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Annotauusi. Ifens. Pa3paborka 3D umcieHHBIX Mozenelt UIs pOrHo3a 3arpsi3HeHNst aTMOC(heps! IIPH TPAHCTIOPTHPOBKE CHITYIHX
TPY30B B JKEJI€3HOIOPOXKHOM BaroHe. Memoouka. J{jisi pelieHns IoCTaBIeHHOH 3a1aun pa3paboTaHbl YHCICHHBIE MOJIEIH, OCHOBAH-
HBIe Ha IPUMEHEHUN YPaBHEHHH JBIDKEHUS HEBA3KOH HEC)KMMAeMOH JKUIKOCTH M MacCOIepeHoca, JUIsl ONpeIeNIeH s OISl CKOPOCTH
BETPOBOTO MOTOKA BOJNM3YM BaroHOB M PacCeMBaHUs HBUIH B aTMocdepe. [l YHCIEHHOT0 MHTETPHPOBAHMUS ypaBHEHHS TPAaHCIIOPTa
3arpsA3HMTEIIS UCHIOJIb30BANach HESBHAS MOINEPEMEHHO-TPEYroibHas Pa3sHOCTHAs cxema. IIpH MOCTPOCHUH Pa3HOCTHOW CXEMBI OCy-
IIECTBIIACTCS PACILICIUICHUE YPaBHEHUs IEPEHOCa, YTO IO3BOJISET MOCTPOUTH 3()GEKTHBHBII anropuT™ pemmenus 1udepeHyuanb-
HO#t 3aiaun. HensBecTHOE 3HaYCHNE KOHLICHTPALMH 3aTPA3HUTEINS Ha KOKIOM IIare PacieIICHUs ONPEeesIeTCsl 110 SBHOW cxeme —
MeTo/ly Oeryiiero cyera, 4to 0OECIEeYMBAET MPOCTYIO YMCICHHYIO PeallM3alliio YpaBHEHUH pacuieruieHus. s YMCIeHHOro HHTe-
TPUPOBAHUS YpaBHEHHS JUIS MOTEHIMANIa CKOPOCTH IpHMeHseTcsi Meto Pruuapycona. Pa3paboTaHHbIe YHCIEHHBIE MOJIEIN COCTaB-
JSIFOT OCHOBY CO3JIaHHOTO IaKeTa NMPHKIAIHBIX HporpaMM. Ha oCcHOBe MOCTPOEHHBIX YHCICHHBIX Mopenel mposeneH 3D Beramcin-
TENBHBIA HKCIIEPUMEHT 10 OLIEHKE YPOBHS 3arps3HEHHs aTMOC(Eph! PH CHOCE YTOJIbHOW NMBUIH U3 MoiyBaroHa. Pesyismamat. Paspa-
6otansl 3D yKCIICHHBIC MOJIEIH, KOTOPBIE OTHOCSATCS K Kiaccy «diagnostic models». lanHbie MO YYUTHIBAIOT OCHOBHBIC (hH3H-
4yeckre (pakTopbl, BIMSIONINE Ha MPOIECC PACCEMBAHMUS MBUICBBIX 3arpsi3HEHUH B aTMOcdepe NMpH TPaHCHOPTHPOBKE CHITYYHX Ipy-
30B. [IpeiokeHHbIe YHCIEHHbIE MOCIH TPEOYIOT HeOOIBIIMX 3aTPAT KOMITBIOTEPHOTO BPEMEHH IIPH MPAKTUUECKOI peann3aniy Ha
KOMITBIOTEpAX MaJOH M CPEeAHEH MOIIHOCTH. DTH MOJIEIN UCIIOIb3YIOTCS IS CEpUHHBIX PacuyeToB Pa3HOOOPA3HBIX CLICHAPUEB CUTY-
aluii, CBA3aHHBIX C BOIIPOCAMH OXPaHbl OKPY)KAIOIIeH Cpeibl U AMarHOCTUKA HHTCHCHMBHOCTH 3arPA3HEHUS TIPU Pa3iIMYHBIX METEO-
YCIIOBHSX. BBINOIHEHBI pacyeThl 10 ONPEIENICHUI0 KOHICHTPAINH 3arpsi3HUTENS M (OPMUPOBAHHS 30HBI 3arpsi3HEHHs BOJIM3M BaroHa
C CHITyYUM Tpy30M B MacmTabe «microscaley. Hayunan nosusna. Coznansl 3D uucieHHbIe MO, ITO3BOJIIONIAE YIECTh CyIIe-
CTBCHHBIE (haKTOPHI, BIMSIOIINE Ha MPOIIECC PACCEHBAHMS 3arpsI3HAIONINX BellecTB B aTMocdepe, 1 popMupoBaHre 30HBI 3arpsi3HEHUS
TIPH TIEPEBO3KE CHITYYHX IPY30B XKEJIE3HOAOPOKHEIM TpaHcropToM. IIpakmuyeckan 3nauumocme. PaccMOTpeHB! 3 peKTHBHBIE YMC-
nennsie Mozenu «diagnostic modelsy» s sxcnpecc pacuera ypoBHs 3arpsi3HeHHs: aTMOC(hEpbl IPH TPAHCIIOPTHPOBKE CHITYYHX IPY-
30B JKEJIE3HOOPOKHBIM TPAHCIIOPTOM. MOJIENH MOTYT OBITh IPUMEHEHBI IIPH pa3pabOTKe MEPONPHATUH MO OXpaHe OKpYKarolen
cpelpl IPH AKCIUTyaTally JKEIe3HOJOPOKHOTO TpaHcnopTa. [IpeioskeHHbIe MOCIH MO3BOJISIIOT paccuyuTars 3D ruApOJUHAMUKY
BETPOBOI'0 OTOKA U IPOLIECC MACCOIIEPEHOCA BPEHBIX BEIIECTB B aTMoc(epe.

