METOAOB M MPOLEAYp JIydllle ClIeNaTh
CCBUIKM Ha COOTBETCTBYIOLME HCTOYHUKH, HE 3a0bIBasg Omucarb MOAM(UKALNU CTAaHAAPTHBIX
METOZIOB, €CIM TaKOBbIE UMEIHCh. ECIM e NCnoab3yeTcss COOCTBEHHBIN HOBBIH METOJ, ONUCaHHE
KOTOPOT'O HUTJIE paHee He ObLI0 OMyOJIMKOBAHO, BXKHO MIPUBECTH BCe HEOOXoMuMBbIe JeTanu. Eciu
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paHee oOMHCAHHME MeTOoJa OBLUIO OIMYOJIMKOBAHO B H3BECTHOM JKYpHAJe, MOXXHO OTPAaHUYHUTHCS
CCBUIKOM.

JlommyckaeTcss W HWHOE Ha3BaHHWE pasjiela, OO0YCIOBICHHOE CHEIH(PUKON WUCCICIOBAHUS
W TOJATOTOBJIEHHON Ha €ro OCHOBE CTaThW, Hampumep «Marepuaibl U METOJBI HCCICAOBAHUS,
«Mopenu 1 METOJIbl UCCIIeIOBaHUs, «TeopeTuuecKrue OCHOBBI M METO/IbI pacueTa.

Pe3yabTaThl Hcc/ieIOBaHUS U UX 00CYKIEeHUE

B pazgene B yoruueckoil mocineqoBaTEIbHOCTA H3JIAraloTCs Pe3yJabTaThl HCCIEIOBAHUS,
KOTOpPBIC TOJATBEPXKIAAIOTCSA TabauiiamMu, rpadukaMu, puCyHKaMH. 3/1€Ch )K€ MPOBOIUTCS aHAIU3HU
HWHTEpIpeTalsl MOJYYCHHBIX PpPEe3yJbTaTOB, OMNMUCHIBAIOTCS BBISABICHHBIE 3aKOHOMEPHOCTH,
MMOATBEPIKIAETCS  JOCTOBEPHOCTh PE3yJbTAaTOB, IIPOBOJIUTCS COIOCTABJICHHE COOCTBEHHBIX
pPe3yAbTATOB C JIAHHBIMU JPYTUX UCCIEIOBATEIICH.

3akiro4eHue

B paspene wusnaraioTcs OCHOBHBIE BBIBOJbI, IOJBOJUTCS HTOI IpPOJETaHHONH pPaboThl,
00OCHOBBIBACTCS HaydyHasi HOBU3HA MOJYYEHHBIX PE3yJIbTATOB, IPUBOIATCS HAYYHO OOOCHOBAHHBIC
PEKOMEHJALUMU 10 UX HCIOJb30BAHUIO, OIPENENIAIOTCS OCHOBHBIC HAIPABICHMS JaJIbHEHIINX
HCCJIEIOBaHUM B JaHHOW 00J1acTH.

3aKIII0OYEHHE COJICPKUT IJIaBHbIE MJIEM OCHOBHOI'O TEKCTa CTAaTbH, HO HE JIOJKHO IMOBTOPAThH
(OpMYIHPOBOK, MPUBEACHHBIX B MPEIBIIYIINX pa3/eiiax.

Crmcok IuTepaTypbl OpuZUHAIbHBIX UCCIIEA0BATENLCKUX CTATE JIOJDKEH CO/IEpKaTh He MeHee
10 ncTouHNKOB (13 KOTOPBIX He Menee 30 % 3apybescHbix).

Jas OB30PHBIX anaiuTHYeCKHX CTaTeH OIYyCKAaeTCsl MHasi CTPYKTypa CTaThu:

1. Benenue.

2. AHaJIMTUYECKAsl YaCTh.

3. 3akiroueHue.

B pasgene «AHanuTHUecKas uacTh» JOJDKEH OBITh MPEJACTAaBIE€H KPUTUYECKUH aHau3
U KpUTHYECKOE OO0OOIIEHNE aKTyaJbHOM MCCIENOBaTENbCKOM MPOOIEMbl IO OTEYECTBEHHBIM
U 3apyOeXHbIM HayYHBIM HCTOYHHUKAM (He Mmenee 25 ucmounukoe, 3 KOTOpHIX He menee 50 %
3apyfexrcHblX) C OLIEHKON WX HAyYHOM HOBM3HBI M OPHUTHHAIBLHOCTH. Pe3ymbTaTbl KPUTHUYECKOTO
aHaim3a U 000OIIEHHs PEKOMEHIYeTCs IMOJTBEPKIaTh CPaBHUTEIBbHBIMM TaOJUIaMH, TpadHUKaMu,
prcyHKaMu. B craThbe Takke TOKHBI ObITh OTPaXKEHBI TMCKYCCHOHHBIE (TPOOJIEMAaTHUHBIE) BOIIPOCHI.

Jlonmyckaercst paz0oueHue pasaenoB «MeTosbl uccieoBaHus», «Pe3ynbTaThl HCCIeJOBAHUS
U UX 00CyXJIeHUE», «AHATUTHUECKAs YacTh» Ha HECKOJIbKO JIOTMUECKU CBA3aHHBIX MOAPA3/IEIIOB.

4. O¢opMmiieHHe TeKkCTAa:

a) TeKCT MaTepuasia Jjsl MyOJUKaIK JODKEH ObITh TIIATENbHO OTPEJaKTUPOBAH aBTOPOM;

0) TeKkCT Ha o/IHOU CTOpoHe ncTa popmara A4 Habupaetcs Ha kommbroTepe (mpudT Times
New Roman 14, unmepean 1,5, 6e3 nepeHocoB, B OAHY KOJIOHKY, 6ce noaa no 2 cm, HyMepaus
CTpaHUIl BHU3Y MOCPEIUHE);

B) Ha INEPBOM CTpaHMIIE aBTOPCKOTO Marepuaia JOJDKHBI ObITh HaredaTaHbl: TUI CTAaThU
(HayuHas, o030pHasi, peAakIMOHHAasA, AMCKYCCHOHHas, peueHsus u T.1.), YK (yHuBepcambHas
JecATUYHasl KiacCU(UKalKsi), HA PYCCKOM M AHIJIMICKOM SI3bIKAX Ha3BaHHE (IIPONHCHBIMU
OykBaMHM, MOJYXUPHBIM HIpudrom, 6e3 momuepkuBanusi); PO aBTOpPOB MOITHOCTHIO (He Honee
mpex); MecTo paboThl (Ha3BaHHE YUPEKICHUS), DICKTPOHHBIN aapec aBTOpoB (Oe3 ciosa e-mail),
aHHOTAIIXs, KJIIFOUEBBIE CIIOBA.

Tpebosanuss x anmomayuu. AHHOTAIUS JIOJDKHA OBITH KpaTKod, HH(OPMaTHBHOM,
coZepKaTh IeNb pabOTHl, METOIBI WCCIEIOBAaHHS, OCHOBHBIC IIOJIOKEHHUS W PE3yNIbTaThl
UCCIIEIOBaHMsl (M3JaraloTcsi OCHOBHBIE PE3YNIbTaThl TEOPETHUECKUX W/WIM HKCHEPUMEHTATbHBIX
UCCIIEIOBAaHUM, (paKTHUECKUE JaHHbIE, OOHAPYKEHHBIEC B3aMMOCBSI3U M 3aKOHOMEPHOCTH), BBIBOJIbI
c 00OCHOBaHMEM HAy4YHOW HOBH3HBI PE3yJIbTaTOB. AHHOTALUS MOMET BKIIOYATh U JPYTYIO
MHGOPMALIHIO, YMECTHYIO C TOYKHM 3PEHMsI aBTOPOB, HallpUMEpP, PEKOMEHJAMK 0 MPUMEHEHUIO
MOJTyYEHHBIX pe3ynbTaToB. [IpumepHsbiii 00beM anHoTanuu 100-250 ciios.
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5. Odopmitenue popmya B TekcTe:

a) (hopMyJIbl JOJLKHBI OBITH HAOpaHBI Ha KOMIIBIOTEPE B peaakTope hopmya Microsoft Word
(Equation), pasmep mipudta sxBuBaienrex 14 (Times New Roman);

0) B popmynax peKOMEHyeTCsl UCI0JIb30BaTh OYKBBI JATHHCKOTO M I'PeYecKoro aagaBUTOB
(KypcuBom);

B) GOopMyJIbl IEYATAIOTCS MO LIEHTPY, HOMEpP — y MpaBOro MOJsl CTpaHMIbI (HyMepoBaTh
CIIEAYET TOIBKO (POPMYIIBI, yIIOMUHAEMBIE B TEKCTE).

6. OdopmiieHHE PUCYHKOB M TA0JIMIL:

a) PUCYHKH HEOOXOJMMO BBIIEISATH OTAEIbHBIM OJOKOM Jisi y00CTBa IEepeHoca B TEKCTE
WIA BCTaBIATh U3 (hailia, BBHIMOJIHEHHOTO B JIIOOOM M3 OOIICNPUHATHIX TpapruecKux
peakToOpoB, O] PUCYHKOM cTaBUTcA: Puc. 2. u nanee ciieAyroT NOSCHEHNUS;

0) ecniu B TEKCTe HE OAHA TalNMIA, TO UX CIEAYyeT MPOHYMEpPOBaTh (CHayajaa MUILETCS:
Tabnuua 2, Ha TOM ke CTpOKe Ha3BaHUE TaOJIMIbI OTYKUPHO, U JJaliee caelyeT caMa Tabiauia);

B) €CJIM B TEKCTE OJ{HA Ta0JIMIa UM OJIMH PUCYHOK, TO UX HyMEpOBaTh HE CIICAYET;

I') TaOJIMILIBI TOJDKHBI UMETh «BEPTHKAIBHOE) ITIOCTPOCHHUE;

1) B TEKCTE CCHUIKH Ha TAOJIMIBl U PUCYHKHU JETAIOTCS CIEAYIOMNM 00pa3oM: puc. 2, Talim. 4,
€CJIM BCEro OJJMH PUCYHOK WJIM OJJHA TabJMIa, TO CIOBO MMIIETCS LIEIMKOM: TablIuIa, pUCYHOK.

7. Odopmienne oudauorpadum (CNUCKA HCTOYHUKOB):

Crnucok JuTeparypbl OpUZUHANBHBIX WCCIEIOBATEIILCKUX CTAaTed JOJDKEH COJEpkKaTh He MeHee
10 UCTOYHHUKOB, a 0030PHBIX AHATUTUYECKUX CTaTel He MeHee 25 MCTOYHMKOB. [Ipu 3TOM B HEro
HE ClIeAyeT BKJIIOYATh CChUIKM Ha Yy4eOHUKH, y4deOHble mocoOus, nateHtbl, ['OCThI, mnpuKasbl,
pacriopsbkeHHs U Apyrue HOPMaTHBHBIE JOKYMEHTBI, CaiiTbl kKoMnaHuil u T.nm. MHpopMams o HUX
JOIKHA OBITh JJaHa HENOCPEACTBEHHO IO TeKCTy. Eciam craTbd paccMaTpuBaeT MpoOIeMbl
HOPMHUPOBAHMUS, TO HOPMAaTHBHBIE JOKYMEHTHI JIOMYCKaeTCs BKIoYaTh B CIHUCOK JINTEPaTyphl.

[Ipy STOM KOJIMYECTBO CCHUIOK HA CTaThbU W3 WHOCTPAHHBIX HAYYHBIX J>KYPHAJIOB W JIpyTue
MHOCTPaHHbIE MCTOYHHKH JOJDKHO ObITh He MeHee 30 % oT oOmiero KoJM4ecTBa CCBhUIOK s
OPHUIMHAIBHBIX UCCIIEIOBATENILCKUX cTaTel 1 He MeHee 50 % Ju1 0030pHbIX aHAIUTHYECKHUX CTaTeil.

B cnicke nureparypsl 10KHO ObITH HE 60siee 30 % HCTOYHMKOB, aBTOPOM JIHOO COABTOPOM
KOTOPBIX SIBJISIETCS aBTOP CTAaThH.

He meHee MOIOBMHBI MCTOYHUKOB JIOJDKHBI OBITh BKJIFOUEHBI B OJMH M3 BEIYIIMX HHAEKCOB
uuTHpoBanus: Poccuiickuii wHIeKc HayuHoro uutupoBanus elLibrary, Web of Science, Scopus,
Chemical Abstracts, MathSciNet, Springer u np. B ciaydae mpucBoeHust myOnukanusm 1ugppoBOro
uaeHtudukatopa obwvekta (DOI) ero HeoOxoguMo yKa3aTh, YTO MO3BOJUT  OJHO3HAYHO
uaeHTuuIpoBath 00BEKT B 0a3ax gaHHbXx (B moucke DOI momoxer caift:  URL:
http://www.crossref.org/).

