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MPOBJIEMA YHOCA YI'OJIbHOM IIbLJIN

Heas. B pabore HeoOxoauMo mpoBecTH pa3paboTKy 2D 4nCIIEHHBIX MOJIEINSH ISl MPOTHO3a 3arpsi3HEHUs aTMO-
cdepsl U TPAHCIIOPTUPOBKE CHITyYHX I'PY30B B KEIE3HOJOPOKHOM BaroHe, a TakXKe CIoco0a 3aliuThl OKpYXKaro-
el cpeibl M MPUMaruCTpaIbHBIX TEPPUTOPHN OT YHOCA IBUIM W3 ITOJYBaroHOB 3a CYET YCTAHOBKH BO3YIIHBIX
3aBec. MeToauka. [ pemieHns OCTAaBICHHON 3aJaunl pa3paboTaHbl YUCICHHBIC MO/IENIN, OCHOBaHHBIC HA IPUMeE-
HEHUH ypaBHEHWH JIBI)KECHHS HEBSA3KOM HEC)KMMAaeMOW JKHIKOCTH M MaccorepeHoca. Jis 9ucIeHHOro HHTErpHpo-
BaHMS ypaBHEHHS TPAHCIIOPTA 3arpsA3HUTEINS HCIOJIb30BaIach HESIBHAs PA3HOCTHAsS cxema. JlJist YUCIeHHOTO MHTeT-
pupoBanus 2D ypaBHEHuUs 111 MOTEHIMAIa CKOPOCTH NPUMEHSIETCSI METOJ, CyMMapHOH anmpokcumanuu. Paspa6o-
TaHHBIC YHCIEHHBIE MOAEIH COCTaBJISIIOT OCHOBY CO3JaHHOTO NakKeTa MpHKIaJHbIX mporpamMMm. Ha ocHoBe mocTpo-
€HHBIX YHCJICHHBIX MOJIeJie IpPOBE/IeH BBIYUCIUTEIbHBIM OJKCIHEPHUMEHT TI0 OIIGHKE YPOBHS 3arps3HEHUs
aTtMocdephl MPH YHOCE YIOJIbHOW MUK U3 MTOJyBaroHa M HAJTMYHK BO3JYIIHO 3aBechl. Pe3yabTaThl. PaspaboTaHs
2D unciieHHBIE MOJENH, KOTOpbIe OTHOCATCS K Kiaccy «diagnostic modelsy. JlaHHbIe MOAENIN YYUTBHIBAIOT OCHOB-
Hble (hu3nueckre GakTopbl, BIUSIONINE HA IIPOIECC pacCeHBaHMs MBUIEBBIX 3arps3HEHUI B aTMocdepe Ipu TpaHc-
MOPTUPOBKE CHITYYHX Ipy30B. PazpaboTaHHbIC YHCIEHHBIE MOEIH O3BOJISIOT PACCUUTHIBATH MPOLIECC YHOCA IIBUTN
C Y4ETOM IPUMEHEHHsI BO3/IyIIIHOM 3aBEChl, yCTaHOBJICHHOW Ha nosyBaroHe. OHM TpeOyIOT HEOOJIBIINX 3aTpaT KOM-
MIBIOTEPHOTO BPEMEHH TIPH MTPAKTHUECKOH peann3anyuy Ha KOMIBIOTEpax Maloi 1 CpelHel MOIIHOCTH. BBIOTHEHbI
pacyeTsl M0 ONpPEEICHUIO KOHIICHTPAINH 3arpI3HUTENs U (JOPMHUPOBAHUS 30HBI 3arpsI3HEHUSI BOIM3M BaroHa C Chl-
MyYHUM Tpy30M B Macmrabe «microscale» ¢ yderom Bo3aymHbix 3aBec. Hayunasi HoBuzHa. Co3nansl 2D uuncnen-
HBIE MOJIEJH, TO3BOJISIONINE YIECTh CYLIECTBEHHBIC (DAKTOPHI, BIUSIOLINE Ha MIPOLECC PACCEHBAHUS 3arPA3HSIONINX
BEIECTB B arMocdepe, 1 (OPMUPOBAHUE 30HBI 3arPsI3HEHUSI MIPU NEPEBO3KE CHIIYYNX I'PY30B KEIE3HOIOPOKHBIM
TpaHcnopToM. PaspaGoran cmoco0 3ammThl aTMOC(Ephl OT 3arps3HEHHMs MpPH CHOCE CBHIIYyYHX TPYy30B
C YKEJIE3HOJJOPO’KHOTO BaroHa, KOTOPBIM OCHOBaH 110 MPUHIUITY BO3AyIIHOW 3aBechl. [IpakTHyeckasi 3HAYUMOCTb.
Paccmorpens! 3¢ eKTHBHBIE YUCICHHBIE MOJIENH, KOTOPBIE MOTYT OBITh IPUMEHEHBI IIPU pa3paboTKe MEPONPUITHI
10 OXpaHe OKPY)KaIOIIEH Cpelbl MPH SKCIUTyaTallUH JKEeJIE3HOAOPOIKHOTO TpaHcnopTa. [IpeyioxkeHHble MOIeNH To-
3BOJISIIOT paccuuTarh 2D ruipoAnHaMUKy BETPOBOTO MOTOKA, C YUETOM YCTAaHOBJICHHOW BO3/IyLIHOM 3aBECHI, M MPO-
IIecc MaccolepeHoca BpeIHbIX BelecTB B aTMocdepe.

