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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 = Cypl(le_x) Sy
# 2

b

ne C, — KoedillieHT IUHAMIYHOTO OTIOpY;
_rd 2

4 _ TI01Ia MOIEPEUHOTO IIEPETUHY HACTUHKH,

SM

X — MUTTEBA MBUIKICTh YACTHHKH IT0 OCi X

v . .
¥ — IIBUJIKICTh OBITPA.
VY3710BXK BEpPTUKAJIBHOI OC1 HA YACTHHKY [Ii€ CUJIa TSDKIHHS 1 OMOpPY MOBITPs. Y 3B'A3KY
3 TiM, 10 1o oci OY BiHOCHA MIBHIAKICTh YACTWHKHM MOBITPS Malli, CHJIa OMOPY TOBITPS
BU3HAYA€THCS 3a 3aKOHOM CTOKCY
R =3mudy,

e My JTUHAMIYHUN KOe(ili€HT B'SI3KOCTI TOBITPSI.
JudepenuianbHi piBHAHHSA, IO OMUCYIOTH PyX MOOAMHOKOI YAaCTUHKH Ha JaHid
JJISTHIT TPAHCTIOPTHOTO TPYOOTIPOBOY, 3aMUCYIOTHCS y BUTIIAIL [2]:
-\2
. G0 Vi, —X)°S), .
mx = ;
2 (1)
my = mg + 3 dy.

Cucrema (1) ckimamaeTbCs 3 JTBOX HE3ICKHUX NU(PEPEHINIATBHUX DPIBHSIHb, TOMY
pilIeHHs X BUKOHYETHCS 1O uep3i. [y 11boro BBOAATHCS MO3HAUYCHHS:
. PSSy
x=z, N=—+——.
2m
Toxi nepue piBHsAHHS cuctemH (1) mpuiiMe BUTIISAA:

dz
E: N(le _2)2

abo

dz
——— = Ndt. (2)

(le - Z)
[aTerpytoun (2) oTpUMYIOTH:

1

Z=v,——.
Nt +¢

€)

¢

[Tocriiina iHTerparii ! BU3HAYAETHCS 3 MOYATKOBUX YMOB:

104



[SSN 2664-262X I{eHTpanbHOYKpaiHChKHiA HayKoBHiA BicHUK. TexHiuni Hayku. 2024. Bum. 10(41), 4.l

1=0,x=v,,,

1% . ) .
ne 2% - rOopH30HTaJbHA CKJIAJIOBA IMOYATKOBOI IMIBUIAKOCTI PYXy YaCTHHKHU Ha JIaHIN

IUISIHIT, $Ka JIOPIBHIOE TOPH3OHTAJbHIM CKIAAOBii KIHIEBOI IIBUAKOCTI pyXy Ha
3aBaHTAXKyBaJIbHO-PO3TTHHIN AUISTHII TPaHCTIOPTHOTO TpyOomposoay [3].

dz

G =——.
Vi=Vaeo

ITigcraBnsarouun Cl, OTPUMYIOTh BHpa3 TOPU3OHTAJIBHOI CKIAJ0BOI MIBUIKOCTI PYXY
HOOIUHOKOI YACTUHKU:

1
Var =V 1
Nt +
Vi~V
[arerpytoun Bupas (3), OTpUMYIOTh:
1
x=vit——In(Nt+c¢,) +c,. “4)
N
BpaxoByrouu moyaTkoBi yMOBH:
t=0,x=0,
BU3Ha4aroTh C>:
1 1 1

¢,=—In¢,——In .
N N Vi= Voo

[MincraBuBnm C, y BUpas (4) i NpoBIiBIIK JesiKi NEPETBOPEHHS, OTPUMYIOTh BHpa3
TOPU3OHTAIILHOT TPOEKITT NMUISIXY YACTHHKH, Ha JTaHIN JUISHII:

1
x=vlz‘—ﬁln[Nt—(v1 —v2x,0)+1]. (5)
3acTocyBaBILY O3HAYEHHS:
3nud=a, L=k
m

Ipyre piBHAHHA cucTemH (1) MOXKHA 3aMucaTu y BUTIISL:

y=g+ky. (6)
VYBIBIIM 3aMiHHY
l=g+ky
3 ypaxyBaHHSIM SIKOi, piBHSHHS (6) mpuiiMe BUTIIS;
# = kdt.