CocTaB HMCTOYHUKOB JIOJDKEH OBITh aKTyalbHbIM U COJEpKaTh HE MEHee IOJIOBUHBI
COBPEMEHHBIX (He cTapiie 7 JIeT) CTaTel U3 HaydHBIX KypHAJIOB WM JPYTUX MTyOIHKAINH.
IIpasuna ogpopmnenus cnucka 1umepamypol.

a) B TEKCTE CCBUIKM Ha LUTUPYEMYIO JHUTepaTypy OOO3HA4aroTCs MOPSAIKOBOM Iubpoit
B KBaJ[paTHBIX CKOOKaXx;

0) CIIMCOK JOJDKEH COJNEpKaTh IUTUPYEMYIO JTUTEPAaTypy, MPOHYMEPOBAHHYIO B TOPSIKE
ee YIIOMHUHAHUs B TEKCTE.

[Mpucrareitasie GuOmMorpadudeckne cnucku 1omKHbI cootBercTBoBaTh ['OCT P 7.0.5-2008.
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Introduction

In order to reduce pressure on organizations, local governments and executive authorities,
the Government of the Russian Federation extended for 2023 the restrictions established
by the Decree of the Government of the Russian Federation dated March 10, 2022. Ne. 336 and
supplemented this resolution with certain provisions [1-4]. The restrictions and special conditions
imposed by the legislator have been extended until December 31, 2023, however, there are certain
exceptions. Thus, the restrictions did not affect the possibility of conducting scheduled and
unscheduled inspections of the implementation by federal executive authorities of powers
in the field of civil defense (CD).

The implementation of the task assigned by the Government of the Russian Federation
to the bodies exercising supervision in the field of civil defense will be achieved through
the implementation of preventive measures in relation to controlled persons.

© Saint-Petersburg university of State fire service of EMERCOM of Russia, 2023
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Grounds and procedure for conducting unscheduled control (fire inspection) activities

The Government of the Russian Federation has determined the grounds for and procedure
for conducting unscheduled control (fire inspection) activities in 2023. The grounds are subdivided
into two types, the first of which requires coordination with the prosecutor's office, and the second
without it, respectively. For example, for an unscheduled on-site inspection in relation
to the organization, the basis for which is the expiration of the period for the execution of the order
to eliminate the identified violations of the mandatory requirements in the field of civil defense,
coordination with the prosecutor's office is required. At the same time, the violations,
the elimination of which is subject to verification, must pose a direct threat of causing harm to life
and serious harm to the health of citizens, the defense of the country and the security of the state,
the occurrence of natural and man-made emergencies,and their (violations), if the assessment
of such is not possible on the basis of documents and other information available in the Main
Directorate of the EMERCOM of Russia for the constituent entity of the Russian Federation.
In fact, the criteria that pose a direct threat will be determined by the prosecutor's office
of the relevant subject of the Russian Federation, since such concepts are not legally fixed, and
the reliability of the information (documentation) available in the control (fire inspection) body can
be distorted and far from reality.

When preparing for the approval process of an unscheduled control (fire inspection)
measure, it is necessary to request from the controlled person information on the execution
of a previously issued order to eliminate identified violations of mandatory requirements in the field
of civil defense. After receiving the requested information, the official responsible for this direction
evaluates their fulfillment and, in case of confirmation of non-fulfillment of the order, prepares
a reasoned presentation. In this case, the person who prepares a reasoned presentation to a superior
officer bears the burden of responsibility for disclosing the characteristics of those violations that
may pose a direct threat to life, health, national defense, and state security. When disclosing such
characteristics, special attention should be paid to the main provisions of the regulatory legal acts
of the Russian Federation that establish the foundations of security, as well as the actions
or inaction of controlled persons in case of non-compliance with the requirements in the field
of civil defense, which can lead to an immediate threat. If the head of the fire inspection authority
agrees with a reasoned submission, an application is sent to the prosecutor's office for approval
of an unscheduled control (fire inspection) event, while all documents collected in the course
of preparation for this event are attached to the application.

A similar procedure for preparation and approval is provided for unscheduled on-site
inspections in relation to the executive bodies of the constituent entities of the Russian Federation
and local governments for the exercise of powers in the field of civil defense.

Automatic extension of the order execution period
on the elimination of identified violations

Possibility of automatic extension of the term for elimination of the violation specified
in the prescription, as in 2022, remains and applies to those violations that are still not eliminated.
Automatic extension of the period for elimination consists in extending the period for elimination
of violations by 90 calendar days without petitions or statements from the object of supervision
from the date of the period for eliminating the identified violation. It is recommended that, when
the deadline for the elimination of the violation comes, to make a request to the controlled person
about the implementation of violations with an explanation of the right to send a petition for
the completion of the execution of the order, the deferral of execution or the resolution of issues
related to the execution of the order. So, in the case of submission of a petition and documents
confirming the implementation of violations, the official who issued the order is obliged,
in accordance with Art. 94 FZ [1] to consider it and make an appropriate decision.

The question of whether a prescription can be renewed automatically on the elimination
of identified violations in the exercise of powers in the field of civil defense issued to the executive
bodies of the constituent entities of the Russian Federation and local governments, the legislator has
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not disclosed and requires an appropriate explanation, since these instructions were issued
in accordance with the Federal Law of October 6, 2003 Ne 131-FZ [5]. At the same time, the Main
Directorate of the EMERCOM of Russia for the subject of the Russian Federation has the right to
apply to the appropriate prosecutor's office for clarification on this issue.

In case of failure to comply with the order to eliminate violations after the automatic
extension, the controlled person has the right to send a petition (application) for an additional
extension of the period for fulfilling the order to the relevant Main Directorate of the EMERCOM
of Russia, but no later than the penultimate day of the period extended in automatic mode. The term
for consideration of an application or application is five working days. At the same time,
the maximum period for delaying the execution of an order is fixed in paragraph 1 of Art. 93 FZ [1]
and is one year.

Thus, in 2023 there is uncertainty with the implementation of the instructions extended
in 2022, consisting in the absence of a legislatively fixed norm on the repeated extension of the term
for the execution of unfulfilled violations in the field of civil defense.

On the one hand, the official must extend the deadline for fulfilling the order to eliminate
violations, and on the other hand, such an obligation has already been fulfilled in 2022,

Much fewer questions arise during work aimed at harmonizing with the prosecutor's office
of the relevant subject of the Russian Federation «when indicators of the risk of violation
of mandatory requirements are identified» [6]. The lack of information from the fire inspection
authority about the protective structures of the civil defense of the controlled person, who has
deregistered the protective structure of the civil defense, already speaks of an alleged violation, but
does not directly indicate this. Information on these indicator parameters must be requested from
the subdivision of the Main Directorate of the EMERCOM of Russia for the constituent entity
of the Russian Federation, whose authority includes the task of preparing documentation for
deregistration (change of type) of protective structures of civil defense. When preparing and
submitting an application for approval of an unscheduled control (fire inspection) activity,
it is necessary to take into account the grounds for refusing approval, since only such grounds can
prevent the implementation of an unscheduled activity. At the same time, for successful
coordination, it is necessary to follow the procedure established by the order of the Prosecutor
General's Office of Russia dated June 2, 2021 Ne 294 [7].

Preventive measures as the main form of work oversight bodies

The legislator, introducing a moratorium on the implementation of control (fire inspection)
measures and inspections, simultaneously makes it clear to all participants in the relationship that
now the main vector of the work of fire inspection authorities is aimed at carrying out preventive
measures [4]. At the same time, the Rules [3] do not provide for any preventive work at all, and
how it will be carried out in this state supervision is also not established. The issue of carrying out
preventive work must be resolved at the level of the constituent entity of the Russian Federation
by sending an appropriate request to the prosecutor's office of the constituent entity of the Russian
Federation. When resolving this issue, as well as when resolving the issue of coordinating
an unscheduled control (fire inspection) measure, everything depends on bringing the correct and
justified position of the relevant Main Department of the EMERCOM of Russia to the prosecutor's
office.

As for federal state supervision in the field of civil defense, here with preventive measures,
things are much better. An exhaustive list of preventive measures is defined here. Of course,
preventive visits, consultations and announcements of warnings become the main and most
effective of these events in 2023. The results and information about the visits carried out and
the warnings announced, of course, should be reflected in the Unified Register of Control
(Surveillance) Measures (ERKNM).

The implementation of a remote method of conducting preventive visits opens
up the opportunity for authorized officials of the Main Department of EMERCOM of Russia
to group similar objects of supervision and hold an extended online conference.

The notification of the controlled person about the mandatory preventive visit must contain
the following information:
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— references to the provisions of the Federal Law [1] and Regulations [2], in accordance with
which the person is notified;

— clarification of the methods of conducting a visit (at the place of business or remotely);

— approximate content of the visit;

— clarification of the rights of a controlled person to refuse a visit;

— date and time of the visit, as well as the date by which it is necessary to notify the control
body of the refusal or consent to the visit;

— a mark on the placement of information in the ERKNM with an indication of the account
number and a QR code that provides a transition to a page on the Internet.

As part of preventive visits, consultations and warnings may be issued.

The content of the preventive visit is recorded in the registration card, the standard form
of which was approved by the order of the EMERCOM of Russia dated October 25, 2021 Ne 726
[8], and the records of the cards are reflected in the register of preventive visits. In addition
to the approved information, additional information about the placement of a preventive measure
in the ERKNM with the corresponding QR code is entered into the card.

Consulting is carried out by an official in the course of preventive or control (fire inspection)
measures.

The consultation questions that a fire inspection officer can provide answers to are limited
to certain topics.

A preventive measure such as issuing a warning to a controlled person by a fire inspection
authority today already has practical application and a certain result. However, in practice it is often
officials of fire inspection authorities have questions. The provisions of the regulatory legal acts
of the Russian Federation give the fire inspection authorities a certain opportunity to announce
a warning to a controlled person both when carrying out preventive measures (preventive visits and
consultations) and when working with complaints and appeals [8-9]. Information about
the issuance of a warning to a controlled person is entered into the ERKNM with the assignment
of a QR code.

On March 1, 2022, a new checklist came into effect [10].

The main changes in the new form in comparison with the previous one are:

— obligatory presence of a mark on placement in the ERKNM with the corresponding QR code;

— an increase in the amount of information that needs to be filled in about the control (fire
inspection) measure and about the person being checked;

— change in the answers to the questions — instead of one column with the expected answers
«yes, no or not applicable», four separate columns appeared with the wording «yes, no, not
applicable, notey,

— the presence at the end of the checklist of the indication of the positions of the persons who
carried out the control (fire inspection) measure and filled out the checklist;

—increase in the number of control questions from 111 to 119;

—indication of the current details of regulatory legal acts.

Conclusion

Based on the foregoing, new approaches and direction vectors for the implementation
of control (fire inspection) and preventive measures are determined. It is worth noting that
the prohibitions and restrictions did not affect the supervision of the implementation by federal
executive authorities of powers in the field of civil defense. The activities of officials of fire
inspection bodies exercising federal state supervision in the field of civil defense have been reoriented
and aimed at the implementation of preventive measures.
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Abstract. The stages of work with the All-Russian database on fluorescence spectra created
at the Research Center for Expertise of Fires are described, the possibilities are shown her improvements.
An improved logical database structure has been developed to store large amounts of information and
to quickly search and identify fluorescence spectra obtained from flammable liquids produced in different
regions of the Russian Federation. The accuracy of determining the maximum values of fluorescence
intensity has been improved with the ability to vary it within acceptable limits. The stages of database
implementation are described in the work of forensic institutions of the federal fire service EMERCOM
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The number of fires caused by arson remains consistently high today. According
to statistics, in Russia in 2020, 8,758 fires occurred for this reason [1]. The wide variety and wide
distribution in everyday life of various flammable and combustible liquids (flammable liquids, FL)
used by arsonists to commit crimes necessitates the creation of an All-Russian database
on fluorescence spectra when detecting and studying arson.

