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Annoranust. [{ens. Pazpaborka CFD mozen s OLEHKM yPOBHS 3arps3HeHMs BO3AYILUHON cpeibl 8 pobOYHX 30HAaX BO3JIE
KEJIEIHOIOPOXKHON MArHCTpA NIpM TPaHCUOPTHpOBKE Yras. Memoduxa. [Ins penienus 3amauv paspaborana CFD wmoxens,
OCHOBaHHas Ha NPHMEHEHHH YPABHCHMIl ABHKEHHUS HEBA3KON HECKUMAEMOH XKHAKOCTH M MACCONEPEHOCA, Jisl ONPEIEICHUS NONs
CKOPOCTH BETPOBOI0 10TOKa BOAM3M BaroHa d B pabouell 30He BOAM3M >KeNe3HOZOPOXKHOM MarkcTpaiu. s 4HMcieHHOro
HHTErPHPOBAHUS YPABHEHMS TIEPCHOCA YTOMLHOM MbLIM MCNONbL30BATACE HEIBHAS NONEPEMEHHO-TPEYTOAbHAS PA3HOCTHAS CXEMa.
Ilpu pocTpoeHMM pasHOCTHOM CXEMbl OCYLICCTBIACTCA DACILICIZEHME YDPABHCHHA MEPEHOCA, YTO [MO3BOJAET HOCTPOHTH
3¢ dexTrBHbI aaropuT™ peieHns anddepeHuRaIRHOI 3a1aun. Hen3BecTHOE 3HAYEHVE KOHUEHTPALNK YTOIBRHOH ThIIM Ha K&X0M
Ware paculeIUICHHs ONpEACIsSeTcs. MO SBHOM cXeMe — MeTody Oerymiero cuyera, 4TO 00CMEedMBAET INIPOCTYIO YHCICHHYIO
peanvzalliio ypaBHeHH# paculensieHus. [ljia uMCIEHHOrO MHTEIPHDOBAHHS YPAaBHEHMA 111 NMOTEHUMATA CKOPOCTH TPHMEHAETCH
meton Puuapicona. PaszpaboTanibie 4RCICHHbIE MOIEIM COCTAaBIAIOT OCHOBY CO3JAHHOIO faKeTa NpMKIAaHbIN nporpav. Ha
OCHOBE TIOCTPOCHHEIX YHCACHHBIX MOAEICH NpoBeaer 3D BBIMACINTETbHDIA JKCIIEPUMEHT 110 OLEHKE YPOBHS 3arpsi3HEHKs aTMGCgeps]
IIPH CHOCE YrOJIbHOH MBI M3 ronyBaroHa. Pesyasmamst. Pazpaborasa 3D uuciienHas Mo.AeNTb, KOTOpas OTHOCATCS K KJIaccy
«diagnostic models». JIannas Moze1b YUHTHIBAET GCHOBHBIE r3Hyeckye (PakTophl, BIUAIOUIME Ha TIPOLECC PACCENBAHAS YTO1BHOM
Lbliy B pabodell sone 63N KEIC3HOIOPOKHON MarucTpain mpy TpaHcHopTupoBke yras. Ilpeuioxennas moneab Tpebyer
HEOONBIINX 3aTPaT KOMIBIOTEPHOTO BPEMEHY NpH NPAKTHYECKOH peaiM3allMH Ha KOMIBKTEpAX Malodl W CPeAHEH MOIHOCTE.
Jaxras Moaeas MoxeT ObiTh HCNOIB30BaHa TIs NPOBEICHKS pacyeToB MO OHEHKE BIMAHWS Pa3InuHbiX (akTOpoB Ha ypOBEHb
3arpsi3HeHMA paboumx 30H BOJM3M KEJE3HOAOPOXKHON Marucrpatd. BeINosHeHs! pacueThl 10 ONPEIEEHHIO KOHUEHTPALHW
YTOJBHOM MBUTH B paloueii 30HE BO3IE XKeENC3HOA0POKHOTO BaroHa. TIpescTaBIeHb! Pe3y ibIaTsl Ja00PaTopHOrO KCHEPUMEHTA 110
nceieioanuio GopMUpOBaHUA 30H 3arpa3HeHHs Boze Moae sarowa. Hayunas noeuswna. Cosgasa CFD mozens. nossonsiowias
Y4ECTh CYIIECTBEHHbIC (PAKTOPBI, BAMAIONIME HA MPOLECC PACCCHBAHHS YPOABHOH IbIM B pabouyX 30HaX BO3IE KEICIHOIOPOKHOH
marucrpans. Ilparxmuyeckasn 3nauumocms. Pacemorpena sddexrusHas CFD monens 1% 3Kcnpecc pacueTa ypoBHs 3arpsa3HEHHMs
BO3AYIOHOM CPEMbl B paboumX 30HaX BO3JIE KEAE3HOIOPOKHON MarucTpasin NPH nepeBoske yrias. Monens MoxeT ObITL IPUMEHEHA
npu paspaboTke MEPONPUSTHIA 110 3alyTe pabOTHAKOB IPUMATHCTPATLHON TEPPUTOPUH OT IbLicBOro 3arpasucHus. [lpeanoxennas
MOlep I03BONSET paccuntarh 3D a’poamMHaMMKy BO3AYUIHOrO MOTOKa M NPOLECC PACCEMBAHMS YrOJLHOH IbLIM HA
IPUMarAcTpanbHON TEPPHTOPHIL.
