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Application of Waterproofing Coatings for Corrosion Protection of Road Culverts Made

of Corrugated Metal Structures

Road culverts made of corrugated metal structures were initially used as small pipes in both length and
diameter. Today, road culverts made of corrugated metal structures are used with a span of 40 m and are a
composite soil-steel system and are widely used in the field of transport construction. Road culverts made of
corrugated metal structures are economical, aesthetically attractive, have the advantage of quick construction
with minimal maintenance in the future, the estimated service life is usually from 50 to 100 years.

Constantly operating in wet conditions, road culverts made of corrugated metal structures are subject to
corrosion and abrasion due to environmental influences. Corrosion occurs in several places, for example, on the
surface in contact with the soil, on the inside of the pipe where flowing water is present, or on the surface
exposed to air. This is due to aggressive substances in the air, water or soil backfill material, such as salts, metals
or other aggressive chemicals. Corrosion is the main cause of the destruction of metal structures. The rate of
degradation of materials depends on environmental conditions. The expected service time of road culverts is
determined by the durability of the material and the durability of the structure. The durability of the material
refers to the ability of the pipe to resist wear due to the natural processes of corrosion, abrasion and erosion.
When designing road culverts made of corrugated metal structures, it is important to understand the
environmental conditions throughout its service time in order to assess the suitability of the material. To ensure
compliance with the design service time requirements, the steel structure is protected with an anti-corrosion
coating.

The paper considers various protective coatings to increase the durability of road culverts from
corrosion.
waterproofing, durability, road culvert, protective coatings, corrosion
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JloC1IPKEHHST MEXaHIKU PyXy CUIIKOTO KYCKOBOTO
Martepiajay Ha pO3TiHHIN AUISHII MTHEMOTPAHCIIOPTHOTO
TpyOOIIPOBOIY BiOpalliiiHO-ITHEBMOTPAHCHIOPTHO1
MAIIIMHU TAKJIYHOT 11

IIpuBeneHi OCHOBHI pe3yiIbTaTH JOCTIIKEHb 3 PO3POOKH Ta BIIPOBA/KCHHS B BHPOOHHIITBO HOBITHIX
TeXHIYHHUX 3aCO0iB Ta TEXHOJOTIH y rajry3i reoTeXHOIOTiH, CHCTEM TPYOOIPOBIAHOTO BiOPOITHEBMOTPAHCIIOPTY,
TePMETHYHOCTI MOPOXKHUCTUX BHUPOOiITOK. HaykoBa HOBHM3HA Ta NpakTHYHA 3HAYMMICTH POOIT MOJArae B
MOXIJTMBOCTI 3HAUHO Mi/IBUILUTH €(PEKTUBHICTh TEXHOJIOTTYHHX IPOLIECIB 32 PaXyHOK BUKOPUCTAHHS OTPUMaHUX
pe3ynbTartiB. Y CTarTi MOCITIPKYIOTBCSI XapaKTePUCTHKHA PyXy YaCTHHKHM KyCKOBOI'O Marepially Ha IOYaTKOBiH
JUISTHII TPAaHCIIOPTHOTO TPYOOINpOBOY BiOpaliifHO-ITHEBMOTPAaHCIOPTHOT MaHK IukiivHoi aii (BIIML).
JiNSIHKA NM0JbOTY YACTHHOK, PyX MOOAMHOKOI YACTHHKM, TPAHCIIOPTHHIi TPYOONPOBin
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IHocTanoBka npodjemu. binbmie 60% BHPOOIEHOrO MPOCTOPY OYMCHUX BHOOIB
BYTUIBHUX Ta PYJHHUX IIAXT MiAJATAIOTh 3allOBHEHHIO 3aKJIaJallbHUM MaTepialioM 3 MyCTHUX
HOpPiJ SK 3 METOI0 MIATPUMKH IOKPIBIII 1 3MEHIICHHS MPOCIIaHHSA 3€MHOI MMOBEpPXHI, TaK 1 3
METOI0 YTHJII3aIli mycTux mopin. [[is BUpilIeHHs HaBeACHHX MPOOJIEM, JTOCTaBKH CHITKOTO
3aKJIaAagbHOro Marepiany no0 ourcHux Bu6oiB B II'TM HAH Vkpainu cnoineno 3 HHTY
pO3pO0JIEHO MPUHIMIIOBO HOBUM THN 3aKJIaJalbHOI MAlllMHU 3 TPUMYCOBUM PO3TOHOM
MaTepialy B 30HI 3aBaHTa)KEHHs - BiOpamiiiHO-THEBMOTPAHCIOPTHA MAIIMHA IUKIIYHOI Jii
(BIIMII), sixa cipomMokHA TpaHCTIOPTYBATH 3aKjIaJaIbHUA MaTepiaa Ha BiJCTaHI 10 2,5 KM
0 TPyOOIPOBOIY 3 MPOAYKTUBHICTIO 10 120 M*/rox mpu rabapurax mamuau 1,2 x 0,7 x 2,5
M. Y JOCKOHAJICHHIO KOHCTPYKIIiT MallliHU IPHUCBsIYeHA JaHa podora [2, 13-15].