The All-Russian Database of Fluorescence Spectra of Combustible Liquids [2-3] was
created to store and systematize data provided from various regions of the Russian Federation.
The use of such data significantly speeds up and simplifies the conduct of fire-technical
examinations in cases of arson with the use of flammable liquids and their mixtures.
The All-Russian Spectral Database of Arson Means is currently used by experts of forensic
institutions of the Federal Fire Service of the EMERCOM of Russia (SEU FPS EMERCOM
of Russia). During the creation of the spectral database, a logical structure was developed to store
large amounts of information and to quickly search and identify fluorescence spectra obtained from
unknown igniters. The database contains digitized fluorescence spectra of combustible liquids, both
original and burnt, in a volume sufficient to identify samples of unknown combustible liquids
seized from the arson site. The fluorescence spectra in the database are presented in the form
of digital invariants, which ensures the search, processing and identification of materials using
software tools. Fluorescence spectra are digitized using the spectrometer program and are
additionally processed by the database management system data in order to reduce the digital
invariant in information storage units. Database Management System Rounds Fluorescence
Intensity Values to decimal values and determines the characteristic numbers of the spectrum —
the maximum values of the fluorescence intensity for the test substance. The accuracy of determining
the maximum values of the fluorescence intensity is determined by the user at his own discretion.

© Saint-Petersburg university of State fire service of EMERCOM of Russia, 2023
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These operations are necessary to optimize the search time for similar invariants and form expert
conclusions for an unknown substance. Additionally, the database management system generates
an analytical report containing the results with the areas found on the spectrum of the test sample
and fluorescence maxima of different groups of aromatic hydrocarbons (Fig. 1):

— monocyclic aromatic hydrocarbons (MAH) 270-300 nm — benzene homologues;

— bicyclic aromatic hydrocarbons (BAH) 300-330 nm — diphenyl and naphthalene groups;

— tricyclic aromatic hydrocarbons (TAH) 330-370 nm — phenanthrene groups;

— polycyclic aromatic hydrocarbons (PAH) 370-390, 390410, 410430 nm — groups
of anthracene, pyrene, etc.

Thus, the structure and content of the database on flammable liquids (arson products)
provide for the storage and processing of the following materials:

1) digitized fluorescence spectra of combustible liquids and their burnt-out invariants;

2) maximum values of the intensity of the fluorescence spectra of combustible liquids;

3) information about the manufacturer of the combustible liquid and the degree of burnout.

On Fig. 1 and 2 show the interface of a program that searches for information
in the spectral database.
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Fig. 1. Graphical representation of the comparison of fluorescence spectra in the search program
for the database of fluorescence spectra
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Fig. 2. Window of the search program for the database of fluorescence spectra

To identify the fluorescence spectrum obtained from an unknown substance, it is enough
to load its digitized invariant into the program, for this you need to click on the «Add spectrum
of the object under study» button (Fig. 2) with the left mouse button, then select search formats and
start searching the database.

As a result, the search program will give the result of the comparison and comments, which
the expert can use in the future in his conclusions when writing a conclusion.

To date, the spectral database contains more than 4 000 fluorescence spectra of the original
and with different degree of burnout of combustible liquids produced in various regions
of the Russian Federation. As the database is filled with fluorescence spectra, the employees
of the Fire Expertise Center annually form an updated database.

On Fig. 3 shows a table for storing fluorescence spectra and information about them.
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Fig. 3. Table for storing digitized fluorescence spectra and information about them
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Electronic spectrum database on arson tools and manual for working with it are located
on the official website of the Research Center for Fire Expertise. A registered expert of the Fire
Testing Laboratory of EMERCOM of Russia has access to the distribution package of the control
system program and to the database.

In the future, it is planned to program the control system, which makes it possible to analyze
and identify fluorescence spectra obtained in the course of performing fire and technical
examinations in cases of arson using Internet technologies. To perform the task, you need
a database management system with remote access via the Internet through any web browser. This
means that the database will be locally stored on the server of the Research Center for Fire
Expertise, to which experts of the Fire Testing Laboratories will be allowed access from various
computers on the Internet. In this connection, it is supposed to completely reprogram the database
management system in the form of a web application in the C# language [4-6] using ASP
technology. NET (Active Server Pages for NET) [7], which will remove the dependence
of the functions of executable programs on the operating system and will allow access
to the database from various gadgets such as mobile phones and tablets. The web application
architecture has already been developed and consists from the server and client parts, taking into
account the «client-server» technology. The user interface (client part of the web application)
is developed taking into account the wishes of users of the spectral database, is intuitive and is made
taking into account advanced visualization concepts. The main task of the client side is to download
and processing the fluorescence spectrum of the combustible liquid into a form suitable for
querying a server storing the database and visualizing the search results, and generating and
rendering the output. The database management system (server part of the web application), upon
receiving a request from the client, searches for an analogue and sends the found data back
to the client part of the web application, whose algorithms process the received data and display
them on the user's screen using a graphic library. The key point in the implementation of this
project is the use of Ajax technology, which will allow you not to reload pages web applications,
but only downloading search results from the server, which will significantly speed up the system
as a whole and increase its performance.

In addition, it is planned to develop and program an algorithm for determining
the approximate degree of burnout of the identified combustible liquid by comparison with
reference samples of varying degrees of burnout. This innovation will help fire and technical
experts in the formulation of the final conclusion on the duration of burning of the sample removed
from the scene. To accomplish this task, it is necessary to reprogram the algorithm for analyzing
the fluorescence spectrum, increase the demonstration graphical capabilities of the information
output program by overlaying several fluorescence spectra of varying degrees of burnout on one
picture. To this end, it will be necessary to reprogram the graphic library of the database
management system. It is also planned to increase the capabilities of the event row of an already
implemented object-oriented system, for example, by one click by the first cell of any row
in the «Search results» table, display in the «Results of comparison of fluorescence spectra» graphic
field the fluorescence spectra of the reference combustible liquid, different degrees of burnout and
the fluorescence spectrum of the sample under study. The purpose of introducing the above
innovations is to speed up the time for conducting examinations in cases of arson using flammable
and combustible liquids, to improve the quality of graphic visualization of the expert's conclusions
and to expand the boundaries of interpretation of the existing experiment.

An important task is to expand the database of fluorescence spectra of the studied
combustible liquids, for this it is planned to replenish the database with the spectra of mixtures
of various combustion initiators, often used in arson. The necessary analytical work has been
carried out at the Research Center for Fire Expertise since 2010. Experts from Fire Testing
Laboratories located in various regions of the Russian Federation provide reports on the creation
of regional spectral databases for study and analysis. Such work makes it possible not only
to expand the database of fluorescence spectra with new combustion initiators, but also with their
mixtures, since igniters use a wide variety of mixtures of flammable liquids and liquid liquids. Such
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data supplements the educational and methodological support of the work of the employees
of the SEU FPS EMERCOM of Russia.

Every year, the Department of Supervisory Activities and Preventive Work of the Ministry
of EMERCOM of Russia plans for the EMS of the FPS of the Ministry of Emergency Situations
of Russia research work to form and replenish the spectral database on potential arson tools
available in retail chains in various regions of the Russian Federation. Based on the results of such
work, the All-Russian database of spectral data is annually replenished.

By means of arson. The Fire Expertise Research Center annually conducts training for
experts in the specialization «Detection and classification of combustion initiators in the study
of objects of forensic fire and technical expertise», the training program includes, among other
things, training in the methodology of work with a spectral database, thereby expanding
the introduction of the database into the work of the EMS of the FPS EMERCOM of Russia.
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Abstract. The article is devoted to fire risk assessment using the simulation method. Using
the «Fenix +3» software tool, an object model was built, an emergency was simulated, and calculated values
of indicators that determine the evacuation time, temperature, visibility and other fire hazards, as well
as the value of individual fire risk were obtained. The risk value obtained in the simulation was compared
with the normative value and conclusions were drawn about the safety of the object under study. A positive
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Introduction

The assessment of the fire risk of buildings and structures of various functional purposes
is an urgent task in the field of ensuring fire safety. Each building or structure has its own resource,
during the exhaustion of which its safety is reduced. By assessing the fire risk, it can be concluded
whether the building is fire safe for people, and whether the fire safety measures taken in this
building are sufficient. During the construction of new buildings and structures, as well as after
a major overhaul, a fire risk assessment is a mandatory measure for the admission of these buildings
to operation.

With the development of new technologies, the fire risk assessment process is increasingly
carried out using software systems that allow building a model of the object being assessed and
simulating various scenarios for the development of a fire, taking into account the fire safety
technical means used at this object.

Chinese engineers have proposed a fire risk assessment system based on the scoring system
used in the banking and insurance industries. The essence of this system is to determine the factors
affecting the possibility of a fire, and assigning these factors a value in points depending on from
their influence. After assessing each of the factors, the scores obtained are summed up and, based
on the result, the fire risk is assessed [1].

Also in China, a method for assessing fire risk for large-scale commercial buildings has been
developed, which is based on the entropy weight of structures method. The basis of this method
of assessment lies in the definition of indices for assessing the risks of fire occurrence, and using
the method of weighting the entropy of structures, the assignment of a weight to each index
is determined. The method was tested on large-scale buildings and showed good results [2].

Italian scientists have developed a method for assessing fire risk called «<FLAME», based
on the use of a «tree of fire safety concepts». This method allows you to separate the risk
assessment for residents and risk for the building [3].

© Saint-Petersburg university of State fire service of EMERCOM of Russia, 2023
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Based on the FRAME fire risk assessment method [4], a system of indices and
a mathematical model were created, which in turn were used in Building Information Modeling
(BIM) technology. This development provides an opportunity to assess the fire risk even
at the design stage of an object [5].

The company «Modern Software Technologies» has developed a software product «Fenix +3»,
which allows you to create a simulation model of a building in your own graphic editor and carry
out experimental actions with it. This program calculates fire risks based on the formulas and
standard values presented in the methodology approved by the order of the Russian Emergencies
Ministry dated June 30, 2009 Ne 382 [6]. In «Fenix +3» the development of fire dynamics is carried
out using an integrated into the program of the FDS (Fire Dynamic Simulator) approach, which
provides a realistic and accurate description of any fire propagation [7]. The simulation
of the evacuation of people takes place according to an individual flow model, in which
the possibility of collision of models of people with each other is excluded.

The purpose of this work is to assess the fire risk and calculate the value of the individual
fire risk of the hostel building using the «Fenix +3» software package, and, if necessary, propose
measures to reduce this indicator.

The novelty of this work lies in the fact that the fire risk of this object was assessed without
the use of simulation modeling.

Methods

In Russia, fire risk assessment is based on six points, according to with which the calculation
procedure is drawn up and the direct values of risks are calculated. First you need to analyze the fire
hazard of the building. For this, the characteristics of combustible substances present in the building
are considered, namely their type, number and location. Then the information is studied about
the possible number and location of people in the building or structure; the space-planning solution
is taken into account, namely the floor plans of a building or structure; information about the fire
extinguishing and fire alarm system (including automatic fire extinguishing installation — AUP);
information about the smoke protection system; characteristics of the fire warning system and
management of their evacuation (SOUE). Based on these data, a direct analysis of the fire hazard
of a building or structure is carried out, taking into account the possible dynamics
of the development of a fire and the possible consequences for people and for the building itself.

After analyzing the fire hazard, it is necessary to determine the frequency of occurrence
of fire hazard situations (that is, the frequency of a fire in a building per year, which in turn
determined by statistical data).

The next step is to build the fields of hazardous fire factors (HFF). To do this, a building
model is built in Fenix +3, a scenario or scenarios for the development of a fire is formulated,
which can lead to the worst consequences for people. To do this, the location of the fire source
is selected, the computational area and environmental parameters are set. After creating
a mathematical model, modeling the dynamics of fire development and evacuation, constructing
the BPF fields and calculating the probability of people evacuating, the individual fire risk
is directly calculated taking into account the coefficients determined by the presence of building fire
safety systems.

After calculating the value, conclusions are drawn about the safety of the object and,
if necessary, measures are proposed to reduce it.

Research results and their analysis

The hostel building was built in 1932 and has five floors. Structural elements
of the building, namely load-bearing walls, internal partitions, floors, landings and marches are
made of non-combustible materials. The gable roof is made of metal profiles. The class
of constructive fire hazard (KPO) of the object under consideration is C1. The degree of fire
resistance of the building is the second.
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Functional fire hazard class (FPO), determined by the features of the operation
of the building and its purpose — F 1.2. The object of protection is a building intended for human
habitation, therefore, the time of operation of the object is 24 hours, and the probability
of the presence of people is equal to one. The maximum possible number of people who can
be in the building at a time is more than 350 people. In table 1 presents a brief description of the object.

Brief description of the object

Property of the protected object Meaning
FPO class D1.2
Acreage 5665 M’
Floor height 2, 7™M
Heating central
Security and fire alarm round the clock monitoring
Smoke detector 184.
SOUE type 3
Smoke protection system absent
Working mode 24 h
The maximum possible number of people in the building 350 people
AUP absent

The fire load in the premises of residential buildings, according to the Academy of State Fire
Service of EMERCOM of Russia, ranges from 20 to 50 kg/m? [8]. Fire load in dorm rooms averages
24 kg/m?.
To assess the fire risk of the object under consideration, its model was built in the «Fenix +3»
program. Using the «substrate» function, technical floor plans were imported into the construction
environment, after which, using tools for direct construction, a simulation model of the hostel
building was created, on which a fire situation was subsequently simulated according to various
scenarios. The 3D model of the object is shown in the figure.

