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The problem of the removal of solid particles from the Earth's surface
formed by the movement of a high-speed train

R.Sh. Isanov!, P.R. Samsokov!
!Tashkent State University of Transport, Tashkent, Uzbekistan

Abstract: The problem of the removal of solid particles from the Earth's surface by an airflow generated by the
movement of a high-speed train is considered. The flow region is bounded by solida AB, DE boundaries
along the main section , where the pressure is constant, and by a free surface. Using Bernoulli’s integral
and the Euler equation for air, it is shown that the velocity magnitude along the free surface can be
determined. The solution is carried out using the Zhukovsky method. Subsequently, the velocity
distribution in the flow region is obtained. By averaging the velocity across the boundary layer thickness,
the average velocity of air particles acting on the solid particles is determined.

Keywords: solid particles, boundary layer, air flow, earth's surface, high-speed train.

3apaya 00 YHOCE TBEPALIX YacTHUI C 3eMHOH IMMOBEPXHOCTHU OﬁpaSOBaHHOM
ABUKEHUEM BBICOKOCKOPOCTHOI'O IO€3/1a

Hcanos P.I11.!, Camcokos II.P.!
!TaIIKeHTCKUI TOCYIapCTBEHHBIA TPAHCIIOPTHBIA YHUBEpCHUTET, TamkeHT, Y30eKucTan

AHHOTaLUA: PaccmoTpena 3aaya 06 yHOCE TBEp/IBIX YaCTHI] C 3eMHOI TOBEPXHOCTH OTOKOM BO31yXa 00pa30BaHHBIM
IBIDKCHHEM BBICOKOCKOPOCTHOTO moe3na. OOnacTb TedeHHsl OrpaHWYCHA TBEPABIMH TPAaHHLIAMH B
OCHOBHOM OTpE3Ke , BJIOJIb KOTOPOH JaBJICHNE MOCTOSIHHOE M CBOOOJHOM IOBEPXHOCTHIO. M3 HHTErpaja
Beprymnu, ypaBHeHHe Diinepa A BO3AyXa MOJIYYHM, YTO BAOJE CBOOOJHOW MOBEPXHOCTH MOAYINb
ckopoctH . Pemenue ocymectsisgeM MetonoM JKykoBckoro .Jlanee noay4uM pacipeeneHus: CKopocTen
B 00JIACTH TEYCHHUS . NMPOBOJS OCPETHEHHUS CKOPOCTH B OONACTH MO TOJIIMHE ITOTPAHUYHOTO CIIOS
OIpEeIeNIUM CPEIHIO CKOPOCTh IBMKEHUS YacTHULl BO3/1yXa, KOTOphIE IeHCTBYIOT Ha TBEPAbIE YaCTULIBL.

KitoueBsle cioBa:  TBep/ble YaCTHIIbIL, IOIPAHUYHBIN CI0M, HOTOK BO3/4yXa, 36MHas IOBEPXHOCTD, BHICOKOCKOPOCTHOM MOE31.

2. Metoa

Beenem BepxHIOIO ToOdymiockocte Gy (puc.  2)
rpaHullel KOTOpOW sIBNSiETCS JAeWCTBUTENbHAs oOch. B
obmactu Gy mepemeHHast { = & + in.

[eiictBurensHast ock npu ) = 0 coorBercTByeT. Ha

1. BBeaenmue

PemmMm 3amauy 00 oOTekaHMHM TIOTOKOM BO3IyXa
TBEPIbIX YACTHIl C 3EMHOIl IOBEPXHOCTH oOnacTu
AB,BD,CD,FBuFC.

A ¥ E rpaHune obmactu TedeHust G, SBIACTCS MEePEMEHHBIM Z =
G Bnons n = 0, —oo < & < e 3a1aHHON AEHCTBUTENHHOM
v
Z yacti (yHknun XKykosckoro w({) = 70, aBuonb ABFCDE
B M3BECTHA MHUMAsI 4acTh QyHKIHH W (().
x < | G
A B D E 0
Puc. 1. O61acTh TeueHHs] OTPAHMYEHA TBEPALIMH o f ¢ 1 E
rpanunavu AB, DE B ocHoBHOM oTpe3ke G, BIOJb J | | | |
KOTOPOii 1aBjieHUe MocTosiHHoe U EA — cBoOoAHOI A B F C D
MOBEPXHOCTHIO

Penienne ocymiecTBisieM MeToAoM JKYKOBCKOTO U
KOMILUIEKCHBIM MOTeHIHanioM w({) B 001acTi, n3MEHEHUs!

