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B KoHTeKcTe I7T06aIbHOTO M3MeHeHMs K/IMMaTa 1 C yde-
TOM VBe/IMYEHUs aHTPOIOT€HHBIX BHIOPOCOB MapHIU-
KoBbIX ra3oB (III') ycTOMYMBOCTD pasnMIHBIX CUCTEM,
BKJIIOYAs CICTEMBI IPOJYKTOBOII U 9KOTOTMIECKOIT bes-
OIIACHOCTH, MOXXET OBITH MTOBBIIIEHA 32 CYET YBeInde-
HIA 3¢ PeKTVBHOCTY UCIONIb30BAHUA SHEPTOPECYPCOB.
B gacTHOCTY, IpM PacCCMOTPEHUM Pa3INIHBIX arpOTeX-
HOJIOTMYeCKIX TIpUeMOB COKpalieHus Boi6pocos IIT
U yBeIMYeHUA CeKBeCTpalluM YITiepofia IOTeHI[MAIOM
COKpallleH1s BHIOPOCOB B 3HAUMTENBHON CTEIIEeHN IIpe-
Hebperanu. DHeproappeKTUBHOCTh TAK)XKe He BCETAa
paccMarpuBaeTca B KadecTBe KIYEBOTO IIpoljecca
ynpasnenusa smuccuamu I

IIpuBeneHHBIE B 3TOM HOMEpe >KypHala MaTepua-
JIbI CBUJIETENIBCTBYIOT O KIIIOUeBOII poyut 9Heproaddex-
TUBHOCTM Ha MPOTSDKEHUM BCETO >KM3HEHHOTO LMK/Ia
B CHCTeMe «IIPOM3BOJCTBO yEOOPEHMIT — JIOTUCTUKA —
IIpYIMEHEHNE B aTPOSKOCUCTEMaX — JICIIO/Ib30BaHME OT-
xopioB». Benmmannbl smuccun 1IN mpy 3TOM BBICTYTIAIOT
JIMILIb B KaueCTBe MepPbl HaHHOI 9HeproadexTuBHO-
ctu. Janee, mepepaboTKa arponpOMBIILITIEHHBIX OTXO-
I0B U CBIPbSI C IOMOIIIBIO PA3/IMYHBIX IPOLECCOB (KOM-
[OCTHPOBaHMIe, IPOUSBOLCTBO 6109Heprum, 61oyIIelt,
6110re0XMMYECKOe pelKIPOBaHyie IUTATeIbHbIX 971e-
MEHTOB) TaK>Ke MOXKET JjaTh CYLIeCTBEHHOE CHIDKEHUe
amuccun II. OgHako 9TO Takke MOXeT MOTEHIMaTbHO
IIPUBECTH K BBIOPOCAM IaPHUKOBBIX Ia30B B pe3y/IbTa-
Te IPOL[eCCOB KOMIIOCTUPOBAHNUA U TPAHCIIOPTUPOBKA
MaTepuanoB. Ho 3T Ipo1ecchl JaroT MOTOKNATENbHBIN
3¢ deKT Kak HEMOCPENCTBEHHO 3a CYET CBS3BIBAHUSA

For citation: Bashkin V.N. Energy efficiency as a measure of ecological risks // Issues of Risk Analysis.
2023;20(3):8-9, (In Russ.), https://doi.org/10.32686/1812-5220-2023-20-3-8-9

yI/IepOfa, TaK M KOCBEHHO 6/1arofapsi MpeoTBpPAIleHNI0
TOCTIeICTBUII YAa/leHNs OTXOJOB, YITy4IIeHNIO KadyeCTBa
HOYBbI ¥ MMHVMM3AIMH IOTePDb MOYBBbL

B nemom yBermuenne sxeproaddextuBHOCTI B pac-
CMaTpPUBAEMOM >KMU3HEHHOM IUKJIe YEOOPEHMIL, OT Ipo-
M3BOACTBA [0 yTUIM3ALMM arPOOTXOfOB, MOXET CYylIje-
CTBEHHO CHU3WTbD POJIb CEIbCKOXO3SIICTBEHHOTO PON3-
BOZACTBa B HexxenarenbHol amuccyu I1I. Cregyet oco6o
HOYEePKHYTb, YTO CHIDKEHMe MoTeHnuana smyccun I
IpY IPOU3BOACTBE YHOOPEHNUIT 3aBUCUT OT UCTOYHUKA
JUCIIONb3yeMOIl S9HEPIUY, 1 IIEPEBO SHEPIOYCTAHOBOK
C yrIs Ha ras, TeM 6onee B3, 6yner Hanbonee 3Haun-
MBIM TPV MaKCHMa/IbHOM JVICIIO/Ib30BAHMY IIPUPOJHOTO
rasa KaK /I BBIpabOTKM SHEPIU, TaK U JI IPOUSBOJ-
CTBa MMHepaNbHBIX yaobpennit. [Ipu BeIpalinBaHUY
HIPOAYKINN O4eHb OOJBIIYI0 POIb UTPAIOT (PAKTOPHI,
CBsI3aHHBIE C IPMMeHEHIEM COBPEMEHHBIX CUCTEM 3eM-
JIefienyisi, OCHOBAHHBIX HA TOYHOM BHECEHUM yROOpeHuiL,
JICIIO/IB30BAHNN 9IEKTPOHHBIX IIOYBEHHBIX KapT U II0-
BBILIeHNY 5 (HEeKTBHOCTY UCIIONb30BAHNA YIOOPEHMIL,
B 4aCTHOCTH a30Ta 1 pocdopa.

Kak mpaBnio, BbIOPOCHI TAPHUKOBBIX Ia30B CBA3AHBI
C OMIUCCUeNn COZ, a HaKOIUIEHME 3TOr0 ra3a B HacTosAIlee
BpeMsI perlaMeHTUPYETCsI B OCHOBHOM AJISI 3aKPbITBIX
[IPOU3BOJCTBEHHBIX, CTY)XeOHBIX I >KVJIBIX TIOMELEHMIL.
B cBA3M ¢ 3TMM Ba)kHa OIleHKA BIMSAHMA YITIEKUCIOTO
rasa Ha KaueCTBO BO3JIyXa B OMelljeHNAX. Mexrocynap-
ctBeHHbliT cTaHAapT [OCT 30494-2011 «3maHns >kxnjble
u obiectBenHsble. [TapaMeTpbl MUKPOK/INMATA B IIOMe-
IEHVSIX» OIIPefe/sieT K/IAaCChl KadeCTBa BO3LyXa MCXOMS
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U3 COflep>KaHsl YIIEKICTIOTO rasa B BO3AyXe XKIIBIX 1 06-
IIeCTBEeHHBIX NoMeleHnil. COITTacCHO TaHHOMY MEXTOCY-
TapCTBEHHOMY CTaHAAPTY KadeCTBO BO3IyXa OTHOCUTCA
K HU3KOMY IIpU COAEpXKaHUM YITEKNUCIOro rasa 6omee
1000 ppm. PacTBOpeHHbIIT B KpOBU YI/IEKUC/IbIiL Ta3 aKTHU-
BUIPYeT AbIXaTe/bHBII LIEHTP MO3Ta B (DM3MOMTOTUIECKUX
Y HECKOJIBKO TTOBBIIIEHHBIX KOHIJeHTpauusAX. IloBbienne
KOHLIEHTpauuy, BIoTh fo 2000—4000 ppm, B moMene-
HIISIX TIPUBOANT K PasBUTHUIO Y JTIOfiell COHIMBOCTY U CJla-
6octy. B sHaunTEMbHO 60MIEE BBICOKMX KOHI[EHTPALAX OH
HPVBOANT K CHYDKEHUIO MU YCTPAHEHUIO peh/IeKTOPHOTO
PecIMpaTOpHOro pasApakKUTess, CHavyala K YTHEeTEHUIO
IbIXaHINA U, HAKOHeIl, K OCTAaHOBKe fibIxaHus1. [IpoBeseHb!
Pe3y/bTaThl 9KCIIEPYMEHTA/IbHBIX MICCTIeTOBAHNI JYTHAMM-
KI I3MEHEeHN A KOHIIEHT PV YITIeKIC/IOTO ra3a B BO3[[yXe
TIOMEILEHNS, Y JaHa OlleHKa PUCKa JJIA 3[[0POBbS YeloBe-
Ka. [TokasaHo, 4TO J/IA CHVDKEHMA PYCKa HeOOXOAMMO TIpU-
HATME OPTaHM3ALMOHHBIX MM TeXHUYECKUX pellleHNiT Ha
OCHOBE MOZIE/TMPOBAHNA AMHAMIKY M3MEHEHV KOHIEHT-
paLuy yIIeKrCIoro ra3a B 3aBUCMMOCTY OT YCIOBMIL ITpe-
OBIBaHNA JTIOfIell B IIOMEIEHVIAX. BaXKHO Taxoke ¥ COOTHO-
ILIeHNe TTapaMeTPOB SHEProoOMeHa ¥ SHEProcOepesKeHN.

B pspe cnyyaeB Heo6X0OAMMO TaKKe yBEIMUNBATD 3a-
KPBITOCTb CHCTEM, HallpUMep, B C/Ty4ae OLIeHK! 9KOJIOT M-
YeCKUX PUCKOB OT PafjMOAKTUBHOIO 3arPSISHEHN OKpPY-
JKAIOLIEN Cpefibl B pajiOHe pasMelleHNs paJualJIOHHO
OIIACHBIX 00BEKTOB IIpefl/IaraeTcsl MCI0/Ib30BaTh CIEAYI0-
IIye IOKasaTe/: MaKCUMAa IbHbIN MHEKC 9KOTOTMIECKO-
O PUCKa Ha IPefiCTaBUTEIbHbIE OPIaHM3MBbI OMOTDI; MH-
TeTpaJIbHbIIN [IOKa3aTe/b 3arpA3HEHM, IIPECTaB/IAOII
co60I1 CyMMY OTHOLIEHNS COFEPXKAHNUS PAAVOHYKINIOB
K KOHTPO/IbHOMY YPOBHIO. BMecTe ¢ TeM B HEKOTOPBIX 3a-
Jadax, HallpuMep B IIPOLeAype OLIEHKM BO3/EMICTBIUA Ha
OKPY’KaIoIIIYIo Cpeny, [eecoo6pasHo MPUMEHATD MHIEKC
3KO/IOTMYECKOTO PUCKA, OCHOBAHHBIN Ha OLIEHKE MOLTHO-
CTU JO3BI OOMydeHMsI MPefiCTaBUTEIbHBIX OPraHI3MOB
OMOTHI, HANIPSIMYIO XapaKTePUSYIOL[NIT PafUaI[IOHHYIO
6€e30IaCHOCTDb OKPYIKAIOLIET CPEfIBL.

ViccnemoBanue noKasano, YTO pacpocTpaHeHye 3a-
6oneBaemocty COVID-19 Hemnoxo MofenupyeTcs npu
MIOMOIIY CYTIEPIIO3UIUIM HECKONIbKMX JIOKATbHbBIX BOJIH,
KOTOpbI€, B YaCTHOCTY, MOTYT ONNMChIBATh paclpocTpa-
HeHMe pasnuyHblx mrammos COVID-19. Ilpencrasie-
Ha pa3paboTKa MOfeNM AMHAMUKM OOIero Ymcia 3a6o-
TIeBIINX U HOBBIX cTydaes 3ab6omepaemMoct COVID-19
C y4eTOM BOJIH 3IMJEMUN M BIMAHNA HA PETMOHAIBHYIO
CoLManbHO-3KOHOMUYECKYIo cucteMy. Vccnenosanue
MIOKa3a/10 BO3MO>KHOCTbD a/IeKBaTHOTO IIPOTHO3MPOBAHMA
pacrpocTpaHeHus 3a60/1eBaHUS U OLIEHKY COLIMAIbHO-
SKOHOMUYECKNX IOC/IefCTBUIL. B 4acTHOCTHM, Ha muKe

Energy Efficiency as a Measure of Ecological Risks

BOJIHBI 3a00/IEBaHMsI BO3MOXKEH KPUTUIECKNIT YPOBEHb
3arpysKu KO€YHOTO (pOH/A CUCTEMBI 3[paBOOXPAaHEHN,
a BpeMeHHOe BBIOBITIE 13-32a 3a00/1eBaHMs paboyeil CUIbI
MOXET B pasbl IIPEBbILIATh YPOBEHb 6€3pabOTHIIbL.

B mpouecce BIpabOTKHM Ka4eCTBEHHOTO PeIIeHNs 0
(HOpMUPOBAHUIO IEPeYHs U TAPaMeTPOB MEPOIPUATHUI
mporpaMMsl obecriedeHus 6€30IaCHOCTH HEOOXO[UMO
OLIeHVBATh II0KA3aTeNN NHAUBUAYAIBHOTO PUCKA, YTO
OCJIOXKHEHO Ha/IMYUeM Pas3/IMyHbIX Heollpesie/IeHHOCTe,
KOTOpBIe 00YC/IaBNMBAIOT TIOAB/IEHNE UHAMBUYaTbHOTO
PUCKa Ipy 9KCIUTyaTanuy obopynoBaHus. B maTepuamax
[aHHOTO HOMepa MpefCTaBIeHa UMUTALVIOHHAsI MOJIETIb,
[I03BOJISIOIIAS OLIEHMBATh [IOKA3aTeNM MHAUBUAYA/Ib-
HOTO pucka rubenu (TpaBMaTy3Ma) 06CIyXIMBAOILIETO
IIepCcoHaIa IIpy SKCIUTyaTaluy o60pyOBaHUA B LIe/IAX
¢dhopMMpoBaHMA IPOrpaMMBbI 0becriedeHus 6e30macHo-
ctu. PaspaboTaHHasA UMMUTALMOHHAs MOJEINb IIO3BOJISA-
eT IOBBICUTH aleKBAaTHOCTDb OL[eHKM II0KasaTesst MHAU-
BUIya/TIbHOTO PUCKA: MHAMBULYATBHOTO PUCKa rubenn
(TpaBMBI) U/MIM HaHECEHNS Bpefia 3TOPOBbIO 0OCIY-
XKVBAIOIIETO IepcoHata. PaboToCIOcOOHOCTh METORO-
JIOTMM TIPOEMOHCTPUPOBAHA Ha MpYMepe IOMydeHN
3NIEKTPOTPABMbI OOCTY>KVMBAIOIIUM IIEPCOHATIOM IIPH
9KCIUTyaTaLMM CUCTEMBI TIEKTPOCHAOKEHNSL.

duHaHCOBast 6€30I1aCHOCTD MPEIPUATUIL TAKKE BO
MHOTOM 3aBUCUT OT MX 3Heproad¢ekTuBHOCTHU. B Ha-
CTOSIIIMIT MOMEHT K/IFOUEBBIMI HEOCTATKAMM OOMBIINH-
CTBa CUCTEM VHAMKATOPOB, IPUMEHAEMbIX IS OLlEHKN
(uHaHCOBOIT 6€30IaCHOCTH, ABJIAIOTCA HaIM4Me Kade-
CTBEHHBIX [TOKa3aTesieil, pacueT KOTOPBIX CyObeKTUBEH,
a Tak)Xe Ha/jn4due KOMMYeCTBEHHBIX IIOKa3aTenel, pac-
4eT KOTOPBIX HEJOCTYIEH A/Is BHEIIHNX II0/Ib30BaTesel
orveTHOCTM KoMIaHuy. CaMbIM BECOMBIM HEOCTATKOM
SBJIAETCS UTHOPUPOBaHNUE OTPACTIEBOI CIIeLUUKIL. 3Ha-
4MMOCTb TaKOTO (paKTOpa, KaK OTpac/ieBas IpYHAIIEXK-
HOCTb, BU/IHA U3 IOPOTOBBIX 3HAUECHUIT MHTETPUPOBAH-
HOTO IIOKas3aTesst YPOBHs (PMHAHCOBOI 0e30macHOCTH,
KOTOpbIe, HallpuMep, CYLIeCTBEHHO HIDKe B CTy4ae Cellb-
CKOXO35IICTBEHHBIX KOMITAaHUII, 0COOEHHO IIpU HU3KOII
9HeproapPeKTUBHOCTU OOIBLIMHCTBA U3 HUX.

OTN U Apyrue TeMbl, pACCMOTPEHHBIE B JaHHOM HO-
Mepe xypHana «IIpo6nembl aHanM3a pUCKa», elie pas
[O4ePKMUBAIOT HEOOXOAUMOCTD IPOBEEHNS NHTETPa-
[[MOHHBIX MCCIE[OBAHNIT IIPY OLlEHKe 9KOTIOTMYECKOTO
PVCKa U CBA3aHHOTO BO MHOTOM C HUM PUCKa [is 370~
pOBbA deroBeKa. IIpu sTOM B 4Mc/Ie MPUYNH BO3HUKHO-
BEHMs 9TUX PMCKOB MOTYT OBITb pasmnyHble GaKTOPHL,
OT NMPMPOAHBIX [0 IMPON3BOACTBEHHBIX M (PUHAHCOBO-
9KOHOMMUYECKNX, a MHTEIPa/IbHbIM TI0Ka3aTeleM MOXeT
CITY>KUTb 9Heprod((HeKTVBHOCTD CUCTEM.
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AHHOTaumA

B crarpe HpeﬂCTaB}IeHa METOOONIOTMA OLECHKU pI/ICKa oT paJII/IO&KTI/IBHOI‘O SaI‘pHSHeHI/IH Opr-
JKAIOIL[ei! CPEJBI IT0 JAHHBIM MOHUTOPVHTA PAMAL[IOHHOM 06CTaHOBKY Ha OCHOBE [TOKa3aTerelt
paJII/IaLU/IOHHOI‘O CbOHa n KOHTPOHBHI)IX yp0BHe17[ CO]Iep)KaHI/IH paJII/IOHyKHI/[JIOB B KOMITOHEHTAaX
Hp]/[pOI[HOI‘/‘I CpeI_[I)I, HereBbII_HeHI/Ie KOTOPI)IX O6eCHe‘{I/IBa€T COXpaHeHI/Ie 6]'IaI‘OIIpI/IHTHOﬂ Opr—
>Ka101ue17[ cpem)l. B METOOOIOTUN OLICHKIN pI/ICKa I/ICHOHI)SYIOTCH TpU ITOKA3aTE/A: MHIEKC 3KO/I0-
TNYECKOTro pI/ICKa, paCC‘H/ITbIBaeMI)IIZ 10 MOIITHOCTY TO3bI 06HY‘{6HI/I${ peq)epeHTHbe OpI‘aHI/IBMOB
6I/IOTbI; I/[HTeI‘paIIbHI)IIZ IIOKa3aTe/Ib SaI‘pﬂE}HeHI/IH TeppI/ITOp]/H/I; O606H_[6HHI)I]‘/‘I ITOKa3aTe/lnb pI/ICKa,
OHeHMBaeMbIﬁ B 6annax C y‘-IeTOM VMHTEHCUBHOCTU paIH/IaLU/IOHHOI‘O BOSI[eI‘/‘ICTBI/IH, Iiomagn
n BpeMeHHOﬁ AVMHAMUKN SaI‘pHSHeHI/[H. Hp]/[BeI.[eHI)I Hp]/[MepI)I aHpO6aHI/H/I METOHOJIOTUN OLI€HKN
9KOJIOTMYeCKOTO PYCKa Ha 3arpsISHEHHBIX B pe3y/brare aBapuy Ha YepHo6b1bckoit ADC Teppu-
TOpI/IHX nB pa]‘/’IOHaX paCHO}IO)KeHI/[H paJII/IaLU/IOHHO OITAaCHBbIX O6’I)eKTOB. Hpe]:UIO)KeHHI)IIZ HOpH—
JOK OLI€EHKM 9KOJJIOTMYE€CKOTO pI/ICKa MOXET 6I)ITI: MCIIO/Ib30OBAH UIA aHAa/InU3a n I/IHTepHpeTaHI/H/I
I/IHdPOpMaHI/H/I (o) paI[I/IaLU/IOHHI)IX pI/ICKaX Ha TeppMTOpI/H/I POCCI/II?’[CKOI‘/‘I CDe,uepauI/H/I II0 JAaHHBbIM
MOHI/ITOp]/IHI‘a paJIMaL[I/IOHHOIZ O6CTaHOBKI/{ C y‘IeTOM Tpe6OBaHMﬂ B 06IIaCTI/[ OXpaHI)I Opr)Ka—
IO]J.(CI‘/‘I CpeI[bI, OLI€EHKIM COCTOAHUA U I/ISMeHeHI/Iﬁ paIU/IaIH/IOHHOIZ O6CTaHOBKI/I 1014 BO3HeﬁCTBM—
eM Hp]/[pOI[HI)IX n aHTpOHOI‘eHHI)IX dI')aKTOPOB, BT.4. B paﬂOHaX pacnonox(eHI/m paHI/IaHI/IOHHbIX
06’beKTOB, HO}IY‘{eHI/IH JIOCTOBepHOﬂ I/IHq)OpMaLU/II/I 06 I/IHTeI‘paII])HOM yp0BHe pa}II/IaLU/IOHHOI‘O
BO3H€ﬁICTBMﬂ Ha 0pr>1<a10my10 cpe;[y u ee I/IHTepHpeTaHI/H/I Ha OCHOBE€ KOHIEIMIMNM 3KOJIO0rn4e-
CKOro pI/ICKa.

Pe3yIIbTaTI)I OLICHKIN pI/ICKa oT paI[I/IOQ.KTI/IBHOI‘O SaI‘pHSHeHI/IH 0pr>1<a101ue17[ cpemﬂ MOI‘yT c-
II0O/Tb30BaTbhCA Hp]/[ BI)Ipa6OTKe n HPI/[HHTI/H/I peH_IeHI/[H (0] HeO6XOJII/IMOCTI/I HpOBeI[eHI/IH Hp]/IpOJIO—
OXpaHHI)IX MepOHpI/IHTI/Iﬁ, A TaKXXe ITIO3BOJIAKT BBIIIOJTHUTDH paH)KI/[pOBaHI/[e CbaKTOpOB pam/[aul/[—
OHHOTO BOSJICI?’[CTBI/IH n paIU/IOHa}I])HO OpI‘aHI/ISOBaTI) MOHI/ITOPI/IHI‘ paJII/IaL[]/IOHHOIZ O6CTaHOBKI/I.

KrroueBble c710Ba: 9KONOTMYECKIUIT PUCK; PATMOHYK/IN/DI; PaANAIYIOHHO OMACHBIA 06beKT; MOHUTOPUHT
pafMaIMOHHOM 06CTaHOBKM; KOHTPOJIBHBIN YPOBEHD; MHTETrPasIbHbI OKa3aTelb 3arpsA3HeHus; 0606-
LeHHbIIT TI0Ka3aTeNb PyCKa.

[nsa uutuposanms: Kpeimes V.V, Ilasnosa H.H., Cassikuna T.I. u gp. Onenka 3KOIOTMYECKOr0 puUCKa
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Abstract

The article presents a methodology for assessing the risk of radioactive contamination of the
environment according to the data of radiation monitoring. The methodology is based on
the indicators of radiation exposure and control levels of radionuclides in environmental
components, the non-exceeding of which ensures the safety of natural environment. The risk
assessment methodology uses three indicators: an environmental risk index, based on radiation
dose rates to reference biota; an integral indicator of pollution of the territory; a generalized
risk indicator, estimated in scores, considering both the area and time dynamics of pollution.
Examples of methodology application are given, presenting risk assessment for Chernobyl
contaminated territories, also risk assessment for radiation hazardous facilities. The proposed
risk assessment procedure can be used to analyzing and interpreting information about radiation
risks on the territory of the Russian Federation based on radiation monitoring data, taking into
account the requirements of environmental protection, assessment of the state and changes in the
radiation situation under the influence of natural and anthropogenic factors, including radiation
facilities. The methodology produces reliable integral information about radiation impact on the
environment and its interpretation based on the concept of environmental risk.

The results of the risk assessment from radioactive pollution of the environment are used in the
development and decision-making on the need for environmental protection measures, and also
make it possible to rank the factors of radiation exposure and rationally organize monitoring of
the radiation situation.
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BBepeHue

OpHOV 13 OCHOBHBIX IleJieil CMCTeMBbl MOHUTOPVHTA
3arpsI3sHEHNA OKPY>Kalolleil cpefibl TEXHOT€HHbIMU pa-
OVIOHYK/IU/IaMU AB/IAITCS CBOEBpEeMEHHOe BbIAB/IEHE
M3MEHEeHMII pafualiiOHHOI 00CTAaHOBKHY, OLIEHKa, IPO-
THO3MPOBaHNE 1 IpeAyIpexieHNe BO3MOKHBIX Hera-
TUBHBIX ITOCTEACTBUI PASVALIOHHOTO BO3/EMCTBUSA
I711 OKPY>KaIOIlleil CPefbl.

B cooTBeTcTBUM € TOCcTaHOBNeHMeM [IpaBuTenbeT-
Ba Poccuiickoit ®egepaunu ot 10 uiorns 2014 1. Ne 639!
OLIeHKM M IPOTHO3 SKOMOTMYECKUX PUCKOB, 00yCIOB-
JIEHHBIX Pa[VI0aKTUBHBIM 3arpsA3HEHMEM OKPY>KaloIljel
Cpepnbl, ABNATCA BaXHBIM IPUHIUIIOM (QYHKIMOHN-
POBaHMA CUCTEMBl MOHUTOPYHTA U ee PYHKIIVOHAIb-
HBIX TOJICUICTEM.

VHTerpanbHbIM IOKa3aTe/leM COCTOSIHUS pafu-
AIMOHHON 0OCTAHOBKY SIB/ISIETCS PUCK OT pafyMoaK-
TUBHOTO 3arpsA3HEHMA OKpYy>Kalollell cpefbl. B co-
BpPEeMEHHBIX MEX/YHAapOZHBIX OCHOBHBIX HOPMax
6esonmacHocty [1], ABnsAromuxcs 6a30BbIM JOKYMeEH-
TOM Ji/1s1 OOHOBJIEHNUA U HepepabOTKM HaIMOHATbHBIX
HOPM pajyalMOHHOI 6€30macHOCTH, CPOPMYINPOBAH
HPUHIINII 3AIUThI HBIHEIIHNX U OYAYIUX TOKOIEHNUI
M OKpY)Kalpllell cpefjbl OT paAMalMOHHBIX PUCKOB,
a TakXXe BBIABUHYTO TpebOBaHUe O HEOOXOJUMOCTH
MOATBEPX/IeHN (a He TMIIOTETUIECKOTO IIPEIIoIoXKe-
HU) O 3allMTe OKPY>KAIoLleil CPelbl OT BO3/eiICTBUA
PanoaKTUBHOIO 3arpsA3HEeHN .

OCHOBHBIM TOCTOMHCTBOM IIpefi/I0’KeHHON MeTO-
TOJIOTUY OIIeHKMU pUCKA ABAAETCA IepeXof OT MHO-
Ke€CTBA HATYPHBIX M PacyeTHBIX [JJAHHBIX K MHTeET-
paJIbHBIM IIOKa3aTelnsAM, TO3BOJAIOINM CPaBHUBATH
OTIACHOCTD Pa3/NIMYHBIX COCTABAANIINX 3aTPA3HEHNA
OKpYy>Kaloleil cpefbl, ONTUMU3NPOBATh IPUHATHE
IPaKTUYECKNX pelleHNl B 06/1acTy OXpaHbl OKpyXKa-
oIIel cpefbl ¥ IJIAHMPOBAHNA NPUPOJOOXPAHHBIX
MEPONpUATUIL B pallOHaX pa3MelLeHNs paialliOHHO
OIACHBIX 0O'HEKTOB.

! TlocTaHoBNEHME IIpaBurenbctBa Poccuitickoit Penepanun ot
10 nrona 2014 1. Ne 639 «O rocyapcTBEHHOM MOHUTOPUHTE pajivaliy-
OHHOIT 06CcTaHOBKM Ha Tepputopun Poccuiickoit Penepanum» (pes.
or 23.03.2021 n 18.01.2022).
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1. MeToponorua aHanusa
paAvaLMoHHOro pucKa

MeTtoponorus aHanusa pucka, 00yCI0BIeHHOTO pajyio-
aKTVBHBIM 3aTrpsi3HEHMEM OKPY>Kalolileil cpefibl, OCHO-
BaHa Ha CIEAYIOLVX IpUHIMIAX (2, 3]:

o MHTErPaIbHOCTDb OL[EHKM — METOHO/IOTHS aHa-
JIM3a PUCKA SABJIAETCA COBPEMEHHBIM CPENCTBOM MHTET-
Pa/IbHOI OLIEHKM KaueCTBa OKPY>KaIOIell CPefbl;

o CUCTEeMHOCTb — aHAIMU3UPYIOTCS MHOXKECTBEH-
Hble IIyTH PafMalMOHHOTO BO3JECTBUA Ha IPUPOL-
Hble 0O'bEKTHI U YETOBEKA;

e HaJleXXHOCTDb (KOHCEPBATMBHOCTb) — B KayeCTBe
BXOJHBIX MCIIONIB3YIOTCSI 06001eHHbIE JAHHBIE PALU-
AIOHHOTO MOHUTOPUMHIA, HEJOCTAIONINE TaPaMETPhI
U3MEepSIOTCS JOMOTHUTEIBHO VJIU OLIeHMBAIOTCA C I10-
MOIIIBIO PAiMOIKOTIOTMYECKIX MOZesIelt, He JOIyCKalo-
I[UX 3aHIDKEHMeE OLJeHKI PUCKa;

 IpaKTUUYeCKas 3HAYMMOCTb — Pe3y/IbTaThl aHa-
NM3a PUCKA UCIOMB3YIOTCS /st 0O0CHOBAHUS IIPUHSI-
TUS pelIeHniT B 007IaCTI paUaliOHHO-9KOTIOTIECKO
6€30IacHOCTIL.

AHanus paguaIOHHOTO PKCKa BKJIIOYAeT B cebs
clepyomye aTamsl [3]: ngeHTUUKALN UCTOYHUKOB
PUCKa, aHA/N3 JAaHHBIX PafMAlMOHHOTO MOHUTOPUH-
ra U MOJEJIbHBIX OL[eHOK IepeHOCa PafUOHYKINLOB
B OKPY>KQIOLIel Cpefie, OLieHKa PajUal[iOHHOTO PUCKa,
KaTeropusanus (XapaKTepUCTUKa) pPUCKA, IPeCTaB-
JIeHJIe Pe3y/IbTATOB aHa/MN3a /sl YIPaBIeHNsI PUCKOM.
DyHKIMOHATbHAS CXeMa aHa/In3a PUCKa IPefCTaBIeHa
Ha puc. 1 [2].

KoHcepBaTMBHO NpeAmnonaraeTcsi, 4To MOTEHIINAD-
HO BCe PaiIOHYK/IN/BI, TIOCTYIIAIOIYE B OKPYXKAIOIIYIO
cpeny, MOTyT ObITb MCTOYHMKAMU pucka. B cooTBeTcT-
BUY C IPUHLMAIIOM CUCTEMHOCTY TI€PBOHAYAIBHO pac-
CMaTPUBAIOTCSI BCe BO3MOYKHbIE YT PAaRMALIOHHOTO
BO3[eIICTBUSA: HOCTYIUIEHNE PAANOHYKINOB B aTMO-
cdepy, BomHBIE 06'BEKTHI, TOYBY U 6MOTY B pe3ynbTare
BBIOPOCOB U COPOCOB, PaOAKTUBHOE 3arpsI3HEHUE
TepPUTOPUIL B pe3y/bTaTe NPeRLIeCTBYIOLIeI fesTeb-
HOCTY 0O'bEKTOB, B TOM YJIC/Ie B pe3y/IbTaTe pafgualiy-
OHHBIX aBapumil ¥ MHIUEHTOB, BO3SMOXXHOCTb pajua-
[[MOHHOTO BO3[EIICTBYS BCIENCTBYE TPAHCTPAHNYHOTO
[epeHoCca PafNOHYKINAOB.

Ha nocnepnyroimem srtare noaroraBnmnBaTcs 0606-
I[eHHble TaHHbIe I OLIeHKM PUCKA. AHAIN3UPYIOTCA
1 06001a0TCcs faHHble MOHMUTOpUHTA PocrupmpomeTa
U IPYTUX OPTaHM3ALUMIl O COfeP>KAaHNY PAXNOHYKIIN-
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Puc. 1. Cxema aHanmsa paguaiOHHO-3KOMOTTYECKOTO PUCKa

Figure 1. Scheme of radiation and environmental risk analysis

IoB B atMocdepe, 0YBe, BoAe U 6MOTe Ha M3ydaeMoil
TePPUTOPUN. BBIOTHAIOTCA CTaTUCTUYECKUE OL[€HKU
COflep>)KaHMA PAJVIOHYKNINOB B KOMIIOHEHTAX ITPUPOJI-
HOI1 CpeJibl, KOTOPBbIE B Ja/IbHENILIEM UCIIONIb3YIOTCA IS
aHa/IM3a pafiMallIOHHOIO PUCKa.

JIns HemoCTaIOMVX 3HaYeHMIT BXOJHBIX ITapaMeTPOB
BBITMIONIHAIOTCA OLIEHKM NPY IIOMOIIM KOHCEepPBAaTUB-
HBIX MOfie/iell, KOTOpble B COOTBETCTBUM C IPUHIIUIIOM
HaIe>KHOCTM He JOJDKHBI 3aHVDOKATh IOCHeNYIINX
OLICHOK puCKa. B crry4ae He0OXOAMMOCTY IPOBOAUTCA
IOIOTHUTENbHOE PAIMOIKOTIOTNIeCKOe 0OCIefoBaHe
TepPUTOPUIL.

Ha srane olLieHKM pUCKa OIIpeNenAI0TCsA BOSMOXKHbIE
My TU ¥ TPOJO/DKUTENbHOCTD paMalliOHHOTO BO3/el-
ctBusA. OLeHNBAIOTCS 3HAYeHNA ITapaMeTPOB MOJeIeit
aHa/M3a paJMallIOHHOIO PUCKA. BBIMOMHAIOTCA pacue-
ThI PMCKa C y4€TOM MHO>XE€CTBEHHBIX ITyTell pafinanu-
OHHOTO BO3MIENICTBHUS.

Ha sTamne xaTeropmsaunum pyucka Npou3BOAUTCA UH-
TepIpeTalus MOTYyYeHHBIX Pe3y/lIbTaToB, BK/IOYas Bbl-
SIBJIEHE OTPAaHMYEHUI U HEOIIPee/IEHHOCTEN UCIIO/Ib-
3yeMbIX Mojenell u BaHHbIX. CpaBHEHME OLleHeHHBIX
PUCKOB C IPYTUMMU CyLIeCTBEHHBIMU (peleBaHTHBIMU)
pUCKaMI Ha pacCMaTpUBaeMoll TeppUTOPUY, BKITI0Yas
PUCKY OT €CTECTBEHHOTO PAafMALIOHHOTO (DOHA, TAKKe
COCTaBJIfAeT YaCTh KaTeTOpMU3al[Uy pUCKa.

Energy Efficiency as a Measure of Ecological Risks

[eodumsnyeckmne gaHHele n Mogenu

3KonornyecKune AaHHbIe
[HammnuecKkre Moaenm NULLEBLIX Lienew
DaKTOopbl HaKoMNeHNA

MNapaMeTpbl /15 OLIEHKM [03bl
[lo3nMeTpudeckvie Moaenv

TMapameTpbl 471A OLEHKM pUCKa

Pe3ynpTaThl OLIeHKN pYICKa UCTIONB3YIOT IPY BBIPa-
6O0TKe 1 IPUHATUH PEIIeHNs] O CTENeHN CHIDKeHIS YN
Heo6XOMMMOCTI OrpaHMYeHNs pucka. [Ipuemaemslit
PUCK MOXXeT BBIPaXKaTbCA 4epes3 MIPOU3BOJHbIE Iapa-
MeTpBI, TaKle KaK JOIYCTUMas ye/lbHas aKTUBHOCTD
PajVOHYKIMJOB B KOMIIOHEHTaX NPUPOTHON CPefbl.
B mpomecce ympaBieHus HapsAy € OLleHEHHBIM PUCKOM
MOTYT YYUTBIBATHCA 9KOJIOTMYECKIe, SKOHOMUYECKIe
U conyiabHble (PaKTOPBL

YmpaBjeHue pUCKOM OCYILIECTBIAETCA C IOMOIIBIO
OCHOBHBIX IIPMHIUIIOB 0O0ecIedeHNs pafiMaliOHHO
6e30I1aCHOCTI: HOPMMUPOBAHN:A, 060CHOBAHNA U OITH-
Mu3anumn2,

PacueTHas oOljeHKa PaAMaIIOHHOTO PUCKA BBIIION-
HsIEeTCs Ha OCHOBE 000O6IIEeHHBIX TaHHBIX PAMOIKO-
JIOTY9eCKOT'0 MOHUTOPUHTA KOMIIOHEHTOB IIPYPOJHON
cpensl. B cooTBeTCTBMM C NPUHLMIIOM CUCTEMHO-
CTM — HeOOXOAVMOCTY y4eTa MHOXKeCTBEHHBIX ITyTell
PagMalMOHHOTO BO3/EICTBUA PacCMaTpPUBAETC S KaXK-
IbINT M3 HUX U OLIEHMBAETCA ero ponb B popMuposa-
HUU PUCKA.

[Tpu ompepmeneHNM OPUEHTUPOBOYHBIX YPOBHEN
pUCKa Ha HadaJbHOM 3Talle aHalM3a BO M3OexaHue

2 Hopwms! pagnannonnoit 6e3omacrocti HPB-99/2009. Cannrapasie

mpasuna u HopMaTtusbl CanllnH 2.6.1.2523-09. M., 2009. 67 c.
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3aHIDKEHNSA CTelleHU pafialllOHHON OMAacHOCTH, KaK
MpaBUIO, CIEeAyeT OPMEHTUPOBATHCA Ha OLEHKY pas-
YMHO 000CHOBaHHOTO MaKCYMaJIbHOTO BO3JE/CTBUA.
B xauecTBe Mephl yHenbHOI KOHLIEHTpAaLUU pajuo-
HYK/INJJa B KOMIIOHEHTe IIPUPOJIHOI CPeAbl B 9TOM CTy-
Jae PEKOMEHMIYeTCS MCIIOIb30BaTh 95%-HyI0 BEPXHIOI
TOBEPUTENbHYIO TPAaHUIy CPEIHETO 3HAYeHNA 3a Iepu-
off ycpenHeHys (0OBIYHO 32 TOX), WK 95-11 IPOLIEHTUIb
P HEM3BECTHOM THUIIEe CTATUCTUYECKOTO pacIpepene-
HUs1. B kagecTBe HOHOBOIT YAEMIbHO aKTUBHOCT pajiyi-
OHYK/IN/Ia B KOMIIOHEHTe IPUPOMHOI Cpefibl MpMHIMA-
eTCs ero CTAaTUCTUYECKN JOCTOBEpHOE MaKCUMATbHOE
cofiep>kaH1e Ha GOHOBOM y4acTKe, KOTOpOe He IIPEeBbI-
maetcs B 5% ciydaes [4].

CpenHaAA yhgenbHasA aKTMBHOCTb PajMOHYKIM[A
B KOMITOHEHTaX IPUPORHOI Cpefbl B 30He Habmiofe-
Huit (vm 50-J1 IpOLeHTU/Ib NIPU HEM3BECTHOM THIIE
CTaTUCTUYECKOTO paclpefie/ieHNsI) IPUMEHETCS B TeX
CITy4asx, KOTJia LIe/IbI0 aHa/lN3a ABJAETCA OleHKa IJIaB-
HoJI TeHAeHUMN. [Ipy OTCyTCTBUYM MMM HEJOCTATOYHO-
CTU IaHHBIX O COfIEP>)KaHMM PAJUOHYKINTOB B KOMIIO-
HeHTaX MPUPOAHOI Cpefbl BBINOMHAIOTCA MOJeNbHbIe
OLIEHKM C TOMOIIBI0 PAiYIO3KOIOTUYECKIX MOJIeTIelt.

IIpr ofHOBpEeMEHHOM HalIW4YUM B OKpY>Kamouien
cpefie HeCKOMbKMUX PafVOHYKINIOB PUCK PaCCUYMTHI-
BaeTCsA CHavasa [ KaXK/JOTO MCCIelyeMOTO PaJjuoOHY-
KJIMJa, 3aTeM J/Is CMecH B lLieloM. B ciydae HemocTa-
TOYHOCTY JAHHBIX MOXXeT OLleHMBATbCA PUCK KaK IO
OTZENbHBIM ITyTAM BO3ZENCTBUA, TAK ¥ CYMMapHBII, Ha
OCHOBE aHa/IN3a CIleHapueB MHOKeCTBEHHBIX ITyTell pa-
IVALVIOHHOTO BO3/IeMICTBUS.

CreHapuil Bo3[leiiCTBUA COCTABIAETCA UCXOAA U3
1enell OLeHKM pUCKA, Pe3yIbTaTOB pafiMaljlOHHOTO
MOHUTOPMHTIA, KOHIIENTYaAbHOM MOMENU UcCCIenye-
MOJl TepPUTOPUM U IIPefCTaBasieT co60it COBOKYII-
HOCTb (haKTOB, JOIYIIEHNUIT 1 IKCIIEPTHBIX 3aK/TI0UEHNI]
0 TOM, KakuM 00pa3oM IPOUCXOAUT BoszeiicTBue. OH
BKJIIOYaeT B cebs 00/ydaeMble KOHTMHIE€HTBI IIPUPOS-
HBIX 00BEKTOB VI HaCeleHNs, YCTIOBYS U Iy T pajyualy-
OHHOro Bo3peiicTBusA. Hanbomnee KOHCepBaTUBHbIE Clie-
Hapuy, N03BOJAKIINE IPOBECTY OPUEHTUPOBOYHYIO
OLIEHKY PMCKa C MICIIONTb30BaHMEM JAHHBIX MOHUTOPVH-
ra ¥ KOHCEPBaTUBHBIX MOJIe/IbHBIX OLIEHOK pacIipefiene-
HIA PAJUOHYK/INIOB B KOMIIOHEHTaX MPUPOJHON cpe-
Ibl, PEKOMEHJyeTCs UCTI0/Ib30BaTh Ha HAYa/IbHOM 3TaIle
ueHTUUKALINY MICTOYHIKOB PHCKa.
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HeompenenneHHOCTN B OIleHKaX PMCKA 3aBUCAT OT
HeOIlpeie/IeHHOCTY NaHHBIX MOHMTOPYMHTIA M MOJE/b-
HBIX OlleHOK. Hambonbmne HeolpemeleHHOCTH Xa-
PaKTepHBI [/ KOHCEPBATUBHBIX MOJENIEN, MCIOIb3Y-
IOIIMX B KayeCTBe BXOJHBIX JaHHBIX MHPOpMALMo 06
UCTOYHMKE PafMOaKTUBHOrO BbIOpoca man copoca.
Takme Mopen, Kak IpaBUIIO, ONMMCBHIBAIOT IIEPEHOC pa-
IVIOHYK/INIOB B KOMIIOHEHTAX NPUPOJHON CPeAbl CO
3HAYUTEIbHOI HEONpeaeNeHHOCThI0. Vicnonbsopanue
HEIIOCPE/ICTBEHHO JIAaHHBIX MOHUTOPVMHTIA MO3BOJIAET
CYIIECTBEHHO YMEHbIIUTD HEOIPE/IeIEHHOCTD OLEHKNU
PaguanoHHOTO PUCKa.

Pe3ynbTaThl OLIEHKY PMCKA UCTIONB3YIOTCSA AJIA CPaB-
HUTE/IBbHOI OLeHKY BO3[eiCTBUA Pa3INYHbIX (aKTO-
POB OKpy>Kaloliell Cpefibl Ha pasHbIX TEPPUTOPUAX,
B pa3Hble BpeMEHHbBIE NIEPUONIbI, B TOM YMCTIE [ OLIeH-
KI JIOJITOBPEMEHHOTO Pa/IMallIOHHOTO BO3/EiCTBIUA
IIYHKTOB pasMellieHNst i KOHcepBauuu ocobsix PAO Ha
OKPY>KaIOIIYIO CPERY.

B xauecTBe OCHOBHOTO 9KOJIOTMYECKOTO KPUTEpU
PaZuanMOHHOTO PUCKAa IPMHMMAETCA MaKCUMMAalabHO
TOIYCTMMAas MOIIHOCTD /I03bl, HEe IPUBOJAILAA K BO3-
HelcTBUIO Ha 3a60/1eBaeMOCTDb, Pa3MHOXEHIE U MPO-
HO/DKUTENTBHOCTD XXIU3HM OPTaHM3MOB GMOTBI, — IIpe-
Te/IbHO JOIyCTUMAsA pajgMalionHas Harpyska (IITJPH):
1 mIp/cyT mns MIEKONMTAIOUINX, TIO3BOHOYHBIX >KM-
BOTHBIX M COCHBI OOBIKHOBeHHOI Pinus sylvestris,
10 mIp/cyT pna pacTeHmit, KpoMe COCHBL, 11 6€CIo3Bo-
HOYHBIX YKUBOTHBIX [5, 6].

