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MaremaTu4He MOJICTI0BAHHSA 3a0pyAHEHHS NOBITPA 0ijIs1 aBTOAOPIr
Ta OLiIHIOBAHHS PU3UKY 3aXBOPIOBAHb Y JIIOAEH, AKI NepedyBalOTh Y 30Hi
BILIMBY BUKU/IIB Bi/l aBTOMOOWIIB

Mera. PoGota cnipsiMmoBaHa Ha po3poOKy uncenbHol 2D-mopzerni, sika J03BOJISIE IBUIKO PO3PaXyBaTH BCMOKTY-
BaHHS 3a0pyaHEHOTO MOBIiTps Oist moporu. IlIBunka po3paxyrkoBa monens CFD, Mae BpaxoByBaTH METEOPOJIOTiY-
Hi TapaMeTpH, BCMOKTYBaJbHY TpyOy OIS TOpOTH AJIsl BUAAICHHS 3a0pyIHEHOTO MOBITpPSI, IIBHIKICT BUKUAIY TOK-
cuaHUX ra3iB. Meroauka. Po3poOiieHa Moaens 6a3yeThest Ha piBHSHHI MOTSHIIHHOTO MTOTOKY Ta PiBHSHHI Macome-
peHocy 3a0pynHioBada. PiBHAHHS MOTEHIIHHOTO MMOTOKY BUKOPUCTOBYIOTH TSI OOYMCICHHS BITPOBOTO MOTOKY O1Ist
JIOPOTHU Yy pa3i 3aCTOCYBaHHS BCMOKTYBaJIbHOI TpyOu. Jlist po3B’si3aHHS PiBHAHHS MOTEHLINHHOI Teuil BUKOPUCTAHO
METOJI YHCeNbHOTO iHTerpyBaHHA JliOmMaHa. [Ins po3B’A3aHHS PiBHAHHS KOHBEKTUBHO-AH(]Y3iifHOI nucmepcii BUKO-
PHCTaHO HESBHY 3MiHHO-TPUKYTHY PI3HHLEBY cXeMy. UucenpHe iHTErpyBaHHs 3/11HCHEHO 3a JIONMOMOTOI0 MPSMOKY-
THOT pi3HMIEBOT CiTKH. {15t cTBOpeHHsT (hOPMH KOMILJIEKCHOI pO3PaxyHKOBOI 30HW BUKOPHCTAHO METO]| IOPUCTOCTI
(«meTom MapkepiB»). BUKHAM TOKCHYHHMX Ta3iB BiJ aBTOMOOLIS 3MOZEIHOBAHO 3a JOMOMOTON0 JeNbTa-PyHKII
Jipaka mjst ToukoBoro mxepena. PesyabraTn. Po3pobiena uncenpna 2D-mozens BpaxoBye OCHOBHI (i3udHi (ak-
TOpH, LI0 BIUIMBAIOTH HA MPOLEC PO3CiIOBaHHS 3a0pyIHIOBAIBHUX PEYOBHH Ol JOporu. Mojiellb BpaxoBye BIUIUB
aBTOMOOLIS Ta BCMOKTYBaJIbHOI TpyOuW, po3ramioBaHoi Oiisi AOpOTH Uil BUAAICHHS 3a0pyJHEHOTO IOBITPSI.
Ha ocHOBI po3po0ieHNX YHCENBHUX MOJENeH NMPOBEIAECHO OOYMCITIOBATBHUHA E€KCHEPUMEHT JUIS OLHKH BIUIMBY
3aCTOCYBaHHS BCMOKTYBaJbHOI TpyOM Ha JIOKajdbHE 3a0pyIHHEHHS aTMOC(HEpHOTO TIOBITpS OLIA JOpOTH.
HayxoBa HoBu3Ha. Po3pobieHa yncesnbHa MOJIETb JI03BOJISIE PO3PaxyBaTH JBOBUMIPHY CXeMY HOTOKY OiJIs TOpOTH,
Jie BUKOPHCTaHO TAKWi 3axi/l OM SKIIEHHS, SIK BCMOKTYBaJIbHA TpyOa. Moiesb 103B0JIsI€ BUKOHYBATH MIBUAKI PO3-
paxyHKH 3a0pyTHEHHS TOBITPsI 3 ypaxyBaHHSIM BIUIMBY 3axHcHOro 0ap’epy. Ha 6a3i naHux mpo po3mnoain KOHIEHT-
pauii HeOe31eyHoT PeYOBHHN BH3HAUEHO PH3HK IOSBH 3aXBOPIOBAaHb Y JIIOJMHH, SIKa NepeOyBae B 30HI BIUIUBY BH-
KuAiB Big aBToTpancnopry. IlpakTudyHa 3HAYMMIicTb. 31IICHEHO NMPOrpaMHy peai3alilo po3podJieHol YHCeNbHOT
MOJIeIl, IPOBE/ICHO O0YMCIIIOBAIBHUN €KCIIEPHMEHT, 10 MPOUTIOCTPYBaB epEeKTUBHICT, BUKOPUCTAHHS MOJEl s
BUPIIICHHS NPUKIAJAHUX 3a/1a4. HaBeieHo pe3ynbTaTi YUCEIbHOTO eKCIIEPUMEHTY.