AHaJi3 ocTaHHIX Jocail:keHb i myOaikamiii. 3a ocTaHHI IT'ATAECIT POKIB HApsAYy 3
PO3BUTKOM TPAIWLIMHUX BHJIIB TPAHCIOPTY B TIPHHUYIA Taly3l MIHUPOKE 3aCTOCYBaHHS
OTPUMAJIM CUCTEMHU ITHEBMATUYHOTO TPYOONPOBIAHOTO TPAHCHOPTY. AJie BUKOPUCTAHHS LUX
BUJIB TPAHCHOPTY, HE IUBJISYMUCH OYEBUAHICTH 1 3arajlbHO MPUMHATHUX iX IepeBar, He
BIJIMIOBIIaI0Th MOXKIIUBUM MaciiTabaMm iX 3actocyBaHHs. lle moB’s3aHo 3 TUM, IO 3 OJHIET
CTOPOHU 3QJIMIIAETHCSA HE BUPIIICHUM LIUIMN AT MUTaHb 3 BUBYEHHS MEXaHIKH MPOIIECIB, 110
BiZIOYBalOThCS B TPAHCIIOPTHUX TPYOOINPOBOAAX, 3 IPYroi CTOPOHH — HAIMIPHO OOMEKEHHN
00csr 1 HOMEHKJIaTypa MPOMHUCIOBOTO OOJaJHAHHS, IO BUIYCKAaeThCs B YKpaiHi. lle He
JI03BOJISIE peai3yBaTh Ha MPAKTHULI MEepeloBi 1/1ei 3 yIOCKOHAJIEHHS ICHYIOUHX 1 CTBOPEHHIO
HOBHUX KOHCTPYKIIIHf OKpEeMHUX €JIEMEHTIB TpyOornpoBigHux cucrtem [1-4, 7, 10, 11].

OnHUM 13 OCHOBHHX NUTaHb yJIOCKOHAJIECHHS 1 pO3pOOKH HOBHX IMHEBMOTPAHCIOPHHUX
MaIlluH € JTOCTIKEHHS PyXy CHITy4Oro KyCKOBOTO MaTepiany B TpyOOIpOBiAHIN cHUCTeMi Ha
PI3HHX AUISHKAX 1 Ha OCHOBI IIMX JOCIIPKEHb CTBOPSHHSI HOBUX 200 MOJIEpHI3allis iICHYIOUUX
KOHCTPYKITiK [6, 8, 12].