B cooTBeTCTBUM C IOCTY/IaTOM IOPOTOBOTO JECT-
BJ IOHU3UPYIOIIETO U3/TydeHUA Ha 0O'beKThI KUBOI
npupopsl npu Henpesbimienun IIJJPH coxpansorcsa
XKVMBYYeCTb HOMY/IALMI M BULOBOE pasHOOOpasye, AB-
NALIeecs OJHMM M3 BaXKHBIX MHTETPAIbHBIX apaMe-
TPOB 6MOTIYECKOrO COObIeCTBa KaK B €CTECTBEHHOM
COCTOSIHUMY, TaK 1 B YCTIOBUAX aHTPOIIOT€HHOTO BO3/Iel-
cTBUA. [lTaHHBIN apaMeTp XapaKTepU3yeTCs BBICOKON
COLIMAJIbHOM U 9KOIOTMYECKON 3HAYMMOCTbBIO, YyBCT-
BUTE/IbPHOCTBIO K MICTOYHNUKY PaJMallJIOHHOTO BO3Jeli-
CTBUA U ABJIAETCA, IO CYILIECTBY, CUHOHMMOM KauecTBa
OKpPY>KaIOLLleil Cpefbl.

B kadecTBe [JONOTHUTE/IBHOTO KPUTEPUA COfepKa-
HIe PaJVIOHYK/INZOB B KOMIIOHEHTAX IIPMPORHOI Cpe-
OBl OTPAaHMYMBAETCS YPOBHAMU, IPY KOTOPBIX IPO-
VICXOIUT UX IEPEXO], B KaTETOPMUIO PajMOaKTUBHbIX
OTXOfIOB.
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2. NMoKasaTenu oLeHKU pagnaLMoHHOIo
3KOJI0OrM4ecKoro pucka

JIJ1s1 OLleHKM PafiMO3KONIOTMYeCKolt 06CTaHOBKM MC-
HO/IB3YIOTCS CIefyIolINe T0Ka3aTeNnu paguanioHHOIO
9KOJIOTMIECKOTO PICKa:

o MHJEKC 9KOJIOTMYECKOTO PUCKA — OTHOIIEHIE
MOII[HOCTH O3Bl O0/Ty4eHNs IIPEeACTABUTENIBHBIX Opra-
HusMoB k ITIJJPH (6e3pasmepHbsiii);

o VHTETPAJbHBIl IIOKa3aTeNb 3arpsA3HeHNs IIpU-
popHoIt cpepipl (II0OYBa, BOJA, JOHHbIE OTIOXKEHMs, aT-
MocepHBIIl BO3[YX), IPeACTaB/IAIILNIL CO00IT CyMMy
OTHOILIEHNII COfeP>KaHMsI PASMOHYK/INOB B IPUPOJ-
HOJ Cpefie K UX KOHTPOJIBHBIM YPOBHSM, PaCCUUTAH-
HBIM Ha OCHOBE YKa3aHHBIX KPUTEPUEB B COOTBETCTBUU
¢ pekoMeHpauysmu [7—11];

 06001IeHHDIIT TIOKa3aTelb PUCKA B UCCIIEyeMOM
paifoHe ¢ y4eTOM IIPOCTPAHCTBEHHOTO MacIITaba, mpo-
JO/DKUTENBHOCTU U VHTEHCMBHOCTHU PafUaLlIOHHOTO
BO3JeNicTBuUA [12—14].

VHpeKc SKOMOTMYeCKOTro PYCKa pacCINTHIBACTCS IO
dopmyre

__b 1)
T/IPH,

r7ie D, — MOITHOCTD J103bI 06My4enus i-ro pedepent-
HoOro opranusma, MIp/cyT, onpepnensiemMas B COOTBET-
crBunu c [5, 6, 15]; IIIPH; — npeziennbHo flomycTumas
pajMalnMOHHAs HarpysKa /s i-ro peepeHTHOro opra-
HusMa, MIp/cyT.

B xauecTBe pedepeHTHBIX BEIOMPAIOTCS CIERYIOLINe
opraHm3Mmsl [6]: moYBeHHBIE 6ECIIO3BOHOYHBIE, Ha3EM-
Hble MJIEKOIIMTAIOLINe, TPaBAHUCTAsA PACTUTENBHOCTD,
IepeBbs, MTUIBI, 3¢MHOBORHBIE, MAaKPOBOLOPOCIN,
pbiba (menmarmyeckasi M MPUJOHHAS), OEHTOC, BOJHBIE
MJIeKonuTamoumue. [I1d KoHcepBaTUBHON OLLEHKM B Ka-
YeCTBE ITOKA3aTeNs 9KOTIOTMIECKOTO PUCKA BHIOMpPAeTCs
MaKCUMMaJbHbI U3 paccunTaHHbIX VIOP.

[TpencTaBieHHBINI METOJ, OLIEHKM PUCKa OT paju-
aIlMIOHHOTO 3arpsi3HEeHMs KOMIIOHEHTOB IIPUPOSHOI
cpensl apoOMpPOBaH /IS LIMPOKOTO KPyra 0OBEKTOB.
B kauectBe mpumepa paccmorpum OnbXoBCKOe 60710-
TO, B KOTOpPO€ 4Yepe3 MCKYCCTBEHHBIN KaHajl Ha IIPoO-
TSDKEHIM Bcero mnepuopa paborer bemosipckoit ASC
OCYVILeCTBAAETCA LITATHBIN COPOC pajyoakTUBHBIX
BeiecTB. ONbXOBCKOE HOIOTO 3a/iep>KMBaeT pafUOHY-
K/IMABL ¥ yMEHblIIaeT ux nonaganue B p. [Ibimmy. Tep-

Energy Efficiency as a Measure of Ecological Risks

puropust OnbXOBCKOTo 60/10Ta BKIIOYEHa B CAHUTAPHO-
3aIUTHYIO 30HY bemosapckoit A9C, ee X03A/CTBEH-
HO€E M/IM PEeKpealjiOHHOE VCIIONb30BaHMe HaceleHIEM
uckimoyeHo. OIbXOBCKOe 6OIOTO ¢ BBITeKAOell U3
Hero p. ONbXOBKOI AB/IAETCA €IUHCTBEHHBIM Y4aCTKOM
B paitoHe pacnonoxxkeHns bemosapckoit A9C, B KoTopoM
IIpeBBbINIeHBI (POHOBBIE 3HAUEHNUA B IIOBEPXHOCTHON
Bogie, bx/m: 1,1 - 1072 ma 1¥Cs, 1,6 - 1072 — 2°Sr. Cym-
mapHas akTuBHOCTb '¥’Cs n ©°Co B moHHBIX OT/IOXKE-
Huax ouenuBaetrca 0,2 Thk u 2,4 'bx cooTBeTCTBEHHO
(16, 17].

JlHaMuKa MOIIHOCTH O3Bl OO/Ty4eHNs IPeACTaBu-
Te/IbHBIX BU0B ObXOBCKOII 00IOTHO-PEYHOI 9KOCHC-
tembl B 2000—2020 rr. mokasaHa Ha puc. 2. Haubons-
1Iasg 3a pacCCMOTPEHHBIN IEPMOJ, BpPEMEHY MOUJHOCTD
Io3bl 0067y4eHus oTMedanach B 2004 r. s mpexncra-
BUTETbHBIX OPraHM3MOB OHA JOCTUTa/a CAEAYIOIUX
sHavenmit, MIp/cyt: 0,025 — 606p, 0,019 — TpOCTHUK,
0,017 — narymka, 0,016 — yrka, 0,015 — npygoBuxk,
0,012 — mBa K03bs. Bxyag BHyTpeHHero o6mydeHus
B MOIIHOCTb JJO3Bl COCTaBnsAeT, %: 59 — 606p, 28 —
MBa KO3bd, 21 — yTKa, 20 — TPOCTHUK, 14 — jIATyIIKa,
0,1 — npynoBuK.
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Puc. 2. MOLIHOCTD [{03BI 00/Ty4eHN MPEfCTaBUTETbHBIX
OpraHN3MoOB OnbX0BCKOI 60HOTHO-PC‘IHO]7[ 9KOCUCTEMBI:
1 — uBa K03bs1; 2 — NPYROBUK; 3 — yTKa; 4 — NATYLIKA;
5 — TpocTHHK; 6 — 606D

Figure 2. Radiation dose rate of representative organisms of the
Olkhovskaya swamp-river ecosystem: 1 — goat willow; 2 — pond;

3 — duck; 4 — frog; 5 — reed; 6 — beaver
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Puc. 3. InHaMnKa MHAEKCa 9KOIOIMYECKOTO pUCKa JJIsd
Ha3eMHOTro0 MIeKonuTamwiero (6o6pa) OmbxoBCKoIt
60/I0THO-PEYHOI IKOCUCTEMBI

Figure 3. The dynamics of the radiation risk index for a terrestrial
mammal (beaver) of the Olkhovskaya swamp-river ecosystem

Hambornee BbICOKMIT MOKa3aTenb PUCKa U3 BCEX
IpeNCTaBUTENbHBIX OPraHu3MoB akocucremst (0,1—
0,25) oljeHeH A/ Ha3eMHOTO MIeKomuTamolero 606pa
(cM. puc. 3). 9to 0b6ycnoBIEeHO KaK Haubosee BbICO-
KOVl MOLIHOCTBIO 1035l 06nyuenus *’Cs mo cpasHe-
HUIO C APYTVMMU NPeACTABUTENbHBIMU OPraHM3Ma-

Ecological Risk  Issues of Risk Analysis, Vol. 20, 2023, No. 3

MU, Tak U Hanbojmee HUSKUM HOIYCTUMBIM yPOBHEM
MOIIHOCTH [{03BI [iIs1 MIeKOUTamux (cMm. puc. 2).
MakcuManbHblil TOKa3aTeNlb pUCcKa A1 APYTUX NIpel-
CTAaBUTENIbHBIX OPTraHu3MoB oTMedasnca B 2004 1., co-
craBas, 1072: 1,7 mis narymku, 1,6 — ytku, 0,15 —
npypoBsuka, 0,19 — tpocrtauka, 0,12 — uBBI KO3beIl.
B 2020 r. mokasaTenb pUCKa BapbMpOBal B Auamna3o-
He ot 5,8 - 107 (uBa x03bs) mo 1,2 - 107! (606p). Ha
NPOTSA>KeHUU Bcero nepuoga spemenn 2000—2020 rr.
IOKasaTenb pucka ais 6muotsl OnbX0BCKOM 60I0THO-
peYHOIl 9KOCUCTEMBI OCTaBaJICA HIKe eSVUHUIIBI, YTO
MO3BOJIAET NPEAIIONOXNATh OTCYTCTBYUE JeTEPMUHMN-
pOBaHHBIX paguobuonorndeckux 3¢gdexros, 06ycmos-
JIEHHBIX PaJiMlOaKTUBHBIM 3aTrpsA3HEHVEM TOHHBIX OT-
noxxeni [16].
VHTerpanbHbIll TOKa3aTeNlb 3aTPsA3HEHUs paiMOHY-
K/IM/IaMU PAcCUUTBIBACTCA 1O POPMYTIe
U3 = Zi, ()
i

k

i

rie A; — yjenbHas aKTUBHOCTb i-TO PajiMOHYK/IN-
Ia B BOJie, JOHHBIX OT/IIO>KEHUAX, IT0YBe, bK/KT CBIpOt
Macchl, aTMOC(EepPHOM BO3AyXe, Bx/M3; Aki — KOHTp-
OTIbHBINI YPOBEHDb YZE/NbHOI aKTUBHOCTHU i-TO Pajyo-
HYK/INJA C YIeTOM 3KOJIOTMYECKOTO ¥ pafiMal{IOHHOTO

CpeuHV]e 3HaveHnA

—ll— MaKcvMarbHble 3HaYeHVA

0,6
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Puc. 4. Cpegaye n MakcuManbHble sHadeHus1 VIII3 st 3arpsA3HEHHBIX YYaCTKOB B OKPECTHOCTSIX HAaCeTeHHbIX
nyHKToB Topaeesckoro paitona Bpauckoii o6mactu B auHamMuke 1986—2020 rr. (*B 1986 1. naHHbIe 32 Mail — AeKa6pb)

Figure 4. Average and maximum values of ERI for polluted sites in the vicinity of settlements of the Gordeyevsky district of the Bryansk region in

the dynamics of 1986—2020 (in 1986, data for May — December)
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Ta6muma 1. OneHka MHTETpaTbHOTO MOKA3aTeNA 3arpA3HEeHNA Ha TePPUTOPIN AaBaAPUITHOTO YepHOOBIILCKOTO cIefa

B Poccun (mo ganabiv Ha 2020 1.)

Table 1. Assessment of the integral indicator of pollution on the territory of the Chernobyl accident trail in Russia (according to data for 2020)

06nacTb/PaiioH WN3 (cpeaHwit)
BpaHckan
[opaeeBcKkuin 0,13+0,02
3MbIHKOBCKMIA 0,17 £ 0,03
KnuHUoBCKUiA 0,08 +0,02
KpacHoropckun 0,12+0,04
HoBo3bI6KOBCKMI 0,18 +0,02
[y6poBcKuii 0,0027 + 0,0006
Kanyckaa
Hu3gpuHCKnin 0,031 + 0,006
YNbAHOBCKUM 0,049 + 0,005
XBacToOBUYCKUIA 0,024 + 0,006
Boposckuin 0,0014 + 0,0005
TynbcKkaa
ApCceHbeBCKMI 0,048 + 0,003
Benesckuit 0,024 + 0,005
[naBcKuin 0,054 + 0,009
3a0KCKUI 0,0021 + 0,0004
OpnoBcKas
BonxoBcKuin 0,034 + 0,003
YpuuKuin 0,015+ 0,002
HoBropoackas 0,0042 + 0,0006

UM3 (MakcuManbHbIi) Bknapg B UN3 37Cs, %

0,32+0,04(1,9) 96
0,45+0,09(1,3) 92
0,22 + 0,04 (0,87) 95
0,27 £ 0,05 (2,9) 92
0,45+0,10(2,1) 96
0,005 + 0,001 91
0,065 + 0,012 (0,20 86
0,086 + 0,009 (0,28) 93
0,072 +0,017 (0,21) 89
0,0023 + 0,0007 80

0,085 + 0,005 (0,25) 92
0,051 + 0,009 (0,35) 84
0,11+0,04 (0,53) 89
0,0054 +0,0019 0
0,052 + 0,005 (0,16) 77
0,026 + 0,004 (0,09) 95
0,0075 +0,0015 84

HpMMeanI/[e. B cko6kax MakcuManbHble 3HaueHus VI13 Ha moKaabHbBIX Hanboree 3arpA3HEHHDBIX Y9aCTKaX.

kputepues. [Ipu VI3 < 1 BBIIONTHAETCA yCIOBUE CO-
XpaHeHN 6/1aronpuATHON OKPY>KaloIllel Cpefibl.

B menax oneHKM KauecTBa OKpY>Kalolleil cpefibl 1o
YPOBHIO aKTMBHOCTM PaJVIOHYK/INUTOB Ha TePPUTOPUN
aBapUITHOTO YePHOOBUIBCKOTO Cllefia ObIIN paccunTa-
HBI CpefiHMe U MaKcuMajbHble 3Hauenus VI3 (puc. 4,
Tabm. 1) [18].

CornacHo pacyeTHBIM OLl€HKaM, MHOTOJIETHAS [IU-
HaMuka usMmeHenuit VI3 xapakrepusyeTca nocremnen-
HBIM CHIDKEHJEM, B OCHOBHOM OOYC/IOB/IEHHBIM IIPO-
IjeccaMM pajiju0aKTUBHOTO pacHajia YepHoOBUIbCKUX
paanonyKnmnaoB. MakcumanbHuble yposau VII3 umenn

MecTo B Mae — jekabpe 1986 r. Habmogaercs cyue-
CTBEHHasA HEOJHOPOJHOCTD B pacupenenervu VI3 no
TepPUTOPUM aBAPUITHOTO C/Iefia I PasIM4HbIX 00/a-
CTel1, a TaKKe B Ipefenax ofHoit obmactu. Hanbonee
BbICOKMe 3HaueHusA VIII3 oTMedanTcsa Ha TeppuUTOpUM
Topneesckoro, 3nbiHKOBCKOTO, KnuHnosckoro, Kpac-
Horopckoro 1 HoBo3bI6KOBCKOro paitoHoB BpsHckoit
obmactu. 3navenns MII3 B aTux paitoHax B CpefHEM
B 30—70 pas Bblllle, 4eM B Majo3arpsasHeHHoM J]y6-
POBCKOM paifoHe 3Toit ke obmactu. B HacTosmee Bpe-
M 3HaueHM: V13 Ha Tepputopum 3TUX NATU PaliOHOB
B 2—12 pas Himxe [18].
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B ormuune ot bpsHCckoit 06macTy AIA APyrUx 06-
JIacTell Ha TepPUTOPUM aBapUITHOTO YepHOOBIIBCKOTO
cnefia He Habmogaercs npesbienye IIJJPH paxe Ha
MaKCHMMAaJIbHO 3arpsA3HeHHBbIX yyacTKax. B Kamyxckoit
u Tymbckoit obmactsax 3HadeHus1 VII13 B Haubornee 3arpsis-
HEHHBIX palioHax B 10—40 pas HibKe 6€30I1aCHOTO ypPOB-
HA, a B MaJI03arpsA3HeHHBIX panioHax — B 200—700 pas.
Bxnan 1¥’Cs B UT13 — 80—93%. B Opnosckoit o6mactn
sHavyeHus: VII3 B sarpsAsHeHHbIX paitoHax B 20—70 pas
ke IIJIPH, sxnag ¥7Cs B VIII3 — 77—95%. B mano-
sarpssHenHoit HoBropozckoit o6mactu MII3 B 100—200
pas HipKe HesomacHoro Ajist 61oTs ypoBHs [18].

PesynpTaThl pacueToOB MHTErpaabHBIX IIOKa3aTenen
3arpsA3HEHM TeXHOTEHHBIMY PafMOHYK/INIAMM BOJBI
U TOHHBIX OTIOKeHMI1 Kapckoro Mops npefcTaBieHbl
B Ta6I. 2.

V3 1abi. 2 BUOHO, 4TO Bce 3HaueHus VMII3 MeHb-
me 1. IToxasaTenp 3arpsA3sHeHNA BOJBI PafUOHYKIIN-
oaMu B iepuof ¢ 1992 nmo 1996 r. coctaBun 8,56 - 1074,
B 2004—2012 rT. 9TO 3HaYeHMe CHU3U/IOCH B 3 pasa
u coctaBuio 2,68 - 1074 ITokasarenb 3arpAsHeHU JIOH-
HBIX OT/IOXkKEHMIT B 1992—1996 rT. coctasun 1,40 - 1073,
a B 2004—2012 rr. ymenbmuica B 1,5 pasa. OTHOCHK-
Te/IbHble BK/Ia/Ibl PalMIOHYKINIOB B MHIEKC 3arpssHe-
HIA BOZIbI ¥ JOHHBIX OT/I0OKeHmiT Kapckoro Mops B pac-
CMOTpEHHBIE NTEPMOMbl BpeMEHY HaXOAVIINCh ITpUMeED-
HO Ha OJHOM ypoBHe [19].

Hapany c pacuyeToM MHTerpanbHOTO NOKa3aTens
Ha 3arpsASHEHHBIX YY4aCTKaX OLleHMBAIOTCA (HOHOBBIE

Ecological Risk  Issues of Risk Analysis, Vol. 20, 2023, No. 3

3HaueHUs, 10 JAHHBIM MOHUTOPMHIA, HA KOHTPOJIb-
HOM y4YacCTKe 3a IIpefie/laMy 30H BIUAHMA pafiMallyiOH-
HBIX 00'BEKTOB, BHE 30H BO3/Ie/ICTBMs pafiMaljIOHHBIX
aBapuil, IOBBIIIEHHBIX BBIOPOCOB U COPOCOB paguo-
aKTUBHBIX BeIIeCTB B COOTBETCTBUM C peKOMEHJaII-
amu [4].

B 1enax MHTerpanbHON OLIEHKM PafjMO9KOIOTNYe-
CKOJ1 06CTaHOBKM pafMal{MOHHOE BO3/Ie/ICTBIE Ha TIPH-
POLHBIe 00BEKTHI MACIITAOMPYETCS C YIeTOM PEKOMEH-
maumii (4, 5]:

* HEJONYCTMMOE BO3JielICTBME, IPU KOTOPOM [03a
00Ty4eHNs IPefCTaBUTEIbHBIX OPraHU3MOB IIPEBbI-
nraeT Ge30IacHBI YPOBEHb (MH/IEKC SKOIOTMYECKOTO
pUCcKa 607bliie VI paBeH 1), Wy MHTEerpalbHbIi TOKa-
3aTeNb 3arpsA3HeHNus OOJbIle VI PaBeH 1;

o 9KOJIOTMYECKN IIpHUeMIeMoe BO3[eliCTBMe, IPU
KOTOPOM [103a 00/IyueHNs MpeACTaBUTENbHBIX Opra-
HU3MOB He MeHee 4eM B 10 pa3 Hmxe IIJIPH (numexc
9KOJIOTMYECKOTO pucKa MeHblre 0,1), Iy MHTeTpasb-
HBIJI ITOKa3aTe/lb 3arpsAsHeHn: Mmenbiue 0,1;

 (OHOBOE BO3JEIICTBHUE, IIPY KOTOPOM H03a 007Iy-
YeHMs NPpefCTaBUTENbHBIX OPTaHNM3MOB 3HAYMMO He OT-
MYaeTCs OT pafUaiOHHOTO QoHa.

Pe3ynbTaThl OLlEHKM PafjO9KONIOIMIeCKOil o6cTa-
HOBKM MCIIONIb3YIOTCA IpM BBIPAOOTKe U NPUHATUU
pelleHns o IpOoBefeHNN IPUPOJOOXPAHHBIX MEPOIIPU-
Atuii. IIpu pagrallOHHOM BO3JeiICTBUM HIDKe 3KOJIO-
TUMYECKY TIPMEeMIEMOTO He TPeOYITCs IPUPOSOOXpaH-
Hble MepONpHUATHUSA i obecriedeHNs pagualiOHHOM

Ta6mmua 2. 3HaueHNA MHTEIPATbHBIX IIOKa3aTeiell 3arpsA3HeHN:A BObI M JOHHBIX oTIoKeHmiT Kapckoro mops

TEXHOT€HHBIMHI PaTVMOHYKINTAMNI

Table 2. Values of integral indicators of pollution of water and bottom sediments of the Kara Sea by technogenic radionuclides

KomnoHeHT 1992—1996 rr. 2004—2012 rr.
mn3 BKJ1Ia[ pafvoHyKIMAa mn3 BKJ1Ia[ pagvoHyKIMAaa
Boga 8,56 - 107 37Cs (18%) 26810 137Cs (10%)
%05y (206) 90Sr (3%)

239,240Pu (1 5%)
241Am (65%)

[OHHble OTNOMeHNA 1,40- 103

239,240Pu (1 3%)
261 Am (73%)
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137Cs (12%)
0Sr (2%)

23820py (9%)
241Am (78%)
9,05- 10 137Cs (10%)
0Sr (19%)
238240p, (129%)

21Am (77%)
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6e30I1acCHOCTY OKpY>Kaloleit cpembl. Ecu nHpekc ako-
JIOTMYECKOIr0 PUCKa MM MHTETPa/JbHbIN IIOKa3aTelb
3arpsA3HEHM NPEBbIIIAET YPOBEHb 9KOIOTMYECKN MpU-
€MJIEMOTO BO3/e/ICTBIA, HO OCTAeTCA MEHblle YPOBHA
HeJIOIyCTUMOTO BO3JefICTBUA, PEKOMEHAYIOT [OIOI-
HUTE/IbHbIE MICC/IElOBAHNA [JIS1 CHVDKEHUsS HeoIlpefe-
JIEHHOCTY OLIEHKM PAINOIKOIOTNIECKOIT 06CTAaHOBKIL
ITpu npeBpIIeHNN YPOBHA HELOMYCTUMOTO BO3JENCT-
BMA OLIEHVBAeTCs HEOOXORAMMOCTD IPUPOLOOXPAHHBIX
MEepPOIPUATHUIL C yUETOM 3KOTIOTMYECKUX, TEXHOIOTYe-
CKMX 1 9KOHOMIYECKMX PaKTOpOB.

[Tokasarenu GpOHOBOrO paiNaliMOHHOTO BO3MEIICT-
BUSA VICTIONIb3YIOTCSA JISl OLeHKY BAMAHMA IPUPOJHBIX
U TEXHOTE€HHBIX (DAKTOPOB Ha PajiM03KOTOTNIECKYIO
00CTaHOBKY IIyTeM COIIOCTAB/IeHMsI PaCYeTHBIX OLJeHOK
MHJIeKCa 9KOJIOTMYECKOTO PMUCKa /MUY MHTEIPaabHOTO
[I0KasaTesis 3arpsisHEHMsI B MCCIIElyeMOM partoHe ¢ ¢o-
HOBBIMMU 3HAYEHUSMI.

3. MNopApoK oueHKH 0606L1eHHOro
nokasaTtens pucKa

C y4eToM OIIBITA OIIEHKM BO3ZENCTBUA Ha OKPYXKalo-
LIYIO CPEAly XO3AVCTBEHHOI IeATEIbHOCTY IIPY OIIpefie-
neHny 0600IIeHHOrO T0Ka3aTe sl PYCKa IPUHIMAIOTCS
BO BHMMaHIE IIPOCTPAHCTBEHHBII MAcIITa6, IPOKOII-
JKUTENBHOCTD VI MHTEHCUBHOCTD PAJMALMIOHHOTO BO3-
mevicteus [13, 14, 20, 21].

Pacyer npoBoauTcs mo popmyrne

OP=A, -A, -VPB 3)

e A, — K09 QUIVIEHT, YIUTHIBAIOMIMNIT IIPOCTPaH-
CTBEHHBIJI MaclITab 3arpsAsHeHNs TeppuTopuy, 6am;
Ay, — K03 ULNEHT, YYNTBHIBAOIINIT BpeMeHHOI Mac-
mTab pafgManiOHHOTO BO3ENCTBIA, 6as; NPB; — mo-
KasaTe/lb MHTEHCUBHOCTHU PajMallIOHHOTO BO3TeiCT-
BT, 6.

[IpocTpaHCTBEHHBII MacuITab pajMalliOHHOTO
BO3/IeVICTBUA OIpee/NAeTCsA Ha OCHOBE TaHHBIX MOHM-
TOPMHTA, MOJIe/IbHBIX M/IM SKCIEPTHBIX OIIEHOK IO CIe-
AYIOIVIM KpUTEePUAM:

* JIOKa/JbHOE BO3feiicTBME HA IPUPOAHYI0 Cpefy
B paliOHe pasMellleHNsA, CAHMTaPHO-3aIIUTHO 30He pa-
AMAIMOHHOTO 00'beKTa WM Ha TePPUTOPUM IIOMIA/IBIO
1o 10 km?, AIIp =1;

e MeCTHOe BO3JleliCTBMe Ha IPUPOJHYI0 Cpefy
B 30He HabIIOfleHNIT paiuallMOHHOT0 06beKTa VI Ha
TeppUTOPUY TIOWA/bIO 10 100 kM2, AL=2

Energy Efficiency as a Measure of Ecological Risks

o pEernoHanbHOE BO3MIENICTBME 3a IpefeIaMy 30HbI
HaOJII0eHU pafiualIOHHOTO 00'beKTa WM Ha Teppu-
TOpUM IIOLAZbI0 cBbiie 100 KMZ, AHp =3.

BpeMmenHoIT MacmTab pafuanoHHOTO BO3MIENCT-
BJS OIpeNleNsAeTCA Ha OCHOBE JJAHHBIX MOHMTOPMHTA,
MOJIeTTbHBIX VI 9KCIIEPTHBIX OLIEHOK II0 C/IefyIOINM
KPUTEPUAM:

o KPaTKOBPEMEHHOE BO3JeJICTBIE IPOJO/KUTEND-
HOCTBIO He 6ortee 1 Mecsana — 1 6ar

 BO3JIENICTBYE NPOJOKUTETPHOCTBIO He boyee
1 roga — 2 6aina;

« BO3[elICTBME HPOLO/KUTENBHOCTHIO Oosee
1 roga — 3 6amna.

VIHTeHCMBHOCTD pajMaIMOHHOTO BO3JeiCTBMA
oIlpefieNAeTCs Ha OCHOBE PAaCYETHBIX OIIeHOK (POHOBBIX
¥ MaKCMMAJIbHBIX MHJEKCOB PafjMallIOHHO HAIPy3Ku
MM MHTETPabHbIX NTOKa3aTennell 3arpA3HeHN 110 JaH-
HBIM MOHMTOPJVHTA PaJUAIIOHHOI 0OCTAaHOBKM 1 MO-
HEeNMPOBaHNA IO CIERYIOUM KPUTEPUAM:

o HE3HAUYMTETbHOE BO3MENICTBYUE NIPU MHIEKCE pa-
JAMALMOHHONM HarpysKy MM MHTErpaabHOM IOKasaTe-
7ie 3arpASHEHM A, KOTOPble He OTIMYAIOTCA 3HAUYMMO OT
¢hoHa, ompenensIeMoro 1o JaHHBIM HAOTIOEHNUIT B COOT-
BeTCTBMM C [4] KaK 95-11 IpOLEHTNIb, HA TePPUTOPUN
BCell 30HbI HaO/TI0IeHNIT;

o cmaboe BO3IeNICTBYE IIPU UHJIEKCe pafiyaliiOHHO
HarpysKM MIM MHTETPAIbHOM ITOKa3aTelle 3arpASHeHNs
meHee 0,1;

e yMepeHHOe BO3JieliCTBIE IPU MHIEKCEe pafMal-
OHHOJI HarPy3KM M/IM MHTEIPajJbHOM IIOKa3aTese 3a-
I'pA3SHEHNA MeHee 1;

o CUIbHOE BO3JIE/ICTBME NPU MHJEKCE pajualiOH-
HOJi Harpy3Ky WIM MHTErPaIbHOM IIOKasaTesle 3arpss-
HeHMsA, 60IbIlle MM PaBHOM 1.

[Toxasarenyu pafuo3K0OIOrNIecKoil 06CTAHOBKI IIPH
CKPVMHIHTOBOJI OLIeHKe PeKOMEHJyeTCs ONpeenaTh Ha
TEPPUTOPUU 30HBI HABGMIOIEHNIT C Hanboee BBICOKOI
YIENTbHOI aKTUBHOCTBIO TEXHOT€HHBIX PaJVIOHYK/IVOB.

B cooTBeTCTBUMM C MOCTY/IATOM IOPOTOBOTO JEii-
CTBUSA MOHU3UPYIOLeil pagyanyy Ha 0ObeKThI XMUBOIL
mpuponsl [5, 6, 22—24] MHTEHCUBHOCTD PafUaIIOH-
HOTO Bo3geiicTBuA npu npesbimenuu IIJIPH, 1. e. mpu
VMHJIEKCE SKOJIOTMYECKOTO PUCKA MM MHTErPaJlbHOM
II0Ka3aTesle 3arpA3HeHMs1, OOIbIIe VIN PaBHOM 1, ckau-
K006pa3Ho Bo3pacTaeT o 30 6amnos, B 10 pas Bble
110 CPAaBHEHUIO C CUTYyallyell YMEPEHHOTO BO3JECTBIA
(Tabm. 3).

19



HayuHana ctatbA

Puck akonornyeckui

MpobneMbl aHanusa pucka, Tom 20, 2023, N2 3

Original Article

Ecological Risk

Ta6mmua 3. Illkana oleHKM MHTEHCUBHOCTH PagVIAIlIOHHOTO BO3[EIICTBIS Ha IPUPOJHYIO CPERY

Table 3. Scale of assessment of the intensity of radiation exposure to the natural environment

BosgeiictBue

HesHauntensHoe

Cnaboe

YMepeHHoe

CunbHoe

MHTeHCcMBHOCTL pafnaLMoHHOIro BO3AEUCTBUA

/3MeHeHA B NpupoaHol cpee He NpesbiLLaioT
rpenesbl eCTeCTBEHHOM U3MEHUMBOCTM

npeBbILLIa}OTCH npeaensl ﬂpl/lpOﬂHOVl M3MEeH4YMBOCTH,
npupoaHaA cpena rnosIHOCTbio CaMOBOCCTaHaBIMBaeTCA

B03MOMKHbI HapYLLEHWA OTHENbHBIX SKOM0ro-
dM3MONOrYecKUx NapaMeTpoB, NpUpoaHas cpeda
COXpaHAET CroCOBHOCTL K BOCCTAHOBNEHMIO

B03MOMHbI 3HAUNTETbHBIE HAPYLLIEHUS OTAEMBHLIX
KOMTMOHEHTOB MPUPOAHOM Cpefbl, BUOOBOro
pasHoobpasuA, NMoTepsA CrnocobHOCTY NPUPOAHON cpeds
K BOCCTaHOB/IEHMIO

MHpeKc sKonorn4eckoro puvcKa nnn
VIHTEI'pa)'IbeIVI NoKa3saTesib 3arpA3HeHnA

He OTNn4aeTcA oT ¢OHOBbIX napamMeTpoB Ha BCENn

TeppUTOPMM 30HbI HABNIOOEHMIA

MaKcvManbHbI MHAEKC 3KONMOrMYeCKoro prcka
WM MHTErPaibHbIA NMOKa3aTelb 3arpA3HeHUA
meHee 0,1

MaKcManbHbIN MHOEKC 3KONOMMYECKOro pUCKa
WM MHTErpasibHbIV MoKasaTesb 3arpA3HeHus
MeHee 1

MaKcrManbHbIN MHOEKC 3KONOMMHECKOro pUCKa
WM MHTErpasnkHbIv MoKasaTesb 3arpA3HeHusA
6onblue WM paseH 1
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Ta6muua 4. [lTkana oIeHKN PagMo3KOTOTNYeCcKOoil 00CTaHOBKI U HeOOXOXMMOCTY IIPHPOFOOXPAHHBIX MEPOIPUATHIA

Table 4. Scale of assessment of the radioecological situation and the need for environmental measures

He TpebyloTca NprposooxpaHHbie MeporprATHA No obecrevyeHmWio paavaLm-
OHHOW 6e30MacHOCTV OKpYXKaloLLe cpeabl

OueH1BaeTCA BAMAHME MPUPOIHLIX M TEXHOMEHHLIX PaKTOPOB Ha PaaMaLMoH-
Hyl0 06CTAHOBKY TEPPUTOPMM MyTeM COMOCTaBNEHNA C YOHOM

PeHOMeHﬂyKJTCH A0NoHUTeNbHbIe NCCNeaoBaHWA Mo CHUMeHWIO Heonpeae-
NIEHHOCTM B OLIEHKE PaanN03K0s10rM4YecKomn 06CTaHOBKM

BospenctBue 06061LeHHbIV MoKasaTesb pucka PekoMeHaauuu
Ha paguo3KosIorMyecKyio
06CTaHOBKY
He3HauntensHoe OrP <10
(0OnP,<0,33)
Cnaboe 10<0MP <20
(0,33<0MP, <0,66)
YMepeHHoe 20<0rMP <30
(0,66 <0MP,, < 1,00)
CunbHoe OrP = 30

(orp,, =1,00)

OueHvBaeTCs HeO6X0AMMOCTL MPUPOLOOXPAHHLIX MEPOMPUATUIA C Y4ETOM
3KOTOMUHYECKMX, TEXHOMOMHECKMX 1 S3KOHOMUYECKVX GaKTOpPOB

[pumeyanue. OITP — snauenne OITP, HopmuposanHoe Ha 30 (MaKCMMaTbHYI0 MHTEHCUBHOCTD PafIMallIOHHO-

T'O BO3JIENICTBIUA).

B nensax mHTepnpeTanuu 06006I1eHHOTO MoKasaTe-
JIs1 PUCKa [/IsI MHTETPabHON OLIEHKM paiyalMiOHHO!
006CTaHOBKM C y4ETOM IIPOCTPAHCTBEHHOIO MaciiTaba,
IPOKO/DKUTENBHOCTY ¥ MHTEHCUBHOCTM PagyMalMioH-
HOTO BO3JEIICTBYISI Ha IPUPOFHYIO CPeRy UCIIOIb3yeTCsI
IIKaja, IpuBeieHHas B Taom. 4 [13].

O60011eHHBII IOKa3aTeb PUCKa PACCUNTBIBACTCA
OT/IeNIbHO JI/IS Ha3eMHBIX U BOJHBIX 9KOCUCTEM Ha OC-
HOBEe MaKCMMa/JbHbIX 3Ha4eHMII B Ha3eMHOI (II0YBa,
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aTMocdepHBIl BO3RYX) ¥ BOLHOI cpefie (BOfa, JOHHBIE
OTJIOXKEHMS).

[Tpumep oreHkM 06006I[eHHOTO TOKA3aTeNsI PUCKa
nns paitona pacnonoxenna CPIVII «I1O «Mask» moka-
3aH B Tabm. 5 [12, 21, 25].

CornacHo MaHHBIM MHOTOJIETHETO MOHUTOPUH-
ra (2000—2021 rr.) [26], B 30oHe Habmomenus OTYII
«I1O «Masik» He IPEeBBILIAIOTCS 9KOTIOTMIECKIE KPUTE-
pun, obecreunBarole pafualyOHHYI0 6€30IacHOCTh



Kpbiwes .V v gp.

OueHKa 3KonorM4ecKoro pWYCKa OT pagMoaKTUBHOIO 3arpA3HeHnA Opr)-KaFOLLleVI cpenbl

Ivan I. Kryshev et al.

Energy Efficiency as a Measure of Ecological Risks

Ta6muna 5. Onenka 06061IeHHOTO OKa3aTelId pucka B paiioHe pacnonoxeHns OTYII «I10 «Masak», 6ann

Table 5. Assessment of the generalized risk indicator in the area of the location of PA “Mayak”, mark

MpupoaHble 06LEKTHI An'J

HazeMHble 3KoCUCTEMBI:
* NpubperkHan TeppuTopyA B6NIM3M NPOMBILLIEHHOMO BogoeMa- | 1
xpaHunuia OPAO (Kapayain)

 r0f10BHaA YacTb BocToUHO-YpanbCcKoro paamoaxkTvBHOro 3
cnena
* BHe ronoBHon Yactn BYPC 3

BoaHble akocucTeMsl:

* rof10BHaA 4YacTb BocToUHO-YpanbcKoro paanoaKT1BHOMO 3
cnepa

 03epa BHe ronosHon Yactu BYPC 3
e peKa Teya 3

PervioHanbHbIn GoH 1

OKPY’KaIollleil Cpefbl, 3a UCKII0UeHNeM IPUOPeXHOIL
TeppuTOpuUM BOIM3M IPOMBIINIIEHHOTO BOJOe-
ma-xpanmauma OPAO (Bomoema B-9 — Kapauaii),
MOfBEpTIIElics 3arPA3HEHMIO B pe3y/IbTaTe IPOLIION
mesAtenbHOCTM Ipepnpuatud. llvpuna mpubpexxHoi
TeppuTopuu BogoeMa Kapauaif, Ha KOTOpOII IpeBbIIIa-
tforcst yposuy [TIJTPH Ha opraHusMsl 610TBI, COCTaBIIsIET
30—50 m (JIunre u fip., 2014) [27], T. e. UMeeT MeCTO
JIOKa/IbHOE pafyaliOHHOE BO3/IEIICTBYIE HA HA3eMHYIO
61OTY, He OKasbIBaollee 3HAUVMOTO BIIVIAHNA Ha IIOITY-
nAnuio ¢Gropsl u GayHsl 3a NpeferaMu 3TOTO JIOKaIb-
HOT'O yJacTKa.

[Tpn onenke OIIP s OnpxoBckoro 601oTa B COOT-
BETCTBMM C IUIOLIA/IbIO M IIPOMIO/DKUTETbHOCTBIO BO3-
eCTBUS Anp =1, Aep = 3. MakcuMaJIbHbBIN ITOKa3aTelb
pucka s 6uotel ONbXOBCKOTO 60/I0Ta OIlEHEH paB-
HpM 0,25, mostomy VIPB, = 3. O6061eHHbIi TTOKa3a-
TeJ/Ib PUCKA A7 OTIOTHO-PEYHOI S9KOCUCTEMBI, PACCUM-
TAHHBIN C MCIOIb30BAHMEM JJAHHBIX pafiMallYIOHHOTO
MOHUTOPVHIA JOHHBIX OT/IOKeHMiT ONbXOBCKOro 60710-
Ta B 2000—2020 rT., paBeH 9 6a/mtam. Takum o6pasom,
MO>XKHO CJIe/IaTh BBIBOJI, YTO pafiMalliOHHOE BO3MIENCT-
BJI€ 3aTrPA3HEHMUsA TEXHOTEHHBIMU PaJUOHYKINJAMMU
IOHHBIX 0TIoXeHMiT ONbXOBCKOro 60710Ta Ha IIPUPOS-
Hble OPTaHM3MBI SIB/IAETCsI He3HAYUTEIbHBIM, He Tpeby-
JOLLVIM CIIeLVa/IbHbIX MEPOTIPUATII 1O 3aiuTe [16].

OneHKa 9KOIOTMYEeCKOTO pUCKa Obla TaK>Ke BbI-
MIOJIHEHA 1A ClieHapysA TMIOTEeTUYIECKON pajualiOH-
HOJI aBapuy C CaMOIIPOM3BOJIbHON L[€ITHON peaKLuen
B C/Ty4ae IONa/laHuA BOJbl B PEaKTOP MOABOSHOI /107 -

A UPB one
3 30 90
3 3 27
3 2 18
3 3 27
3 2 18
3 2 18
3 1 3

xu K-27, 3aronnennoit B 3ammse CrenoBoro Kapckoro
MOps Ha BOCTOYHOM Iob6epexxbe Hosoit 3emmn. ABa-
PUIHBII cOPOC JONTOKUBYIINX TEXHOTEHHBIX pafyo-
HYKJINJIOB B 3a/IMB He IpUBeJET K 3HAUMMOMY pajili-
al[IOHHOMY BO3[IefICTBUIO Ha Hace/lleHMe 110 IpUUNHe
OTCYTCTBUS HPOMBIIIIEHHOTO BBIIOBA PBIOBI M MO-
PEmnponyKTOB B 3anuBe U pas3baBaeHus cOPOLIEHHOI
PaAMOAKTUBHOCTU B OTKpPBITOM Mope. IIpu aTom ru-
Apo6MOHTEI, O6UTalOLIVe B 3a/lUBe, MOTYT IIOABEPr-
HYTbCsI LOIONMHUTENILHOMY OONTy4eHNI0, B TOM YNCIIe
10 IYTAM, OTCYTCTBYIOLIUM [/ Ye/loBeKa (Hampu-
Mep, 06ydeHMe OT 3arps3HEHHBIX JOHHBIX OT/IOXKe-
Huit) [28].

B rab. 6 mpepcTaBIeHbl 3HaUYEHMS TI0Ka3aTess pu-
cKa st rupo61oHTOB 3amuBa CTemoBOro, pacCUnTaH-
HbIe VICXOMSI 3 MaKCHMMaJIbHOTO 3HAYEHWs MOIITHOCTA
T03bI 06/TyYeHNsT KaKAOr0 OpraHu3Ma Ipy paccMo-
TpeHHOM cueHapunu aBapun. Hambomnee BbICOKMIT ITOKa-
3aTeb PUCKA OLleHEH JIsI MOPCKOTO M/IEKONMTAIOIIe-
ro — 0,07, 94TO CyLeCTBEHHO HIKE €AVHULIbI; IIO3TOMY
IJIsI pAaCCMOTPEHHOTO ClieHapus aBapuitHOro cbpoca
PafgMOHYKIUOB He 0XKN/IaeTCs BOSHUKHOBEHNA Hera-
TUBHBIX pafiMaliOHHBIX 9P (PeKTOB /1 IKOCHCTEMBbI
3anuBa CTemmoBoro.

Ins xputudeckoro pedepeHTHOro OpraHM3Ma
3anuBa CrTenoBOro (MOpPCKOTO MJIEKOIMTAIOIETO)
I/IPB6 = 2; Asp = 3. IInomagp 3anuBa CTEMOBOTO CO-
CTaB/seT 25 KM2, TOTa Anp = 2. O600611eHHBII [TOKA3a-
TeJb PUCKA JIIs1 MOPCKOTO MJIEKOTIMTAIOIIETO 13 3a11Ba
CrenoBoro mpy pacCMOTPEHHOM aBapUITHOM CLIeHapuUn
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aBapMITHOTO CIleHAps

Table 6. Radiation risk quotient, calculated for the marine biota of the Stepovogo Bay for the considered accidental scenario

MpopobuoHT MakcuManbHas MolHocTb Ao3bl, Mp/cyt  MAPH, MIp/cyT nap

Puiba 6,3- 107 1 63-10™
Monriock 1,1-1073 10 1,1-10%
BogHoe pacTeHune 8,0-10*% 1 8,0-10*%
MopcKoe MieKonuTaloLLiee 7,0-1073 0,1 7.0-1072

paBeH 12. TakuMm 06pa3oM, MOXKHO C/ie/IaTh BBIBOJ,
YTO Pa3oBbIil COPOC pafiOaKTUBHBIX BEIECTB B 3a/IMB
CrenoBoro mpy rMIOTETUYECKON aBapu C CAMOIIPOU3-
BOJIbHOJ LIETTHOM peaKLMeil ¢ 3aTOIIEHHOM IOABOLHOM
noxxoit K-27 okaxer cnaboe pagnartioHHOe BO3eNCT-
BlI€ Ha 9KOCUCTEMY 3a/IMBa.