To calculate the value of an individual fire risk, it is necessary to know the frequency of fire
occurrence during the year, which in this case is equal to 4*107%since there are no statistical data,
and according to Order Ne 382, in the absence of statistical data, the above value can be used

in the calculation [8].

Fig. Dormitory 3D model
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To calculate the fire risk, it is necessary to consider such scenarios for the development
of a fire under which the conditions for the safety of people will be the worst. Such conditions are
characterized by the most difficult evacuation routes and the highest rate of spread of OFP. Thus,
three scenarios of a fire situation were considered, the description of which is presented in Table 2.

Table 2

Description of fire development scenarios

N_g Location of the fire Fire seat par_ameters.
script Material
1 floor. Near the emergency exit. i i
1 . gency furniture + fabrics
In the linen room
2nd floor. Opposite the exit to the landing. .
2 In the kitchen area furniture + cable
3 3rd floor. Living room furniture + paper

The next step in the work, after defining the scenarios of a fire situation and creating a fire
seat, was to simulate a fire situation according to the formulated based on the methodology
of the mathematical model. As a result of the simulation, the fields of fire hazards were built, and
the values of the time for the fire hazards to reach critical values were obtained, which are presented
in Table 3.

Table 3
Time to reach critical RPP values
Time, sec
RPP Script 1 Script 2 Script 3

Visibility 292 298 302
t° 308 403 335

HCI not blocked not blocked not blocked
CO 502 561 557

CO, not blocked not blocked not blocked
Concentration O, 351 304 397

The stage of determining the time of evacuation and the probability of evacuation is the final

one before proceeding to the direct calculation of the value of the individual fire risk. At this stage,
the maximum possible number of people able to be in the building at a time was placed in the built
object model, after which the «Fenix +3» program simulated evacuation for each of the scenarios
considered in the work and obtained the values of the evacuation probability, which are presented
in Table 4.

Table 4

Probability of evacuation

No Evacuation start Total evacuation Probability
Scipt time, sec time, sec of evacuation
1 120 226 0,999
2 120 236 0,999
3 120 223 0,999

The final step in the fire risk assessment is the calculation of the individual fire risk value,
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Table 5
Calculation of individual fire risk
Freaency of AUP Probability | Probability PP
. ire - . . .
Ne Script compliance | of presence of Compliance Individual risk
occurrence, - .
year coefficient of people evacuation Factor
1 4*107 0,9 1 0,999 0,87 5,2*10”
2 4*107 0,9 1 0,999 0,87 5,2*10”
3 4*107 0,9 1 0,999 0,87 5,2*107

According to these values, the longest time people need for evacuation (estimated
evacuation time) from the hostel, is presented in scenario Ne 2 and equal to 236 s. But this time does
not exceed the value of the time during which RPP reach their critical values.

In reality, the value of the evacuation time can be either more or less than the calculated one,
depending on how efficient the fire warning system is. In addition, the value of this time can
be affected by the human factor, expressed in the manifestation of panic caused by a fire [9].

According to the first paragraph of Article 79 of the Federal Law Ne 123, the value
of an individual fire risk should not exceed one millionth per year, provided that at least one person
in the building for which the fire risk assessment is being carried out is located at the point furthest
from the evacuation exit [10 ]. Given this, the risk value that was obtained in the course of modeling
and calculations does not exceed the standard, therefore all required technical measures aimed
at protecting people in case of fire are carried out at the facility.

Conclusion

There are measures to ensure the fire safety of the protected object, the implementation
of which can lead to a decrease in the magnitude of the individual fire risk. The implementation
of these measures is necessary if the numerical value of the individual fire risk exceeds
the permissible value. In this work, the risk value does not exceed the permissible value, but there
may be a need in the reconstruction of the building or changes in its space-planning solution,
in which case it will be necessary to re-evaluate the fire risk. This can also be done using the «Fenix +3»
software package, you just have to edit the building model. This is the advantage of simulation
modeling, in addition, in the software package, it is possible to eliminate errors in the calculation
of the required values that a person can make when calculating independently. The advantage
is also that you can simulate fire scenarios quickly and many times, and manual calculation will
take much more time.
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Introduction

Flour dust at a grain processing plant with further storage and marketing of finished
products is a common occurrence. The efficiency of production is determined directly by the size
of the mill, and, of course, larger mills are much more economical, and at the same time,
the technological processes themselves impose higher requirements in ensuring fire safety [1].
During the production process, part of the flour settles on the walls of the workshop, machines,
IS in the air until it settles on the working uniform of the attendants. With an increase in the scale
of production, the probability of spontaneous combustion of dust increases. And when a certain
level of it in the composition of the air is exceeded, there is a possibility of self-ignition with further
undermining of the dust-air mixture [2]. This factor can provoke a series of explosions at the factory
and fireballs. Explosive dusts in the food industry include flour, custard powder, instant coffee,
sugar, milk powder, potato and soup powders. Dust explosions can lead to catastrophic loss of life,
injury and destruction of industrial facilities [3].

Every production line where food is processed generates dust that must be captured and
collected. It is important to monitor the concentration of dust in the air and ensure compliance with
regulatory requirements for exposure its impact on the environment, which can be guaranteed
by the introduction of promising innovations and improvement strategies [4, 5].

When equipping feed mills with high-performance plants with a high degree of automation,
it is necessary to ensure that they are equipped with special dust filters [6]. Such high-quality
equipment will ensure the purity of the air by cleaning it of the solid particles contained in it, and
then the extracted solid materials are re-introduced into the technological process. The indicator
of dust presence in the plant is one of the determining factors to check during the audit [7].

Fire safety provides for such a state of the object, in which, with the established probability,
the possibility of the occurrence and development of a fire is excluded.

And the impact on people of its dangerous factors, and also provides for the protection
of material values. For the proper organization of fire prevention measures and the organization
of fire extinguishing, it is necessary to understand the essence of the physical and chemical
processes that occur during combustion.

Grain production is the main branch of agricultural production in most countries
of the world. Bakery enterprises are objects of increased danger.

© Saint-Petersburg university of State fire service of EMERCOM of Russia, 2023
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At all stages of production processes, the formation of explosive dust-air mixtures
is possible. Every year 400-500 explosions occur at grain processing facilities in the world. Over
the past 20 years, 195 explosions have occurred in the Russian Federation [8-10].

The purpose of the work is to determine the optimal value of the individual fire risk
on the example of an office building on the territory of a flour mill.

The object of the study was a food industry enterprise, the subject of the study was
an individual fire risk.

The work was carried out on the basis of open information about the food industry
enterprise: building plans, information about building structures and materials. Calculation
of individual fire risk was carried out on the basis of official guidelines.

Tasks that were solved during the work:

— study of data on fires in the territory of such industries;

— analysis of methods to reduce fire danger and consideration of the possibility their
implementation;

— calculation of individual fire risk at the protected object and analysis of the results
obtained.

The object of study of this work is an office space on the territory of a food industry
enterprise.

Research methods

The object is located on the territory of the Saratov region. in the city of Pugachev.
The enterprise produces flour of several varieties, as well as ready-made feed mixtures for livestock
and pets using modern production equipment. One workshop was allocated for production, divided
into three equal parts. Territory — 3.3 hectares. The main area of the enterprise is occupied
by the production area, parking for trucks and warehouses for finished products (Fig. 1).

Fig. 1. Territory of the enterprise:
1 —flour milling shop; 2 — warehouse of finished products; 3 — indoor shopping center;
4 —additional warehouse for finished products; 5 — warehouse of metal structures;
6 — hangar for grain storage; 7 — the building of the directorate; 8 — scales for incoming raw materials

The main building materials are reinforced concrete in production facilities, metal structures
in warehouses, brickwork in an office building and a former store building. There is a detailed plan
of the office, the calculation of fire risks will be carried out on its example. The office consists
of five rooms: three rooms for direct work of employees and storage of documents with a total area
of 133 m?, kitchen, toilet, shower — 20 m? in total and a corridor of 48 m% Full information about
the object is provided in the table 1.
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Object characteristic

Table 1

Building data Value / characteristics
Building category D4
Number of floors 1
Area 213 m*
Number of entries 1
Heating central, water
Electric lighting 220V
Ventilation natural
Windows 3
Security and fire alarm in stock
Smoke detector 5 pieces
Sounder 2 pieces
The maximum possible number of people in the building 6

A more detailed plan of the building is shown in Fig. 2.
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Fig. 2. Plan for the evacuation of people and property in case of fire

The first step was to model the protected object using the Fenix + program. According to the
plan, all rooms, windows, furniture are indicated. In the scenarios under consideration, the fire will
start with office furniture, in particular, two desktops and a bookcase. The 3D model of the object

and the top view are shown in Fig. 3.

Fig. 3. 3D object model
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Formula for Calculating Individual Fire Risk:
QB :Qn x (I'Ran) ><Pnp x (I'Pa) X (I'Pns)a

where Q,, — frequency of fires in a building during the year; R,, — the probability of effective
operation of automatic fire extinguishing installations (AFEI) is determined by the technical
reliability of the AUPT elements given in the technical documentation. AFEI in the building is not
provided. Fire load in office buildings is taken as 50 kg/m?; P, — the probability of the presence
of people in the building, determined from the ratio:

Pnp = t(byﬂm /24,

where tyyuq — time spent by people in the building in hours. Accepted Py, = tyyua /24=12/24=0,5.
P, — probability of evacuation:

08xts, —t
0999 »— — F “lon T Tp

_ H3
Py = 0,999, et t, + tyy < 0,8 * t, Mty < 6 MUH

0,000,ecnu t, = 0,8 * t5,; uin t., > 6 MHH

,eciu ty, < 0,8 * g, < ty + by, Ut < 6 MUH

where t, — estimated evacuation time, min; t,, — evacuation start time (the time interval from
the outbreak of a fire to the start of evacuation of people), min; ts; — the time from the start of a fire
to the blocking of evacuation routes as a result of the spread of fire hazards to them, which have
maximum permissible values for people (escape route blocking time), min; t., — the time of existence
of crowds of people on the route sections.

P.; — the probability of effective operation of the fire protection system aimed at ensuring
the safe evacuation of people in case of fire is calculated by the formula:

P =1 — (1 — Roge Reova) (1 — Roge Ris),

where R — probability of effective operation of the fire alarm system; Rcoys — conditional
probability of effective operation of the fire warning system and people evacuation control in case
of effective operation of the fire alarm system; Rp3 — conditional probability of effective operation
of the smoke protection system in case of effective operation of the fire alarm system.

The program also creates an individual flow model of the behavior of evacuees, which
creates an imitation of the movement of a single person. Such a model is used to calculate various
evacuation scenarios, taking into account the personal roles of people in the flow, and to select
the best scheme for their movement in terms of security measures. For each of the parameters
of dangerous fire factors, the critical time is calculated - the time during which this factor reaches
the maximum allowable value. Maximum allowable values in the table. 2.

Table 2

Maximum permissible values of dangerous fire factors

Fire hazards Limit values
Heat flow 1400 W/m®
Flames and sparks —
Elevated ambient temperature 70 °C

CO, - 0,11 kg/m’
CO - 1,16*10"% kg/m®
HCL — 23*10°® kg/m’
Reduced visibility in smoke 20m
Reduced oxygen concentration 0,226 kg/m’

High concentration of toxic combustion products and thermal
decomposition
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A graph of changes in hazards over time is shown in Fig. 4.
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Fig. 4. Location of the fire in the third scenario

Analyzing this graph, we can conclude that the blocking time significantly exceeds
the simulation time. People evacuate the building much earlier, so additional simulation time
is required.

Research results and their analysis

Numerical modeling of fire scenarios is widely used in fire science. Experimental data were
obtained by simulation using the «Fenix +3» simulation software (mesh, reactions, materials,
surfaces, creation of structures and vents, creation of detection equipment, output control,
simulation of parameters).

Based on the data from the «Fenix +3» fire modeling and personnel evacuation software,
a number of conclusions can be drawn about the individual fire risk in an office building
on the territory of a hazardous production facility (HFO) of Mukomol Povolja LLC:

— blocking time values exceed personnel evacuation time;

— individual fire risk does not exceed, according to the requirements, one millionth per year;

— additional measures to ensure fire safety in the office building on the territory
of the enterprise are not required;

— the office is located far from the flour mill — fire safety distances are respected. Installation
of a blast-resistant window in an office of 48 m? is not required.

ts, =0,76 min;

t, =0,16 min;

tw, =0,1 min;

tex =0,37 min;

P, =0,994;

5,210 >10°°,

Indicator of individual fire risk within the normal range.