Kniouegvie crosa: 3arpsisHeHHe aTMOC(]EpbI; TOJIyBaroH; MepeBo3Ka ChIITy4nX Irpy30B; YHCICHHOE MOJIEINPOBa-
HHE; BO3IYIIHAs 3aBeca
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BBenenue

B Hurepuu npoucxonuT WHTEHCHBHAsS 100bIYa
yras. OTO TOpPUBOIUT K (HOPMHUPOBAHUIO JBYX
0OJBIIMX TIPOOJIEM, C TOYKH 3PEHHUS IKOJIOTHYE-
CKOM 0e301acHOCTH M oXpaHbl Tpyna. [lepsas mpo-
Oyiema — yHOC YrOJbHOW TBUIM NPH TPaHCIIOPTHU-
POBKE YISl JKEJIE3HOAOPOKHBIM TPAHCIOPTOM
(puc. 1). Takoil YHOC YTOJBHOW TBUIA TPHUBOIUT
K 3arpsi3HEHUIO MyTEH, IPUMAruCTPAILHON Teppu-
TOpUH U pabouyuX 30H HAa TEPPUTOPHU ILAXT HIIH
MPEANPUATUAX, TJ€ UCTIOIB3YETCS YTOMb.

Bropas mpobnema — yHOC YTOJNBHOW TBUIM OT
mrraberneld yriast WM IpHU ero NnorpysKe, pasrpyske.
B nmanno#t pabote OymeT paccMaTpuBaThCS pellie-
HUE TIEPBOM MTPOOJIEMBI.

LY L i

Puc. 1. [TomyBaros asst TpaHCIIOPTUPOBKH YIS
B Hurepuu

Fig. 1. The railway gondola car for coal
transportation in Nigeria

B pamkax nepBoii mpo0aeMbl MOKHO BBIJICIUTh
nBe 3anaun. [lepas 3amaya — 3T0 MPOTHO3 YPOBHS
3arpsiI3HEHUS  OKPYXKAIOIIeH Ccpeapl MpH  YHOCE
YTOJIBHOM MBUTH U3 ABUXKYILErocs coctaBa. Bropas
3amaya — paszpaboTKa METONIOB, MO3BOJISIONINX
YMEHBIINTh MHTEHCHUBHOCTH 3arpsA3HEHUS OKpY-
JKAIOMIEH Cpenbl TpU YHOCE YIOJABHOW IIBUIH.
B HacTosimiee Bpemst [UTs perieHusl IepBor 3a7adu
M0 OIIEHKE YPOBHS 3arpsA3HEHUs OKpY Karomei
Cpeabl UCHOMB3YIOTCS SMITUPUICCKUE WIIA aHAJIH-
Thyeckue monenu [3—-6, 10, 12]. JanHsie Monenu
HE YYUTHIBAIOT psf GU3N4YecKux (HakKTOpoB, KOTO-
pBIe CYIIECTBEHHO BJMSIOT Ha (QopMHpOBaHUE
KOHIICHTPAIIMOHHOTO TIOJS MBUTM B arMmocdepe.
MOoHO yTBEpXKAaTh, YTO B HACTOSIIEE BPEMS Cy-
IIECTBYET ONpeeNeHHbI aAepuuuT mMareMaThde-
CKHX MOJIETICH IS PEeIIeHUs dTOH 3a/1a4u.

Jns pemenus BTOpoM 3ajadyu MCIOJIB3YETCA
nojlaya CHelHaJbHBIX PacTBOPOB Ha TIpPy3 WU
mrradens yras [2]. Ecnu tpancnoptupyercst yroib,
TMOOBITEI B Kapbepe, TO BO3MOXKHO €ro CMavHBa-
Hue Bonoi. Kaxxaplil U3 METOI0B UMEET CBOU J10C-
TOMHCTBA M HEJOCTAaTKH, HO aKTyaJlbHOW 3ajaueit
ocraercs pa3padOTKa ambTepHATHBHBIX METOJIOB,
obnmamarommx ompeneacHHOW A()PEKTUBHOCTHIO
U He TpeOyIoMmUX OOJBIINX YKOHOMHYECKUX 3a-
Tpar MpH MPaKTHYECKON peatn3aluu.