3aKnio4yeHue

JIns OLeHKM SKOTOTMYeCKUX PUCKOB OT paii0aKTUBHO-
TO 3arps3HeHNUsA OKpY>Kalolllell Cpefibl B palioHe pasMe-
I[eHNsI pafUalliOHHO OMACHBIX 0OBEKTOB MpefIaraeT-
€S MICTIOZIb30BAaTh C/Ie[yIole II0OKa3aTe/In:

e MAaKCUMAaJIbHBIII MHAEKC 3KOJIOTMYECKOTO pUCKa
Ha [pefICTaBUTEe/IbHbIE OPTAaHU3MbI OMOTHI;

o MHTErpa/ibHbIN [TOKa3aTeNnb 3arpsA3HeHN, Mpek-
CTaBIIAOINI OO0 CYMMY OTHOLIEHUS COJEepP>KaHMUs
PailMOHYK/IN/IOB K KOHTPOJIILHOMY YPOBHIO.

ITHU IOKa3aTeay MOTYT pacCMaTpMUBaTbCA B Kade-
cTBe 06a30BBIX IIPY OLieHKE J[0/ITOBPEMEHHOTO BO3/eli-
CTBMs pajjyiallMOHHO OIACHBIX 0O'bEKTOB Ha OKPYKalo-
myIo cpeny. Vicnonb3oBaHue MHTETPaTbHOTO MTOKa3aTe-
7151 3aTpsi3HeHNs1 6oJTee MPERIOYTUTEIPHO Ha IPAKTHIKe,
IIOCKOJIbKY IIO3BOJISIET ONPENeNATh 3TOT MOKa3aTenb
HEeIMOCPEeACTBEHHO 110 JAHHBIM MOHUTOPUHTra. BmecTe
C TeM B HEKOTOPBIX 3aJjayax, HallpuMep, B Mpouefype
OILIEHKM BO3JeJICTBUA Ha OKPY>KAIOIYIO CPefy 1Lieeco-
00pasHO MPUMEHATb MHJEKC 9KOTOTMYEeCKOTO PUCKA,
OCHOBAHHBII Ha OL[eHKe MOIHOCTY H03bl 00/MydeHNs
HpeNCTaBUTENbHBIX OPraHM3MOB OMOTDI, HAIIPAMYIO Xa-
PaKTepUSYIOLNIT pagMalOHHYI0 6€30IacHOCTDb OKPY-
JKaIolleil Cpefbl.

J71s1 MHTerpaabHOM OLlEHKU Pafy03KOI0TUYeCKO
00CTaHOBKIM MOXET MCIIOIb30BATHC 000OIIEHHBII T0-
KasaTe/b PUCKa, OLeHMBAEMBIII B 6aIIax ¢ y4eTOM II/IO-
M ¥ BpeMeHHOI AMHAMUKY 3aTpPA3HEHNA, a TaKxKe
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MHJIEKCA 9KOIOTMYECKOTO PIUCKA VM MHTETPATbHOTO MO~
Kasaresis 3arpsisHEHNsI TEPPUTOPIIL.

Amnpobarys npefaraeMbIx OKa3aTesleil Ha OCHOBe
[aHHBIX MOHUTOPVHIA CBUETENbCTBYET 06 nx paboTo-
CIIOCOGHOCTI ¥ BO3MOXKHOCTH [IPAKTUYECKOTO ITpUMe-
HEHVsI /IS OLIeHKY Pafi09KO/IOTNYECKOI 06CTaHOBKI
B palloHax pacIONOXeHUsI 00'beKTOB MCIIONb30BAHN
ATOMHOJT SHEPIMY I Ha 3arpsI3HEHHBIX PaMOHYK/INAA-
My Tepputopusx 12, 14, 17, 25, 29].
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AHHOTaumA

Using the analysis of the life cycle of fertilizers, it is shown that the values of greenhouse gas emis-
sions can be considered as an indicator of energy efficiency. Taking into account the huge array of
data accumulated in recent years on greenhouse gas emissions (primarily CO, and methane), it
is possible to consider the problem of energy efficiency (carbon dioxide emissions occur during
fuel combustion, first of all, as well methane and CO, as precursors for N fertilizer) in the chain
from fertilizer production to their logistics, application, production and waste disposal. Relevant
examples are given in the text of the article. It is shown, that an increase in energy efficiency in
the considered life cycle of fertilizers, from production to utilization of agricultural waste, can sig-
nificantly reduce the role of agricultural production in undesirable GHG emissions. It should be
emphasized that reducing the potential of GHG emissions in the production of fertilizers depends
on the source of energy used and the transfer of power plants from coal to gas, and especially
RES, will be the most significant. When growing products, factors related to the use of modern
farming systems based on accurate fertilization, the use of electronic soil maps, precision farming
and increasing the efficiency of fertilizer use, in particular, nitrogen and phosphorus, play a very
important role.

Kmouesre coBa: LCA; fertilizer production; carbon emission; nitrogen emission; energy efficiency;
logistics; fertilizer application; agricultural waste recycling.

Ina muruposanma: Bashkin VIN., Alekseev A.O. Life cycle analyses of fertilizers: carbon emissions as a
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Abstract

C ucnonp3oBaHIeM ITOAXORO0B aHA/MN3a XXI3HEHHOTO [UK/IA YEOOPEHNIT II0OKa3aHo, YTO BEJININ-
HBI 9MUCCUY TAPHUKOBBIX Ta30B MOXKHO PACCMATpPMBATh KAaK [IOKa3aTelnb SHEProaddexTusHO-
CTH. HPI/IHI/IMaH BO BHUMaHUE OTPOMHbIﬁI MACCUB [JAaHHDBIX, HAKOIIJICHHBIX 3a IIOC/IeJHVIE T'OObI
0 BBIGPOCAM TTAPHMKOBBIX Ta30B (B TepBylo odepenb CO, ¥ MeTaHa), MOXHO PacCMOTPETbH
po6nemMy sHeproadeKTUBHOCTH (BBIOPOCHI YITIEKMC/IOTO T'a3a MPOMCXOMAT, NMPEXHe BCEro,
TIpY CKUTAHMM TOIUIMBA, a TAKXXE MeTaHa 1 CO2 KakK IpeJIeCTBEHHVKOB a30THBIX y00peHMit)
B IIEIIOYKE OT IPOM3BOACTBA yI[O6peHMﬂ [0 VX JIOTUCTUKMN, IIPVIMEHEHN S, IIPOMU3BOACTBA 1 ymn-
IN3aigumm OTXOO0B. COOTBCTCTBYIOHH/IC IIpUIMEPBI IPNBENEHDBI B TEKCTE CTATbIL. HOKaSaHO, 4qTo
MOBBIIIEHNEe 3HeProadPeKTVBHOCTU B paccCMaTPUBAEMOM >KM3HEHHOM IVIKIIe YHOOpPEeHUit OT
IIpOMU3BOACTBA 1O yTI/UII/ISaLU/II/I Ce/IbCKOXO03SMICTBEHHBIX OTXO[JOB MOXXET 3HAUYUTEC/IbHO CHU3UTDH
POJIb CENbCKOXO3SIICTBEHHOTO IIPOM3BOACTBA B HEXXeJTATeIbHBIX BHIOPOCAX IIAPHMKOBBIX Ta30B.
CriefyeT HMORYEPKHYTH, YTO IIOTEHIMAIbHOE COKpallleHue BHIOPOCOB IIAPHMKOBBIX Ta30B LU
IIpOM3BOJACTBE yHO6peHI/H71 3aBUICUT OT I/ICHOHI)SYCMOI‘O VICTOYHVKA SHEPIruu, U IEpEeBO] 31€K-
TPOCTaHIVII C YIVIA Ha ra3 Oyger Hauboee 3HAYNTENbHBIM. 1Ipy BBIpAIVIBAHUM HTPORYKIMN
O4YE€HDb Ba)KHyIO PpONIb UTPAIOT (I)aKTOpI)I, CBA3aHHBIE C VICIIONIb3OBAHMIEM COBPEMEHHDBIX CUCTEM
3emMiiefenisda, OCHOBAHHBIX HAa TOYHOM BHECEHUN y,[[O6peHI/IIM/I, VICIIOJIb3OBAaHUMN 3JIEKTPOHHBIX
IIOYBEHHBIX KapT, TOYHOM 3€MJIEfENUN U IIOBBINICHUN Sq)(l)eKTI/IBHOCTI/I JICIIO/Ib30BaHMA y}IO-
6pennit, B ¥aCTHOCTH a30Ta 1 Gocdopa.

Keywords: olieHKa )XM3HEHHOTO IIMKJIa; IIPOU3BOJICTBO YHOOPEeHMIt; BBIOPOCH YITIepofia; BHIOPOCH a30Ta;
9Heproa(eKTUBHOCTD; IOTUCTHUKA; BHECEHNE YAO0OPEeHMit; epepaboTKa CeNbCKOX03:ACTBEHHbIX OTXOO0B.

For citation: Bamkns B.H., AnekceeB A.O. AHanu3 XM3HEHHOTO LUK/IA YEOOPEHMIL: SMUCCHUS YIIEKICIOTO
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Introduction

In the mineral fertilizers industry, the main pollutants
released into the atmosphere include NO_, CH,, SO,,
SO,, H,50,, CO, fluorine compounds, NH,NO,. The
production of ammonia, mineral fertilizers and inor-
ganic acids requires large amounts of energy, usually
obtained by burning organic fuels with the release of
significant amounts of greenhouse gases. At the same
time, some enterprises (for example, for the produc-
tion of carbamide) partially use the resulting CO, as a
feedstock, which reduces the emission of carbon diox-
ide. Nevertheless, the work of most enterprises is ac-
companied by emissions into the atmosphere associated
with the combustion of natural gas, coal or diesel fuel
in turbines, boilers, compressors and other systems for
generating energy and heat. These emissions cannot be
considered indicators that correctly determine the level
of technology development, since they often depend on
the raw materials used and the type of fuel and deter-
mine to a greater extent the technique and technology of
energy production.

At the same time, one of the most important factors
is energy efficiency. Thus, in Russia, the long stage of
restoration and modernization of production facilities
put into operation in the 1970s and 1980s in the Russian
mineral fertilizers industry was completed by the end of
2010. Further expansion of existing capacities and deep-
er modernization are associated with a sharp increase in
capital expenditures. As for energy efficiency, the basic
principles of regulation in the field of energy conserva-
tion and energy efficiency improvement are laid down
in the Federal Law of November 23, 2009. Federal Law
No. 261 “On Energy Saving and Energy Efficiency Im-
provement and on Amendments to Certain Legislative
Acts of the Russian Federation” and the relevant stan-
dard GOST R ISO 50001-2012.

The consumption of energy resources is inextrica-
bly linked with the problem of the impact on the en-
vironment, which is exerted by energy generation and
transport, as well as greenhouse gas (GHG) emissions
as a result of the combustion of hydrocarbon fuels. In
the production of nitrogen fertilizers, a significant part
of energy is consumed, in particular for the binding of
atmospheric nitrogen necessary for the production of
ammonia. During the production of ammonium nitrate,
nitric acid from ammonia, sulfuric acid from sulfur,
useful energy resources are produced that can be used
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to generate electricity using steam turbines. The release
of phosphorus-containing fertilizers requires energy for
the production of phosphoric acid, its further process-
ing into finished products. Despite the fact that large
amounts of energy are always consumed in the fertilizer
industry in processes that take place at high tempera-
tures and pressures, these industries have become more
energy-efficient due to the improvement of the technol-
ogies used. Ammonia plants built in 1990th consumed
approximately 30% less energy per ton of nitrogen com-
pared to those that were put into operation in 1970th.

Among the enterprises of the industry under con-
sideration, those enterprises that produce sulfuric acid
(from sulfur) and nitric acid are suppliers of energy re-
sources, such as high, medium or low pressure steam, or
hot water. If all thermal energy is converted into elec-
tricity by means of a steam turbine, then supplies to
the side of useful energy resources will be significantly
reduced, but at the same time the generated electricity
will be used directly in production. This is already being
considered as one of the ways of energy efficiency.

It should be noted that during the production of
mineral fertilizers, CO, emissions may increase, but the
overall effect is compensated by high yields. Agriculture
is one of the areas of production that significantly affects
the emission of greenhouse gases, as well as consuming
a large amount of energy. At the same time, energy con-
sumption and greenhouse gas emissions are often di-
rectly proportional. Therefore, the most important way
to reduce GHG emissions is to increase the energy ef-
ficiency of agriculture.

According to [2] the implementation of energy-sav-
ing policy in Russia, improvement and implementation
of new energy-efficient technologies, energy-efficient
equipment and machinery, rational use of energy re-
sources will reduce specific energy consumption in the
production of agricultural products, i.e. reduce the en-
ergy intensity of production and reach the planned level
of its reduction — to 2030 by 60% and to 2035 by 65%.

There are four directions of energy saving in agricul-
ture:

« absolute reduction of the amount of consumed
energy due to rationalization of management methods,
increased intensification, introduction of energy- and
resource-saving production technologies;

o replacement of expensive and scarce energy re-
sources with less scarce ones;
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« expanding the use of non-traditional and renew-
able energy sources;

o changing the management system of the organi-
zation, building and putting into practice the organiza-
tional and economic mechanism of energy saving.

Taking into account the huge amount of data accu-
mulated in recent years on greenhouse gas emissions (pri-
marily CO, and methane), it is possible to consider the
problem of energy efficiency (carbon dioxide emissions
occur primarily during fuel combustion, as well as the use
of methane and CO, as precursors of nitrogen fertilizers)
in the chain from fertilizer production to their logistics,
application, production and disposal of waste.

Since the vast majority of GHG emissions are caused
by energy consumption processes, therefore, the growth
of energy efficiency plays a decisive role in the impact on
the level of emissions. Over the period 1990—2017, the
energy intensity of Russia’s GDP decreased by 30%, the
energy intensity of world GDP — by 35%. This was a key
factor in curbing CO, emissions, while the contribution
of the process of reducing the carbon intensity of energy
consumed (depends on the fuel structure) remains sig-
nificantly less significant. In the future, the leading role
of the energy efficiency factor will remain [3].

Therefore, the purpose of this article is to analyze
the associated processes of energy consumption and
greenhouse gas emissions in the system “production of
mineral fertilizers — transportation — application in
agroecosystems — utilization of agricultural waste” and
to assess energy efficiency factors. At the same time, the
size of GHG emissions at all stages of the life cycle can
be considered as a measure of energy efficiency.

1. Fertilizer production

The production of mineral fertilizers, as part of the
chemical industry (and at the same time heavy indus-
try) is one of the most energy-intensive industries and
can play a crucial role in the implementation of energy
conservation and emission reduction commitments. It
is shown that among the factors that can lead to a re-
duction in CO, emissions in China’s heavy industry, the
structure of industry (IS), investments in fixed assets
(F) and historically established emissions of pollutants
should be taken into account. At the same time, energy
efficiency (EE) is a key factor in reducing carbon dioxide
emissions. The implementation of a mandatory emis-
sion reduction policy can reduce CO, emissions [4].

AHQIu3 HU3HeHHo20 YuKia y606peHuE/: 3Muccun yesieKucs1020 2asa...

The chemical industry in Russia accounts for about
2% of the country’s primary energy consumption and
2.5% of total greenhouse gas emissions, of which 60%
are emissions from production processes and fuel com-
bustion. The remaining 40% relate to indirect emissions
related to electricity and heat consumption. It is expect-
ed that the industry will continue to grow rapidly over
the next two decades, and in order to limit the growth
of energy consumption, it will need to implement cost-
effective energy conservation measures. When imple-
menting all identified measures in 2030 greenhouse gas
emissions may be lower than today’s levels. However, in
the absence of these changes, emissions will increase by
approximately 85%.

Energy efficiency improvement involves the instal-
lation of more energy-efficient equipment at chemical
plants, the optimal use of catalysts and the use of more
efficient ethylene cracking technologies that reduce en-
ergy consumption. The highest profitability and the
most significant potential is distinguished by a set of
measures to improve the energy efficiency of equipment
of chemical enterprises (conveyor engines, mixing ma-
chines, etc.). With their help, it is possible to achieve en-
ergy savings in the amount of 6.3 million tons of CU and
reduce emissions by 6.5 million tons of CO,-e per year
in 2030. It is also necessary to implement a number of
measures to improve production processes and catalysts
that will help reduce the intensity of emissions in chemi-
cal processes. The most important is the capture and/or
destruction of nitrous oxide (N,0) in waste gases during
the production of nitric acid. With the help of certain
filtration technologies (catalytic decomposition or cata-
lytic reduction), it is possible to accelerate the decom-
position of N,O in waste gases. The implementation of
this measure will reduce emissions, but is highly costly.
Further, it is necessary to change the structure of the fuel
balance of the chemical industry in order to switch to
fuel that emits fewer greenhouse gases during combus-
tion, for example, the transition of chemical enterprises
from oil and coal to gas. The introduction of carbon di-
oxide capture and storage technology can also be con-
sidered. This is an emerging technology that is expected
to capture carbon dioxide released during fuel combus-
tion and during production processes at chemical plants
(for example, in the production of ammonia).

Thus, the largest Russian producer of mineral fer-
tilizers — PJSC PhosAgro, which, according to the
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Russian Association of Fertilizer Producers, occu-
pies 24% of the market, plans to reduce greenhouse
gas emissions by 14% by 2028 compared to 2018. For
this, for example, it has an energy efficiency program
for energy conservation, reduction of consumption
and losses [1]. Increasing the use of “green” electric-
ity is part of PhosAgro’s climate strategy, under which
greenhouse gases alone are planned to reduce emis-
sions by 14% from the base level of 2018 by 2028 for
all three coverage areas.

The Energy Efficiency Strategy defines the following
objectives (Table 1):

« reduction of greenhouse gas emissions with an in-
crease in production;

o improving the energy and environmental efficien-
cy of the main technological processes;

« reduction of energy and carbon intensity of manu-
factured products;

« entering new emerging markets for green prod-
ucts.

As a result, the specific energy consumption per
unit of manufactured products and semi-finished prod-
ucts decreased from 5.58 GJ/t in 2018 and amounted to
5.06 GJ/tin 2021. At the same time, there was a decrease
in the consumption of all types of natural fuels, even
the consumption of the most environmentally friendly
natural fuel — methane, decreased during this period to
0.075 m3/t of products.

Ecological Risk  Issues of Risk Analysis, Vol. 20, 2023, No. 3

PJSC PhosAgro consistently works to reduce the
carbon footprint of its products. This includes require-
ments for suppliers of goods and services (Table 1).

Let’s look at a few more examples of Russian enter-
prises producing mineral fertilizers.

So, PJSC “Mineral Fertilizers” Perm, Russia, is one of
the largest producers of nitrogen fertilizers in the Urals
and Western Siberia. It produces anhydrous liquefied
ammonia, technical aqueous ammonia, carbamide, as
well as low-temperature liquid carbon dioxide and high-
pressure liquid carbon dioxide.

For this enterprise, it was proposed to build a pho-
tovoltaic solar power plant on its territory, which is de-
signed to generate electric current with its subsequent
use within the internal power grid of the enterprise. This
power plant can be installed both on the roof of a build-
ing and on the surface of vacant land plots. It is possible
to install rechargeable batteries that will ensure stable
operation of the redundant load in case of external pow-
er failure [5].

The enterprises-producers of nitrogen fertilizers
in the Perm Region are considered. On the example of
one of the largest producers of nitrogen fertilizers in the
region, data on the material flows of ammonia produc-
tion was collected [6]. The calculation of the carbon
footprint of ammonia production at the enterprise in
question was carried out in accordance with the meth-
odological guidelines approved in Russia (Order of the

Table 1. List and main characteristics of the existing metrics that were introduced to monitor performance indicators
within the framework of the climate strategy of PJSC “PhosAgro”

Tabnuya 1. Cnucox u 0CHOBHbIE XAPAKMEPUCIUKY CYULECNBYIOUAUX MEMPUK, KOMODPble ObiTuU 66e0eHbl 015 MOHUMOPUH2A noKasamernetl
appexmusnocmu 6 pamxax knumamuueckoii cmpamezuu ITAO «PocAzpo»

Name of metrics, unit of measurement Years

2018 2019 2020 2021
The volume of total global emissions (coverage 1+ 2) 1552.3 1467.1 1621.6 975.5
per unit of currency of total revenue,
t CO,-eq. / million US dollars
The volume of total global emissions (coverage 1 + 2) 3310 3216 3196 304.0
per equivalent of one full-time employee, t CO,-eq.
Purchased electricity per unit of manufactured products and semi-finished products, 0.071 0.069 0.068 0.066
thousand kWh /t
Energy efficiency improvement costs, million rubles - 820 10500.0 17.4

Share of raw material suppliers who provided

the necessary baseline data on greenhouse gas emissions (coverage 3), %
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Ministry of Natural Resources of the Russian Federation
No. 300 dated June 30, 2015). According to this docu-
ment, greenhouse gas such as carbon dioxide (CO,) is
subject to mandatory accounting for ammonia produc-
tion. It is established that the annual production gen-
erates 2.433 million tons of CO,. According to the cal-
culated data, there are 2,027 tons of CO, per 1 ton of
ammonia, which meets the requirements of the criteria
for sustainable (including “green”) development projects
in the Russian Federation — the total emission is below
2,104 tons of CO, per 1 ton of ammonia. But in order
to clarify the amount of total emissions, a more detailed
consideration of electricity sources is required, as well as
an analysis of indirect CO, emissions per 1 ton of am-
monia (coverage 2).

It is important to note that according to the results
of the data analysis, it was revealed that there is no flow
of CO, extracted at the enterprise for further use as raw
materials for the production of marketable products.
It was also found that as a result of recent measures, it
was possible to reduce the consumption of natural gas to
1,275 m® per ton of ammonia (Table 2). In the future, it
is planned to further reduce the consumption of natural
gas to the level of 1100 m? per ton of ammonia, which
will reduce the annual volume of CO, by 333.9 thousand
tons.

Based on the results of the assessment of CO, emis-
sions, as well as according to the analysis of technol-
ogy and data on the main material flows of ammonia
production, the main directions of the development
of “green” projects that reduce the carbon footprint of
ammonia production at the considered enterprise have
been identified:

» processing of the extracted CO, fraction (for ex-
ample, involving carbamide in the production process to

AHQIu3 HU3HeHHo20 YuKia y606peHuE/: 3Muccun yesieKucs1020 2asa...

create a protective environment for welding metals, for
drying molds, for fire extinguishing);

o development and implementation of technolo-
gies to reduce the consumption of raw materials in the
production of ammonia (for example, the installation of
separation of combustible gases from the CO, fraction
in the CO, purification department, reconstruction of
the syngas compressor and steam turbine);

o increased energy efficiency as a consequence of
the factors mentioned above.

Summarizing the materials given in this section, it
can be concluded that currently the production of min-
eral fertilizers due to technological processes, even with
the use of BAT, is associated with GHG emissions. How-
ever, increasing the energy efficiency of production en-
tails an inevitable reduction in GHG emissions.

2. Fertilizer logistics

Transport logistics is the optimization of cargo transpor-
tation management, that is, the execution of operations
for the movement and storage of raw materials, semi—
finished products, work-in-progress objects, finished
products from places of origin to places of consumption.

For example, when moving commodity batches of
mineral fertilizers from producers and commercial in-
termediaries to consumers, a combination of road, rail
and water modes of transport (specialized wagons and
vehicles) is used.

The main goal of transport logistics in the agro—in-
dustrial complex, as well as logistics in general, is to re-
duce the cost of physical goods movement. This goal is
achieved by observing the following fundamental prin-
ciples: the fullest possible use of the carrying capac-
ity or cargo capacity of vehicles; organization of cargo
delivery without warehouses (using cross-docking

Table 2. Material flows during the production of 1 ton of ammonia (JSC “Azot” Uralchem”, Berezniki) [7]

Tabnuya 2. Mamepuanvtvie nomoxu npu npouzeéodcmee 1 mounvt ammuarxa (OAO «Azom» Ypanxum», Bepesnuxu) [7]

Incoming flows

Name Unit of measurement  Per 1 t of ammonia
Natural gas m3 1275

Nitrogen m? 38

Electricity kWh 159

Make-up water | m? 3,65

Outgoing flows

Name Unit of measurement Per 1 t of ammonia
NO, emission kg 1.86
CO, emission kg 1.45
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technology); multiplicity of the transport unit of cargo
to the units of order, dispatch and warehousing (for
example, the use of a container); standardization of
containers; economies of scale and distance of cargo
transportation, since in this case the costs per 1 ton-ki-
lometer are minimal; the concentration of cargo flows
on separate channels of distribution of goods and the
rejection of uneconomical channels; delivery of goods
using just-in-time technology. The implementation of
these principles in practice makes it possible to achieve
maximum economic efﬁciency for a transport, manu-
facturing or trading enterprise. It also determines the
energy efficiency of mineral fertilizers transportation
and optimizes GHG emissions.

Road transport produces a significant amount of
GHG emissions, such as carbon dioxide (CO,), methane
(CH,) and nitrous oxide (N,O). Calculations of emis-
sions from vehicles are based on data on total fuel con-
sumption. The specific heat of combustion and emission
factors for each type of fuel must be calculated taking
into account the specifics of the fuel used. Taking into
account the length of movement of mineral fertilizers,
both energy consumption and GHG emissions are esti-
mated.

The methodology for calculating emissions from
fuel combustion from motor transport is divided into
two parts: assessment of carbon dioxide emissions and
assessment of emissions of other gases. The estimate of
CO, emissions is best calculated based on the amount
and type of fuel burned and the carbon content in it. The
amount of oxidized carbon practically does not vary de-
pending on the fuel combustion technology used. The
assessment of emissions of other gases with a green-
house effect is more complicated, since it depends on the
type of car, fuel, vehicle operation characteristics, and
the type of exhaust gas control technology.

Ecological Risk  Issues of Risk Analysis, Vol. 20, 2023, No. 3

Assessment of carbon dioxide emissions from fuel
combustion by road

Calculation of carbon dioxide emissions from fuel
combustion in internal combustion engines is recom-
mended to be carried out on the basis of accounting
for fuel types and engine types. Carbon dioxide emis-
sions by this method are estimated as follows. First, the
consumption of each type of fuel is estimated by type
of transport (passenger, cargo, buses, special vehicles).
Then the total CO, emissions are estimated by multiply-
ing the amount of fuel consumed by the emissions factor
for each type of fuel and type of transport according to
the formula:

E=MxK x CNV x K, x 44/12,

where E — annual CO, emissions in weight units
(tons/year); M — actual fuel consumption per year
(tons/year); K, — carbon oxidation coefficient in fuel
(shows the proportion of burnt carbon), table 3; CNV —
calorific net value (J/ton), table 3; K, — carbon emission
factor (tons/]), table 3; 44/12 — the coeflicient for con-
verting carbon emissions to carbon dioxide.

Based on these data, let’s consider an example of as-
sessing the impact of tractor design on GHG emissions.
Table 4 shows comparative calculations when perform-
ing transport work as part of Doutz-Fahr Agrotron L720
and Belarus 2022 tractors with a PST-12 trailer, John
Deer 6110B and Belarus 82.1 tractors with a 2PTS-6
trailer within a farm. The Doutz-Fahr Agrotron L720
and Belarus 2022 tractors of the same traction class
are distinguished by a more advanced gearbox from
a foreign analogue, capable of realizing high perfor-
mance properties. The gearbox of the John Deer 6110B
tractor is also more perfect, it has 4 ranges of 6 gears,
which contributes to a more rational use of operational
properties compared to the Belarus 82.1 tractor [8]. The

Table 3. Coefficients for converting burnt fuel into CO, emissions for motor vehicles

Tabnuya 3. Kosdpuyuenmot 0ns npeobpaszosanus czopesuiezo monausa é evi6pocor CO, 0n5 agmompancnopmuuix cpedcms

Types of fuel Calorific net value is the lowest,
CNV TJ/thousand tons

Gasoline 44.21

Diesel fuel 43.02

CNG 47.17

Natural gas 34.78

34

Carbon emission factor, Fraction of oxidized carbon, K,

K,, tC/TJ

19.13 0.995
19.98 0.995
1791 0.99
15.04 0.995
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Table 4. Indicators characterizing transport units and GHG emissions

Tabnuya 4. Ilokazamenu, xapaxmepusyloujie mpaHcnoOpmMHvle eOUHUUDL U BbI6POCHL NAPHUKOBVIX 24306

Key indicators Transport units

Belarus
82.1+2PTS-6
Load capacity, kN 60.02
Average speed of movement, km/h 227
Speed utilization factor 0.77

Traction resistance of a trailer with a load, KN | 4.35

Productivity, t/h 4.86
Working hour productivity, t 34
Fuel consumption per transported ton, kg/t 2.62

CO, emissions per ton transported, kg/t 8216

calculation data on the technical parameters of various
tractors and fuel use are given in Table 4.

The presented calculations indicate that the GHG
emission is significantly influenced by the machine sys-
tem as a whole, as well as individual tractors, grain and
forage harvesters and other energy means. At the same
time, it is very important to properly complete the units
both from the point of view of reducing fuel consump-
tion, reducing CO,, CH,, NO, emissions, and the nega-
tive impact on the soil — over-compaction, erosion, un-
justified use of chemicals and others.

Let’s also consider a comparison of transport pa-
rameters that determine energy consumption and GHG

Belarus
2022+ PST-12

Doutz-Fahr Agrotron
L720+MCT-12

John Deer
6110B+2MTC-6

60.02 86.05 86.05
25.1 26.2 27.7
0.77 0.77 0.77
4.35 6.06 6.06
5.38 83 8.95
376 58.1 62.6
2.08 2.7 1.73
6.522 8.446 5.425

emissions with 2 different wheat growing systems [9]. It is
known that an optimized life cycle assessment is carried
out to compare the global warming potential (GWP) and
the use of primary energy in the production and delivery
of traditional and organic wheat in the United States. The
differences in the impact of agricultural resources, grain
cultivation and transport processes are evaluated.
Logistics assessment and detailed analysis of trans-
port chains, taking into account distances, were carried
out using the Internet interface for specifying routes
along the highway. Table 5 shows primary energy con-
sumption (J) and global warming potential (GWP,
measured in g CO,-eq., 100-year time period) with an

Table 5. Estimation of the values of energy use and global warming potential in two wheat growing systems

Tabnuya 5. Ouenxa 3HaueHuil IHeP20NOMpPedIeHUS U NOMEHUUANA 27106aTbHO20 NOMENTIEHUSL 6 08YX CUCINEMAX 8bIPAULUBAHUT NUUEHULDL

Process Conventional wheat (reference case) Organic wheat (reference case)
Energy use (J) Global warming potential ~ Energy use (J) Global warming potential
(g CO,-eq.) (g CO,-eq.)

Fertilizer production 820 46 21 1.7

Nitrogenous 770 42 0.0 0.0

Phosphatic 50 38 21 1.7

Pesticide production 22 1.6 0.0 0

Fertilizer ® pesticide transport 29 2.1 31 2.2

Fuel use 22 15 25 1.8

Fuel production 70 05 5.4 0.4
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End of table 5
Oxonuanue mabauupl 5
Process Conventional wheat (reference case) Organic wheat (reference case)
Energy use (J) Global warming potential ~ Energy use (J) Global warming potential
(g CO,-eq.) (g CO,-eq.)
Wheat farming 490 36 650 48
Tillage 450 32 600 42
Fuel production 37 L4 49 5.8
N,O emission from soil na. 96 n.a. 96
GHG from manure storage n.a. n.a. n.a. 5.1
Farm machinery production 85 7.3 85 7.3
Subtotal 1400 190 790 160
Flour transport (2000 km) 1900 140 1900 140
Fuel use 1600 110 1600 110
Fuel production 310 25 310 25
Total 3300 330 2700 300

optimized wheat production and delivery system in the
amount of 670 g required for 1 kg of loaf of bread. The
traditional wheat growing system and the use of mineral
fertilizers and the organic system are evaluated.

From the data in this table 5, it can be concluded that,
although the organic wheat growing system requires slight-
ly less energy use and is accompanied by lower GWP val-
ues, these differences are generally insignificant. It is shown
that the GWP of a loaf of organic wheat bread weighing
1 kg is approximately 30 g CO,-eq. less than that of a con-
ventional loaf. However, it is necessary to take into account
the transport shoulder. Thus, with longer transport routes
for the delivery of wheat grain (more than 420 km), the dif-
ferences between the two compared growing systems prac-
tically disappear. In addition, other factors are important,
such as the accumulation of carbon in the soil and emis-
sions of nitrous oxide from the two systems.

3. Fertilizer application to
agroecosystems

In recent years, in Russia the energy intensity of agricul-
tural production has been decreasing, but the share of
energy consumption in the cost price has been steadily
increasing. Thus, the cost of consumed energy resources
in the cost of the main types of agricultural products
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averaged 26—35% (in 1985—1990 — 7—15%). High
energy consumption indicators indicate a faster growth
in the cost of energy carriers and low efficiency of using
fuel and energy resources, which negatively affects the
cost of production (Table 6).

Significant sources of emissions in agriculture in
Russia are the direct release of nitrous oxide from ag-
ricultural soils (52557.0 thousand tons of CO,-eq.) and
CH, emissions from fermentation of domestic animals
(39090.4 thousand tons of CO,-eq.), while compared
with 1990, their volumes decreased by 38,4 and 62,8%,
respectively. In 2019, the contribution of nitrous oxide
to total agricultural emissions was 59,6%, CH 1+ — 39:5%,
CO, — about 0,8% (Table 7) [11].

Organic agriculture is an environmentally safe and
sustainable method of farming, the key features of
which are the use of technologies for recycling organic
carbon into nutrients: direct processing of manure,
effective composting, disposal of residues. The use of
organic fertilizers eliminates greenhouse gas emissions
during the application of mineral fertilizers and dur-
ing their production. Agrotechnologies such as mulch-
ing, reducing soil erosion and increasing soil fertility,
increasing carbon turnover due to nutrient recycling
have a positive effect on energy efficiency and GHG
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Table 6. Energy intensity of agricultural production in Russia (according to [10])

Tab6nuya 6. IHepz0emMKOCMb CeNbCKOXO3ALCMBEHHO20 NPOU3600cmea 8 Poccuu (no dannvim [10])

Types of products Electricity, kWh/t Fuel (heat), kg cf/t Total energy The share of energy
consumption (energy consumption in the cost
intensity), kg cf/t of production, %

Milk 340 190 230 345

Pork 2500 1900 2200 26.5

Beef 1700 800 1000 12.0

Eggs 95 28 38 340

(1000 pcs.)

Cereals 130 120 140 315

Table 7. Sources of greenhouse gas emissions in agriculture in Russia in 1990—2019, million tons of CO,-eq.

Tabnuya 7. Ucmounuku 8b16p0cos napruxosvix 24306 6 cenvckom xossiicmee Poccuu 6 1990—2019 zz., man monn CO ,-ax6.

Source categories GHG 1990
Internal fermentation of farm animals CH, 105.2
Manure and manure collection, storage | CH, 13.4
and use systems i o

N0, direct emission 85

N0, indirect emission 7.0
Rice cultivation CH, 09
Emissions from agricultural land N0, direct emission 85.3
N0, indirect emission 171
Liming of soils and application of urea | CO, 10.2

Total 2475

2000 2010 2017 2018 2019 Dynamics of
reduction,
2019/1990, %

51.2 405 39.4 39.4 39.1 372

56 45 53 5.4 5.4 403

4.1 40 40 39 36 424

32 3.1 33 34 32 45,7

0.5 06 06 06 06 66.7

46.4 435 51.2 50.8 526 61.7

6.8 6.6 85 8.4 8.7 509

10 08 08 10 09 8.8

1188 | 1062 | 113.1 1129 | 1142 | 461

emissions. In animal husbandry, the use of energy-rich
feeds in the diet, changing the duration, time and place
of eating and drinking by animals can mitigate GHG
emissions. However, with organic farming systems, as
a rule, the production of marketable products decreas-
es compared to traditional systems using mineral fer-
tilizers.

In general, resource-saving agriculture is based on
such principles as minimal mechanical tillage prior
to seed planting, as well as when applying fertilizers,
harvesting and other operations; preservation of plant
residues on the soil surface (mulching), which allows
protecting the soil from water and wind erosion, in-
creasing its productivity, improving physical, chemical

and biological properties of the soil; the use of differ-
entiated crop rotations to control weeds, diseases and
pests, improve land productivity under the influence of
individual crops; effective management of pasture lands,
etc. Integrated management of soil, water and biological
resources contributes to the conservation, improvement
and efficiency of their use.

The most energy-intensive technological process
is tillage, which on average consumes 30—40% of the
energy consumed [12]. The reduction of these costs,
for example, the use of a ploughshare developed by the
authors, kinematically connected to the rotary frame of
the plough, allows reducing both energy costs and GHG
emissions by 10% during plowing.
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Studies on the effect of soil treatments on humus
reserves conducted in the chernozem zone of Siberia,
Russia, have shown that differentiated tillage is opti-
mal, where the humus content in the 0—30 cm layer has
changed from 8.12 to 8.56% over 39 years. The use of
permanent dump tillage led to a decrease in the humus
content in the 20—30 cm layer from 7.73 to 7.23%, but
its increase was noted in the 0—20 cm layer from 8.38 to
8.52%. No-tillage and zero treatment led to an increase
in humus in the 0—10 cm layer, but led to a decrease in
the humus content in the soil layers by both 0—20 cm
and 0—30 cm. Based on this, it can be concluded that
the transition to No-Till technologies in this zone to en-
hance carbon sequestration in chernozem soil is an in-
effective technique, although this contributes to energy
efficiency due to lower plowing costs [13—18].

Reducing the consumption of fossil fuel and en-
ergy resources, the use of renewable energy sources in
organic agriculture, primarily solar and wind energy,
also contributes to reducing greenhouse gas emissions.
The use of liquid biofuels (biodiesel from oilseeds) or
mixed with conventional fuel definitely has advantages
over conventional fuel in terms of emissions of pollut-
ants into the atmosphere. In addition, carbon dioxide is
absorbed during the cultivation of oilseeds themselves,
but, on the other hand, their cultivation leads to di-
rect and indirect greenhouse gas emissions. The factor
of land use change is important. Therefore, oilseeds in
temperate climates also need to be grown using organic
technologies to meet their own energy needs.

Similar data were obtained when estimating N,O
and CO, emissions from tropical oil palm plantations.
A significant influence of soil growing conditions was
established, while the use of fertilizers did not always
lead to an increase in GHG emissions [19].

Based on long-term studies, the balance of carbon
dioxide in crop rotations with sugar beet was estimated
[20]. The authors calculated that this indicator consists of:

+ absorption of CO, by the main and by-products,
plant residues, as well as fixation during humification of
manure, fixation with soil carbonates, precipitation from
the atmosphere (input articles);

o decomposition of plant residues and humus,
soil respiration (increases when mineral fertilizers are
applied), liming, decomposition of part of manure,
removal by surface and groundwater, mineralization of
humus (expenditure items).
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The dry matter of sugar beet at a yield of 55.0—
60.0 t/ha in the conditions of the chernozem region
(Russia). It is able to bind about 24.8—28.5 t/ha of CO,
with the main products (root crops).

The main agricultural methods of crop cultivation
(plowing of tops and plant residues, liming, applica-
tion of manure and mineral fertilizers) contribute to the
emission into the atmosphere of about 8,7—11,7 t/ha of
carbon dioxide per year, while binding in the organic
matter of the soil (subject to the application of manure)
of about 4,4—11,2 t/ha of CO, per year (according to
various estimates).

Reducing the mineralization of humus reserves,
organic fertilizers, plant residues through rational soil
treatment, the introduction of scientifically based doses
of fertilizers, optimization of soil acidity can reduce CO,
emissions in the soils of beet crop rotations.

According to preliminary calculations, the carbon di-
oxide balance during the cultivation and processing of
sugar beet in the considered region is either negative (since
a large amount of CO, is bound by products), or close to
equilibrium, i.e. beet farming is not a pollutant of the atmo-
sphere with CO, emissions, and under certain conditions,
it may meet the requirements of carbon farming.

A significant number of studies have been carried out
to assess the impact of various energy-efficient agricultur-
al technologies and improved “green” fertilizers on green-
house gas emissions from soil in agroecosystems. Thus,
the use of nitrogen fertilizers with the addition of humic
acid leads to a controlled release of nitrogen, which is ac-
companied by an increase in the yield and digestibility of
nitrogen, an increase in the efficiency of nitrogen use and
a reduction in greenhouse gas emissions [21].

A detailed overview of the retrospective application
of fertilizers in China is given [22]. A quantitative as-
sessment of GHG emissions from the production and
application of nitrogen fertilizers during the cultivation
of wheat and corn in various provinces and agricultural
regions of China was carried out. The authors showed
that in the period 2015—2017, the average nitrogen dos-
es for wheat and corn in the high-altitude fields of China
were 222 and 197 kg ha™!, respectively. At the same time,
a total of 12.63 million tons per year were contributed
to these crops. Nationwide, greenhouse gas emissions
associated with the production of mineral nitrogen fer-
tilizers were estimated at 41.44 and 59.71 million tons
of CO, per year for the crops in question. At the same
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time, when applying these fertilizers, N,O emissions due
to denitrification processes, according to the authors,
amounted to 35.82 and 69.44 Gg year~!. The authors
conclude that the production and application of min-
eral nitrogen fertilizers for wheat and corn on Chinese
arable lands is an important source of greenhouse gas
emissions in agriculture.

A field experiment was also conducted to study the
effect of stabilized nitrogen fertilizer in combination
with pig manure on rice yields and emissions of nitrous
oxide (N,0) and methane (CH,) [23]. Four ways of ap-
plying various combinations of mineral and organic
fertilizers were studied: urea (U); pig manure (PM); PM
and urea (PM + U); PM and stabilized nitrogen fertilizer
(urea plus 1% NBPT (N-(n-butyl) thiophosphoric tri-
amide), 1% PPD (phenylphosphorodiamidate) and 2%
DMPP (3,4-dimethylpyrazolphosphate)) (PM + U +I).
As shown by the authors, in comparison with the PM
variant, the PM + U variant significantly increased the
total N,O emissions, but when PM + U + I was intro-
duced, no significant differences were found from PM in
cumulative N,O emissions. This indicates that the use of
stabilized nitrogen fertilizer in combination with PM ef-
fectively reduces N,O emissions. The total CH, emission
when PM + U + I was introduced was lower than when
PM and PM + U were introduced. Therefore, a stabilized
nitrogen fertilizer in combination with PM can effective-
ly reduce CH, emissions. The rice yield on the PM + U
and PM + U + I variants did not differ significantly from
the yield on the U and PM variants. Accordingly, the
authors conclude that local traditional nitrogen applica-
tion and PM return can provide sufficient nitrogen for
rice growth. The total amount of GHG emissions at the
production scale (yield-scaled emissions, YSE) in the
PM variant was the highest, while in the PM + U + I
variant there was a significant decrease in YSE values.

It was found that the emission of N,O from agro-
zems never exceeded 5 mg of N,O-N/ha per day if the
soil contained less than 10 mg of available mineral nitro-
gen per 1 kg of soil. The introduction of N into the soil
with fertilizers almost always led to an increase in the
cumulative flow of N,O from the soil. The largest cumu-
lative flows of N,O from soils were observed when cattle
manure was applied, which was associated not only with
the entry of a large amount of available N into the soil,
but also with the entry of available C and moisture. The
introduction of manure into the soil led to an increase
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in the spatial heterogeneity of N,O emissions from soils,
which significantly increased the measurement error.

The emission factor (EF), calculated as the propor-
tion of nitrogen lost in the form of N, O, in % of the total
amount of nitrogen introduced with fertilizers, for sod-
podzolic sandy loam soil in different years of the study was
greatest for soils receiving high doses of N with mineral fer-
tilizers (from 90 kg N per ha) and varied in different years
from 0.5—1.8%. When applying green or organic fertiliz-
ers, the EF in the experiments did not exceed 0.62% [24].

Summarizing this section, it should be emphasized
that the modern literature has accumulated a huge ar-
ray of data on the assessment of GHG emissions from
the cultivation of various crops in different regions of
the world. Here are only some examples indicating the
possibility of using these values as a measure of energy
efficiency of agricultural production.

Within the framework of this article, it can be noted
that the rational application of mineral fertilizers, as well
as their various combinations with organic ones, leads to
an increase in yields of cultivated crops and an increase in
food safety. At the same time, the use of fertilizers leads
almost everywhere to a largely inevitable increase in the
emission of various greenhouse gases. For example, when
nitrogen fertilizers are applied, the carbon- and nitrogen-
mineralizing ability of soil organic matter (SOM) increas-
es. This is accompanied by an increase in emissions of
both carbon dioxide and nitrogen oxides. A similar effect
is manifested in the denitrification of both the introduced
nitrogen of mineral fertilizers and the mineralized ni-
trogen of SOM. In rice agroecosystems, the emissions of
these GHGs are supplemented by methane emissions. In
general, agroecosystems are a clean source of CO,. There-
fore, the question of the relationship between GHG emis-
sions and energy efficiency in agroecosystems must nec-
essarily be considered in the context of crop yield growth.