Kniouosi cnosa: 3a0pynHEHHsS TOBITPs; MiCbKa BYJHISI;, AWCIIEPCis 3a0pyJHEHHS; YMCEJIbHE MOJICIIOBAHHS;
BCMOKTYBaJIbHA TpyOa

Beryn Hampuknan, y [5, 6] e pociuHHICTB, MOPUCTHIA
acdanbt, MilHI cTiEK, mwionormmHavi, TIO, mok-
puTTs Koporu toio. Koken MeTo Mae CBOi mepe-
Baru Ta HEOJIKH, SKI MOYKHA BUSBUTH B KOHKPET-
HUX yMOBax Juisi KOHKpeTHOI joporu. s Bubopy
3aX0JIiB MOM’SKIICHHS HEOOXIIHO MAaTH HAayKOBO

3araipHOBIJOMO, 110 3a0pYAHEHHs BiJ TpaHC-
MOPTHUX 3ac00iB Ha MICHKUX BYJHIIAX € JyXKe iH-
TEHCHBHUM 1 MOXXE 3aBJIaTH INKOAW JroauHi. Jlis
3MEHILIEHHSI 1HTEHCHBHOCTI 3a0pyJHEHHSI MOBITPS
BiJ JIOPO’KHBOTO PYXy MPOIMOHYIOTH Pi3HI 3aXO0/IH.
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obrpyHToBaHy iH(pOopMaIlito. 3aCTOCYBaHHS KOHK-
PETHOTO METOJIY TOM SKIICHHS TaKOX 3aJIe)KUTh
BiJl HOTO BapTOCTi, YaCy BCTAHOBJICHHS Ta JCSIKHUX
MicueBuX ymoB. OAHMM 13 METOMIB BHJAIECHHS
3a0pyJHEHOTO TOBITPS BiJ AOPOXKHBOTO PYXY
€ 3aCTOCYBaHHs BCMOKTYBaJbHOI TpyOH, 3’ €qHaHOl
3 CUCTEMOIO, sika 3abe3neuye nepenavy 3adpyaHe-
HOTO IOBITPS 3 JOPOTH Ta HOro ouwmineHHs [5, 6].
Jlnsi mpakTUYHOTO 3aCTOCYBAaHHS ILLOTO METOAY
HEOOX1IHO BUBYUTH HOTO €()EKTUBHICTH JJIsI KOHK-
PETHOI AUISTHKH JOPOTH 3 YPaxXyBaHHAM ii ITUPUHH,
IHTEHCHUBHOCTI JTOPOKHBOTO PYyXY, IIBHIKOCTI
BCMOKTYBaHHS, PO3MipiB BCMOKTYBAJILHOTO OTBO-
py ToOIIIO.