[HTerpyrouu 1e piBHAHHS, OTPUMYIOTh:

In(g +kv,,) = ki +c,, (7)
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Ae V,, = .
Ha mingcraBi (i3wyHMX TIpeACTaBICHh [AHOTO TIPOILECY NPUUMAIOTHCA HYJIBOBI
MOYaTKOBl YMOBH:

1=0, v, ,==Vv,,1, (8)

Je 2 - BepTHKaJbHA CKJIQJOBa KiHIIEBOI CKIHYCHHOI MIBHIKOCTI PyXy YaCTHHKH Ha
3aBaHTAXyBaJIBHO-PO3TIHHIN AUIAHII [3];
1 _ xoedimienT BimHOBIEHHA NpU yaapi YaCTHHKH 06 MOBEPXHIO POOOUOr0 OpraHy

[4].

3 MOYaTKOBUX YMOB (8) MOXHA BU3HAUHUTHU:
¢ =In[(g—k(v,, )] )

[MigcraBmsiroun B (7) 3HadeHHs cl 1, MOTEHIIOIOYM HOTO, MICHS TEPETBOPEHB
OTPUMYIOTh BUPa3 BEPTHKAJIBHOI CKIAZO0BOI IIBUAKOCTI PyXy MMOOAWHOKOI YAaCTKH Ha eTari
BiJl HI)KHBOI MOBEPXHI TPYOOINpPOBOMY IO BEPXHBOI TOYKM TPAEKTOPIi MONBOTY YaCTUHKU

(Vo) :

2y

N
y! =yl=g[ek (g—hkvy, g -g ] (10)

Yac pyxXy YacTHHKH BiJ HW)KHBOI TOBEpXHI TPYOOIPOBOMY 10 BEPXHBOI TOUKH
TpaeKTOPii MOJBOTY BU3HAYAETHCA 3 piBHAHHSA (7) 3 ypaxyBaHHsM (9):

t :—1 ln—‘g . 11
1
k g—szy,oU

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

e t
Vi =F(g_kvzy,on)_%+cz'

BpaxoByroun mo4aTkoBi YMOBH:

t=0, y=0
BHU3HAYA€THCA Cy.
_ g _kv2y,077
G =—75"".
k

Jlns  BUpILIEHHS BIIHOCHO t TPAHCLEHAEGHTHOIO pIBHSIHHSA BHUKOPUCTOBYETHCS

kt .
po3KiafanHs €y BUTISAL pAay:

2 3
o (0 M (O

21 3!
JUISL MAJTMX 3HAYCHb k IpUitMaeThCs:

2
ek’:1+kt+%. (12)
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[igcrasmsiroun Bupas (12) B piBHsHHA wis 27 1 BPAaXOBYIOYH 3HAYCHHS Co,
OTPUMYIOTh:
gt} kt;

Yi :T_sz,on(T_"'t])- (13)

Pyx moOmMHOKOI YACTHMHKU BiJl Ymax /[AO HIDKHBOI TIOBEpXHI TPyOOMpOBOIY,
aHAJIOTIYHUN PyXy 11 Ha 3aBaHTAXyBaJbHO-PO3TIHHIM IJSHIN, 1€ BEpPTHKaJbHA CKJIAI0Ba
HIBUIKOCTI YaCTUHKH BH3HAYAETHCS 3T1IHO BUpasy [3]:

v =B (1ot
L=20-e

Yac monboTy YaCTUHKHU BiJl Ymax A0 HIDKHBOI TIOBEPXHI TPYOOIPOBOY BH3HAYAETHCS
aHAJIOTIYHO 3aBaHTAXXyBaJIbHO-PO3TIHHINA A1sHII [3]:

(= |PLnen (14)
g

[ToBHMIT yac pyxy YaCTUHKH BU3HAYAETHCS 3a JOMTOMOToro Bupasis (11) 1 (14):

2
b=t 41, =i [PV (15)
k g—kv2y,077 g

BenmnurHaa TOpU30HTANBHOI MPOEKINT NIIAXY YACTHHKWA O MAJiHHS il HAa HIKHIO
MOBEPXHIO TPYyOONPOBOY BCTAHOBJIIOETHCS IIJISIXOM ITiJICTAHOBKM 3HAI/IEHOTO 3HAYECHHA t B
piBHSIHHS (5).

