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Huceprariiiina poboTa npuUCBsIYEHA PO3POOI[I METOMIB MiHIMI3aIli PIBHS
3a0pyIHEHHS HABKOJIHUIIHBOTO CEPENOBHINA BiJf MUJIOBOTO 3a0pyAHEHHS TIpU
MEePEeBE3CHHI BYTUULIS 3aJII3HUYHUM TPAHCIIOPTOM.

TpancriopTyBaHHSI BYTiUIsl BiJ] MICIb HOTO BHUAOOYTKY 3I1ACHIOETHCS B
HaniBBaroHax. IIpu 1pomy BiJOyBa€ThCS IHTEHCUBHUN BHHOC BYTUIBHOTO MUY 3
HAIIBBAaroHiB, M0 CYNPOBOKYETHCS 3a0pPYIHEHHSIM HABKOJIUIITHBOTO TTPUPOTHOTO
cepefoBUIla. AKTYyaJbHICTh TEMH MIATBEpPKEHA THUM, IO aHali3 Cy4acHHUX
METO/IIB MiHIMI3aIlli 3a0pyJHEHHS! HABKOJIHUIIIHHOTO CEPEOBUIIA BYT1IILHUM IMHIIOM
MOKa3aB, M0 BOHU TOTPEOYIOTh JOCUTh BHUCOKHMX BHUTpAT, 3aCTOCYyBaHHS
JIOJIAaTKOBOTO OOJIaJIHAHHS HAa CTAHIISIX HABaHTAXXCHHS (PO3BaHTAXKEHHsI) BYTULISA,
BUTpAaT 4Yacy Ha IMIUIEMEHTAIll0. AHali3 HayKOBUX MyOJiKalii ToKa3aB
HEOOXIHICTh CTBOPEHHS €(EKTUBHUX 1 EKOHOMIYHMX METOAIB 3aXHCTy
HABKOJIMIITHBOTO CEpPEJOBHUINA BIJ 3a0pyAHEHHS TIPpU TEPEBE3EHHI BYTULIA
3aI3HUYHUM ~ TPAHCIOPTOM.  YCTaHOBJIGHO, IO JOCHDKEHHS Ha  0asl
7a0b0paTOpHUX  Ta  MOJIOBMX  E€KCIIEPUMEHTIB  MpOIECIB  3a0pyaHEHHS
HABKOJIMIITHBOTO MPUPOTHOTO CEPEIOBHINA BYT1JIHHUM MHJIOM BUMAraroTh 3HAUHUX
MaTepiaIbHUX BUTpAT, CKJIAIHOTO OOJNaJHAHHA Ta BEJIMKOI KUIBKOCTI 4acy Ha
IPOBEJICHHA eKcliepuMeHTy. lle cTBOpIoe 3HauHi TPYAHONIl MPU BUKOHAHHI
KOMIUIGKCHUX HAayKOBHMIX JOCIHIJDKEHb 3 BUBYCHHS 3a0pyTHEHHS HABKOJIUIITHBOTO

Cepe/ioBUIIla MpPHU TMepeBe3eHHI Byruuisd. Jljg TeopeTHYHOi OLIHKUA PIiBHS



3a0pyqHEHHsS] HaBKOJHMIIHBOTO CEPEOBHINA MPHU MEPEBE3CHHI BYTULIS HANOLIbII
IIMPOKO BUKOPHUCTOBYETHCSI CIPOIIEHA MOJENb — MofeNb [aycca, y sIKiii BaroH 3
BaHTAXXEM MOJIEIIOEThCS «TOUKOIOo». Llst Mozaens He Oepe no yBaru ¢opMmy Barosa,
HE JI03BOJISIE BpaxyBaTH 3aJICKHICTh MUIOBHUIJICHHS 3 TOBEPXHI BaHTaXy BiJ
JIOKaJIbHOI MIBUJIKOCTI MOBITPSHOTO TOTOKY, IO HE JI03BOJISIE 3aCTOCOBYBATH TaKy
MOJCNIb JJIA OLIHKA €(QEeKTUBHOCTI BUKOPHCTAHHS pPI3HUX 3acO0IB 3aXUCTY
JIOBKLJUIA TIPU TIEpPEeBE3€HH1 BYriyuid. ToMy BaKJIMBUM IUTAaHHSM € CTBOPEHHS
TEOPETUYHUX METOMAIB OIIIHKK e()EKTUBHOCTI 3aCTOCYyBaHHS 3aco0IB 3aXHUCTY
HABKOJIMILIHBOTO CEPEeOBUIIA B1J] 3a0pyIHEHHS ITPU NEPEBE3ECHHI ByT LS.

