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The originality. New model was developed for computing of atmosphere pollution and territorial
risk assessment after accident with toxic chemical.

Practical implications. Developed model allows quick computing of territorial risk after accident
or terror act near building. Results of numerical experiment are presented.
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INPOIrHO3UPOBAHUE YPOBHA 3AI'PSISHEHUA BO3IYIIHOM CPEJIbI
I'OPOJA OT AEMCTBYIOIIUX TEXHOI'EHHbBIX NCTOYHUKOB

© M. Biliaiev, T. Rusakova

PREDICTION THE LEVEL OF AIR POLLUTION OF THE CITY FROM
ACTIVE TECHNOGENIC SOURCES

Co3naHne MeToauKu Oa3upyeTcs Ha COBMECTHOM pEUICHWH YPaBHEHUH KOHBEKTHUBHO-
TG (Gy3MOHHOTO TEepeHoca MPUMECH JUIsl KaKJOro 3arpsi3HUTENs, KOTOPBIM HEMOCPEICTBEHHO
MOCTYMaeT OT MNPEeaNpusATHs U oOpa3yeTcs JONOJHHUTENBHO 3a CYET XHMHYECKUX pPEeaKIuid B
atmocdepe. PaspaboTanHoe mporpamMmMHOEe 00OECTIEYEHHUE IMO3BOJIIET MPOBOJIUTH PSJl YUCIECHHBIX
HKCHEPUMEHTOB M TMOJYy4aTh 30HBI 3arpsA3HEHUs aTMOC(EepHOro BO3JayXa IUOKCHIOM a3oTa. ,
ONpeENsATh paloOHbl, KOTOpble HambOOIee TMOJABEP)KEHbl 3arpsi3HEHUI0 C YYETOM BIUSHUS
METEOPOJIOTUYECKUX [TaPAMETPOB.

CTBOpEHHSI METOJUKN METO/MKa 0a3yeTbCs Ha CHUIBHOMY pO3B’A3aHHI PIBHSHb KOHBEKTHBHO-
IQy31HHOrO MEepeHOCy JOMILIKU JUIsl KOXKHOTO 3a0py/HIoBaua, sIKUi Oe3rocepeIHbO HAIXOAUTh
BiJl MANPHUEMCTBA 1 YTBOPIOEThCS JOJATKOBO 32 paXyHOK XIMIYHUX peakiiil B atMochepi. Po3po0d-
JIeHe MTporpamMHe 3a0e3MeueHHs 103BOJIs€ IPOBOJUTH DSl YUCEIbHUX EKCIIEPUMEHTIB 1 OTpUMYBaTH
30HHM 3a0pyIHEHHS aTMOC(EPHOrO MOBITPS TIOKCHIOM a30Ty, BU3HAYaTH PAOHM, SKI HAHOUIBII
CXWJIbHI JI0 3a0pyIHEHHS 3 ypaxXyBaHHSAM BIUIMBY METEOPOJIOTTYHUX HapaMeTpiB.

Berymiienue. Kak u3BecTHO, M1l pa3BUTHS SKOHOMUKH CTPaHBl €€ OTPaCiH
JIOJKHBI OBITH KOHKYPEHTOCIIOCOOHBI 32 pyOeKOM, YMETh MPEAJIOKUTh YTO-TO BHEIII-
HEMY PBIHKY. MeTajutyprusi — OfHa U3 UHIYCTPUd, KOTOpasi MO3BOJSET KOHKYpPUPO-
BaTh Ha MEXIYHApOJHOM PBhIHKE. YKpanHa HAaXOAWUTCSA B JECATKE MHUPOBBIX JIHIECPOB
M0 MPOU3BOACTBY cTanu, B 2016 roxy Obuto npousBenaeHo 24,2 MIIH. TOHH cTtainu. B
MOCJIETHUE TO/Ibl CTPaHa HEMHOIO yCTyIuIa MO3UIMN KOHKYpEHTaM, ¢ 8-ro MecTa B
mupe (2010 r — 33 muH. ToHH, 2011 T — 36 MH. TOHH) YKpauHa omycTtuiiach Ha 10-e
MecTo B 2012 r — 34 MIIH. TOHH, Ha KOTOPOM YBEPEHHO JICPKUTCS YK€ HECKOJIBKO JIET.
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Merannypruss TpPOU3BOAUT YETBEPTYID YACTh ASKCHOPTUPYEMOW YKpaWHOM
npoaykunu. Merammyprudeckuid skcriopT B 2016 rony npunec Ykpaune 8,3 MIIpA.
J0JUTApOB. DKCIOPT YEPHBIX METAJIOB OOOTHAN 3KCHOPT B cepax 3epHOBbIX U T-
yciyrax. Jloxoasl ot skcnopra B 2016 rogy cocTaBUiv: YepHbIe METAIUIBI — 7,9 MIIp/I.
JI0JIJIapOB, 3€pHOBBIC — 6,1 Mupa. mostapoB, TpybonpoBoa — 2,6 mupa. mosiapos, 1T
yciryrd — 1,6 Mapa. gommapos.