[Tiguac pyxy aepocymilii B TpyOOIpOBOi BUTPAYAETHCS POOOTA HA MMOIOJAHHS ONIOPY
pyXy TOBITps 1 MaTepiamxy, SKAW TpaHCHOPTYEThCcs. [HTerpampHuii (y3arajJbHEHHA)
KOe(]iIiEHT OMOpy aepoCcyMillli B TPaHCIOPTHOMY TpyOOIPOBO1 BU3HAYAETHCS SIK CYKYITHICTh
OTIOPY TEPTS TOBITPSHOTO CEPEIOBHUINA 1 TBEPAUX YACTHHOK 00 CTIHKH TpPyOOIpPOBOIY,
AepOIMHAMIYHOTO OTOpY IMOBITPSHOIO CEpelOBUINA, TEPTS TBEPAMX YACTHHOK MIX COOOIO.
[limgyac po3rsamy IHOTO CKJIAJHOTO MEXaHi3My B3a€MOJIi BHUKOPHUCTOBYIOTH CYKYITHICTh
pI3HUX METOIIB TEOPETUYHHUX 1 EKCIEPUMEHTANbHUX JOCHiKeHb. B pe3ynpraTi Takux
JIOCJIIJDKEHb pI3HUMHU aBTopamu [1, 6, 7] OTpUMaHO 3aJIeKHOCTI, II0 HOCATh YaCTKOBUH
EMIIPUYHUAN  XapakTep BHACTINOK CKJIAJHOCTI B3a€EMOAIl KOMIIOHEHTIB cyMimi B
TPAaHCIIOPTHOMY TPyOONpOBOAi. Y 3B’SI3Ky 3 IIUM, TOPSA 3 BUBUEHHSM MEXaHI3MY TEpTS
OTIOpY, OLIHIOIOTHCS TAKO’K OCHOBHI aepOJMHAMIYHHMHU TapamMeTpaMu MoToky. Ha Bemnmuuny
OTIOpy TEPTS MalTh BIUIMB TaKi MapaMeTpU aepoCcyMimni sK 00’€MHa KOHIIEHTpaIlis,
MIBUJKICTh pPyXy, Oiamerp TpyOompoBoxy 1 (i3WuHi BIACTUBOCTI CHUIKOTO KYCKOBOTO
Marepiaiy, 0 TPAaHCIIOPTYETHCH.

IlocTanoBka 3aBaaHHs. MeTolo aaHOi POOOTH SIBISETHCS aHANI3 IPOLECIB, IO
MPOTIKAIOTh HAa PO3TIHHIM AUISHII TTHEMO-TPAHCIIOPTHOTO TPyOOINpoBoay BiOparliiHO-
MHEBMOTPAHCIIOPTHOI MAIIMHU LUKJIIYHOI [ii, YNpaBIiHHA PYXOM aepoCcyMilli 3MiHOIO
nmapamMeTpiB TMOBITPSHOTO TIIOTOKY Ha MaTrepiaj, M0 TEPEeMIIIyeTbess 1 BUSABICHHS
ONTUMAJIbHUX TEXHIYHUX PIllIEHh CTOCOBHO YMOB TPAHCIOPTYBAHHS CHUIKUX KYCKOBUX
MaTepialiB 3 pi3HUMHU (I3HKO-MEXaHIYHUMHU BIACTUBOCTSIMHU.

Bukiaa ocHoBHOro marepiany. OnHiero 3 0coOIMBOCTEN MTHEBMOTPAHCIIOPTYBAHHS
TipHUYOT TOPOAH (3aKJIAAaTFHOTO MaTepiany) BiOpamiiHO-THEBMOTPAHCIIOPTHOIO MAIINHOIO
MUKIIIYHOI i1 € HEeoOXiOHICTh BpaxyBaHHsS KyCKOBaTOCTI MaTepiany (TpaHyJIOMETPHYHOTO
ckiany) (puc. 1). KyckoBaTicTh XapaKTepH3y€eThCs JIIHIHHIMH PO3MipaMH KyCKiB HACHITHOTO
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BaHTaXYy, KU BUMIPIOETHCSA 32 TPbOMa B3a€EMHO MEPIECHANKYISIPHUMH HAMPSIMKAMH, MPU
LOMY B OJIHOMY 3 LIUX HANpsAMKIB pO3Mip KyCKa IIOBUHEH OyTH MaKCUMaJIbHHUM.

Pucynok 1 — BiOpariitHo-THeBMaTHYHA MaIlIWHA [IAKIIYHOT i1
IDicepeno: pospobneno asmopamu na niocmaei [12-15]

JUIs KyCKOBHMX CHIIKMX MaTrepiajiB, 110 MarlOTh BiJIHOCHO BEJHMKY Bary, HalOUIbII
MOXJIMBI PEKUMH TIEPEMIIIIEHHST MaTepialy y BUTIISAL "BIIPUB BiJl TIOBEPXHI - 3BAXXyBaHHS B
MOTOII MOBITPS - MagiHHA" 1 "mepekouyBaHHS a00 KoB3aHHsA". Po3risiHeMo pexum "BiIpuB
BiJI TIOBEPXHI - 3BAXKYBaHHs B IMOTOIll TOBITPsI - MaAiHHA" 3 TTOBTOPEHHSM IIHOTO MPOIIECY Ha
KOKHOMY €Tarli.