W3 wnrerpama bepuymnm, ypaBHeHnme Oiimepa Ui 9 N
KOTOpOif OyIeT mosoca IMHPHHOH ¢, TJIe ¢ Pacxo] BO3ayXa

BO3yXa IOJYy4YUM, 4YTO BJOJIb CBOGOHHOﬁ MOBEPXHOCTHU

MOZyJb cKopocTH V, (onpenenseTcs B mpolecce perieHus)
MTOCTOSTHHO.

uq=WH, o) =eEn)+ip(§ n)Beerem dynxumio
w1({) B BUIE:

w(§) = w1 (§)YT — Lomeyma () = 7.

.
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Jlns Gyuxiun wq({) UMeeM clieqyronue rpaHuvHbIe
YCIOBHUSL:
Baoms ABu FC,Imw ({) = 0;

pr
Bmoms FB,n =00<é < f,Imw ({) = >
V1-¢
Bioms €D, Imw ({) = ﬁ”.
J1-¢

Tone3ysice mHTerpamsHOi  opmynoit IllBapra,
MOTyYHNM BBIpa)KCHHUE IS ONIPESNICHUsI HCKOMOH (yHKIMit
w1({) 1 w({) mone3ysAch TPAHUYHBIMH YCIOBHAMHU IS
dynxman wy(9):

1 pmdf
wl@_ﬂfo JI-E-0)
1 ag

RN ) M

Beluncnue wHTErpansl B paseHctBe (1), momydmm,
AHAIMTHYECKOE BBIPAKEHUE JUIS HEM3BECTHBIX (YHKIMA
w1({), w({) u ckopoctu V.

_ [Vi-1—vi=c
F((: C) - \/a_'_m (2)

(@)= wi(Qy{-1=

FGNP _ %
=n [F({c) —an @)

©1(0) = ;= n(FE M) + In(FE,0),
31€Ch
W Jeia)f
Fen=lEtE A= @
w () = ;lanc + lan__ =

2,/7—1

- [F(z.f) s

p F(,c)
_[FG.0)
F@)= [F(z,c)] :

OO6nacTbl0  KOMIUIEKCHOTO —INOTEHLHana Oyner
[oJI0ca MUPUHON
g— pacxo noToka Bo3ayxa q = VyH, rae H-BbIcoTa.

n 2] vy = PR Q1 = P (0,0)

Vg_
0@ =5 =nlro

pu { = (0, e),

[F(m b
) Olrpl >

rae V({) conpsikeHHast KOMILIEKCHAS CKOPOCTb.
Taxk uro umeem

o [FGOTP
VO - Vn I:F({,f) - Vn’

OTCIOZIa Ha CBOOOJHOW TMOBEPXHOCTH MOJIyYUM, YTO
CKOPOCTBb 4aCTHUIl BO3]1yXa paBHa
dw _4a 1
V.Vo =V,
n-vo n» d { Te— {
I[J'[i[ COHpSI)KeHHOﬁ KOMILJIEKCHOM CKOPOCTH UMEEM!

F(O )
V@O =g
V() =u—iv;
Tlepemennas z = z({) onpenensieTcs paBeHCTBOM

(6)

2(Q) = (N

fo F(O(e 9]
PaBenctBa (6) u (7) naer 3aBUCHUMOCTb CKOPOCTH
KOOPJIHHATHI Z, = V(z(()) ot (.
[arnee moiyduM pacrpeieneHusi CKopocTeil B 001acTu
teuenust G,. [IpoBoas ocpenHeHHs: CKOPOCTH B 001acTH G,
MO TONIIMHE MOTPAHMYHOTO CIJIOS OIMpPEASNUM CPEAHION0

CKOPOCTb JIBIDKEHHUS YaCTHUI BO3JyXa, KOTOpbIEC NeiiCTBYIOT
Ha TBep.ble YacTUIs (puc.l). s momydeHus: TpaeKTOpUIo
OTOPBABIIUXCS TBEPJOH dYacTHIBI, BBegeM KO3()(GUIHEHT
(hopMBI (IIOBEpXHOCTh OOKOBBIX IDIONIAJCH Tparerud MU
mapa pajuyca) pacCMOTPUM CaJbTallMOHHOE JBIDKCHHUE
TBEpABIX dacTHI. [lOCKOJBKY Ha TBEpAYI0 YaCTHUILY
BO3ZICHCTBYET MMAPONMHAMHYECKAs CUJI, & CUJIA TSDKECTH
Tela MOCTOSHHO, TO IBW)KCHHMS TBEPAOW 4YacTHIbI Oyzer
canpTauuoHHBIM [1]. CpenHssi CKOpOCTh ONPENeIATCS:

ch % (0‘f+c) v, (8)

2

JlaBneHne MOTOKa BO3/AyXa OMpPEEIeTCs PaBEHCTBOM
p = pVE. OTpBIB YACTHIEI TIPOMCXOIHUT TOJ YIJIOM QT CO
CKOPOCTBbIO Vjy ¢ 3eMHOI1 TOBEPXHOCTH.
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