B camoii YkpawmHe BHyTpeHHEe MOTpeOiieHHE cTaiu TamaeT. Mertamryprus —
OHA M3 BAXHEWIIMX OTpaciedl SKOHOMHUKH, MOTOMY 4TO Oyarogaps €l MOryT
pa3BuBarbcs Jpyrue otrpaciu. [loTpebienne Metamia — BaXKHBIA WHIUKATOP
pa3Butus SkoHoMHKHU. Ecnu B 1989 rony crpana norpeOisiia 74 MIIH. TOHH CTaJd, TO
B 2016 — TONBKO 4 MJIH. TOHH, YTO COOTBETCTBYET NAJACHUIO YKOHOMHUKHU.

Merannypruueckue obiaactu YkpauHbl — 3amopoxckasi, /[HenponeTpoBckas u
Honenxkasi. «Matepnaiin  HrkHenHenmpoBCcKuid — TpyOONpPOKAaTHBIM — 3aBOm»  —
KpYIHENUIINI MPOU3BOJUTEINb U OCTABIIUK CTAJIBHBIX TPYO pa3inMyHOrO Ha3HAYECHHUS,
KEJIE3HOIOPOXKHBIX KoJiec, OaHaa)keil, KpyNHOraOapUTHBIX KOJBIEBBIX W3AEIIH,
¢nanues. [Ipogykuust ¢ ToproBoii Mapkoil 3aBoja nocrasisiercss B Oonee, yem 50
CTpaH MHpPA, OTIMYAECTCS BBICOKOM HAJEKHOCTBIO M JOJITOBEYHOCTHIO. OIHAKO 3TO
OpEINpUATHE OTHOCUTCA K YHCIY SKOJOTMYECKU-HEOE30MacHbIX OOBEKTOB Ha
TeppuTopuH I. JlHenpa.

Pacnipenenenne oCHOBHBIX roAoBbIX BbIOpocoB «MHTepmnaiin HuxHenHenpos-
CKOI0 TpPYyOOIPOKAaTHOrO 3aBO/AA» MO JAHHBIM HKOJOTMYECKOro IMacrnopTra ropoja
MpencTaBieHo B Tabmuue 1.

Tabnuma 1

["onoBsie BeIOpoCH! «MHTepnaiin HimkHetHempoBCKOro TpyOOIpOKaTHOTO 3aBO/IA

Bcero K o6memy komu- | K oOmemy koinuecTBy
3arpsa3HsIMe
BelleCTRA BBIOPOCOB, YECTBY BEIOPOCOB | BBIOPOCOB (HACEJICHHO-
t T/TON obbekTa, % ro IMyHKTa), %
SO, 9,279 0,6 0,02
NO, 437,807 28,6 2,4
CO 861,972 56,2 13,3
TBepaple Bele- 98,751 6.4 0.6
CTBa