Puc. 1. 306pakenHs 6ap’epiB, siKi 3aCTOCOBYIOTh
JUTSL 3HWKEHHS 3a0py/IHEHHS 01151 aBTOI0PIT

Fig. 1. Image of barriers used to reduce pollution
near highways

{06 orpumaru mro iHbOpMaIlito Ha OCHOBI ¢i-
3MYHHUX eKCcriepuMeHTIB [13], HeoOXiaHO MpoBeCTH
Oarato JocCHi/pkeHb y JiabopaTopii, TOMy OTpH-
MaHHS pe3yNbTaTiB Oyze qoBrorpuBaiuM. dDizudne
MOJICJIFOBAHHS, TAKMM YHHOM, JTy’e Jopore. binbir
OPUHHATHUM ~ CIIOCOOOM €  3aCTOCYBaHHS
KOMIT IOTEpHOTO MoJemoBaHHA. Sk mpaswuio, Oa-
raro monenedi CFD BHKOpHUCTOBYIOTH AJISI BHPpi-
HIeHHST Po0JeM 3a0pyJHEHHS MOBITPs Bif JOPO-
XKHBOTO pyXy. [Jisi 4McensHOro MOJIEIIOBAHHS Ya-
CTO BHKOPUCTOBYIOTH piBHAHHS Has’e—Crokca
B MOEJIHAHHI 3 PI3HUMHU TypOYJIEHTHUMH MOJENs-
Mmu. 11i Mojeni npeacTaBieHi B ASSKUX MOTYKHUX

koMepiiaux xomax (ANSYS Tomio) [7-12]. Ane
3actocyBaHHs piBHAHBR HaB’e—CTokca moTpeOye
yacy [4], 1 oAMH YWCENbHUH EKCIICPUMEHT MOXKE
TpuBatu Oararo roguH. lle He3py4HO, KoMK TOTPi-
OHO TIPOBOIWTH OaraTo YHCEIbHUX CKCIICPUMEH-
TiB, BPaxOBYIOUH Pi3Hi CleHapii 3a0pyIHEHHS MO-
BITPSI BiJl TPAHCTIOPTY Ta BXKUBAIOYM Pi3HI 3aX0IH
[TOM’ SIKIIICHHSI.

Y upomy Bumaaky Oyzae 3pydHillleé IpPOBECTH
YHCEeNbHI eKCIIEPUMEHTH Ha OCHOBI MaTeMaTHYHOT
MOjIeTi, o He 3aiiMae Oarato yacy, moTiM BHOpa-
TH BIOMOBIAHI MapaMeTpPH CHCTEMH ITOM SKITICHHS
IUIE KOHKPETHHX YMOB 1 TicCHsi IbOrO HPOBECTH
YUCENbHUN eKCIEpUMEHT Ha OCHOBI pIBHSIHB
Hap’e—Crokca mnst yToUHEHHSI WX MTapaMeTpiB.

Merta

OCHOBHOIO METOIO 1Ii€i poOOTH € po3poOKa Yu-
CeJIbHOI MOZEN Ul IBUAKOTO OOYMCIICHHS JIOKa-
JBHOT SIKOCTI MOBITPsI OIS JOPIT 13 32aCTOCYBaHHSAM
BCMOKTYBAJIbHOI TPYOKH Uil BUIAJICHHS 3a0pyI-
HEHOTO TOBITPS 3 JOPOTH.

MeTtoanka

i MozienroBaHHS BITPOBOT'O TIOTOKY OISt 70-
porH 3 ypaxyBaHHSM Pi3HUX TEPeIKo (TPaHCIIO-
pTHHA 3acib, Oap’ep) BHKOPHCTOBYIOTh MOJIEINb
MOTEHIIIaJIbHOTO TOTOKY. Y IIbOMY BHIIQJIKy MOJIe-
JIOBAJIbHE PIBHSIHHS Ma€ BUTIISAL;
o°P  O°P
—+—=0, 1)
ox~ oy

Jie P — nmoTeHIjiai mBUIKOCTI.

KoMmoHeHTH MBUAKOCTI BITPY pO3paxoBYIOTh
TaKHM YUHOM:

oP oP
U=—1; V=—ou.

