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BarpakoBa A.I. MOJIEJIU PACIIPOCTPAHE-
HHSI BOJIH B CUCTEMAX A3POKOCMMYE-
CKOM I'EOJIE3UU.

B pabore npoBezieH aHaIN3 BOJTHOBBIX SBJICHUIL, COIIPO-
BOXIAKOIIUX npoueccm JUCTAHIIUOHHOI'O 30HJZ[I/IpOBa-
HUA U HOHyLIeHI/I}I HepBI/I‘IHI)IX T€OAC3HYCCKUX JaHHBIX,

VIIK 519.6

B TOM YHCJIE BO BPeMsI U3bICKAHNIH aBTOMOOMIIBHBIX J10-
por u 00BEKTOB IpakJAHCKOTO cTpouTenscTBa. Ha oc-
HOBaHWH JIaHHBIX, IPUBEJCHHBIX B JINTEPATYpE, MMOKa-
3aHa HEOOXOIMMOCTh YYeTa BCEro KOMIUIEKCA TaKUX
BOJIHOBBIX SIBICHUH, a UIMEHHO: TU(PAKIUH, OTpaxKe-
HUA U pedpaknuu. [IpeanoxeHo UCIoIp30BaHHE BOJ-
HOBOTO ypaBHEHHs B Haubojee oOwieil Gpopme, yuuThi-
BAIOILIEH, B TOM YHCIJIe HEOAHOPOJHOCTh CPEbI, B KOTO-
pPOH  pacrpoCTPaHsIOTCS SJIEKTPOMArHUTHBIE BOJIHBI
(MMITyJIBCHI).

KoaioueBble ci10Ba: BOJHOBBIC SIBJICHHUS, JUCTaHIIMOH-
Hoe 3oHmupoBanue, GPS, pedpakius, cBEpXITUPOKO-
IIOJIOCHBIN UMITYJIbCHBIN CUTHAJ

Batrakova A.G. MODELS OF WAVE PROPAGA-
TION IN AEROSPACE GEODESIS SYSTEMS.
Paper is devoted to analysis of the wave phenomena that
accompany processes of remote sensing and of obtain
primary geodetic data, including activity during devel-
oping of highways and objects of civil engineering.
Based on the analysis of the data presented in the litera-
ture, the need to take into account the whole complex of
such wave phenomena, namely: diffraction, reflection
and refraction, is shown. It is proposed to use the wave
equation in the most general form, taking into account
the heterogeneity of the medium in which the electro-
magnetic waves (impulses) propagates.

Keywords: wave phenomena, remote sensing, GPS, re-
fraction, ultra-wideband pulse signal.
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PACYET 3AT'PSI3HEHUA BO3YIIIHOM CPEBI BO3JIE OTBAJIA
HA BA3E UYACJEHHOM MOJEJIA

[Ipennoxxena 2D gucnenHas MOIeNb U OLIEHKH YPOBHS 3arpsi3HEHMS BO3IYIITHON CPE/Ibl BO3JIE OTBAJIOB TOPHOPYIHOU
MIPOMBINIEHHOCTH. Pa3paboTanHas YicIeHHAs MOAETH MIPECTABIAET COO0H alPOKCUMAIINI0  YPaBHEHUS Maccomepe-
HOCa IBIJIEBOTO 3arpsi3HEHUs B aTMOc(hepHOM Bo3ayxe. Moiens Mo3BoJsIeT 04eHb OBICTPO PACCUHUTATH TI0JIE MBIJIEBOTO
3arpsasHeHus. [IpuBeneHo omnMcaHne alropuTMa pelleHus 3a/1aud 110 OLEHKE YPOBHS 3arpsA3HEHMs BO3AYIIHOW Cpeabl
BO3J1€ oTBana. [IpeacraBieHsl pe3ynbTaThl BBIYUCIUTEIBHOIO SKCIEPUMEHTA.

KuroueBblie cjioBa: 0TBaJI; 3arpsiI3HEHHUE BO3AYIIHON CPE/Ibl; paCIpOCTPaHEHHE MBUIEBIX 3arPSA3HEHUN; YHCIEHHOE MO-
JeTUpOBaHHUE.