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YTOJIBHO#M NbUTH U3 Barona
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Awnoranis. Mema. Po3podka CFD Moneii 118 OLiHKY piBHA 3a0pyaHEHHS MOBITPSHOTO CepeioBUila B POOOUHX 30Hax 6ia
3a/1i3HMYHOT MaricTpari Npy TpalcropTysani Byrinng. Memoouka. Jis poss’ s3auss 3asajadi pospoGaena CFD Mozens, sacuopana
Ha 3aCTOCYBaHHi PiBHAHB PyXy HEB'A3KO! HECTHCIHMBOT PiJMHH | MAcONepeHocy, 11 BUHAYCHHS MO/ WBUAKOCT! BITPOBOTO MOTOKY
1063y BaroHa i B pobouiil 3081 notiu3y 3aji3HuyHO! Marictpanti. Jing uHMcenbHOro iHTerpyBaHHs PiBHAHHS NEPEHOCY BYTIIEHOIO
NWly BUKOPHCTOBYBajgacs HesBHA NONEPEMIHHO-TPHKYTHa pizHmuesa cxeMa. [Ipy mofynoBi pisHMuEBOI CXeMH 3AIHCHIOCTHCS
PO3IIEIVICHHS DIBHSHHA NEPEHOCY, WO J03BOJfE MOOyAyBaTd e)eKTHBHHI ICOPUTM DO3B’s3anHS AudepeHiianbHol 3anadi.
Heginome 3naveHHs koHileHTpalil ByTibHOTO NWTY HA KOXHOMY KPOLH PO3IRCIUICHHS BU3HAYAETHCS 33 ABHOK CXEMOIO — METOLY
Gixydoro paxyHKy, mo 3abesneuye NpocTy YMCebRY peani3aliio PiBHAHbL PO3LICTINCHAS. [T URCENBLHOrO IHTErPYBaHHS PiBHAHHS
Ji1s TOTeHIjaTy IBMAKOCTI 3acTocoByeThes MeTon Pigapacona. Pospobieni umcernpHi Mozeni ckiafaioTh OCHOBY CTBOPEHOTO
nakeTa npHKIaaHux npoipaM. Ha ocHoBi nobynoaHyux yucesbHMX Moneldell npozencho 3D oOUMCTIOBAILHMA eKCHEPUMEHT 10
ouinui piBua 3a0pyaHeHHA atMoc(epu IpH 3HECCHHI BYIINBHOrO MWy 3 niBBaroHa. Pesyremamu. Pospotieso 3D uncenbny
MOnenb, fKa BiIHOCATECA 10 Kiacy «diagnostic modelsy. JlaHa Mozenb BpaxoBye OCHOBHI (i3WuHi (paKTOpH, IO BILIMBAXOTL HA
IIPOLEC Po3ci:oBaHHA BYrinpHOro mwty B poOouili 3odi nobamay 3anisHuuHOT MaricTpasii NpY TPaHCHOPTYBaHHI Byriuis.
3amporoHoBaHa MONCb BUMarac HEBETMKAX BHTPAT KOMN'IOTEPHOrO 9acy NpPH NpaKTHYHIA peamizauii Ha KOMITTOTEpax Maioi i
cepeHEol OTyXHoOCTi. Jana Moxeias Moxxe OyTH BUKODHCTaHa [7is IPOBEICHHS PO3PAXYHKIB 3 OLIHKH BILIMBY Pi3HUX YMHHMKIB Ha
piBeHb 3a0pynHeHHs poOoumx 30H Ho0;M3y 3aMi3HMYHOI Maricrpani. BuKOHaHO pO3paxyHXH NO BH3HEUEHHIO KOHIEHTpauii
ByrifipHoro nuiy B pobouill 3oHi 6i1d sami3HmdHoro Barowa. IlpeicraBneni pe3ynbTaté 1aGopaTopHOrO EKCHEPUMEHTY TI0
nocrimkenHio QopMyBaHHs 30H 3a0pynHeHHS 0i1s Mogeni BaroHa. Haykesa moeusna. Ctsopena CFD mozeis, mo mo3sonse
BpaxyBaty ictorHi (akTopH, HI0 BILIMBAIOTH HA TIPOLEC POZCIIOBAHHS BYTLIBHOTO MANY B pooumx 30Hax 6ins 3aii3HHYHOL
maricrpati. Hpaxmuuna 3nauumicme. PosrnsHyra edekrupHa CFD Mozmens 218 ekcnpec po3paxylKy piBHS 3a0pyaHEHHS
HOBITPSHOTO cepenoByliia B podouMx 3oHax Oing 3anishuuHol MaricTpani miz 4ac mepeBe3cHHs Byriuid. Monenr Moke Oyt
3aCTOCOBAHa TpM Po3polll 3aXO4iB IIONO0 3aXMCTY LPaUiBHMKIB npumaricTpanbHol Tepuropii BiA nmwioBoro 3abpynseHHs.
3anpononoBaHa MoeMs A03BOsiA€E po3paxyBati 3D aepoanHaMiKy NMOBITPSHOTO HOTOKY I NPOLEC PO3CIOBAHHS BYri;IBHOTO MIWTY Ha
TIPUMAriCTPaNbHi i TepuTopii.