OX oy
I'pannuni ymoBu mist piBHsHHA (1) momaHo
B [4]. [y uncenbHOTO iHTErpyBaHHS IBOTO PiB-
HSTHHSI BAKOPUCTOBAHO MPSIMOKYTHY CITKY.
Po3B’si3ytoTh piBHsHHS (1) 3a MeTogOM po3iiie-
IUIEHHS. Y IbOMY BUIAIKy HOro Oyjo 3amucaHo
B «EBOITIOIITHOMY» BUTJISIII:

)

P _ot P
ot o oyt

ne t — ¢pikTuBHMH yac.
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Ha nactynmHOMy KpoIii 31iiiCHIOIOTh T€OMETPH-
YHE PO3LICTUICHHSI [OTO PIBHSHHS TAKUM YHHOM:

P P
a ox’ ®)
oP %P
Ao “

Jami g BH3HAYEHHST HEBIIOMOT'O 3HAYeHHS P
Ha 6a3i piBHAHHA (3) BUKOPUCTOBYIOTH TaKy 3aJie-
JKHICTB:
n n n
P" +Vt Roi — Rl vy TR Ry

Pn+l
AX? AX?

Jlns BH3HAUYCHHS HEBIJOMOrO 3HAYeHHS P Ha
0a3i piBHAHHS (4) 3aCTOCOBYIOTh 3aJICIKHICTb:

n n n
R +Vt A ESA BV R EY
Ay? Ay?
Po3paxyHOK 3aKiHYYHOTh, KOJIM BUKOHAHO YMO-
BY:

PI"I+1

n+l n
R Ryl

Jie € — MaJie Yrucio; N — HoMep iTeparii.

[[{o6 po3B’si3aTH PiBHSIHHA MOTEHIIHHOTO TIO-
TOKY, IOTPiOHO BCTAaHOBHUTH «IIOYaTKOBE» mosie P
JUIL TIOYaTKy NpoueAaypu irtepamii. Po3paxyHok
3aKiHYYIOTb, SIKIIO BUKOHAHO HACTYIIHY YMOBY:

n+l n
‘Plj -Rj|=<e

1 .
F’,nj+ — HOBa BeJMYMHA noTeHmiany; P" — mo-

i
NepeiHe 3HAYEHHsI TIOTEHITIaly; € — HEBEJTUKE YHC-
J10.

PoscitoBaHHS 3a0pyIHIOBAIIEHUX PEYOBUH Ot
JOPOTH MOJICNIOIOTh Ha OCHOBI HACTYITHOTO piB-
HSTHHS:

8C 6uC 6vC
8t ox ay

a[ acj+g ),
o) Ty My

>Q3(x-1)5(y-,). )

me C — cepemHs KOHIIGHTpaIlis; U, V — CKIIaIoBi
HIBUAKOCTI BIiTPY; U=(Lx, Ly) — KoediieHTH nudy-
3if; Qi —  WIBHIOKICTH  BUIPOMIHIOBAaHHS,

5(X —X; )6(y - ) — nenbra-¢yHkmies [lipaka;
t —4ac.

[louaTkoBi Ta TpaHWYHI YMOBH AJIsi PiBHSHHS
(4) omucano y [1-3].

[epen po3B’s3anHsAM piBHAHHSA (5) MH 3p0OHIH
Horo (izudaHe po3OUTTS Ha MOCIITOBHICTD 13 TPHOX
piBHsHB. Lle Taki piBHSAHHS:

) 6, C aC
o ox oy

2 X_2(,, ). 2, )
a oM ) Ty My S
3)— ZQBX X)3(y—¥i)

ne 8(r—r) — menvra-dynxuis Jipaka; ri = (Xi, Vi)
— KOOPAMHATH TOYKOBOTO JKEpena.