Knroueswvie cnosa: 3arpsI3HCHUC aTMOC(I)epI)I; )KCJ'Ie?:HOIIOpO)KHLIﬁ TPAHCHOPT, NEPCBO3Ka CBHITYYHX I'PY30B; YHCICHHOC MOJICINPOBA-
HHUC.
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Anotanisi. Mema. Po3po6ka 3D uncenbHuX Mozeneit s MporHo3y 3adpyaHeHHs: atMocepH P TPAHCIIOPTYBaHHI CHUITYYUX
BaHTaXXIB B 3aJII3HUYHOMY BaroHi. Memoouka. J{7s BUpillieHHs MTOCTABICHOT 3a1a4i po3pobieni 3D yucenbHi Mojemi, 3acCHOBaHI Ha
3aCTOCYBaHHI PIBHSHb PYXY HEB'SI3KOi HECTHUCIMBOI PiJMHH i MAcONEPEHOCY, Ul BH3HAUCHHS MOJISI MIBUAKOCTI BITPOBOTO MOTOKY
100113y BaroHiB Ta po3ciloBaHHs MUy B atMocdepi. J[yis uucensHOro iHTerpyBaHHs PiBHSHHS TPAHCIIOPTY 3a0pyAHIOBaYa BUKOPH-
CTOBYBAJIacsl HEsIBHA MOIIEPEMIHHO-TPUKYTHA pi3HUIIEBa cxeMa. [Ipu moOyoBi pi3HHUIIEBOT CXeMH 3[iHCHIOETHCS PO3IIEIUICHHS PiB-
HSHHS TIEPEHOCY, L0 J03BOJisi€ MOOyayBaTH e(eKTHBHUII alropuT™M po3B’sizaHHs audepeHuianbHOI 3amaui. HeBimome 3HaueHHs
KOHIIEHTpanii 3a0pyIHIOBaua Ha KO>KHOMY KpOIli PO3IIEIUICHHS! BU3HAYAETHCS MO SBHIH cXeMi — MeToqy O1KydJoro paxyHKY, IO 3a-
Gesredye MPOCTy YHCENbHY peai3alito piBHIHb PO3LICIUICHH. J[JIs YMCeNbHOrO IHTerpyBaHHs PiBHSHHS [UIs HOTEHIialy IIBHAKOC-
Ti 3aCTOCOBY€ThCs MeTon Pivapacona. Po3pobieni 3D yucensHi MOMEINi CKIIAal0Th OCHOBY CTBOPEHOIO MaKeTa MPUKIAIHUX MPO-
rpam. Ha ocHOBI nmoOynoBaHKX YHCENIBHUX MOJEJICH MPOBEACHO OOUUCITIOBAIBHII €KCIICPUMEHT 110 OL{HII PiBHs 3a0pyJHEHHS aT-
MochepH Mpu TPAHCTIOPTYBAHHI 3aTi3HUYHHAM TPAHCIIOPTOM CHITy4oro BaHTaxy. Pe3yiabTaTn. Po3pobieno 3D yucensHi Momerni, sKi
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BisiHOCATBCS 10 Kiacy «diagnostic modelsy. Jlani Moneri BpaxoByOTh OCHOBHI (pi3vuHi (hakTOpH, 10 BILTMBAIOTH HA MPOILEC PO3Ci-
IOBaHHS ITUJIOBHX 3a0pyaHEHB B aTMoc(epi IPH TPAHCIOPTYBAHHI CHUITYyYUX BAaHTAXIB, ajie IPH LIbOMY BUMAraroTh HEBEJIMKHX 3aTpat
KOMIT'FOTEpHOTO 4acy IpHW MpakTUYHINA peamizalii Ha KOMIT'IOTepax Majioi i cepefHboi MOTYXHOCTI. LI Mozesi BUKOPHCTOBYIOTHCS
JUIsSL CEPIHUX PO3PaxyHKIB Pi3HOMAHITHHUX CLEHApIiiB CHTYaLlill, OB'I3aHUX 3 MUTAHHIMH OXOPOHH HaBKOJHMIIHBOTO CEPEHOBHUIIA i
JIarHOCTHKH IHTEHCHBHOCTI 3a0pyAHEHHS NpH Pi3HUX MeTeoyMmoBax. Bukxonano 3D oGumcioBanbHI po3paxyHKH MO BU3HAYEHHIO
KOHIIEHTpaLil 3a0pyaHioBada i popMyBaHHs 30HH 3a0pyAHEHHsS MOOJIM3y BaroHa 3 CHUITyYUM BaHTaxeM B Macmrabi «microscaley.
Haykoea nosusna. Cteopeni 3D uncenbHi Mozeni, o JO3BOJSIIOTH BPaXxyBaTH ICTOTHI (PaKTOPH, IO BINIMBAIOTH Ha IIPOIIEC PO3Cito-
BaHHs 3a0pyIHIOIOYHMX PEYOBHH B atMocdepi, i hopMyBaHHs 30HH 3a0pyIHEHHS NPH MEPEBE3CHHI CUIYYHX BAHTAXKIB 3aJi3HUYHHM
tpancroptoM. Ilpakmuuna 3nauumicms. Posrisiayti 3D epexruHi yncenshi Momeni «diagnostic models» mst ekcripec pospaxyH-
Ky piBHsI 3a0pyaHeHHs aTMochepH MPH TPAHCIOPTYBaHHI CHITyYHMX BAaHTaXIB 3aJi3HUYHHM TpaHcmopToM. Mozeni MOXyTb OyTH
3aCTOCOBaHi MPHU PO3poOILIi 3aX0/IiB 3 0XOPOHU HABKOJIHUIIIHFOTO CEPEIOBHIIA MPH SKCIUTyaTallil 3a1i3HUYHOTO TPAHCIOPTY. 3amporo-
HOBaHi MOJelNi JO3BOJIIOTE po3paxyBaté 3D aepoauHaMiKy BITPOBOTO IIOTOKY 1 IPOLEC MacONEPeHOCY MUILOBUX JOMIIIOK B aTMO-
chepi.