AHanu3 myOnuKanuii moKa3bIBaeT, YTO PACUYETHI 110 UCCIEIOBAHUIO PaCIpoCTpa-
HEHHUS BBIOPOCOB OT KPYITHBIX MPOMBIIUIEHHBIX MPEANPUATHI B aTMOC(EepHOM BO3-
JyXe BBITIOJIHAIOTCSI HA OCHOBE MOIU(MUIIMPOBAaHHBIX Moenei ["aycca, JlarpankeBbIx
MOJIEJIEH, KOTOPBIE MO3BOJSIOT PACCUUTHIBATH YPOBEHb KOHLICHTPALUM 3arps3HSIIO-
ITUX BEMIECTB MPHU CTAIMOHAPHBIX TOUEYHBIX NCTOYHHUKAX 3arpsi3HEHUs 0e3 OOJBITNX
3aTpaT KOMIBIOTEPHOrO BpeMeHHU [4]. boiplioe KOIM4ecTBO MPOTHO3ZHBIX MOJEIEH
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OCHOBBIBA€TCSI HA CTATUCTUYECKHX OIEHKAX METEOPOJOTMYECKUX MapaMeTPOB KOH-
KPETHBIX TEPPUTOPUI [S5], UTO sABIIAETCS OOJBIIUM HEJOCTATKOM 3TUX MOJENEH, TaK
KAK OHHM HE YUYWUTHIBAIOT U3MEHSIOIIMECS BO BPEMEHU METEOPOJOTHUUECKUE JTAHHBIE.
MopnenupoBaHue HEPETYISPHBIX «UMITYJIbCHBIX» HUCTOYHUKOB 3arps3HEHUs MPOBO-
IUTCA C WCIOJb30BaHMEM Meroja Monrte-Kapno mid moiydeHus pearCTHYECKHUX
rOJIOBBIX MaKCMMYMOB KOHIEHTpPAllUU W OLICHKU PHUCKOB JJIsl 370POBbSI C y4ETOM
HauXyJIIUX MeTeoposorudeckux ycioBuid [6]. Kak 3a pybexxom, Tak U B YKpauHe
YUCJICHHBIE MOJIEIIU JI)KAT B OCHOBE TOTOBBIX OYEHb JOPOTOCTOAIIMUX MPOrPaMMHBIX
MakeToB. B CBsA3M ¢ ATUM OcTaeTcsl akTyaJbHOM 3aja4ya CO3[aHus MaKeTa MporpaMmm
JUTSI TIPOBEJICHUST OTIEPATUBHBIX PACUETOB IO PACIIPEACIICHUIO BRIOPOCOB B aTMocepe
Ha OCHOBE YHCIIEHHOTO MOJEIUpOBaHUsA. Takoi KOMILJIEKC MPOTpaMM SIBJISIETCS He-
00XOJIUMBIM BCIIOMOTATEIbHBIM HHCTPYMEHTOM, KOTOPBIH MO3BOJIUT OCYIIECTBUTH
HETIPEPBIBHBIA KOHTPOJIb U YINPABICHUE UCTOYHUKAMHU OPTaHU30BAHHBIX MPOMBIII-
JIEHHBIX BBIOPOCOB C IIETBI0 UCKIIOUEHUS BO3MOXHOCTH HAJOXKEHUsS TOJIeH 3arpss-
HEHHI OT HECKOJIbKUX UCTOYHUKOB M, COOTBETCTBEHHO, MpeBbilieHNs ypoBHen [1/IK
3arpA3HUTENCd. AHaW3 TOJIEW PacHpOCTPAHEHUS 3arpsi3HCHH OYEHb BaXKEH MJIS
MIPOTHO3UPOBAHUS M CUTHAIM3AlMM O HapacTaHWU [ApaMETPOB, OIPEICISIONINX
Ype3BbIYANHBIC IKOJIOTHYECKUE YCIOBUS (aBapUU, KATaKJIM3MBbl), a TAKXKE JJIs1 OICHKU
U MPpOrHo3upoBaHusi 3(PPEKTUBHOCTU MPUMEHSIEMBIX U MPEAJiaraeMbIX 3alllUTHBIX
MEPOIPUATHN B YCIOBUSIX YPE3BBIYANHBIX CUTYALIAM.

Heabio qanHON palOOTHI SBISETCS CO3/IaHHE MPOTPAMMHOTO oOecTieueHuUs ISt
OTIEPATUBHOIO MPOBEJCHUS] BBIUUCIUTEIBHBIX IKCIEPUMEHTOB IO HCCIIEIOBAHUIO
TEXHOT'E€HHOTO BO3JICHCTBUSI Ha aTMOC(EpHBI BO3MyX ra3oBbIX BeIOpocoB «MHTEp-
naiin HukHeHeMpoOBCKOTO TPpyOONpoKaTHOTO 3aBoAay. OleHKa 30H 3arpsi3HEHUs U
MX BO3JICMCTBUS HA MPUIIETAIONINE TEPPUTOPUHU.