[lepie piBHAHHS CUCTEMH PO3IICIUICHHS OIH-
Cy€ TIepeHeCeHHs 3a0pyIHIOBATEHUX PEYOBUH IO
TpaekTopisix. Jlpyre piBHSHHS CHUCTEMH OITUCYE
nudysiiiHe po3citoBaHHS 3a0pyaHIOBauda. Tpere
PIBHSIHHS CHICTEMH OITUCY€ 3MIHY KOHIIEHTpPAIIIT ITi T
niero mrepena Q.

Jiisi 4rcenpHOro iHTErpyBaHHS BUKOPUCTOBY-
I0Th TaKi 3aJI€KHOCTI:

ouC _au'C L ouC.
ox X ox

NC _ov'C L e,

oy oy ay’
U+ |uf u—|uf.
2 ' 27

ut =

Vel v,

2 2

v =

ou'C - u|+1 JCn+l —U Cn—;lj — LFCM-
ox AX I

_ 1 — 1
ucC UGl — Ui G

i+1, i, i, - .
i J J — LXCn+1

x AX
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+ +1 +1
aVayC i, J+1Cn A_VI JCan— _ L+Cn+1
y
— +1 +1
aVayC ~ V| j+1C|n]+Z_VI jCInJ _ L Cn+1
y

CxeMy pO3IICTUICHHS JJIsl PIBHSHHS KOHBEKTH-
BHOTO IEPEHOCY 3aMUCYIOTh TaK:

— Ha TepIIOMy KpOIli PO3IIEIUICHHS Pi3HUIEBE
PIBHSIHHS Ma€ BUTJISL;

ck. —-cn
4 +L;Ck+L;Ck=O;

— Ha JPYroMy KpoIli PO3IIEIUICHHS Pi3HUICBE
PIBHSIHHS Ma€ BUTJIS;
n+l k
At

LyLcm™+L,Ccm™=0.

Hesimome 3HauenHs C B KOXKHOMY pPiBHSHHI
BH3HAYAIOTH 32 GOPMYJIIOI0 O1KHOTO paxyHKY.

s yMCenbHOTO iHTETpYBAaHHS PIBHSIHHS IU-
¢y3ii BUKOPUCTOBYIOTH [BOCTAHY Pi3HHULEBY
CXEeMy PO3IICIUICHHS, KA Ma€ BUTIISI:

o -
Gy =Cly |, =Cu” G
At X AX?
1 nal
iy —Cii’ 4G |,
y Ayz k4
n+=
Cl -Ciy? Gl —Cij
—a M |T
AX
1 1
Clnjr-¢—1_cir,]}r
+ y A 2
y

Jist KogyBaHHS Pi3HULEBUX PiBHSHb MU BHKO-
puctoByBasii MoBy FORTRAN.

[epeOyBanHs Oinist Tpacu CTBOPIOE PU3UK TIOS-
BU 3aXBOPIOBAaHb y JIIOJMHU. 3HAYEHHSI IIbOTO PH-
3WKYy pO3paxoBaHO Ha 0a3i HACTYITHOI eMITiPUYHOT
mozeni (B. T. Anumos , H. I1. Tapacosa ):

C

Risk =1—exp(-0,174 - (——
p(-= ( Tk K.

)y 1),

ne K,=3; $=0,86; t — uac; C — KOHIIEHTpaIlis He-
0e3nedHoi PevOBMHHM B TOWYI[l PO3TAITyBaHHA pe-
LIMIIIEHTA.

PesyabTaTn

[TobynoBany urcenpbHy MOAETH OyI0 BUKOPHC-
TaHo il po3paxyHKy konueHtpauii NO 6ins go-
poru. YmcenbHUH EKCIEPUMEHT IMPOBEACHO IS
TPHOX CIleHapiiB. Ecki3m 004YnCIIOBaIBHOI 30HU
JUTSL IIUX CIICHapiiB mokazano Ha puc. 1 — 3. Ilep-
Ml cleHapid — me BiACYTHICTH 0ap’epy, icHye
JUIIEe «Iopir» Oinsg Kparo aBTomopord. [pyrwmii
CIeHapii —3acTocyBaHHS Oap’epy, SKUH Mae
T-noniOny opmy. Tpertili crieHapiit — BepTHKAIb-
HUI 6ap’ep, MO Mae NOJATKOBUI €lIEMEHT i3 Ha-
XHJIOM BEPTHKAIBHOI TUTHTH.