4. Waste utilization

A large amount of agricultural waste (AWs) is generated
every day around the world due to the growing needs of a
rapidly growing population, whose number exceeded 8 bil-
lion in 2022. It is necessary to develop a strategy for their
timely use. It will also increase the sustainability of agri-
culture and food security. AWs is generated from various
sources, including plant residues, agro-industrial complex,
animal husbandry and aquaculture. The main component
of plant residues and agro-industrial waste is cellulose (the
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most common biopolymer), lignin and hemicellulose (lig-
nocellulose biomass). Waste and its recycling is a global
problem. A recycling-based solution is needed. In this case,
recycling can be aimed either at obtaining energy, or at
returning to the biogeochemical cycle of the biophilic ele-
ments accumulated in waste. This will contribute both to
the energy efficiency of agriculture as a whole and to the
reduction of GHG emissions (see, for example, [25]

Using as an example the system of accumulation of
agricultural waste in Jiangxi Province (China), it was in-
vestigated to what extent data on the assessment of re-
source flows and indicators characterizing the reduction
of greenhouse gas emissions can be used to develop poli-
cy measures in the field of sustainable use of agricultural
waste [26]. The authors showed that when the percentage
of agricultural waste increases from 4.41% to 8.61%, the
current potential for reducing greenhouse gas emissions
subsequently increases by about 3.3 times. At the same
time, the maximum potential for reducing GHG emis-
sions may be 16.44 x 10® tons of CO,-eq. in this province.

Agricultural waste is largely associated with biode-
gradable household waste. A large amount of nitrogen
is stored in this garbage. It was noted that biodegrad-
able household waste, for example, in China, mainly in-
cluded food waste, waste paper and wood chips in the
amount of 31.56, 29.55 and 6.45 x10° t-a™!, respectively.
Accordingly, the nitrogen reserves in China in these
wastes were 65.31 x 10%, 6.80 x 10* and 3.81 x 10* t-a”L.
Nitrogen reserves in food waste provided 86% of the to-
tal nitrogen reserves in biodegradable household waste,
which is equivalent to 11% of the actual absorption of
mineral nitrogen fertilizers (6.20 x 10° t-a—1) by agricul-
tural plants in China [27].

Another important problem is the recycling of ani-
mal waste. For this purpose, it is important to estimate
the content of nitrogen (N) and phosphorus (P) in solid
organic fertilizer obtained from cattle manure, for ex-
ample, in the North-West of Russia [28]. The study com-
pared the following approaches: normative indicators
for Russia; data calculated by the mass balance method;
average experimental data on the content of N and P in
cattle manure; analysis of nitrogen and phosphorus con-
tent in organic fertilizer. The selected livestock complex
with 1,250 heads and a manure yield of 70 tons per day!
was considered. The authors established a difference be-
tween the calculated and experimental data, which was
a maximum of 10%, but the experimental data and the
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established norms differed by more than 15%. Conse-
quently, even an increase in the nutrient content of or-
ganic fertilizer by 10% makes it possible to increase the
area of fertilized agricultural land from 451 to 526 hect-
ares.

To calculate greenhouse gas emissions from livestock
farms, initial data on livestock are needed. Calculations
were carried out for a livestock farm, which has 6 thou-
sand heads of cattle [29]. The calculated method deter-
mined the methane emission from the storage systems
of cattle biomass on a livestock farm, which amounted
to 27,600 kg / year of CH,. In terms of CO, equivalent,
methane emissions are 579.6 tons per year. The emission
of N,O during storage and use of biomass for the live-
stock farm in question is equal to 845.17 N,O kg/year. In
terms of CO, equivalent, this amounts to 262.0 tons per
year. The sum of CH, and N,O emissions in CO, equiva-
lent from biomass collection and storage systems for the
farm in question is 841.6 tons of CO, equivalent per year.
According to the program developed by the authors for
calculating the output of biogas from the waste of live-
stock farms, the daily production of biogas is calculated.
For the livestock farm under consideration, the daily out-
put of biogas was 9,850 m*/day or 3.4 million m? per year.

The processing of organic waste in agriculture con-
tributes to the circular economy by returning nutrients
to the soil and reducing the need for mineral-based fer-
tilizers [30]. Also, the use of manure makes it possible to
create organic systems with a regulated and optimized
GHG flow [31]. Table 8 shows the GHG coefficients for
pasture ecosystems.

The main contribution to the formation of waste in
Russia is created by the food and processing industry.
When analyzing the data of the Ministry of Agriculture
for 2015—2017, it was revealed that 15,635 thousand
tons of agricultural crops account for about 335 thou-
sand tons of primary and secondary waste obtained as a
result of technological processes of converting raw ma-
terials into food products [43]. The authors carried out
the data of calculations and selection of the optimal use
of agricultural waste, with the highest energy efficiency
and minimum values of the carbon footprint.

One of the alternative uses of waste is the burning
of dry residue as fuel pallets. The physical properties of
straw residues were considered. The density of the straw
residue weighing 400 kg and a volume of 1 m? will be
0.4 kg /1. At the same time, the mass of the dry substance
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Table 8. Greenhouse gases (GHG) coefficients (kg CO,-eq. unit™) of farm facilities for horticultural crops production

Ta6nuya 8. Kosdduuuenmot 8vi6pocos napuuxosvix 2a308 (IIT) (kz CO-ax8. Ha edunuuy™) cenvckoxosaiicmeenuvix 06vexmog ons

npou3eo0cmea cadosvix Kynvmyp

Inputs

Human labor

Machinery

Electricity

Fuels

Diesel

Fertilizers

MWC / Industrial / on farm Composts
Anaerobic digestate (AD)
Nitrogen (N)

Phosphate (P,0.)

Potash (K,0)

Chemicals

Insecticides

Fungicides

Herbicides

Irrigation water

Plastic pipes PE

will be 100 kg. The data of the heat of combustion (M]/t)
for the presented types of residues of vegetable raw
materials were found. The conversion factor for CO,
emissions from wood waste incineration is 0.068 tons

Unit GHG Coefficient (kg CO,-eq./unit References
h 0.36 [32]

MJ 0.071 [33]
kWh 0.608 [34]

L 2.76 [33]

kg 0.040—0.063 [35-37]
kg 0.031 [38]

kg 5.29 [39]

kg 0.52 (39]

kg 0.38 [39]

Kg 5.1 [40]

Kg 39 [41]

kg 6.3 [41]

m? 0.27 [32]

kg 2.2 [42]

of CO,/ton of wood waste. Based on calculations, it is
shown that the total amount of energy generated dur-
ing the combustion of the total amount of waste can be
151.93 million. GJ per year (Table 9).

Table 9. The amount of energy generated by burning different types of vegetable raw materials (based on [43])

Ta6nuua 9. Konuuecmeo snepzuu, 6vipabamviéaemoti npu cHuaHul pasiutHvix 64006 PACUmMenvHozo colpvs (Ha ocHose [43])

Type of vegetable raw Mass of waste,
materials million tons per year
Sunflower husk 7.1

Rice husk 1.9

Leftover corn 2,6

Straw AWA

Cotton 7,7

Legumes 65,1

Total:

Heat of combustion, The amount of energy generated during the combustion

MJ/t

17000
13300
14650
15700
14530
14650
151,93

of the total amount of waste, mln GJ per year
12.08

25.92

38.18

65.09

1.118

9.54
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According to the data obtained, it can be calculated
that the burning of 1 ton of vegetable raw materials (straw
residues) corresponds to the burning of 424 m? of natural
gas — a non-renewable fossil fuel. The authors recalcu-
lated into energy units based on carbon dioxide emission
coefficients for different types of fuel burned (Table 10).

Combustion should be taken into account that the
incineration of agricultural waste gives zero GWP, since
the CO, that entered the air during combustion was pre-
viously absorbed from the atmosphere during growth.

Another possible method of processing agricultural
waste is anaerobic digestion. This process is a reduction
in the initial volume of waste using biological processing
in an airless space, followed by the formation of biogas.
Anaerobic digestion is often associated with the recov-
ery of methane (CH,) and combustion for energy.

Thus, for 200 million tons of agricultural waste, there
are 1,739.7 mln MWh / year of clean energy (taking
into account the maintenance of the complex itself with
heat and electricity, as well as the possibility of selling to
the consumer). The average output of the CHP is about
3.5 billion kWh per year [44]. Consequently, the values
of electricity generation are 4 times less at the biocom-
plex, however, plant raw materials, not fossil fuels, par-
ticipate in energy generation, which makes it possible to
use the volume of agricultural raw materials waste to a
large extent. The results of the calculations showed that
the most energy-efficient methods are the burning of
fuel brackets of waste (about 152 PWh/year), as well as
the generation of biofuels (1740 GWh/year).

At the same time, it has been shown that catalytic ad-
ditives can be additionally used and this has a positive

Table 10. Comparative assessment of CO, emissions
from the combustion of natural gas and vegetable

raw materials, taking into account emission factors
(based on [43])

Tabnuya 10. Cpasnumenvras ouenxa 6v16pocos CO, npu cicuzanuu
NPpUPoOH020 243a U PACHUMENILHOZO CHIPBS C YHenom
KoapPpuyuernmos evi6pocos (na ocnose [43])

Amount of waste, Natural gas,
t m3
Unit of measurement 1 424
CO, emission factor (t/unit) 100 S54.4
Total amount of CO, 100 23065
emissions, t
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effect on the combustion process, as well as reduces emis-
sions of pollutants [45]. The authors of the study calcu-
lated that the use of the proposed catalytic additives (CaO
and KMnO,) significantly increases the average tempera-
ture in the combustion chamber, makes the process more
efficient and more complete with a reduction in carbon
monoxide emissions. In the best case scenario, adding
CaO reduced CO emissions by 41%, and similarly adding
KMnO, to biomass pellets reduced CO emissions by 45%.
Another example of recycling is the production of bio-
char from agricultural waste. Consider one of the many
examples. Thus, the technology of microwave torrefaction
is a new method of heating the organic mass, which al-
lows heat to evenly penetrate into the raw material [46].
Straw, manure and other agricultural waste pro-
cessed using torrefaction processes can be used as raw
materials for the production of bio-coal. In turn, vari-
ous types of bio-coal have a wide range of applications,
ranging from remediation of contaminated soils to the
creation of new fertilizers based on it. This seems to be
an energy-efficient method of reducing GHG emissions.

16

T

Figurel. Schematic diagram of microwave-assisted
torrefaction system [50]

Puc. 1. [Ipunyunuanvras cxema cucmemvt moppeduxayuu ¢
UCNONb306aHUEM MUKPOB0HO6011 neuu [50]
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A typical experimental system for microwave torrefac-
tion is shown in Fig. 1. The system includes a microwave
oven, a reactor, a condenser, a feeder, a gas supply device,
a thermocouple and a liquid fractionator [47]. Before
starting the process, the feedstock is added to the reactor,
through which a carrier gas is blown to remove air from the
device. In other modifications, the inert gas purges pyroly-
sis steam into the gas condenser. The process is easily con-
trolled and does not require mixing or fluidization devices.
In conclusion, the microwave torrefaction technology has
high scalability and is suitable for processing many types of
biomass in large volumes [48, 49].

5. Discussion

Agricultural productivity is based on the process of
photosynthesis, which forms the primary products. In
the agricultural production sector, it is believed that a
combination of technologies to reduce emissions and
increase carbon storage in the soil can allow this sec-
tor to achieve net negative emissions while maintain-
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ing high productivity. However, it has been established
that agroecosystems are a net source of emitted GHGs
[51]. Modern agricultural technologies for cultivating
row crops are responsible for about 5% of greenhouse
gas emissions in the United States and the European
Union. In a number of countries (Russia, China, India,
etc.), at present these values are even higher. In order to
reduce GHG emissions, significant efforts are focused
on the introduction of such techniques as 0-tillage, the
introduction of large doses of organic and “green” fertil-
izers, in general, on the transition to organic low-carbon
farming. At the same time, the potential for reducing
emissions was largely neglected. Energy efficiency has
also not always been considered as a key GHG emission
management process. According to estimates [52], as
well as other researchers [53—57], due to a combination
of innovations in digital agriculture, crop genetics and
microbes, as well as reclamation, it is possible to reduce
greenhouse gas emissions by 71% (1744 kg CO,-eq./ha)
when growing row crops over the next 15 years (Fig. 2).

Lime
B Urea
B Chemicals
120 Fuel/Energy
149
g? Nitrogen Fertilizer Manufacture
162 71% B Fertilizer Loss

Reduction

Il Biomass Decay

Redesign

Figure 2. Technical improvements facilitate deep decarbonization of grain production. Numbers are shown as
kilograms of CO,-eq. per hectare and are separated by the emission source. The phases (optimize, replace, and
redesign) are distinguished by the technical readiness of the enabling innovations. Implementing the optimization
phase is largely possible using current technology, while replacement-phase technologies could be available in 2 to 5 y.

and redesign-phase technologies in 5 to 15 y. [52]

Puc. 2. Texnuueckue ycosepuieHcmeo8anus cnocobcmeyiom 2ny6oxoti dexapbonusauuu npoussodcmaea sepua. Liugpo: yxazanot

6 kunozpammax CO ,-3K6. HA 2eKMap U pasdenenbl UCHOUHUKOM 6bI6POCO8. Imanbt (ONMUMUSAUUS, 3AMEHA U PeOU3ATiH) OMAULAIOMCS

mexHU4ecKol 20Mo6HOCMbIO suebpﬂemwx unHosauuti. Peanusauus 4ia3m onmumMu3ayulU 6 3HAYUMenbHOU creneHu 603MOMCHA
C UCNONb308aHUEM COBPDEMEHHBIX mexHono2uti, 6 mo 8peMs KaK mexHonozuu gﬁa.’ibl 3ameHvl mozym Ovimo bocmynnbl uepes 2—5 nem,

a mexHonozuu asvt peousatina — uepes 5—15 nem [52]
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It is important to emphasize that the increase in en-
ergy efficiency values will be accompanied by a reduc-
tion in GHG emissions. Such a strategy can lower the
barrier to widespread adoption by going through several
stages with significant improvements. Ultimately, this
will help agriculture to maintain its most important so-
cial function of providing society with food, while at the
same time bringing environmental benefits.

One of the most important practices of implement-
ing this approach is the production and widespread use
of the necessary range of complex fertilizers for agri-
culture [58]. The main advantages of the new forms of
complex fertilizers are, first of all, in the balance of min-
eral nutrition of plants, which is very difficult to ensure
when using simple, standard forms of mineral fertiliz-
ers. Secondly, energy consumption is reduced by 65—
70% for application to the soil by reducing the passage
of technical means through the field. This is especially
true in the spring, because at the same time, the over-
compaction of the soil, which inevitably occurs when
using energy-saturated tractors and fertilizer machines,
is significantly reduced. In addition, a higher uniformity
of fertilizer distribution over the soil surface is provided,
which provides better conditions for mineral nutrition
of plants. The transition to the use in the agricultural
sector of agriculture for the large-scale use of new forms
of complex mineral fertilizers will bring the crop indus-
try of agriculture to a new, higher and qualitative level
of development and will ensure further increase in crop
productivity without increasing the overall need for fer-
tilizers. An important factor in this case is to increase
the energy efliciency of agroecosystems as a whole.

At the same time, the fundamental strategy for con-
ducting research on carbon dioxide emissions as a mea-
sure of energy efliciency at all stages for the fertilizer
system “production — logistic — application in crop-
lands - waste utilization” is to assess the life cycle of both
energy and GHG emissions (Fig. 3).

Let’s consider the life cycle and coeflicients of GHG
emissions and the use of various energy sources in the
“production — logistic — application in croplands - waste
utilization” system. So, based on the data [59], for every
ton of nitrogen produced and used on arable land in Chi-
na, both as part of simple fertilizers (urea) and complex
ones (for example, diammophos, an average of 13.5 tons
of CO, equivalent (t CO,-eq.) is emitted. At the same
time, the highest values of GHG emissions are observed
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in the technological processes of ammonia synthesis. This
is due to the energy-intensive nature of the process of pro-
duction of mineral fertilizers, as well as in general with the
chemical industry, where technological processes require
high temperatures and pressures. In addition, the energy
intensity of the initial heat sources is important. For ex-
ample, coal, used in a number of countries as the main
source of energy, has low energy efficiency. Coal-fired
plants have an emission factor of > 5 t CO,-eq. t NH,-
N~! compared to < 3 t CO,-eq. t NH,-N" for natural gas
plants [60—63]. The scale of production also matters. For
example, when using the same energy source, large-scale
installations emit slightly less GHG per unit N than me-
dium- or small-scale installations. The next stage includes
the “fertilizer production” block, aimed at converting am-
monia and phosphates into various N-P fertilizers; the
processes have a weighted emission factor of 0.9 t CO,-eq.
tN~!, but a wide range from 0.3 to >6 t CO,-eq. t N (see,
for example, [64, 1]).

Even in modern conditions, coal provides 86% of the
energy consumed in the above processes. Methane emis-
sions associated with coal mining have a global warming
effect of 11.4 g CO,-eq. MJ~! (10°J) compared to <2 g
CO,-eq. MJ ! when using natural gas or oil [65,62].

The weighted emission factor can be 2.2 tons of
CO,-eq. t™! fertilizers in the extraction and transpor-
tation of fossil fuels used in the fertilizer industry (in-
cluding 1.8 tons of CO,-eq. t N™! from the extraction of
energy used for the synthesis of ammonia, and 0.4 tons
of CO,-eq. t™! when it is used for the production of, for
example, N-P fertilizers). For the conditions of China,
this is 16% of the total emissions of 13.5 tons of CO,-eq.
t N~! [62]. Taking into account different sources of raw
materials, these values can vary widely — < 1 > 12 tons
of CO,-eq. per ton of fertilizers produced and used.

In the logistics process and during the transporta-
tion of nitrogen and phosphorus fertilizers, the emission
coefficients are on average 0.1 t CO,-eq. t'. (the range
of values from < 0.05 > 0.25).

Estimates of GHG emissions from growing crops vary
significantly (< 2 2 9 t CO,-eq. t N!). Thus, the size of
nitrogen denitrification can be in the wide range from 5
to 90% (averaged at 25—30%) of the mineral nitrogen
content in the soils of agroecosystems [66]. Ammonia
emissions on alkaline soils, the amount of nitrate leach-
ing and the amount of dry and wet precipitation also vary
significantly. For the conditions of China, the emission
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Figure 3. Assessment of the life cycle of greenhouse gas emissions from the production and use of nitrogen and
phosphorus fertilizers and weighted emission factors for the main processes (explanations are given in the main

text). Atmospheric nitrogen (N,) combines with hydrogen using energy derived from fossil fuels. The resulting NH,
reacts with CO,, nitric acid, hydrochloric acid or phosphoric acid to produce various fertilizers. These fertilizers

are transported in various ways before being applied to arable land. The solid line represents the consumption of
materials and N fertilizers. The dotted line represents the exchange of GHG between the chain of production and use of
fertilizers, including processing of agricultural waste, and the atmosphere

Puc. 3. Ouenka Ku3HeHHO20 LUKA 6bIOPOCOS NAPHUKOBHIX 24306 NPU NPOU3EOOCINBE U UCNONLI0BAHUY A30MHBIX U PocPopHbIx YOOOpeHuil

u 636euleHHble K0IPPuLUeHMbL 6bI0POCO8 0I5 OCHOBHBIX NPOUECCO8 (NOACHEHUS OAHbL 6 OCHOBHOM meKche). AmmocdepHbiii azom

(N,) coedunsemcs c 6000p000M, UCNONLIYS IHEP2UI0, HOyHALMYI0 U3 UCKONAemo20 monnusa. [lonyuennviii NH, ecmynaem 6 peaxyuio

¢ CO,, asommoti kucnomoti, conanoti xkucnomoti unu docoproii Kucnomoii ¢ nonyueruem pasnunnoix yoobpenuii. dmu yoobpenus
MPAHCOPMUPYIOMCA PASTUMHBIMU CHOCOOAMU neped 6HeceHUeM HA naxomuvie 3emnu. CnaOWHAL TUHUS NPedCcmAasaem Pacxod Mamepuanos
u N yoo6penuii. Ilynkmupnas nunust npedcmasnsiem co6oii 00men III" mexncdy yenouxoii npouzeodcmea u ucnonvb308anus y0o0peHuil, 6KI04as

nepepaGomxy cenbCkoxX03;AiCMBEeHHbIX 0Mx0008, U ammochepoti

coefficients are 5.2 t CO,-eq. t N, including direct emis-
sions of N,O (4.3 t CO,-eq. N!) as a result of nitrification
and denitrification in the soil and indirect emissions (0.9
tons of CO, equivalent per ton of nitrogen) [62].

At the end of the chain are greenhouse gas emissions
from the processing and/or use of agricultural waste. As
noted above, waste processing is significantly affected
by the technological processes used, which have a very
large variation in the values of their energy efliciency.
This also affects the values of relative GHG emissions
(from practically no to high values, see Fig. 3).

Consequently, the GHG emission values are a mea-
sure of energy efficiency in the “production — logistic —
application in croplands — waste utilization” system.

Conclusions

In the context of global climate change and taking into ac-
count the increase in anthropogenic greenhouse gas emis-
sions, the sustainability of agricultural systems can be im-
proved by increasing the efficiency of energy use. Various
agrotechnological techniques for reducing GHG emissions
and increasing carbon sequestration are considered. At the
same time, the potential for reducing emissions was largely
neglected. Energy efficiency has also not always been con-
sidered as a key GHG emission management process.

The materials presented in this article testify to the key
role of energy efficiency throughout the entire life cycle in
the “production — logistic — application in croplands —
waste utilization” system. The values of GHG emissions at
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the same time act only as a measure of this energy efficien-
cy. Further, the processing of agro-industrial waste and raw
materials using various processes (composting, bioenergy
production, bio-coal, biogeochemical recycling of nutri-
ents) can also significantly reduce GHG emissions. Howev-
er, it can also potentially lead to greenhouse gas emissions
as a result of composting and material transportation pro-
cesses. Moreover, these processes have a positive effect both
directly, due to carbon sequestration, and indirectly by pre-
venting the consequences of waste disposal, improving soil
quality and minimizing soil losses.

In general, an increase in energy efficiency in the con-
sidered life cycle of fertilizers, from production to utiliza-
tion of agricultural waste, can significantly reduce the role
of agricultural production in undesirable GHG emissions.
It should be emphasized that reducing the potential of
GHG emissions in the production of fertilizers depends on
the source of energy used and the transfer of power plants
from coal to gas, and especially RES, will be the most sig-
nificant. When growing products, factors related to the use
of modern farming systems based on. accurate fertilization,
the use of electronic soil maps, precision farming and in-
creasing the efficiency of fertilizer use, in particular, nitro-
gen and phosphorus, play a very important role.
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AHHOTaumA

B HaCTOHI.LIeI?[ CTaTbe HpeJICTaB)IeHbI XapaKTepMCTI/IKI/I OITIACHBIX XMMMNYECKHNX BEIIeCTB, KOTOpre
MOI‘YT HaXOOUTHCA B O6meCTBeHHbIX W KMIBIX IIOMEIIEHUAX, paCCMOTpeHbI BO3MOXXHbBIE UICTOY-
HVIKI BBIJEICHA OIIACHBIX XMMMNYECKIX BEIIECTB B BOSJIYHIHYIO cpe;[y HOMemeHHﬁI, paCCMOTpeH
yI‘HeKI/ICJII)IIu/I ra3 KakK JIOHO)IHI/ITG]II)HI)II;I CbaKTOp yXyI[H_IeHI/IH KayecTBa BOSnya B IIOMEIICHMAX.

KnroueBbie cmoBa: KaueCTBO BO3/1yXa; 3arpA3HNUTENN BO3yXa; COCTAB BO3/TyXa B IIOMEILLIEHN; yrneKnani{
ra3; BIMAHNME YITIEKMCIOTO ra3a Ha OpTaHU3M.
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BO3/IyXa B O0IeCTBEHHBIX 1 KW/IbIX IoMeleHnsax // IIpobnemsr ananuaa prcka. 2023. T. 20. Ne 3. C. 50—59,
https://doi.org/10.32686/1812-5220-2023-20-3-50-59

ABTOPBI 3aABIAIOT 00 OTCYTCTBIN KOHIMKTA MHTEPECOB.

Factors of Air Quality Reduction
in Public and Residential
Premises

Vladlen P. Malyshev*,
Oleg V. Vinogradov,
Igor A. Rodionov,

All-Russian Research Institute
for Civil Defense and Emergency
Situations of EMERCOM of
Russia,

Davydkovskaya str., 7, Moscow,
121352, Russia

50

Abstract

This article presents the characteristics of hazardous chemicals that can be found in public and resi-
dential premises, considers possible sources of release of hazardous chemicals into the indoor air en-
vironment, considers carbon dioxide as an additional factor in the deterioration of indoor air quality.
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CopepxanHue

BeepneHuve

1. O6LLaA xapaKTePMCTVKa U KNaccudUKaLIMA ONAcHbIX XMMUHECKWX BELLIECTB, KOTOPbIE MOTYT HaX0AUTLCA

B MOMELLEHNAX HbIX 1 0BLLECTBEHHBIX 30aHWIA

2. HaKkonneHme yrmeKmcioro rasa B MoMeLLEHWAX HUITbIX 1 0BLLECTBEHHbIX 30aHWIA

3. BnvAHWe yrnekncnoro rasa Ha opraHvsm YenoBeKa

4. Pe3ynbTaTbl 3KCMEPUMEHTabHBIX MCCIeA0BaHMIA AMHAMUKM U3MEHEHWA KOHLIEHTPaLMK YIeKMCIoro rasa
B BO3AyXe MOMeLLeHVA

3aknioveHre

Jntepatypa
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(DaHTopbl CHMHKeHNA Ka4vecTBa Bo3yXa B O6LLLECTB€HHI:>IX N HUNbIX NOMeLLeHNAX

Vladlen P. Malyshev et al.

BBepneHue

BHewHsis1 cpefja okasbiBaeT O0JIbIIOE BIVISIHVE HA 370-
poBbe 4Yenobeka. HabmoieHus MOKasbIBaIOT, YTO XKITe-
M TOPOJOB GOJBILIYIO YaCThb >KU3HM IPOBOAAT B ITOMe-
meHnsax (foma, Ha paboTe, B 0OI[ECTBEHHBIX MECTAX).
Or KadecTBa BO3AYIIHOI CPebI, TEMIIEPATYPHBIX, CBe-
TOBBIX ¥ (PUBMKO-XMMUYECKUX XaPAKTEPUCTHUK ITHX O-
MEILeHNIT BO MHOTOM 3aBICHUT 3[J0POBbe IpaKaaH [1].

YdeT BIMAHMA ONACHBIX (PAaKTOPOB HAXOXK/EHMUS
Mofiell B NMOMELIeHUAX, NOCTOBEPHBbIe NPOTHO3HBIE
OLIeHK X BO3[Ie/ICTBYS Ha OPTaHM3M YelOBeKa I03BO-
AT 3a6/1ar0OBPEMEHHO IIPUHSITH HEOOXOAUMbIE MePHI II0
3alyTe TPAKAAH ¥ CMATIEHUIO [TOCTIEHCTBUIL OT HebIa-
TOIIPVSITHOTO BO3[E/ICTBISI HETATUBHBIX (DAKTOPOB.

B Hacrosmee BpeMs MPUHATO BBIJENATD NMATH OC-
HOBHBIX (PaKTOPOB, OKa3bIBAIOIINX CYLIeCTBEHHOE BO3-
[eliCTBIE Ha 3[JOPOBbE U CAMOYYBCTBIeE rpaxkaaH [1]:

¢ MUKPOK/IMMATUYeCKUit PaKTop;

o pajualnMOHHBbI HaKTOp;

* 9JIEKTPOMATHUTHOE U3/TydIeHNe;

o MUKpOOMOIOrn4eckuit pakTop;

* TOKCMKO-XMMUYeCKUil pakTop.

Tokcuko-xummdecknit pakTop, kak Hanbonee pac-
IIPOCTPAHEHHBIIL, 1[e/IeCO0OPA3HO OL|eHNBATh 0COOEH-
HO TiarensHo. OH OIpeneNnsieTcst Halm4yeM B BO3[YII-
HOJ Cpefie IOMeIeHNIT TapOB OIAaCHBIX XMMUIECKUX
BEI[eCTB, KOTOPbIe IOCTYHAIOT 32 CUeT IpYMeHEHN
9KOJIOTMYECKU «IPSA3HBIX» CTPOUTENBHO-OTLENIOYHBIX
MaTepuanoB, MeOesn, NCIIONb30BAHNUS IPORYKIUN Obl-

Factors of Air Quality Reduction in Public and Residential Premises

TOBOJ XVMUHU, KOCMETUYECKHUX, IEKAPCTBEHHDIX IIpera-
PaToB, MOCTYI/IEHNU U3BHE BCIIE/ICTBYE IIPOMBIILIEH-
HBIX BBIOPOCOB M 3KCIUTyaTallMyl aBTOTPAHCIIOPTHBIX
CpefncTB, a TakXXe 0O0pa3oBaHMsI OMACHBIX KOHIJEHTpa-
LU YIIIEKUCIOTO rasa B MecTax ImpebblBaHMs MIOfeN
B IIOMeLeHnax [2].

B cBsA3U ¢ 3TUM 1mensaMu UCCIETOBAHUS SBIISIOTCS
aHa/1N3 TOTeHIMa/TbHbIX 3aTrPA3HUTENEN BO3AyXa B IO-
MeIEeHMAX XKMUIBIX U 0OLeCTBEHHbIX 3[aHNIl, Ol[eHKa
BIIMAHMA YITIEKMCIOTO Ta3a Ha Ka4eCcTBO BO3AyXa B IO-
MellleHUX.

1. O6wwan xapaKTepuUCcTUKa

n KﬂaCCVIq)MKaLIMH onacHbIX XMMUYEeCKUX
BellecTB, KOTOpble MOIyT HaxoauTbCA

B NoMeLweHUAX XUJbiX U O6|.|.|8CTBEHHbIX
3AaHUM

OracHble XMMIUYeCKIe BEIeCTBa II0 XapaKTepy [eicT-
BUS IeJIATCA Ha BEllleCTBA Pa3fpajkalolliero, IPYDKNATa-
IOII[er0, YAYLIAOI[Ero, 00IeTOKCUYeCKOTO AefCTBI,
BBI3bIBAs OXKOTH, HEPBHBIE, PECIIMPATOPHBIE, CEPAEUHO-
COCYAMCTBIE, XKEMyFOYHO-KHUIIeIHbIe, MyTareHHbIe,
ajIepreHHbIe U KaHIeporeHHsle 6omesnn. Ha ocHoBa-
HMY 00001eHNA Pe3y/IbTaTOB XMMUKO-aHATUTUYECKO
OLIeHKM Pas3/M4YHbIX CTPOUTEIbHBIX MaTepuasoB, Mebe-
U V1 [PYTUX OBITOBBIX U3JE/NNiT K BO3MOXKHBIM MCTOY-
HMKaM BBIJICTIEHUS BPENHbBIX BEIECTB B BO3NYIIHYIO
Cpefy HOMeIeHNIt MOTYT ObITh OTHECEHDI CIeRYIOIIe
M3menus, IpuBefeHHsble B Tabm. 1 [1, 3—5].

Taﬁlmua 1. JIaHHI)Ie 110 BBIICTIEHVI0 BPENHBIX BEIIECTB PAa3INYHbIMI CTPOUTETbPHBIMI MaTe€pUaTIaMN 1 OBITOBBIMII

N3OAECINAMU

Table 1. Data on the release of harmful substances by various building materials and household products

Ne HaumeHoBaHWe MaTtepranoB unu usgenui

n/n

1 JImHoneym

2 epMeTU3MpyIoLLanA peLenTypa Ha ocHoBe $HeHOM-pe30sIbHOro
rieHonnacta

3 [peBecHo-CTpyKeuHbIe MnTbl M Mebesb, U3roToBeHHaA 13 HIX

4 ByMarHble 0bou ¢ KneeM

5 CUHTETUYECKME 060U C MONMMEPHBIM WM METANTIM3UPOBAHHEIM
MOKPbITVIEM

6 [epMeTn3upytoLLME NEHTbI

Bo3MoHble netyyuve BpeHble BellecTtsa Win asposonu

BeH3or, Tonyon, KyMor, ByTUNaLIETaT, XI0POdOPM, HETHIPEXXTTOPHCTHIN
yrmepog, U30Mporin 6eH301, TPUMETUNBEH30N

®eHon, GopManbaerid, opTo- U Napakpesosl, 3STUNGeH30

®eHon, Gpopmanbaervia, opTo- 1 Napa-Kpesonsl, byTunauetar
3TunaueTar, kamdapa, METUOBbLIN CrIMPT, TOSYOT, KCUIION

Cupon, ByTNoBbI CrvpT, 3TUNBEH301, GTanaTsl, XPOM, MapraHeLl,
LIMHK, Mefib, CBUHEL|

Tonyon, dTanatbl, YeTLIPEXXIOPUCTLIA yrepoa, XNopdeHos, OKTUN
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Ne HanMeHoBaHue MaTtepuanos unm usgenuin

n/n

7 MacTukm KnefLume

8 Meberb 13 fepesa, NMapKeT, NosioBas AocKa

9 BUTYyMHbIE MacTWKKM, CMoNAHaA NaKnA

10 M30enuna 13 nonmxnopBUHUIOBEIX MIACTUKOB

11 J1aKoKpacouYHble MOKPLITUA Ha OCHOBE CoJel CBMHLA (CBUHLIOBLIN
CYpUK)

12 M3nenmA us acbectocopepHallvx MaTepuarnos: KabuHbl CaHy3/oB,

BEHTUNIALMOHHBIE KOMOALIbI, MOAOKOHHNKN
13 KoBpoBble n3genva

14 KoBpOnMH € KNeALmM cocTaBoM

Bospymnble cpefibl MOMeLEHNI MOTYT TaKXe 3a-
TPASHATBHCA NMPOAYKTaMU TabaKOKypeHMUs, BelljeCTBa-
MU, 06pa3yoIMMNUCA B XO/ie IIPUTOTOBICHNUS NI,
CpeACTBaMy JIMYHOI TMTMEHBl, KOCMETUKHY, TeKapCT-
BeHHBIMM ¥ MOKOIIMMM Ipemnaparamu. Kpome atoro
BpeJjHble BelleCTBa MOTYT IOCTYNaTh B MOMELIEHUA
C HapY>XHBIM BO3lyXOM. B KpyIIHBIX MeTamommucax oc-
HOBHOJ1 BK/Ia/J] B 3aTPA3HEHME BO3YIIHO CPelbl BHO-
CUT aBTOTPAHCIIOPT, KOTOPbIN BbfIeNIIeT ABYOKNUCD a30-
T4, OKICB yITIepofia, (peHosI, aMMIaK, CBUHeLl, beH30mu-
PEeH M IpyTue BpegHbIe BElecTs [6].

Victopnyeckne 1eHTpbl MHOTMX ropofioB EBpomnsl,
BK/I0Yas MOCKBY, CM/IbHO 3aTrPsA3HEHDI TKEIbIMI Me-
Taj/laMJ: LIMHKOM, CBMHIIOM, KaJiMIeM, Meflblo, HIKe-
7eM 1 XpoMOM. DTO 0OYCTIOB/IEHO pa3pylIeHNeM CTa-
PBIX IIOKPBITHIL CTEH 3[jaHuii. MuHepaTbHble IOKPBITHA
CTapbIX 3[JaHMIA COJeP)KAT 3HAUUTENbHOE KOMMIECTBO
OKCHUJIOB TsDKENIBIX METAJIOB U, paspylIasach, 3arpsAs-
HAIOT BO3AYIIHYIO Cpefly U NMOYBY ropofos. IIpomprni-
JIeHHBIe PeANPUATHA, MMEIOLIMe XMMIYecKue, Hedre-
XMMMUYECKNe, TUTENHbIE ¥ APYTUe XMMUYECKH ONacHbIe
IIPOM3BOACTBA, TAK)XXe BHOCAT CBOJI BK/IA[| B 3arpsA3He-
HII€ BO3JYLIHO CPEbL.

VImenu MecTo crry4au 3arpA3HeHVs >KIUIbIX U yueh-
HBIX [TOMeIleHNI, KOT/ja U3-3a HeOpexxHoro obpailie-
HUs C OIIACHBIMU XMMMYECKMMMY BELIECTBAMY, A TAKXKe

52

Health Risk  Issues of Risk Analysis, Vol. 20, 2023, No. 3

OxonuaHue Tabmuupr 1
End of table 1

Bo3MoXHble NleTy4yue BpeaHble BewecTBa Ui a3po30/iu

Dopmanbdern, HadTon, dranatel, STUnauleTar, oKTU

DopMarbaerng, Tonyon, AndeHnaTaH, xrnopdeHon, GyTuioBbIA CrvpT,
6yTnaueTat

Ctvpor, 6eH305, heHos, Kpesosbl, Toyos, KCUITOS, 3TUNGEeH3o0s,
xnopodopm
XnopBuHUN, dTanatbl, XNOPUCTLI BOAOPOA

CBuHeLl, 3TWNbeH30s, ByTUrnaLeTaT, CKUMMOAP, aMUIOBbIN CrIVPT
Ac6ecToBble BOSTOKHA, Mblrib, KabLIWIA, MarHWIA, KDEMHIA

HadTtanuH, xnopdeHon, 6yTUnoBbIi CivpT, 3TWNaLeTaT

@Tanatbl, HaGTON, AUMETUNAHUIMH, KCUON

B pe3y/nbTaTe IpefHaAMEPEeHHBIX [IeICTBUII 030PHBIX
MOJPOCTKOB, IICUXMYECKN HEHOPMAaJIbHBIX WU 9KCTpe-
MUCTCKM HACTPOEHHBIX JIOfelt YueOHbIe KIacChl, HOLb-
€3[bl JIOMOB, IIOMeILeHNS 0OIIeCTBEHHOTO [10/Ib30Ba-
HIA TIOIBEPTraloTCA 3apPaKEHUIO CUIbHO MaXHYIIVMMA
VU ATOBUTHIMU BellecTBamMu. OMBIT TMKBUJALINHA T10-
TOOHBIX Ype3BBIYANHBIX CUTYALMIl UMEETCS ¥ MHOTUX
IIOMCKOBO-cracaTenbHbIx ¢popmuposannit MUC Poc-
CUM B KPYITHBIX TOPOfIax.

KOHTpO/b COCTOAHMA BO3AYIIHOI Cpelbl IIOMelle-
HIIT Ha COfiep>KaHle BPEeSHBIX BeIleCTB IPOBOANTCSA Ha
XUMMKO-aHaINTU4IeCKoN anmapaTtype. Onpenenenne
OpraHMYecKNX BellleCTB OCYIECTBAETCA C IOMOIIbIO
xpomaTorpadu4eckoit ¥ XpoMaTo-Macc-ClIeKTPOCKO-
NMYECKON ammaparypsl. [ onpejeneHusa Heopra-
HIYECKMX BeleCTB OOBIYHO MCIIONB3YIOTCA aTOMHO-
SMMCCHOHHASA allapaTypa WIM MacC-CIIEKTPOMETPhI
C MHAYKTUBHO CBSA3aHHON I/Ia3MoI1. [I/19 Konn4yecTBeH-
HOTO OIIpefie/IeHNs a3po30Jieil 1 ac6eCTOBBIX BOIOKOH
UCIIONTb3yeTCA ONTUKO-37IeKTPOHHAs MUKPOCKONHAsA
ammaparypa.

BonbMMHCTBO XMMMUYECKUX 3aTPA3SHUTENEN BO3-
OYUIHOJM Cpefbl >KUJIbIX IOMELIeHMI obmagaeT mmu-
POKUM CIEKTPOM BPefHOTO BO3JeiicTBUA. XapaKTep
BPEIHOTO BO3/IeMICTBUA Pa3NMYHBIX XMMUYECKUX Be-
I[eCTB IpuBefeH B Tabn. 2 [1].



Manbiwes B.IN. v gp.

(DaHTopbl CHMHKeHNA Ka4vecTBa Bo3yXa B O6LLLECTB€HHI:>IX N HUNbIX NOMeLLeHNAX

Vladlen P. Malyshev et al.

Factors of Air Quality Reduction in Public and Residential Premises

Ta6muma 2. Tokciyeckne cBOJICTBa Hanbonee pacipoCTPaHeHHBIX 3aTPA3HUTeTell BO3AYIIHOI cpeabl KBapTHP

Table 2. Toxic properties of the most common air pollutants of apartments

N2  HaumeHoBaHue BelyecTBa

n/n

XapaKTep BO34eMCTBUA Ha OpraHM3M YesioBeKa

1 DeHon, opTo- 1 Napakpe3onbl, xnoppeHon | KneTouHble Ak, MOParKaloT HEPBHYIO CUCTEMY, BbI3bIBAIOT Pa3fpareHue AblXxaTenbHbIX NyTew,

2 QopManbaervg

3 BeHson

4 Crmpon

5 QOTanatsl

6 Xnopodopm

7 Mcesaokymon

pacCTPOMCTBO NMLLEBapeHUs, 06LLYI0 CNaboCTb, NOTAMBOCT, Cre30TeYeHe, KOMHbIN 3L,
pasaparuTENbHOCTb, 6ECCOHHMLY

06na,c|aeT KaHLleporeHHbIMA 1 MyTareHHbIMM CBOWCTBaMW, Bbi3biBaeT pasapaxeHue mas,
OpraHoB AblXaHuA, anneprmqecr(mﬁ HaCMOPK, TPpaxeuThbl, 6p0HXVITbI C aCTMaTn4eCKnMmn
npoAsneHnAaMn

I'IopaH(aeT HEPBHYI0 CUCTEMY, Bbi3blBaeT roJI0BHYO 60J'Ib, OAblLLKY, KPOBOTOYMBOCTb [eCceH

O6nanaeT APKO BbipaXeHHbIM pa3aparmmTebHbIM AeCTBUEM Ha CIM3NUCTLIE 060/104KN,
Bbi3bIBAET HEPBHLIE N ¥eNyA0YHO-KULEeYHble PAacCTPOMCTBA, HapyLIEHMe CHa, OABILLKY,
cepauebueHve

0651apaioT 06LLETOKCUYECKNM, KYMYNATUBHBIM 1 pa3aparmTesibHeIM OencTB1eM

O6nanaet KaHLeporeHHbIMn1 CBOMCTBaMM N HapKOTNUYeCKUM nencTeneM, nopaxaet HepB-
HY0 1 cepaeyHO-CoCyaNCTYI0O CUCTEMbI

MopaKaeT HepBHYIO CUCTEMY U HKENYO0UHO-KULLIEYHbIA TPaKT

8 Acbect ABNAETCA KaHLIePOreHHbIM BELLEECTBOM, CMOCO6HLIM BbI3bIBaTb OMYXO/M OPraHoB AblXaHWA.
YeM Kopoye BOSIOKHA U MeHbLLIE 1X AMaMeTp, TeM OHU oracHee

9 Pty lNoparkaeT HePBHYIO CUCTEMY, BbI3bIBAET CNIaboCTb, COHMMBOCTb, FOMOBHYIO H0/b, APOMKaHWe
KOHeYHoCTel, Cyaoporu

10 | CeuHey Bbi3biBaeT paccTponcTBa LEeHTpasibHOM HePBHOWM CUCTEMEI, MOPaMKaeT 3peHre 1 0boHAHWE,
pasBuBaeTcA cabocTb, ronoBHaA H0sb, APOKaHNEe KOHEYHOCTEN, BEK, A3bIKA

11 | Megp MoparkaeT HepBHYIO CUCTEMY, BbI3bIBAET A3BY HesyaKa, AepMaTUTLl Y KOHBIOHKTUBUTbI

12 | Uvkk Bbi3blBaeT Menyao4HO-KHLLIEYHbIE PACCTPOMCTBA, Pa3aparUTeIbHOCTb, 6eCCOHHMLY,

CHMXEeHMe NaMATKU K cnyxa

2. HakonneHue yrnekucnoro rasa
B NMOMeLleHUAX }UNbIX U 06LLecTBeHHbIX
30aHUN

B okTsa6pe 2022 r. MeXXiyHapOZHAs TPYIIIa yIeHBIX 3a-
SIBUIA, YTO KOHI[EHTPALVs YITIEKUCIOTO Ia3a B aTMOC-
¢epe 3emnn gocturia 418 ppm, 4TO ABISAETCS CaMOIl
BBICOKOJI CpeJHEMECAIHON 17106a/IbHO KOHLIEHTpaI -
eit, Korjga-mbo 3aperncTprupoBanHoit [7].

OCHOBHBIMM COCTABJIAIOIIMMY aTMOC(EPHOTO BO3-
IyXa ABJAITCA a30T, KMCIOPOT, ¥ aproH (Tabi. 3), gons
OCTa/IbHBIX Ta30B CYILIECTBEHHO MeHblle [8].

A30T 1 aproH sIB/IAIOTCSA MHEPTHBIMU 11 He B3aIMO-
[eCTBYIOT C OpraHu3MoM desoBeka. CocTas BAbIXae-
MOTO ¥ BBIIBIXaeMOT'0 BO3[jyXa IIpuBefieH B TaoI. 4 [9].

CreneHb yCBOEHUA KUCIIOPOJia HEBENNKA, OKOJIO
0,25. ITocrme Boxa OpraHu3M BbIJbIXaeT 0OPaTHO OCHOB-
HYIO YaCTb KMUCIOPOJA. YIIEKUCIBII Ta3 MPaKTUIeCKN

Tab6muua 3. XuMu4ecKmit COCTaB OCYLIEHHOTO BO3AyXa
(8]

Table 3. Chemical composition of the dried air

BewectBo 0603HayeHne Lons B Bo3ayxe, % 06.
Asor N, 78,084
Kucnopoa O2 20,946
AproH Ar 0,934
YrneKvcrbiv ra3 o, 0,03

HeoH Ne 0,001818
KpunToH Kr 0,000114
MeTtaH CH, 0,0002
[enuin He 0,000524
Bonopoa H2 0,0005
KceHoH Xe 0,0000087
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Ta6mmua 4. CocTaB BIbIXa€MOTO U BBIIbIXa€MOTO
Bo3gyxa [9]
Table 4. Composition of inhaled and exhaled air

[OonA rasoB B Bo3ayxe, % 06.