Conclusion

In the course of this work, an office building was considered on the territory
of the hazardous production facility LLC Mukomol Povolzhya. With the help of the «Fenix + 3»
software environment, the following were determined:
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— time of evacuation and blocking of evacuation exits;
— the value of individual fire risk;

— probability of evacuation of people.

Certain tasks have been completed:

— study of statistics on fires on the territory of HIFs;

— analysis of methods to reduce fire danger and consideration of the possibility their
implementation;

— calculation of individual fire risk at the protected object and analysis of the results
obtained.

Calculations show that the individual fire risk at the object of protection does not exceed
the value established by the Federal Law of July 22, 2008 Ne 123-FZ «Technical Regulations
on Fire Safety Requirementsy.

It can be concluded that on this object of protection:

— the necessary degree of fire safety is ensured,;

—all necessary measures have been taken to reduce the fire risk.
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Any production is inextricably linked with the process of obtaining a particular product.
This process is carried out by the work of many people who use technological equipment to obtain
the final product. As a result, a significant amount of raw materials and finished products takes
place at the facility. In the complex, the presence of people, equipment for the technological
process, a large amount of raw materials and finished products with certain fire-hazardous physical
and chemical properties characterizes the fire hazard of production.

The fire danger of objects is aggravated by the presence of a significant length of industrial
communications, the complexity of technological devices and structures, electrical equipment and
electrical networks, design features of buildings and structures.

The human factor has a great influence on the state of fire safety of the facility. Working
with people, improving their fire-fighting knowledge, and their compliance with the fire-fighting
regime is an important measure to protect an object from fires.

The listed factors of the expected situation at an industrial enterprise allow us to conclude
about the possible degree of their fire danger.

Currently, there is a significant increase in fires in industries with technological processes
that are dangerous in terms of fire. Statistics show that more than 10 % of fires occur at such
facilities, and losses from them account for more than 35 % of the total number of fires
in the country.

Therefore, the analysis and assessment of fire danger at such facilities is of crucial
importance to ensure their fire safety.

The assessment of the fire hazard of the facility should be based on the study
of the technology of the production process, the design features of buildings and structures,
the physico-chemical properties of substances and materials, the mode and parameters
of the equipment and fire protection regime at the facility.

© Saint-Petersburg university of State fire service of EMERCOM of Russia, 2023
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Safety of technological processes and productions

To study the fire hazard of production, it is necessary to:

— familiarize yourself with the regulatory requirements for buildings and structures. To this
end, study the requirements in the relevant SNiP, NPB, GOST, SP, etc.;

— to determine the category of explosion and fire hazard of premisesand buildings, as well
as the classification of zones according to the «Rules of electrical installations (PUE)», which are
determined by the methodology presented in SP 12.13130.2009;

— to carry out the calculation of fire risks, which are determined according
to the «Methodology for determining the calculated values of fire risk at production facilities»
(Appendix to the Order of EMERCOM of Russia Ne 404 dated July 10, 2009) and Order Ne 749
dated December 12, 2011 of EMERCOM of Russia;

— to analyze fires. The analysis is carried out in order to identify the main causes and places
of fire, conditions conducive to the spread of fire, characteristic of this production, features of fire
development and extinguishing, to identify deficiencies in fire protection systems and fire
prevention. To accomplish this task, data on fires and fires that occurred over 5-10 years
at the studied facility and similar industries are summarized and analyzed,;

— to study the indicators of the technological process that characterize its fire hazard.
The technological process of production is studied to the extent necessary to determine its fire
hazard. At the same time, it is necessary to consider: the technological regulations,
the technological scheme of production, to find out the indicators of the technological process that
characterize its fire-fighting condition. Such indicators include: the productivity of installations,
lines, apparatuses; the degree of transformation of raw materials; selectivity; the speed of chemical
processes; material and the thermal balance of installations, devices. Unjustified overestimation
(understatement) of these parameters leads to the creation of an emergency, fire-hazardous situation
at the facility;

— find out the quantity, type and fire-hazardous properties of the substances and materials
used. In the process of studying this issue, it is necessary to have the following data and materials:
design documentation of production, technological schemes and regulations of technological
processes, data on the physico-chemical and explosive properties of raw materials, intermediate and
obtained products;

— identify fire-hazardous areas whose fire safety is not ensured by fire prevention measures.
This is revealed by comparing the actual location of production sites with the regulatory
requirements for fire safety;

— to determine the possibility of formation of a combustible environment inside the production
equipment and in the premises. There may be explosive vapors, gases or dust inside the technological
devices. Since explosive and fire-hazardous concentrations can be created under certain conditions,
it is necessary to know the parameters of the technological process taking place in the apparatus and
the properties of the circulating substances in order to prevent an explosion or fire;

— to study the causes of the emergency release of flammable vapors, gases or liquids from
technological devices. Frequent causes of damage to production equipment are temperature effects
on the material of devices as a result of mechanical or chemical wear of the equipment material;

— to study the possibility of the formation of ignition sources in a combustible environment
inside production facilities and premises. Ignition sources are divided into groups — it can
be the heat released during the manifestation of mechanical energy and radiation energy, the heat
of exothermic chemical processes, as well as the thermal manifestation of electrical energy;

— to assess the effectiveness of warning systems, fire prevention and fire protection
by the method of practical operation;

— to study the organization of the fire protection regime at the facility in accordance with
PPR in the Russian Federation. To check the availability of orders to ensure fire safety, voluntary
fire brigade (DPD) and combat fire brigades, organization of fire work, conducting classes with
workers and employees on fire safety measures, organization of exercises on fire safety, civil
defense, etc.;

— determination of the possibility of fire spread.
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The spread of fire is facilitated by: a large amount of combustible material in production
workshops and warehouses, the absence of fire barriers, accidents of production equipment,
untimely or delayed notification of a fire, lack of fire extinguishing means or inability to use them,
unprofessional fire extinguishing.

It should be noted that the absence of a DPD or a combat fire brigade at the facility
significantly increases the possibility of a fire spreading over large areas [1-6].

Let's briefly consider the safety issues of potentially dangerous technological processes.
It is known that the occurrence of a fire is possible if the critical triangle is observed: a combustible
substance, an oxidizer, an ignition source (Fig.).

CS

IS

In a real situation, most often, an oxidizer (O — oxygen of the air) cannot be excluded.
Therefore, the condition for ensuring fire safety is the exclusion of either the ignition source (IS)
or the combustible substance (CS) from the triangle.

It is known that the combustible substance must be heated to the ignition temperature
or higher when gorenje occurs. Based on these prerequisites, a system of fire protection measures
is being built at industrial facilities in accordance with regulatory documents, based on the analysis
of fire danger.

Fire prevention is achieved by preventing the formation of a combustible medium,
preventing the formation of ignition sources in the combustible medium, reducing the process
temperature to a temperature below the ignition temperature of the substance, and for liquids below
the flash point of vapors.

Prevention of the formation of a combustible environment should be ensured by:

a) an appropriate concentration of combustible gases, vapors and suspensions in the air;

b) the concentration of an inhibitor or oxygen (or other oxidizer in a combustible gas, steam,
suspension);

c) the ability of substances, materials, equipment and structures to burn under production
conditions.

Technical solutions that allow to ensure the fulfillment of the stated requirements, in particular,
may be:

a) the elimination of steam-air volume in tanks, reservoirs by installing protected storage
facilities;

b) the use of substances and methods that prevent the evaporation of the liquid and ensure
the isolation of the liquid from the free space;

c) the use of technologies that exclude the creation of conditions for the formation of explosive
concentrations of liquid vapors;

d) the use of substances or conditions that reduce the vapor pressure of the liquid;

e) the use of calculated concentrations of explosive gases or vaporsin devices above
the upper or below the lower limits of ignition;

f) installation of automatic gas pressure regulators on the process lines to the apparatus;

g) control of the concentration of a mixture of gases with an oxidizer by installing automatic
gas analyzers;

h) the use of ventilation systems to remove gases, vapors, dustfrom technological equipment;

i) the use of inert gases in the pneumatic transportation of fire-hazardous dust;

K) the use of devices and pipelines that structurally ensure a minimum amount of settled dust
on the surface.

Especially effective, from the point of view of ensuring explosion safety inside
the apparatus, is the use of phlegmatizing additives that reduce the concentration of oxygen
in the air to safe in combustible gas, steam or dust.
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The most effective prevention of the formation of ignition sources in a combustible
environment is achieved by meeting the requirements of the NPB, PPR in the Russian Federation,
PUE and SP. In this regard, the fire safety of facilities should be ensured by the use of non-
flammable or non-flammable substances and materials, instead of fire-hazardous ones. The use
of building structures of objects with appropriate limits of fire resistance and combustibility.
Comprehensive protection of people from fire by means of fire extinguishing, fire alarm and
notification mean should be organized about the fire; as well as organized fire protection
of the facility, equipped with automatic protection and control systems.

An important measure of fire protection is to limit the amount of flammable substances used
or stored in industrial premises, this is achieved by:

— rationing the amount of flammable substances and materials in industrial premises and
warehouses;

— using emergency drains for flammable liquids and emergency release of flammable gases
from equipment;

— the presence of fire breaks and protection zones;

— availability of waste disposal and disposal systems;

— the location of explosion- and fire-hazardous equipment in separate, isolated rooms
or in open areas located in normalized gaps from industrial and administrative buildings;

— mechanization and automation of technological processes related to the handling
of flammable substances and materials;

— the use of accident and damage protection devices;

— the frequency of cleaning of premises, communications, equipment from industrial,
combustible waste;

— reducing the number of workplaces where fire-hazardous substances will be used
according to the technology.

To analyze the fire hazard of production, it is necessary to study the availability of measures
to prevent the spread of fire beyond the source of its occurrence. This is achieved by the development
of the following solutions:

— the use of devices that exclude the spreading of liquids in case of fire and provide
emergency shutdown of devices and communications;

— the use of fire barriers, safety membranes and valves on technological equipment.

An important indicator of fire danger is the limits of fire resistance of the object's structures.
They must retain their bearing and protecting functions during the entire time of evacuation
of people or their stay in places of collective protection.

At each facility, an evacuation plan for people in case of fire is of great importance.

The object must have such a space-planning and technical execution, in which
the evacuation of people must be completed before the occurrence of permissible levels of fire
hazards established by sanitary standards.

For the successful evacuation of people, it is necessary:

— ensure that the evacuation routes and exits comply with regulatory requirements;

— create conditions for the unhindered movement of people along the evacuation routes.

If it is impossible to completely evacuate people, collective and individual protective
equipment must be ready, which must ensure the safety of people during the entire duration
of the fire hazards [2, 7-9].

It is necessary to dwell a little more on the analysis of the fire hazard of chemical industries.
The methodology for studying the fire hazard of such objects should include those general issues
of fire hazard analysis that are listed above, but there are specific features. Let's consider them
on the example of the production of isoprene rubber in the cities of Sterlitamak and Tolyatti.

Isoprene rubber is a product of radical polymerization of the isoprene monomer in a solvent
(mainly isopentane) in the presence of catalytic complexes. Structural formula:

NCH2=C(CH3)-CH=CH2 — (-CH2-C(CH3)=CH-CH2-)n,
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The components used to produce rubber are flammable liquids (LVL). For
the polymerization process, organometallic catalysts based on TiCl, and organometallic compounds.
The most effective are triisobutyl-, triphenyl-, tri-p-tolylaluminium. Most often, triisobutyl
aluminum (CHIBA\) is used. Such organometallic catalysts, when interacting with oxygen in the air,
ignite spontaneously, and when in contact with water, they explode, which makes the process,
in general, very dangerous. Thus, chemical industries, in particular for the production of isoprene
rubber, have an increased fire hazard and explosion hazard.

For the purpose of high-quality explosion and fire protection of such objects, a better fire
hazard analysis is needed.