Heanb

Lensro nanHOW paboThI ABNseTCs pa3paboTka
2D uucneHHOW Mozenu i MPOTHO3a YPOBHS 3a-
Tps3HEHUsT atMoc(epbl TPH SMHUCCHH YTOJIbHOH
MBUTH U3 ToTyBaroHa. CTaBUTCA 3a/ada CO3IaHUS
MOJIeNHM, KOTOpas IOo3BoJisAia OBl pacCUMTHIBATh
MPOIECC YHOCA IBUTA C YYETOM MPUMEHEHUS BO3-
JIYITHOM 3aBEChl, YCTAHOBJICHHOW Ha TOJyBaroHe,
A TEM CaMbIM CIYyXXHT HHCTPYMEHTOM pEILICHUA
3aaydl Mo oueHke 3()(HEeKTUBHOCTH HPUMEHEHHS
JTAHHOT'O METOJIA 3aIUTHI IS Pa3IMYHBIX yCIOBHA
SKCIUTyaTalluy TPAHCIIOPTHBIX CPEJICTB.

MeTtoauka

Jis  yMeHbIIEHUsT WHTEHCHBHOCTH BBIHOCA
YTOJNBHOM MBUIA W3 TMOJTyBaroHa MpeajiaraeTcs uc-
MOJIb30BaTh CAaMOMHIYIIMPOBAHHYIO BO3AYIIHYIO
3aBecy. Vnest paboOTHI Takoil 3aBechl 3aKII0OYACTCS
B cienyroiieMm. [lo nmepuMeTpy BaroHa, B BepxHeu
€ro 4acTH, pa3MelaoTcs BO3AYXOBOJbI, KOTOPHIE
UMEIOT CBepXy Hepdopaiuio Ui BbIX0a BO3ayXa.
Cxema pacIioyioKeHHUsT BO3IyXOBOJIOB MTOKa3aHa Ha
puc. 2. KoHIIbI KaXJIOTO0 BO3JYXOBOJAa OTKPBITHI,
HO MMEIOT OOpaTHBIN KiamaH, Kak HalpuMmep, Al
BO3/[yXOBOJd, PACIOJIOKEHHOTO0 Ha OOKOBBIX CTO-
poHax moiryBarona (puc. 3).

IIpu nBwkeHUU MOITyBaroHa B TOT KOHEI] BO3-
JlyXOBOJa, KOTOPBII HaNpaBieH MO HAIPABICHUIO
JIBUKEHUS T10€3/1a, HAYMHAET MOCTYTaTh BO3AYX.

Bxondmuii B BO31yX0BOJA MOTOK BO3JyXa OT-
KpbIBaeT knanaH 4 (puc. 3), npu 3ToM KiamnaH 5 —
3akpeiBaeTca. llocTynmuBmimii BO3IMyX JBUXKETCS
gepe3 mepdopanuro (1Iens) Hapyxky. IDTOT IIpo-
[[ECC YCJIOBHO TOKa3aH Ha pUC. 3 BOJHUCTBHIMHU
ctpenkamu. Takum oOpa3oM, MpHU JBHUKEHUHU Baro-
Ha BO3HHUKAeT BEPTHKAIbHAs BO3AYIIHAS CTPYA,
KOTOpasi KaKk 3KpaH, PacloN0oXKeHHBIH 110 MepUMeT-
py THOJyBaroHa, NPemATCTBYET BBIHOCY YTOJBHOM
MIBUTH Ha IPUMAaruCTPAIFHYI0 TEPPUTOPHIO.
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Puc. 2. Cxema pa3menieHus BO3AYXOBOIOB
Ha KOpITyCe NOJIyBaroHa:
1 — BO31IyXOBO/I, PacHOJI0KEHHbIH BJOIb OOKOBOH CTEHKU
HOJIyBaroHa; 2 — BO3JyXOBOJ, PACIIONIOKEHHBIH Ha TOPLEBBIX
CTEHKaX MONyBaroHa; 3, 4 — nep¢opanus B BO3LyX0BOAAX

Fig. 2. Sketch of ducts set on the gondola car:
1 — a duct along the gondola car; 2 — a duct across
the gondola car; 3, 4 — the perforations in the ducts
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Puc. 3. Cxema Bo3gyxoBoza:
1 — BXOJl BO3IYIIHOTO NIOTOKA; 2 —HANPABICHUE TBUKCHHUS
MOJTyBaroHa; 3 — ce[uIo KianaHa; 4, 5 — KianaHbl

Fig. 3. Sketch of the duct:
1 —inlet; 2 — direction of gondola car movement;
3 — valve seat; 4, 5 — valves

Bapbupys miomanbs BXOZHBIX OTBEPCTUH BO3-
JyXOBOJa, TUIOIIAAh €ro IONEPEYHOTO CEUYCHUS,
IomaAb nepopaniu, Ha OCHOBE a’3poJHHAMHUYE-
CKOI'0 pacyeTa, OMpEIeNseTcs CKOPOCTh BO3MYII-
HOTO MOTOKAa B BO3IYIITHOW 3aBece W €€ BEeMYMHA,
B 3aBHCHMOCTH OT CKOPOCTH IBI)KEHHS COCTaBa
(7, 8].