Kniouosi cnosa: 3abpynHeHHs aTMOChepH; 3ai3HUYHHUN TPAHCHIOPT; IEPEBE3CHHS CUITyYHX BaHTaXKiB; UHCEIbHE MOJIETIOBAHHS.
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Abstract. Purpose. The development of 3D numerical models for the prediction of atmospheric pollution during transport of
coal in the railway carriage. Methodology. To solve this problem 3D developed numerical models based on the use of the equations
of motion of an inviscid incompressible fluid and mass transfer, to determine the field of wind velocity near the wagons and disper-
sion of dust in the atmosphere. For the numerical integration of the transport equation of the pollutant used implicit alternating-
triangular difference schemes. When constructing a difference scheme is carried out splitting the transport equation that allows us to
construct an efficient algorithm for solving a differential problem. Unknown value at every step of splitting the pollutant concentra-
tion determined by the explicit scheme — the method of running account, which provides a simple numerical implementation splitting
equations. For numerical simulations of wind speed near the wagon Richardson method was used. The developed numerical models
are the basis of established software package. On the basis of the constructed numerical models carried out a computational experi-
ment to assess the level of air pollution when transporting bulk cargo by rail. Findings. Developed 3D numerical models that belong
to the class «diagnostic models». These models take into account the main physical factors affecting the process of dispersion of dust
pollution in the atmosphere during transportation of bulk cargo, but require a small cost of the computer time in the practice of in the
low and medium power machines. These models are used for serial calculations of various situations of scenarios related to issues of
environmental protection and pollution intensity diagnostics for different weather conditions. Submitted computational calculations
to determine pollutant concentrations and the formation of the zone of pollution near the train with bulk cargo in «microscale» scale.
Originality. Created 3D numerical models to take into account the relevant factors influencing the process of dispersion of pollutants
in the atmosphere, and the formation of the zone of pollution during transport of bulk cargo by rail. Practical value. Considered effi-
cient numerical models «diagnostic models» for rapid calculation of the level of pollution of the atmosphere during transportation of
bulk cargo by rail. The models can be used in the development of environmental protection measures in the operation of rail
transport. The proposed model allows to calculate the 3D dynamics of wind flow and the process of mass transfer of pollutants in the
atmosphere.