For such enterprises it is necessary:

— provide for measures that exclude the possibility of supplying raw materials, materials and
inert gas containing oxygen and (or) moisture in quantities exceeding the maximum permissible
values to the system;

— permissible concentrations of oxygen and moisture, methods and frequency of monitoring
their amount in the starting products should be determined taking into account the physico-chemical
properties of the catalysts used. It is necessary to reflect the permissible concentrations of oxygen
and moisture in the technological regulations for the production of products;

— the dosage of components in reaction processes must be controlled automatically and
carried out in a sequence that excludes the possibility of formation of explosive mixtures
or uncontrolled reactions inside the equipment, which is determined by the developer of the process
and is established in the technological regulations for the production of products;

— daily check the design of fireworks, the equipment of the venues with primary fire
extinguishing means, the preparation of the contractor for the work (in accordance with the
requirements of the PPR in the Russian Federation);

— conduct daily rounds of workshops and outdoor installations in order to check
the tightness of apparatuses, pipelines, valves and valves, the availability of primary fire
extinguishing means and their serviceability;

— conduct a daily detour of the facility's territory in order to check the condition
of underground trenches with laid pipelines, cables and other communications for gas
contamination. To measure the concentration of explosive gases and vapors in trenches and settling
tanks of industrial sewerage, as well as in the working areas of outdoor installations, pumps and
apparatuses [10, 11].

An example of the increased danger of chemical production can be the fire that occurred
on November 27, 2022, in Sterlitamak at the plant of JSC «Synthesis-Rubber». According
to the press service of the Ministry of Emergency Situations of the Republic of Bashkortostan, there
was a fire of isopentane.

It was previously established that there was a fire in the shop building on Technicheskaya
Street. There was a fire of isopentane in the workshop of JSC «Synthesis-rubber» as a result
of its leakage from a 20-cubic capacity. 24 units of equipment and 44 personnel worked
to extinguish the fire, the fire was localized within three hours.

As a result of the fire, four people were injured, received burns of varying severity, two
of them were in a serious condition in intensive care [12].

Conclusion

The described technique can be successfully used for a comprehensive study of the fire
hazard of protection objects. It can serve as a basis for conducting detailed fire-technical surveys
and inspections at enterprises, as well as drawing up declarations on the fire danger of the object.

It follows from the material on fire hazard analysis that each industrial facility must
be provided with reliable means of fire notification and alarm in its initial stage, have the entire
complex of protection of people and property. At the same time, regulatory fire protection
requirements must be observed and PPR in the Russian Federation.
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Preventive measures and the fire extinguishing means used should limit the possibility
of ignition and the size of the fire as much as possible, ensure its rapid and effective extinguishing.
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Abstract. The article is devoted to the study of microplastic particles in the bottom sediments of Lake
Ladoga. The problem of pollution of water bodies with microplastics attracts more and more attention
of scientists around the world every year. The definition of the term «micropalstic» and its impact
on the marine environment is given. Using the methodology for studying samples of bottom sediments,
an analysis was made of the content of microplastic particles in the bottom sediments of Lake Ladoga. Four
samples of bottom sediments were studied, as a result of the study it was found that microplastic particles
of various shapes, colors and sizes were found in these samples. To obtain more accurate information about
the chemical composition of the particles, it is necessary to analyze using an IR spectrometer. Further study
of this problem is envisaged in order to find ways to solve it.
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Introduction

Plastic is a type of marine litter that is most abundant in the ocean, rivers and lakes.
The shape, color and size of plastic debris can vary, but only those particles whose length does not
exceed five millimeters (roughly comparable to the size of a sesame seed) are commonly referred
to as «microplasticsy.

In recent years, the problem of pollution of the oceans with microplastics has become
the most acute, attracting the attention of an increasing number of politicians, public figures and,
of course, scientists. Marine microplastics are found most often near the coast and may be in this
zone for some time, but despite this, environmentalists have very little knowledge of what happens
to these particles and how they are distributed in coastal areas.

The sources of microplastics vary, but most often they come from into the aquatic
environment from large plastic debris, which literally crumbles into smaller pieces.
So, microgranules are small particles of industrial polyethylene used as an exfoliating component
in various medicinal products and cosmetics. Microplastic particles are a potential threat to all
aquatic life as they are able to pass through water filtering systems.

The problem of microplastics is not new. The UNPO claims, based on data from
the Environment Program, that about fifty years ago, microgranules began to be actively used
in personal care products. Currently, natural components are being replaced by microplastics. Even
10 years ago, consumers, when buying products containing plastic particles, were not even aware
of this, since this topic was little known at that time.

Lake Ladoga is the largest lake in Europe, it is located in the north-west of the Russian
Federation near Saint-Petersburg, 40 km to the east. The area of the water body is about 17 600
km?, while the islands are not included in this area, the length of the lake is about 219 km, the width
is 82 km and the average depth is 51 m. Its greatest depth at a point west of the island of Valaam
is 230 m. About 40 rivers flow into the lake, which contain a large number of various pollutants
in their waters , which through the lake end up in its only source — the Neva River.

© Saint-Petersburg university of State fire service of EMERCOM of Russia, 2023
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The purpose of this work is to analyze samples of bottom sediments of lake Ladoga for
the presence of microplastic particles.

Tasks — consideration of methods for analyzing samples of bottom sediments, analysis
of samples of bottom sediments of Lake Ladoga.

The object of study is the bottom sediments of Lake Ladoga.

Research methods

The following procedure was used to study the samples.

Stage I. Separation of samples of bottom sediments into fractions by density using
a solution ZnCl,.

At this stage, the bottom sediments are combined with a solution ZnCl,, then there
is resuspension and settling. It is necessary to carry out these actions in order for the microgranules
to separate from dense particles with a mineral composition. A solution of zinc chloride releases
up to 99 % of polymers that have a high density, they include microplastics.

Stage I1. Peroxide oxidation of bottom sediments.

Biological material is a component of bottom sediments, approximately 0,5-7 %. So, at this
stage it is important to get rid of organic residues without damaging the microplastics. To do this,
hydrogen peroxide is poured into the sample 1:1, and the mixture is heated.

Stage I11. Drying samples on a Petri dish.

Samples are left on the bowl for some time (3—4 days) until they are completely dry.

Stage IV. Examination of samples using an optical microscope.

The study of samples is carried out in several stages. First, the content of the sample is analyzed
visually using a microscope. At this stage, it is important to identify microplastic particles, to distinguish
them from organic fragments (legs and antennae of crustaceans, filamentous algae, etc.). A sign
by which plastic can be distinguished from biological materials, is the absence of a cellular structure
in microplastics, the uneven color of the fibers, as well as the presence of uneven sharp edges
in microplastic particles. It often happens that due to the constant influence of various external factors,
a plastic particle can break down and become covered with a biofilm; under such conditions, it is very
difficult to determine microplastics. In order to accurately identify microplastics, it is necessary
to conduct a spectral analysis to determine the composition of the substance.

Sampling of bottom sediments was carried out on Lake Ladoga, within a polygon with
a length of 100 m.

This study was carried out using an MBI-1 microscope.

The study on a microscope was carried out with a magnification of 150x (objective — 10x,
eyepiece — 15x), numbered risks are at a distance of 0.1 mm or 100 microns from each other.

Four samples were taken for the study.

The analysis was started from sample Ne 7. The sample contains fibrous microplastics
of transparent (Fig. 1-3) and blue (Fig. 4) color.

50 TN T O

Fig. 1. Sample Ne 7. Microplastic fibrous form of a transparent color
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Fig. 2. Sample Ne 7. Microplastic fibrous form of a transparent color

Fig. 3. Sample Ne 7. Microplastic fibrous form of a transparent color

Fig. 4. Sample Ne 7. Blue fibrous microplastic
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After the analysis of sample Ne 6, it was found that the sample contained fragments
of transparent plastic with uneven sharp edges (Fig. 5), transparent fibrous microplastic (Fig. 6) and
red (Fig. 7). The sample still contained a fragment of organic matter (Fig. 8).

r
o

Fig. 5. Sample Ne 6. Transparent microplastic with uneven sharp edges

L

Fig. 6. Sample Ne 6. Microplastic transparent fibrous form

Fig. 7. Sample Ne 6. Red fibrous microplastic
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Fig. 8. Sample Ne 6. Organic fragment

When studying sample Ne 4, it contained fibrous microplastics of a transparent (Fig. 9) and
blue (Fig. 10) color, and a fragment of organic matter was also found (Fig. 11).

r |

Fig. 9. Sample Ne 4. Microplastic transparent fibrous form

A

Fig. 10. Sample Ne 4. Microplastic transparent fibrous form
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o

Fig. 11. Sample Ne 6. Organic fragment

When analyzing sample Ne 3, it contained fibrous microplastics of transparent (Fig. 12, 13), blue
(Fig. 14) and black (Fig. 15) colors.

Fig. 12. Sample Ne 3. Microplastic transparent fibrous form

Fig. 13. Sample Ne 3. Microplastic transparent fibrous form
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Fig. 14. Sample Ne 3. Blue fibrous microplastic

i oA

Fig. 15. Sample Ne 3. Black fibrous microplastic
Research results

Visual analysis of samples using a microscope made it possible to study the particles,
namely, their morphological characteristics. It can be concluded that all the studied samples contain
the largest amount of fibrous microplastics of various colors (transparent, blue, cyan, red and
black), a fragment of transparent plastic with uneven sharp edges was also recorded. During
the study fragments of organic matter were found in the samples (most likely the remains
of crayfish living in the lake).

All microplastic fragments in the analyzed samples are smaller than 1,5 mm (1500 pm).

It will be possible to draw conclusions about the chemical composition of the analyzed
particles after conducting studies using an IR spectrometer.

Conclusion

In the course of the study, a methodology for analyzing samples of bottom sediments was
considered and applied in practice, which makes it possible to draw conclusions about the content
of plastic in bottom sediments taken from Lake Ladoga.
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Visual analysis of samples using a microscope made it possible to study their morphological
characteristics. According to the results of the analysis, all the studied samples contain fibrous
microplastics of various colors (transparent, blue, cyan, red and black) in the greatest amount,
a fragment of transparent plastic with uneven sharp edges was also found. The study revealed
the content of organic fragments (most likely the remains of crayfish living in the lake).

All microplastic fragments in the analyzed samples are smaller than 1,5 mm (1500 pm).

To draw conclusions about the chemical composition of the analyzed particles, it is necessary
to continue research using an IR spectrometer.

The problem raised in this study is undoubtedly relevant. Scientists around the world are
studying this topic and it has already been proven that the influence of microplastics is harmful both
to the flora surrounding us and directly to humans.

It can be concluded that in order to find ways to solve this problem, it is necessary
to continue further research.
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Abstract. With the development of technology and technology, information systems are being
introduced into our daily lives and are already becoming an integral part of it. The attitude of employers
to the safety of employees is becoming more conscious every year, therefore, interest in digital solutions
in the field of labor protection is also growing. In the modern system of labor protection, such changes are
urgently needed, they will help to quickly solve problems, reduce the risk of fines for violating the deadlines,
and acquaint workers with the maximum amount of information on safety and risks in their workplaces.
QR-codes are gaining popularity now. This code can contain a large amount of information on the use
of PPE, the workplace, and the employee. An employee can get acquainted with the available information
using a QR-code at any time using only the phone and the Internet. The introduction of digital codes
on personal protective equipment and special clothing can solve a few important tasks for ensuring the safety
of workers.

Keywords: digital code, labor protection, overalls, protective suit
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Introduction

Modern technologies that are being introduced to ensure labor safety at the enterprise, affect
the life and health of working people, as well as the quality of the full, safe functioning of the labor
protection system.

Overalls and protective suits are marked in accordance with the technical regulation
TS 019/2011, starting from 2012. With the powerful development of the digital era, there is a need
to introduce modern technologies in the field of labor protection [1, 2].

The issues of improving protective suits by enhancing their protective properties, changing
design, and developing new heat-conducting and breathable fabrics remain one of the most
important issues in providing workers with personal protective equipment (PPE) [3, 4]. But
no matter how comfortable and multifunctional the suit is, the workers will not be comfortable
enough to work in it one way or another.

All personal protective equipment, all overalls and safety shoes are always discomfort.
Occupational accidents that occur due to the lack of PPE or in a situation where they are
deliberately not worn occur precisely because workers have very little awareness of the importance
and necessity of the PPE and protective suits issued to them. It is in such cases that it is extremely
important to introduce permanent marking of protective suits with special digital codes [5-7].

Analytical part

QR- code is a two-dimensional type of barcode that is easily read by a digital device and stores
information as a series of pixels in a square grid that looks like a black and white pattern. A QR-code,
unlike a barcode, is read in two directions — horizontally and vertically. This allows you to store
more data in it. When scanning a QR-code, the user gets access to this data instantly. Despite its size,

© Saint-Petersburg university of State fire service of EMERCOM of Russia, 2023
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the digital code is able to accommodate a large amount of data [8]. By scanning a certain code, you
get access to data instantly [9]. They are more compact, store more data, and support a wider
character set. However, they are also easy to create and print.