Kunouosi crosa: 3abpyasenss armocdepd; 3ali3HHYHME TPAHCHOPT; [EPCBE3CHHS BYTLAIA, UYMCENLHE MOJCIIOBAHHS, BMHOC
BYTiILHOFO MY 3 BarOHa
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Abstract. Purpose. Development of a CFD model for estimating the level of air pollution in the working areas near the
railroad during coal transportation. Methodology. To solve the problem, a CFD model based on the applicaticn of the equations of
motion of inviscid incompressible fluid and mass transfer has been developed to determine the velocity field of the wind flow near
the wagon and in the working area near the railway line. For numerical integration of the coal dust transfer equation, an implicit
alternating-triangular difference scheme was used. When constructing a difference scheme, the transport equation is split, which
makes it possible to construct an effective algorithm for solving a differential problem. The unknown value of the concentration of
coal dust at each step of the splitting is determined by the explicit scheme — the running counting method, which ensures a simple
numerical realization of the splitting equations. For the numerical integration of the equation for the velocity potential, the
Richardson method is applied. The developed numerical models form the basis of the created package of applied programs. Based on
the constructed numerical models, a 3D computational experiment was performed to estimate the level of atmospheric poliution
during the removal of coal dust from a wagon. Findings. A 3D numerical model has been developed that belongs to the class of
"diagnostic models”. This model takes into account the main physical factors that atfect the process of dispersal of coal dust in the
work area near the railway line during the transportation of coal. The proposed mode! requires a small amount of computer time in
practical implementation on small and medium power computers. This model can be used to perform calculations to assess the
influence of various factors on the level of contamination of working areas near the railroad. Calculations have been performed to
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determine the concentration of coal dust in the working area near the railway car. The results of a laboratory experiment on the study
of the formation of contamination zones near the car model are presented. Originality. A CFD model has been created that allows to
take into account the significant factors that influence the process of coal dust dispersion in working arcas near the railway main
Practical value. An ettective CEFD model for the express calculation of the level of air pollution in working areas near the railway
lie for the transportation of coal is considered. The model can be applied to the development of measures to protect workers of the
mainland from dust pollution. The proposed model allows to calculate the 3D aerodynamics of the air flow and the process of