Berymiienne.  MHOroO4YMclIEHHBIE  OT-
BaJIbl MOPObI B KpUBOPOKCKOM parioHe npe-
CTaBJISIFOT cO00# MONTOCPOYHBIC U UHTCHCHB-

HbI€ HCTOYHHMKH TBUIEBOTO 3arps3HEHUS aTMO-
chepHOTO BO37yXa. DTHU OTBAIBI SBIISIOTCS
NOOOYHBIM TPOAYKTOM JOOBIYM >KEJIE3HOM
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pyasl B paiioHe. [IblieHne oTBajIoB IPOUCXO-
JTUT B TEYCHHE HECKOJIBKHX JIET, YTO TPUBOTUT
K OTPULIATEIIBHOMY UX BO3JIEHCTBUIO HA OKPY-
KAIOUIYI0 CpeAy U KU3HENESATENIbHOCTD JIIO-
new [2, 4, 8]. B 270l CBsI3M BOZHUKAET BaXKHAS
3a/1aya 1Mo OICHKE YPOBHS MbUIEBOTO 3arpss-
HEHUs OKPY’KaIoIleH cpeasl 3arpsisHenus. Hc-
M0JIb30BaHUE MeTOoJla (PU3HUECKOTO IKCIIEPH-
MEHTa JUIsl PELeHUs] TaKUX 3a7ad CBS3aHO C
00JbIIMMH (PUHAHCOBBIMU U BPEMEHHBIMHU 3a-
Tparamu [7]. Kpome 3toro, npu npoBeaeHUH
JKCIIEPUMEHTOB OYEHb CJIOKHO JKCIIEPUMEH-
TaJIBHO BOCHPOM3BECTH BCE T€ (PU3UUECKUE
bakTopbl, KOTOpBIE BIUAIOT Ha mporecc Ghop-
MUPOBaHUS TBIJIEBBIX 30H 3arpsA3HEHUs: pa3-
JIMYHBIE METEOYCIIOBUS, U3MEHEHHE BJIaKHO-
CTH IIOPOJABI CO BpeMeHeM U T.H. Takxke Xo-
POILIIO U3BECTHO, YTO MPHU IPOBeACHUH (PU3M-
YECKUX SKCIIEPUMEHTOB Ha MOJIEIM KpaiiHe
CIIOXHO 100UThCs monobus mo uuciay Re. B
9TON CBSI3M OOJBIIOE 3HAYCHHUE MPUOOpETAET
MPUMEHEHHE METOa MaTeMaTUYECKOT0 MOJie-
JUPOBAHUS I OLIEHKU YPOBHSI MbLIEBOIO 3a-
IpsA3HEHHs] aTMOC(HEPHOro BO3yXa OT OTBa-
noB [9, 10].

Heabio nanHoil pabOTHI SIBISETCA CO-
3/1aHH€ METO/]1a FKCIIPECC OLEHKU YPOBHS IbI-
JIEBOTO 3arpsi3HeHUs aTMOC(EepHOro BO3IyXa
OT OTBAJIOB, IO3BOJIAIOLIETO ONEPaTHUBHO, B
TEUEHUU HECKOJIBKUX CEKYH/]I, IOJy4aTh Mpo-
THO3HBIE JaHHbIE 00 MHTEHCHBHOCTH 3arpss-
HEHMs pabO4YMX U CETUTEOHBIX 30H BO3JIE OT-
BaJIOB.

IlocranoBka 3apauu. Paccmarpusa-
I0TCS OTBajbl TOPHOPYAHOM OTpaciu, C Mo-
BEPXHOCTH KOTOPBIX IPOUCXOJUT IPOLECC
NBUICHUSI U paccerBaHus npumecu (puc. 1).
DT0 MOTYT OBITH KaK JIEHCTBYIOIINE, TaK U HE
neiictByromue oraibl. HeoOxonumo onpene-
JUTh KOHIEHTPAIIMOHHOE MOJie MBI B 30HE
BJIMSHUS OTBAJIOB, B IMEpPBYI0 odepeab — B
HEMOCPEeACTBEHHON OT HUX OJIM30CTH, T/Ie pac-
MoJIararoTcsi paboure U CeTUTEeOHbIC 30HBI.