Thanks to the use of such codes, the system for monitoring and confirming the quality
of products will become much easier. Plus, the opportunity to receive more complete information
about products will now be available not only from the company that purchases overalls, but also
for every worker. Digital codes can significantly reduce the time to conduct training events
dedicated to the rules of operation and risks, that people may encounter in their workplaces [10, 11].

When receiving a protective suit, each employee can point the camera of his smartphone
at the code located on the wrong side of the issued clothing and get acquainted with all
the information in full by clicking on just one link [12-14]. At the same time, you can return
to re-reading and detailed study an unlimited number of times, repeating all the same operations [15, 16].

Numeric codes may include the following information:

1) information about the workplace;

2) possible dangers and risks;

3) the timing of the passage of periodic certification and testing of knowledge on labor
protection;

4) the timing of the passage of repeated and briefings;

5) the terms of passing the medical commission;

6) the expiration date of the issued protective suit;

7) how to properly use PPE and its basic protective characteristics;

8) description of possible accidents that may occur in case of non-use or misuse of PPE;

9) the procedure for actions in the event of an accident at work.

It is important that the code has the ability to change and correct. When issuing a suit
to an employee, the employer is obliged to supplement the code with the following information [17]:

1) full name and position of the employee;

2) growth;

3) weight;

4) age;

5) blood type (in case of an accident).

The innovation of such a plan will help save time for middle managers and employees,
reduce the cost of creating stands, and most importantly, involve all employees in solving security
problems [18].

Previously, all information about the certification of employees in labor protection, passing
medical examinations, the procedure for providing personal protective equipment was posted
on a huge number of stands, in the corners of labor protection and fire safety [18-20]. With
the introduction of digital codes, it is possible to significantly systematize all information on labor
protection, make it publicly available and understandable to everyone [21, 22].

The code should be sewn on the wrong side of the suit. Its format should be small, without
prickly and rubbing elements.

Digital marking of personal protective equipment must be made with a one-dimensional
code. Since such codes have already been put into operation, but they were two-dimensional,
it turned out that this encoding option is not read well enough [23]. A one-dimensional barcode can
be read by the device even with damage that exceeds 70 %. The two-dimensional marking
of personal protective equipment fails already at 5 % damage [24, 25]. That is, any small abrasion,
scratch that has appeared during the operation of PPE, will be the reason why it cannot be read [26—28].

The code cannot be faked or changed. When creating, cryptographic data encryption
technologies are used. An example of a program for creating such a code is shown in the figure.
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Fig. The process of creating a digital code

Conclusion

Thus, such marking of overalls will allow bringing labor protection to a new modern level
of development.

Based on the study, the following conclusions can be drawn:

1. The introduction of such codes will greatly simplify the life of both employers and
employees.

2. All the necessary information about the workplace and safety precautions will be visible
to each employee throughout the entire shift.

3. Numerical codes can significantly reduce the time spent on training events on the rules
of operation and the risks that people may face in their workplaces.
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Abstract. This article discusses a matrix method based on a scoring called the «consequence and
probability Matrix». An explanation of the concept of occupational risk is given, as well as the need
to implement an occupational risk management process in order to optimize and improve the working
conditions of employees is proved at workplaces. The process of assessing occupational risk using a matrix
method based on a scoring is considered. The stages of occupational risk assessment according to the chosen
method are determined, such as: determination of the probability index, determination of the consequences
index, determination of the risk level, determination of the urgency of preventive measures. Tables are
provided for determining the values of score indicators of severity of consequences, probability values, a risk
matrix, determining the level of risk and the urgency of measures. The purpose of the work is to analyze
the method «Matrix of consequences and probabilities».
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Introduction

Occupational risk — the likelihood of harm to health as a result of exposure to harmful and
(or) dangerous production factors in the performance of duties by an employee under
an employment contract. That is, professional risk is a mandatory quality of absolutely every action
related to the production, transformation and use of matter, energy and information.

According to international statistics, occupational diseases and accidents at production
facilities cause the death of approximately 2,3 million people annually. The cost of this problem
is more than 2,8 trillion dollars worldwide. Thus, we can conclude that there is insufficient control
over the process of assessing occupational risk and ignoring ways to reduce its magnitude [1-2].

Occupational risk assessment is the basis for ensuring high productivity and well-being
of workers, and is also enshrined in legislation in Russia and in most industrialized countries.
It is not only the prevention of accidents or injuries, but also the identification of hazards;
identification of people who are potentially at risk; risk assessment; measures to reduce the risk and
the development of new ways to prevent it. It is thanks to the introduction of the occupational risk
assessment system that making a safer working environment has become a less energy-intensive
process. A research and implementation of developments using the latest technologies and tools
to reduce risk, helps create conditions for more harmless work in the workplace [3].

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

To solve the problem, namely the analysis of the method «Matrix of consequences and
probabilities», general scientific research methods were used.

For this, a selection of suitable sources was made with subsequent analysis. After these
operations, incorrect or irrelevant information was eliminated.

The criteria for the analysis of information were:

1) reliability and reliability of sources;

2) relevance;

3) compliance with the focus of the work, that is, the degree of dedication to the topic
of occupational risk was determined,;

4) existing research in this area.

Further, using the methods of comparison and comparison of the relevant literature, it was
concluded that the matrix method based on the scoring, also called the «consequence and
probability Matrix», is the most popular.

And with the help of the synthesis method, a complete picture was drawn up of how
the occupational risk assessment is carried out by the chosen method.

Research results and their analysis

The «consequence and probability Matrix» is a matrix method for assessing occupational
risk based on a score. The method consists in a qualitative assessment, where the probability
of a dangerous situation and the severity of the consequences have their own weight coefficients
(points). The final value is determined as the product of the point value of the probability
of occurrence of a hazard that leads to damage to health, and the point value of the severity
of consequences in the implementation of this risk.

The matrix method is one of the most common due to its simplicity and accessibility. It does
not require significant time and financial costs and in-depth knowledge in the field of professional
risks. The disadvantage is the subjective nature of estimates of the probability and severity
of consequences.

The risk category according to the matrix method is determined by the formula:

R=P-S,

where R — risk score for a specific event; P — event probability score; S — point value of the severity
of the consequences of the event.

The risk matrix should be carried out for each hazardous production factor that can harm
the health of an employee at the selected workplace [4-5].

The ranking of the values of the probability of occurrence of a hazardous event and
the severity of the consequences may differ. The number of ranks must be at least three. The higher
the number, the more difficult the occupational risk assessment process, but at the same time,
the more accurate the determination of the urgency of the risk reduction measure.

In order for the value of occupational risk to be as close as possible to the actual one,
the enterprises use a 4x6 matrix. The indicator of the probability of the realization of a dangerous
situation (P) will be divided into six ranks, and the indicator of the severity of the consequences (S),
respectively, will be divided into four ranks.

The sequence of actions for assessing occupational risk for each identified hazardous event
will look like this (fig.):
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Fig. Stages of occupational risk assessment

To simplify the perception, as well as the subsequent processing of the results of the matrix,
alphanumeric codes were introduced.

In table 1 indicates the definition of a probability score (P) based on the frequency
of exposure to a hazard.

Table 1

Defining a Probability Index

Iggétg Occurr?rr]wgiec g)tg)rbab Hlity Description of the frequency of exposure to the hazard
A Incredible Less than once every 10 years, or does not occur
B Unlikely From once a year to once every 10 years
C Remotely From once a month to once a year
D Perhaps From once a week to twice a month
E Probably From once per shift to once a week
F High probability One or more times per shift

When determining the point value of the severity of the consequences, it is necessary to
choose the worst-case scenario.

In table 2 shows the defining score indicators of the severity of the consequences with their
description.

Table 2

Determination of the severity index

Severity score Description of the severity of the consequences
1. Minor Microtrauma, need to seek help
2. Light Disability accident for less than two weeks
3. Serious Disability accident for more than two weeks
4. Large Death, total incapacitation

Thus, the chosen method for assessing occupational risk, namely the 4x6 matrix, will look
as shown in table 3.
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Table 3
Risk Matrix
Probability of an event Severity score
occurring 1. Minor 2. Light 3. Serious 4. Large
A. Incredible Al A2 A3 Ad
' Minor risk Minor risk Low risk Moderate risk
B. Unlikel Bl B2 B3 B4
' y Minor risk Low risk Moderate risk Moderate risk
C1 C2 C3 Cc4
C. Remotely Low risk Moderate risk Moderate risk Medium risk
D. Perhas D1 D2 D3 D4
' P Moderate risk Moderate risk Medium risk Significant Risk
E4
El E2 E3
E. Probably Moderate risk Mediumrisk | Significant Risk | UMaceeptable
F1 2 F3 F4
F. Hig Probably Medium risk Significant Risk Unacc_eptable Unacc_eptable
Risk Risk
To determine risk indicators and prioritize measures to reduce it, refer to the table 4.
Table 4

Determination of the level of risk and urgency of measures

Risk indicator Level of risk Priority of risk mitigation measures
Al, A2, Bl Insignificant Activities are not required. Enough control
A3, B2, C1 Small Events are optional but recommended.

A4, B3, B4, C2, C3, Moderate Activities are necessary.
D1, D2, E1 They are being developed and are scheduled
C4, D3, E2, F1 Medium Actlvmes_ need to be_ planned and implemented on
schedule in a short time
. Activities are required.

D4, B3, F2 Significant They need to start immediately
Activities are required. Start immediately.

E4, F3, F4 Unacceptable Work at this workplace should be stopped until
the risk is reduced

The occupational risk values of the chosen profession are determined for each hazardous
production factor that has been identified in advance.
The final value of occupational risk, which is assigned to the assessed profession,
is determined as the largest of the obtained values [6-8].

Conclusion

Occupational risk is calculated for each identified hazard. Also, for each hazard,
the necessary measures to reduce occupational risk are determined. All results obtained are recorded

in the risk assessment card.

The assessed profession is assigned the maximum risk category registered at the workplace.
If, based on the assessment of occupational risks from various hazards, it turns out that these
measures are sufficient, then the creation of additional measures is not required.
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If it is determined that these measures are not enough, then a list of additional measures
is determined and a corrective action plan is drawn up.
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Introduction

It is difficult to imagine a subject of the national economy of the Russian Federation without
a clearly built information security (IS) structure. The concept of IB is connected, including, with
the concept of protecting the information infrastructure (I1) of the subject from the threats of cyber-
attacks. The purpose of cyberattacks is to collect information, steal or destroy information, software
and technical resources by suppressing protection systems, introducing viruses and other various
software bookmarks. The international events of the last year have shown that the purpose
of cyberattacks can be the destruction or active suppression of communication lines, misdirection,
overloading communication nodes and conducting information and psychological operations
to misinform the population.

Il of EMERCOM of Russia includes the following information technologies (IT): web
technologies (sites for informing the public), databases, including super-large databases, a unified
electronic document management system, an automated analytical system for supporting and
managing control and supervisory bodies of the Ministry of Emergencies Russia, software for
geolocation and electronic cartography, IP-telephony (voice and video communication), etc.

At present, the priority areas of the EMERCOM of Russia are the introduction and use
in their activities of new generation technologies and modern information resources and systems
that allow, during emergency rescue operations (ASR), to make timely and sufficient management
decisions aimed at reducing the time to eliminate the consequences of emergency situations
(emergencies) and reduce the amount of damage to economic facilities and the environment from them.

The tasks performed by the EMERCOM of Russia made it possible to implement and
develop an automated information and control system: a unified system for the prevention and
elimination of emergencies (AIUS RSChS) [1-2].

© Saint-Petersburg university of State fire service of EMERCOM of Russia, 2023
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AIMS RSChS is designed to ensure the preparation, collection, storage, processing, analysis
and transmission of information, as well as support for the adoption of managerial decisions
by the management bodies of the RSChS in various modes of operation [2].

Unfortunately, the vulnerability of the AIMS RSChS information system to cyber-attacks
has not been studied. There are no scientific works that allow to evaluate its life cycle as a software
product under the conditions of import substitution. Back in 2014, the government of the Russian
Federation announced a course towards a gradual abandonment of foreign technologies and
software. Critical Al objects were identified, and deadlines were set for Russian organizations
to switch to Russian software in the presence of domestic analogues.

The paper analyzes the information system AIMS RSChS from the point of view of its use
in the daily activities of employees of decision-making centers in crisis situations, an attempt was
made to analyze its vulnerability to cyberattacks of various levels.

Research methods

Unfortunately, there is no single approach to the analysis of such systems in terms
of vulnerability to cyberattacks, therefore, an assessment of the characteristics of the information
system has been undertaken, its importance in the daily work of employees of the Ministry
of Emergency Situations of Russia has been shown, and possible models of attacks on the system
based on its functionality are given.

