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MATEMATHUYHE MOJEJTIOBAHHS ITPOLECY PO3CIFOBAHHS BUKH/IIB
BIJ IIOCTIMHO AIIOYOI'O CTAIIIOHAPHOI'O 1’KEPEJIA 3ABPY/IHEHHS

Y ecmammi npedcmasneno mamemamuuny Mooenb po3cito8auHs GUKUAIE 6i0 NOCMIUHO Oit040-
20 cmayioHapHo2o Odicepena 3a0pyOHer s (CIPHUY0-30a2a4y8aibH020 KOMOIHAmMY), wo 6a3yemucs Ha
PO36’A3anHI MpUMIpHUX Di6HAHbL nepeHocy 0omiwiku. CMEOPeHo Yuciosy Mooelb Ha OCHOGI po3ujen-
JIeHHSI MOOENbHUX PieHsAHb. Memoouka po3s a3anHs 6a3yemvcs HA BUKOPUCTAHT HESIBHUX DISHUYEBUX
cxem. Pospobneno npoepamue 3a6esneuentss no po3paxynxy KoHyeHmpayii 3a6pyounents ammocgep-
HO20 nOGIMpsi OKCUOOM gyaiieyio. Bcmanoeneno 30nu 3a0pyoHens 3 ypaxye8auHs 3MiHU Memeoponosi-
YHUX napamempis.

Kniouosi cnosa: uuciosa mooens, KoHyeHmpayis 3a0pyOHEeHH s, HeA6HA PI3HUYesA cXxeMd, POo3-
Cit08aHHSA BUKUOIB.

The article presents the mathematical model of emission dispersion from a permanently
operating stationary source of pollution (mining and concentrating plant), which is based on the
solution of three-dimensional transfer equations of impurity. A numerical model is created based on
the splitting of model equations. The methodology is based on the use of implicit difference schemes.
The software for calculating the concentration of atmospheric air pollution with carbon monoxide has
been developed. The zone of pollution has been established taking into account changes in
meteorological parameters.

Keywords: numerical model, pollution concentration, implicit difference scheme, emission
dispersion.

IHocTanoBka mpo0aemMn

«[liBHiuHMI ripHUYO-30arauyBanbHUK KOMOIHAT» — 1€ HaWHOiIbIIe TipHUYOI00yBHE
MIIIPUEMCTBO y €BPOIIi 13 3aKiHYCHUM IUKJIOM HiATOTOBKH JTOMEHHOI CHPOBUHU IIJISI METATypridHOT
raiysi: 3aJi30pyIHOT0 KOHIEHTpaTy (3MicT 3aiiza 66 %) 1 okatumi (3MicT 3am3a 62,3 % 1 63 %).

Ha cporogHimHii AeHb MOTYKHOCTI MiANPHUEMCTBA JO3BOJISIOTH BUPOOSATH 14,2 MIH. T KOH-
meHTpary i 6am3pko 9 MutH. T okatumiiB. OCHOBHUMH crioxuBadamu mpoxykiii [lisaigaoro I'3K e
HaWO1IBII MeTamypriitHi mianmpueMcTBa YKpainu, kpainu €Bponu Ta Kutaro.

[opsin i3 BuOOOYTKOM i IepepoOKOI0 pyaH iCHYIOTh po0JIeMu 3 3a0pyJHEHHSIM aTMOc(epHO-
ro TOBITPsl NPH 3IiIHCHEHHI KOMOIHATOM JaHMX TEXHOJOTiYHHX IponeciB. OCHOBHUM i3 3aBOaHb €
MiHIMi3allis MKiJIMBUX BUKHUAIB 1 3HIKCHHS iX HETaTHBHOTO BIUIMBY HA HABKOJMIITHE CEPEIOBHIIIC.
st iboro HEoOXiTHO 3HATH MAacCHITa0W 1 PiBEHb 3a0pYyAHCHHS s OLIbII JCTAIBHOTO 3iHCHEHHS
CHCTEMH MOHITOPHHTY.

AHaJIi3 0CTaHHIX J0CTiAKeHb Ta MyOTikamii

Sk 3a KOpAOHOM, Tak i Ha YKpaiHi po3paxyHKH PiBHSA 3a0pyAHEHHS aTMOC(EPHOTO IMOBITPS
PI3HMMHU BHJIaMHU JOMIIIIOK, IO MOTPAIUISIOTH BiJl MOCTIHHO JIFOYMX CTAI[lOHAPHUX JDKEpeN 3a0pyi-
HEHHsI, IPOBOIATHCS HA OCHOBI EMIIIPUYHUX, aHAIITHIHUX Mojesel ['ayca Ta ix momudikartiit [3—35],
Ha OCHOBI YHCENHFHUX MOZENCH BJIIACHUX MPOTPaMHUX MPOIyKTiB [1, 2, 6] Ta TOTOBHX MHPOTPaMHHUX
nakeTiB. [IpoGnema 3a0pynHeHHsT aTMOC(EpPHOro MOBITPA B MicTaX CTaja HACTIIBKH CEPHO3HOI0, IIO
icHye motpeba y cBoevacHiil iHpopmaii mpo 3MiHM piBHS 3a0pyIHEHHS.