0, co, Ar N,
Bpabixaembln Bo3ayx 21 0,04 0,9 78
BbigbixaeMmbiii BO34yX 16 4 0,9 78

OTCYTCTBYeT BO BBIXaeMOM BO3JyXe 1 aKTMBHO 00pasy-
€TCs [P OKUC/IUTEIbHBIX PeAKIVAX B OpraHu3Me.

ITo ganubim H.JI. CeMKMHa, 001jee KOTMYIECTBO 10~
Tpeb/IsIeMOro B CyTKM KUCTIOPOAa ¥ BBIJIE/IAEMOrO 3a
3TO BpeMs YTIEKUCIOro Ta3a 3aBMCUT B OCHOBHOM OT
YPOBHsA 3HEpProTpaT 1 B MEHbIIEl Mepe OT COCTaBa Cy-
TOYHOrO panyona. OCHOBHOe IOTpebIeHne KNCI0POaa
YBEIMYMBAETCA 110 HETVHENTHOMY 3aKOHY C YBE/IMYEHN -
€M Beca TeJjIa, HO ITITaBHOV ITIePEMEHHOI, ONpefe/A0Iei
YPOBEHDb 9HEPrOTpaT, ABMAAETCA MBbIIIeYHas JeATeNb-
HOCTb, KOTOpasi OKasbplBaeT Hambosblilee BIMsHIE Ha
notpebnenne Kucnopoxa [10].

BenencTBue pasnmu4HOro ypoBHs (MU3MIECKON aK-
TUBHOCTU B IIpefie/lax YMepeHHO! paboThl BecoBoe
norpebeHne KUCTOPOJia Jiis YelloBeKa BecoM B 70 KT
MOXET U3MEHATbCA B npefenax or 0,5 go 1,0 xr B cyT-
K. B cTaHAapTHBIX YCIOBMAX Ia30BOIt Cpebl IOTPeo-
JIeHMe KUCTIOPOfia COCTaBIAeT 7,3...7,5 oM Ha 1 kT Beca.
OpHako, y4nuTbIBasd cepbe3Hble IOCHeACTBUA JlaKe
KPAaTKOBPEMEHHOTO BO3/I€/ICTBUS TUIIOKCUM, OCHOBHbIE
pacueTsl cucTeM obecliedeHMs >KU3HeeATeIbHOCTU
IPOBOJAT MCXO[A U3 CTAHAAPTHOTO MoTpebmenns 1 Kr
KUCTIOPOfa Ha Ye/IoBeKa B CYTKM, YTO IO 06beMY COOT-
BetctyeT 1000 v [10].

Vcxops n3 HOpManbHOTO 3HAYEHMA ABIXATEeIbHO-
ro koadouimenta, pasaoro 0,83, MOXKHO BBIYMCIUTD
KOJIMYECTBO YITIEKMUCIOTO ra3a, BhIAENAEMOTro Ipu I0-
IJIOLIeHMH KMCopopa. Tak, ecu BenmyuuHa noTpebyieH-
HOTO KMcmopofa coctapnsger 1000 nm® B cyTKu npu
npixaTenpHOM Koaddurmenrte Kx = 0,83, To BoIenntcs
830 xm® yrnekucroro rasa [10].

OKCIlepMMeHTaIbHbIE MCCTIeHOBAHNA THAMIKY Ha-
KOIUIEHN: YTJIEKUCIIOTO Ta3a B TIOMeEIeHNY, TPOBEJeH-
nele C.H. becenunbim B Bonrorpagckom rocygapcTses-
HOM COLIMaZIbHO-IIelaTOTM4eCKOM YHUBEPCUTETe, MOKa-
3a/I11, 4TO B T€YEHMe Yaca B IToMeLeHnn o6beMoM 215 M3
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IpyU HAaXOXJeHuu 11 9enoBek cofepKaHue YIIeKICI0ro
rasa yBenmuusaeTcs Bisoe (¢ 903 mo 1735 ppm) [11].

B npouecce nccnenoBanmit 6b710 YCTAHOBIEHO, YTO
OJIMH 4elI0OBeK B IIOKOe BbIfeNiAeT YINEeKUCIOro rasa
B cpefHeM 17 j1/4ac, a Ipu BBIIIOTHEHUY JIETKOI PaboTh
3TO 3HA4YEHNe YBeIMUNBAETCA B CpefHEM 1o 22,6 11/4ac.

3. BnuAHue yrneKucsioro rasa
Ha opraHM3M 4eJioBeKa

YI/IeKVCIbIiT Ta3 HETOKCUYEH B HeOONbIINX KOHI[EHT-
pauyAx, OFHAKO BAbIXaHMe €ro NPy NMOBBIIIEHHbIX KOH-
LIEHTPalyAX B BO3[[yXe OKa3bIBaeT Ha KMBbI€ OPIaHM3-
MBI yyIIaKoliee JeiiCTBIE.

HopMmanbHblit ypOBeHD yITIEKUCIOTO Ira3a Ha OTKPbI-
TOM BO3JyXe cocTaBnsAeT 350—450 ppm. ITOT ypoBeHb
3aBMCHUT OT MHOTUX (paKTOpPOB, TAaKMX KaK pasMep ro-
pofa, KOMM4eCcTBO aBTOTPAHCIIOPTa Ha YIUIAX, BpeMs
rofia, BpeMs CYTOK, TeMIIePaTypa OKPY>Kalolleil Cpefibl
Y MHOTYIX JIPYTHX.

Mesxrocypapcreennsiii crangapt TOCT 30494-2011
«3paHusA XXUIble 11 o61jecTBeHHble. [TapamMeTpbl MUKpPO-
K/IMMaTa B IOMeIeHMAX» OIpefiensgeT KIacchl KauecTBa
BO3JlyXa UCXOMA U3 COflep>KaHM sl YITIEKUCIOTO Tasa B BO3-
Iyxe KWIBIX U OOIeCTBEHHbIX IOMelleHNi (TabrL. 5).

CormacHO JaHHOMY MEXTIOCYAapCTBEHHOMY CTaH-
JapTy KauecTBO BO3/IyXa OTHOCUTCA K HUSKOMY TIPU CO-
Iep>KaHUM YITIEKMCTIoro rasa 6omnee 1000 ppm.

PacTBOpeHHBINI B KPOBU YT/IEKMUC/IbIN Ia3 aKTUBMU-
PYeT [bIXaTe/IbHBII LEHTP MO3Ta B (PMU3MOIOTUUECKUX
U HECKOJIKO TOBBIIIEHHBIX KOHIIeHTpanuAx. [IoBbI-
IIeHMe KOHLleHTpanuy, BunoTh go 2000—4000 ppm,
B IOMEI[eHNUAX IPUBOAUT K PasBUTUIO Y JTIOHEN Co-
HINBOCTU ¥ cnabocTu. B sHaunmrenpHO 6omee BbICO-
KMX KOHI[€HTPALMAX OHO IPUBOAUT K CHIDKEHUIO VN

Ta6muua 5. Knaccudukanus Bosgyxa B HOMeIeHUAX

Table 5. Classification of indoor air

Knacc  KauectBo Bo3ayxa HonyctuMoe

B NOMeLleHun cogepxanue CO,,
ppm

onTUMasnbHOe  AoMycTUMoe

1 Bbicokoe 400 1 MeHee

2 CpenHee 400—600

3 [Lonyctmoe 600—1000

4 Huskoe 1000 v 6onee
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Ta6muia 6. BiussHue yImeKncioro ra3a Ha OpraHu3sM Jenopeka [12—14]

Table 6. The effect of carbon dioxide on the human body

YpoBeHb yrnekucsioro rasa, ppm BnusHue Ha opraHusM YenoBeka

PaCLLIVIpH}OTCH KPOBEHOCHbLIe COCybl B MO3re, CHMHAeTCA akTUBHOCTb HeMpOHOB M yMeHbLLIaeTcA 06beM

Yyalaetca cepuue6meHme (Taxvmap):lvm), NOABNAOTCA PBOTA, MOSIOBOKPYHEHWE, MOBLILLEeHWe apTepuanbHOro

1000—1200
KOMMYHVKaLMN Mexay peroHamm Mosra
1200—2500 Pa3BuTye y Mtofelt COHNMBOCTU U ClabocTu
2500—5000 HabniogatoTcA ronoBHanA 60/1b, pasfpareHie BePXHUX ObiXaTesbHbIX nyTel
5000—7000 Bo3HMKaIOT rofoBHble 60/M 1 FONIOBOKPYHEHWE
7000—8000
[aBneHna, ofblLLKa, BO3MOXKHa NOTeps CO3HaHWA
Cabilwe 8000 OTpasneHure c NocneayowmM cMepTebHBIM UCXOA0M B TedeHne 30—60 MuHyT
CabiLue 20 000 CMepTb OT OCTAHOBKM AbIXaHWA Yepe3 HECKOMbKO CeKyHA

yCTpaHeHMIo pedIeKTOPHOTO PeCIMPATOPHOTO pasfpa-
JKUTeNA, CHauajIa K YTHEeTeHMIO [bIXaHNA U, HAKOHEI],
K OCTaHOBKe fbIxaHus [12].

B psje uccnemoBauuit [12—14] orpaxkeHo Busi-
Hle YPOBHA YIJIEKMCIOTO Ta3a Ha OpPraHM3M 4eloBeKa
(Tabm. 6).

IIo mannmatuse EBpomeiickoro pecnmparopHo-
ro obmecrBa B mkonax Opanuun, Vranun, Jauun,
IIBervyt u HopBerun 6bum IpoBefeHbI UCCIETOBaHMA

B/IMSIHMS TOBBILIEHHBIX KOHLIEHTPALMil YIJIEKUCIIO-
ro rasa Ha 300poBbe y4amuxcsa. OHM IOKa3ajy, 4To
B Y4eOHBIX 3aBefleHUAX, I7ie KOHI[eHTPaIUA YITIeKUCTIO-
o rasa B Kjaccax npesbimana 0,1%, IogBep>XxeHHOCTh
y4ammxcs 3a60eBaHNAM peCIMPaTOPHBIX OPraHOB IO-
BBICUIaCh B 2—3,5 pasa [15].

H.®. I'mappiuie n fp. npuBofsAT faHHble (puc. 1)
0 BJIMAHUM YIJIEKICIIOTO Ta3a Ha Ye/lIoBeKa B 3aBUCHMO-
CTU OT ITUTENbHOCTY BO3eNCTBIA [14].

(HecKonbKo YacoB)

YucTbiit aTMochepHbIit Bo3ayx conepxut 380 ppm CO,

Ecnm yposeHb CO, B nomelyequ eoiwe 600—800 ppm

/\

KpaTKoBpeMeHHoe Bo3gencTeue

——

OCHOBHble CUMMTOMbI

. OLLlyLLleHVIe HeXBaTKM CBeXero Bo3ayxa

« [onoBHan 601b

e YcTanocTb

« [0/10BOKpY*KeH1e

« [noxas KoHLeHTpaUmA BHUMaHUA
o Anatuna

o OLLyLLieHVe apa

« PazpparkeHue mas
 PazfparkeHne HoCoroTKM

» HeBO3MOMHO rTy60KO B3AOXHYTH
o [noxow coH

BospeiicTBMe Ha HOCOMMOTHY
1 AbixaTesbHyI0 cucteMy

® PUHATBI

» ObocTpeHure anneprm

» Cyxom Kaluens

o [pycTyrbl acT™bI

o CyXOCTb C/M3UCTLIX 060MI04eK

KayectBo cHa

» BeccoHHMua

» Hekpenkui coH

 HeT owwyLeHns 6ogpocTu
rnocne npobyxaeHua

[OnutenbHoe Bo3gencTeue

(perynApHo, OT HECKOJIbKMX YacoB [10 HECKOJIbKUX JIET)

MeTabonuyeckuit aumaos

Bo3MorHbIe MocnencTBIA aumaosa:

o CHUXKEHWEe UMMyHUTETa

« 3aborieBaHnA KpoBK

o [Inabet

« 3aboreBaHnA cepae“Ho-CoCyANCTON CUCTEMBI
« [pvbaBneHue B Bece

» XpynKocTb KocTen

* CMHOPOM XPOHWYECKOW YCTanocTu

YxyAlweHne penpogyKTMBHOM GYHKLMUM
YesioBeKa

Puc. 1. BinsAaHue MOBBIIEHHOTO COfleP>KaHMA CO2 B IIOMEIEHMM Ha OPTaHM3M YeI0oBeKa

Figure 1. The effect of elevated CO, content in the room on the human body
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Taxum 06pa3oM, YI/IEKIC/IBII Ta3, HaKaIIMBaeMblil
B IIOMEIMIEHNMAX JXMJIbIX I afMNHUCTPAaTUBHBIX 3}1aHI/II7[,
MOJKET OKa3bIBaTh CYIIECTBEHHOE BAUAHME HA KA4eCTBO
BO3JyXa, IPUBOJANUTD K CEPbE3HBIM, a B HEKOTOPHIX CITy-
YasiX OIACHBIM IOC/IENCTBUSM IS JTIOJEIN.

4, P93y11bTaTbl 3KCnepuMeHTaJNIbHbIX
MCCHEHOBaHMﬁ ANHaMUKN U3MeHeHUA
KOHUeHTpauuun yrmekucsnoro rasa

B BO34QyXe noMewjeHunA

ITomemeHne, B KOTOpOM NPOBOAMICA 3KCIIEPUMEHT,
HpencTaBisieT co6oit oduc (kabuuer) 061muUM 06beMOM
29,5 m>. B moMemeHnn uMeeTcsa BXOL BEHTWIAIOH-
HOTO KaHafa. JlepeBAHHbIE PaMbl, IPEJyCMOTPEHHbIE
IIPOEKTOM CTPOMUTENbCTBA, 3AMEHEHDBI Ha IIACTUKO-
Bble. JIbIXaTeNbHbIe KIallaHbl HA paMax He yCTaHOBJIe-
HbI, IPUTOK CBEXKETO BO3AyXa Yepe3 HUX He obecIedeH.
ITpuTOK BO3[yXa OCYLIECTBIAETCA Yepe3 IIeNN B IBEP-
HOM IIpOeMe, OTTOK — 4€pe3 BeHTWIALMOHHBIN KaHal.
B nomemennu o6opynoBaHo pabodee MeCTO /s OFHO-
ro 4enoBeKa. Bo BpeMs sKcIepuMeHTa ABEPU U OKHA
IIOMELL€HNA 3aKPbITHI.

Health Risk  Issues of Risk Analysis, Vol. 20, 2023, No. 3

VsmepeHne KOHIIEHTPaLy YITIEKUCIIOTO rasa ocy-
IIeCTB/IANIOCH JaATYMKOM C AMala30HOM M3MEPEHU OT
0 mo 3000 ppm, TepMOKOMIIEHCALMA IMOKa3aHUI OCY-
IECTB/IAETCA B AaBTOMaTUIECKOM PEXUME.

IIpoBenena cepus U3 6 M3MEPEHMIA, PE3y/IbTAThI KO-
TOPBIX NIPUBEIEHBI Ha puC. 2.

ITomy4enHble B XOJie MCCIENOBAHUA PE3yNbTATHI
ObUIM OTpabOTaHBI C UCIIONTb30BAHNEM METOHA JIM-
HEeJHOM CTAaTUCTUKMU C OIpefiefiIeHueM [-KpuUTepus
CrpiofeHTa [16], pesynbraTsl 06pabOTKY IPUBEEHbI
B TabmI. 7.

Ipacuk n3MeHeHMsI CpeHEr0 3HAUEHUsT KOHIIEHT-
panum yIIeKucuIoro rasa puBefieH Ha puc. 3.

Ilo pesynbraTaM NMOMTy4YeHHbBIX SKCIIEPYMEHTATbHBIX
TAHHBIX MOXKHO CJI€NIaTh BBIBOJ, O TOM, YTO HapylLIeHNe
KOHCTPYKTVMBHBIX PeIIeHNUI BEHTUIALUYN TOMEIIeHUIi
XKUJIBIX ¥ aMVHUCTPATUBHbIX 3JaHNIT UM HeCcOOII0-
HeHNe BMECTUMOCTM TaKMX IOMeIeHMII NPUBOANUT
K CYLIeCTBEHHOMY CHIDKEHUIO Ka4yecTBa BO3/IyXa, BbI-
3pIBaIOIeMy HeTaTMBHbIE MOCNIEICTBUA /IS 3MOPOBbA
TpaX7aH.
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o
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//’———’ -e"‘:':—:
900 = =
_-" —
— - i = -
800 — =
- '/"K
e -
700 i -
7
//
600 - -
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”
500 L 2
ﬂ'?—/"
400 =i
300IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
-——= =2 -—==3 t, MUH
4 5 -—-- 5

Bbicokoe KavecTBO BO3Oyxa

m—— Hl13K0€ Ka4eCTBO BO34yxa

Puc. 2. funamuka usmenenus kounentpanuu CO, 10 pe3ynbraTaMm nsMepeHuin

Figure 2. Dynamics of changes in CO, concentration based on measurement results
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Table 7. Measurement results
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Hapsapy c mapaMu onmacHbIX XMMUYECKMX BeIeCTB, KO-
TOpbI€ IIOCTYIAIOT 33 CYET IIPUMEHEHMs SKOIOTUIECKI
«T'PA3HBIX» CTPOUTENbHO-OTAENIOYHBIX MaTE€pPUANOB,
Meben, MCIO0Mb30BaHMs IPONYKLMHU OBITOBOI XUMMUIL,
KOCMETUYECKUX, JIEKAPCTBEHHBIX IIPENapaToB, IMOCTY-
[UTEHVsI M3BHE BCTIENCTBYE IIPOMBIIIIEHHBIX BEIOPOCOB
U 3KCIITyaTaliyi aBTOTPAHCIIOPTHBIX CPEMCTB, CYIECT-
BEHHOE B/IMAHME Ha KA4ECTBO BO3/lyXa OKa3bIBAET yIJIe-
KUCIIBIN Ta3. YCTAaHOBKA IIACTUKOBBIX OKOH HU3KOTO
KavecTBa, HeCOOMoIeHre HOPMATUBOB IIOLIA/IU MOTYT
IPUBECTU K CYLIECTBEHHOMY IPEBBILIEHUIO TOMYCTH-
MOTO YPOBHSA COJEP KaHMs YIIEKMCIOrO Ta3a U BbI3BaTh
HeraTVBHbIE IIOCTIEICTBYUA I 30POBbA U KM3HU I'pa-
KfaH. [l CHYDKEHMA 3TOrO HeTaTMBHOTO (akTopa He-
00XOAVIMO MIPUHATIIE OPTaHU3ALMOHHBIX V/IY TeXHUYe-
CKMX peLIeHNI Ha OCHOBE MOJENMPOBAHMA JUHAMUKUA
U3MEHEHN s KOHLIEHTPALUM YI/IEKMUC/IOTO Ta3a B 3aBUCU-
MOCTU OT YCTIOBMIA IpeOBIBAHNS JTIOTIEN B IOMEIIEHMSX.
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AHHOTaumA

C MoMeHTa TepBoit BCIbIKY B KuTae u pacnmpocTpanenns B pasHbIX cTpaHax mupa COVID-19
HA4aJIoCh ¥ MHTEHCYBHO IIPOJO/KAETCA MCCIIeloOBaHMe MaTeMaTYeCKMX MOyiefiell pacpocTpa-
HeHus snupeMun. Takye MOfIeNN ABIAITCA JUHAMIYECKMMM, 1 9aCTO B IX OCHOBeE JIeXaT And-
(bepeHIMaIbHBIE VTN Pa3HOCTHBIE ypaBHeHMs. Kak mpaBuiio, Tu Mot TpeOyIoT IpoLeRypy
uaeHTHOUKALNY IS OIpefie/ieH) A HeM3BeCTHBIX TapaMeTpoB. Ho 1o pAny npuinH ogHO3Hay-
Has UAeHTUOMKALUY TaKUX IapaMeTPOB He MOXKET OBITh BBIIIONHeHa. HampuMep, mofroToBka
CTaTMCTUYECKUX JJAHHBIX I/IA NMPOLEAYPHl UCHTU(UKALMY MOXKeT OBITh BBIIIOTHEHA Pas/ind-
HbIMU crioco6amu. [T09TOMY IIpeAIIOUYTUTEIBHBIM CIIOCOO0M IPefo6paboTKM HaHHbBIX ABIACTCA
aNIpOKCHMAIVA UX Haubosee MOAXopsALell GyHKIVOHATbHOI 3aBIICYMOCTDIO.

ViccnenoBaHye IOKa3bIBAET, YTO SMMUAEMUYECKIE KPVBBIE MOTYT OBITD NpefCTaBIeHbl CYIepIIo-
3WIMell HeCKOMbKMX TOKAIbHBIX BOTH — BCIIBIIIKA SMN/IEMUV B TOM VI THOM PErOHe CKIIa-
IBIBAETCs M3 MHOTYIX JIOKQJIBHBIX BOJIH, Y HEKOTOPBIE U3 HMX MOTYT CIMBAaTbCA B OfHY OOIIyIO
BOJIHY. B JaHHOII cTaTbe MpepIaraeTcs IPUMEHATb aHAIOTY (PYHKIMY IIIOTHOCTY HOPMaIbHO-
TO pacIpefie/ieHus Jid MPOTHO3MPOBAHMA BOJH HOBBIX CrydaeB 3aboneBaemoctn COVID-19.
Ilenpio CTAaTbU ABMINCH pa3paboTKa MOieNM AMHAMMKM OOIero 4mcia 3a00/eBIINX M HOBBIX
cry4aes 3aboneaemoct COVID-19 ¢ y4eToM BOJH SIUAEMUN U OLIEHKA BIMAHMA Ha Perno-

HaJIbHYIO0 COMA/IbPHO-3KOHOMMYECKYIO CIUICTEMY.

ViccnenoBaHue IpoBOAIOCh Ha OCHOBaHMY HAaHHBIX 0 3aboneBaemoctt COVID-19 B pernonax
Kupogckoit o6mactu? B 2020—2022 1r. [TokasaHo, 4TO BBIGPAHHAS MOJIE/b XOPOIIO ONUChIBA-
eT CTaTUCTMYECKNE JaHHBIE Vi [TO3BOISAET [jelIaTh PealCTUYHbIe IPOTHO3BI AJIs1 O0Iero 4mcia
3ab0/IeBaHMIT I HOBBIX C/y4aeB 3a60/IeBaHMil. Pe3y/IbTaThl MCCIIENOBAHIA MOTYT OBITh MICIIOND-
30BaHBI JJI1 pa3pabOTKY IPEeBEHTUBHBIX Mep II0 MPEAYIPEXAeHNIO PacipocTpaHeHus 3abore-
BaHVA M IIO3BOJIAKT OLCHMBATDH BIIMAHNE SHMHGMMOHOFMHGCKOﬁ CI/ITyaLU/H/[ Ha COLMa/IbHO-3KO-

HOMMYECKYIO CICTEMY pErnoHa.

KnroueBbie cmoBa: MaTeMaTUYeCKOe MOJENMMPOBaAHNE; CYNEPNOINNMA SNUAEMUOTOTUIECKNX BOJH;
IIPOTrHO3MpPOBAHME.

! Pa6ora BhINO/IHeHa Ipu ToflepyKKe rpanTa [Ipesunenta Poccuiickoit ®enepanyun HI-5187.2022.2 ans
TOCY[JapCTBEHHOI IOAIeP>KKM BeylIMX Hay4dHbIX Ko Poccuiickoit Pemepanum B paMKax TeMbl UCCTIEN0-
BaHusA «Pa3paboTka u 060CHOBaHME KOHLEINN, KOMIUIEKCHOI MOJE/IN Pe3N/INeHC-INarHOCTUKY PUCKOB
U yrpo3 6e30MacHOCTI PerMOHA/IBHBIX 9KOCUCTEM 1 TeXHOJIOIMY ee TIIpUMeHeHMsI Ha OCHOBe LidpoBOro
IIBOVIHMKA».

2 Craructuka KopoHaBupyca B Kuposckoit o6mactu // https://russian-trade.com/coronavirus-russia/
kirovskaya-oblast/
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Abstract

Since the first outbreak in China and the spread of COVID-19 in different countries of the world,
the study of mathematical models of the spread of the epidemic has begun and is intensively
continuing. Such models are dynamic and often based on differential or difference equations. As a
rule, these models require an identification procedure to determine unknown parameters. But for
a number of reasons, unambiguous identification of such parameters cannot be performed. For
example, the preparation of statistical data for the identification procedure may be performed in
various ways. Therefore, the preferred method of data preprocessing is to approximate them with
the most appropriate functional dependence.

The study shows that epidemic curves may be represented by a superposition of several local
waves — an outbreak of an epidemic in a particular region consists of many local waves and some
of them may merge into one common wave. In this article, it is proposed to use analogs of the
normal distribution density function to predict waves of new COVID-19 cases. The purpose of
the article was to develop a model of the dynamics of the total number of cases and new cases of
COVID-19, taking into account the waves of the epidemic and the impact on the regional socio-
economic system.

The study was conducted on the basis of data on the incidence of COVID-19 in the Kirov region*
in 2020—2022. It is shown that the chosen model describes statistical data well and allows making

3 The work was supported by the grant of the President of the Russian Federation NSH-5187.2022.2 for
state support of leading scientific schools of the Russian Federation within the framework of the research
topic “Development and substantiation of the concept, integrated model of resilience diagnostics of risks and
threats to the security of regional ecosystems and technology of its application based on a digital twin”

* Coronavirus statistics in the Kirov region // https://russian-trade.com/coronavirus-russia/kirovskaya-
oblast/
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realistic forecasts for the total number of diseases and new cases of diseases. The results of the
study may be used to develop preventive measures to prevent the spread of the disease and allow
assessing the impact of the epidemiological situation on the socio-economic system of the region.

Keywords: mathematical modeling; superposition of epidemiological waves; forecasting.

For citation: Karaulova L.V., Karaulov V.M., Vishnyakov A.V. Mathematical and statistical model for assessing
the impact of COVID-19 waves on the regional system (on the example of the Kirov region) // Issues of Risk
Analysis. 2023;20(3):60-71, (In Russ.), https://doi.org/10.32686/1812-5220-2023-20-3-60-71
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BBepneHue

MareMaTndeckoe MofieTMpoBaHue pacrpoctpanenns snupemun COVID-19 B pasHbIx
CTpaHaxX U perMoHax Mypa HadaJoCch C MOMEHTaA IepBoii BCIBIIKY 6one3Hn B Kurae
Yl IHTEHCUBHO IIPOBOAUTCA B HACTOsIIIee BPeM.

K mpocreiimum MareMaTnyeckum Mopenam snugemuit otHocATcsa SIR u SEIR,
B KOTOPBIX Hace/leHue JIeIUTCA Ha TPYIIIBL: BOCIPUMMUNUBBIE (S), MHPUIPOBaHHbIE
(I) n Beinevennsrie (R), koutaktuposasiune ¢ nadexuweit (E). JJaHHbIe MOy comep-
»KaT HeOO/IbIIOe YMCTIO TapaMeTPOB, ITO SB/ISIETCS BEChMa BaXXHBIM (PAKTOM B YCIIO-
BMAX HEJOCTATKA VICXOHBIX KOMNYECTBEHHbIX JaHHbIX. OIHAKO 9TU MOJe/IN He Y4M-
TBIBAIOT MHOTYe (PaKTOPBI (pasIM4Hble CIIOCO0bI Nepefauyt MHMEKIUY, Pa3IUIHYIo
IUIOTHOCTD HaceJIeHNs, BOSMOXKHOCTDb BBIPaOOTKYM MMMYHUTETA, MHKYOALMOHHBIN
Hepuon 3ab60eBaHysA 1 T. I1.), IO9TOMY OHM ITOCTOSIHHO fopabaTbiBatorcs. [ToMumo
YKa3aHHBIX TPYIII BBOJATCS NOMOHUTENbHBIE IPYIIBL: 6@CCUMITOMHBIE 3apasHble
MHAUBUAYYMBI (A), ToMemieHHble B KapaHTUH (Q), ymepmue (D) u 1. . JuHaMuka
YMC/IEHHOCTH IPYIIII OIMCBIBAETCA CUCTEMOI 113 fuddepeHIaTbHBIX ypaBHEHWIL.

C 2020 1. 651710 OMY6IMKOBAHO 6ONMBIIOE KOMMYIECTBO CTaTel, B KOTOPBIX Mofie-
nu SIR, SEIR m ux Mopudukaiuy npuMeHSIOTCS A/ IPOTHO3UPOBAHMA PacIpo-
crpaneHus COVID-19 Bo MHOIUX CTpaHax MMpa, B ToM uncie B Poccun. OTmeTum
TO/IbKO HEKOTOPBbIE 113 paboT, B KOTOPBIX yKa3aHHbIE MOJENN UCIIONb30BAINCH IS
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nporuosuposannua passutua COVID-19 B Poccun
(B TOM umciie B permoHanbHOM paspese). B pabore
B.JI. CokonoBckoro u fpyrux [1] mpogeMoHCTpupoO-
BaHO, 4To npocTble SIR-Mofenn garoT BO3MOXHOCTD
OLIEHUTD IapaMeTpbl Mofeseit (K03duumeHTs BbI-
3[0pOBJIeHNs U 3a60/IeBaeMOCTU), KOTOPbIe MOLYT
UCIIONb30BAThCA B O0JIee CJIOXKHBIX MOJIeNAX, I03BO-
JMAOINX YYUTHIBATbh HEPaBHOMEPHOE pacIpeferne-
HUe Hace/lleHNs U M3MeHeHMe MOOVIILHOCTHY Hacere-
Hus. B pabote [I.A. TomunHa u fp. [2] mnsa nporHo-
3upoBaHusA pacnpoctpaHennusa B Poccum COVID-19
MIPUMEHAITCA IpocTeimne Momenu snupemuit: SIR
u SEIR, B pabote B.A. Bep6sr n A.I. BoBuk [3] mpo-
BOINTCA CPaBHEHINE Pe3y/IbTaTOB IIPOTHO30B PAaCHpo-
ctpanenus COVID-19 B Mockse ¢ nomompio SIR-,
SEIR- n SEIQR-Mopeneit 1 mokasaHo, 4YTO IPOrHO3
¢ nomombio SIR-Mofienn Xy>ke BCero COOTBETCTBO-
Bas peanpHocTu. B pabore O.J1. KpuBoporsko u fap.
[4] mporrosupoBaHue pacrupocrpaHenuss COVID-19
B Mockse n HoBocu6upckoit 061macTu ocyuecTBaser-
cs1 ¢ nomomrpio Mopenyu SEIR-D (yumuTbiBaromieit yuc-
no ymepinx) u mogenu SEIR-HCD (yuntsiBatonei
YHMC/IO YMEPUIIUX M YMCIO0 TOCHUTANIM3MPOBAHHBIX,
HAaXOALINXCS B KPUTUIECKOM COCTOsIHIUM). B paboTte
A H. Hapxesnd u fip. [5] pacripocTpaHeHne nHGEKINN
COVID-19 na tepputopun KpacHospcka mporso-
supyetca ¢ nomoupbio Mofenu SIRU, yuntsiBatomen
YJICTIO He3aperucTPUPOBAHHBIX UL C CUMIITOMAaMU
nudexuun (U). OTmevyaeTcss OTIMINTENbHAS 0COO€EH-
HocTb Mofient SIRU — B0O3MOXXHOCTb MOJeTMPOBAHUS
Ha Hadya/IbHOM 3Talle pasBUTHA MH(eKLIUU Ha oIpefe-
JIEHHOJ TEPPUTOPUM IPU OTCYTCTBUM BO3NENCTBUI
usBHe. B pabore B.®. ObecHiok [6] npemmoxeH Mopu-
¢unmposanHblit Bapuant SEIR-mMopenu, yunteiBaro-
Iielt YUCTIEHHOCTD JIUL C 6€CCUMIITOMHBIM Te4eHIEeM
6onesuu (P) u gomyckaromuit, Takum 06pasom, BO3-
MOXXHOCTD 3apaKeHMs KaK OT 6eCCUMITOMHBIX HOCH-
Teslelt, TaK U OT JINI] C JOKa3aHHOI nHEKLMEN.

Opnaxo mapameTpsl SIR-Mozeneit u nx Mopuduka-
U1, OIpefenseMble Ha OCHOBe (PaKTHMUeCKUX JAHHBIX
0 3aboreBaeMOCTM, HA Ha4aJbHOM 3Talle Pa3BUTUSA
3MNIeMMUM He BCETZIa XOPOLIO M3BeCTHBI. [loaTomy ana
IIPOTHO3MPOBAHNUA SNUAEMMI MPEeCTaBIAETCS Iiefe-
COO0OPa3HBIM UCIIOIB30BATh IIPOCTbIE MOJEIN C MUHI-
MaJIbHBIM KOJIMYeCTBOM ITapaMeTpoB. YacTo B ocHOBe
TaKUX Mojeneil nexar fuddepeHnanbHble NN pas-
HOCTHBIE YPaBHEHNA.

Mathematical and Statistical Model for Assessing the Impact of COVID-19 Waves on the Regional System...

B mpocreiiiemM KIacCH4ecKoM CIydae pacopocTpa-
HEHNE SNNIOEMNN IIPENCTABIAETCA JIOTUCTUIECKUIM OTO-

OpaxenneM (ogHOMepHOe oTobpakeHne Derirenbayma):
x
n

xn+1 = a‘xn 1_

>

raie x, — obliee YMC/I0 3apayKEHHbIX B 71-11 IeHb; 0L —
K03 UIVIEHT CKOPOCTY POCTa momysanuy; N — eMm-
KOCTD VY 001Ias 4YMC/IeHHOCTD mommynanuu. Jloructu-
9eCKMI POCT 4YNMCIa 3apaKeHHBIX HabNMogaeTcs mpu
3HaYeHNAX ImapaMeTrpa 1 < a < 2. [IporHosupoBaHue
pacnpoctpanenusa COVID-19 ¢ moMobio AUCKPeTHO
TIOTUCTUYECKON Mopien B MOCKBe 1 HECKONbKMX CTpa-
Hax IpefcTaBeHo B pabore 3. M. Konbrosoit u p. [7],
I7le PaCCMOTPEHBI YeThbIpe CIleHapusA PacIpOCTpaHeHNA
COVID-19 B MockBe, 151 Ka)KIOTO U3 KOTOPBIX MOITy-
4eHBI KpUBBIE YBEMTMYEHNs 4MCIIa MHPULIMPOBAHHBIX
" rpaduKy yBeMMIeHNsI OOIIero Yicia cyvaes, usyde-
Ha JUHAMMKA pacIpoCTpaHeHNs NHPEKINY 10 THAM,
oIlpefieIeHbl MMKOBbIe BpeMeHa, IePUOIbI SINIe MU,
KO/IMYeCTBO MHPUIMPOBAHHBIX Ha IVKe U UX POCT.

K onHOI 13 pacnpocTpaHeHHBIX MaTeMaTUYeCKUX
Mopienielt JUHAMUKY YMCIa 3apayKeHHBIX ¢ Hadasla oIu-
memun x(t) OTHOCUTCS JOTUCTUYECKOE ypaBHEHIE

QepxronbceTa:
dx x
—=Ax|1-—1, x(t )=x
dt K () =%

[ToMMMO KmaccudecKoit MOfIeM MOXeT MCIIOIb30-
BaTbCA 0006IeHHAS TOTUCTUYECKAS MOJENIb U MOZENTb
¢ 3amasfpiBaHMeM (YYMTHIBAIOI[AA IPOJO/KUTEINb-
HOCTh MHKYybaunonHoro nepuoga) [8]. IIpornosupo-
BaHMe pacnpoctpanenua COVID-19 B mectn crpa-
Hax ¢ IIOMOIIIbI0 0606IeHHOI TOTMCTIYIECKOI MOJeNN
[IPOLEMOHCTPUpPOBaHo B pabore M.B. KokoynuHa u ap.
[9]. IIpu aToM oTMevaeTcs, YTO, HECMOTPSL Ha TO, 4UTO
B CpefjHeM MOJe/b HEIIOXO ONMChIBAET (paKTUIeCKIe
[aHHBIE, A/1s1 60/Iee TOYHOTO MIPOTHO3a L{e/IeCO0OPasHO
CTPOUTHb MHOTO(aKTOPHbIE MOJIe/IM, YIUThIBAIOIIE Jie-
7TleHJe Hace/leHMsA Ha BO3PACTHbIE M COLMA/IbHbIE TPYII-
IIBI, TIJIOTHOCTD HaCeIeHNA U T. I0.

PacmipoctpaHenne nHQEKIMN 0OBIYHO MPEfCTaB-
€T He OJHY «M30IMPOBAHHYIO» BOJIHY, a CYIepIIO3N-
uio BomH. B pa6orax [10], [11] mpemmoxxeHa MeToguka
BBISIB/ICHM I JIOKA/IbHBIX BOJH. JJaHHas MeTORMKA IpPO-
TEeMOHCTPMPOBaHa /A ONMCAaHNUA PACHPOCTPaHEHNUA
COVID-19 B HeCKONbKUX CTPAaHaX MUPA, a TAKXKe B Me-
ranosnuce Mocksa.
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B paborte [12] npuBoguTCS CpaBHUTENbHAS XapaK-
TepUCTVKA METOLOB IPOTHO3MPOBAHMSA U OLIEHKU pac-
npoctpanenusa COVID-19: koMnapTMeHTHbIE MOJENN,
MeTOZBI MamyHHOro o6yuenus, [MIC-mozenuposa-
HIe ) areHT-OpMeHTUpPOBaHHOe MofenpoBanue. OT-
MedaeTcs, yTo KomnaptmeHTHble Mogenu (SIR, SEIR,
JIOTYICTUYECKYIe MOJIENIN U [ip.) He NAl0T BO3MOXHOCTU
OLIEHNUTb S9KOHOMMIYECKIeE ITOCTEeACTBIA NaHeMIN, I/
9TOM I[e/I MOTYT MCIIONIb30BaTh METOAbI MAalIHHOTO
obyueHus (perpeccus, HeitpoHHble ceTu). Hampumep,
B rccnegoBanuu [13], [14] c moMoupio ypaBHEHNS /-
HEJHOV perpeccuy IPOrHO3UPYETCA YMUCTIO JIeTaTbHbIX
VICXOJIOB B 3aBMCHIMOCTM OT YMC/Ia MTHPNUIMPOBAHHBIX
U KOMM4YecTBa TsKenbix cnydaeB COVID-19.

Eme onyH mopgxof K MccaefoBaHNIO Mofienell pac-
npoctpanenus COVID-19 paccmarpuBaicsa aBTopaMu
HacTosAIel CTaTby Ha OCHOBE KOMIIJIEKCHON OLIEHKU
YPOBHS SII/EMIOIOTNYECKOlT 6€30IacHOCTU B CYyODb-
exTax IIpuBomkckoro dgemepanbHoro okpyra [15]. Mo-
Ienb 06asupyerTcsa Ha 4eTbIpeX OTHOCUTETbHBIX ITOKa-
3aTeNAX paclpocTpaHeHMs 3aboneBanus. [JaHHbIe HO-
KasaTe/y HOPMMPYIOTCA, ¥ CTPOUTCS UX 00006IeHHas
oneHka. [IoryyeHHas olleHKa IPYHUMAET 3HAYEHN OT
HY/IA ¥ 10 eJVHUIIBI, YTO IIO3BOJIAET ee MHTEPIpeTH-
pOBaTh KaK BEPOATHOCTDb PUCKOB U YTPO3 pacIpocTpa-
HeHusA na"geMun. [ KayeCTBEHHOI MHTepIIpeTaly
COCTOSAHUA SMNUEMIOTIOTMYeCKOl 6e30IIacHOCTH B pe-
TMOHAX IIpefilIaraeTcs MCHO/Ib30BaTh IIOPOTOBbIE YPOB-
HI 6€30MaCHOCTI.

OcHoBHafA YacTb

Llenb mccnefoBaHusA — MOJENMPOBaHME AMHAMUKMA
pacnpoctpanenusa COVID-19 u oueHKa ero BIUAHUA
Ha COIIMAa/NbHO-3KOHOMMUYECKYI0 CUCTEMY PETMOHA,
B YaCTHOCTM CTEII€HM 3aTPYy3KM CUCTEMBI 3[[paBOOXpa-
HEHUA ¥ YPOBHA BPEMEHHOTO BBIOBITHA pabodeit CUIbI
U3 IPOM3BOACTBEHHOTO IIporecca. I 3Toro cTpounTcs
MOJe/b IVHAMUKM 4JC/Ia 3apakKeHHbIX Ha Aary. Ymcio
3apaKEHHDBIX MOXXET MOJIEIMPOBATbCA ¥ IPOTHO3UPO-
BaThCs ¢ moMolpio SIR-mMopenu u ee MopuuKaLuii.
Ho B pamkax maHHOIT paboThI MpeaIaraeTcs UCIob-
30BaTh IPOCTYI0 MAaTeMATNIECKYIO MOJI€/Ib, MMEIOLIYIO
MIUHUMYM IIapaMeTpPOB, — JIOTUCTNIECKOE ypaBHEHNE

QepxronbCTa:
dx X
—=Ax|1-—|, x(t,)=x,. 1
dt K (1) =, M
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B manHOM ypaBHeHUN K — 9TO KOMMYECTBO JIOJEN,
KOTOpbIe TOYHO OYAYT 3apa>keHbl K KOHILY SIMAEMUN,
u A — K03$PUUMEHT CKOPOCTU pacIpOCTpaHEeHMs.
PelreHneM BaHHOTO YpaBHEHUs SBAAETCA QYHKLNA,
oTpaxarolyas oblilee YMCIO 3apaXKEHHBIX ¢ HadasIa 3Iii-
HeMUIL:

() = x,K

B X, +(fo0)~exp(f7u(t7to))‘ @

C momo1pio mocTpoeHHoit GpyHKuu x(t) npenara-
€TCs OLIEHMBATD YMC/IO 3apaXKeHHBIX Ha JaTYy.

Yucmo HOBBIX C/Ty4aeB 3a JeHb MOXKHO OIPeeInTh
KaK PAa3HOCTb OOILEro 4icia 3apakeHHBIX B MOMEHTHI
tu(t-1):

x,,, ) =x,(t)=x)—x(t -1). 3)

Unco HOBBIX C/Tydaes 3apaxkeHus x,(t) 3a mpome-
XyToK Bpemenn [t — T; t] mnuHoi T onpenensieTcst Kak
PasHOCTS:

x, () =x(t)—xt-T). (4)

Ecim B kadecTBe T B3ATH CPERHIOI0 TPOJJO/DKIATEIb-
HOCTb 3a6071€BaHMA, TO BETMIMHY X(f) MOXHO paccMma-
TPMBATh KaK OLIEHKY YMC/Ia 3apa)KEeHHBIX Ha MOMEHT
BpeMeHn L.

B pabore npefraraeTcst MOfeMpOBATh YICIIO 3apa-
YKeHHBIX x°(t) Ha MOMEHT ¢t Kak x,(t), rne T onpenens-
eTCsT KaK CPefHss IIPOJO/DKUTENBHOCTD 3a00/IeBaHus.
VupIMM clOBaMM, YUCTIO 3apaskKeHHbIX X, (f) Ha JaTy ¢
MO>KHO OLIeHVBATb KaK CyMMY

() =x,, (t—(T—l))-i—xneW (t—(T—Z))-i—...-i—
+x,,, ) =x,(t)

MOJENMMPYEMOTO 9MC/Ia HOBBIX C/IY49a€B 3apakeHNA xne

(5)

w
3a MpoMexXyTok BpeMmennu [t — T; t], rae T — cpemHss

IPOJODKUTENIBHOCTD 3ab0meBanus. Torma x%(f) MOXXHO
paccMaTpMBaTh KaK OLIEHKY 3aTPy3KV CUCTEMBbI 3TpaBo-
OXpaHeHNA.

IpomomxurenpHOCTs COVID-19 pn jrerkom Tede-
HYM 60JIe3HM COCTaB/IsAeT 1—2 Helle/, IpU CpefHelt T5-
ecTy (IpY HaIM4IMU HEOCTIO)KHEHHOT THeBMOHUMN) —
3—4 Hepenu, npu TsDKenoit popme — 1—1,5 Mecsna.
[TosTOMy mpefBapuUTeNbHO BBIOPAHO 3HAUEHUe IS
CpelHell IPOJO/IKUTEIBHOCTY 3a00/IeBaHUs 3 HeleIn
(21 nenn). Ha puc. 1 mpepcraBieHa MHPOpMALA O YUC-
Jie 3apaKEHHbIX Ha 1Ty’ x,(t) M cyMMapHOM YmCIIe HO-

5 Crartuctuka kopoHasupyca B Kuposckoit o6mactu // https://
russian-trade.com/coronavirus-russia/kirovskaya-oblast/
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Figure 1. The number of infected on the date and the total number of new cases of infection in the last three weeks

VIcTOYHUK: COCTaB/IeHO aBTOpaMIU.