MaremaTuyeckass moaesb. s mpo-
THO3a YPOBHS 3arpsi3HEHUS BO3IYILIHOM Cpe/Ibl
B pabouyMx M cenuTeOHBIX 30HAX, PacroJio-
KEHHBIX BO3JIE OTBAJIOB OyJeT HCHOJIb30-
BaTbCsl JBYXMEPHOE ypaBHEHHUE Maccollepe-
Hoca (raHoBas 3amaya) [1, 3, 5, 6]:

aC oJuC JvC kC 0 ac
gt tox Ty T = ax("‘xax>

() +ra®ser-rn,

rae C — KoHUeHTpauus npumMecH (IbUIH U ApY-
I'MX 3arps3HUTENell) B aTMOC(hepHOM BO3yX€E;
U, V, — OCpeTHEHHOE 3HAYCHHE KOMIIOHEHT
BEKTOpa CKOPOCTU BETPOBOT'O MOTOKA; K — KO-
3G UIHMEHT, YYUTHIBAIOIIUNA CKOPOCTH OCe/a-
HUS TIBUIEBOTO 3arps3HUTEN U B3aMMOJEH-
CTBHE 3arps3HUTENS C MOBEPXHOCTHIO 3€MIIH
[3]; ux, Wy — KO3pIUIHEHTH aTMOChEpHOIt
TypOyneHTHON auddy3un; Q — ocpeTHEHHOE
3HaYeHWE MHTEHCUBHOCTU SMMCCUH IBUIM OT
otBana; O(r-rj) — nenbra-QpyHkuus Jupaka;
ri=(Xi, Xy) — KOOPAMHATHI HCTOYHUKA IMUCCHH

IIBbLJIN.

Puc. 1. OTBan nopojp! B TOPHOPYAHOM paiioHe

WHTEHCUBHOCTD 3MHCCHUU TBLIM OT OT-
BaJIOB MOXKET OBITH OI[CHEHA Ha OCHOBE JKCIIe-
PUMEHTAJIBHBIX JAHHBIX WM pa3pabOTaHHBIX
Metonuk [4]. Hampumep, HHTEHCHUBHOCTH
SMUCCHH TNbUIK (T/CYT) OT HE AECUCTBYIOLINX
OTBaJIOB MOKET OBITh OIIEHEHA Ha OCHOBE M-
MMUPUYECKOMN 3aBUCUMOCTH [4]:

Q=2%10"°S

rze S — miomaab NOBEPXHOCTH OTBAJIA.

[TapameTprl MeTEOCUTYalLIni, XapaKTep-
HBIX JJI1 KOHKPETHOTI'O PETHOHA, TJIe pacioio-
’KEHbI OTBAJIbI, ONPEJIEIAIOTCS Ha OCHOBE 00-
pabOTKH TaHHBIX HAOIIOIEHU WJIH Ha OCHOBE
MIPUMEHEHUS] JIaHHBIX IIPOrHO3a METEOCTaH-
HAH.

YucaenHoe pewmenue 3agaum. [{ns
YHCIIEHHOTO MHTETrpUpoBaHus ypaBHeHuUs (1)
HCIIOJIb3YETCSl MONEPEMEHHO — TPEYTOJIbHAS
HEesBHasg pa3HOCTHAas CXEeMa paclleIUIeHUs
[1,5, 6]. PaccMOTpUM MPHHIMIT OCTPOCHHUSI
9TOU CXEMBI.
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KoHBeKkTHBHBIE IPON3BOAHBIE TIPEACTA-
BHUM B BUJIC:

ouC ou'C Lau¢C

OX OX OX
ovC 8V+C avC
oy oy oy
awc_aw+c+aw—c
oz 0z oz
reu_,__u+|u|_u__u—lul_v_|__v+|v|_
I[ - 2 ) - 2 ) - 2 )
v—vl . w+iwl _ w—Iwl|
Tt W Ty W T

I[JI?I AIMpoOKCUMallui KOHBCKTUBHBIX
MMPONU3BOJHBIX UCIIOJIb3YCM BbIPAKCHUA:

+ n+1 + n+1
ouC Uiy, kCijk ~UikCiTik _ | roni
oX AX X
- = chl - chl
ou C Uiy j kil jk —Yijkbi jk _ L=
OX AX X
+ v C v —vit:Ci:
ov'C Vi j+1kbi ik Vi jkbij-1k _ LHontl
~ -y
oy Ay
ov'C Vi jrkCi j+1k =i, jkCijk L-on+
oy Ay Y
L,k LK i, jkvi, j k-1 _L+Cn+1
o Az S
W C Wi jkeaCijket =W jkCiik _ | —na
o Az -
1
e Uity jkCilk - — UikCi1, j.k
rIe AX
_ n+1 — ~n+l
~ Uiy, j kCisjk — Uik Cijk s Lt LS
X ™ AX ! yr =y =202z 060_

3HAYEHUE PA3HOCTHBIX ONEPATOPOB IpU all-
MPOKCUMAIIMM KOHBEKTHUBHBIX MPOU3BO/IHbIX.

Bropele mpou3BOIHBIE aANIIPOKCUMU-
PYEM CIEAYIOIHUMU BBIPAXKEHUSIMU:

1 1
Kl P oC i ik —CilTk _
6)( X X

x Ax? X
2 [# RC] i cMhk -clik .
ay y ay y AyZ y AyZ
6( ac clla-Clik ek -clika
P Hz —— a z A2 Hz A2
B JaHHBIX BBIPAXKCHUAX
n+1_ ~n+1

n+l n+l
Cijk —Ci-1jk
AX?
n+l n+l
CI jk— CI j-1k

- h+l + AN+l
=M C T+ M,

—~n+l +~n+l
=MzC™ 4 MmjcL

Ci'h —C;
+ _ Lk “i-1jk, + . - .
M = —po =575 M3y My,
+1 +1
_ Civtjk—Cijn + _
My = —pp =555 M35 M7, — 0Go3Ha-

YCHU PAa3HOCTHBIX OIICPATOPOB IIPH aIlIIPOK-
CUMalu BTOPBIX IPOU3BOJHBIX.

— ~n+l + ~n+l
=My, CM My CMH

C YUYCTOM 3THX O603Ha‘-IeHI/II71, pa3HOCT-
HBII aHaJor TPEXMEPHOI'O0 YpaBHCHUS IICPEC-
HOCa MpuMecH OyIeT UMETh BUJ:
cMl _ch.
i, j.K TV gk
At
:(,\A;rxcrwrlJr M;XCnJrlJr M;rycrwl+ M;yanrlJr Mzrzcn+1+ M;ZCHA).

+ 5™ BCM e+ e L™+ 15CM 4 o0 =

IIpon3BoHas 10 BpeMEHH IpeJICTaBIs-
n+1 n
o _Gij -G
etcaTax: & AU
IIpy MHTErpHMpOBaHMU Ha BPEMEHHOM
unTepaine dt mpousBeneM pacluenieHue JaH-
HOT'O YpaBHEHUs CIEYIOLIUM 00pa3oM:
1
Ha [IEPBOM BPEMCHHOM mare k = n + -
k n
ckix-cly
Sk Bk Lok ek ek Ok =
At 2 4
“LMpck e MgC™ Mk My Ch s MACK s MpCh)
TV XX yy yy z 7~ )

) )
Ha BTOPOM BPEMEHHOM mmare k = n + p
1
c=n+-
4
k c
Gk —Gijk 1( Sk k- k) ok
T+§ LC+L,C" +L,C +Zci‘j’k =
=L (MpCh + MpCC + My C 4 M CE + MpCk 4 MECE)
TV XX vy vy brd 7z 1(3)
3
Ha TPEThEM BpEeMEHHOM mare k = n + "
1
¢ =7 + -l MCroNb3yeTcs dbopmyna (3),
Ha YeTBEPTOM BpeMeHHOM mare k = n + 1;
3
¢ =n + I ucronksyercs dopmymna (2).
Ha nsrtom mare wucmonsdyercs ¢op-
Mya:
gn+l  gn
Ci,jk—Ci,jk
At

Q (t n +]/ 2 )
AXAYAZ

3@

1=1

OyHKIMU O TOKIAECTBEHHO PaBHSIOTCS
HYJII0, KPOME STUEEK, I/I€ PACTIONOKEH MTEPBBIN
MCTOYHUK 3arpsiI3HEHUS.