JInst BU3HAYCHHS 3aKOHY PyXy CHIIKOTO MaTepiaily, MPeICTaBICHOTO IMOOJNHOKUMH
YaCTUHKAMH, NPUHAMAIOThCS HACTYIHI JOMYILICHHS: BHCOTa TPAEKTOPil pyXy UYAaCTMHKH Ha
KO)KHOMY eTami OyjJe MEHIIe HDK Ha TOMepeIHbOMY, NMPH MaJiHHI YaCTMHKH Ha HIDKHIO
MOBEPXHIO TpPyOONpoBOAY BiAOYBA€ThCS HE IIJIKOM TMPYXHUHA yaap, NPH  Vmax < 0,1d
MpUMAaeMoO, MO0 KYCKH CHIIKOTO MaTepially pyXamThcsi ©O€3 BIApPUBY BiJI JHHINA
TpyOOmpoBOay B pexumi "mepexodyBanHs a00 koB3aHHs". [IIBUIKICTH MOBITPSIHOTO MOTOKY
CTHUCJIOTO TIOBITPS B TPyOONpOBOAI Ha MAaHIN IJISHIN TOCTiHA, MOOJAMHOKI YaCTUHKH
niamerpoM d MaroTh chepuuny popmy. CyKynHICTh €TamiB 3 MiICKOKOM YaCTUHOK Ha3MBAEMO
Jaji TUITHKOO TIOJIbOTY YaCTUHOK.

Po3rnsiHeMO pyX MOOAMHOKOI YAaCTUHKU MAacolo m, iaMeTpoM d y TOTOLI CTHCIOrO
TOBITPSI TYCTUHOIO P (pHC. 2).

YactuHka BiiTa€ 1 Majgae B TpyOOHpoBiA 1O HM3XIAHIM TpaekTopii 13
3aBaHTAXYBAIBHO-PO3TIHHOI JUISHKHA JIO 3YCTpPidi 3 HUKHBOIO TOBEPXHEIO TPYOOIPOBOITY.
[TotimM BinOyBaeTbCsl 3ITKHEHHS YaCTUHKU 31 CTIHKOIO TPYyOONpPOBOAY Tak, L0 YaCTHHKa,
OJICPIKABIIHU IMITYJIbC BiJl HE LIIKOM MPY>KHOTO yIapy Y BEPTUKAIHHOMY HAMpPsIMi, IIPOJIOBKYE
MOJIIT 10 3yCTPidi 3 HIBKHBOIO TIOBEPXHEIO TPYyOOIpPOBOIY.
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PucyHoxk 2 — Po3paxyHKOBa cxeMa pyXy KyCKOBOTO CHITKOT'O MaTepiaiy y TPaHCIOPTHOMY
TpyOOIIPOBO/Ii HA AUISHII [TOJILOTY YACTUHKH
Loicepeno: pospobaeno agmopamu

Ha dvacTHHKY MilOTh B TOPH30HTAIBLHOMY HAINpPsIMi CTPYMiHb CTHCJOTO MOBITPS 3
cuyoro [1]:

N2
F = C‘upl(le —-X)°S,
“ 2
ne C, — KoedpiieHT TUHAMIYHOTO OTIOpY;
d?

Sy =

>

4 _ noma nomepevyHoro NepeTHHy YaCTHHKH;

X — MUTTEBA MIBUAKICTh YACTUHKH 110 0C1 X;

Vie _ HIBUJIKICTH TIOBITPSI.

VY3710BXK BEpPTUKAJIBHOI OC1 HA YACTHHKY [Ii€ CUJIa TSDKIHHS 1 OMOpPY MOBITPs. Y 3B'A3KY
3 UM, 10 1o oci OY BiHOCHA MIBHAKICTh YACTWHKHM MOBITPS Malli, CHJIa OMOpPY TOBITPS
BU3HAYA€THCS 3a 3aKOHOM CTOKCY

R=3mudy,

e 4 JTUHAMIYHUANA KOC(]IIiEHT B'SI3KOCTI TIOBITPS.
JudepenuianbHi piBHAHHSA, IO OMUCYIOTH PyX MOOAMHOKOI YAaCTUHKH Ha aHil
JJISTHIT TPAHCTIOPTHOTO TPYOOTPOBOY, 3aMUCYIOTHCS y BUTIIAIL [2]:
N2
. C/,zpl(le —x)°S,,
mx = ;
2 (1)
my = mg + 3 dy.