DopMyTIOBAHHS METH T0CTiKEHHS

Po3poOutn MaremaTnyHy MOJENb Ta i YHCENbHY peali3alilo Ijsl CTBOPEHHS MPOTPaMHOIO
3a0e3neueHHs 3 METOI0 MPOBEICHHS 00UMCIIIOBATBHUX PO3PAaXyHKiB KOHUIEHTPALil JOMIIIKH (OKCHUIY
BYTJICIIIO), 110 ITOTpaIuIsie B aTMocdepy BiJl MOCTIHHO IF0YOro CTAI[iOHAPHOIO pKepelia 3a0pyIHEHHS,
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a came Bix «[liBHIYHOTO TipHHYO-30araqyBaibHOr0 KOMOiHaTY». Ha OCHOBI IpOBEICHUX PO3PaXyHKIB
OITIHUTH 30HM 3a0pYyIHEHHS, PIBeHh KOHIICHTpAIlil, BU3HAYUTH TEPHUTOPIii, IO 3HAXOMATHCS B 30HAX
3a0pyIHCHHS.
Bukiiax ocHOBHOro Matepiany

J10 OCHOBHHUX 3a0pyIHIOIOUHX PEUOBHH, 1[0 HAAXOIATH B aTMOC(epy B Pe3yibTaTi AisIbHOCTI
«[TiBHIYHOTO TipHUYO-30aradyBaIbHOTO KOMOIHATY» BIIHOCITBCS OKCHIU a30Ty, OKCHJ 1 JIOKCHI BY-
TJICTIIO, TIFJT HeOPTaHIIHHH Ta TIOKCH]T CIpKH.

Oxcun Byrieuo — HalOIIbII MOIIMPEeHa 1 Hall3HauHima (1o Maci) ToMimka B aTMocdepi. 3a
JTAHUMH €KOJIOTI9HOTO IMAacIopTa MiCTa HAWMOIBIN 3HAYHUMH BUKHIIAMHA KOMOIHATY € OKCHJI BYTJICITIO,
BUKH/IU 3a PIK CKJIanarTh 0u3bko 40 Tuc. T. {15 MOAEIIOBaHHS IpoIecy 3a0pyaHeHHs aTMOChEpHO-

. ... C
'O MOBITPS OKCUIOM BYTIIELIO, & CAME JUI PO3PaxyHKy KoHueHTpamii [¢9]

pHE piBHAHHS TIepeHocy moMimkw (1).

BUKOPHUCTOBYETHCS TPUMI-
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e Q[CO ] — iHTeHCHBHICTD BUKHULY CO BiJg KOMOIHATY; U, V, W — KOMITOHEHTH BEKTOPY IIBUIKOCTI
BITPY; = (4, My, ;) — KoOedinieHT TypOysneHTHOT qndysil; xg,o,Zg — KOOPAMHATH JDKepena
BUKHIY (KOoMOiHaTy) 3a0py[qHIOIOYOI AOMIMIKK; O(x —Xg) O(y —y() 0(z —zy) — nenpTa-QpyHKUisA

Jipaka, 3a TOIIOMOTOI0 SKOiI MOAETIOETHCS] BUKHI JOMIIIKH. 3HaueHHs KoedimieHTiB audy3ii po3pa-
XOBYIOTbC 3a (opmynamu: g, = (0,1+1)-U s My = (0,1 +1)‘U , ne U — mBHIKICTb BITpY,

m

z . . . .

M, = k(—J , JIe z — BUCOTa HaJ piBHeM 3eMili, z; — BHCOTa, A€ 3a/laHa IBUAKICTb BiTpy U, m =1,
|

k=02 [7].