Keywords: air pollution; railway transport; bulk cargo transportation; numerical modeling.

BBenenue (puc.1), naxke mpu Majaol CKOPOCTH JBHXKEHUS TPY30BO-
ro cocraBa. DTOT MPOLECC COMPOBOXKIACTCS TAKMMH I10-
CIIC/ICTBUSMHU:

1. 3arpsi3HeHHE TO/ACTHIAIONICH MOBEPXHOCTH TMPH-
MarucTpanbHONH TEPPUTOPHH, YTO BEICT K yXYALICHUIO
KavyecTBa IpyHTa.

2. 3arpszHenne atMmocdepsl (1o IeicTBHEM aTMO-
cepHBIX NPOLECCOB, T.K. IBIJIb MOXKET MEPEHOCUTHCS Ha
JIOCTaTOYHO OOJIBLIOE PAcCTOSHHE U IONAAaTh B SKOJIO-
T'MYECKH 3HaYMMBbIC 30HbI, HATPUMEP BOK3aJbI U T.J1.).

3. IloTepe Macchl rpy3a B IIOJyBaroHax.

4. YXyIIIeHUIo CBOMCTB TPy3a, €ro BHEIIHETO BHIA U
TOBapHOTO COpTA.

B Hurepun ocymecTsisieTcst MacmTabHasi IepeBO3Ka
CBITyYUX TPY30B IO KENE3HOW Jopore. OTH Tpy3HI
TPaHCHOPTUPYIOTCSA OT IIAXT, KapbEPOB Ha pPa3IMYHbBIE
npeanpusatus. IIpu 3ToM Bo3HMKaeT Oonbluas 3KOJIOTH-
yeckas npoOJiemMa: MHTEHCHBHOE 3arps3HEHHE OKpYXKa-
IOIIed cpelbl BCIEACTBHE CAyBa BETPOBBIM IOTOKOM
IBIIEBBIX 3arpsA3HEHUIl M3 MOMyBaroHoB. TpaHCHOpPTH-
POBKa JKEJIE3HOJOPOKHBIM TPAHCHOPTOM CBHIIYYHX IpY-
30B B Hurepun ocymectBisercs 6e3 NpUMEHEHHUS Ka-
KHX-IM00 3alIMTHBIX cpeAcTB. B pesymbTare sTOro mpo-
UCXOOUT 3HAYUTEIIHHBIN CAYB INbBUIM U3 TIOJTYBaroHoB
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Puc. 1. Ilepesoska cvinyuezo epy3a s#cene3H000POIHCHbIM
mpancnopmom | Transportation of bulk cargo

B 37011 CBSI3H, BO3HUKAIOT JIBE BYKHBIC 3a/IaUH:

1. Omenka ypOBHSA 3arpsA3HEHHS OKpYKaIOIeH
Cpezpl IPU TPAHCTIOPTUPOBKE CHIITYYHX I'PY30B.

2. Pa3paboTka METOJOB 3alUTHI OKPYXKArOIIEi
cpenpl OT 3arpsA3HEHHs IPU TPAHCIIOPTUPOBKE CBHIMYYUX
IPYy30B.

B HacTosmieli paboTe paccMaTpUBAcTCsS pEIICHUE
nepBoii 3agaun. Kak mpaBuiio, Aisl pelieHus 3aJadu 1o
OIICHKE YPOBHS 3arps3HCHHS OKPYXKArOIICH Cpemsl HC-
MOJB3YIOTCS YMITUPUYECKUE FITH aHATTUTHICCKIE MOJICIA
[5,7,10]. lanHbie Mozaenu HE YYHUTHIBAIOT psij (usnde-
CKAX (AaKTOpOB, KOTOpBIC CYIICCTBEHHO BIHSIOT Ha
(opMHupOBaHNE KOHICHTPAIIMOHHOTO TIOJNIS IBUTH B at-
Mocdepe. DTH METOTUKH HE YUUTHIBAIOT HMPOQHIL CKO-
pOCTH BeTpa, BIMSHHE CAaMOr0 BaroHa Ha popMHUpOBaHHE
JIOKJILHOTO a3pPOIMHAMUYECKOT0 pexxuma, hopMy Hachl-
ITH CHIIYYEro Ipy3a B MOIyBaroHe u T.A. AHAJUTHYIECKUE
MOJIeNH pa3paboTaHbl AJIsl CIydasi TOYSYHOTO ITOCTOSIHHO
JIEHCTBYIOIIETO UCTOYHHKA BhIOpoca. Kpome 3Toro, ecnu
npuMensiercss Mojienb [aycca [7] To HE0OXOIUMO BbI-
MTOJTHUTH HaydyHOE 000CHOBaHME 3HaYCHUH K03 dummeH-
TOB IHCIICPCHU, KOTOPHIE OBLTH MOIYYCHBI IS TEPPHUTO-
pun CIHA i BenukoOpuranuu. st TeppUTOpUH JIpy-
THX CTPaH TaK0e 00OCHOBAHUE OTCYTCTBYET.

[MosToMy BO3HHKaeT BakHas 3ajada IO CO3IaHUIO
COBpPEMEHHBIX YMCIEHHBIX Mozenei, kiaacca CFD (com-
putational fluid dynamics), kotopsie Mo3BOJSLIM OBbI
OCYIIECTBIISITh OLEHKY YPOBHS 3arps3HEHHs] OKpYKaro-
1IeH cpe/bl IPH MEPEBO3KE ChIMYYHX TPY30B KEJIE3HOI0-
POKHBIM TPAHCIIOPTOM.

Heasn

Lenbto nanHOW paboThl siBIsieTcs paspaborka 3D
YHUCIICHHBIX MOJENEH IS MPOTrHO3a YPOBH 3arpsi3HEHHs
aTMoc(epbl IPH AMUCCHU TBIJIEBBIX 3arpsI3HEHUH U3 110-
myBaroHoB. OCHOBHOe TpeOOBaHHE K CO34aBaeMbIM MO-
JIeNsiM — y4eT OCHOBHBIX (DM3MUecKuX (HaKTOpoB IpU
MOJICTIMPOBAaHWM W MaJble 3aTpaThl KOMIBIOTEPHOTO
BpPEMEHU MpPU NPAKTHYECKOW peaiu3aiuu (3TO MOJAEIN
rpymmst «diagnostic modelsy).

MaTtemaTHueckasi MoJieJb

Ilpu pacuere mporiecca 3arpsi3HEHUST aTMOC(EpHI, B

cilyyae TPaHCIOPTHUPOBKU B MOJYBaroHax ChITy4YHX Ipy-
30B Oy/ieM UCIIONIb30BaTh (hyH/IaMEHTaIbHBIE YPaBHEHUS
acpoJMHAMHUKH W MaccorepeHoca. PazpabarsiBacMmast
MOJIETIb OPUEHTHPOBAaHA Ha IPOTHO3 30H 3arpsi3HEHUS B
Macmrabe «microscale» (paccrosHme mopsaka 50 —
100m). ITporHO3 ypoBHS 3arps3HeHUs aTMOC(hEpbl BOIH-
3W TOJyBaroHa MPOBOAMTCSA B JBa dTama. Ha mepBom
atane perraercs 3D 3amaua o ompeneNeHnto Mo CKO-
POCTH BO3ZYIIHOTO [OTOKA, C Y4ETOM B3aMMOJICHUCTBHUS
ero ¢ nonyBaroHom. Jlist penieHust 9Toil 3a1auu npume-
HSETCSl YpaBHEHHUE JUIs NOTEHIMala CKOPOCTH (MOJElNb
TEUEHUSI HEBSI3KOU KHUJIKOCTH):