BBIX C/Iy4aeB 3a060/IeBaHus 32 MOCIENHIE TPU Hefe,
IIpefIIecTBYIOI e 3TO Aate, B Kuposckoit obmactu 3a
niepuof ¢ 28.03.2020 o 06.10.2022 (922 HabmomeHMs1).

BusyanpHoe cpaBHeHMe rpadyKOB IOKa3bIBAET, YTO
CyMMapHOe 4YJIC/TO HOBBIX 3apa)KeHMIT MOXKeT OT/INYaTh-
Cs1 OT 4nMcia 3apaxeHHbIX. OCOOEHHO 3TO MPOSIBIAETCS
BO BTOPOII IOJIOBMHE MCCIEAYeMOro IepHofa, B 4acT-
HOCTHM, 13-3a MEHALIENCA CpeHEN MPOJO/DKUTENb-
HOCTM 60/Ie3HM IPpU pacpocTpaHenun mramMmma Omu-
KPOH, a Tak>Xe IIOf] BIMsAHNEM ApPYyrux pakTopos. ITo
yKa3bIBaeT Ha CIOXHBIIT XapaKTep Ipoliecca i1 Heo6Xo-
AMMOCTb KOPPEKTUPOBKY IIapaMeTPOB MPU HOCTPOe-
HUY MOJENN YYC/Ia 3apakeHHBIX.

CyTouHble 3IUeMUYeCKUe KPUBBIE MMEKIT He-
CKOJIBKO JIOKQJIbHBIX MaKCMMYMOB ¥ COfiep>XaT IUIaTo.
[TpuumHa C/IOXKHOM AMHAMUKM OOBSACHAETCS TEM, 4TO
OTfenbHble CYOBEKTH PO SABIAIOTCS OTKPHITBIMU HEOT -
HOPOJHBIMU CICTEMaMI, B KOTOPBIX BPEMS OT BpeMeHI
CTy4aifHO BO3HMKAIOT HOBbIE OYary SMUIeMUMN, IIOPOX-
Jarolye HOBBIE 1IETIOUKM repefadn nHpeKumum ot nHbu-
LMPOBaHHBIX K BOCIIPUMMYNBBIM. B HEOTHOPOIHBIX CU1-
CTeMax BCIBIIIKY SIYIEMUY CTyYaloTCs B pasHOe BpeMs
B pasHbIX MeCTaX M PaCpOCTPAHSIIOTCSA C Pa3HOI CKOPO-
cThI0. Bce 9T0 MpMBOANT K BOSHUKHOBEHUIO JIOKAIbHBIX

BOJIH 3MIMJieMUY, CABUHYTBIX 110 BpeMeHu. B pesynbrare
BCITBIIIKA SMMEMUN B TOM VIV MTHOM PErMOHe CKIIafibl-
BaeTCA U3 MHOTUX JIOKa/TbHbBIX BO/MH. HekoTopble 13 HUX
MOTYT CIIMBATbCSA B OHY OOIIYI0 BOMHY. MOXXHO CHenaTh
BBIBOJ, YTO CyTOYHbIE SMUeMUuecKie Kpusbie x, . (t)
IPeCTAB/ISAIT OO0 CYMepIIoSULINI0 HECKOIBKIX JIO-
KaJ/IbHBIX BOJIH, BO3MOXHO, C Pa3/IM4YHOI CpefHell Ipo-
JOJDKUTENTBHOCTBIO 3a00/IeBaHIA.

Ha puc. 2 HarnagHo NpOAEMOHCTPUPOBAHO, YTO
B Kuposckoit obnactu 3a mepuop ¢ 28.03.2020 no
06.10.2022 3aduKcupoBaHoO 7 MMUKOB, IIO3TOMY BbIfjeTIe-
HO 7 BOJIH, IIp1YeM IIOCTIEHAA BOTHA PACCMaTpUBaeTCs
KaK He3aBepllleHHasd (Ha puc. 2 yka3aHbl yYacTKYU Hau-
6os1blIIeiT aKTUBHOCTY BOJIH).

Oco6oe BHIMaHIe BBI3bIBAET IIeCTas BOHA C HAU-
Oosblieil aKTUBHOCTBIO B Havyane 2022 I., cBsI3aHHaA
¢ nosaBneHneM mramma COVID-10 — Omukpon. Ero
OTIMYUTENTBHOI 0COOEHHOCTBIO SIBUMUCH OOTIee BBICO-
Kasi 3apasHOCTb U KOPOTKUIT MHKYOAI[MOHHBII IIEPIOL.
B cBsi3u ¢ aTum B stHBape 2022 1. B Kuposckoit obmactu
HaOJII0la/INCh aHTUPEKOP/BL 3ab0IeBaeMocTy — Oortee
2000 3apakenuit 3a cytku. [locnegnas cegbMas BonHa
NIpUXOJUTCA Ha OCeHb 2022 I., mpuYeM K Hadaay OKTH-
Opst Hab/TIOAsICA TIOAXON K IUIATO STON BOJIHBL
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Puc. 2. lunaMuKa BOTH HOBBIX crrydaeB 3apakenus COVID-19 B Kuposckoii o6nactu 3a mepuop, ¢ 28.03.2020

1o 06.10.2022

Figure 2. Wave dynamics of new cases of COVID-19 infection in the Kirov region for the period from 28.03.2020 to 06.10.2022

VcTo4HUK: COCTaB/IeHO aBTOpaMIL.

B cBsA3M ¢ 3TUM AMHaAMMKa pacIpoCTpaHeHU:d
COVID-19 Ha Tepputopun Kuposckoit o6mactu 6pi1a
IpeficTaBlIeHa B BUfe cylneprno3uunn x(f) ceMu BOTH
mozeneit x'(t), x%(t), ..., x’(t) muHAMMKM 06IIero Yncaa
3apa’keHHBIX C Hada/Ia maHxemun. JlaHHass MOfienb Oblia
VICTIONb30BaHa /I HOCTPOEHN MOJENN AVHAMUKY dHC-
71a 3apaXeHHBIX Ha JjaTy 1 olleHKM BausaHua COVID-19
Ha PETMOHA/IbHYI0 9KOHOMMKY 32 IIepMOJ] ITaHeMUIL.

[/l BBISIB/IEHMsI BOJIH VCIIO/Ib30BA/Iach METOMUKA,
paspaborannas B pabore [10]. JlokanbHbIE BOTHBI BBO-
ISTCSI B MOZIE/Ib TIOCTIE0BATENBHO, IIPU 3TOM H00aB/IeHIe
HOBOI! BOJTHBI IIPOVICXOIUT TOT/Ia, KOIZIa pacueTHbIE JJaH-
Hble HAUVHAIOT 3HAYNTE/IbHO OTCTAaBaTh OT (PaKTIIECKMX.

[Tpu moctpoernn momenu x(t) anmpoKCUMaLny Ha-
KOIUIEHHBIX 3HAYEHMII YMC/IA CYy TOYHBIX 3apasKeHIIT AIst
Pas/IMYHBIX BOIH MCIIO/Ib30BAINCh VHAVBUAYAIbHbIE
mapaMeTpsl. B yacTHOCTH, Ipy BBI6GOpE aNIPOKCUMIU-
pytomeit pyHKIu x'(t) BOMHBI § HCTIONB30BAIOCH pellle-
HIe ypaBHeHMs (1) 3a cueT COOTBETCTBYIOIIETO MOK60-
pa mapaMeTpoB 7‘1" KZ., i=1,2,...,7. Ilonyyennasa Takum
o6pasom mMogens cynepnosunun x(t) = x1(t) + x%(t) +
+ ... + x’(t) MOCTAaTOYHO XOPOIIO OMMCHIBAET [IUHAMMU-
Ky 4¥CTa 3apakeHHbIX B Kposckoit o6macty ¢ Havama
SMMUAEMUY, YTO MO3BOMAET MCIIOIb30BAThb ee M/ Mpo-
THO3MPOBaHMs 06IIero 4uciaa 3apakeHui B0 KOHIa
cenpMoit BOMHBI (o KoHIa 2022 1.) (puc. 3).
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Cpepnsss ommbKa anmpoKCHUMaLy TOTy4eHHON MO-
memu coctaBnseT 3,4%, YTO CBULETENbCTBYET O BHICOKOM
KadecTBe Mopiert. [oaTomy Mogmernb cyneprnosunym x(t)
MOYXeT OBbITh MCITONb30BaHA /11 MOJIE/IMPOBAHMS YMCIIA
HOBBIX CyTOYHBIX 3apaxkennit x, (t) = x(t) — x(t - 1) u mpo-
THO3MPOBAHNA JJO KOHIJA CebMOJ BOMHBL. BriocnencTeum
HONy4YeHHble GaKTUIeCcKue 3HaYeHNs TIOATBEPIANIN afie-
KBaTHOCTB TaKOTO IIPOTHO3MPOBaHMA (prc. 4).

CpepHss ommnbKa anmpoKCUMALNU MOZETN HOBBIX
cmy4aeB 3apaxeHns x,(t) cocrasnser 5,3%, 4TO TaKxKe
TIOAITBEPXK/IaeT BBICOKOE Ka4eCTBO MOJENN. ITO IO3BO-
JIeT IIPUMEHATHh MOZENb CYIepIo3ULy X(f) /L OLieHKI
YyCIa 3apaKeHHBIX Ha faty x*(f). [Ipyu 3TOM B MOfie/ib BBO-
IATCA JONOTHUTENbHBIE TapaMeTphl — CpefHIe IIPOROI-
JKUTETBHOCTY 3a00/IeBaHMA IS KOK/OIT BOMHBI (puc. 5).

Ha nmuke 3apaxerus mramMmMoM OMUKPOH KOJIM-
YeCTBO 3apaK€HHDBIX IpeBbIIano 40 ThIC. HACe/lIeHMA.
C ydeToMm TOrO, 4TO, IO JaHHBIM PoccTaTa, B 3TOT rof
B perroHe Ha Kaxpble 10 TbIC. HaceleHUA NMPUXOU-
7I0Ch B cpefHeM OK0mo 90 Koek (4TO OLIyTMMO BbIIle
cpenHero nokasaress 10 PO — okono 80 xoek), a unc-
JIEHHOCTDh HaceneHUs Ha KoHer 2021 r. cocTaBisala
1234,78 TbBIC. YeIL., TO B 3TOT NIEPUOL B PETMIOHE VIMe-
710Ch OKOo 11 Thic. KoeK. Ecnmu 13 HUX 10 IOTOBUHBL
MOTYT OBITD MCIIOMIb30BaHbI A1 60nbHBIX ¢ COVID-19,
TO 3TO BCETO MNIIB 16% OT 41C/Ia 3apakeHHbIX Ha IIMKe
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Figure 3. Dynamics of the total number of infections in the Kirov region since the beginning of the epidemic and the wave superposition model

VIcTOYHUK: COCTaB/IEHO ABTOpaMI.
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Figure 4. Dynamics model and actual value of daily COVID-19 infections in the Kirov region since the beginning of the epidemic

VICTOYHUK: COCTaB/IEHO ABTOPaM Ha OCHOBE ITIOCTPOEHHBIX MOJiesielt BOJTH.
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Figure 5. The dynamics model and the actual value of the number of infected on the date in the Kirov region since the beginning of the epidemic

VcTouHuk: cocTaByieHO aBTOpaMl Ha OCHOBE IIOCTPOEHHDbIX Monener?{ BOJIH.

3a00/IeBaHNMA, YTO YKa3bIBaeT Ha KPUTHIECKYIO 3arpy3-
Ky CUCTEMBI 34PaBOOXPaHEHN B 9TOT IIEPUOF,

Mopenpb 4ycIa 3apaKeHHBIX Ha JaTy TaKKe II03BO-
NAeT OLICHUTh BPEMEHHbIE IIOTepM TPYHOBLIX pecyp-
COB M3-3a PaCHpPOCTPaHeHNs MaHAeMuu 3a nepuon T
IyTeM CyMMMPOBaHMA Bcex 3HadeHuit x*(t) gnsa t € T.
ITpy oleHKe OTePb UCHOIb30BATIOCH IIPEAIIONOKEHNIEe

0 PaBHOMEPHOM pacIlpefeeHnn 3a60neBaHus OTHO-
CHUTe/IbHO BO3PACTHON CTPYKTYPBL: JOMA 3a60/MIeBIINX
Cpeau 3aHATBIX B 9KOHOMMKE peTMOHa COBIafiaeT € 10-
JIeVl BCeX 3aHATHIX B 00IIel YMCIEHHOCTY HaceleHn
pernona — B KupoBckoit o6mactu B MccienyeMoM Iie-
puofie 3TO [OMA COCTABIIANA OKOMNO 45%, a YMC/IEHHOCTD
3aHATBIX — OKOJIO 555 ThIC. HacemeHus. B Tabnuie

Ta6m/ma. Oue]-u(a BPEMEHHBIX IIOTEPH 3AHATOTO0 HACECIEHNA KI/IPOBCKOﬁ obmacTu B Ppe3ynbTrare BOIH

pacnpocrpanenna COVID-19

Table. Estimation of temporary losses of the employed population of the Kirov region as a result of waves of COVID-19 spread

BonHa  [lepuop cyllecTBeHHbIX 3apaxeHuit WK Yncna HoBbIX cly4aeB BpeMeHHbIe NoTepu cpeau 3aHATOro HaceneHus
Havano KoHel| MaKcuMarbHbie cyTouHble, % B cpefHeM 3a BosiHy, %

1 23.04.2020 27.05.2020 KoHew anpens 2020 0,05 0,01

2 24.04.2020 04.08.2020 Hauano vioHa 2020 0,14 0,03

3 16.06.2020 21.07.2021 KoHew aexabpa 2020 1,27 0,24

4 23.03.2021 28.12.2021 Konew viona 2021 0,52 0,11

5 09.08.2021 29.03.2022 KoHeL HoAbpA 2021 1,81 0,34
24.12.2021 01.05.2022 CepeavHa ¢pespana 2022 8,24 1,10

7 07.07.2022 08.12.2022 KoHeL| ceHTAbpAa 2022 0,80 0,17

VcTouHuk: pacdueThl aBTOPOB Ha OCHOBE IIOCTPOEHHBIX Moneneﬁ BOJIH.
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MaTemaTuKo-cTaTucTYecKan Moaesb oLeHKM BAnAHNA BonH COVID-19 Ha pervioHanbHylo cucteMy...

Larisa V. Karaulova et al.

IpefCcTaBIeHO BAMAHUE BOJH PacIpoCTpaHeHUd
COVID-19 Ha coumanbHO-3KOHOMMYECKYIO CUCTEMY
peruona. B xauectBe Hayama CylleCTBEHHBIX 3apake-
HUII 04epeNHOl BOMHbI IIPMHUMANACh J1aTa, KOTAa Cy-
TOYHBIE 3aPAXKEHNUSA MOJENMPYEMON BONHBI BIEPBbIE
npeBbiIIaoT 10 yenosex.

3aKno4yeHue

VccnenoBaHue mokasano, 4To pacIpocTpaHeHue 3a60-
nesaemoctu COVID-19 Hennoxo Mofenupyercs mpu
IIOMOIIY CYHEePIIO3NINI HeCKOIbKIX TOKaIbHBIX BOJIH,
KOTOpBIe, B YaCTHOCTY, MOTYT OIIMCBIBATh PAaCIPOCTpa-
HeHMe pa3mnuHblx mTamMMoB COVID-19. Yncno Bcex
3apa)KeHHBIX C Hadajia BOJTHBI MOXET OMMCBIBATHCA
¢ nomopio SIR-Mozenu B popme AByXnmapameTpude-
CKOTO JIoTUCTMYecKoro ypaBHeHusa Pepxronbcra. Ha
6ase 9TOI MOJENN MOLEIUPYETCS VM IPOTHO3UPYeTCs
KO/INMYECTBO CYTOYHBIX 3apayKeHMIT 11 YMCTIO 3apakKeH-
HBIX Ha Jary. B mocmegHeM cinydae B MOJeTb BBOOWUT-
CSl OIIOTTHUTENbHBIN ITapaMeTp — CpefgHAS IPOXOII-
XUTENbHOCTD 3a60/€BaHNA B MOZENUPYeMOIl BOJHE.
ViccnenoBaHne 1MoKa3ano BO3MOXHOCTD aJleKBaTHOTO
IPOTHO3MPOBAHMS PacCIpOCTpaHeHUs 3ab0IeBaHMs
U OLIEHKM COLMa/JbHO-9KOHOMUYECKUX IOCTeNCTBUI.
B wacTHOCTH, Ha ITMKe BOJIHBI 3a00/I€BaHMSI BO3MOXXEH
KPUTHYECKUII YPOBEHb 3arpy3Ku KoedHoro ¢oupa cu-
CTeMBI 37]paBOOXPAHEHN, @ BpeMEHHOE BBIOBITHE U3-3a
3aboyeBaHNs pabodert CUIIBI MOXKET B pasbl IPEBBIIIATh
ypOBeHb 6e3paboTHIIbL.
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AHHOTaumA

B tumnosoit cucreme 06€CH€‘{€HI/IH 6630HaCHOCTI/I axcrmya'raumm 060py}10BaHI/lﬂ CJIIOJKHBIX TeX-
HUYECKUX CUCTEM BaKHENIIVM 3JIEMEHTOM SBJIAETCA OLICHMBAaHIE MH,E[I/IBI/I,E[yaJ'IbHOI‘O pI/ICKa
rubemu (TpaBMBI) 1/MIM HaHeCeHMsA Bpefia 3HOPOBBI0 00CTy)XMBaoLIeMy IepcoHany. IloaTomy
B HPOHCCCC Bpra6OTKI/I Ka4eCTBEHHOTI' O pCI.LIeHI/IH 10 q)OpMI/IpOBaHI/I}O nepetn—m u napaMeTpOB
MepOHPI/IﬂTI/Iﬁ HpOI‘paMMbI 066CH€'~{€HI/IH 6630HaCHOCTI/I HCO6XOI[I/IMO OLICHMBATDb IIOKa3aTe/nmn
I/IH,E[I/IBI/IJIyaHbHOI'O pI/ICKa, YTO OC/IOXHEHO HalInvymem paSl’II/I‘IHbIX HeOHpeHCHeHHOCTeﬁ, KOTO-
pre 06yC]’IaBI’II/IBaIOT II0OABJIEHNE I/lH}II/IBI/IJIyaTIbHOI‘O pI/ICKa l'[p]/[ SKCHTIYaTaLU/H/I 060PYIIOBaHI/IH.
B crarpe HPCHCTaBHeHa JIMUTALVIOHHAasA MOJE/Ib, IIO3BOJIAIOIIAA OLICHMBATDh IIOKAa3aTe/I MHOAN-
BI/II[yaTH)HOI'O pI/ICKa FI/I6€HI/I (TpaBMaTI/ISMa) 06CIIY)KI/IB3_}OH.[€I‘0 Hepcox—lana HpI/I 3KCHHYaTaLU/II/I
obopynoBaHus B Lenax GopMupoBaHMs IporpaMmsl obecriedeHus GesomacHocTy. [laHHas
VIMUTAOVIOHHAaA MOJEC/Ib OT/IMYA€TCA OT CYLLICCTBY}OH.[I/IX TEM, 4YTO B pesyanaTe arpeFI/IPOBaHI/IH
MOI[C]ICIU/I HO,IIHpOLIeCCOB q)yHKLU/IOHI/IpOBaHI/IH CUCTEMbI SKCHTIYaTaLU/H/I CJIOKHOM TeXHUYEeCKOM
CUCTEMbI y,uaeTca yCTaHOBI/ITb B3aMOCBS3b Me)KIIy CI.leHapI/IHMI/I peanmsaumm HEraTMBHBIX CO-
6bITMﬁ, napaMeTpaMM MepOHpI/IHTI/Iﬁ HpOrpaMMbI 066CH6‘{€HI/IH 6630HaCHOCTI/I ¥ KOMITJIEKCHBIM
BIVMAHUAM BCeEX CyH.[eCTBeHHbIX He)XenmaTelIbHbIX q)aKTOpOB. Paspa60TaHHaﬂ VMMUTAaOMOHHAaA
MO E/NIDb ITO3BOJIAECT ITOBBICUTD aI€KBATHOCTDb OLICHKM ITOKa3aTe/lA I/IHI[I/IBI/IJIyaJ'IbHOI'O pI/ICKaZ VH-
AMBMAYaTbHOTO PMCKa rbem (TpaBMBbl) 11/ WY HAaHECEHUA Bpella 3J0POBbIO 00CTy)XUBAIOIIEMY
nepcoHany. PaboTocriocobHocTs MeTORoM0r1HM OyeT MPOeMOHCTPMPOBAHA Ha IIpuMepe IOTy-
YeHUA (-)HeKTpOTpaBMbI 06C}'IY)KI/IBaIOI.LH/IM HepCOHaJ’IOM l'IpI/[ SKCHTIyaTaL[I/II/I CUCTEMBI (-)]IeKTpO—
CHaO>XXeHMSL.

KiroueBble ClIOBa: CCTEMBI 9/IEKTPOCHAGKEHMsT; Ge30macHast SKCIUTYaTALs; MHAVBUAYAIbHBIA PUCK TH-
6emut (TpaBMBI).

s purnposanus: Auzpees E.A., Busdaps PM., Pernetnuxos JI.B. OuennBaHme MHANBUAYaNbHOTO PUCKa
TpaBMaTy3Ma 06CTy>KMBAIOIIIETO IIePCOHaa PY SKCIUTyaTaLlMy CIOXHBIX TEXHUYECKMX CUCTEM C TOMOII[bI0
nmuTanuoHHoi Mogenu // Ipobnemsr ananmusa pucka. 2023. T. 20. Ne 3. C. 72—81,
https://doi.org/10.32686/1812-5220-2023-20-3-72-81

ABTOpBI 3aABIAIOT 00 OTCYTCTBIN KOH(IMKTA NHTEPECOB.
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Abstract

In a typical system for ensuring the safety of operation of equipment of complex technical systems,
the most important element is the assessment of the individual risk of death (injury) and/or harm
to the health of service personnel.. Therefore, in the process of developing a qualitative decision
on the formation of a list and parameters of safety program measures, it is necessary to assess
individual risk indicators, which is complicated by the presence of various uncertainties that
cause the appearance of individual risk during the operation of equipment. The article presents a
simulation model that allows assessing the indicators of individual risk of death (injury) of service
personnel during the operation of equipment in order to form a safety program. This simulation
model differs from the existing ones in that, as a result of aggregation of models of subprocesses of
the operation of a hazardous production facility, it is possible to establish a relationship between
the scenarios of the implementation of negative events, the parameters of the safety program
measures and the complex effects of all significant undesirable factors. The developed simulation
model makes it possible to increase the adequacy of the assessment of the risk indicator: the
individual risk of death (injury) and/or harm to the health of service personnel. The efficiency
of the methodology will be demonstrated by the example of receiving an electrical injury by
maintenance personnel during operation of the power supply system.

Keywords: power supply systems; safe operation; risk of death (injury).

For citation: Andreev E.A., Vivchar R.M., Reshetnikov D.V. Assessment of the individual risk of injury to
service personnel during the operation of complex technical systems using a simulation model // Issues of
Risk Analysis. 2023;20(3):72-81, (In Russ.), https://doi.org/10.32686/1812-5220-2023-20-3-72-81
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BBepeHue

B HacrosiIiee BpeMsi B OCHOBE CUCTEMBI 0OeCIedeH s
6€30ITaCHOCTY SKCIUTyaTaluyu 060PYHROBaHUA CIIOX-
Hoit TexHnveckoit cuctembl (CTC) mpu o6ocHOBaHUM
HapaMeTpPOB OPTaHM3AUMOHHO-TEXHUIECKUX Mepo-
IPUATUI, TIPOBOSUMBIX B I[e/ISIX HOCTVKEHUS MUHU-
Ma/IbHOTO 3HAYeHMsI BepOSITHOCTU rubenu (TpaBma-
TH3Ma) 06CITyXXIBAL[ETO [IEPCOHANIA, IEKUT TEOPHI
ynpasinenus puckoMm [1]. laHHOe Hay4YHO-MeTOnMYe-
cKoe obecrevyeHne aKTUBHO PasBUBAaeTCA U BHEAps-
eTCsl B IIPAKTUKY yIpaB/IeHNs ONACHBIMU IIPOU3BOJ-
CTBEHHBIMU 0ObeKTaMM. B pamkax 3TOro mporecca
pa3pabaTbiBaeTCsi MHOXECTBO HOPMATUBHBIX JOKY-
MeHTOB. K OffHOMY M3 TaKMX ZOKyMEHTOB OTHOCHUTCS
nporpaMma obecnedennus 6esonacuoctu (IIOB). Pas-
paborka I1OB 3akmiouaercs B popmupoBanuu me-
pedHs OpraHM3aLMOHHO-TeXHUYECKUX MEPOIPUITUIL
U 060CHOBaHNN X IMapaMeTpoB. JlaHHBIN Ipolecc
OCJIOXXHEH Ha/lM4MeM Pa3INIHBIX HEOIPEefeeHHO-
CTell, KOTOpble OOYC/IaBIMBAIOT IIOSIBIEHNE UHANBI-
IyaTbHOTO PUCKA IIPY SKCIUTyaTaluy 060pymOBaHNA
CTC. [ToaTomy B mpoliecce BBIpabOTKM KaueCTBEHHO-
O pelIeHNst He0O6X0AMO OLIeHMBATh [TOKA3aTe/N MH-
AUBUYaTbHOTO PUCKA.

Haunb6osnee pacmpocTpaHeHHBIMI METORAMU Olle-
HYBaHI [TOKa3aTenell MHANBUAYAIbHOTO PUCKA sIB-
JAITCA SKCIepTHBIe MeTonbl [1, 2]. OpHako mpu uc-
H0/Ib30BaHMM JaHHBIX METOJ0B BOSHUKAET PAJ TPYH-
HOCTell, CBSI3aHHBIX C BBICOKOI CJIOXXHOCTBIO 0T6Opa
HOCTaTOYHOTrO KONMYIECTBa 9KCIIEPTOB TpebyeMoii KBa-
MMQUKALUY ¥ C COINIACOBAHNEM IIOMTyYeHHBIX OT HUX
JAaHHBIX, aHA/IM30M ITUX HAHHBIX M UX MHTepIpeTa-
nueit. [IpyMeHeHMe VMUTALMOHHOTO MOJENTUPOBaHMNSA
[3] pns oueHMBaHMA MMOKasaTesNeil MHAUBUYaTbHOTO
pMCKa MO3BOMUT HPEOJONeTb TPYAHOCTH, CB3aHHbIE
C MICIIO/Ib30BAHNEM Ha3BaHHBIX BbIIIIE METOLOB.

Ilenplo ZaHHOI CTATBHY SBJSETCS HMPEACTABIEHNE
paspaboTaHHOM UMUTALVOHHON MOJENN, II03BOJISIO-
Ieil OLleHUBATD ITOKa3aTeNny MHAMBNUAYaTbHOTO PUCKa
rubenn (TpaBMaTH3Ma) 0OCTY>KMBAIOIIETO NTEPCOHATA
(OIT) npu axcmnyarauuu obopynosanus CTC B mensax
¢dopmuposanus I10B. PaborocmocobHOCTh MeTOLO-
noruy OymeT MpOfeMOHCTPPOBAHA Ha IpUMepe II0-
JIy4eHVsI 3IEKTPOTPABMBI 0OCTYKMBAIOLIVIM ITePCOHA-
JIOM IIPU SKCIUTyaTally CUCTEMBI S7IEKTPOCHAOXKEHN
(C30).
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I/ oLjeHMBaHMA MHVBUYAIbHOTO PUCKA IOMY4YeHNs
anexrporpasmsl (R, ) OIT Heobxopumo paspaborars
UMHUTALMOHHYI0 Mogenb (VIM) dyHKIMOHMpOBaHUSA
cucremsl akcmnyaranuu (C9) obopynosanus CTC,
KOTOpasi IIOMUMO CaMOro O60PYZOBaHNUs BK/IIOYAET
B cebss CIC, [ONONMHUTEIbHBIE TEXHNYECKUE CPENICTBA
3aIINTHI, JOIOTHUTEIbHbIE CPEACTBA HVIBUYaIbHOM
sauuThl (CV3) u anekTposamurtHele cpenctba (33C)
npumeHaembix OIL

Is paspaborku VIM ¢yukunonnposanus C3 06o-
pynosanusa CTC, nospossmooLieli OleHUTb I0Ka3aTeNlb
VMHAVBMYa/JIbHOIO PUCKA, BOCIONb3YeMCS METOJ0MIO0-
e, npencraienHoi B [3]. CormacHo 3Toi MeTOm0I10-
T Tpoliecc paspaborky VIM BKiIodaeT B ce6s1 BBIION-
HeHIe YeThIpex MOC/IefoBaTeNbHBIX ITAIIOB:

 IIOCTpPOEHNe JiepeBa Liefelt pemeHus 1o 060CHO-
BaHu napametpos [10D (stam I);

o BBIABJ/ICHME HeXXelaTelbHBIX (aKTOPOB M paspa-
00TKa CIleHapueB HeOCTIDKEHMS KaXKI0M Lie/u pelile-
HIs 110 o6ocHoBaHMIO apameTpos I1OB (atam II);

« paspaboTka MoJiefelt MOAIPOLeccoB GYHKIMOHMU-
posanusa C3 obopynosanusa CTC u ux arpernupopaHue
(aTam III);

o OILICHKA aJIeKBaTHOCTYU pa3paOOTaHHON MMUTAIV-
oHHOM Mogenu (atan IV).

OmnmireM Ka>kfblit 13 HUX.

Aman 1. Ilocmpoenue Oepesa yeneii peuseHust no 060-
cHosanuto napamempos I10b

Ha srom sTame He06XOAMMO BBICTPOUTH Mepap-
XMIO IjeJielf, Ha ZOCTIDKEHME KOTOPBIX JO/DKHO OBITH
HaIIpaBJIeHO pelleHue 10 000CHOBaHNIO TapaMeTPOB
I1OB. KnrodeBoil Lle/Ibl0 TAKOTO peLIeHUs ABIAETCA
obecneueHne 6ezonacHoi sxkcrayatanuu (b3) o6o-
pynoBanusa CTC c TOYKM 3peHNA CHUKEHUS BepoAT-
HoCTH Tbenu (TpaBMBbI) /Wy HaHECEHUs Bpefa 310-
possio OII. [Ins nocTmXeHns 3TOM ey HeoOX0UMO
BBITIOJIHEH)E Pa3/IYHBIX IOJALIeNel, IPefiCTaBIeHHbIX
Ha puc 1.

ITpu sTOM BBefieM [JONYILeHMe, YTO OTKA3 JJIeMeHTa
COC npuBoauT K NOAB/IEHNIO TIOTEHI[MA/Ia Ha KOpITyce
obopynosanus CTC. Bygem paccMaTpuBaTh BO3MOX-
HOCTb nonmyderys TpaBMbl Ol TonbKo B IIporecce Boc-
CTaHOBJIEHMA PabOTOCIIOCOOHOTO COCTOAHNUA 060PYHO-
BaHua CTC. OcHoBaHMeM /11 BBeIEHUA TAaKOTO JIOIY-
I[eHNA ABMAETCA aHANMM3 IKCIUTyaTalluy Pa3INdHOTO
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0O6ecneyeHme B3 C3C CTC
Rexp SRHP

=
v ! v

O6ecneyeHne b3
1-ro anemMeHTa

0O6ecrieyeHme b3
Z-I0 371eMeHTa

O6ecneyeHne b3
2-T0 3/1eMeHTa

ObecneyeHue... |

Y v v

Hannuma N3C

HapemHocTn M3C KBanMOMKaLMM JIMYHOMO CoCTaBa

Puc. 1. [lepeBo nerneii, ROCTIDKeHME KOTOPBIX HEOOXOAMMO /IS 06ecrieyeHns 6e30IMacHOCTH IKCITyaTaluu

obopymosanusa CTC, rae: R, R, — dbakTryeckas v npuemMIeMas BepOATHOCTD IOTyIeHNA 3MeKTpoTpaBMbl OI1

aTp

Figure 1. Tree of goals, achievement of which is necessary to ensure safety of CTS equipment operation, where: R, , R — actual and acceptable

probability of obtaining electrical trauma of SP

obopynosanust CTC, mokasaBumit, 4T0 HaubonplIee
KONMUYEeCTBO TPaBM OOCTYXMBAIOIIVM IIepCOHATIOM
OBIIO TOTYYeHO MMEHHO B IPOIlecce BOCCTAHOBIICHMSA
€ro paboTOCIIOCOOHOTO COCTOAHMUSL.

Oman II. Boisenerue HexenamenvHuix Gakmopos
U pazpabomxa cyeHapues HeOOCMUNEHUS KKl yenu
pewterust no o6ocHosanuio napamempos IOB

B pesynbrare mpoBefieHHOTO aHaMM3a OBIIO BBIABIIE-
HO, YTO He>KeaTeMbHbIMU (HaKTOPaMM, OKa3bIBAIOIIN-
MU BIIMAHME Ha MIPOLIECC JOCTVDKEHNA LN pelleHns
mo o6ocHoBaHuio mapamerpos [1OB, sBstoTcs: 0TKa3
anemenTa CIC, nosABIeHNe HAIPsDKEHM Ha KOpIyce
anemenTa CIOC, MosABIeHNE HANIPsDKEHM A Ha OTK/TI0YeH-

a1p

HBIX TOKOBEAYIIMX JacTAX B cocTaBe aneMenTa CIC,
OTCYTCTBMeE TPeOyeMOro KOau4ecTBa U UCIPaBHOCTU
CH3, 93C, a TakKe TeXHUYECKUX CPEACTB 3aIUThI OT
nopaxxeHus Ol aneKTpu4ecKUM TOKOM, BO3MO>KHOCTb
X OTKa3a, HegoctarouyHas kBanudukanusa OII ¢ Touxkn
3peHus 3HaHUI TpeboBaHMII 6€30IIACHOCTY IPU BOC-
craHoBiennu anemeHToB CIC.

Janee 6b1710 TOCTPOEHO AEPEBO COOBITUI, OTpaXKa-
I0ll[ee pe3y/IbTaThl COBOKYIIHOT'O BIIMAHMS Pas3IMIHbIX
COYeTaHUI BBIABIEHHBIX HeXKelaTelbHBIX (PaKTOPOB
U XapaKTepusymolljee BO3MOXXHbIE CLIeHapyM Ipoliecca
HeJOCTIDKEHU KaX/O0M IeM pelleHus, HauMHas OT
Lle/Iefl HVDKHETO YPOBHA, U UX nocnefnctsus. Ha puc. 2

lNocnenytoLLme HeenaTtensHble CobbITUA
=
VHnummrpytowmin BEPOATHOCTb BEpOATHOCTb BEDOATHOCTS 3 Pe3ynbTupyioLLiee cobbiTWe cLeHapues,
HeMenaTesbHbIN 6e30TKasHoM 6€30LUM604HBIX OfKa3a 33C % XapaKTepu3yioLLiee BO3MOMHBIN yLLepb
aKTop (A) paboTsl Y30 nencteumin Ol I 1 peanusaLmm 3Tux cLeHapveB
(&)
PA,| A) P(A,| A) P(A,] A)
P(A,] A) Ne 1 |
OTkas | OTcyTcTBMeE 3nEKTPOTPaBM |
3neMeHTa
P(A,| A) Ne 2
ac P(A, | A) 2 I OTcyTCTBME 3NEKTPOTPABM |
O s |
Pl | TonydeHvie aneKTpoTpaBm |
P, | TAA Ne 4
P(A,1A) FAlA I MonyyeHue 3NeKTPOTPaBM |
a7

Puc. 2. Bo3moxxHblit crieHapuit mopaskeHus Ol s7eKTpuuecKuM TOKOM OT BEPOATHOCTYU HeXXeTaTeTbHBIX COObITHII

Figure 2. Possible scenario of electrical shock for service personnel from the probability of undesirable events
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IIPeJCTAaB/ICHBL AT CLIEHAPUM [/Is1 HIDKHETO YPOBHS Iie-
JIelt pacCMaTpUBaeMOro IpuMepa.

Ha mpepcTaBneHHOM PUCYHKe MCIIONb30BaHBI Clle-
mylomyue 0603HaYeHNA:

A — cobbiTHe, CBA3aHHOE C BOSHUKHOBEHIEM OTKa-
3a antemenTa CIG;

Y30 — ycTpoICTBO 3aIIMTHOTO OTK/IIOUEHMS.

Aman III. Paspabomka moodeneii noonpoueccos
pynxyuonuposarus CIOC CO obopydosarnus CTC u ux
azpezuposaniie

Ha stom arame 6p111 paspaboTaHbl MMUTALVIOHHBIE
mopenu ¢pyukunonuposanus C9 C3C obopyroBaHus
CTC, B KOTOPBIX MOTYT peann30BaThCs CIieHapuu, BXO-
AsALMe B COCTAB JlepeBa COOBITIIA, IPECTABIEHHOTO Ha
puc. 2.

BXOmHBIMY JaHHBIMU JI/IsI 9TOV MOJENN SABMIAIOTCA
IPOJOIKUTENbHOCTD akcItyaTanuu CIOC (0) n Bek-
TOP, XapaKTepU3YIOLUINII MapaMeTpbl MePOIPUITHI
IIO0B X, = (x!, x% &%, x*), a umenHo:

x! — mpOBOAVMBIE OTIONTHUTETBHBIE MEPOTIPUATHS
CpefiCTBaMM KOHTPOJIA TEXHNYECKOTO COCTOSHNA alllla-
paroB saumtsl (A3) u CIC;

x? — [laHHbIE O BpPEMEHN, OTBOJMMOM Ha IIOArOTOB-
Ky OII (n3y4enns Tpe6oBaHmMit 6€30IIACHOCTH IIPYU IKC-
wryatanym CIC);

Security of Complex Technical Systems

Issues of Risk Analysis, Vol. 20, 2023, No. 3

x3

anmnapatax samuTbl B CIC;
4

— JaHHBIE O JOIOJHUTEIbHBIX NPUMEHAEMBIX
x* — naHHBIE O JOTOTHUTEIbHBIX MPYMEHAEeMBIX
M3C. BoIxogHBIM pe3y/lbTaTOM MOJeTUPOBaHUA ABA-
eTcsi MHQOPMALMs O BEPOSITHOCTU IIOTYUYeHMs JJIeK-
TpoTpaBMbl (P°'P) OII u BepoOATHOCTU OTK/IIOYEHNUA
(P°™) B memom camoro CTC m3-3a oTKasa 9/1EMEHTOB
CacC.

CTpyKTypa JaHHOI MMUTALMOHHON MOZIe/N TIpef-
CTaBJIeHa Ha puC. 3, KOTOpas OMMCBIBAET BO3MOXKHBII
cuenapnit nopaxennus OII anexTpuieckuM TOKOM IO-
CJle IPOBEPKMU COCTOSIHMSA Z-T0 9neMeHTa COC Ha pabo-
TOCHOCOOHOCT.

Ha puc. 4 npepcraBieH anropuT™M MOJeNIN, UMU-
TUpyoIMi QyHKIMOHUPOBaHMe z-20 aneMeHTa CIOC,
KOTODBII ITpefHasHayeH I aHa/lu3a z-20 3MeMeHTa.
OTKa3 z-20 37IeMEHTa B A/ITOPUTME Pealnu30BaH CIefylo-
muM 06pa3oM: MycTh HEOOXORUMO reHepPIUPOBATh OTKA3
z-20 9meMeHTa (CIydaiHoe coObITHE) C M3BECTHOI Be-
POATHOCTBIO P:ﬁp — g0y ClydYaiiHas Benyn-
Ha paBHOMepHO pacmpepenena (0,1). B coorBeTcTBUM
C 2eomemputecKum oTpefieNIeHVeM BePOSTHOCTI COOBI-
I PP { Y< P} =P [4]. IlosTomy ¢ moMoLIbI0 6a30BOrO
JaT4YMKa TeHEPUPYETCA 3HaYeHMe CIyJailHON BeIn4n-
Hb1 Y, u ecnu Y < P, To IpousoIIeN 0TKas, B IPOTUBHOM

[
X4
—-—
(]
—-—
KoHTponb potx
-
>| N7:=NT 41 SHERY
> <

Puc. 3. Vimutaumonnasa Mopenb ciieHapys nopaxkenusa OlII amekTpuyeckM TOKOM B pe3ynbTaTe 0TKasa z-To ameMenTa COC

Figure 3. Simulation model of the scenario of electrical shock for service personnel as a result of failure of the z-th SES element
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OTKa3 z-ro anemeHTa
C3CcPNCB3r

PP = exp(—kz(xi) * 9)
Y =[0,1]

Y
Ha Het

[ s=st |
v

| 0% :=0 |

_ns B
| a:=0" +t] |

Mopgenb NoaroToBneHHoOCT!
B 2
OITt} (x j)

Puc. 4. Anroputm Monmenu GyHKIMOHMPOBAHNSA Z-TO 9NeMeHTa (S,)

Figure 4. Algorithm of the z-th element functioning model (S )

cTydae oTKasa HeT. [Tofo6HBIiT TOXOf, IMPOKO IIpUMe-
HAEeTCS B MMMTAllMOHHOM Mofenuposanuu [5]. Hanee
B aJITOPUTMe IIPOU3BOANTCA pacyeT BpeMeH!U BOCCTa-
HOBJIEHMA Z-TO 3/IEMEHTA B 3aBMCUMOCTY OT YPOBHA
nogrotoBku OIT.

TakuMm o6pasom, Mofenb ClleHapusa Mopaxe-
HuA OII a7eKTpudeckuM TOKOM B pe3ynbTaTe OTKas3a
z-ro anemenTa COC 1 Momenp QyHKIMOHUPOBAHNS
Z-TO 37IeMEHTa B3aMMOCBA3aHBI, a MMEHHO: B CIy-
yae OTKasa z-To 37eMeHTa Peann30BbIBAeTCs CIleHa-
puit nopaxennusa OII amekTpudeckum TokoM. Obe
MOJIe/If MHTEIPUPOBAHBl B MMUTALVIOHHYI MOJe/b
¢yukuyonnposanus CO COC, mpencTaBleHHYI0 Ha
puc. 5. JJaHHDII afrTOPUTM IIO3BOJIAET B 3aBUCUMOCTH
OT CTPYKTYpHOI1 cxeMbl HagexxHoctu CIC paccun-
tath Koa¢uuneHt rorosHocT CIC. B obmem cnyuae
(GYHKIUA TOTOBHOCTM BOCCTaHAB/IMBAEeMBIX CUCTEM
B IPOM3BOJIBHBII MOMEHT BpPeMEHM ! MOXeT OBITb
IIpeficTaB/IeHa:

B +_>‘ el 1)

K.(t)=
() A+p A+p

raoe A — UMHTEHCUBHOCTh OTKa30B, ‘{_1;

[l — MHTEHCUBHOCTb BOCCTAHOBJIEHVI, Y .
C yderom TOroO, 4TO HapaboTKa Ha OTKa3 T, =A
U cpefjHee BpeMs BOCCTAHOBJIEHMA T, :%l, HOTy4aeM

€I1e OTHO BbIpAXKEHNE [I/IA (I)YHKIH/H/I TOTOBHOCTI:

1,5 e,

K.(t) = .
o0 T+T, T.+T,

IIpu t = 0 GyHKIUA TOTOBHOCTM PaBHA efUHIUIIE
K(0) = 1. IIpemenbHoe sHaueHme GYHKIMIT TOTOBHOCTH
Ha3sbIBaeTCA K09 PUIeHTOM rOTOBHOCTH:

T
K, =lmK, (0 =0 3)

ot Ty

Hapa6oTky Ha oTkas T, MOXHO TIpeICTaBUTh
B Bufe pasHuibl Hapabotky COC 6 u ee BpemeHu Boc-
CTAHOBJICHUA tlfac, TIOTy4YMM:

To=0—15C. (4)

W3 atoro ciepyet, 4T0 K03QPUIMEHT FOTOBHOCTI
MOYXHO IIPeICTaBUTh B BUfe [6]:
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| v '
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Y
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N(,.K —0
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KCC = arp _No
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T
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Puc. 5. AIropuT™M MMUTAIVIOHHOI MOfe/N (PYyHKIMOHIPOBa!
Figure 5. Algorithm of simulation model of ES ESS functioning

cac
tB

0—

K& = )

B obmjem crydae pacyeT MHAMBMAYATBHOIO PUCKA
orp) OII 32 paccmarpu-
BaeMblil IepMOJ; BpeMeHM OCYIIeCTB/IAeTCs 1o popmy-
ne [7]:

MIOJTyYeHN 9TeKTPOTPaBMbI (R

R,y = P P, (6)
e PO™ =1—-e7Y — BeposaTHOCTD OTKa3a CIC;
N,
A= — MHTEHCUBHOCTDb 0TKa30B CIC, paccunTbiBa-
N,

n

€TCS KaK OTHOIIEHe KOJIMYeCTBA OTKa30B 3/IEMEHTOB
COC N°™ k N, uTepanuu MUMUTAIMOHHOTO MOJIENNPO-
BaHMUS;

78

Husa C3 CIC

Nsrp
N on N OTK

= — YCIOBHas BEPOATHOCTD IOTYy4YEHNA
3/IeKTPOTPABMBI B ClTy4ae OTKa3a z-To anemenTa CIOC.
BripaxeHue (6) Mo>xeM IpeoOpa3oBaTh:

o
e

Nmp
- NOHNOTK

- )
rae N°™P — Ko/mm4ecTBO MOTy4YEHHbIX 97IEKTPOTPABM;
NOI — ko/myecTBO 06CTY>KMBAIOLIETO [IEPCOHATA.
KonmyecTBO MTepannii MMUTALMOHHOTO MOfie-
JTUMPOBAHNA IO3BOJNSAET ONpeNeNUTb BepPOATHOCTD
BO3HJMKHOBEHNS He)XXeNIaTeTbHBIX COOBITUI 3a IpoMe-

JKYTOK BpEMEHN, T'Of.