UYucinoBi po3paxyHku Ha OcHOBI Qopmyn (4), (5), (10), (13) 1 (15), ansg nuIstHKH
HOJIBOTY YaCTHHOK BUKOHYBAIHCS 3 3aCTOCYBAaHHSM NPHKJIAJAHUX MPOrpaM MPH HACTYITHHX
3HaYeHHAX poOOUYNX MapaMeTpiB:

vl =50 m/c; m=0,00103 kr; cu=0,1; P0=0,6 106 ITa; p2 =2000 kr/m3; p2 = 7,2 kr/mM3;
H-c

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

Ha pucynky 3 i pucyHky 4 mpezcTaBieHi 3aJeKHOCTI TOPH30HTAIBHOI MPOTSHKHOCTI
JUISHKA CTPUOKOIONIOHOTO pyXy KYCKOBOTO MaTepially i BHCOTH MOJbOTY YacTUHKU Ha
MEepIIOMY eTari IIJISHKY MOJIBOTY BiJ KoeillieHTa BiTHOBJICHHS MIPH yAapl.

L, m
14

12
10 -
87

S NN B~ O
!

0,0 0,1 0,2 0,3 047y

Pucynok 3 — 3aiexHiCTh TOPU30HTATIBHOT TOBXKUHH TUISHKHA CTPUOKOMIOIIOHOTO PYXY
KYCKOBOT'O CHITKOTO MaTepiany Bif kKoedilieHTa BiTHOBICHHS IpH yaapi
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Jicepeno: pospobneno asmopamu

Ymax, m
0,09

0,08 /’
0,07 /
0,06

0,05 /

0,04

0,03

0,02 //
0,01 e
0,00 — | ‘ ‘

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

PucyHOK 4 — 3aneKHICTh BUCOTH MOJBOTY YACTHHKH CHITKOTO MaTepialy Ha MepIIii
IUISHIN Big KoedilieHTa BiTHOBICHHS PH yaapi
Hoicepeno: pospobneno agmopamu

Ha puc. 5 mokazana TpaekTopis pyXy HOOAMHOKOI YAaCTUHKA B TPAHCIOPTHOMY
TpyOompoBomi npu 1  =0,4. BumienaBeneHi rpadivni 3a€KHOCTI TO3BOJSIOTH OIIHUTH
XapakTep pyXy KyCKOBOTO MaTepiary 3aJie)kKHO BiJl BapiliOBaHHUX ITapaMeTpiB.

Yiiax, m
0,06
0.04 /f \\
0,02 ~
/A VA N
0 5 4 6 8 10 12 x, m

Pucynok 5 - TpaekTopist pyxy HOOJIWHOKOT YaCTHHKH Matepiairy
B TPAHCIIOPTHOMY TPyOOIPOBOI IIPH 1 = 0,4
Hoicepeno: pospobneno agmopamu

BucnoBku. OTXe, CyKyIHICTh IPUBEACHUX BHIIE 3aJIE)KHOCTEH J103BOJISIE BCTAHOBUTH
TPAEKTOPII0 1 Yac pyxy KyCKa CHUIKOTO Marepialy B peXuMi "BIAPUB BiJ MOBEPXHI -
3Ba)KyBaHHS B MOTOII MOBITPs - mafiHag". OpeprkaHi 1aHi CBiq4aTh Mpo Te, M0 B poOOYOMY
Jianma3zoHl MapaMmeTpiB MPOTSDKHICTh JIISHKA TMOJBOTY YAaCTHHKHM 3aJIe)KHO BiA  (i3HKO-
MEXaHIYHUX BJIACTUBOCTEH MaTepialy, a 30KpeMa Bia Koe(ilieHTa BiIHOBJICHHS IMpH yaapi
YaCTHHKH 00 MOBEPXHIO TPYOONpoBOY, 3MIHIOEThCS Bia 0,5 M 10 12 M.

[epcriekTUBY MOAATBIINX JAOCHIPKEHD Y JaHOMY HaIpsiMi nepeadavyaroTb CTBOPEHHS
HOBOI MAaIIMHM 3a/UI 3MEHIICHHS EHEProBUTPAT Ha TPAHCIOPTYBAHHS 3aKJIaJalbHOTO
MaTepiany.

Crucok jiteparypu

1. Poturayev V.N., Voloshin A.I., Ponomaryov B.V. Investigation and Design Considerations for Vibrating
Pneumatic Units in the Bulk Material Transport Systems / Bulk materials: keeping, loading and unloading
operation and transportation. Pap. 3 rd Int. Conf. Newcastle, Australia, 27 - 29 june 2000.