Mamemamuueckas mooens. Pacuer mporecca
YHOCA yTOJIbHOW TIBUTH U3 MOTyBaroHa MpOBOAUTCS
B JBa dTana. Ha mepBoM aTame permaercs 3afada
M0 OMpPENETICHUIO TOJsl CKOPOCTH BO3AYLIHOTO IO-
TOKa, C YYETOM B3aWMOJICHCTBUS €ro C IMOIyBaro-
HOM W BO3IyLIHOM 3aBecoil. [[nsi pemieHus 3Toi
3a/laydl MIPUMEHSETCS YpaBHEHUE NSl MOTEHIMana
CKOpoCTH (MOJIENIb TEYEHUs] HEeBS3KOW HIeanbHON
kuakocTH) [13]:

¢ 0
peiy el »

rre ¢ — MOTEHIHANl CKOPOCTH, OCh Y HarpaBiieHa
BEPTUKAIBHO BBEpX (pHC. 2).

KoMITOHEeHTBI BEKTOpa CKOPOCTH BO3YIIHOTO
MOTOKA PACCUUTHIBAIOTCS MO 3aBUCHMOCTSIM:

_dp a0

u .
Ox Oy

IloctanoBKa KpaeBbIX YCJIOBUH Mg JAHHOIO
ypaBHEHUs paccMaTpuBaercs B paborax [1, 13].

Ilocne omnpeneneHusa mMoJisi CKOPOCTH BO3IyIII-
HOTO MMOTOKA BO3JIE MOJyBaroHa, Ha BTOPOM dTarle,
perraercs 3agavya O MEepeHOCe MBUIEBHIX 3arps3He-
HUHl W3 momyBaroHa B arMmocdepy. s moctpoe-
HUs HaumOojee OOIIeH MaTeMaTHYeCKON MOIENH
OyIneM WCroib30BaTh (PyHAaMEHTALHOE ypaBHeE-
HUe MaccomnepeHoca [1, 4, 6, 14, 15, 16]:
oC  ouC o(v—w,)C

ot Ox oy

= div(ugradC) +

>0/(0)3(x-5)8(-3). @

rac C - KOHUCHTpANUs 3arpsA3HAOLICTO BCIICCTBA
(HBIHCBOﬁ 33I’p$I3HI/ITeJ'II>); Uu,v — KOMIIOHCHTBI BCK-

TOpa CKOPOCTHU BO3AYUIHOI'O IMOTOKA; LL= (].lx, Hy)

— ko3 durmerTsr arMochepHOr TypOyJIEHTHOM
maddy3un; Q — MHTEHCUBHOCTH BBIOpOCA 3arps3-

HHUTENSl OT «HACHINK» B IOJlyBaroHe WJIM OT IIITa-
Oenst yriis; S(x—x[)8( V- yi) — JenbTa-QyHKIHS
Jupaka; X, y, — KOOPIMHATHl HCTOYHUKA BBIOPO-
ca; W, — CKOPOCTh IDaBUTALMOHHOTO OCEIAHMs

TBLTH; { — BPEMHL.

ITocraHOBKa KpaeBBIX YCIOBUW ISl JAHHOTO
ypaBHEHHS paccMOTpeHa B padorax [1, 13].

B pa3paboTaHHOI YMCICHHONH MOIEIH HCIIOJIb-
3YIOTCSL CJICYIOIIUE 3aBUCUMOCTH JUIS 3aJlaHus
npodwirs BeTpa U kodDPUIMEHTOB aTMochepHO

muddysuu 3, 5]:

P m
u=u|—|; pn,=k X
i N

; “x: 0”5

TJIe U] — CKOPOCTh BETpa Ha BBICOTE ;| (IPUHUMACTCS
»=10m); k=0,2; k,=0,1; p=0,16; m~1.
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YucneHHOEe WHTErpUpOBaHHUE YpPaBHEHUH MO-
JIeNd BBITIOJIHAETCS HAa TPSIMOYTOJBHOW pPa3HOCT-
Hoti cetke. [Ipu ¢popmupoBannu pacyeTHol obmac-
TH UCIIOJIb3YETCA METOA MapKupoBaHnus [1, 13, 14].
C moMOIIbI0 MapKepoB 33/1a€TCs TOJIOKEHHE JKe-
JIE3HOAOPOKHOTO BaroHa, (opMa «HAaCBIIN» Cbl-
My4Yero rpysa B IOJyBaroHe, MOJIOKEHHE OTBEp-
CTHIl BO3AYyXOBOJAA, Yepe3 KOTOphIE MOCTYyMaeT
BO3/yX 3aBECHI.

g pemenust Monenupyrmux ypaBaeHuit (1),
(2) mcmomp3yeTcss METOA CETOK. YpaBHEHHUE IS
MOTEHIMala CKOPOCTH YHCJIEHHO HWHTETPUPYETCs
C TIOMOIIBI0 METOAA YCIOBHOM amlpOKCHMaluu
[11].

[ 9ucneHHOro MHTETPUPOBAaHUS ypaBHEHUS
MaccorepeHoca (2) nmpuMeHsieTcss HesiBHasE pa3Ho-
cTHas cxema pacuierienus [1, 13, 15].