Sk BIAOMO, I1HTEHCHUBHICTh MHWJIOBOTO 3a0pyAHEHHS HABKOJHUIIHBOTO
CepelloBUIIla TPHU TEpPEeBE3EHHI BYTUUIA 3alleUTh Bl 0Oararbox (akTopis,
HalBaXJIMBIIIUM 3 SKMX € IIBUAKICTH MOBITPSHOIO CEpPEAOBHINA OUII MOBEpPXHI
BaHTaXy (JIOKalbHA IMIBUIKICTh MHOBITPSHOTO MOTOKY). ToMy Ui 3MEHILEHHS
IHTEHCUBHOCTI BMHOCY BYT'UIBHOTO TWJIy 3 HaliBBaroHa B Jaucepralii oOpaHo
3ac00H, SIKi JO3BOJISIOTH 3MEHIINTH 3HAYEHHS JIOKAJIBHOI IIBUIKOCTI MOBITPSHOTO
MOTOKY OuIs ToBepXxHI BYriuis. [[is 1mbOro 3amporoHOBAaHO BUKOPHUCTOBYBAaTH
creniajgbHl JAOJaTKOBI OOpTM Ha BaroHl 3 BYTULISIM, €KpaHdU. Y AucepTaiii Ha
OCHOBI E€KCHEPUMEHTAJbHUX Ta TEOPETUYHUX JAOCIKEHb II0Ka3aHo, IO
3aCTOCYBaHHS JOJATKOBUX OOPTIB cCreliaiibHOi (popmMu («BepTUKaIbHA CTIHKAY,
«KPUJIO», «BHYTPIIIHE KPUJIO») Ta €KPaHIB 3MEHIIYE€ BHUHOC BYTIJIBHOTO MY 3
HamiBBaroHa. Ha OCHOBI TPOBENEHUX  EKCIEPUMEHTAIBHUX  JOCIIIKCHb
BCTAHOBJIEHO 3aKOHOMIPHOCTI (OpMyBaHHA 30H 3a0pyIHEHHS MIJACTUIBHOI
MOBEPXHI MPU BUHOCI BYTUIBHOTO MUJTY 3 BaroHiB 0€3 Ta 3 JI0AaTKOBUMHU OOpTamMu
ab0 ekpaHaMHu.

Jlnst Bu3HaYeHHs! €()eKTUBHOCTI 3aCTOCYBaHHS CHELlaJbHUX OOPTIB, €KpaHy
pPO3pOOIEHO KOMIUIEKC YHCEJIBHHUX MOJENEH, IO JA03BOJISIIOTh MPOTrHO3YBAaTH
3a0pynHEeHHsI aTMOC(EpPHOTO TMOBITPS B pa3l MEPEBE3CHHsI ByTLIA B HalliBBaroHax
Ta MPU BUKOPUCTAHHI 3alIPOINIOHOBAHUX 3aC001B 3aXUCTy. MoJIet0BaHHS TUJIOBOTO
3a0pyqHEHHS TOBITPS TMiJ Yac TPAHCHOPTYBAaHHS BYTUUIS B HaliBBaroHax

3IIMCHIOETHCS HAa 6a31 6araTroBUMIpHUX AU(epeHIIaIbHUX PIBHIHL MACOIIEPEHOCY.



MogenroBanHs Tipoliecy 3a0pyaHeHHs Ha 0a3il MUX PIBHSHB JO3BOJIIE OTPUMYBATH
iHpopMmalito mpo (opMyBaHHS TMOJIA KOHIEHTpalli BYTUIBHOTO MWy B YCii
JOCTIKYBaHIM 00J1acTi, a HE JIMIIE B JICSKIM TOYIl HABKOJIMIIIHBOTO CEPEIOBHUIIIA.
Po3pobneni Momemi Aar0Th MOXIIMBICTD MPOTHO3YBAaTH PIBEHb IMHJIOBOTO
3a0pyaHEeHHsST aTMOC(EpPHOro TMOBITPSA 3 YpaxyBaHHSIM KOMILIEKCY (Di3MUYHHUX
dakTopiB, SKI paHillle HE BpPaxOBYBAJIMCSI B XOIl JOCHIKEHb, a CaMe:
reoMeTpuyHoi (popMu AOAATKOBUX OOPTIB, MIBUAKOCTI MOBITPSAHOTO MOTOKY Oifsi
MOBEPXHI BaHTaXYy, IHTCHCHUBHOCTI eMicli BYTUIbHOTO MUY, JU(y3ii BYTriJIbHOTO
MIUJTY, IIBUAKOCTI PyXy BaroHa 3 BYTUIISIM.