108



[SSN 2664-262X I{eHTpanbHOYKpaiHChKHiA HayKoBHiA BicHUK. TexHiuni Hayku. 2024. Bum. 10(41), 4.l

11.

12.

13.

14.

15.

Poturayev V.N., Voloshin A.l.,, Ponomaryov B.V. Vibratory pneumatic machines for transportation of
bulk materials / Pap. 4 th Int. Conf. of Pneumatic Conveying. Budapest, Hungaru, 2002.

Poturayev V.N., Voloshin A.I., Ponomaryov B.V. Periodical regimes of solid particles motion in the gas
flow horizontal channal / Pap. The 18 Int. Congr. Theor. and Appl. Mech. (UTAM). Haifa, Israel, 2001.
Bonommn O.1., Bynar A.®., [Tonomapenko C.M., Kopatok O.JI. MexaHika aBo¢a3sHux noTokis. Tom 2.
BiOpauiiinuii BIUIMB NpW MHEMO-TPaHCIIOPTyBaHHI cunkux Marepianis. K.: Haykoa mymka, 2019. 148 c..
Bomomma O.1., [Tonomapenko C.M. MexaHika nBO(a3HHX IOTOKIB y ITHEMO-TPAHCIIOPTHUX CHCTEMax
exexropHoro tumy. K.: HaykoBa mymka, 2020. 168 c. [in Ukrainian].

Ponomarenko S. Efficiency and reliability of the ejector-type pneumatic transport facilities application in
mining industry. International independent scientific journal Ne 24. Krakow, Rzeczpospolita Polska.
2021. P. 40-45.

[TonomaproB b. B. Po3BuTok Teopii BIOpOIHEBMO-TpaHCIIOPTYBaHHS 3aKJalalIbHUX MaTepiajiB: Juc. -
pa texH. Hayk: 05.15.11 / HAH VYkpainu; [HctutyT reorexniunoi mexaniku im. M.C. TTonsikosa. /1., 2006.
I'yuna B.M. HoBa xoHnemnuist Ta i peasnizaiis B po3poOkax BUCOKOE()EKTHBHUX 3aCO0IB THEBMAaTHYHOT'O
TpaHCIIOPTYBaHHS cullyunx Marepianis / B.M. I'ymun // Mammno3nasctso, 2000, Ne2 (23). C. 39-43.
Bredenbruch E. Entstehung und Verhiitung von Gruben branden // Gliickauf. 2004.H. 15/16.P. 393-404.
Tsuji Y., Morikawa Y., Tanaka L. Numerical simulation of gas-solid twophase flow in a two-dimensional
horizontal channel // Int. J. Multiphase Flow. 2017. 13, Ne 5. P. 671-684.

Li K., Kuang S. B., Pan R. H. (2014). Numerical study of horizontal pneumatic conveying:effectof
materia lprop—erties, PowderTechnology, vol. 251. P. 15-24. doi: 10.1016 / j. powtec. 2013.10.013
Bomnommn O.1., Sluyn B.B. Jlesiki nuTaHHs CTBOPEHHsI 3aKiIafajibHUX BiOpaIiifHO-ITHEBMATUYHUX MAIUH
wuKiiHol il 36ipuuk nayxosux npayv HI'A, eun. 2 (34). Cyuacui wiisxu po3eumky 2ipHUY020
obnaonanns. Juinponerposcek: HI'A, 2007. C. 67-73.

A. c. 1444541 CPCP, MKI E 21 F 15/10. Bi0pauiiiHo — mHeBMaTH4YHa KaMepHa 3aKjajajibHa MalinHa /
B.H. INotypaes, O.1. Bonommn, B.B. Suyn. Ne 4248362 3as8. 02.04.87 : ony6. 15.12.87, brox. 46.

A. c. 1530799 CPCP, MKI E 21 F 15/10. BiOpauiiiHo — mHeBMaTH4YHa KaMepHa 3aKjajajibHa MalinHa /
B.H. INotypaes, O.1. Bonommn, B.B. Syn. Ne 4374984 3as8. 08.02.88 : ony06. 23.12.89, brox. 47.

A. c. 1532720 CPCP, MKI E 21 F 15/10. BibpauiiiHo — mHeBMaTHYHA KaMEPHa 3aKJIalajIbHa MaIliHa

References

1.