Ha ocHOBe MOCTPOEHHBIX YMCIEHHBIX MOZeei
CO3JIaH TIaKeT MPUKIAIHBIX Tporpamm («generic
model»). lnst mpoBeaeHus: pacueToB Ha 0ase 3TOro
[aKeTa IporpaMM HeoOXOIUMO 3a/1aTh:

1. Kitacc ycroitunBocTH aTMOC(EpHI.

2. IIpoduns ckopocTH BeTpa, CKOPOCTh BaroHa,
CKOpPOCTb BO3IYIIHOM 3aBECHI.

3. PopMy HachllM CHIIYYEro Ipy3a B IOJIyBa-
TOHE.

VHTEHCHBHOCTD BBIJIENICHUSI MBI OT HACHIIH
B MOJTyBaroHe pacCUMTHIBAETCS Ha Oa3e aMmupude-
CKHUX 3aBHCHUMOCTeH [16].

OtmeTnM, uTO BpeMs pacueTa 3afauu B 2D no-
CTaHOBKE COCTaBIIAET MopsiaKa S c.

Pe3yabTathl

PazpaboraHHbIe YUCTIEHHBIE MOJICIIA OTHOCSTCS
K kmaccy «diagnostic models». [lanapie mMomenu
MOTYT OBITH HICTIOIB30BAHBI I OBICTPOTO CEpHii-
HOT'O pacuera 3arps3HeHUs] BO3AYIIHOW Cpebl JUIs
PasHOOOPa3HBIX CLEHAPHEB TPAHCIIOPTHPOBKU ChI-
My4nX Ipy30B B IModyBaroHax. IlocTpoeHHBIE MO-
JIeTTN TIO3BOJISIIOT ONEPAaTUBHO TONIYYUTh KapTHHY
($hopMHpYIOIIMXCST 30H 3arps3HEHHUs] MpHU COyBeE
NBUTM ¥ TIPY WCIIOJIBb30BAHUH BO3/YIIHON 3aBECHI,
CO3JIaHHOM Ha CTEHKAaX TOJIyBaroHa.

Ha 0a3e pa3paboTaHHBIX YMCJICHHBIX MOJCIIEH
a’pOIMHAMUKH M MaccollepeHoca ObUIN MpoBese-
HBl TIapaMEeTPUYECKHE HCCICIOBAaHMS MO OLCHKE
3¢ PEKTUBHOCTH MPUMEHEHHST BO3IYIIHON 3aBECHI.
[Tpu mpoBeneHUH HCCIEAOBaHUN MOJAaraaock, 4To
Ha TIONyBaroH ¢ rpy3oMm yrius (puc. 4) HaOeraer
MOTOK BO3/1yXa CO CKOPOCThIO 15 kMm/4. I'py3 Ha-

ChINaH B IIOJIyBaroH ¢ «ropkoi». ITomaranoce, 4To
MHTEHCHBHOCTh YHOCA MBUIM OT JIOOOr0 ydacTka
MOBEPXHOCTH TPy3a COCTaBIseT, B Oe3pa3MEepHOM
Bune, O=a*100*V,,*S, roe V,, — MecTHast CKOPOCTh
BO3IYIIHOTO TIOTOKA BO3J€ COOTBETCTBYIOLIETO
y4acTka; S — IUIOMa b y9acTKa IOBEPXHOCTH Tpy-
3a; @ — MaclTabHBI MHOXHTENb. MecTHas CKo-
pocTe V,, ompenensercss pacdeTHbIM ITyTEM IIpH
peIIeHUuN a’pOAMHAMHUYECKON 3amaud  (TepBBIHd
9Tall peuieHus1). 3Aech BAXKHO MOAYEPKHYThH, UTO
TaKOM MOAXOX K OLCHKE BEINYMHBI MHTEHCHUBHO-
CTU yHOCA IIBUIA IIO3BOJISIET YYUMbIGAMb PA3IUY-
HYIO 8elUYUHY MAcCchl, BBIAETAEMON MBIIH OT pas-
JIMYHBIX yYaCTKOB HACBINM, TaK KaK MECTHAasl CKO-
POCTh BO3AYIIHOIO OTOKA Be3Je — pazHast. dopma
HACBINU YIJIS B MIOJyBaroHe 3a/1aeTcsl B MaTeMaTu-
YECKOW MOJIENH € TIOMOIIBIO MapKEPOB.

Y

X

Puc.4. PacuetHas cxema:
1 — npoduie ckopocTH BeTpa; 2 — MOMYyBaroH; 3 — Ipys

Fig. 4. Sketch of computational region:
1 —wind speed profile; 2 — gondola car; 3 — cargo
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Puc. 5. 3oHa 3arps3HeHUs BO3JIE BaroHa
IIPY OTCYTCTBUU BO3YIIHOM 3aBECHI

Fig. 5. Pollution area near the car (no air injection)

PaccmoTrpum pesynprarel MogenupoBaHus. Ha
puC. 5 mpencraBieHa 30HA 3arps3HEHUs, KOTOpas
chopMupoBaach Ipu CAYBE MBUIA U3 T0JIyBaroHa
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(BepXHSA YacTh IOJyBaroHa), KOraa HET BO3IYIII-
HOM 3aBECHI.