Cucrema (1) ckimamaeTscs 3 JIBOX HE3aJeKHUX MU(EPEHIIaTbHUX PIBHSIHB, TOMY

pilIeHHs X BUKOHYETHCS 1O 4ep3i. s 11boro BBOAATHCS MMO3HAYCHHS:
: PSSy
x=z, N=-+-"—2="">.
2m
Toni mepre piBHsSHHA cuctemH (1) mpuiiMe BUTIIS;

dz
E = N(le _Z)z

abo

[aTerpytoun (2) oTpUMYyIOTH:

1

Z=V ——.
' Nt+c

€)
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Iocriiina inTerpamii € BH3HAYAETHCS 3 MOYATKOBHX YMOB:

t=0, X=V) 05

1% . . .
ne **° - TOpU3OHTANIbHA CKJIaJ0BAa IMOYATKOBOI IIBHIKOCTI PyXy YaCTHHKHU Ha JaHii

IUISIHIT, $Ka JIOPIBHIOE TOPH3OHTAJBHIN CKIQAOBId KIHIIEBOI IIBHUAKOCTI pyXy Ha

3aBaHTaXXyBaJIbHO-PO3TIHHIN AUISHII TpaHCIOPTHOTO TpyOomposoay [3].

dz
Cl =
Vi—=Vao
Mixcrapmsoun €1, OTPUMYIOTh BHpa3 TOPU30HTANBHOI CKIAZOBOI IIBHAKOCTI PyXy

HOOIUHOKOT YACTUHKU:

1
Voar =V 1
Nt +
Vi— Vo
[aterpyroun Bupas (3), OTpUMYIOTb:
1
x=vit——In(Nt+c¢)+c,. 4)
N
BpaxoByroun o4aTkoBi yMOBHU:
t=0,x=0,
BU3HA4UaroTh C5:
1 1 1

¢,=—In¢,——In .
N N vi-v,,

[MincraBuBnm C, y BUpas (4) 1 NpoBIBIIK JesKi NEPETBOPEHHS, OTPUMYIOTh BHpa3
TOPU3OHTAIILHOT TPOEKITT NMUISIXY YaCTHHKH, Ha TaHIN JUISHII:

1
x=vlz‘—ﬁln[Nt—(v1 —sz,0)+1i|. %)
3acTOCyBaBIIIH MO3HAYCHHS:
3mud =a, 2k
m

Jpyre piBHSHHS cucTeMH (1) MOKHA 3amucaTH y BUTIISII:

y=g+ky. (6)
VBIBIIM 3aMIHHY
[=g+hky
3 ypaxyBaHHSIM SIKOi, piBHSHHS (6) mpuiiMe BUTIIS;
# = kdt.

[HTerpyrouu 1e piBHAHHS, OTPUMYIOTh:
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In(g +kv,,) =kt +c;, (7)

e v,, = .
Ha migcraBi (i3MUHUX MpencTaBieHb TaHOTO NPOIECY NPUHMAIOThCS HYJbOBI
IIOYaTKOB1 YMOBH:

1=0, vy, 0=V, 10, (8)

ne %Y - BepTHKalbHA CKJIAJ0Ba KiHIEBOI CKIHYEHHOI IIBHIKOCTI PyXy YaCTHHKH Ha
3aBaHTa)XyBaJILHO-PO3TiHHIN HinsHi [3];
1 — xoedillieHT BiXHOBIEHHS NMPU yJapi YACTHHKH 00 TOBEPXHIO POOOYOro OpraHy

[4].

3 MOYaTKOBUX YMOB (&) MOKHA BU3HAYUTH:
¢ =In[ (g=k(v,, ) . )

[TlincraBnsroun B (7) 3HavueHHs cl 1, MOTEHIIIOIOYM HWOTO, TICIS TEPETBOPCHD
OTPUMYIOTh BHpaA3 BEPTHKAIBHOI CKJIAOBOI MIBHUAKOCTI pyXy MOOJAMHOKOI YAaCTKH HA eTari
BiJI HMKHBOI TOBEPXHI TPyOOMPOBOAY IO BEPXHBOI TOYKHM TPAEKTOPIi MOJBOTY YACTUHKH

(Vo)

. 1
V:‘, =) :;