AHpgpeeB E.A. v gp.

OueHviBaHne MHOMBMOYaNbHOro PYUCKa TpaBMaTU3Ma 06cr|y>+<MBarou.|ero nepcoHana...

Evgeny A. Andreev et al.

Hayynas HOBM3Ha 9TOI MOJe/N 3aK/II0YAETCS B TOM,
4TO pa3pabOTaHHBIE aITOPUTMBI B3aVMOMEVCTBULA
MeXJ1y YaCTHBIMM MOJENAMM NO3BOJIAIOT YIeCTh KOM-
IJIeKCHOE BINMAHNE Ha IOKa3aTe/lu MHAUBULYAaTbHOTO
pucka nopaxenns OII u rotosrocTH 3amutel CIC oT
He)KeJIaTe/IbHBIX (PaKTOPOB.

Aman IV. Oyenxa adexeamnocmu paspabomanHoi
UMUMAYUOHHOU MOOenU

Jna mpoBepKM afeKBAaTHOCTM IpefiCTaBIeHHON
MMUTALMOHHON MOJeny OBII MCIONb30BaH IOAXOJ,
[IpeLCTaBIeHHBIN B [8] U 3aK/II0YAOIUIICSI B OLEHN-
BaHMUM MepBI 67IM30CTHU PE3Y/IbTATOB, IIOTYYEHHbIX IPH
MOJIe/TMPOBaHNUM, U Pe3y/IbTaTOB, IIOTy4eHHbIX U3 CTa-
TUCTUYECKVX JaHHBIX.

B pesynbrare 06paboTKM JaHHBIX MHOTOKPAaTHOII
uMuTanuyu npouecca ¢pyHkiuonuposanus C3 CIC
IIyTeM SIIEPHOI OLIEHK! IVIOTHOCTU BEPOATHOCTY Me-
topoM ITapsena — Posenbmarra [9, 10] ymaercs no-
JIy4UTD 3aKOH pacIpefie/ieHNsa MHAVBIUYaTbHOTO PU-
CKa IO/Ty4eHNA JNEKTPOTPABM R, . IpeCcTaB/IeHHbII
B Tab/mIle 1 Ha puc. 6.

[TocTpouM GYHKIMIO pacipefiefieHNs pIUcKa MOTy-
YeHM 37IeKTPOTPaBMblL:

1) npu R,,=0

2)mpu 0 <R, <0,00005

3) mpu 0,00005 < R, <0,00015
E(R,, ) = 0,951 + 0,028 = 0,979;

4) mpu 0,00015 < R, ,<0,00025
F(Ran) =0,951 + 0,028 + 0,013 = 0,992;

5) mpu 0,00025 < R, < 0,0003
F(R,.) = 0,951 + 0,028 + 0,013 + 0,006 = 0,998;

6) ipu R3TP > 0,0003
F(R,.) = 0,951 + 0,028 + 0,013 + 0,006 + 0,002 = 1.

Ipadux GpyHKUMIT pacipefeneHns MpefcTaBlIeH Ha
puc. 6.

Ipadux dyHkIuM pacnpeneneHus a06011 IpepoiB-

F(R,.) =0;
F(R,,) =0,951;

HOI CIy4ailHONM BEIMYMHBI BCETfa €CTh paspbiBHAA
cTyneH4aras QyHKIMS, CKaUKM KOTOPOIL IPOUCXORAT
B TOYKaX, COOTBETCTBYIOIMX BO3MOXKHBIM 3HAYEHUAM
CIIy4allHOV BE€IMYMHBI, M PaBHbl BEPOATHOCTU ITUX
3HageHmit. CyMMa BCeX CKauyKOB (yHKLNIT F(RSTP) paB-
Ha eguHuie [11].

Tak Kak BEpOATHOCTDb MOMAJAHUA CIyYailHON Be-
JAMYMHBI Ha 3aJaHHBIM YYaCTOK paBHA IPUPAILEHUIO
GbYHKIUM pacIpefieNleHNs Ha STOM YYacTKe, TO:

PR, > RY) =

= F(0,0003) — F(0,00005) = 1 - 0,951 = 0,049.

Assessment of the Individual Risk of Injury to Service Personnel During...

Ta6muua. Pag pacnpenenenns pucKka HomydeHu:a
3/1IeKTPOTPaBMBbI

Table. A number of risk distributions for electrotrauma

R, p(Ny) 0 0,00005 | 0,00015 | 0,00025 | 0,0003
PR

>R") | 0,951 0,028 0,013 0,006 0,002

37p 37p

Taxum o6pa3oM, nonydeHHas GYHKLUA paclpene-

TIeHNsA TIO3BOJIUT ONpeNeNNTh 3HaYeHNe BepPOATHOCTH
np
P(R3TP > R1), KoTopas sBNAETCA MOKasaTe/ieM pucKa
pelieHnit, HapaBaeHHbIX Ha o6ocHoBaHMe I1I0B. 10T
IIOKa3aTeIb MOXXHO JICIIO/Ib30BATh B KayecTBe IIOKa-
3arens 9pdeKTUBHOCTY Takux peuteHnit. Ha ocHoBe
np o

orp > R(}) B lanbHeiiem
BO3MO>KHO 000CHOBaTb 3HauYeHs napameTpos IIOB mo
KPUTEPUIO MUHMMM3ALNM 3TOI BepOATHOCTH. B Kaue-

CTB€ METOJA ONITUMM3AINN MOXHO UCIIO/TIb30BAaTbh MeE-

oleHMBaHMs1 BeposiTHOCTU P(R

Tof fuddepeHaNbHO 3BOMONVN. [IpUMeHNMOCTD
TaKOTo MeTOfja 0OYCIOBIeHa BO3MOKHOCTBIO HEHAX0XK-
HeHNA aHAIUTUYIECKON 3aBUCUMOCTM BEPOSTHOCTHU
PR, > R}) ot mapamerpos ITOB. B kauecTse TaKoii
«3aBUCUMOCTI» JJO/DKHA UCTIONb30BAThCA MMMUTAIIVIOH-
Hast Mofend yHkimonuposanus C3 CIOC.
[IpencTaBneHHas B cTaThbe MMUTALVIOHHAS MOJENb
¢dyaxnuonnposanua CO CIC ABnAeTCA COCTABHOM
JaCcTbhI0 METOUKM YIpaB/leHNs 6e30MacHOCTDIO SKC-
mnyatauuy CIOC. IIpuMeHeHre JaHHOTO HAyYHO-METO-
AMYECKOTO allapaTa 00beAMHEHHO TPYIIIOoN «IIeK-
tpo Cepsuc» (r. Cankr-Iletepbypr) mis 060CHOBaHMS
TOIOTHUTENbHBIX OPraHM3aLMOHHO-TEXHNYECKUX
meponpuAtuil I10b u nx peanmsanusa B mpaKkTuke

A P(R_)=R™

3Tp. o1p

0,951 4/1—'—‘—

\]

np

9T
91p P

Puc. 6. Pactipenenenue MHAMBIYaTbHOTO PUCKA
nopaxennA OII sneKTpmyeckM TOKOM

Figure 6. Distribution of individual risk of electrical shock in EP
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MIO3BOJIN/IN CHU3UTD MHAVUBUIYaNIbHBIN PUCK 3TE€KTPO-
TpaBmaTu3Ma Ha 10%. IIpuMepaMy JOMOMTHUTENbHBIX
meponpusaruii [10OB saBunuce: npumMeHeHne 61okupa-
TOPOB Ha KOMMYTAallMIOHHbIE alIapaTbl IpyU IPONU3-
BOJICTBE OTK/IIOUEHUII, yCTAHOBKA TEPMOMHIMKATOPOB
Ha XXIIaX KabGelTbHBIX MUHUI U PaCIpefenTeIbHbIX
IIVH, BKJIIOYEHNE B 3JIEKTPUYECKYI0 CXeMY CHab>KeHMs
TOIOTHUTETbHBIX YCTPOICTB 3aIUTHOTO OTK/TIOUEHMS,
yBenudeHne BpeMeHy Ha nogrorosky OII mo oxpane
TpyAa Ipu BbInoaHeHnn pabot Ha CIC.

3aKnio4veHue

PaspaboTaHHass MMUTALMOHHAS MOJENb (PyHKI[MOHN-
posaHua CO CIOC ¢ noMoubi0 U3MEHEHNA NapaMeT-
pOB HomonHUTENbHBIX Meponpuatuii (x!, x2, x%, x*)
HO3BOJIAET Pa3paboTaTb KOMIIIEKC Mep, CHYKAIOIINX
MHAMBUAYanbHbIN puck nonydenus OII snekTpoTpas-
MbI 1 BK1rounth ero B [10OB. Bemmonnenne OII manHoro
ITOB 3HaYNTENTbHO CHU3UT MHAVBUAYATbHBIN PUCK I10-
JTy9eHM S 3NEeKTPOTPaBMBIL.

[IpencraBneHHass UMUTALMOHHAA MOJeENb BYHK-
yuoHuposaHusa CO CIOC oTnmyaeTcsa OT U3BECTHBIX
TeM, YTO pa3paboTaHHbIE AITOPUTMbI B3aMOJIE/ICTBIS
MEX[Y MOJe/ISIMU TIOAIIPOLIECCOB (PYHKIIMOHNPOBAHIS
3TOI CYCTeMbI SKCIUTyaTally IO3BOJIAI0T yYeCTh KOM-
IUVIEKCHOE B/IVAHVE Ha IIOKa3aTe/lN PUCKA pellleHMNs 110
ob6ocHoBauuio IIOB Bcex HexenaTenbHBIX (HAKTOPOB,
4TO, B CBOIO O4Y€PENIb, MOBBIIIAET a/eKBATHOCTD OLIEHKM
STUX IOKa3aTesen.

Jlutepartypa [References]

1. IEC 60812:2006 Analysis techniques for system reliability -
Procedure for failure mode and effects analysis (FMEA).

2. Kyspmmua H.M., Pupmun A.H. Pemenme 3ajaum cuHTe-
3a PHMCKOB B yIpaBIeHMM MHQPACTPYKTYPHBIMU OOB-
ektamu // Hapexxnocts. 2020. T. 20. Ne 4. C.42—49.
https://doi.org/10.21683/1729-2646-2020-20-4-42-49.
[Kuzmina N.M., Ridley A.N. Solving the problem of risk
synthesis as part of infrastructure facility management //
Dependability. 2020;20(4):42-49, (In Russ.),
https://doi.org/10.21683/1729-2646-2020-20-4-42-49]

3. Bupwyapp PM., Iltymxun AWM., Cokonos B.b. Puck-
OPMEHTMPOBaHHOE YIIpaBjIeHMe CO3[aHNEM OpraHMU3aly-
OHHO-TEXHMYECKMX CHCTEM Ha OCHOBE JCIIO/Nb30BaHMA
MMUTAIMOHHBIX MOZeneil ¥X QYHKIMOHNMPOBAaHNA //
Bectuk Boponexckoro roc. yH-Ta. CepusA: CMCTeMHBbI

aHanu3 u uHQopManoHHble TexHomorum. 2021. Ne 2.

80

Security of Complex Technical Systems  Issues of Risk Analysis, Vol. 20, 2023, No. 3

C.17-31, https://doi.org/10.17308/sait.2021.2/3502
[Vivchar R.M., Ptushkin A.I, Sokolov B.V. Risk-based
management of the design of organisational and technical
systems based on simulation models of their functioning //
Proceedings of Voronezh State University. Series: Systems
Analysis and Information Technologies. 2021;(2):17-31,
(In Russ.), https://doi.org/10.17308/sait.2021.2/3502]
Tuxos M.C., [pymma B.A. TeomeTpudeckite BepOSATHOCTIL:
Yue6HO0-MeTopmdecKoe nocobue. Hinxumuit Hosropox: Hu-
XKETOPOACKuMit rocynusepcutet, 2018. 52 c. [Tikhov M.S.,
Grishin V.A. Geometric probabilities: Educational and
methodological manual. Nizhny Novgorod: Nizhny
Novgorod State University. 2018. 52 p., (In Russ.)]
Mapromuc H.IO. VimnraunonHoe mogenupoBanue: Yueb.
mocobre. Tomck: M3smarensckmit [Tom Tomckoro roc.
yHuBepcurera, 2015. 130 c. [Margolis N.Yu. Simulation:
tutorial. Tomsk: Publishing House of Tomsk State
University, 2015. 130 p., (In Russ.)]

Anekcanppos E.C. u ip. OCHOBBI 3KCIUTyaTaIuy KOCMM-
4yeckux cpepncts: Yueb. [Tocobue. BoeHHBIT MHXeHEPHO-
KocMmdeckmii yHuBepcuteT uMmenHu A.D. Moxkalickoro.
Cankr-Iletepbypr: BysoBckmit y4e6Hmk, 2000. 500 c.
[Alexandrov E.S. et al. Basics of the operation of space
facilities: training manual. Military Engineering and Space
University named after A.F. Mozhaisky. St. Petersburg.
University textbook, 2000. 500 p., (In Russ.)]

ITpuxas PocrexHansopa 00 yTBep>KAEHUM PYKOBOJCTBA
1o 6esonacHoctu ot 03.11.2022 Ne 387 «MeTtopmudeckue
OCHOBBI aHAJI}3a ONMACHOCTEI! M OL[EHK) IHIVIBUJYaIbHO-
TO pMCKa aBapuit Ha OIACHBIX IIPOU3BOJCTBEHHDIX 0OBEK-
tax» [Rostekhnadzor Order on Approval of Safety Manual
No. 387 of 03.11.2022 “Methodological Basis for Hazard
Analysis and Assessment of Individual Risk of Accidents at
Hazardous Production Facilities”, (In Russ.)]

Iopumnes C.B., Konocos A.C. Vicnonb3oBaHue anmpokx-
cumanny Posen6marta-IlapseHa A1 BOCCTaHOBJICHMA
GbyHKUMM pacnpeneNleHNs HEeNpephIBHOI CTy4ailHOi Be-
JINYVIHBI C OTPaHNYEHHBIM OJHOMOJA/TbHBIM 3aKOHOM pac-
npepenenns // Hayuanbiii xypran Ky6I'AY. 2013. Ne 92(08).
http://ej.kubagro.ru/2013/08/pdf/76.pdf  [Porshnev S.V,,
Koposov A.S. Using Rozenblatt-Parzen approximaion for
recovering a cumulative distribution function of continuous
random variable with a bounded single-mode distribution
rule // Scientific Journal of KubSAU. 2013;(92(08)),
http://ej.kubagro.ru/2013/08/pdf/76.pdf, (In Russ.)]
Hasbino B.C. PacnosHaBaHme 3apoxparoimyxcs fedex-

TOB B y3/1aX KOpa6eHbeIX MEXaHU3MOB B pe€3yjibTaTe



AHpgpeeB E.A. v gp.

OueHviBaHne MHOMBMOYaNbHOro PYUCKa TpaBMaTU3Ma 06cny>+<MBarou.|ero nepcoHana...

Evgeny A. Andreev et al.

BUOPOAVIATHOCTUPOBAHNMS Ha OCHOBE ONTVMA/IbHBIX pe-
mratomyx mpasun // Jedekrockomus. 2019. Ne 3. C. 19—24,
https://doi.org/10.1134/S0130308219030047. [Davydov V.S.
Recognition of nascent defects in ship mechanisms nodes
as a result of vibration diagnostics based on optimal
decision rules // Flaw detection. 2019;(3):19-24, (In Russ),
https://doi.org/10.1134/50130308219030047]

10. Muxonu C.B., Coxonos B.B., IOcynos P.M. Ksamumerpus
Mojiernieli ¥ MONMYMOJENIbHBIX KOMIIIeKCOB: MoHorpadus.
M.: PAH, 2018. 314 c,,
https://doi.org/10.31857/5S9785907036321000001
[Mikoni S.V., Sokolov B.V., Yusupov R.M. Qualimetry of
models and polymodel complexes: Monograph. M.: RAS,
2018. 314 p.,
https://doi.org/10.31857/59785907036321000001]

11. Bentuenp E.C. Teopusa seposarHocteit [Texcr]: Vue6-
HUK J7I1 BTY30B. 3-e usg., ucnp. M.: Hayka, 1964. 576 c.
[Wentzel E.S. Probability theory [Text]: Textbook for vtuz.
3rd ed., Ref. Moscow: Nauka, 1964. 576 p., (In Russ.)]

Assessment of the Individual Risk of Injury to Service Personnel During...

CBepneHuA 06 aBTOpax

AnppeeB EBrennii AneKcaHApOBIY: ITpeIofiaBaTe/b Kadeapbl
OpraHV3alMy SKCIUTYaTal[V Y TEXHNYECKOTo 06ecIIedeHIs
KommyectBo nmybnukanmit: 14

OO6macTb HayYHBIX MHTEPECOB: 6€30IIaCHOCTb 3KCILTyaTalMu
CHCTeM 37IEKTPOCHAOKeHMS

Konmaxmmnas undopmavyus:

Appec: 197198, r. Cankr-Iletep6ypr, yi. XKpanosckas, g. 13
evgeny.979@mail.ru

Busuyapb Poman MuxaiinoBuy: npenogasaTens Kadenpsl op-
TaHM3alnyy SKCIUTyaTaum 1 TEXHUIECKOro obecrevyenus
KomnuecTBo my6mmkanmir: 27

O6macTb HayYHBIX MHTEPECOB: 6@30IIACHOCTD SKCILTyaTaIMU
CHCTeM 371eKTPOCHAOKEHNA

Konmaxmuas ungopmayus:

Appec: 197198, r. Cankr-Iletep6ypr, yi. Knanosckas, g. 13

ramzec9322@rambler.ru

PemrerHukoB [IMutpuii BraguMupoBud: [OLEHT Kadenpb
OpraHM3aIY SKCIUTyaTaliI M TEXHNYECKOTO 00ecTedeHNs
KomnyectBo my6mmkanmit: 32

OO6macTb HayYHBIX MHTEPECOB: 6€30IIaCHOCTb AKCILTyaTalMu
CHCTeM 9/IeKTPOCHAGKEeH I

Konmaxmuas ungopmayus:

Appec: 197198, r. Cankr-Iletep6ypr, yi. Kpanosckas, g. 13

reshetnikovdv@yandex.ru

Crarps nocTymnmaa B pefgakuuio: 25.08.2022
IMocne gopaborku: 20.02.2023

Opobpena nocre penensnpoBanyst: 20.04.2023
IMpunsara K mybmukanym: 16.05.2023

Iara my6mmkanmu: 30.06.2023

The article was submitted: 25.08.2022
Received after reworking: 20.02.2023
Approved after reviewing: 20.04.2023
Accepted for publication: 16.05.2023
Date of publication: 30.06.2023

81



HayuHana ctatbA ®uHaHcoBaA 6e3onacHoCcTb MpobneMbl aHanm3a pucka, Tom 20, 2023, N2 3

Original Article Financial Security  Issues of Risk Analysis, Vol. 20, 2023, No. 3

i emmmesoen IHAMKATUBHbBIE CUCTEMbl OLIEHKM
¢MHaHcoBoW 6e30MacHOCTH
X03ANCTBYIOLLNX CYOBLEKTOB:
He[OoCTaTKN U NepCcrneKTUBLI

SR ey PA3BUTUA

Koponesa /1.M., AHHoTauuA

MaHkpyxuHa A.M.*, Lenpio HacTOALIEl CTaTbM ABAETCA aHAIU3 CYIECTBYIOIMX VMHAMKATUBHDBIX CUCTEM, IIpUMe-
OUHaHCOBHIN YHUBEPCUTET HSEMBIX JUIS1 OLleHKM (PMHAHCOBOJ 6€30I1aCHOCTH, Ha IpefMeT BBIABICHNS HNPUCYIUX UM He-
npv MNpaBuTenscTBe PoccuincKom IOCTaTKOB. [l JOCTVOKEHMS [IOCTAB/IEHHO ey Oblla IpoBefieHa OlleHKa (HIHAHCOBOI 6es-
Qepepaumm,

OIIACHOCTM JBYX POCCUIICKMX KOMIIAHUI C MCIIO/Ib30BAHMEM IIECTY CUCTEM MHMKATOPOB, Pa3-
125167, Poccus, r. MocKkBa,

n . 49/2 pa60TaHHI)IX Ppa3HbIMU pOCCI/II/UICKI/IMI/I nccnenoBaTe/IAMNI. B pe3ynbTaTe CpaBHEHMA ITOTYIE€HHDBIX
EeHUHrpaackiy np-T, O.

OLIEHOK OBI/I C/Ie/IaH BBIBOJ O BHICOKOIT KOPPEJLALIMY TAKMX OLIEHOK 10 IPUYMHE VCIIONb30BAHIS
aBTOpaMM PAcCMOTPEHHBIX MOXOROB CTAHAAPTHBIX KO3 GUINMEHTOB (UHAHCOBOTO aHA/IN3A.
B sakmoueHne GbUI0 OTMEYEHO, YTO KIIOYEBBIM HEJOCTATKOM GONMBLIMHCTBA PACCMOTPEHHBIX
CUCTEM MHAMKATOPOB (PMHAHCOBOI 6€30MaCHOCTH SIB/ISETCS UTHOPUPOBAHNE OTPACTIEBOIT CIIe-
UKy 06'beKTa OLieHNBAHIL.

Krrouesble cioBa: puHaHCOBast 6€3011aCHOCTD; (prHAHCOBBIE MHAMKATOPDI; QMHAHCOBbIE KOG DUIMEHTBI;
MHEUKATOPHI GMHAHCOBOI 6€30IIaCHOCTH; OTPAC/IeBble ITOPOTrOBbIe 3HAYCHIIA.

Ina uuruposanusa: Koponesa JLIL, Ilankpyxuna A.M. VIHAMKAaTMBHbBIE CHCTEMbI OLieHKM (DMHAHCOBOI
6€30I1aCHOCTH XO3AMCTBYIOUIMX CYyObeKTOB: HEOCTATKM ¥ HepCIeKTVBbI pas3sutus // IIpobneMbl aHanmsa
pucka. 2023. T. 20. Ne 3. C. 82—91, https://doi.org/10.32686/1812-5220-2023-20-3-82-91

ABTOPI)I 3aABIAIOT 00 OTCYTCTBUM KOH(l)]IMKTa VHTEPEeCoB.
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Indicative Systems for
Assessing the Financial

Security of Business Entities:
Disadvantages and Development
Prospects

Lyudmila P. Koroleva, Abstract

Anastasia M. The purpose of this article is to analyze the existing indicative systems used to assess financial
Pankrukhina*, security in order to identify their inherent shortcomings. To achieve this goal, an assessment of
Financial University under the the financial security of two Russian companies was carried out using six systems of indicators
Government of the Russian developed by various Russian researchers. As a result of comparing the obtained estimates, it
Federation, was concluded that such estimates are highly correlated due to the use by the authors of the

Leningradsky pr., 49/2, Moscow,

155167 Rucai considered approaches of standard financial analysis coefficients. In conclusion, it was noted that
, Russia

the key drawback of most of the considered systems of financial security indicators is ignoring the
industry specifics of the object of assessment.

Keywords: financial security; financial indicators; financial ratios; financial security indicators; industry
thresholds.

For citation: Koroleva L.P.,, Pankrukhina A.M. Indicative systems for assessing the financial security of
business entities: disadvantages and development prospects // Issues of Risk Analysis. 2023;20(3):82-91,
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1. HopmaTrBHO-NpaBoBoe perynmpoBaHne

2. CyLUHOCTb MHAMKATUBHOMO Noaxoaa

3. ABTOPCKWME CUCTEMBI MHAMKATOPOB $MHAHCOBOM He30MacHoCTM

4. TIpaKkTU4eCcKoe NpPUMEHeHVe PasfnyHbIX CUCTEM MHAVKATOPOB OLIEHKW YPOBHA GpUHAHCOBOI He30macHoOCT
3aknioveHre

JnTepatypa

BBepeHue

ITox drHAHCOBOIT 6€30IIACHOCTHIO TOHMMAIOT CIOCOOHOCTh 9KOHOMIYECKOTO CYOBEKTa
[IPOTMBOCTOSTD BHEIIHNUM ¥ BHYTPEHHUM yIPO3aM U JOCTUTATh CBOVX IIPHOPUTETHDIX
nHTepecos. [Tog 9KOHOMIIECKNM CYO'beKTOM IIOHUMAIOTCS U (PM3MIEeCKIe NI, U KOM-
MepUecKye ¥ HeKOMMepPYecKye OpraHmn3aLin, ¥ roCyfapcTBo. Tak Kak XO3siICTBYIO-
1ite CyObeKThl QYHKIMOHVPYIOT B YCIOBUSX HEOIIPeNeleHHOCTH, TO UX [IesITelIbHOCTD
COIpsDKeHa C MOCTOSHHO BO3HUKAIIVMI PUCKaMU, Pa3HOHAIIPABIEHHO BO3/IECT-
BYIOLMIMI Ha YCTOMYMBOCTD M HE3aBUCUMOCTD CYObeKTOB. JI/Isl YCIIELHOTO OCTIKe-
HIsI IPMOPUTETHBIX MHTEPECOB HEOOXOAMMO IIOCTPOEHNME CUCTEMbI 9KOHOMUYECKOIL
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6esomacHoctu. Ho mpexxie crienyeT paspenuTs MOHATHS
9KOHOMUYECKOIT V1 PUHAHCOBOII 6€30I1aCHOCTI.

Tak, cormacuo JI.A. Kymuxosoit u B.B. Yimakosy ¢u-
HaHCOBas1 6e30IacHOCTb ABMsAETCA (PYHKUMOHATBHOIM
COCTaBJIAIOIIEN SKOHOMIYeCKOI1 6esomacHoctu [8]. Cre-
IOBaTeNbHO, IOCTpOeHNe 3G HEKTUBHOI CICTEMBI 9KOHO-
MIYECKOTT 6e30TaCHOCTI HEBO3MOXKHO 6e3 a¢hheKTHBHOI
cucreMsl GUHAHCOBOIT 6e3ormacHocTu. Llenpio mocenHen
ABNIAETCS MOAJep>KaHMe (PUHAHCOBOI CTaOUIBHOCTU
¥ YCTOMYMBOCTH. [I71s1 9TOr0 HeOOXOMUMO MAEHTUDUIN-
pOBaTh, OLIEHNBATH U pearrpoBaTh Ha YIPo3bl prHAHCO-
Boit 6e3omacHocTy. OFHUM 13 TTOAXONOB K OLIEHKE TaKUX
YIpo3 ABJLAETCA MHAVKATUBHBII mozxon, [10].

1. HopmaTuBHO-npaBoBOE
perynvpoBaHue

O1eHKa 9KOHOMMYECKOI 6e30I1aCHOCTU MPOBOAUTCS
B TOM 4JCTIe HA MAKPO3KOHOMIYECKOM ypoBHe. LleHTpab-
HBIM JIOKYMEHTOM B [JaHHOIT oO/macTy siBjstetcst Crparerust
9KOHOMMYeCcKolt 6e3omacHocTu Poccuiickoit Qenepanym
Ha riepyiop, 1o 2030 r. (manmee — Crparers), Iie OIVICaHbI
BBI3OBBI 1 yTPO3bI SKOHOMITYeCKol1 besonacHocTu Poceny,
a TaKkXXe OMpefie/ieH BEKTOpP PasBUTHs IIOTUTUKU TOCY-
JapcTBa IO 06ecredeHo COOCTBEHHOI SKOHOMIYECKOIT
6esomacuocty [1]. Ha ocroBe mannoit Crparernu s pe-
TY/ISIPHOM OLIEHKM COCTOSIHUSI SKOHOMIYECKOIT Hesomac-
HocTH B cTpaHe DefepabHOIL CITy>K00JT FOCYapCTBEHHOM
CTAaTVCTHKY OblTa paspaboTaHa cycTeMa IoKasareeii [12].

TakuM 06pa3oM, MO>XKHO KOHCTATUPOBATb, YTO TO-
CYBapCTBO JeMOHCTPUPYET IYUILIYIO IPAKTUKY B 06/1a-
CTM 9KOHOMIYECKOIT 6e30macHOCTH, u36upas Konmde-
CTBEHHYIO OLIEHKY €€ YPOBHsI, YTO HO/DKHO MOCITY)XNUTh
CTUMYJIOM IS OCTa/IbHBIX 9KOHOMUYECKUX CYO'beKTOB
HOCTYIATh IIOJOOHBIM 06pa3oM.

2. CywHocTb MHAUKATUBHOIO noaxoaa

CorlacHO MHAVKAaTUBHOMY IIOAXOAY OLIeHKOJ (PMHAHCO-
BOJI 6€30IIaCHOCTHU CIIYXKUT CUCTeMa KOJMNYeCTBEHHbBIX
IIOKa3aTesell ¢ IOpOroBbIMYU 3HaueHMsAMU. CocTosHMe
COOTBETCTBYSI BCEX MHMKATOPOB 00IACTH HOMYCTUMBIX
3HAYEHWIT PV IPOYMX PABHBIX YCTIOBUSAX CBUIETENBCT-
ByeT O BBICOKOM yPOBHE 3alUIIEHHOCTI OT (HMHAHCO-
BBIX yIPO3, B IIPOTMBHOM C/Iy4ae — IpeBBIIICHNUE VN
HEeOCTVDKEHME MHAMKATOPAMU CBOMX HOPMAaTMBHBIX
3HAYeHUII TOBOPUT O HECIIOCOOHOCTM CUCTeMBbI (PUHAH-
COBOII 6€30ITaCHOCTY IPOTUBOCTOATH TEKYLIVM BHeII-
HMM J BHYTPEHHIM yIpO3aM U, CIefOBATe/IbHO, O HU3-
KOI 3aIUIIIEHHOCTY XO3sIICTBYIOIEro cyobexTa [5].
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Pasuble aBTOpPBI Ha3bIBAIOT KIIIOYEBBIMY MHANKATO-
pamy GMHAHCOBOI 6€30ITaCHOCTM pa3HbIe ITOKa3aTeIN.
Hanpumep, 10.B. HypeTnnuHoBa BbfiefiseT B KauecTBe
TaKOBOTO cTOMMOCTb npeanpuATtu. JI.A. Kougayposa
HOMIMO Pa3pabOTaHHOTO €0 arpernpOBaHHOTO MHAEK-
ca obpalljaeT BHUMaHME Ha B)XHOCTB:

 PBIHOYHOI KalMTa/IM3alny;

o 3¢ (eKTUBHOCTY MCIIONb30BaHNA KaUTaNa, T. €.
TIOKas3aTesnell peHTabenbHOCTH;

o ¢uHaHCOBOTO paBHOBecUs [7].

VIMeHHO 9TO U SIB/IAETCS ITTABHBIM MPOOIeMHBIM
BOIIPOCOM VHAVKATHBHOTO MTOAXO/a K OIleHKe YPOBHSA
¢$uHAHCOBOI 6€30IIACHOCTY — KaKIe NHAVKATOPBL He-
00XOIMMO BKJIIOYUTD B CUCTEMY IIOKa3aTesIeil U KakKue
HIOPOTOBbIe 3HAYEHMA CIIeflyeT YCTaHOBUTD, YTOODBI Ha-
ubosee TOYHO U NOCTOBEPHO OLEHUTD TEKYIYIO hu-
HAHCOBYI0 0€30IaCHOCTb NPEAIPUATHUS U CIPOTHOSN-
POBaTh ee M3MEHeHNe II0C/Ie IPYHATUA TeX VIV VHBIX
yIIpaBIeHYeCKUX pereHui [9].

3. ABTOpCKMe cUCTeMbl UHOUKATOPOB
¢uHaHcoBoM 6e3onacHocTU

CyuiecTByeT MHOXXECTBO MHEHHIT OTHOCUTENBHO IIe-
PpedHs [TOKasaTesieil CUCTeMBI OLleHKY (pUHAHCOBOIL Oe3-
OTIACHOCTY M X HOPMATVBHBIX 3HaYeHMI1. PaccmoTpum
HekoTopble 3 HuX. Hampumep, P.C. Ilanexun B cucre-
MY MHJVKaTOPOB (DMHAHCOBOI 6€30IIaCHOCTY BKIII0Ya-
eT [I0Ka3aTey, epedncieHHble B Ta0l. 1, ¥ ycTaHaBIu-
BaeT COOTBETCTBYIOIINE TIOPOTOBbIe 3HAUYEHM .

OpHako mpefcTaBIeHHasA CUCTeMa MHMKATOPOB
MMeeT PAfl HeIOCTATKOB. TakK, psAfl yU4eHBIX OTMEYaloT,
4TO Habop IIOKasaTeseil, HpeAcTaBleHHbIX [lamexu-
HBIM, TI03BOJISeT BBIABUTDL YIPO3BI PMHAHCOBOI 6e3-
OIACHOCTH, Y3KUe MeCTa, Tpebymoliye 6omee IPUCTaIb-
HOTO BHUMAHUsI, HO He OLIeHUTb YPOBEHb (PUHAHCOBOIL
6€30I1acHOCTH, TO €CTb CIIOCOOHOCTb IKOHOMUYECKOTO
CyO'beKTa IPOTUBOCTOATD ITH YIpo3aM [4].

Ipyraa meTonuka, npennoxxenHas JI.A. 3anopox-
neBoit, M.A. IlIkBapykoM U NpencTaB/ieHHas B Ta0I. 2,
BK/TIOYaeT MPaKTIIECKN TaKOIl ke Habop (pUHAHCOBBIX
MHAVMKATOPOB, KaK 1 y IlanexuHa, — HOBBIMU ABJIA-
I0TCSL TONBKO KO9(POUIMEHT TMKBUEHOCTH, JOCTATOY-
HOCTbD JIEHEe)KHBIX CPEJICTB Ha CYeTaX ¥ 9KOHOMIYeCKasd
HobaB/IeHHas CTOMMOCTb.

I'maBHOJ OTIMYUTENBHO Y€PTOI JAHHOI CUCTEMBI
VHIVKATOPOB ABJIAETCA TO, YTO aBTOPBI yCTaHAB/INBA-
10T 71 Ka)KJ0r0 II0Ka3aTe/s He OJJHO TIOPOroBoe 3Ha-
JeHUe, a fBa — Oe3omacHoe u omnacHoe. Eciu BeIxof
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Ta6muua 1. Onenka ¢puHaHcoBoit 6esonacHoctu ITAO «Kysbaccpaspesyronb» u ITAO «Pycarpo» Ha 0OCHOBe CHCTEMBI
¢unancoBBIX MHAMKaTOPOB MO MeTomonorvu ITanexuna P.C.

Table 1. Assessment of financial security of PJSC "Kuzbassrazrezugol” and PJSC "Rusagro” based on the system of financial indicators according

to the methodology of R.S. Papekhin

Mokasatenb

KoadpdmumeHT NoKpbITA (MMKBUOHOCTY)
KoaddpuumeHT aBToHOMUM

YpoBeHb GMHaAHCOBOro fieBepuarKa
KoaddurumeHT obecrieyeHmna NpoLeHTOB K yrnaTe

PeHTabenbHOCTb aKTMBOB

PeHTabenbHOCTb COBCTBEHHOMO KanuTana
CpeaHes3BeLLeHHaA cToMMoCTb Kanutana WACC

BpeMeHHan cTpyKTypa KpeauTos

TeMnbl pocTa NprbbIK, peanu3aumn NpodyKumm,
aKTVBOB

Temn pocma Yucmoti npubbiiu
Temn pocma Bbipy4KU
Temn pocma akmugos

CooTHolLLIEHWE 060paYMBaEMoCTV 4e6UTOPCKOM
1 KPeOMTOPCKOM 3a[0THEHHOCTM

lepuod obopoma debumopcKol 3adoHeHHoCMU

Nepuod obopoma KpedumopcKol 3adoseHHocmu

I'Ioporosoe 3Ha4yeHue

1
0,3
3
3

NHaekc nHdnaumm (11,94% no ntoram 2022 .
cornacHo gaHHbIM barka Poccun)

15%

PeHTabensLHoCTL HBECTULIMIA
KpeauTsl cpokoM Ao 1 roga < 30%
KpeauTsl cpokoM ot 1 roga > 70%

TeMmnbl pocTa Mpu6kLINM > TeMrbl PocTa BbIpyUKM >
TeMmnbl pocTa aKTMBOB

Mepvod 060poTa Ae6UTOPCKOM 3300/HEHHOCTM >
Mepvod 060p0Ta KPeAWUTOPCKOM 3a40MHKEHHOCTH

[ona MHAUKaTOPOB, BhILIEALIMX 3a Npefenbl NOPoroBbiX 3HAYeHUN

VICTOYHUK: COCTaB/IEHO aBTOpaMI.

2022 (yronb)

1,92
0,53
0,40
17,06
29%

54%

0,37
0,63
-7,2<207>16

-7,19
2,07

1,61
61,1>27,9

61,14
27,91
38,9%

2022 (c/x)
2,23

0,56

0,0

-0,66

-2%

-3%

1,00
0,00
-0,09<0,43<1,07

-0,09

0,43

1,07

240,05 > 84,7

240,05
84,70
66,7%

Ta6muna 2. Onenka ¢punancosoii 6esonacHoctn ITAO «YK Kys6accpaspesyronb» u IIAO «Pycarpo» mo merogonornu [6]
Table 2. Assessment of financial security of PJSC “UK Kuzbassrazrezugol” and PJSC “Rusagro” according to the methodology [6]

KoHTponbHble TOYKM PpUHAHCOBOM 6e3onacHocTh

KoadpduumeHT TeKyLLen NMKBUOHOCTN
KoadduumeHT aBToHOMUM
PeHTabenbHOCTb aKTVBOB
PeHTabenbHOCTb COBCTBEHHOIO KanuTana
Temn pocTa npubbIn

Temn pocma BbipyHKU

Temn pocTa aKkTVBOB

060paumBaeMocTb [1e6UTOPCKOM 3300HEHHOCTH

060paurBaeMoCTb KPeAMTOPCKOM 3af0/IHKEHHOCTM

BesonacHoe 3Ha4yeHne
> <1
=05 1
> MHOeKca MHGNALMM

> peHTabesIbHOCTY aKTBOB

> Temra pocTa BbIpy4Ku

>1 <1
=12 <12
> 060pauMBaEMoCTV 4eBUTOPCKON <1
3a[0/MHKEHHOCTM

Oona WHOUKATOPOB, BbilleALlnX 3a npeesibl NOporoBbiX 3HaYeHun

VICTOYHUK: COCTAB/IEHO aBTOpaMM.

OnacHoe 3Ha4yeHue

< MHOEeKca MHOALMM
< peHTabesnbHOCTU aKTVBOB

< Temra pocTta Bblpy4Kn

Yronb C/x
1,92 2,23
0,53 0,56
0,35 -0,02
0,73 -0,03
-7,19 -0,09
2,07 0,43
1,61 1,07
5,89 1,50
12,90 4,25
22% 33%
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3a Tpefenbl 6e30MacHbBIX 3HAYEHMIT OTPAHNIMBAETCS
OJHVM VIV ABYMsI ITOKAa3aTe/IsIMM, TO aBTOPHI Npef-
JaraloT OIleHUBATh YPOBeHDb (PMHAHCOBOJ 6e30macHo-
cTy Kak BbIcOKMit. OLjeHKa «HU3KUI» [IPUCBAUBAETCS
cructeMe GUHAHCOBON 6€30IIaCHOCTY TP BBISBIEHUN
HApYIIEHNII OIIACHBIX 3HAUYEHMUII 110 TpeM U 6oree MH-
AMKATOPaM.

ITpenMy1ecTBOM TAKOIl CHCTEMBL SIBJISIETCS BO3-
MOXXHOCTb PaI[MOHA/IbHOTO MCIIONb30BaHNs OTPaHN-
YEeHHBIX PecypcoB MpPefIpPUATHS, a TAKKe y4eT PUCK-
anmeruTa. Tak, BBIXOJ OHOTO MIM HECKONbKUX IIO-
KasaTesieil 3a Ipefessl 6e30MacHOr0 3HaYeHNsI ellje He
SIBJISIETCSI IPUYMHON TOBOPUTD O CEPbEe3HBIX HEIIOMas-
Kax B paboTe KOMIAHMY U MOTMBALEN s coobIie-
HMA O JTaHHOU Mpo6yeMe BBICIIEMY PYKOBOACTBY. Takas
CUTyaI[us MOXeT OBITh pellleHa B pabodyeM IOpsjKe
BIafle/IbljaMM IIPOLIeCCOB, COOM B KOTOPBIX IPUBEIN
K HOSIB/IEHNIO «Opeln» B GMHAHCOBOIL 6€30MacHOCTH.
B cnydae mocTiokeHust GUHAHCOBBIM MHAMKATOPOM

Financial Security  Issues of Risk Analysis, Vol. 20, 2023, No. 3

OIIACHOTO 3HAYEHUsI yXKe TPeOYITCST MOOMIM3ALIVS TO-
pasfo 6osblero o6beMa pecypcoB ¥ IPUHATHE pelle-
HIIT Ha 60/Iee BBICOKOM ypOBHe [6].

[7TaBHBIM HELOCTaTKOM CUCTeMbl MHAUKATOPOB,
npennoxenHoit JI.A. 3anopoxuesoit u M.A. llIksapy-
KOM, SIBJISIeTCS Ipo6ieMa, o01ast i/ist BCeX CUCTEM KO-
JIMYeCTBEHHBIX [IOKa3arenelt. Bo-mepBbIxX, KaKue MeH-
HO TI0Ka3aTeny HeoOXOAMMO BKIIOYNTD B CUCTEMY IS
HOMTyYeHUsA MaKCHMaIbHO JOCTOBEPHOI OLleHKM u-
HAHCOBOJI 3aI[UIEHHOCTU SKOHOMUYECKOTO CyObeK-
Ta? Bo-BTOPBIX, HACKOIbKO IIPABIIBHO YCTaHABINBATh
enuHble Oe30MacHble U OIIACHBIE 3HAYEHNS B YCIOBISIX
B/IVSIHUS OTPACTIEBOI CIIEI{U(PUKN Ha SKOHOMUIECKYIO
mesaTenbHOCTD [10]? KimaccuyeckuMm npumepoM sABseT-
s onpefieieHe peHTabeNbHOCTH B CeTbCKOM XO3SICT-
Be, 0aHKOBCKOM CEKTOpe I CBIPbeBOM CEKTOPe.

TpeTbst cucTeMa MHAMKATOPOB GUHAHCOBOI Oe3-
omacuoctu paspaborana H.H. ITogtuxosoit, 1.C. ®e-
POBOI1 M IpefcTaBIeHa B TabI. 3.

Ta6muua 3. Ouenka ¢punancosoit 6esonacHoct ITAO «YK Kys6accpaspesyrons» u ITAO «Pycarpo»

no metomonoruu [11]

Table 3. Assessment of financial security of PJSC “UK Kuzbassrazrezugol” and PJSC “Rusagro” according to the methodology [11]

WHavkaTtop

KoaddurumeHT Terywen nmkemuaHoctv (1)
KoadduumeHT beicTpoin iukemaHocTu (12)
Ko3adduumeHT abcontoTHoi nnkemaHocTy (13)

KoaddurumeHT NoKpbIT1A 060pOTHBLIX CPpedCcTB CO6CTBEHHLIMI UCTOYHMKaMM

$opMrpoBaHuA
Ko3dprumeHT drHaHCOBOM YCTONUMBOCTN
KoadpurumeHT aBTOHOMUM

OTHoLeHWe daKTUYeCKol BESIMYMHEI 330SHKEHHOCTY M0 KpeauTam
1 3aMam K EBITDA (17)

KoaddurumeHT noKpbiTa npoueHTos (18)
OTHoLLEeHVe TEMMOB pocTa NMpubbin 1 BeIpyYkw (19)
MHavKaTop obopaumBaeMocTvt oebutopcKor 3agomkeHHocTm (110)

OTHoweHne Ko3ddUUMEHTOB 0bopa4MBaeMoCcTV 4e6UTOPCKOM
1 KpeamUTopCKoM 3aposmkeHHocT (111)

Kosgpuyuerm obopadyusaemocmu debumopcKoli 3adosKeHHocmu
KosageuyueHm obopadyusaemocmu KpedumopcKol 3ado/mxeHHocmu
PeHTabensHOCTb Mpoaa no Npubbinn oT npoaa (112)
PeHTabesnbHocTh cobcTBeHHOro KammTtana (113)

PeHTabenbHocTs aktmeos (M114)

KayecTBeHHbI NMoKasaTesib paboTbl PUHAHCOBON CITyHObI
[ona nHauKaTopoB, BbiLeALIMX 3@ NPeaerbl MOPoroBbiX 3HA4YeHUN

VIcTOYHUK: COCTABIEHO aBTOpaMI.
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MoporoBoe 3HayeHue (ecnu HUXKe, To onacHo) 2022 (yronb)
1 1,92
0,5 1,52
0.2 0,28
01 0,04
0,5 0,84
0.3 0,53
5 0,71
1,5 17,06
1 -3,48
1 1,39
1 0,46
5,89
12,90
12,90% 0,34
[oxoaHocTb Mo 6e3p1CKoBLIM aKTVBaM 0,73
(10,96% B cpegHeM no gaHHLIM baHka Poccum)
MHaere nHdnaummn (11,94% no utoram 2022 . 0,35
cornacHo gaHHbIM baHka Poccuin)
0,7
43,8%
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ABTOpBI yunu mpeTeHsun K paboTe UX KOJJIET 1O
9acTyM OTCYTCTBYSI BHUMAHMsS K OTPAcieBoMy GakTopy
U CKOHILIEHTPMPOBAINCh Ha OlleHKe (PIHAHCOBOII 6es-
OIIACHOCTH yrienobbiBatoiinx komnanmit [11]. Januas
cucTeMa BK/IIOUaeT H0Oblilee YMC/I0 UHAUKATOPOB. Ecin
B IEPBBIX IBYX PACCMOTPEHHBIX CUCTEMaX ObIO Mo 12
KONIMYIeCTBEHHBIX ITOKa3aTeseil, TO TyT uxX 15. ABTOpEI
He OrPaHMYMBAIOTCS ONHUM IIOKa3aTeleM JTUKBIUHO-
cTU, Kak 3anopoxxuesa u lllksapyx u [Tanexus, a BKo-
YalT Takxe K03 PuimeHTs! 6BICTPOIL 1 A6COMIOTHO
JMKBUFHOCTH. VI3 HOBOTO BK/IIOUEHBIL:

o K09 PULUMEHT MOKPHITHE 06OPOTHBIX CPENCTB
COOCTBEHHBIMY UCTOYHUKAMM (POpMMPOBaHMA (Ha-
nee — koadourment COC);

o k03¢ PuIeHT PMHAHCOBOI YCTONYMBOCTY;

* OTHOIIEHNeE 3a/JO/DKEHHOCTH 110 KPeIUTaM U 3aif-
MaM K EBITDA;

 peHTabeNbHOCTD MPOAAX O MPUOBIIN OT MPO-
Hax.