N3no0:xkeHue 0CHOBHOTO MaTepuasa. BeIOpOCk OKCHIOB a30Ta MPETEPIEBAIOT
XHUMHYECKyI0 TpaHchopmaruio B atMochepe. YpaHenus (1) — (3) onuchiBaroT mpo-
riecc paccenBanust NO u NO, B arMocdepe pu 3MHUCCUH U3 TpyO 3aBoja [1].

a[StO] X au[aNO] L NO]_ 2 aNo],
X oy OX

oy a[glyo])+QNO5(X X5y - ¥i), @
03] 5“[03] ov[03] _ 0[0s] 0[0s]

ot o oy aX(,Ux x — )+ ay( y oy —), (2)
a[“é?z]+5u[2|02]+3V[N02] :Q(#X 5[N02])Jr

X oy OX OX

+a(ﬂy%)+QNOZS(X—Xi)5(y—Yi)’ ©)
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rane Qno— uHTeHcuBHOCTH BeIOpoca NO; QNO2 — UHTEeHCUBHOCTH BbIOpoca NOo;
U, V — KOMIIOHEHTHI BEKTOpa CKOPOCTH BeTpa; 1 = (Liy, ,uy) — k03¢ duIueHT TYpOy-

JeHTHOM auddy3un; Xj,Yj — KOOpAUHATHI UCTOYHUKA BbIOpOCA 3arpsi3HAIOLIEIO Be-
mectBa; O(X—X), o(y—Yj) — aenpra-dynkiws Jupaka, ¢ TOMOIIBI KOTOPOH MO-
JenvpyeTcsi BBIOpOC OT 3aBoj1a, 3HaUeHHE (DYHKIUU & TOXIECTBEHHO PABHO HYIIO BO
BCEX sSYEHKax, KpoMe TeX, IJIe pacloyiokeH UCTOUYHUK BhIOpOCa.

Uucnennoe MHTErpUpoOBaHUE ypaBHeHUU mepeHoca mpumecu (1) — (3) mpoBo-
JUTCSL C TMOMOIIbIO HESIBHOM Pa3sHOCTHOM CXEMbl PACIICIICHUS, COIJIACHO KPaeBbIX
yCJIOBUH, paCCMOTPEHHBIX B padoTax [2, 3].

Pemenue ypaBuenuii (4) — (6) meTonoM Ditsiepa Mo3BOJSET YU€CTh IPOIIECC XU-
MUYECKON TpaHC(POpMaILUU JAHHBIX 3arpsi3HUTEIICH.

% — —k[NO][O3]+ J[NO,1, (4)
% = ky[NO][O3] - J[NO, ], (5)
% — K [NO][O3] + J[NO,]. (6)

DMIUpPUYECKUE TAPaMETPhl Ky U J ONpenensoTcs SKCIEPUMEHTAIBHO U MOTYT
B OIEHOYHBIX pacyerax mnpuHuMmarhes: J =0,0045st,  ky =0,00039ppbist

(Berkowicz R., Overman H.).

NuTencuBHOCTH BBIOpOCa OKCUAOB a3oTa «Hrepnaiin HukHeAHEPOBCKOTO Tpy-
OonpoxkarHoro 3aBosa» coctaBisier Q=14,076 r/c. Pasmepsl pacueTHol oOmact 16 kM
Ha 10 kM, ko3pdurment auddysuun cornacuo [6] u#=(01+1)-U, ocpeanenue mo

BbicOTe TIepeHoca 600 M, CKOpOCTh BeTpa ¢ ceBepo-BocToka coctasisiia U =10 m/c.

Hanpasienue BeTpa ¢ ceBepo-BOCTOKa & =35, Ta KaK CEBEPO-BOCTOUHOE HAIpaBJie-
HUE BeTpa npeodiagaet ays ropona 13,2 % B roay.