B po60Ti 00rpyHTOBaHO 3aCTOCYBAaHHS B HalllBBArOHAX MOBITPSHOI 3aBiCH, L0
JTO3BOJISIE 3MEHIIUTH TMHWJIOBE 3a0pyJHEHHS HABKOJHUIIHHOTO CEPEOBUINA TPHU
NEPEBE3CHHI BT LS.

Takox HaOysa MOJAIBIIOrO PO3BUTKY MaTeMaTHYHA MOJEINb MPOTHO3Y PiBHS
3a0pyIHEHHS] aTMOC(EPHOTO MOBITPS MPU MEPEBE3EHHI BYTULIS, 1110 JA03BOJISE, HA
BIIMIHY BiJ ICHYIOUHMX MOJEJNEH, BpaxOBYBaTU MPHU MPOTHO31 HIBUIKICTH PYyXy
MOTATa 3 BYT1JUISAM 1 OI[IHIOBATH PiBEHb 3a0pyAHEHHS aTMOC(HEPHOTO MOBITPSI MICIIS
MIPOXOKEHHS TOTATY 3 BYriuiaM. Ha OCHOBI NpOBEIEHWX EKCIIEPUMEHTAIBHUX
JOCHIPKEHb Ta OOpOOKM MaHMX EKCIIEPUMEHTY OTpUMaHa EMITIpUYHa MOJEIh
OIIIHKA MAacH BYTUIBHOTO TMHIIY, III0 BHUHOCUTHCA TOBITPSHUM TIOTOKOM BiJ
MOBEPXHI BAHTAXKY.

[IpakTyHa MIHHICT POOOTH MOJSATAE B TOMY, IO 3alpONOHOBAHI METOIU
3aXHUCTY BiJ MHJIOBOIO 3a0PYIHEHHS HABKOJHUIIHBOTO IMPUPOIHOIO CEpPEeOBHUIIA
IpU TEPEeBE3CHHI BYTUIS NOTPEOYIOTh HEBEIMKHMX EKOHOMIYHUX BHUTpaT Ha
IMIJIEMEHTaIlif0. BUroTOBIEHHS JOAAaTKOBUX OOPTIB Ta €KpaHIB MOXe OyTH
BUKOHAHO 13 3aCTOCYBaHHSM THUIIOBOTO MPOMHUCIOBOTO oOOnamHaHHs. Jlst
IMITJIEMEHTAIlli 3alpPOTIOHOBAHUX METOJIIB 3aXUCTy HE IMOTPIOHO BCTAHOBIIIOBATH
crieriiajgbHe 00JaHAHHS HAa HABAaHTAXKYBAJbHUX CTaHIIISIX (MICISIX PO3BAHTAKCHHS
BaHTaXy), a TaKOoXX HE NOTpiOHa creliajgbHa MEPEeMmiAroToBKa KaapiB s ix
oOciyroByBaHHs. EQEKTUBHICTh 3aCTOCYBaHHS 3alIPONOHOBAHUX METOIIB 3aXHUCTY

BiI[ ITKMJIOBOTI'O 38,6py,Z[HCHHH HAaBKOJIMIIHBOI'O IIPUPOAHOTO CEPCAOBUIIIA HE



3aJIeKUTh B KIIMAaTUYHUX YMOB. Po3poOjeHi uucenbHI MOAENl J03BOJSIOTh
OTMEpPaTUBHO MPOTHO3YBATH KOHIEHTPALI0 BYTUIBHOTO MWy B aTMOC(EpHOMY
MOBITPI 3 ypaxXyBaHHAM OCHOBHHUX (Pi3MuHMX (haKTOPIB, 10 BIUIMBAIOTH Ha MPOILIEC
nuiaoBoro 3abpymHenHs. [li Momeni marOTh MOXIHMBICTH 3MEHIIUTH YacTKY
GI3UYHOTO  €KCIIEpUMEHTY IMiJI Yac IPOBEACHHSA JOCHIDKEHb Yy paMKax
PO3IISTHYTOrO HAyKOBOTO HampsiMKy. B po0oTi excrnepuMeHTanbHI pe3yabTaTu
MOPIBHIOBAJIMCSA 3 TEOPETHUYHUMH, IO OylIM OTpUMaHUMHU Ha 0a3i mMoOyJOBaHUX
yucenbHUX Mojene. Takok Oyma 3aiiicHeHa Bepuikaiis po3poOJIeHHX
YUCEIIbHUX MOJEIIEN.

Po3pobsieHi  yucenbHI ~ MoOJeNnl  Ta  METOAM  3aXUCTy  JOBKLUISA
BUkopucTtoBytoThCsl B TOB «Eneprocepsic-KP» 11t po3poOku TeXHOJIOT1T 3aXUCTy
arMOC(EepHOro MOBITPS BijJ 3a0pyJHEHHS MPU TPAHCHOPTYBaHHI 3aJ]13HOI PYyIU Ta
BYTiJUIs, a TakoX Yy HaBYaIbHOMY mporeci JIHIMPOBCHKOTO HAaIiOHAIBLHOTO
YHIBEPCUTETY 3aJII3HUYHOTO TPAHCIIOPTY IMEHI akajzemika B. JlazapsiHa.