Jlist moOy 0B YHMCIIOBOT MOJIENI 3aCTOCOBYETHCS HESBHA TOIEPEMIHHO-TPUKYTHA pi3HHUIICBA
cxeMma, 0 ampoOKCHUMY€ Mojeiroroue piBHAHHA (1) 1 OyAyeTbcs Ha MPSAMOKYTHIM pi3HULEBIN CITII.
Konuentpauiss C/cp; BUSHAYAETHCS B LICHTPI PISHULIEBIX KOMIPOK, KOMIIOHCHTH BEKTOPY IIBUIKOCTI
MOBITPSIHOTO CEPEAOBUINA 331al0THCSI HA MeKaxX Pi3HULEBUX KoMipok [8]. s anpokcumanii moxia-

HUX IO Yacy 3aCTOCOBYEThCS popMyta
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Pi3HuneBi anmpokcuManii mepimx moXiJHUX 3auCyIOThCS y BUTTISAL
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Pi3nureBi anpokcumariii MoXiJHUX IPYroro MOPSAKY 3alMCYHOThCS TAKUM YHHOM
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Jlst ckOpoYeHHS 3arucy Pi3HUIICBUX PiBHIHB 3aCTOCOBYIOTHCS HACTYITHI TO3HAYCHHS:
n+l n+1
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3acTOCOBYIOUH BBEJICHI TTO3HAYCHHS PI3HUTICBUX OIIEPATOPIB, PIBHIHHS IIEpeHOCY HaOyBae HACTY-
ITHOTO BUJTY:
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n+l n
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1 - 1 - 1
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M Creol™ ' + M Croo) ™ + ML Creo)™ + M Cleol™ +4(0)5.
Ha nacTymHOMY eTarti moOyI0BU Pi3HUIIEBOT CXEMH BUKOHYETHCS PO3IIEIUICHHS TAHOTO Pi3HHMIE-
BOTO PIBHSHHS Ha YOTUPH KPOKH IPH IHTETPYBaHHI Ha iHTEPBaII O Yacy dt:
- Ha [ePLIOMY KPOLli po3iiemieHts k = 1/4
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- Ha IPyroMy Kpouli posuierienss k =n+1/2, c=n+1/4
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B muckpernomy Bursimi menbTa-GyHKIs [ipaka ((pO3HOZ[1JI}I€TBC}I» Ha OJHY PI3HHUIIEBY KO-
MIpKy Tak, 1100 30epertu cyMapHy KiJbKiCTh ¢; 3a0pyIHIOI0HO1 JOMIIIKH, SKa PO3MILIYETHCS B KOMi-
pui. [Ipuaomy, pyHKIis §; , sIkKa BUKOPUCTOBYETHCS B PI3HUIIEBUX BUpa3ax HE JOPIBHIOE HYJIO TUTBKH
B KOMipKax, Jie pO3TalllOBaHO JKepeso eMicii 3a0pyAHIoYoi JoMIlIKY. BuKkoprcTaHHS MpHUBEICHOT
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BHIIE CXEMU PO3IICIUICHHS JO3BOJSE OTPUMATH PI3HUIIEBI PIBHSAHHS OLIbII MPOCTOi (hOPMHU, IO A€
MO>KJIMBICTh BUKOHATH 1X TIPOTpaMHy pealtizaliiro.
IMovaTkoBa yMOBa JiJIsl KOXKHOTO PIBHSHHS PO3IIETUICHHS Ma€ HACTYITHUH BUJI [6]:

1
C =C(x,y,z,t"),

, k=2,3,4,

n k-1

t=t t=t

5
C(x,y,z,t"“)zc s

1 k£ 5
ne C,C,C — 3HadeHHs KOHIICHTpAIIi1 JOMIIIKK HA TOMY Y¥ IHIIOMY PO3PaXyHKOBOMY KpOIIi.

I'pannynHa yMOBa HENMPOTIKAHHS PEalli3yeThCsl 32 paXyHOK BUKOPUCTAHHS (DIKTUBHHX KOMIPOK.
Ha ocHoBI moOyj0BaHOi YMCeNsHOT MOJIeNi po3po0iIeHo IporpaMHuii makeT «Stationery source of air
pollution 3D».

[IpoBeneHO psig 0OUMCITIOBATBHUX EKCIIEPUMEHTIB JIs1 BUBYCHHS TUHAMIKH 3a0pyAHEHHS aT-
Moc(epHOro TOBITPS TPU CTAIIOHAPHOMY BHKHII OKCWay Byriemio «[liBHIYHUM TipHHYO-
30aradyBasibHUM KOoMOiHaTOM» Ha TepuTopii micra Kpuswuii Pir.

3rifHO JaHWX €KOJIOTIYHOIrO MAacHOPTy MIiCTa BiAHOCHO BUKUAIB B aTMoc(depy BETHKHUX ITigm-
PHEMCTB, IHTEHCHUBHICTh BHKHIy OKcHay Byrielo ckianae O = 1200 r/c. Po3paxyHOK BHKOHYBaBCS
IIPH HACTYITHUX TapaMeTpax: PO3MIpH PO3paxyHKOBOI o0nacti 5X3 KM, MIBHJKICTH BITPY CKIajiania
U =7 m/c ipu HanpaBieHHi BIiTPy 3 HiBHOUI HA miBAeHHO-CXiA (puc. 1), Cyo = 5,7426 Mr/™’, t =52 c.
3Ha4YeHHs KOHIIEHTPAIil PE/ICTABICHO Y BiJICOTKAX BiJi MAKCUMAITLHOT 11 BEIMYMHY HA JaHUH MOMEHT
qacy.