One of the main segments of the AIMS RSChS is the information system «Atlas of Hazards
and Risks» (IS «Atlas of Hazards and Risks»), which allows:

1) to carry out an automated exchange between the management bodies of the daily
management of the RSChS at all levels of data on potentially dangerous objects, infrastructure
facilities that ensure the vital activity of the population (gas pipelines, water pipelines, electrical
networks, etc.);

2) to monitor the hydrological, meteorological, ecological, geophysical and other types
of conditions, including the results of processing data from remote sensing of the Earth (RS data)
from space;

3) analyze the existing risks in the territories of the Russian Federation, including modeling
the consequences of emergencies associated with:

— flooding (flooding) of territories (based on orthophotomaps and digital elevation models
built on the basis of the results of planned and operational aerial photography);

— explosions in buildings and structures;

— landscape (natural) fires;

4) develop proposals based on the analyzed data for a set of preventive measures.

The subsystems included in the IS «Atlas of Hazards and Risks» expand its capabilities
in solving problems of preventing and eliminating emergencies.

These subsystems are:

1. A subsystem for notification of thermal points of the IS «Atlas of Hazards and Risksy,
including an information portal and a mobile application «Thermal pointsy.

This system continuously receives remote sensing data from spacecraft of both domestic
(Roscosmos) and foreign constellations (European Space Agency, National Oceanic and
Atmospheric Administration, NASA). In automatic and semi-automatic modes, it processes
the received data, as a result of which landscape (natural) fires are detected on the territory
of the Russian Federation, in order to further respond to them and eliminate the consequences.

2. A subsystem for automated accounting of indicators of operational information
of the IS «Atlas of Hazards and Risks» «Knowledge Base», which allows, in a single information
field, to collect and summarize information used by specialists of the EMERCOM of Russia
in the prevention and elimination of emergencies.

The «Knowledge Base» consists of the following modules:

— «Incidents (ES)» — maintaining official and operational statistical records of emergencies
and their main parameters;
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— «Forces and means» — maintaining information on the composition of the forces and
means of the EMERCOM of Russia;

— «Incidents on the water» — maintaining statistics of incidents on the water;

— «Information about winter roads, ice crossings and places of mass exit of people
on the ice» — collection of information on the planned opening, open and closed ice crossings and
winter roads, as well as information on places where people go on the ice and incidents on them;

— «Measures for the neutralization, destruction of explosive objectsy;

— «EOP» — input of the parameters of the daily operational forecast of the occurrence and
development of emergencies on the territory of the Russian Federation;

— «TV stories», «Trolling lines on TV» — collection of information on media coverage
of the activities of the units of the Ministry of Emergency Situations of Russia, etc.

The use of the above functionality of the AIMS RSChS can be subjected to the following
attack models:

1) using vulnerabilities related to network infrastructure;

2) using a vulnerability with the threat of using an insufficient level of software code fixes;

3) using a vulnerability in the configuration of a server configured according to the «general type»;

4) using a vulnerability associated with the use of standard software and proprietary
software;

5) using «sonic attacksy.

Research results and their analysis

The analysis showed that it is necessary to conduct a more detailed analysis related
to the import substitution of proprietary software used in the work of the AIMS RSChS [3]. Taking
into account the fact that in their service during the ATS, the specialists of the Russian Emergencies
Ministry use the following departmental information systems:

— GIS «Obzory;

— SAUR (calculation of the consequences of explosions and landscape (natural) fires);

— Superset data visualization system;
as well as foreign-made software:

— Marinetraffic (provides real-time information on the movement of ships and the current
location of ships in harbors and ports);

— Flightradar24 (allows you to monitor the position of aircraft in real time);

— Sentinel-browser (provides high resolution satellite imagery);

—WINDY (allows you to forecast the weather around the world);

— Ventusky (displays maps of winds, precipitation and temperatures),
the need for such studies is obvious in order to exclude software failures during emergency
response or during emergency rescue operations.

Conlusion

In conclusion, it would be necessary to focus on the need to develop software presented
in [4-10] to analyze and assess the risks of possible ways to identify cyber threats associated with
the use of foreign-made equipment and software in the information systems of the EMERCOM
of Russia, including the use foreign satellites.
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Abstract. The article presents the results of analysis of performance and noise resistance
of the algorithm of forecasting using the principle of self-organization. The influence of the type
of the search function and the nature of noise of source data on the performance of the prediction algorithm
is considered. To prepare an array of test data used to analyze the performance of the IHA object modeling
algorithm, a computer program was created that allows you to choose test dependencies that are
monotonously increasing, monotone decreasing and periodic functions. The program allows graphical
interpretation of the source data set. It formulates the concept of noise immunity of the algorithm
of modeling, including the value of the indicator of noise intensity. For the production of the noise source
data, the computer program was used, allowing to choose the laws of distribution of random quantity
(uniform, normal, exponential and Reley), as well as the size of maximum amplitude of perturbations.
The program allows to represent the noise data in graphic form. The results of calculations on noise
of experimental data for the specified laws of random noise distribution are presented, which showed
a negligible influence of the nature of noise pollution on the error of calculation by the algorithm.
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Introduction

In order to reduce technogenic risks and improve the efficiency of the activities of units
of the Ministry of Emergency Situations of Russia, it is of great importance to determine
the patterns of occurrence of emergency situations (ES) and the creation of mathematical models
of a system for predicting the occurrence of emergencies at facilities [1, 2].

Methods of self-organization or methods of group accounting of arguments (MGUA) are
aimed at the all-round reduction of the necessary a priori information entered by a person into
a computer [3]. The main thing is to specify the criterion for the selection (selection) of the model.
Next, the computer finds the only model of optimal complexity by enumerating a large number
of models according to a given criterion.

The principle of self-organization lies in the fact that with the gradual complication
of models, some criteria (external additions) pass through a minimum. The depth of the minimum
can be considered as a measure of the success of the simulation and the reliability of the model [4].

Problem statement: Develop computer models that implement the processes of preparing
an array of test data, as well as preparing an array of noisy initial data with the ability to choose
the laws of distribution of a random variable and the magnitude of the maximum amplitude
of disturbances. The topic of the article is relevant, since the creation of predictive mathematical
models can reduce the risks of emergencies by reducing the likelihood of their occurrence.

The novelty of the study lies in the development of two computer models that implement
the process of choosing test dependencies, which are monotonically increasing, monotonically
decreasing and periodic functions, and the process of preparing noisy initial data with the possibility
of choosing the law of distribution of a random variable (uniform, normal, exponential and
Rayleigh) and the magnitude of the maximum amplitude of disturbances.

© Saint-Petersburg university of State fire service of EMERCOM of Russia, 2023
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Simulation algorithm performance

The noise immunity of an algorithm is understood as the ability of a method to find the true
structure of some given (test) function from noisy data.

In this computational experiment, a number of linear functions with covariance are selected.
For some values of the variables, the values of the function are calculated

and summed up with noise values (continuous random variables distributed according
to a given law). Thus, the noise immunity of an algorithm is the ability to restore the structure
of a linear equation with covariance of variables as the noise intensity increases to a certain limit value.

To analyze the performance of the algorithm for modeling MGUA objects, a number
of computational experiments were performed [5-7]. As part of the experiments, two series of test
dependencies were selected, which are monotonically increasing, monotonically decreasing and
periodic functions.

To prepare an array of test data, a computer program was created, the interface of which
is shown in Fig. 1.
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Fig. 1. Program for preparing an array of test data

The program allows you to make a graphical interpretation of the array of initial data, shown
in Fig. 2.
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Fig. 2. Graphical interpretation of initial data

The following dependencies were chosen as the first group of test dependencies in the form
of monotonically increasing, monotonically decreasing and periodic functions:

X1=L0g1 (2*Z)*Z; Xo,=Cos(3*Z)*(-1)% X3=Sin(2*2);
Xa=[SIN(Z/37; Xs=Sin(5*Z); Xe=[(Z-1)"?]1*(-1)%
X7 =Sin[Logo(5* 2)] * (-1)%; Z=1...21.

As the second group of test dependencies in the form of monotonically increasing,
monotonically decreasing and periodic functions, the following dependencies were chosen:

Xi=2*e% Xo=V(Z)-Cos(Z); X3=0,25*Z*Sin(Z/2);
Xs=Cos(Z/2)*e ?'2; Xs=2*Ln(Z/2)!Z; X¢=ArcCos[ Cos(Z/2)];
X=1/[1+(Z12)?]; Z=1..2l.

Values Y; = f ( X;) were calculated using the following dependencies:

Yi=1l+Xo+ Xu+Xe: Yo=10-X3z+ Xs* X7: Y3=20+ X * X3 + X5* Xs;
Y4:200—X1+X1*X7 +X7* X7 Ys=1+Xy +Xo*Xu+ Xg* Xy
Ys=10+ Xs* X5+ Xg* Xg+ X7* X7; Y7=1000 + 10 * X3—20 * X5 + 30 * X;.

The mathematical model of the object was described as a polynomial with covariances
(scalar products X;*X;) and a quadratic description (up to 7 unknowns):

Yi= Agij+ A * Xi+ Ag* X+ A * Xi* X+ A * Xi? + A * X2,

wherei,j=1...7.

When calculating the calculation error, the following quantities were used:

—dispersion &, =V [Z (Y- Yyi)l/ N,
where Y.,;u Y;— experimental and calculated values, N — sample size of experimental data;

— average relative error Sep=[2 (Ypi— Y5)]1/ (N *Yy),
where Y,; u Y,;— calculated and experimental values.

The calculation results showed that in the presence of non-noisy values of the experimental
data, the GMDH algorithm has structural convergence, that is, it finds the true structure
of the desired type of function and, in addition, with a sufficient degree of accuracy determines
the values of the coefficients Aj;.

However, the influence of the type of the desired function was revealed, namely, the value
of the value of the free term A, on the structural convergence of the algorithm (dependencies for
Y, and Y5)
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Noise immunity of the simulation algorithm

The noise immunity of an algorithm is understood as the ability of a method to find the true
structure of some given (test) function from noisy data.

That is, in the process of conducting a numerical experiment, a number of functions
ofthe formY;= A+ X; + Xi*X.

In some implementations of X;, the values of Y; are calculated and added to the noise values
(continuous random variables distributed according to a given law). The noise intensity indicator
is the value:

p=V{IZ (&)1 [Z(Yi) Th,

where g — random perturbation (Y;=Y; + ).

Thus, noise immunity is understood as the ability to restore the structure of the equation
Yi= A+X;+Xi*X; with increasing noise intensity value p up to some limit value.

To prepare the noisy initial data, a computer program was used that allows one to choose
the laws of distribution of a random variable (uniform, normal, exponential, and Rayleigh), as well
as the value of the maximum amplitude of disturbances. The program interface is shown in Fig. 3:
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Fig. 3. Noisy data preparation program

The data were noisy using continuous random variables

with the following distribution laws:

1. Uniform distribution.

Probability density: ¢ (x)=1/(B-A), A< X<B.

The random variable is determined by the formula: X=(B—-A) *P + A,
where P—random variable uniformly distributed in the interval from 0 to 1.

2. Normal distribution.

Probability density:

o (X)=[1/(N(628*c)]*Exp[-(X—Xo)*/(2* %]

The random variable is determined by the formula: X =c*P + X,
where o — standard deviation, P = wn— (o> — 3 * @n) / (20 * n),
®n = M/ n—test frequency.

3. Exponential Distribution.

Probability density: ¢ (X) =1 *e ™™
where X >0u A > 0.

The random variable is determined by the formula: X =-Ln (P) /A .

4. Rayleigh distribution.

Probability density: ¢ (X) = [ X/ ()] *exp [-(X?) /(2 * 9)].
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The random variable is determined by the formula: X =~[-2* Ln (P)].

The results of computational experiments showed that with significant data noise (noise
intensity over 50 %), the GMDH algorithm in most cases (except for dependency
Y =1+ Xy, + X4+ Xg) has weak structural convergence, that is, it cannot find the structure
of the desired type of function. In the case of dependence Y;, the GMDH algorithm cannot find
a solution (looping the program) [8-12].

Next, calculations were performed on the noise of experimental data for other random noise
distribution laws: normal, exponential, and Rayleigh. The calculation results showed that the nature
of the noise (uniform, normal, exponential and Rayleigh distributions) has little effect
on the calculation errors using the GMDH algorithm.

Conclusion

The calculation results show that in the presence of weakly noisy experimental data values
(noise intensity no more than 20 %), the GMDH algorithm has structural convergence, that
is, it finds a structure close to the structure of the desired type of function and, in addition,
determines the values of the coefficients Aj;.
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