Yac pyxy YacTHHKU BiJl HHUXKHBOI TMOBEPXHI TPYOOMpPOBOAY [0 BEPXHBOI TOYKHU
TPAEKTOPIl MOJTBOTY BU3HAYAETHCA 3 piBHSAHHSA (7) 3 ypaxyBaHHsM (9):

[ (g—kvy, =g ]- (10)

t, = —1 In & . 11
1
k g- szy,oﬂ

[arerpytoun piBasHHS (10) OTPUMYIOTH 3aKOH PYXy YAaCTHHKHA Y BEPTHUKAIEHOMY
HarnpsMi:
kt

e t
Vi :F(g —szy,oﬂ)—%+Cz~

BpaxoByroun no4aTkoBi yMOBHU:

t=0, y=0
BHU3HAYAETLCA Co!
_ g - kVZy,OU
C2 - —2.
k

Jlnst  BupimieHHS BITHOCHO t TPAHCIEHJAECHTHOTO PIBHSIHHS BHKOPHCTOBYETHCS
kt .
pO3KJIaaHHs €y BUTIISAL PsLy:

k)’ (k)
3!

e =1+kt+ +...

JJIA MaJInX 3HAYCHb k HpHﬁMaGTBCHZ

2
o :1+kz+(k24'). (12)
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[MincraBnsitoun Bupa3z (12) B piBHSHHSA A Vi BpPaxoBYIOYM 3HAYEHHS Co,
OTPUMYIOTh:
2 2

t kt
v =S ) (13)

Pyx m0OaWHOKOT YAaCTHHKH BIJ Ymax [0 HIKHBOI TIOBEpXHI TpyOOIpoOBOIY,
aHAJIOTIYHUN pyXy ii Ha 3aBaHTaKyBaJIbHO-PO3TiHHIA AUISHIN, A€ BEpTUKaJIbHA CKJIaJ0Ba
MIBUKOCT] YaCTUHKYA BH3HAYAETHCS 3T1THO BUpa3y [3]:

v =5 1-e"),
. k( )

Yac mosibOTy YaCTHHKHU BIJ Ymax 0 HIDKHBOI TIOBEPXHI TPYyOOIPOBOY BU3HAYAETHCS
aHAJIOT1YHO 3aBaHTAXyBaJIbHO-PO3TiHHIN nutstHLI [3]:

(= [Pn (14)
g

[ToBHUI1 yac pyXy 4aCTUHKH BU3HAYAETHCS 3a JonoMororo Bupasis (11) 1 (14):

2
t=t,+t,,:lln & 4 [ e (15)
k g—kv2, n g

BennumHa ropu30HTANBHOT MPOEKINl NUIAXYy YAaCTHHKH 10 TaIiHHSA i Ha HIDKHIO
MOBEPXHIO TPYyOONPOBOY BCTAHOBJIIOETHCS IIJISIXOM IMiJICTAHOBKM 3HAI/IEHOrO 3HA4YEHHA t B
piBHsSHHS (5).

Yucnoi po3paxyHku Ha ocHOBI (opmyn (4), (5), (10), (13) 1 (15), mns OiAsSHKA
MOJILOTY YaCTUHOK BHUKOHYBAJIMCS 3 3aCTOCYBAHHSIM MPUKIAJHUX MPOTpaM NpU HACTYITHUX
3HAYEHHSAX POOOUUX MapaMeTpiB:

vl =50 m/c; m=0,00103 kr; cu=0,1; PO0=0,6 106 ITa; p2 =2000 kr/m3; p2 = 7,2 kr/mM3;
H-c

v2x,0 =22 m/c; v2y,0=1,5wm/c; n=0,000018 e ; d=0,01m;m=0,2-0,5.

Ha pucynky 3 i pucyHky 4 mpeacTaBiieHl 3aJI€KHOCTI TOPU30HTAIBHOI MPOTSIKHOCTI
JUISHKA CTPUOKOIONIOHOTO pyXy KYCKOBOIO MaTepially i BHCOTH MOJbOTY YacTUHKU Ha
MIEePIIOMY €Tari AUISTHKY MOJIBOTY B1J Koe(hilieHTa BIAHOBIICHHS MPU yAapi.