v

0 X

Puc. 2. Cxema po3paxyHKOBOi 30HH, crieHapiit Ne 1:
1 - aBro; 2 — aBTO

Fig. 2. Scheme of the calculation area, scenario Ne 1:
1 —auto; 2 —auto

Y

0 X

Puc. 3. Cxema po3paxyHKOBOI 00acTi, cueHapiii Ne 2:
1 — aBTO0; 2 — aBTO; 3 — Oap’ep

Fig. 3. Scheme of the calculation area, scenario Ne 2:
1 — auto; 2 — auto; 3 — barrier
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Y

0 X

Puc. 4. Cxema po3paxyHKoBoi 30HH, cuieHapii Ne 3:
1 — aBto; 2 — aBTO; 3 — Oap’ep

Fig. 4. Scheme of the calculation area, scenario Ne 3:
1 - auto; 2 — auto; 3 — barrier

0. 784E+82 a
w—f . GI7E+B2 t
8.578E+82 e

L

8.335E+81

8.248E+88
8.588]

Puc. 5. 3oHa 3a0pyaHeHHS 01 aBTONLIAXY,
crierapiit Ne 1

Fig. 5. Pollution zone near the highway, scenario Ne 1
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Puc. 6. 3ona 3a0pyaHeHHsI 01 aBTOILIAXY,
creHapiit Ne 2

Fig. 6. Pollution zone near the highway, scenario Ne 2
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Puc. 7. 3oHa 3a0pyaHeHHS 01151 aBTONLIAXY,
crieHapiit Ne 3

Fig. 7. Pollution zone near the highway, scenario Ne 3

Pe3ynbTat YMCENnbHOrO MOJIEITIOBAHHS IOKa-
3yI0Th, L0 HASBHICTH Oap’epiB CYTTEBO BILIUBAE
Ha nedopMaltito 30HU 3a0pyTHEHHS. 3HAYHUN Tpa-
TIEHT KOHIICHTpAIli JOMIIIKH Ma€ MiCIle Tepen
Oap’epamu. Lle moB’s13aHO 3 THM, IO Oap’ep CTBO-
PIOE TIEpEelIKOAY Ha LUUISXY PyXy JOMIIIKH 3 MOBi-
TPSHUM TOTOKOM. Sk MOkeMo OauuTu 3 pHcC. 7,
BHKOPHCTaHHS BEPTHUKAIBHOTO 06ap’epy 3 AOJATKO-
BUM EJIEMEHTOM, 110 Ma€ YXHJI, T03BOJISIE 3MEHIIU-
TH pO3MIpH 30HU 3a0pyIHEHHS 3a 0ap’epom.

Jaii HaBezieHO pe3yibTaTH OIIHIOBAHHS PU3H-
Ky TOSIBH 3aXBOPIOBaHb y JIIOJMHU. 32 TOYKY Iie-
peOyBanHs penmiieHTa Oyno oOpaHO TOYKY Ha Bi-
JICTaHi 7 M BiJI aBTOAOPOTH Ta Ha BUCOTI 1,7 M.

1 2 3 4 s pik

Puc. 8. 3ona 3a0pyaHeHHs 01 aBTOILIAXY,
1 — cuenapiii Ne 1; 2 — crenapiii Ne 2; 3 — cuenapiit Ne 3

Fig. 8. Risk of disease:

1 — scenario Ne 1; 2 — scenario Ne 2; 3 — scenario Ne 3

Amnani3 aHuX, HaBEJCHUX Ha pUC. 8, mokasye,
[0 BUKOPUCTAHHS BEPTHKAJILHOTO Oap’epy 3 J0-
JATKOBUM EJIEMEHTOM, 0 Ma€ YXHJ, J03BOJISE
3MEHIIIUTH PU3UK TMOSIBH 3aXBOPIOBAHb MOPIBHIHO
3 6ap’epowm, 110 Mae T-noaiOHy hopmy.