scattering of coal dust on the mainland territory.

Keywords: air pollution; railway transport; transportation of coal: numerical modeling. removal of coal dust from the wagon

Bpenenne

B Hurepuu ocymecTBiseTcs MHTEHCHBHAA 100bIYa U
TPAHCIOPTUPOBKA YISl XKEJIE3HOAOPOKHBIMHI BarOHAMH.

Ol1HaKo M3BECTHO, YTO TPAHCIIOPTHPOBKA YIiA B
TN0JIyBaroHaX MpUBOAMT K 60/bI0i npodiieMe, a AMEHHO
- (DOPMMPOBAHMIO KOHLEHTPALMOHHOTO MOJIA IbUIM Hall
BAarOHOM, B TPaHCTIOPTHOM KOpMIOpe M B pab0odux 30HaXx,
NpUIIEralolAX K Marucrpaid. B 3Tux pabounx 30Hax
HAxXo[ATCS Ppa3iHYHble PabOTHMKM — MOHTEpH! MYTH,
curHamuctTsl u T.4. (puc.l). Tlpu TpaHCmOpTHpOBKE B
YCIOBHMSIX Jkapkoro knumara Hurepum npowcxomut
ObicTpas noTeps Biark B TIpy3e, HaxoaslleMcs B
T1071yBarOHe, CHIDKEHHE CHII aATe3RH MEXKIY YacTUHaMHU
yriis. TToaToMy Bo Bpems TPaHCIIOPTHPOBKH NMPOMCXOIUT
BBIHOC MENKOAMCTIEPCHBIX (pakLmi YrolEHON TIBUIM,
KOTOpBIE B 3apyOekHON MTepaType NOJydsii Ha3BaHue
«fugitive dusty.

Puc. 1. Monumep nymu 6031e #ce1e3H000PONCHOU
Mazucmpaiu/

Worker near railway

B pamkax naHHoif mpoOsieMbl, OOLIYHO BBIIENANOT
TaKue 3a7aYH: NPOrHO3MPOBAHWE YPOBHS 3arpsA3HECHHAA
pabounx 30H BONM3K XKeNe3HOZOPOXKHOMW MarucTpani
CO3/1aHMEe METOOB MO MUHMUMM3AIMH TAKOrO ITbIEBOTO
sarpssHenMsa.  JIng  pemenus  nepBodf  3ajaun
MCTIONB3YIOTC Moznens [aycca [5-7], peann3oBaHHas B
BHJE CIIELUHAIM3UPOBAHHBIX ITAKETOB OpOTPaMM THIA

«AERMOD», «CULPUF». Monens Taycca He
YYMTHIBACT  psAA BaxHBIX  (AKTOpPOB,  KOTOpBIE
CYILECTBEHHO BITUAIOT Ha dopMmupoBanue

KOHLIEHTPALMOHHOTO NOJIS MUK B paboynx 30HaX BO3JE
KENIe3HOMOPOXKHOH ~ MarucTpai. 2Ta  MOIENb He
YUHTBIBAET Npodiib CKOPOCTH BETPa, BIIMSHHE CAMOTO
BaroHa Ha ¢opMUpoBaHUE JIOKaJIbHOTO

a’POAMHAMUHECKOr0 PeKuMa, HOPMY HACBUTH ChITyYero
rpy3a B NOJYBaroHe ¥ T.1.