B pesynbrare npoBeACHHBIX BBIUMCIUTENbHBIX dKCIEpUMEHTOB (puc. 1-3) B 30-
Hy 3arps3HeHuss mnonagarot: yia. CroneroBa — 80 %; mnp. MaHylnoBCKuH,
yin. Jlwobapckoro — 70-60 %; uentpanbnbiii paiton — 50 %; mnp. I[lymkuna,
gacTh mnp. Jmutpus ABopummkoro, yi. Muxauna I'pymesckoro — 40 %);
yn. Hanexnpl Anekceenka, mp. Anekcannpa Iloms — 30 %; yn. Pabouas,
yi1. Makaposa, yi. Kpuoposxckas, yn. Tutoa, yi. CyBopoBa — 20 %; yi. Jluxauesa
— 10 %; yn. [lorounas — menee 5 %. Ha aTux prcyHkax rmoka3aHbl 3HAYCHHUS KOHIICH-
TpaIuu, KOTOPbIE MPEICTABIICHBI B MIPOIIEHTAX OT BEJIMYMHBI MAKCUMATHHOU KOHIICH-
Tpauuu Ha naHHbII MomeHT BpemeHH: t=30 ¢, Cnax=0,078 mr/m® (puc. 1), t=40,5 c,
Crmax=0,174 mr/m® (puc. 2), t=52,5 ¢, Cnax=0,318 mr/m® (puc. 3). OnenuBas 3HaueHNE
KOHIICHTPAIIMHU B pa3HbIE MOMEHTHI BpEMEHHU U CPaBHUBAS C MPEIEIHHO JOMYCTUMON
konuentpamueir NO, (M.p. — 0,085 mr/m3, c.c. — 0,04 mr/m®), MOKHO cKa3aTh, YTO
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OHa B JII0OOON MOMEHT BPEMEHHU BBIIIE CPEJHECYTOYHOTO 3HAUEHHUA. 30HA 3arpsi3He-
HUs OBICTPO OXBaTBIBAET PaiOHBI MO HAMPABICHUIO BETpa, €€ pa3Mephl C TEUCHUEM
BPEMEHU MEHSIOTCSI, HO HE3HAYUTEIbHO, U3MEHSETCS MaKCUMaslbHasi KOHIIEHTpaIUs
paccMaTpuBaeMoro nuienda.
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Puc. 2. 3ona 3arps3uenus quokcuaom azora t=40,5 ¢
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Puc. 3. 30Ha 3arpsi3HEHUS TUOKCUAOM a3oTa t=52,5 C

BeiBoabl. Ha ocHOBe pa3zpaboTaHHON YMCIIEHHOM MOJENH U CO3/IJaHHOTO TaKeTa
nporpaMM OBbUIM MPOBEIEHBI BBIUMCIUTEIbHBIE SKCIIEPUMEHTHI MO OLIEHKE YPOBHS
3arpsi3HEHUs] aTMOC(EpPHOro BO3/1yXa BbIOpOCaMH TMOKCHAA a30Ta npu padore «H-
tepnaiin  HikHeqHEenpoBCKOro TpyOONpPOKaTHOrO 3aBOJa». BBINOIHEHBI aHANU3 |
OLICHKAa YpOBHSl 3arpsi3HEHUs aTrMOC(epHOro BO3AyXa IHMOKCHIOM a30Ta B 30HE
BIIMSIHUS JAHHOTO 3aBoja. OnepaTnBHOCTD B NMPOBEICHUH JTAHHOTO KJIACCa PacyeTOB
(menee 1 MUH) SBISIETCS BAXKHBIM MPAKTUUYECKUM MHCTPYMEHTOM JJI IPOTHO3UPOBA-
HUS SKOJIOTMYECKOW CUTyalMH NpHU (GYHKUUOHUPOBAHUHM JAHHOTO MPOMBIIUIEHHOTO
MPEANPUATHS, SBISIOIIETOCS UCTOYHUKOM IMOCTYIUIEHUS B atMocdepy BpeaHbIX 3a-
IPSI3HSIONINX BEIIECTB.
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ABSTRACT
Purpose. Development of methodology and software for determining levels and zones of
atmospheric air pollution by emissions from «Interpipe Nizhnedneprovsky Pipe Planty.

The methodology. The prediction of the level of atmospheric air pollution by emissions is based on
the mathematical model for calculating the concentration of nitrogen dioxide, which takes into
account the processes of its oxidation, the formation and evaporation of sulfuric acid in the
atmosphere. The numerical method is based on the common solution of the equations of
convective-diffusion transfer of pollutants that comes directly from enterprises or is formed
additionally due to chemical reactions in the atmosphere. The methodology is implemented using
implicit difference schemes.

Findings. The developed methodology and software allow to predict the levels of atmospheric air
pollution by big industrial enterprises that take into account chemical transformations of pollutants
in the environment. The number of numerical experiments have been carried out to estimate the
levels and zones of atmospheric air pollution in the city Dnipro by nitrogen dioxide near industrial
enterprises taking into account various meteorological conditions.

The originality. The dependencies of atmospheric air pollution by industrial enterprise are deter-
mined based on the common solution of impurity transfer equations. These impurities are coming
from sources of pollution and transformation due to chemical reactions in the atmosphere.

Practical implication. The developed prediction method and software allow to determine the con-
centration of pollutants in the atmosphere and to assess the level of environmental hazard of big in-
dustrial enterprises. The obtained dependencies contaminant dispersion allows to predict pollution
levels of environmental objects on the territory of industrial cities and take measures to protect their
air environment with time.

Keywords: industrial enterprise, emission, dispersion, chemical interaction, numerical model
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