Poturayev V.N., Voloshin A.I., & Ponomaryov B.V. (2000). Investigation and Design Considerations for
Vibrating Pneumatic Units in the Bulk Material Transport Systems / Bulk materials: keeping, loading and
unloading operation and transportation. Pap. 3 rd Int. Conf. Newcastle, Australia, 27 - 29 june [in
Australia].

Poturayev V.N., Voloshin A.I., & Ponomaryov B.V. Vibratory pneumatic machines for transportation of
bulk materials / Pap. 4 th Int. Conf. of Pneumatic Conveying. Budapest, Hungaru, 2002. [in Hungaru].
Poturayev V.N., Voloshin A.Il., & Ponomaryov B.V.( 2002). Periodical regimes of solid particles motion
in the gas flow horizontal channal / Pap. The 18 Int. Congr. Theor. and Appl. Mech. (UTAM). Haifa,
Israel. [in Israel].

Voloshyn O.I., Bulat A.F., Ponomarenko S.M., & Kordyuk O.L. (2019). Mechanics of two-phase flows.
Volume 2. Vibration effect during pneumatic transportation of loose materials. K.: Naukova dumka, 148
p. [in Ukrainian].

Voloshyn O.I., & Ponomarenko S.M. (2020). Mechanics of two-phase flows in pneumatic transport
systems of the ejector type. K.: Naukova dumka,. 168 p. [in Ukrainian].

Ponomarenko S. (2021). Efficiency and of reliability the ejector-type pneumatic transport facilities
application in mining industry. International independent scientific journal Ne 24. Krakow,
Rzeczpospolita Polska. P. 40-45. [in Polska].

Ponomaryov B. V. (2006). Development of the theory of vibro-pneumatic transportation of laying
materials: thesis... Dr. Tech. Sciences: 05.15.11 / NAS of Ukraine; Institute of Geotechnical Mechanics
named after M. S. Polyakova. D. [in Ukrainian].

Gushchin V.M. (2000) A new concept and its implementation in the development of highly efficient
means of pneumatic transportation of bulk materials / V.M. Gushchin // Mechanical Science, No. 2 (23).
P. 39-43. [in Ukrainian].

Bredenbruch E. Entstehung und Verhiitung von Gruben branden // Gliickauf.-2004.-H. 15/16.-S.393-404.
Tsuji Y., Morikawa Y., & Tanaka L. (2017). Numerical simulation of gas-solid twophase flow in a two-
dimensional horizontal channel // Int. J. Multiphase Flow. 13, Ne 5. P. 671-684. [in Japan].

109



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences. 2024. Col.10(41), Part |

11. Li K., Kuang S. B., & Pan R. H. (2014). Numerical study of horizontal pneumatic conveying:effectof
materia lprop—erties, Powder Technology, vol. 251. P. 15-24. doi: 10.1016/j.powtec.2013.10.013 [in
English].

12. Voloshyn O.I1., & Yatsun V.V. (2007). Some issues of creation of laying vibration-pneumatic machines of
cyclic action. Collection of scientific papers of the National Academy of Sciences, issue 2 (34). Modern
ways of development of mining equipment. Dnipropetrovs’k: NGA. P. 67 -73. [[in Ukrainian].

13.  A. with. 1444541 USSR, MKY E 21 F 15/10. Vibration-pneumatic chamber laying machine / V.N.
Poturaev, A.L. Voloshyn, V.V. Yatsun. Application No. 4248362. 02.04.87 : publ. 15.12.87, Bull. 46.

14.  A. with. 1530799 USSR, MKY E 21 F 15/10. Vibration-pneumatic chamber laying machine / V.N.
Poturaev, A.l. Voloshyn, V.V. Yatsun. Application No. 4374984. 08.02.88: publ. 23.12.89, Bull. 47.

15. A. with. 1532720 USSR, MKY E 21 F 15/10. Vibration-pneumatic chamber laying machine / V.N.
Poturaev, A.L. Voloshyn, V.V. Yatsun. No. 4394936: application. 21.03.88: publ. 30.12.89, Bull. 48.

Volodymyr Yatsun, Prof., PhD tech. sci., Ivan Skrynnik, Assoc. Prof., PhD tech. sci., Olha Horpynchenko,
Assoc. Prof., PhD econ. sci.

Central Ukrainian National Technical University, Kropyvnytskyi, Ukraine

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

Ooepoicano (Received) 19.09.2024 Ipopeyenszosano (Reviewed) 03.10.2024
IHpuiinamo 0o opyxy (Approved) 28.10.2024

110