ITosToMy BO3HHKAeT BaXkHasi 3ajlaya MO CO3AAHHIO
coBpemeHHbIX Monened, wiacca CFD (computational
fluid dynamics), koTopsle M03BOASANN GBI OCYIIECTBAATD
OLICHKY YPOBHS MBUICBOrO 3arps3HeHMs paGodmx 30H
BO3NIE KEe3HOMOPOKHOM MarucTpaiy npu
TPAHCIIOPTHPOBKE YITIA.

Heas

Henwsto manHo#i pabotsl gBnsercs paspaborka CFD
MOZENA VIS TPOTHO3a YPOBHA IBUICBOrO 3arpA3HeHHA
paboumX 30H BO3Jie JKEIe3HOAOPO/KHON MAarnCTpanyd npu
nepeBoske yriig. OcHoBHOe TpeboBanMe K CO34aBaeMoi
MOJIENTH — YYeT OCHOBHBIX (H3nGecknX (Gaxropor npu
MOICIHPOBAHMK ¥ Mallble 3aTpatbl KOMITBIOTEPHOTC
BPEMEHN NPH TIPAaKTHYeCKON peasin3aLni.

MateMaTHuyeckas Moaeab

Jins peuleHust TIOCTABISHHOH 3aJauM MpUMeEHseTcs
ypaBHEHHE [L7sl MOTEHIIMaNa CKOpPOCTH (MONelb TeUeHHs
HEBA3KCH XKMIKOCTH):

~2 2 2
0 0° 0
==, 0
ox° oy° o0z

Tie ¢ — TOTeHUMan CKOPOCTH, Ochb Z Hampas/ieHa

BEPTUKAJIBHO BBEpX (pHC.2).
KoMmnoHeHTb! BEKTOpa CKOPOCTH BO3MYIIHOIO NOTOKa
PacCUMTBIBAIOTCS TI0 3aBHCHMOCTSM:!

0 0 0
L A, Q)
Ox dy 0z
IlocTaHOBka KpaeBbIX YCIOBHMH /11 JaHHOTO

ypaBHeHMs paccMaTpuBaetcs B pabotax [1,2,4].

Tlocne ompeneneHus HONSA CKOPOCTH BO3MYIIHOIO
TIOTOKa BO3JIE MOTyBaroHa, Ha BTOPOM JTalle, pelaercs
3a1aya O [epeHoce TBUIEBBIX 3arpsA3HEHHH M3
foyBaroHa B atMmoctepy. Jis nocTpoermsi HauGonee
o0lIeil MaTeMaTnmdeckoil Moaenn OyleM HCIoIb30BaTh

(pyHNaMEHTabHOE  ypaBHeHHe MACCOMepeHoca.
[1,2,58,11,12]:

) o(w—w,)C
Lo ( e = div(ugradC)+

o ox oy oz
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rie C - KOHUEHTpaluus 3arps3HAIOIIETO BEILeCTBa

(mbuTeBOM  3arps3HMTENB); UV, W KOMIIOHEHThI
BO3AYILHOI'O

KOO GUIUEHTHI

NOTOKA;
aTMocdepHOH

BEKTOpa CKOPOCTH
=y )
TypOynentHol mudpdysmn; QO
BRIOpOCA 3arpA3HMTENA OT «HACHIIM» B IONYBATOHE;
S(x~x)o(y-y (z-2z) nenbTa-QyRKIs

Jupaka; X;, J;,Z; — KOOpIMHATbL HCTOYHHKA BbIOpOCa;

HHTCHCUBHOCTD

wg ~ CKOpOCTb IpaBUTALIMOHHOIO OCCAAHMS NbUIY; f —

BpeMs.

[TocTanoBka KpaeBbIX YCJIOBHH /U1 [aHHOTO
ypaBHeHus paccMoTpeHa B paborax {1,2,8].