o + o + oo 0 1)
ox* oy ot

rje (9 — IOTCHIMAT CKOPOCTH, OCh Z HAIpaBIICHA Bep-

TUKaJIbHO BBEpX (puc.2).
KoMMoHeHThI BeKTOpa CKOPOCTH BO3IyIITHOTO MOTOKA
PacCUUTHIBAIOTCA MO 3aBUCHUMOCTSIM:
0 0 0
u=2? =2 w22 2)
OX oy oz

IlocTaHoBKa KpaeBbIX YCIOBUMN ISl JAHHOTO ypaBHE-
HHS paccMaTpuBaetcs B paborax [1,2,4].

[Mocne onpeneneHus MOt CKOPOCTH BO3IYIIHOTO TO-
TOKa BO3JIE IOJyBaroHa, Ha BTOPOM JTalle, pelaeTcs
3a71a4a O NMEpeHOCEe MbUIEBBIX 3arpsA3HEHUH U3 MOIyBaro-
Ha B atMocdepy. [ns moctpoeHns Hanboee oodmiei Ma-
TEMaTHYECKOM Mozaenu OyaeM HCIONIb30BaTh (DyHAaMEH-
TalbHOE ypaBHEHHE Macconepenoca. [1,2,5,8,11,12]:

o(w—w
oc = ouc + aVC ( a)C = div(zgradC) +
a . x oy @

+§Qi(t) (x—x)s(y-y;)s(z-z).

rage C — KOHLEHTpaLus 3arpsI3HAIOIIETO BemecTBa (Ibl-
JIEBOM 3arp513H1/1Tem)); U,V,W — KOMIIOHEHTBI BEKTOpa

CKOPOCTH BO3AYLIHOTO IOTOKA, ﬂ:(ﬂx:ﬂylﬂz) — KO-

¢ unmeHTsl atMocepHoit TypOymeHTHOH nuddy3uu;
Q - VHTEHCHBHOCTH BBIOPOCA 3ATPSIBHUTENS. OT «HACHI-

1» B IIOJyBaroHe; §(X =X )5(y =i )é‘(Z —Z ) — IEJIb-
Ta-pynaknus Jupaxa; Xi» Yir Z

HHUKa BBIOpOCA; W,

— KOOpAUHATBI HUCTOY-
— CKOpPOCTh I'PaBUTALIMOHHOTO OCC-

JAHWS TBUTH; t — BpeMmst.

[TocraHOBKa KpaeBbIX YCIOBHIA IJIsl JAHHOTO ypaBHE-
HHS paccMOTpeHa B paborax [1,2,8].

B pa3paboTaHHO# YHCIICHHON MOJEIN UCIIOIb3YIOTCS
CIIe/IyIOLIMe 3aBUCUMOCTH JUIS 33/1aHus Tpoduiis BeTpa u
BEPTHKAIBHOTO KoddduiineHTa arMmocheproit nuddys3uu
[5,6]:

p m

yA
U= — | s =k —| . s

=u, =Ky, (4
2 2 M, ou, (4)
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rre Ui — CKOpOCTh BETpa Ha BBICOTE Zi (IIPUHHMAETCs
1 ~10m); k =0,2; k,=01; p=016; m=1.

UucneHHOE WHTEIPUPOBAHUE YPAaBHEHUN MOJEIH
BBIIIOJIHSIETCS. HAa MPSIMOYTOJbHOM Pa3HOCTHOW CETKE.
[Ipu PopmupoBaHUM PacUETHOW OOJIACTH HCIIONB3YETCS
Meron MapkupoBaHus [1,2]. C moMomp0 MapKkepoB 3a-
JIaeTcsl, MOJOKEHHUE JKEJIE3HOJOPOKHOI0 BaroHa, (opma
«HACBINN» CHIIIYYEro rpy3a B I10JyBaroHe.