3Ty 30HY MOXKHO YCJIOBHO pa30UTh Ha JBE MO-
30HBI: OA30HA | — 3TO 00NacTh ¢ OONBIIMM Ipa-
JUECHTOM KOHICHTPAIllUM MU, KOTOpas (QopMu-
pyeTcs HENOCPEACTBEHHO HaJll HACHIBI0 Ipy3a
B BaroHe; MoJ30Ha 2 — 3TO NIIel] MU Haf TO-
JyBaroHOM.

Ha puc. 6 mpeacraBieHa 30Ha 3arps3HEHUS
BO3JIC MOJyBaroHa NpH NPUMEHEHHH BO3TYLIHOM
3aBeCcbl  (CKOpPOCTH B BO3IYILIHOM  3aBece
Vin.=14m/c).

8.41BE+B1

c

o
—f.382E+8Z 0
0.282E+82 r
. Z63E+8Z 4
8.244E+82 i
—t . 2Z4E+B2
0.265E+8Z a

—f ., 292E+81
A.974E+80

0. 198E+A8
A.180E+80

coordinate x B.87ZE+81

Puc. 6. 3oHa 3arpsi3HEHUS IPU UCIOJIB30BAHUH BO3-
JTyIIHOM 3aBeChI

Fig. 6. Pollution zone near the car with air injection

U3 puc. 6 BUAHO, YTO MpPU NPUMEHEHUU BO3-
IyITHOW 3aBECHl MPOUCXOIUT OTKJIOHCHHWE 30HBI
3arpsi3HCHUS HABEPX, TO €CTh BO3YIIHAS 3aBeca
co3zaet ToT ke 3¢dekr, uro u mnactuHa (aediex-
Top). Heo6xoanMo mor4epKkHyTh, 9TO 3TO CITOCO0-
CTBYET JABWKCHHUIO YACTHI] MBUTA B TE€ CIIOM aTMO-
cepsl, TJe CKOPOCTh BeTpa 0OJIbIIe, U TEM CaMbIM
MPOIECC PACCEMBAHMUS TPUBOAUT K CO3JAHUIO
B atMocdepe 30H 3arps3HEHUS C MEHBINEH KOH-
LEeHTpaue nmpuMecH (MO aHaJOTUH PaCCEUBaHUA
MPUMECH TPU €€ BBIOPOCE OT BBICOKHX IMPOMBIIII-
JIEHHBIX TPYO).

JJis KOMUYEeCTBEHHON OIICHKU BJIMSIHUSL BO3-
JIyIIHOM 3aBEeChl Ha MHTEHCUBHOCTH 3arps3HEHUs
MPUMATruCTPATBbHON TEPPUTOPHH  OMPEICIIIIACh
Macca T Mg, Ha TUIocKocTH A—B, kotopas
COBIIAlaJla C BEpXHEW KPOMKOW TIOJIyBaroHa
(puc. 4). Ilpu npoBeaeHUN pacueTOB BapbUPOBa-
Jlachb CKOpPOCTh TOTOKa B BO3IyIIHOW 3aBece Vi.
PesynpTaThl 9THX NapaMeTPUYECKUX HCCIEIO0Ba-
HUll mpuBeneHb! B Ta0n. 1. OTMeTHM, 4TO B 3TOH
TabIIMIe Macca IbUTH Ha Tpanune A—B, npencras-

neHa B Oe3pa3MepHOM BHZE, YTO HE BIHMIET Ha
aHaJIU3 Pe3yJbTaTOB HCCIENOBAHUA, C TOUKU 3pe-
HUS WX OLEHKA OTHOCHUTEIHHO 3(PPEKTUBHOCTH
3aBECHI.

Tabnuna 1

Macca npumecHu Ha IUIOCKOCTH, COBIIaJalouiei
¢ KPOMKOi1 00pTa moJryBaroHa

Table 1

Weight of the impurity at the plane coinciding
with the side edge of the gondola car

CkopocThb Her Vin. = Vin=9,0 Vin=
BIyBa 4,6 m/c M/c 14,0 m/c
Maust 13,84 10,38 9,56 8,61

(macca
TIBIJTH)

AHanmu3upys JaHHBIE, IPUBEICHHBIC B Ta0Om. 1,
MOKHO YTBEPKIaTh, YTO MPUMEHEHUE BO3AYIIHOMN
3aBEChl II03BOJISIET yMEHBIINTh HWHTECHCHBHOCTH
BBIHOCA ITBUTH U3 TIOJTyBaroHa.