B paspabotaHHOH uncACHHOR MOIE/IH HCIOIB3YOTCS
CTeAyIONINe 3aBUCHMOCTH [UTA 3aaHus Npoduis BeTpa u
BepTHKAIbHOTO Ko3(duimenta armocdepHol nuddy3uu
[5,6]:

D m

U=t — Suzzkl
Z 2y

s My = H- = kO" ’ (4)

I€ U; — CKOPOCTh BETpa Ha BBICOTE Zj (IPMHUMAETCA
zy~l0Mm); k=025 k,=0]1; p=0]16; m=1.
YucnieHHOe MHTETrpUpOBAHHE ypaBHeHuii Monesu
BBLITIOJIHACTCA H& MPAMOYIOJIbHOM Pa3HOCTHOH CceTke.
Tlpu (opmupoBaHUun pacueTHOH o0NacTH HCrONb3yeTces
meton Mapkuposarws [1,2]. C moMompfo Mapkepos
3aJaercs, MONOKEHHE O KENe3HONOPOKHOrO  BaroHa,
(opma «HacCLUIW) CHIYHEro rpy3a B MoayBaroHe (puc.2).

¥4

0 Y

Puc. 2 — [punyun mMaprxuposanus pacuemnot obnacmu
HA PA3HOCMHOU cemKe (3a0anie PopMbl 6a20HA U
dopmel epy3a 6 sazone, cenenue x=const) M- mapkep
epanuyel sazona; ¥ — Mmapkep epanuyel epysa (yens) /

Skeich of computational region and markers application:
1 - boundaries of wagon, ® — cargo

Jns pemenns Momenupyrouwx ypashenuii (1), (3)
VICTIONB3YETCH METON CETOK. Y paBHEHUE 14 NOTEHNMaNa
CKOPOCTH YHC/IEHHO WHTETPUPYETCs C [IOMOLUBIO METOZa
JIn6mana [9). TlpensaputessHO HPOBOAKTCS ClIEAYIOLIAsA
OCYIIECTBIIAETCS ANNPOKCUMALHA IPOH3BOIHBIX
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darnpasnenun OX, OY, OZ cooTBeTCIBCHHO.
C yderoM 3TOTo, B pa3HOCTHOM BHIE ypaBHEHHE
Jamnaca MOXXHO 3aMCaTh Tak:
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A Ay2
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Pe._} . k= l 3 J 4 3
2 2 2
rae A :(—n femin sl
LAx‘ Ay" Az°)

Pacuer no nanHol dopMyne mpekpailaercs
MpY BBITIONHEHHH YCA0BHUS
i pr+l no |
iPI,v/,k s P:,;/,k{ g,
rI€ # — HOMEP MTepaiuH (KOAMYECTBO LIArcB HO
«BPEMEHUY); £ — MaJioe YHCI0 (BENMYMHA TOpsjIKa

0,001).

TTocne pacuera nons noTeHuana
KOMITOHCHTbBI  BCKTOpa CKOpPOCTH  BO3QYHIHOIO
IMOTOKa Ha rpansax Pa3HOCTHBIX A4Yyeek
pacCUHTLIBAKOTCA 110 (bopmynaM:

8 . E,,‘,k - Pz—l,/,k Bo—F ,
ik = V.., =—————
J Ax i)k Ay
- R,j,k Tl
wl,j,k - Az
Tlocie pacu€Ta KOMIIOHEHT BEKTOpa CKOpPOCTHU
OCYUIECTBJIAETCA YHUCJICHHOC HHTErpupoBaHus
TPEXMEPHOTO  YypaBHeHMs  Maccomepedoca.  Jhus
YUCIICHHOTO HHTCTPUPOBAHNA YpaBHEHUA

Mmacconeperoca (3) nMpuMeHseTcs HesBHas pa3HOCTHas
cxema pacmerienms [1-3,11,12]. Ha kaxgom mare
pacileIUIeHNs] HEM3BECTHOe 3HAYeHHe KOHIICHTPALMH
MBUTH  HAXOAWTCA 1O Meromy Oerymero cyera. OTO
T03BO/IET NONYYHTh MPOCTOH anNropuT™M I pacuera
KOHLIEHTPALOHHOTO TIOJ NbL1H BOJIH3H TOJTyBaroHa.

Ha ocHoBe MOCTPOGHHBIX UHCNEHHBIX MoMenei
cosnana CFD, peanusoBaHHas Buzie MakeTa MPHKIAIHBIX
nporpamm («generic model»).