Hnst pemenus mozpenupyroommx ypasHenuit (1), (3)
HCIOJIB3YETCA METO CETOK. YpaBHeHne JUJIA IOTCHI Majia
CKOPOCTH YHMCIIEHHO UHTETPUPYETCS C IOMOIIBIO METO/1a
Puuapncona [9]. I 3TOro MCXOQHOE ypaBHEHHE IS
MOTEHIMada CKOPOCTH TIPEIABAPUTEIBHO IMPHUBOIUTCS K
9BOIOLIMOHHOMY BHAY:

oP _0°P 8°P 0°P

PN B S

ot ox° oy° oz
rae t— ¢puKkTUBHOE BpeMmsl.

Jlanee ocylecTBiIseTCs arnpoKCUManus MPOU3BOJI-
HBIX U [OJYy4aeTcsl cIeIyIoliee pa3sHOCTHOE ypaBHEHHE:

n n
Pk — 2P + P ik N

n+l
Puk uk + AXZ
i, ]+lk 2P + Pn j-Lk
Ay2 "
P" 1 —2P} +P"
L), k+1 ijk ihjk-1
+ 2 =0.

Ha ocHOBe naHHOW 3aBUCHMOCTH OCYLICCTBISCTCS
pacyeT 3HaueHHs MOTEHIMAlla CKOPOCTH B siYeHKax, co-
OTBETCTBYIOIIUX O0NACTH BO3AYIIHOIO MIOTOKA.

B pesynbraTte NpUMEHEHHS TaKOW AaNIPOKCHMAaLHH
MOJTy4aeTCsl pa3HOCTHOE ypaBHEHHE, KOTOPOE JICTKO pe-
IIUTH 1O SIBHOU (hopmyie.

JInst 4MCIICHHOTO WMHTErPUPOBaHMs YpaBHEHHs Mac-
comnepeHoca (3) mpuMeHsieTcs HesiBHAs pa3HOCTHAs CXe-
Ma pacmeruienus [1-3,11,12]. Ha kaxaoM 1mare paciiern-
JICHUSI HEU3BECTHOE 3HAYCHUE KOHLEHTPALUH IbUIN
HaXOJMTCS 10 METOAy Oeryluero cyera. DTO MO3BOJISET
HOJyYHTh MPOCTOW aNrOpUTM I pacyera KOHIEHTpa-
[IMOHHOTO TI0JIs IBUTH BOJIM3HU MOJTyBaroHa.

Ha ocHOBe NOCTPOCHHBIX YHCICHHBIX MOZENeil co-
3[aH MaKeT MPUKIAAHBIX mporpamm («generic modely).
Jlnst mpoBeneHUsl pacyeToB Ha 0a3e 3TOro MakeTa IMpo-
rpaMM HE0OXOAUMO 33]aTh:

1. Kunacc ycroitunBocTH aTMOC(hEpBI.

2. Ilpodunb ckopoctu BeTpa.

3.  ®opMy HACBINH CHIIYYEro rpy3a B MOJyBaroHe.

4. VIHTEHCHBHOCTbH BBIJICIICHHS IbLIM OT HACHIIH B

MOJTyBaroHe.

OtMeTnM, 4YTO BpeMsl pacueTa a’dpoJAMHAMHUYECKOM
3a7a4d M 33/1a4d MaccoIllepeHOoca COCTaBISIET MOpsIKa
10 cek.

PesysbTaTsl

ITocTpoeHHBIE YHCICHHBIE MOJEIH OTHOCATCA K
knaccy «diagnostic modelsy. TIpu npakTudeckoii peau-
3auu pa3paboTaHHBIX YHCIEHHBIX MOAETeH TpeOyroTcs

HeOOJIbIIINE 3aTPaThl KOMIIBIOTEPHOTO BPEMEHHU (BpeMs
pacdera COCTaBJIIET HECKOJIBKO CEeKyH.). Paccmorpen-
HBIE MOJICI MOTYT OBITH HCITOJB30BAHBI AJIST OBICTPOTO
CEepUItHOTO pacdeTa pa3HOOOpPAa3HBIX CIICHAPHEB TpPaHC-
MOPTHPOBKY PA3IMYHBIX CHITYYHX TPY30B B IIOJyBaro-
HaX [P Pa3IHIHBIX METCOCUTYalHsAX.