Hayunas HOBM3HA M MpaKTHYeCKas
3HAYHMOCTh

Cozpgana 2D yuciieHHass MOAEIb, ITO3BOJISIONIAS
paccuuThiBaTh (OPMUPOBAHUE 30H IBUICBBIX 3a-
TPSI3HEHUN BO3JIC KEJIE3HOJAOPOKHOTO MOTyBaroHa
MIpH TIEPEBO3KE CHIMyYHX Tpy30B. Pa3zpaboranHas
MOJEITh JAET BO3MOYKHOCTD BBITIOTHUTE PacueT JUIs
ciayyasi TIPUMEHEHHUs BO3IYIIHOW 3aBeChl, yCTa-
HOBJICHHOM Ha BaroHe. [laHHas MOJIENIb TO3BOJISIET
y4ecTb HauOoliee CYIIECTBEHHbIE (U3UUECKUEC
(hakTOphl, BIUSIONIME HA IPOLECC PACCCUBAHMS
MBUIEBBIX 3arpsisHeHUil B atMmocdepe. [Ipencras-
nenHas 2D umncneHHas MOJeNb OCHOBaHA Ha IIPH-
MEHEHNU (PYHIAaMEHTAIBHBIX YPaBHEHHH a’poju-
HaMUKHU 1 MacCOIIEPEHOCA.

Oco0eHHOCTBIO Pa3paOOTaHHONW MOJENU SBIIS-
€TCsl MCIOJIb30BAHUE CTAHAAPTHOW HMCXOIHOU HH-
¢dopmaru, OBICTPOTAa B TOJIYYCHHHU PaCUETHBIX
JTAHHBIX W YA0OCTBO aHAIIM3a MOTy9aeMbIX PE3yilb-
TaTOB IIPOTHO3A.

BriBoabI

Paccmotpena s dextunas 2D uncnenHas Mo-
JIeNb U1 KOJIMYECTBEHHON OLEHKH YHOCA YIOJb-
HOW MBUIM W3 IOJyBaroHa IIPU HCIIOJIB30BaHUU
MeTOJla 3alUThl THUMa «BO3IyIIHas 3aBecay». JlaH-
Hasi MOJEJNb MO3BOJIIET paccuuTats 2D aspoauHa-
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MHKY BETPOBOTO ITOTOKA M IMPOIIECC MACCOTIEPEHO-
ca MBUIM Ha TMPWICTAIOIINE K KEJIC3HOU I0pore
TEPPUTOPUH.

[anbHeilliee  COBEPIICHCTBOBAHHWE  MOZEIHU
CemnyeT MPOBOJIUTH B HAIMPABICHUU €€ Pa3BUTHUSA
JUISL pacueTa a’dpojvHaMuku Ha 0aze 3D ypaBHe-
HHH.
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IMPOBJIEMA 3HECEHHA BYTI'TVIBHOI'O ITNJ1Y