Bpems pacdera asponuHaMu9ecKoi 3a[jauu H 3a1a4n
MaccomepeHoca cocTapser mopsamka 10 cek.

PesyastaTsi
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IMpamep HPaKTHIECKOro HCTIONSL30BAHMS
pa3paGoTanHbIX YHC/ICHHBIX MOJCIEH MOKa2aH HIKe.
PaccmatpuBanics 3D MopeimpoBaHue mpouecca CayBa
YrOMbHOM THINA M3 MONYBaroHa, TPaHCHOPTHPYIOIIErO
yroms (puc.3). OtMermm, uto och X HanpaBleHa BIOMb
Barona. lLlensio pacuera sBRAACH OLEHKA pa3MEpOB,
¢$opMBI M HMHTEHCHBHOCTH (OpMHpyolneiicd obnacty
3arpsAsHeHEs B paboueil 30He BO3JE KeJIE3HOLOPOXKHOM
MarucTpai.

Puc. 3 - Cxema pacuemnoii obaacmu npu 3D
MoOeruposanuu /

Computational area, 3D simulation

Ha pucd, 5 nokasaHo KOHUEHTpalMOHHOE MO
TBIIEBOrO 3arpsA3HATENA B JIBYX CEUCHHMSX: z=const (BMI
cBepxy) M x=const {sum cOoky). CXeMaTHuecKH,
nojoxenue paboyed 3oHb Ha pucd MOKA3aHO
pacriojoxesneM paboTHHKA JKEE3HOM AOPOrH.

vl

L R -

0' coordinate x

Puc. 4 — 3ona 3azpa3nenus 603jie nOIYBAzOHA (8UO
ceepxy) /

Contamination area near the wagon (fop view)
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v

DA SO0

Puc. 5 — 3ona 30epasnenus 6o3ne nonyéazoHa (6uo
c6oky, cevenue X =const) /

Contamination area near the wagon (side view, seciion
x=constj

W3 otux pHCYHKOB BHAHO, HTO (opMHpyeTcs
ofmmpHas 30Ha 3arpA3HCHMS BO3JE I0JlyBaroHa.
OueryaHo, 4To pabOTHWKM  JKeNle3HOH  [OpOrH,
HaXOILMecs: BO3JIe JKENE3HONOPOXKHOH Marucrpanm,
NONAAI0T B 30HY BIWSHUA HCTOYHHMKA IMUCCHH YTOJIHOM
nsln (Tpy3a B IONyBaroHe). BUAHO, YTO B 30HY BIMSHHAA
rionajaert 3HAYUTENLHASA JacThb BO3/lYIIHOrO
IPOCTPAHCTBA BO3JIE MOMyBaroHa.

YMeHbIeHHe HHTCHCHBROCTH 3arpA3HEHHS
BO3AVIIHOI cpeabl B pabo9nx 30HAX Bo3Jie
KeJIE3HOXOPOXKHCH MATHCTPAJIH HPH HEPEBO3KE yI.1s

Jns  yMeHpIIEHWs.  MHTCHCHBHOCTH  IIbIIEBOTO
3arpa3HeHus pabouuxX 30H BO3NE IKENE3HONOPOKHOH
MAarucTpany [py TPaHCHOPTHPOBKE YTAA NpedIaraercs
Ha NOJIYBaroH YCTaHABJIHBATH JONONHHTENbLHBIE 00pTa,
HampuMep, TAMa «Kpbino». [t moarBepkacHUs 3TOMH
pabouelf ruioTe3bl ObLT TpoBeneH NadOpaTOpHEIH
JKCIEPUMEHT Ha MOIedd I[01yBaroHa. PesynbraTsl
IKCTIEPUMEHTA MTOKA3aHBI HIKE.