L, m
14 p
12
10 /
. /
) /
) /
2 e
0 —
0,0 0,1 0,2 0,3 0,4 1

PucyHok 3 — 3anexxHicTh rOpU30HTAILHOT TOBKHHU JTUITHKH CTPUOKOIIOIIOHOTO PyXy
KyCKOBOT'O CHUIIKOTO MaTepiaiy BiJ KoedillieHTa BiIHOBJICHHS NPH yaapi
Loicepeno: pospobaeno agmopamu
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Ymax, m
0,09

0,08 /
0,07 /
0,06

0,05 /
0,04
0,03

0,02 =
0,01 //

0,00

0,0 0,1 0,2 0,3 0,4 0,57

Pucynok 4 — 3aneXHICTh BUCOTH MONBOTY YaCTHHKH CHITKOTO MaTepialy Ha MEepIIii
IUISHII Big KoedilieHTa BiTHOBICHHS NIPH yaapi
Loicepeno. pospobaeno asmopamu

Ha puc. 5 mokazana TpaekTopis pyXy IMOOJHHOKOI YaCTUHKH B TPAHCHOPTHOMY
TpyOompoBoai npu 7 =0,4. BumeHaBeneHi rpadidHi 3aJeKHOCTI JO3BOJIIOTH OIIHUTH
XapakTep pyxy KyCKOBOTO MaTepially 3ajeKHO Bijl BapiiiOBaHUX MapaMeTpiB.

Ymax, m
0,06
0,04 //“ \\
0,02 SN
0 2 4 6 3 10 12 vm

Pucynok 5 - TpaekTopist pyxy HOOJIWHOKOT YaCTHHKH Matepiairy
B TPAHCIOPTHOMY TPyOONPOBOII IPU 1 = 0,4
Hoicepeno: pospobneno agmopamu

BucnoBku. OTXe, CyKyIHICTh IPUBEICHUX BHIIE 3aJIS)KHOCTEH 103BOJISIE BCTAHOBUTH
TPAEKTOPII0 1 Yac pyXy KyCKa CHUIKOTO Marepialy B peXuMi "BIAPUB BiJ MOBEPXHI -
3Ba)KyBaHHS B IOTOII MOBITPs - mafiHag". OpeprkaHi aHi CBiq4aTh Mpo Te, M0 B poOOYOMY
Jianma3oHl MapaMmeTpiB MPOTSDKHICTh JIJISHKUA TMOJBOTY YACTHHKHM 3aJie)KHO BiA  (i3HKO-
MEXaHIYHUX BJIACTUBOCTEH MaTepiaiy, a 30KpeMa Bia Koe(ili€HTa BiIHOBJICHHS IpH yaapi
YaCTHHKH 00 MOBEPXHIO TPYOONpoBOY, 3MIHIOEThCS Bia 0,5 M 10 12 M.

[epcrieKTUBY MOAATBIINX JAOCHIPKEHD Y JaHOMY HaIpsiMi nepeadavyaioTb CTBOPEHHS
HOBOI MAaIIMHM 3a/UI 3MEHIICHHS EHEProBUTPAT Ha TPAHCIOPTYBAHHS 3aKJIaJalbHOTO
MaTepiany.
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Study of the Mechanics of the Movement of Loose Lumpy Material in the Acceleration
Section of the Pneumo-transport Pipeline of the Vibration-pneumotransport Machine of
Cyclic action

The purpose of this work is to analyze the processes taking place in the acceleration section of the
pneumo-transport pipeline of the vibration-pneumatic machine of cyclic action, control the movement of the
aeromixture by changing the parameters of the air flow on the moving material, and identify the optimal
technical solutions regarding the conditions of transportation of loose lumpy materials with different physical
mechanical properties.

The brought results over of researches of influence of size of parts of mountain breed that is transported,
on the parameters of pneumatic portage. The got dependences are for determination of speed of pneumatic
portage and charges of the compressed air from the size of parts of material that is transported, taking into
account the parameters of the pneumatic portage system.

The combination of the above dependencies allows you to establish the trajectory and time of
movement of a piece of loose material in the "detachment from the surface - weighing in the air flow - fall"
mode. The obtained data indicate that in the working range of parameters, the length of the particle flight section,
depending on the physical and mechanical properties of the material, and in particular on the recovery coefficient
when the particle hits the pipeline surface, varies from 0.5 m to 12 m.

The research data will allow to improve the structural scheme of the vibration-pneumatic machine of
cyclic action in order to improve technical and economic indicators and work efficiency.
particle flight section, movement of a single particle, transport pipeline
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