Merta. Y po60Ti HE0OXiTHO BUKOHATH po3poOKy 2D YHCIOBUX MOAENEH IS IMPOTHO3Y 3a0pyIHEHHS aTMocde-
PH TIpH TPAHCIIOPTYBAHHI CHUITyYMX BAaHTAXIB B 3aJi3HUYHOMY BaroHi, a TaKOXX CHOCO0y 3aXUCTy HABKOJIHMITHHOTO
CepeZIOBHUINA 1 IPUMAriCTPaIbHUX TEPUTOPIH BiJ 3HECEHHS HIUTY 3 MIBBArOHIB 332 PAXYHOK YCTaHOBKH IOBITPSIHUX
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3aBic. Meroamuka. [l po3B’si3aHHS [TOCTABJICHOI 3a/1a4i PO3pOOIIeHI YHUCIOBI MOJeNi, 3aCHOBaHI Ha 3aCTOCYBaHHI
PIBHSHB pyXy HEB’SI3KOT HECTUCIUBOI PiAMHY 1 MacomepeHocy. [l 9ncIoBOro iHTeTpyBaHHS PiBHAHHSA TPAHCIOPTY
3a0pyAHIOBaYa BUKOPUCTOBYBAJIacs HEsIBHA pisHMIIEBA cxema. [y uciioBoro iHTerpyBanHs 2D piBHAHHS IS TO-
TEHLIJIy MIBUAKOCTI 3aCTOCOBYETHCS METOJ CyMapHOI arpokcuMartii. Po3po0ieHi YncinoBi Mozeni CKIaaaTh oc-
HOBY CTBOPEHOT'O IaKeTa MPHKJIaJHUX mporpaM. Ha ocHOBI MoOyZOBaHMX YHMCIOBHX MOJEINEH MPOBEIEHO 00YKC-
JIIOBaJIbHUI €KCIIEPHUMEHT 110 OLIHI PiBHS 3a0pyAHEHHs aTMoc(depy TIPH 3HECEHHI BYTJIBHOTO MY 3 MIBBaroHa Ta
HasIBHOCTI MOBITPsiHOT 3aBicu. Pe3yabTaTu. Po3pobneni 2D uucioBi Mozedni, ki BiJHOCAThCS J10 Kiacy «diagnostic
models». Jlani Moaeni BpaxoByrOTh OCHOBHI (i3u4Hi ()akTOpH, [0 BIUIMBAIOTH HA IPOLEC PO3CIIOBAHHS MUJIOBHX
3a0pyJHEeHb B aTMOc(depi MpH TPaHCIIOPTYBaHHI CHITyYHX BaHTaxiB. Po3poOiieHi 4ncioBi MoJieli JO3BOJISIOTE PO3-
PaxoByBaTH MPOLEC BUHOCY MY 3 YpaXyBaHHSAM 3aCTOCYBaHHS ITOBITPSHOI 3aBiCH, BCTAHOBJICHOT Ha Ha IiBBaroHi.
BoHM BHMararoThb HEBENIMKHX 3aTpaT KOMII FOTEPHOrO 4Yacy NpH MPAKTUYHIA peajizamii Ha KOMIT'OTepax Majol
i cepeHbO1 MOTYKHOCTI. BHKOHaHO PO3paxyHKH MO BH3HAYCHHIO KOHICHTpALIl 3a0pyaHIOBaYa i popMyBaHHS 30HH
3a0py/JHEeHHsI MOOJIU3y BaroHa 3 CHUIy4YHMM BaHTaXeM B MaciuTabl «microscaley 3 ypaxyBaHHSIM MOBITPSIHUX 3aBiC.
HaykxoBa noBu3Ha. CtBopeHo 2D umCiI0BI MOJieNi, 0 TO3BOJISIIOTh BpaxyBaTh ICTOTHI (pakTopH, 110 BIUIUBAIOTH
Ha IPOIIEC PO3CiOBaHHs 3a0pYAHIOIUNX PEUOBHH B atMocdepi, i hopMyBaHHs 30HH 3a0pyAHEHHS IPH [IEPEeBE3CHHI
CHUITyYHX BaHTaXIB 3aJI3HWYHUM TpaHCIOpTOM. Po3pobieHo croci6 3axucty armocdepH Bil 3a0pyAHEHHS NpU
3HECCHHI CHIYYMX BaHTAXIB 3 3aJi3HMYHOIO BaroHa, SKH 3aCHOBAHUI 3a NPHUHIIAIIOM IMOBITPSHOI 3aBiCH.
IMpakTHyna 3HaYnMicTh. Po3risHyTi edekTHBHI YMCIOBI MOJENi, SIKi MOXKYTh OyTH 3acTOCOBaHI HpH po3poOri
3aXO0/liB 3 OXOPOHHM HaBKOJMIIHBOTO CEPEJOBHUINA IPH EKCIUTyaTallii 3aJli3HNYHOr0 TPaHCHOPTY. 3amporoHOBaHi
MOJIETI JO3BOJIAIOTH po3paxyBat 2D rinponuHamiky BITPOBOTO MOTOKY, 3 ypaxyBaHHSM BCTaHOBJICHOI IOBITPSIHOT
3aBicH, 1 MPoIec MaCOMEPEHOCY MIKITTMBUX PEYOBHH B aTMOCHEPI.

Kniouosi cnoea: 3abpyaHeHHs: aTMOc]epH; HalliBBaroH; IEPEeBE3eHHS CHITyYHX BaHTaXIB; YHCIOBE MOJIEIIOBaH-
H$; TTOBITpSIHA 3aBica
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COAL DUST EMISSION PROBLEM

Purpose. The article aims to develop 2D numerical models for the prediction of atmospheric pollution during
transportation of coal in the railway car, as well as the ways to protect the environment and the areas near to the
mainline from the dust emission due to the air injection installation. Methodology. To solve this problem there were
developed numerical models based on the use of the equations of motion of an inviscid incompressible fluid and
mass transfer. For the numerical integration of the transport equation of the pollutant the implicit alternating-
triangular difference scheme was used. For numerical integration of the 2D equation for the velocity potential the
method of total approximation was used. The developed numerical models are the basis of established software
package. On the basis of the constructed numerical models it was carried out a computational experiment to assess
the level of air pollution when transporting bulk cargo by rail when the railway car has the air injection. Findings.
2D numerical models that belong to the class «diagnostic models» were developed. These models take into account
the main physical factors affecting the process of dispersion of dust pollution in the atmosphere during transporta-
tion of bulk cargo. The developed numerical models make it possible to calculate the dust loss process, taking into
account the use of the air injection of the car. They require a small cost of the computer time during practical reali-
zation at the low and medium power machines. There were submitted computational calculations to determine pol-
lutant concentrations and the formation of the zone of pollution near the train with bulk cargo in «microscale» scale
taking into account the air curtains. Originality. 2D numerical models taking into account the relevant factors influ-
encing the process of dispersion of pollutants in the atmosphere, and the formation of the zone of pollution during
transportation of bulk cargo by rail were created. A way to protect the atmosphere from pollution during the
emission of bulk cargoes from the rail car, which is based on the principle of the air injection, was developed.
Practical value. The efficient numerical models which can be used in the development of environmental protection
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measures in the operation of railway transport were considered. The proposed model allows calculating 2D dynam-
ics of wind flow, taking into account the installed air injection, and mass transfer process of pollutants in the atmos-
phere.

Keywords: air pollution; gondola car; bulk cargo transportation; numerical simulation; air injection
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