Puc. 6 — 3ona 3azpasHenus npu GMCymcmeuy
OononnumeibHuix 60pmog Ha modenu notyeazona. I —
MO0eTs 6azoHa; 2 — «wianka 2py3ay; 3 — 30Ha
3azpasHerus /

Contamination area near the wagon without additional
boards to the wagon model: 1 — model of the wagon, 2 —
"cap cargo"; 3 — contaminated area

Kak BugHo w3 puc.6  Bo3JE  NONYBaroHa
chopMHpoBanach OOLIMPHAS 30HA 3ArpA3HEHMA, LTMHA
KOTOpPOM coctaBisier Goiee HeTHIpeX «KalHOpOBy.
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Briso, yTo NpOM30LieN BBIHOC DAasIu4HBIX (PpaKiiuit
yris. bosee kpynubie (pakupy ynanu BOJIM3A MOIENH
BaroHa.

Jlanueiii  JKcnepHMEHT MOATBEpKTAeT, YTO IpH
UCMIONB30BAHMM  MOJNYBAarOHOB ©€3  JONOMHUTEIBHBIX
6oproB, dopmupyercs Oonbiias 30Ha 3arpA3HECHHA B
TPAHCMIOPTHOM KOPUIIOPE H 3a €0 NpeeNaMu.

Ha puc.6 norazana 30Ha 3arpa3HEHAs BO3NE MOLETH
[ONyBaroHa ¢ [ODONHUTSIBHBIME (OpTamMu THIA «
KPBIO».

Puc. 7 — 3ona 3acpsaznenusi 6031 MOOERU NOIYEALOHA C
Q0noIHUMENLHLIMU DOpmamy muna «kpsiion. | —
MOOenb nonysazoxa; 2 — yeone, 3 — 30Ha 3azpAsnenus /

Contamination area near the wagon with additional
boards like “wings”: 1 —wagon model; 2 — coal; 3 —
contaminated area

Kak sumno w3 puc.7, dQopmapyowascs 30Ha
3arpA3HEHNs 3HAYMTENBHO MeHbIIe, KaK IO TLIOLIAIH,
TaK ¥ [O MHTEHCHBHOCTH, YeM Jii MOJIENH BaroHa, HE
HMEIOILEro IONOMHUTCNbHBIE ©0pTa, YTO [O3BOIAET

PEKOMEHIOBATh NIPUMEHCHUE TaKHX JIOTIOMHUTENbHbIX
00pTOB Ha MpaKTHKe.

Hay‘maﬂ HOBH3HA H NPAKTHYCCKAA 3HATUMOCTDH

Cosnana 3D monens, No3BonfIoNias NPOTHO3MPOBATH
MHTEHCHUBHOCTb (JOPMHPOBAHWE 30H 3aTPsS3HEHUS BO3JIC
XKEJIC3HONOPOKHBIX BAaroHOB IIPH IIEPEBO3KE CBIMYYHX
rpy3cB. JlaHHble MOGEIM [AIOT BO3MOXKHOCTb Y4ecTh

mganbonee  cymiecTBeHHEle  Qusuueckde  (aKTOpHL,
BIISIOINHE Ha I[IPOHECC PACCEHBAHMS  IBUIEBBIX
sarpsm3Hennit B atmocgepe. Ilpencrasnemnsie 3D
YUCICHHbIE MOZSAM OCHOBaHBl HAa  TNPHMEHEHMH

(GyHIAMEHTAIBHLIX ~ YPaBHGHHH  a3POAHHAMMKA W
MacconepeHoca.

Brisoan!

1. Paccmotpenst  3didexrrsubie 3D uncienHbie
Mogenu «diagnostic modelsy s pacyera ypoBHS
3arps3HeHns atMocepbl MbUIEBbIMA BBIOpOCAMH IIpH
nepeBo3ke KEIE3HOMOPOKHBIM TPAHCIIOPTOM CHINy4UX
rpy3oB. [IpenioxeHHple MOAENH HO3BONSIOT PACCUHTATh
3D ajponuHaMyKy BETpOBOrO0 MOTOKAa H TpOLECC
MaccolepeHoca MbUTH Ha MNpUIeraiolle K iKene3Hoi
IOpore TEDPUTOPHH.

2. JlanbHeiilee  COBEpLICHCTBOBAHME  Moaenel
cnefyeT MPOBOAWTE B HAMpPaBiCHMH WX Pa3BUTHA ITA
pacyeta a’poAMHaMMKM Ha ©Oase ypaBHenni Hasbe-
Croxca.
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