XapakTepHO 0COOEHHOCTHIO JAHHOTO IOAXOA
K GOPMIUPOBAHMIO CHCTEMBI TIOKa3aTesneil pUHAHCOBOI
6€30IaCHOCTY SB/IAETCS BKIIOUEHME KaueCTBEHHOTO

Indicative Systems for Assessing the Financial Security of Business Entities...

mokasarens paboTsl GMHAHCOBON CIYXOBI — TaKO-
rO HeT HU B OJJHOI M3 paHee pacCMOTPEHHBIX CUCTEM.
C OfHOJI CTOPOHBI, 3TO KOOaB/IsAET CYOBEKTUBHOCTH
B COBOKYVIIHVIO OLIeHKY (GMHAHCOBOJ 3aLUIeHHOCTI,
HO C APYroii — HempaBUIbHBIM OyeT UTHOPUPOBATD
Je/I0BedecKuit aKTOp, UTPAIOLINIL fa/IeKO He HOCTIef-
HIOI0 POJIb B (DMHAHCOBBIX yCIIeXaxX MIM mpobiaeMax
Cy0'beKTa X035AIICTBOBAHUA.

Boobuie cy6peKTMBHOCTD pacyeTa MoKasaTeseil
U IPOCTOP /I MAaHUITY/IMPOBAHNS pe3ynbTaTaMy SB-
JISIIOTCS TIaBHBIMM HeJlOCTAaTKaMM CUCTEMbl MHJMKa-
TOpOB, mpemnoxenHon Ilogruxosoit u @eposoii. Taxk,
koadp¢punuent COC uMeeT KaKk MUHUMYM 5 METOUK
pacdera, IpefCTaBlIeHHbIX B TA0M. 4 [3].

Hanbonee mpogBUMHYTHIN NMOAXOJ NpUMeHsAET-
cs1 B cucTeMe IOKasatenell B pabore V.JI. AHuknu-
Hoit, E.II. Kydeposoit, E.C. Kapesoii, npusefeHHOI
B Tabm. 5 [2].

B Heit peann3oBaH OAMH M3 aKTUBHO 06CyXpae-
MBIX TPEHJIOB B 00/IaCTV MHUKATUBHOTO MOAXOMA —
paspaboTka MHTerpaabHOro mokasarend. PunHaHco-
Bble IIOKa3aTeIy LaHHOI MOJeNU KnacCuuIpoBaHblI

Ta6muma 4. ITogxonbl K pacyeTy COOCTBEHHBIX 000POTHBIX CPEfCTB

Table 4. Approaches to calculating own working capital

Mogenb ABTOpbI ®opmyna pacyera COC

1 oHuosa J1B., COC=CK-BA, roe:
Hukmdoposa H.A., COC — cobcTBEHHbIE 060POTHBIE CPEACTBA;
[aBpunosa AH, CK — cobcTBeHHbIN KanuTarn;
HesamankmH B.H. BA — BHEOOOPOTHbIE aKTVBLI

2 CaBuukanalB., COC=CK+ BN+ 0L0 -BA, roe:
Kosenbuesa E.A., CK — cobCTBeHHbIN KanuTar;
MaprapbaH 3.A., [BM — poxoap! 6yayLLyx neproaos;
[epacvmenko T, OLIO — oueHouHbIe 06A3aTENLCTBA

3 KoBanes B.B,, COC=0A-K0O, roe:
Bonkosa O.H,, OA — 060pOTHLIE aKTUBI;
Edumosa 0.B,, KO — KpaTKocpouHble obs3aTenscTea
MvipoHoB A.B.

4 Bnank A, COC=CK+/d0-BA=TIK-BA, rge:
NiobyLumH H.M., [MK — nocToAHHbIN KanuTan;
[bAxkoBa B.I, [0 — ponrocpoyHble 06s3aTeNbCTBa
Lllepemet A.L1.,
KozenbLesa E.A.

5 [nasyHos M. COC=CK-(BA-(O3K-A) - (K3K-T)), roe:

[3K — fonrocpouHble 3aiMbl U KpeanTbl;
K3K — KpaTKocpoyHble 3aiMbl 1 KpeauThl;
A — [0nrocpoyHble 3aiMbl M KpeauThl, HarpaseHHble Ha PUHaHCMPOBaHKEe 060POTHLIX aKTVBOB;
" — KpaTKOCPOYHble KPeauUTb U 3aiMbl, HAMpPaB/eHHsIe Ha GYHAHCUPOBaHWe 060POTHBLIX aKTUBOB
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Ta6mmua 5. Ouenka ¢puHaHcoBoit 6e3onmacHocTy ITAO «Pycarpo» Ha OCHOBe CHCTeMBI (PMHAHCOBBIX MHAMKATOPOB [2]

Table 5. Assessment of financial security of PJSC “Rusagro” based on the system of financial indicators [2]

DuHAHCOBLIN NoKasaTenb

Mokasatenu peHtabenbHocTn @1
PeHTabensHocTb npoda (ROS)

HopMa umncToit nprbsinm

PeHTabenbHOCTb COBCTBEHHOMO KanuTana

01

Mokasatenu ¢puHaHcoBomn ycTonumsocTn O2
KoadprumeHT aBTOHOMMUM

KoadduumeHT dpuHaHcosoro nesepuaa (0bpaTHbIN)

KoadpdumumeHT obecneveHHoCTN coBCTBEHHBIMM 06OPOTHLIMM CPeLCTBaMM

®2

Mokasatenu nnatexecnocobHocTn O3
Ko3dprUMEHT TeryLLe NMMKBUAOHOCTA
KoadpdumumeHT BbICTPOM MMKBUOHOCTY

KoadduumeHT abconioTHOM NMKBUOHOCTM

o3

MoKasaTenu genoson akTuBHOCcTU D4
Obopa4rBaemMocTb 060POTHLIX aKTVUBOB B AHAX / 365
060paunBaeMocTb 4eBUTOPCKON 3a00MKEeHHOCTU B AHAX / 365
QoHpgooTaada

04

®b=01+0,7502 + 0,503 + 0,2504

lNMokasaTesib puHaHcoBoM 6e3onacHocTh (DB)

VICTOYHUK: COCTAB/IEHO aBTOpaMI.

IO YeTbIpeM OlI0KaM: peHTabelbHOCTDb, (PUHAHCOBaL
YCTONYMBOCTD, IJIATEKECIIOCOOHOCTD M JIeNloBast aK-
TUBHOCTD. [I0 KaXKIOMy 13 67I0KOB pacCUMTHIBAIOTCS
UTOTOBbIE TI0OKA3aTeNN, U3 KOTOPBIX CK/IA/IbIBAETCS NH-
TerpajIbHbII MHAUKATOP, WITIOCTPUPYIOLUINIT 06Iuit
ypoBeHb ¢uHaHCOBOIT He3omacHocT. Kaxkbiit mHAM-
KaTop B CUCTeMe: B cOCTaBe 0JI0Ka, UTOTOBBIII IO OJIOKY
Y KOHEUHBINl MHTETPaIbHBII — MMeeT HOPMAaTUBHBIE
3Ha4YeHMsI, YCTAHOB/IEHHBIE C YYEeTOM CIeln(UKY KOM-
IIaHUII CE/IbCKOXO3AMICTBEHHO OTPACIIN.
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HopmatnusHoe HopMatuBHOe 3HaueHwue, 2022
3Ha4yeHue CKOPPEKTMPOBaHHOE C y4eToM

cneunduKmM cenbCKoX03ANCTBEHHbIX

opraHusauum
Gonbwe 0 BonbLe 0 -0,01
Bonbwe 0 Bonble 0
Bonbwe 0 Bonblue 0 -0,03
0,03 0,03 -0,04
0,5 0,5 0,56
1 1 0,00
0,1 0,1 0,55
1,6 16 1,11
2 0,75 2,23
08 0,25 1,98
2 0,25 0,00
4,8 1,25 4,22
0,77 0,77 0,00
0,12 0,12 0,00
1,52 1,52 -
2,41 2,41 0,01
4,23 2,46 2,90

EnvHCTBEeHHBIM ABHBIM HEJOCTATKOM CHCTEMBbI MH-
IVMKaTOpOB, paspaboranHoii V.[l. Auukunoit, E. I1.Ky-
yepoboit, E.C. Kapesoii, ABndgeTcs MeToAMKa pacyeTa
arpernpoBaHHBIX MIOKa3aTesleil — MpPOCTOe CIOXKeHMe,
TO eCTb He YYUTBIBACTCA YPOBEHb KPUTUYHOCTM Ha-
PYLIEHMS TOV M/IM MHO IPYIIION IOKas3aTenen CBOUX
IIOPOTOBBIX 3HAYEHMIA, YTO MOYKET CBITPaTh PeIIAOIIYIO
poib, TeM 6ojiee B Ciydyae OLeHKM (pyHaHCOBOI 6e3-
OIIACHOCTH TaKO¥ cHenuduueckoit oTpaciu, Kak celb-
CKO€ X03AICTBO.
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4. NpakTnyecKoe NpUMeHeHUe
pa3fI4HbIX CUCTEM UHAUKATOPOB
OLIeHKM YpPOBHA $pMHAHCOBOM
6e3onacHocTU

B xavyecTBe NMPaKTUYECKOTrO IPMMepa OLeHNM YPOBEHb
¢uHaHCOBOI 6€30IaCHOCTU POCCUIICKON KOMITAHUY
C TIOMOIIBIO PACCMOTPEHHBIX BbIIIE YeTBIPEX MHJM-
KaTUMBHBIX CHCTeM M CPaBHMM pe3ynbTaThl. Tak Kak
IBe M3 YeThIpeX CUCTEM ITOKasaTeseil MMEeIOT oTpacye-
ByIO crennuKy, TO OlleHKa OyfeT IpoBefjeHa B OT-
HOLIEHUN [BYX KOMIaHUIL: yriaego6siBatomeit [TAO
«YK Kysb6accpaspes3yronb» u CelnbCKOXO3SIICTBEHHOI
ITAO «Pycarpo»’.

ITo pesynmbpTaTaM pacyeTOB, IpECTAaBIECHHBIX
B Tab1. 1—3 U 5, MOXHO CJle/laTh HECKOIbKO BBIBOJIOB.
Bo-mepBsix, pasHble METONUKM OLleHKM (PUMHAHCOBOII
6e30aCHOCTY Yepe3 MHAMKATUBHBII [IOXOf, COfepxKaT
Pa3HYI0 OO MHAMKATOPOB, pacyeT KOTOPBIX 3aTPyH-
HeH, eC/IN TI0/IaraThCsA Ha TaKye TPafUIOHHbIE MCTOY-
HUKYM MHbOpManuy g GUHAHCOBOTO aHaMM3a, Kak
OyxranTepckuit 6alaHC ¥ OTYET O PUHAHCOBBIX Pe3yIib-
Tarax. PaccmoTpenHble nmopxonsl cogepxxamm 17, 31, 7
7 0% TaKuX MHAMKATOPOB.

Bo-BTOpBIX, TOMBKO [IBa M3 YeTbIpEX PACCMOTpPEH-
HBIX IIOfIXOJI0B COOOIIAIOT MOTb30BATEII0 KPUTEPUN
¢bopMypoBaHMs MHTETPaIbHOI OLleHKM. JI.A. 3amopox-
neBa u M.A. IlIkBapyK peKOMEeHAYIOT Kraccupuimpo-
BaTh ypOoBeHb (MHAHCOBOI 6e30MacCHOCTU KaK HI3-
Kuii, ecnu Tpu win 6ojiee MHAMKATOPA MOIAMN B 30HY
omacHbIX 3HayeHMIT. CrcTeMa (PUMHAHCOBBIX MH/VIKATO-
pos M.JI. Auukunoit, E.II. Kydeposoii u E.C. Kapesoit
U BOBCE Halle/IeHa Ha PacdeT KONMMYECTBEHHOM OLIEHKN
yepes GOPMYIy, YIUTBIBAIOIUI BeC OMpefeeHHOI
rpynisl pUHAHCOBBIX MHAMKATOPOB B 3aBUCUMOCTH OT
€e 3HAUMMOCTH B KOHTEKCTe BeJleH!A CeTbCKOXO3MCT-
BEHHOI JIeATeTbHOCTN.

B-TpeTbux, Ba)KHO 3aMeTUTD, YTO MTOTOBBIN BBI-
BOJ, 0 pUMHAHCOBOII 6€30ITaCHOCTY BHE 3aBUCUMOCTH OT
VICTIO/Ib30BAHHOM JJIA OLeHKU CHUCTEMBI MH/IMKATOPOB
OfITHAKOB, YTO MOYXHO HAI/ISIFHO YBUAETD 13 TAOL. 6.

! B rabmmuax ITAO «YK Kys6accpaspesyronb» 0603Ha4€HO Kak
«yronb», a [IAO «Pycarpo» 0603Ha4eHO KaK «C/X».

Indicative Systems for Assessing the Financial Security of Business Entities...

Tabnuua 6. IlopBeneHNe NTOroB OLlEHKY YPOBHS
¢unancosoit 6esomacHocTn

Table 6. Summary of financial security assessment

ABTOpbI CUCTEMBI Ne
MHAWKaTOpOoB NpUNoMKeHNUA

Wtor oueHKn

MAO «YK Kysbaccpaspesyronb»

HypetanHosa l0.B., | 2
Bacvneesa E.B.,
lopnosckaA E.A,,
KanakoBa KM.,
Knenvkosa M.B.

39% vHavKaTopoB
B KpaCcHOW 30He

3anopoxuesa JT.A., 3 40% vHavKaTopoB

LLIkBapyk M.A. B KpacHoW 30He
MogtnxoBa HH., 4 44% vHOvKaTopoB
®eposa W.C. B KpacHoW 30He

MAO «Pycarpo»

HypetauHosa 10.B., 2
Bacuneesa E.B,,
lopnosckaAa E.A,,
KanakoBa K.M,,
Knenunkosa M.B.

67% VHOMKaTopOoB
B KpacHoW 30He

3anopoxuesa JTA, | 3 60% VHOMKaTopoB

LLIksapyk M.A. B KpacHoW 30He

AnnkmnHa N1, 5 2,9 (Mopor Ans KoMnaHum
Kyudeposa E.I., AlK 2,46)

Kapesa E.C.

VICTOYHUK: COCTaB/IEHO aBTOpaMM.

3aKnio4yeHue

TakuM 06pasoM, CyLeCTBYeT MHOXECTBO CHCTEM
OLIeHKM YPOBHS (MHAHCOBOI 6€30IaCHOCTH Ha OCHO-
B€ MHAMKATUBHOIO IOAX04a. BonpmuMHCTBO cucTeM
OCHOBAHBI Ha CTAHIAPTHOM IepevyHe K03 PUIMeHTOB
¢dbuHaHCOBOroO aHanM3a. BO3MOXXHO, UMEHHO JJaHHAs
0COOEHHOCTD MPUBOANUT K BBICOKO KOPPEIALNU UTO-
FOBBIX BBIBOZIOB 00 ypOBHe (pIIHAHCOBOIT 6€30IIACHOCTH
06enx pacCMOTPEHHBIX KOMITAHMIL.

B HacTOAIMIT MOMEHT K/II0YEBBIMM HEJOCTATKAMU
OONBIINHCTBA CUCTEM WHAMKATOPOB, MPUMEHIEMbIX
I oueHKM (PMHAHCOBOI 6€30MIaCHOCTH, SBISIOTCS:
Ha/mM4ne KayeCTBEHHBIX ITOKa3aTeell, pacdeT KOTOPhIX
CyOBEKTUBEH, a TaK)Ke Ha/IM4ye KOMNIeCTBEHHBIX II0-
KasaTeJiell, pacyeT KOTOPHIX HEJOCTYIIEH /ISl BHELITHMX
[I0/Ib30BaTEIeN OTYETHOCTY KOMIIAHMM.

CaMBbIM BECOMBIM HEITOCTATKOM SIBJISIETCSI UTHOPM-
pOBaHue OTPacIeBolt crennduku. 3HaAYMMOCTb TAKOTO

89



HayuHana ctatbA

®uHaHcoBaA 6e3onacHoCcTb MpobneMbl aHanm3a pucka, Tom 20, 2023, N2 3

Original Article

(daxTopa, KaK oTpaciaeBas IPUHAJJIKHOCTD, BUIHA 13
MOPOTOBbIX 3HAYEHMI NHTETPMPOBAHHOTO TTOKa3aTeNA
YPOBH: GMHAHCOBOI 6€30MaCHOCTH, IIPENCTABICHHBIX
B Tabi. 5. B o61jeM cyvae moporoBoe sHaueHMe ycTa-
HaB/IMBAeTCA Ha ypoBHe 4,23, a moc/Ie KOPPEKTUPOBOK
C y4eTOM CIelM(UKU CeTbCKOXO3SIICTBEHHBIX KOMIIA-
HII IOPOrOBOE 3HAaUYeHMe NIPUHMMAET 3HadeHue 2,46.
Vicionb3oBaHMe TOTO MM MHOTO IIOPOTOBOTO 3HAYEHNA
MOXXET CYILIeCTBEHHO MOBIMATb Ha BBIBOJ, O (MHAH-
COBOII 6€30IIaCHOCTM KOMIIaHUM, @ CIIeIOBATe/NbHO, Ha
IIPMHMMAEMbI€ peIleHNA.

Takum 06pasoM, MMeHHO afjalTalysa CYLIeCTBY-
IOIIUX CUCTEM MHAMKATOPOB JJISl BCEX OTpaciIeil KO-
HOMIUKU, a He TO/IbKO BeAYIVX, JO/DKHA OBITh B IIPUO-
puTeTe IpU JanbHelleil paspaboTKe CUCTEM OLLEHKU
¢dbuHaHCOBOI 6€30IaCHOCTU 4Yepe3 MHAVKATUBHBIIN
IIOJXO]I.
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UHCTpYyKUMA oNnA aBTOpoB

1. O61iute TpeGOBAaHM K MPEXCTABIEHIIO CTATHI

Kypuan «IIpobnemsl aHamu3a prucka» MyOINKyeT Me-
KAVCHUIUIMHAPHbIE HAyYHbIE VM MPUK/IAIHbIe MaTepUabl,
HOCBAIICHHbIE aHAMN3Y PUCKOB Pa3IMYHOTO IIPONCXOXK]Ie-
HMSL M XapaKTepa: TeXHOTeHHOTO, IIPUPOJHOTO, COLMaIb-
HO-9KOHOMMYECKOT0, (PUMHAHCOBOTO, 9KOJIOTMIECKOT0 U Jip.

IIpencraprnseMas B peakI1Io CTaThs JOIDKHA COOTBET-
CTBOBATb TEMATMKe >KypHasa, OBITb HAIlMCaHa Ha PYCCKOM
A3bIKe (TUTY/IbHBIIL JINCT TIPEACTaBIACTCA Ha PYCCKOM U
aHITIMIICKOM A3bIKe), OBITh OPUTHHAIBHOI, paHee He OMYy-
O/IMKOBAHHOII U He IIPECTaBIEHHON K IyOIMKaLuy B PY-
TOM U3JAHNUN.

ABTOpBI HECYT OTBETCTBEHHOCTb 3a JOCTOBEPHOCTD
IpUBEJEeHHbIX CBEfIeHNUII, OTCYTCTBME JAHHBIX, HE MOfIe-
JKAIIMX OTKPBITON MyOIMKALMY, ¥ TOYHOCTD MHPOpMALUu
O IIUTUPYeMOl TUTepaType.

B mepByo oyepenp paccMaTpUBAIOTCA U IPUHMMAIOTCS
K IyO/IMKaLMy MaTepyabl, COfepKalliyie CChUIKY Ha paHee
ony6/1MKoBaHHBIe B KypHase ITAP craTby 1o cxoxeil Te-
Maruke.

Bce mpepcTaBieHHbIe B PeJaKIIMIO KypHAaIa PyKOIUCK
aBTOpaM He BO3BPAIlaloTCA.

2. TlopAaOK NpencTaBIeHNs PYKOIMCH

IIpencraBieHne CTaThbyl B PefaKLMIO >KypHanIa OCy-
LIIeCTB/IAETCS B 9/IEKTPOHHOM Bifie Ha e-mail journal@dex.
ru,

B HaVMeHOBaHUU 3TIEKTPOHHOIO (aiiyia CTaTby JOMXK-
HBI OBITh yKa3aHBI: IePBbIIl aBTOP CTAaTbY, COKpallleHHOe
Ha3BaHMe CTaThy, jaTa IpeficTaBeHus (Hanpumep, «VBa-
HoB_CraHpapTe! punancoBoroPM_12_01_18»).

Buumanue! CraTby npefcTaB/IeHHbIE HE B COOTBETCT-
BUU C MHCTPYKIUEN /11 aBTOPOB, MOTYT OBITh HE MPUH-
TBI K PACCMOTPEHMIO.

CraTbs OyfeT HallpaB/IeHa Ha pelieH3VpOBaHye OfHOMY
WIN IBYM 9KcIepram. Bo3mMoxkHO, moTpebyercs fopabor-
Ka M1 IepepaboTKa CTaTby 110 pe3y/ibTaTaM PelleH3Mpo-
BaHMA [0 IPUHATYUA PELIEHNA O ee OIyOIMKOBaHNUM.

Pemakius octaBysieT 3a co60¥ IPaBoO JabHeltIIel pe-
HaKLMOHHOI ¥ KOPPeKTOPCKOIl IpaBky cratbu. Koppek-
Typa aBTOpY B 00s513aTe/IbHOM HOpsIAKEe He BBICHIIAETCS, C
Hell MOYXHO 03HAaKOMUTBCSA B PeaKIML.

Ecnu cTaThs He MpUMHMMAETCA K II€YaTH, aBTOPY BBICHI-
JIaeTCs OTKA3 IO S/IeKTPOHHOII IoYTe.

3. O6urie Tpe6OBaHUA K PYKOIUCH

ONeKTPOHHBIN (aii/l PyKOIUCH JO/DKeH OBbITh chopMu-
POBaH C UCIIONb30BaHNMEM CTaHIapPTHBIX ITAKETOB pefjak-
TOpCKuX mporpamum (sampumep, MS Word, WordPad).

@opmar crpaHun;: A4, peKOMEHJyeMble OTCTYIIbI OT
KpaeB JINCTa: CBEPXY ¥ CHU3Y — 3 CM, ClieBa U CIIpaBa —
2 cM, pexomeHnpyemsiit mpudt Times New Roman, 12 o,
MEX/YCTPOUHBIII MHTEPBa/l — OAVMHAPHBIIL VI IIOTyTOP-
HbIIL. CTpaHNIIBI JO/DKHBI OBITh IPOHYMEPOBaHBL

®aitn co cTaTbeil JODKEH COIepKaTh:

1) TUTYNBHBI UCT (HA PYCCKOM M aHITIMIICKOM s3bIKe),

2) TeKCT cTaTby (BBefjeHME, CTPYKTYPUPOBAHHbIE Pas-
Zle/Ibl CTaThy, 3aK/II0YeHNE),
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3) nuteparypy (mocIenoBaTeIbHBIN epedeHb LUTUPY-
€MOIJI INTepaTypbl WIN 10 al1¢aBUTy IPY UCIIONb30BAHUN
MeX/YHapOJHOTO CTaHfjapTa),

4) cBemeHNs 06 aBTOpaXx.

4. TuTynbHbBIN TUCT

IIpencraBsieTcst HA PYCCKOM ¥ @HITIMIICKOM SI3BIKaX M
HOJDKEH BK/IIOYATh:

— YIK,

— MIndp cnenmanpuoctu BAK,

— KpaTKoe MH(OPMATUBHO-CMbICIOBOE Ha3BaHMe,

— MHULMAIBL, GaMuUInio,

— Kparkoe (II0 BO3MO>KHOCT!) HaVIMEHOBaHMe Opra-
Hu3auuy (Ipy yKa3aHUM OpPraHU3alMU He HOIIyCKaeTcs
IIPUBOANUTH TONBKO abOpeBUATYPY), PacIoaraeTcsi Imocie
dbamuanm aBTopa,

— ropor,

— aHHOTaIuo 06beMoM He 6oee 250, HO He MeHee 150
CTIOB.

AHHOTAIVA JO/DKHA B COKATOI opMe copfepKarh:

— 11e/1b paboThI

— MeTOfbl UCCIefloBaHMA (ecny HeoO6XOAMMO, TO YKa-
3aTh VX IPEMMYLIECTBA II0 CPABHEHUIO C paHee IPYMEHAB-
IIMMIICS), OCHOBHBIE TOJIOKEHNA.

— OCHOBHBIE Pe3y/IbTaThbl UCCIEHOBAHMA.

— OCHOBHBIE BbIBOJIBL.

Bce ab66peBuaTypsl B aHHOTALMY HEOOXOAMMO PACKPbI-
BaTb (HECMOTPs Ha TO, YTO OHU OYAYT PACKPBITHI B OCHOB-
HOM TEKCTe CTaTbM).

Kimogessle croa: (5-8) moMernaror oy aHHOTAIVelL.

KiroueBble c/10Ba [JO/DKHBI MCIIONb30BATh TEPMUHBI U3
TEKCTa CTaTby, ONpefe/IAolINe IPeIMEeTHYI0 06/1acTh 1
CIIOCOOCTBYIOLYEe MHAEKCUPOBAHUIO CTATbU B IIOUCKOBBIX
CHCTeMax ¥ He IOBTOPATh Ha3BaHUe CTAaThL.

5. TekcT cTaTby

OCHOBHOJI TEKCT CTaTbl JO/DKEH COflep>KaTh:

— BBeJieHIe,

— CTPYKTypMpOBaHHbIe, IPOHYMEPOBaHHbBIE Pa3JieNbl
cTaTby,

— 3aK/IIOYeHNe,

— nuTeparypa.

BBepeHne [OMKHO cofepxarb YeTKoe 00O3HadeHNe
Leflelt 1 3aja4 paboThl. ABTOPbI JO/DKHBI ITOKa3aTh 3Ha-
KOMCTBO C ITyO/IMKALMAMY JKypHasIa [0 TeMaTuKe CTaTby
¢ 00s3aTeNbHBIMY CCBUIKAMM Ha paHee OIyO/IMKOBaHHbBIE
B )XypHase paborsl. Takxe B HeM MOTYT JJaBaTbCsA CCHUIKU
Ha K/TI04eBble paboThI B 06/1aCTH MCC/IEOBAHNS, HO BBefle-
HIIe He TO/DKHO OBbITh IMTEPATyPHBIM MU MUCTOPUIECKUM
0630poM.

CTpyKTypupOBaHHbIE Pasfie/Ibl CTaTby HOJ/DKHBI COfiep-
XaTh YeTKOe U MOC/IefoBaTeNbHOE M3/I0KeHe MaTepuaa
paboThI. 3aroIOBKM Pasfie/ioB OCHOBHOI YacTU JOKHBI
uMeTh HyMepauumoo (1, 2, 3 u T. #.), 3Ta e HyMepauns
HO/DKHA OBITH OTpaXKeHa B cofep)kaHuu (pasyensl BBele-
HIIe, 3aK/II0YeHNe, TUTepaTypa, CBefieHNs: 06 aBTOpax He
HyMepylorcs). JlolmyckaeTcst B KaK/IOM pasfieie Co3fiaBaThb
II0/13aTOJIOBKI PA3JIeTIOB.

3aK/II0ueHNe JO/DKHO BKIIOYATh OCHOBHBIE Pe3y/IbTaThl
U BBIBOJIBI, OOCY>KJIeHI€ CIIOPHBIX MOMEHTOB, 3HAYMMOCTD



TEOPeTUYECKMX MOMOXKEHMII, UX OTPAHMYEHUSA; MECTO U
POb B paspese MPeABIAYILINX UCCIETOBAHNUIL, BO3MOXKHO-
CTeN MPaKTUYECKUX IIPUIOKEHNIL.

6. Tpe6oBaHuA K Ta6muiam, pucynkam u ¢popmymnam

Ta6muiist 1 puCyHKM

Ta6mu1ib! M PUCYHKY PEKOMEHJ[YeTCs paclonaraTb BHY-
TPU TEKCTa IOC/Ie IEPBOrO YKa3aHNs Ha HuX. Pasmep Ta6-
JINI] ¥ PUCYHKOB He TOJ/DKEH BBIXOAUTH 33 paMK1 ¢popmara
TeKcTa. Bce TabMUIIbI ¥ PUCYHKY JOJDKHBI OBITD TIOCTIEHO-
BaTe/lIbHO NPOHYMEpPOBAHbI M MMETbh KpaTKoe Ha3BaHUe
(nasBaHMe Tab/IML] laeTCs Haf| TabMuLIell, PUCYHKOB — IIOf
HIUIMMA).

HaspaHye pucyHKOB (BMecTe ¢ HOSICHEHUAMM) HODKHO
OBbITH TepeBeieH0 Ha aHTTIMITCKUIT A3BIK M PACIIONaraTbCsi
TIOJ], PYCCKOA3BIYHBIM Ha3BaHMEM.

Tabmuubl ¥ PUCYHKU JO/DKHBI OBITH MOHATHBIMU 6e3-
OTHOCUTE/IBHO K 0O'bACHEHNIO B TeKcTe. [TosicHeHns K Tab-
JVILIAM ¥ PUCYHKaM JO/DKHBI ObITh Kparkumu. [TosicHeHwst
K TabmMiaM MO/DKHBI PacHoaraTbCsi BHU3Y TAaOMULIbI U
MMeTb yKas3aTeln C MCIOIb30BaHMEM HAICTPOYHON OyK-
BEHHOT 11 1M(POBOIt MHAEKcaluy (MEeHbIIEero pasMepa
OTHOCHTE/IBHO TeKCTa). [oACHeHNA K pUCYHKaM JOJIKHBI
pacronararbcsi IOf], Ha3BaHMeM PUCYHKOB C MCIIO/Ib30Ba-
H1teM pu¢Ta MEHbIIETO padMepa OTHOCUTEIBHO TeKCTa
Ha3BaHMA PUCYHKOB.

Tabnu1ibl MpeCTaBIAITCA B CTAHAAPTHOM pefaKTope
MS Office, nanpumep MS Word unu MS Excel.

PUCyHKM HO/DKHBI OBITH BBICOKOTO KadecTBa. [padumkn
JOJDKHBI IPEJOCTAB/IATHCS IPEVMYILeCTBEHHO B popMare
MS Excel. Cxembl 1 KapThl IPeIOCTaBIAIOTCA B BEKTOP-
HBIX (popmarax eps , cdr . Pororpadun u gpyrue MmIIO-
CTpaTUBHbIE MaTepMabl, IPefOCTaB/IsgeMble B BUfIe pac-
TPOBBIX M300paXKeHMIt, JO/DKHBI UMeTb pasperreHue 300
dpi (pu pasmepe Ha dopmar usganns) u 66T B popma-
tax TIFF unu JPEG (6e3 cxatus). Ha pacTpoBbix pucyH-
KaX JO/DKHBI XOPOIIO IIPOYNTHIBATHCS TEKCT U BCE 3HAYM-
Mbl€ 37IeMEeHTBL.

Dopmynbl

OTgenbHO cTosAIe GOPMYIIBI JOIDKHBI ObIT HaOPaHBI
C MCTIONIb30BaHNEM CTaHAapTHHIX cpeficTB MathType nmm
Equation.

ITepeMeHHbIe BETMYMHDI 1 9/IEMEHTBI GOPMYII, pacIo-
JlaraeMble BHYTPY TeKCTa, HAOUPAIOTCS IO BO3SMOXXHOCTH C
MCII0/Ib30BAaHNEM TeKCTOBBIX BbIfje/leHMit (HIDKHUIL, BepX-
HUIT PeTrUCTPBI, KYPCUB, Ipedecke OYKBBI 1 T. J.)

®opmynsl 1 OyKBeHHBIEe 0003HAYEHMs JODKHBI OBITH
TIaTe/IbHO BBIBEPEHBI aBTOPOM, KOTOPBIN HecCeT 3a HUX
IIOJIHYI0 OTBETCTBEHHOCTb.

7. Iureparypa

Bubnuorpaduyeckue CCbUIKM B CTaTbe PEKOMEHAYeT-
Cs OCYIIECTB/IATD KaK 3aTeKCTOBbIE CCHUIKY M 0003HAYaTh
HOMepaMIl B HOPsifiKe LMTUPOBAHMS B KBaJPaTHHIX CKOO-
Kax, Hanpumep [1] win [2—5], npn HeobXoAMMOCTH C
ykasaHueM crpanuil. CChUIKY Ha HeOIyO/IMKOBaHHbIE pa-
60TbI HemorycTuMbL. CIMCOK IUTEPaTYphI HO/DKEH pasMe-
LIATbCS B KOHIIE CTATbU 1 COCTAB/IACTCA B COOTBETCTBUU C
T'OCT P 7.0.5-2008 «bubnnorpaduyeckas cCbIiKa».

IMopsAmok cocTaB/eHNA CIUCKa CTIeYIOIINIL:

— Byt KHUT: GaMmUnvs M MTHULMAIBL aBTOpa (aBTOPOB),
[IOJIHOE Ha3BaHIe, MECTO U TOJ U3JAHUSA, U3IATENbCTBO,
ob11ee KOMMYECTBO CTPAHMNIY;

— IUIs I71aB B KHUTAX M cTareil B cOOpHMKax: pammms
Y MHMIMAJIBI aBTOpa (aBTOPOB), IIOJIHOE Ha3BaHMUe CTATbH,
[O/IHOE Ha3BaHye KHUTM, GaMuIns M MHULMAIBL pefakK-
Topa (PefakTOpOB), MECTO U TOJ U3LAHUS, U3IATEIbCTBO,
HOMepa IIePBOI1 1 IOCTIeHEl CTPaHMLI;

— [UIst KYPHa/IbHBIX cTareil: paMmuins M MHULMAIDI
aBTOpa (ABTOPOB), IOJIHOE Ha3BaHMeE CTATbM, HAa3BaHIE
JKYpHaJIa, TOM U3[aHNs, HOMep, HoMepa IIepBOil U MOCTIer -
Heit crpanul. Ecim uncio aBropos 6osbliie Tpex, BHavaIe
[ULIETCS Ha3BaHUE CTATbM, 3aT€M BCe aBTOPBI U Jlajiee Ha-
3BaHMe )XypHaJa, TOM M3[aHVs, HOMep, HoMepa HepBoil 1
TIOCTIe/IHEN CTPaHNILL;

— WISt pyccepranuit: paMuIisa M MHMIMAIBL aBTOPA,
BOKTOPCKas MM KaHAUAATCKAsI, TOJTHOe HasBaHUe pabo-
TBI, TOJ I MECTO U3JAHMUS.

CchUIKHM Ha IUTEPATYPY B CTATAX (B TOM YMCIIe IIPef-
CTaB/IEHHBIX [/Is NyOIMKALUK 3apyOeXXHBIMI aBTOpaMM)
MOTYT IIPOM3BOJUTHCS C UCIIONb30BAHIEM MEX/[YHAPOJ-
HOTO CTaHjapra, Hanpumep, 1-2 aBropa: (VBanos, Cu-
nopos, 2018), Tpu u 6onee aBTopos: (Maks et al, 1999).
CIMCOK IUTepaTypbl COCTABISETCS B ITOM CIy4ae B aida-
BUTHOM IOpsifiKe (CHaYa/a CTaTby Ha PyCCKOM, 3aTeM MHO-
CTPAHHBIX SA3bIKAX).

Buumanne!

— Ecnn B cricke muTepaTypbl €CTh MCTOYHUKY C VH-
nexcoM DO, To OH BO/DKeH OBITH yKa3aH.

— Bce puTtpyeMmble pPycCKOsA3bIYHbIE MCTOYHMKM B
CIIVCKe JIUTepaTypsl JO/DKHBL OBITH IepeBefeHbl Ha aH-
IIMICKUIT s13bIK. [lepeBof pacrionaraeTcs B KBaJjpaTHBIX
CKOOKax IOCTIe UUTYPOBAaHNs Ha PyCCKOM s3bike. [TepeBon
HasBaHM JO/DKEH TOYHO COBIIAJATH C IEPBOMCTOYHIKOM
U B KOHI[e B CKOOKax ykasbiBaercs (Russia).

ABTOpBI CAMOCTOATENBHO HECYT OTBETCTBEHHOCTH 3
TOYHOCTb MHPOPMALIUN 10 LUTHPYEMOIL IUTEpPaType.

8. CBepenns 06 aBropax

Ceptennst 06 aBTOPax [O/DKHBI BK/TIOYATh:

— ¢aMunio, MMs ¥ OTYeCTBO (IIOTTHOCTBHIO),

— CTelleHb, 3BaHNe U 3aHIMAEMYIO JO/DKHOCTD, IIOJTHOE
U KPaTKOe HaMMEeHOBAHUE OPraHU3aLUM,

— 4ycno myOnmMKanuit, B TOM 4mcie MoHorpadmii,
y4eOHbIX U3FaHNUIL,

— 0071aCTh HayYHbIX HTEPECOB,

— KOHTAKTHYIO MH(POPMALMIO: IOYTOBBLI afpec (pado-
unit), TereoH, e-mail, M06. TereoH (ms CBsI3Y C penak-
yein).

9. 3ak/II0YeHMe TUIIEH3IOHHOIO JOTOBOPa

Ecnu npuHsaTo pelenne 06 ony6IMKOBAaHNM CTAaThH, B
COOTBETCTBUM C TpeboBaHMAMM [PakKTaHCKOTO KofeKca
PO mexpy aBTOpaMu 1 KyPHAJIOM 3aK/II0YAE€TCs JIMIEH-
3VIOHHBIII JOTOBOP C IIPUIOXKEHNEM K HeMY aKTa IpueMa-
Hepefayn IpousBeneHns. IT1 JOKYMEHTbI pefaKiys Ha-
[paB/IsIeT ABTOPAM CTAThY J/IsL OAIICY IO 9J1. [IOYTE WIIN
10 BaKcy ¢ Moc/IeRyoleil OTIPABKOIl OPUTMHAIOB JOKY-
MEHTOB IIO II0YTe.
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2. Name of the author (authors).
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5. Name of article.
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6. Summary.

The recommended volume of the structured summary: 200—250 words. The
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7. Keywords.
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8. Conflict of interest.
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interests, having included information on the conflict of interests in appropriate
section of article. If there is no conflict of interests, the author has to report about it
also. Example of a formulation: "The author declares no conflict of interests".

9. Text of article.

In the magazine the IMRAD format is accepted (Introduction, Methods,
Results, Discussion).
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— introduction;

— the structured, numbered sections of article;

— conclusion;

— literature.

10. Drawings.

Drawings have to be high quality, suitable for the press. All drawings have to
have caption signatures. The caption signature has to be translated into English.
Drawings are numbered by the Arab figures on a sequence in the text. If the
drawing in the text one, then it is not numbered. The translation of the caption
signature it is necessary to have after the caption signature in Russian.

11. Tables.

Tables have to be high quality, suitable for the press. The tables suitable for
editing but which are not scanned or in the form of drawings are preferable. All
tables have to have headings. The name of the table has to be translated into English.
Tables are numbered by the Arab figures on a sequence in the text. If the table in the
text one, then it is not numbered. The heading of the table includes serial number of
the table and its name. The translation of heading of the table it is necessary to have
after table heading in Russian.

12. Screenshots and photos.

Photos, screenshots and other not drawn illustrations need to be loaded
separately in the special section of a form for submission of article in the form of
files of the format *.jpeg, *.bmp, *.gif (*.doc and *.docx — in case additional marks
are applied on the image). Permission of the image has to be > 300 dpi. Files of
images need to appropriate the name corresponding to number of the drawing in
the text. It is necessary to provide in the description of the file separately the caption
signature which has to correspond to the name of the photo placed in the text.

13. Footnotes.

Footnotes are numbered by the Arab figures, are placed page by page. In
footnotes can be placed: the reference to anonymous sources in the Internet,
references to textbooks, manuals, state standard specifications, statistical reports,
articles in political newspapers and magazines, abstracts, theses (if there is no
opportunity to quote articles published by results of a dissertation research),
comments of the author.

14. List of references.

In the magazine the Vancouver format of citing which means sending on
a source in square brackets and the subsequent mention of sources in the list of
references as a mention is used. The page is specified in brackets, through a comma
and a gap after number of a source: [6, page 8].

The list of references joins only the reviewed sources (articles from scientific
magazines and the monograph) which are mentioned in the text of article. It is

undesirable to include in the list of references abstracts, theses, textbooks, manuals,
state standard specifications, information from the websites, statistical reports,
articles in political newspapers, on the websites and in blogs. If it is necessary to refer
to such information, it is necessary to place information on a source in the footnote.
At the description of a source it is necessary to specify it by DOI if it is possible to
find it (for foreign sources it is possible to make it in 95% of cases).

References to articles adopted to the publication, but not published yet have to be
marked with the words "in the press"; authors have to get the written permission for
the reference to such documents and confirmation that they are accepted for printing.
Information from unpublished sources has to be noted by the words "unpublished
data / documents", authors also have to receive written confirmation on use of such
materials. From magazines year of a release of the publication, the volume and the
issue of the magazine, page numbers have to be surely specified in the references
to articles. All authors have to be presented in the description of each source.
References have to be verified, the output data is checked on the official site of
magazines and/or publishing houses. The translation of the list of references into
English is necessary.

After the description of a Russian-speaking source in the end of the reference
the instruction on work language is put: (In Russ.). For a transliteration of names
and surnames of authors, names of magazines it is necessary to use the BSI standard.

I1. How to submit article for consideration

The manuscript of article is sent to edition through online a form or in
electronic form to e-mail of journal@dex.ru. The file, naprvlyaemy on e-mail,
loaded into a system with article has to be presented in the Microsoft Word format
(to have the expansion *.doc, *.docx, *.rtf).

III. Interaction between the magazine and author

The editorial office of the magazine corresponds with the responsible (contact)
author, however if desired group of authors letters can be sent all authors for whom
the e-mail address is specified.

All articles coming to the "Issues of Risk Analysis " magazine undergo
preliminary testing by the responsible secretary of the magazine for compliance to
formal requirements. At this stage article can be returned to the author (authors)
on completion with a request to eliminate errors or to add missing data. Also at this
stage article can be rejected because of discrepancy to its purposes of the magazine,
lack of originality, small scientific value.

After preliminary check the editor-in-chief reports article to the reviewer with
the indication of terms of reviewing. To the author the corresponding notice goes.

At the positive conclusion of the reviewer article is transferred to the editor for
preparation for printing.

At making decision on completion of article of a remark and the comment
of the reviewer are transferred to the author. The author is given 2 months on
elimination of remarks. If during this term the author did not notify the editorial
office on the planned actions, article is removed from turn of the publication.

At making decision on refusal the relevant decision of edition goes to
publications of article to the author.

To the responsible (contact) author of article adopted to the publication
the final version of imposition which he is obliged to check is sent. The answer is
expected from authors within 2 days. In the absence of reaction from the author
imposition of article is considered approved.

IV. Order of review of the decisions of the editor/reviewer

If the author does not agree with the conclusion of the reviewer and/or editor
or separate remarks, he can challenge the made decision. For this purpose it is
necessary for the author:

— to correct the manuscript of article according to reasonable comments of
reviewers and editors;

— it is clear to state the position on a case in point.

Editors promote repeated submission of manuscripts which could be potentially
accepted, however were rejected because of need of introduction of significant changes
or collecting additional data, and are ready to explain in detail what is required to be
corrected in the manuscript in order that it was accepted to the publication.

V. Actions of edition in case of detection of plagiarism, a fabrication or
falsification of data

In case of detection of unfair behavior from the author, detection of
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In case of detection in the text of article of the mistakes which are influencing
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