Puc. 1. BigcoTkoBuil po3noin KOHIEHTpALii OKCHIY BYIJICLIO B 30HI 3a0pyIHEHHS

I7IK.,, — cepenHb07000Ba TPAaHWYHO JIOIYCTUMAa KOHIICHTpAIlisi OKCHIY BYIJICIFO CKJIajae
3 mr/v’, TJ7K,,, — MaKkCHMAaIbHO OIHOPa30Ba KOHIIEHTpAITisl OKCHITy BYIVIEIio CKIajae 5 Mr/m’. Pospaxy-
HKU TIOKa3yHOTh, 110 MAaKCUMaJbHE 3HaueHHs KOHIEHTparii C,..=5,7426 MM MoKe TIEPEBUILLLYBAaTU
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IJIK,,,, ane ii po3mojil NOBUILHO 3MEHIIYEThCS, TIOYNHAIOUH BiJl LEHTPY Jukepena Bukuay (ITiBHiuHOrO
I'3K) no nepudepii. BincoTkoBuii po3mnoia KOHIIEHTpallii OKCHIY BYIJICIO ITOKa3aHO Ha pHC.l, B 30HY
3a0pyIHEHHS MOTPAIUIIOTh: KOMOIHAT Ta #ioro Teputopist — 10 70 %, Byn. YepkacoBa — 40—50 %, I1i-
BHiyHMI napk — 20—30 %, Byn. ['psnkoBa — 15—20 %, Byn. IBana-Cipka Ta Byn. Koponenka — 9—
12 %, Byn. ApcenrieBa — meHe 5 %.

Ha puc. 1 xoioM okpeciieHo 3arajabHy 30Ha 3a0pyIHEHHSI, SKa BHHUKAE TTPU 3MiHI METEOpOII0-
iYHUX YMOB, a caMe HamnpsMKy BiTpy. IlokasHuku xoHuenrpauii Cjco) 3 aBTOMAaTH30BAaHUX IOCTIB

CITOCTepiranHs, mo po3ramoBadi B MicTi Kpusuii Pir, He mepeBuiyioTs HaBiTh I /[K,y, TOOTO iX Mic-
[[E3HAXO/PKCHHS HE JIO3BOJISIE 00’ €KTHBHO OIIHIOBATH KOHIICHTpALIit0 JoMilku B atMocdepi. CBoeua-
CHa OITiHKa MacIITa0iB 1 piBHA 3a0pyIHEHHS € TOIIIHLHOIO IS PO3POOKH 011 KOHCTPYKTHBHOI CXe-
MU PO3TAITyBaHHSI TIOCTIB CIIOCTEPEKEHHS 3a AKICTIO aTMOC(EPHOTO MOBITPS B MICTI ISl pOOOTH CHC-
TEMHU MOHITOPUHTY Ta BIPOBAPKEHHS 3aXO0IB €KOJIOTIYHOT Oe31eKH HACEIICHHS.
BuHCHOBKH Ta nepcneKTUBHU MOAAJbIINX JOCTiIZKEHb

B pe3ynbTaTi mpoBeneHNX qOCIiHKEHL OYII0 OTPUMAaHO HACTYITHI Pe3yJIbTAaTH:

- IPEACTABICHO MaTeMaTHYHY MOJENb PO3CIIOBAaHHS IOMILIKM B arMocdepi BiX MOCTiHHO
JII0YOT0 CTalioHapHOTO HKepesa 3a0py THeHHS;

- 3ACTOCOBAHO YHCEIHHY MOJICTTh Ha OCHOBI PO3IICIIICHHS TPUMIPHUX PIBHSHB MEPEHOCY 3a-
OpyaHIOBaUa 3a JOITIOMOTOIO0 HESIBHUX Pi3HUIIEBHX CXEM;

- po3po0iieHO mporpamHe 3abe3nedeHHs i1 po3paxyHKy KOHLEHTpauii 3a0pyJHEHHS aTMO-
c(hepHOTO TOBITPS OKCHIIOM BYTJICIIIO;

- MPOBEICHO O0YHMCITIOBAIbHI €KCIIEPUMEHTH, BCTAHOBJICHO 30HH Ta PiBEHb 3a0pyIHEHHS;

- B IOAAJIBILIOMY TUIaHYETHCS MPOBEJCHHS JOCIIKEHb 10 OLIHLI PU3UKIB XPOHIUYHOI 1HTOK-
CHKallii, moB’s13aHo1 3 3a0pyIHEHHAM aTMOC(EPHOT0 MOBITPSI OKCHIOM BYTJIEIIO.
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