YucneHHsll pacyeT NPOBOJUTCS Ha IIpsi-
MOYTOJIbHOU pa3HOCTHOM ceTke. st popmu-
POBaHUs T€OMETPHUECKOM (POPMBI OTBaANA, KaK
IUIOUIAIHOTO UCTOYHUKA MBUICHUS, TPUMEHSI-
10TCst Mapkepsl [1, 5, 6].

Pe3yabTaTsl. Ha ocHOBE OCTpOEHHOM
YHUCICHHOM MOojenu pa3paboTaH MakeT Hpu-
knagHbIX mporpamm «PILE-2D-Ky. Ha puc.2,
3 NoKa3aHO pACHpENEICHUE W30JIMHUN KOH-
LEHTpalllu MbUIM B PETHOHE, TJIe Pacmoio-
JKEHBI 1Ba oTBaja. PacyeT BbIMOIHEH U1 pas-
JUYHBIX HAIpaBJICHUH CKOpPOCTU BeTpa (/Ba
cueHapus). HanpaBnenue 1BUkeHUs BO3AYII-
HBIX MAaccC I0Ka3aHO HA PUCYHKAaX CTPEIKOM.
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7 allf

D=+ =000

=

////.‘L n.

A

coordinate x
Puc. 2. 3oHa neuIeBoOro 3arps3HeHus MpU I0ro—3anaji-
HOM BeTpe (IIepBHIi crieHapHif)

M+ =000

=

coordinate x

Puc. 3. 30Ha NBUIEBOTO 3arpsi3HEHUS TIPU FOT0-3a1mal-
HOM BeTpe (BTOpOii CrieHapHii)

ITonoxenue 0TBaIOB XOPOILIO BUAHO HA
PUCYHKaX KaK MECTO 3arpsi3HEeHUs ¢ OOJIbLINM
IPAJMEHTOM KOHIEHTpauuu npumecu. U3
MpEaACTaBJICHHBIX PUCYHKOB BUJIHO, UTO U3MEC-
HEHUE HAINpaBJICHUs JBU)KCHMS BO3JYLIHBIX
Macc KapJIWHalIbHO H3MEHseT (opmy, pas-
Mepbl, THTEHCUBHOCTb 30H IIBIJIEBOTO 3arps3-
HCHUSA BO3JIC OTBAJIOB, UTO IMPUBOAUT K pas-
JUYHOW WHTEHCUBHOCTH 3arpsi3HEHUS CENlU-
TEOHBIX 30H BO3Jie OTBaJIOB. Hampumep, npu
BTOPOM CILICHApUM JABWXKCHHUS BO3AYIIHBIX
MacC 3HAYWTEJIbHAs 4acTh TEPPUTOPUH, pac-
IIOJIOXKEHHOM C BOCTOYHOM CTOPOHBI OT OTBa-
JIOB TIOJIBEPraeTCsl CWIBHOMY 3arpsi3HEHUIO.

BobiBoabl. B paboTe paccMoTpeH MeTo[
pacuera MbUIEBOrO 3arps3HEHHs] aTMocdep-
HOT'O BO3/yXa BO3JI€ OTBaIOB. PacueT ocHOBaH
Ha YHUCJIEHHOM MOJIEJIMPOBAHUM IIpoLecca
pacceuBaHys MBUIEBOIO 3arpsA3HUTEINS, KOTO-
PpbIH BeIICIISIETCA OT OTBaja. [l pacdera pac-
CeMBAHUS MTBIIH B aTMOC(HEPHOM BO3TyX€ MPH-
MeHseTcss 2D ypaBHEHHME MacCOIepeHoca.
JlanbHenniee COBEPIIEHCTBOBAHUE JIAHHOIO
HAIIpaBJIEHUs CIEAYeT IIPOBOAUTL B Halpas-

neHuu co3aanus 3D yncneHHon MoIenu, yuu-
THIBAIOLIEH BUXPEBOE JIBUKEHHUE BO3IYIITHOTO
MOTOKA.
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Binses M. M., Kipiuenko II. C., Kaimenko I. B. PO-
3PAXYHOK 3ABPYJHEHHS TOBITPSIHOI'O
CEPEJOBHMIIA BLJISI BIIBAJIA HA BA3I UH-
CEJIbHOI MOJEJII