[Ipumep mNPaKTHYECKOTO MCIIONB30BAaHUA pa3pado-
TaHHBIX YUCIICHHBIX MOJIeNICH moka3aH Hibke. Paccmar-
pHBajCsA MPOLECC CAYyBa MBIIEBOr0O 3arps3HEHHUS M3 I10-
JyBaroHa, TpaHcHopTHpymouero yrois (puc.2). Llensto
pacueTa SBISUTACH OLICHKA Pa3MepoB, (OPMBI U HHTCH-
CUBHOCTH (DOPMHUPYIOIIEHCS 30HBI 3arpsA3HCHHS MPU
TPaHCIOPTHPOBKE Tpy3a.

Z.

0 >X

Puc. 2. Pacuemnas cxema ons 3D mamemamuueckoeo
Mmooenuposanus: 1 — npoguns ckopocmu éempa, 2 — nonyea-
2on, 3 — comnyuuii 2py3 1 Scetch of 3D computational
region: 1 —wind speed profile, 2 — wagon, 3 — bulk cargo

(=
2P
W 4

8.416E+81

c

o
—B.259E+86 0

0.417E+85
—. 250E+85
0.834E+84

8. 100E+88
8.

130E+80 coordinate x

8.613E+81

Puc. 3. 3ona 3aepaznenus ammocgeput 6031e nowy
sazona ¢ coinyuum 2pyzom (2=5 m) I Contamination area
near the wagon (z=5 m)

Ha puc.3 noxa3aHo KOHLEHTPALOHHOE MOJIE IbLIe-
BOTO 3arpsi3HUTEN. M3 3TOro pucyHKa BHAHO, 4TO (op-
MHpYyeTCcs OOLIMpHAsi 30HA 3arpsi3HEHMS BO3JIC MOIyBa-
roHa. TakuMm o0pa3oM, B 30HY BIHSHHUS MOTATAeT 3HAYH-
TeJIbHAsl YacTh BO3AYLIHOTO MPOCTPAHCTBA BO3JE IIOJY-
BaroHa.

Hayqﬂaﬂ HOBHU3HA U MPAKTHYECKAA 3HAYUMOCTD

Cozganbl 3D 4uciieHHBIE MOJETH, ITO3BOJISIIOIINE
MPOTHO3UPOBATh (POPMHUPOBAHUE 30H 3arPsA3HCHUS BO3JC
JKEIIE3HOTOPOKHBIX BaroHOB IPH TEPEBO3KE CHITyYUX
rpy30oB. JlaHHBIE MOJENTH IAIOT BO3MOXKHOCTH YYECTh
HauOoJjee CyIiecTBeHHbIE (DU3MYECKHe (aKTOPBI, BIIUS-
IOIIHE Ha MPOIECC PACCCUBAHMS MBUICBBIX 3aTPSA3HEHUM B
atmocdepe. IIpeacraBnennsie 3D ducieHHBIE MOAETH
OCHOBaHbI Ha NPUMEHEHHH (YHIAMEHTAIBHBIX ypaBHE-
HUH a3pOJIMHAMUKH U MaccollepeHoca.

BeiBoabI
1. Paccmotpensr a¢dekruBHbie 3D unciieHHBIE MO-
nemu «diagnostic models» anst pacuera ypoBHs 3arpsis-
HEHUs aTMOC(Epbl MBUIEBBIMH BEIOPOCAMH MPU TEPEBO3-

239



CTPOUTEJBCTBO, MATEPUAJIOBEJIEHUE, MAITMHOCTPOEHMUE. ISSN 2415-7031

Cepus: Bezonacnocmo sicuznedeamenvhocmu. Boin. 93 — 2016

K€ KENIe3HOJJOPOXKHBIM TPAHCIIOPTOM CBHIMYYHUX PY30B. 2. lanpHeilee COBEPIICHCTBOBAHUE MOJEJCH clie-
[pemioxeHHbIe MOJENH MO3BOJAIOT paccuutath 3D JIyeT NPOBOJIUTH B HANIPABJICHUH UX PA3BUTHS AJIsSI pacye-
a’pOJIMHAMUKY BETPOBOIO MOTOKA W IIPOLECC Maccome- Ta a3poAMHAMUKH Ha 0a3e ypaBHeHuid HaBbe-Crokca.
peHoca IBUTK Ha IPHIIETaloIIie K )KeJIe3HOH Jopore Tep-

PHUTOPUH.
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