BapTto Big3HauMTH, 1110 YaC OOYUCIICHHS CTAaHO-
BUB OJIM3BKO 5 CEKYH/I TS KOKHOTO CIIEHAPIIO.

HaykoBa HOBH3HA Ta NPAKTHYHA
3HAYHMICTh

Po3pobneno mMozens At po3paxyHKy eeKTH-
BHOCTI BCMOKTYBaHHS 3a0pyIHEHOTO TOBITps Oist
noporu. YncnoBa Mojenb 0a3zyeTbcs Ha 3acTOCY-
BaHHI PiBHSHHS MacOIEpPEHOCY Ta PiBHSHHA MOTe-
HIIMHOI Teuil.

Oco0HBICTIO PO3POOJICHOT MOJICITI € HIBUAKHI
PO3paxyHOK 3a0pyIHEHUX 30H OLJIs OPIT.
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BucnoBku

Po3pobneno uucenbHy MOAenb A OLIHKH
e(eKTHBHOCTI BCMOKTYBaHHS 3a0pyIHEHOTO IOBi-
Tps Oinst moporu. Ha ocHOBI MoiesTi MMOTEHITIHHOTO
MOTOKY OyJI0 PO3paxoBaHO PEXHUM BITpY Oins 10-
poru. nst po3B’si3aHHA PiBHSHHS MOTEHLIANy MO-
TOKy BHKOpHcTano Metoj Jliomana. Lle no3somse
IIBUIKO PO3paxyBaTH PEXUM BITPY OIS JTOPOTH.

Jis mporHo3yBaHHS KOHIEHTpAIlli razy HoOmm3y
noporu OyJio BUKOPHCTaHO PiBHAHHS MacoOoOMiHYy.
UmncenbHe iHTETpyBaHHS IILOTO PiBHSHHS BUKOHA-
HO 32 HESIBHOIO Pi3HUIIEBOIO CXEMOIO.

[lomanpire ymocKOHANEHHS MOJENi IMOTPIOHO
3MIACHIOBATH B HANpsAMi CTBOPEHHS YHCEIbHOI
3D-moneni.
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Mathematical Modeling of Air Pollution Near Roads and Assessment
of Disease Risk in People Exposed to Vehicle Emissions

Purpose. The work is aimed at developing a numerical 2D model that allows for the rapid calculation of the ab-
sorption of polluted air near the road. A fast CFD model should take into account meteorological parameters, a suc-
tion pipe near the road to remove polluted air, and the rate of toxic gas emissions. Methodology. The developed
model is based on the potential flow equation and the pollutant mass transfer equation. The potential flux equation is
used to calculate the wind flow near the road in the case of a suction pipe. The Liebman numerical integration meth-
od was used to solve the potential flow equation. To solve the convective-diffusive dispersion equation, an implicit
variable-triangular difference scheme was used. The numerical integration is carried out using a rectangular differ-
ence grid. The porosity method (“marker method””) was used to create the shape of the complex computational zone.
Toxic gas emissions from a car were modeled using the Dirac delta function for a point source. Findings. The de-
veloped numerical 2D model takes into account the main physical factors that affect the process of dispersion of
pollutants near the road. The model takes into account the influence of a car and a suction pipe located near the road
to remove polluted air. On the basis of the developed numerical models, a computational experiment was conducted
to assess the impact of the use of a suction pipe on local air pollution near the road. Originality. The developed nu-
merical model allows to calculate a two-dimensional flow pattern near the road, where such a mitigation measure as
a suction pipe is used. The model allows for quick calculations of air pollution, taking into account the impact of the
protective barrier. Based on the data on the distribution of the concentration of a non-hazardous substance, the risk
of disease in a person exposed to vehicle emissions was determined. Practical value. The software implementation
of the developed numerical model was carried out, and a computational experiment was conducted to illustrate the
effectiveness of using the model to solve applied problems. The results of the numerical experiment are presented.

Key words: air pollution; city street; pollution dispersion; numerical modeling; suction pipe
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