3anpornoHoBaHa 2D 4ncenpHa MOJENB ST OIIHKH PiBHS
3a0pyHEHHSI IOBITPSTHOTO CEPeIOBUITIA O1JIS BiIBAJIIB Tip-
HUYOPYIHOI MpoMHcIoBOCTi. Po3pobieHa uncensHa Mo-
JIeTb SIBJISIE COOO0 ampOKCHMAIIiI0 PIBHSHHS Macorepe-
HOCY ITHJIOBOTO 3a0pyJHEHHS B aTMOC(HEpPHOMY IOBITI.
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Mozenb 103BOJISE y’Ke MIBHIKO PO3PaxyBaTH MHOJE MH-
JIOBOTO 3a0pyaHeHHs. HaBeneHo omuc anropuT™My po3B's-
3aHHS 33/1a4i TI0 OIHIN PiBHA 3a0pyJHEHHS HOBITPSIHOTO
cepenoBmia Ours BigBay. [IpencraBieni pe3ymbraTe 00-
YUCITIOBAJIBHOTO eKCIICPHMEHTY.

KurouoBi cinoBa: BimBan; 3a0pynHEHHS IMOBITPSHOTO
Cepe/IOBHINA; TOIMPEHHS TUJIOBUX 3a0py/IHEHB; YnCe-
JIbHE MOJICJIIOBAHHSI.

Biliaiev M. M., Kirichenko P. S., Klimenko 1. V.
CALCULATION OF AIR POLLUTION NEAR
MINE PILE ON THE BASIS OF THE NUMERI-
CAL MODEL

YK 502.3: 504.5: 629.33

A 2D numerical model is proposed for estimating the
level of air pollution near the mile piles. The developed
numerical model is based on equation of pollutant trans-
fer in atmosphere. To solve the modelling equation im-
plicit difference scheme is used. The numerical model
makes allows quickly to compute the field of dust pol-
lution near mine piles. A description of the algorithm
for solving the problem of assessing the level of air pol-
lution near mine piles is considered. The results of the
computational experiment are presented.
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SIMULATION OF POLLUTION DISPERSION FROM ROAD TRAFFIC

Development of numerical model, which allows quick computation air pollution in streets from vehicles. The constructed
model based on the equation for the velocity potential (the model of the irrotational flow) and the mass transfer equation.
The equation for the velocity potential is used to calculate the velocity field of the air flow in the presence of cars on the
road. To solve the equation for the velocity potential, an implicit difference scheme of "conditional approximation" is
used. For numerical solution of the mass transfer problem, an implicit alternate-triangular difference scheme is used. The

developed model allows to estimate the sizes, the form and intensity of a zone of pollution at a motorway.
Keywords: pollution of the atmosphere; emissions from vehicles; numerical simulation.

Introduction. Road traffic is an inten-
sive source of air contamination in streets.
Road traffic emitt different pollutants which
include carbon monoxide, nitrogen oxides,
particulate matter, etc. Changing in city infra-
structure will influence the traffic intensity in
streets and results in new level of contamina-
tion. This level must be predicted at the stage
of project developing. Application of physical
modeling, in this case, is very expensive [8].
More convenient is mathematical simulation.
For quick prediction empirical models are
used [1]. These models are convenient in prac-
tice, especially when we must run many “pi-
lot” calculations. The lack of these models is
that they do not take into account geometrical
“features” in streets (presence of vehicles, etc).

Application of CFD models allow to ob-
tain practically all necessary information
about air contamination in streets [1,2,6, 8-10].
A lot of modern CFD models are based on Na-
vier — Stokes equations coupled with turbulent

models. Worthy of note, that application of
Navier — Stokes equations needs application of
very fine computational grid during the com-
putational experiment to simulate in detail the
process of vortexes formation and their disper-
sion and interaction in the region having com-
prehensive geometrical form. Using the model
of viscous fluid (Navier — Stokes equations)
we must use very fine grid inside in
computational domain and in the boundary
layers. This is a real problem if we have large
dimensions of the buildings, obstacles in
streets. So, in case of Navier — Stokes equa-
tions application it is necessary to use power-
ful PC and every computational experiment
consumes much time. This is not convenient
when we must run a lot of practical calcula-
tions considering different scenario of air pol-
lution in streets and, especially, when we try to
find the effective protection measures because
in this case we must consider many alternative
variants of protection. In this case it would be
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