KuiouoBi cioBa: 3a0pyqHEHHS MOBKULIS, BYTUIBHUN MWJI, MOJCIIOBAaHHS

Ba6py,Z[HeHH$I, 3aXHUCT HABKOJIHMIIHBOT'O CCPCAOBHUIIA
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The dissertation is devoted to the development of methods for minimizing the
level of environmental pollution from dust pollution during coal transportation by
rail.

The transportation of coal from its production sites is carried out in coal

wagons. In this case intensive environment pollution takes place.



The analysis of modern methods of minimizing environmental pollution
caused by coal dust showed that they require quite high costs, the use of additional
equipment at stations of loading (unloading) of coal, much time for
implementation. Analysis of scientific publications has shown the need to create
effective and low cost methods of environment protection from pollution during
the transportation of coal by rail.

It was established that scientific research of environment pollution from coal
trains on the basis of laboratory and field experiments requires significant material
costs, complex equipment and a large amount of time for the experiment. This
creates significant difficulties in carrying out comprehensive research to study
environmental pollution during coal transportation. For the theoretical assessment
of the level of environmental pollution from coal trains, the most widely used
simplified model is the Gaussian model, in which the coal wagon is modeled as a
"point”. This does not allow the use Gaussian model to assess the effectiveness of
different protection methods which are used to minimize environment pollution
during coal transportation. Therefore, an important problem is the development of
theoretical methods for assessing the effectiveness of protection methods aimed to
minimize environment pollution during coal transportation.

It is known that the intensity of dust pollution during coal transportation
depends on many factors, the most important of which is the speed of the air near
the surface of the cargo (local air flow speed). Therefore, to reduce the intensity of
coal dust emission from the wagon, in this dissertation, some tools were selected
that reduce the value of the local air flow speed near the surface of the coal. For
this purpose it is offered to use special additional boards on the coal wagon and
screens. In this dissertation on the basis of experimental and theoretical researches
it is shown that application of additional boards of the special form (“vertical
wall”, "wing", "internal wing") and screens reduces coal dust removal from a
wagon. On the basis of the performed experiments the regularities of dust zones
formation on the underlying surface, both for coal wagon without and with

additional boards or screens, were established.



To determine the effectiveness of special boards, the screen application on the
coal wagon a set of numerical models was developed. The models allow to predict
air pollution in the case of coal transportation in wagons and when effectiveness of
proposed means of environment protection. Modeling of dust air pollution during
coal transportation in wagon is carried out on the basis of multidimensional
differential mass transfer equations. Modeling of pollution process on the basis of
these equations allows to obtain information about the formation of the coal dust
concentration field in the whole study area, and not only at some point in the
environment. The developed models allow to predict the level of atmosphere dust
pollution taking with account of physical factors which were not previously taken
into account in research works in this field, namely: geometric shape of additional
boards, air flow speed near the cargo surface, coal dust emission rate, coal dust
diffusion, wagon speed.

It was shown that use of air curtain at the coal wagon allows to reduce dust
pollution of environment during coal transportation.

Also, the mathematical model for forecasting the level of air pollution during
coal transportation in wagons has been developed, which allows, unlike existing
models, to take into account the speed of coal train and estimate the level of air
pollution after passing of the train. On the basis of the performed experiments and
processing of obtained experimental data the empirical model to estimate the coal
dust rate from a cargo surface was obtained.

The practical value of the work is that the proposed methods of environment
protection during the coal transportation require low economic costs for
implementation. The manufacture of additional boards and screens can be
performed using standard industrial equipment. The implementation of the
proposed methods of protection does not require the installation of special
equipment at loading stations (places of unloading), and does not require special
retraining of workers. The effectiveness of the proposed methods of protection
against environment dust pollution does not depend on climatic conditions. The

developed numerical models allow to predict quickly the concentration of coal dust



in the air, taking into account the main physical factors influencing the process of
dust pollution. These models make it possible to reduce the share of physical
experiment during research study in this scientific field. The experimental results
obtained were compared with the theoretical ones obtained on the basis of the
developed numerical models. The developed numerical models were also verified.

Developed numerical models and methods of environmental protection are
used in firm "Energoservice-KR" to develop technology to protect air from
pollution during transportation of iron ore and coal, as well as in the educational
process of the Dnipro National University of Railway Transport named after
Academician V. Lazaryan.

Keywords: environmental pollution, coal dust, pollution modeling,

environmental protection.
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