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MOJEJIOBAHHS BIIJIMBY TEXHOJIOTTYHUX HEPIBHOCTEA MOCTOBOI'O
IHOJIOTHA HA YMOBHU PYXY ABTOMOBLIA

Cmousniok P. B.!, Cmonsiniok H. B.2, Crapues B. A.’, 3axapuenko M. P.*
'XapkiBchKnii HAIOHAIBHHUI ABTOMOGLTLHO-I0PO:KHIl YHIBepCHTET

Anomayisa. Texnono2iyni HepigHOCHI MOCOB020 NOIOMHA 8 MICYSIX CHOJYUEHHS MOCH) 3 HACUNOM
ma 6 pationi 0ehopMayitiHux wieie, a Maxkoxic Oepexmu, wo SUHUKAIOMb HA WMYHHUX CHOPYOaX d6-
MOMOOGIILHUX 00pie, MONCYMb ICMOMHO 6NIUSAMU HA KOMopmHicmb ma Oe3neky pyxy. ¥V cmammi
noOaui ma NPoaHanizo8ani pe3yibmamu npoeeoeH020 MOOeN08AHHS GNIUEY MAKUX HepisHOCmel Ha
YMO8U PYXY A8MOMODINIA 3 00NOMO2010 NPOSPAMHO20 Komnaekcy ProVAL.

Knrouosi cnosa: wmyuni cnopyou, mMocmose NoOJOMHO, PiGHICMb, MINCHAPOOHUL IHOEKC PIBHOCMI
(IR1), Ooechopmayitinuii wos, npoepamuuii komniexc ProVAL.

Beryn

Jnst 3a0be3neueHHs 0€3MEUHOr0 pyxy aBTo-
MOOLTIB 3 PO3paXyHKOBHMHM IIBHAKOCTSIMH Ta
3aJ]aHUM piBHEM KOM(OPTY MOBEPXHS MOKPUTTS
MOBHHHA MAaTH CTIHKYy Y 4Yaci piBHICTb, BiJ| SIKOi
3ajexarh 3py4HiCTh, Oe3neka Ta MBHUIKICTh PY-
Xy aBTOMOOLTIB, TUHAMIYHAH BILTHB aBTOMOOLIS
Ha JIOpOr'y Ta WITYy4YHI CIOpYIH, TPAHCIOPTHI
BUTPATH, 30KpeMa BUTPATH MAaJIbHOTO, a TaKOXK
BUTpATH, TIOB’5I3aHi 3 PEMOHTOM aBTOMOOLIB, a
TaKo)X OCHOBHI IIOKa3HHMKH, $KI BH3HAYAIOTh
poboty ABTOMOOUILHOT'O TPaHCIOPTY:
co0IBapTiCTh TIEpeBE3eHb Ta NPOJYKTUBHICTH
pOOOTH TPaHCIIOPTY.

B VkpaiHi oniHIOBaHHSI PiBHOCTI JOPOXKHBO-
IO TIOKPHUTTS 3IIHCHIOETHCS TOKIIOMETPOBO Ta
0e3 ypaxyBaHHS IITYYHUX CIOPYA, IO 3HAXO-
JSITHCSL Ha HA MUISAXaX CIOTY4EHHS.

AHaniz myoaikanii

VY BITYMBHSHIN TpakTHI OLIHKAa PIBHOCTI
JOPOXKHIX TIOKPHUTTIB 1 BUMOTH JO Hei peria-
MeHTytothest JICTY 8745:2017 «ABTOMOOLIBHI
nopord. MeTroau BHMIPIOBaHHS HEPIBHOCTEH
OCHOBU 1 TIOKPUTTS JOPOXXKHBOT'O OJTY» Ta
«TexHIYHUMH TpaBHJIAMH PEMOHTY Ta YTPH-
MaHHSI aBTOMOOLIBHUX JIOPIT 3araJlkHOr0 KOpH-
cryBanHsa Ykpainu II-I.1-218-113:2009». [nsa
BHUMIPIOBaHHSI PIBHOCTI BHUKOPHCTOBYIOTh TpH-
METPOBi pelKH, HiBENipH, MOIITOBXOMIPH Pi3-
HuX KoHCTpyKid i [TIKPC-2V.

TpumerpoBi peiiku Ta HiBEIIpH BUKOPUCTO-
BYIOTHCS 3a3BHYAN Y BHMAAKY pUHMaHHS-3/1a4i
poOiT mig yac OyiBHHIITBA, PEKOHCTPYKIIii abo
MpoBeleHHS peMoHTy. KoHTpoib  piBHOCTI
EKCILTyaTOBaHUX JIOPIT 3IMCHIOETBCS 32 JIOMO-
MOT'0I0 TIOIITOBXOMIpa Pi3HUX KOHCTPYKIiH abo
MKPC-2Y [1, 2].

Ha mtyunux cropyaax, 30KkpeMa Ha MocTax
Ta OUISXOMPOBOJIAX, MPOIEC BUMIPIOBAHHS PiB-
HOCTI BiIOYBAa€ThCA TOCUTH CKIAAHO. s mias-
HOT'O TPOi3y aBTOMOOLUIIB B3JIOBXK MOCTa Ta Ha
MiIX0Jax JI0 HBOTO, & TAKOX ISl 3a0e3meUeHHs
IIPOLIECY CTOKY BOJAM IOKPUTTS MPOI3HOI Y4acTh-
HU MOCTY MTOBHHHO OyJ¥ PiBHUM Ta MaTH HE00-
X1JIHI TI03/IOBKHIN Ta TONepeUHui yXuiu [3].

Kontpons 3a npodinem MTOKPUTTSA
3MIMCHIOIOTh NUISIXOM HIBENIpYBaHHS B MeEXKax
MOCTY Ta Ha TPaHUYHHX 3 HUM JUISTHKaX MiJ-
xo#iB, noBxuHOo B 50-100 M. IIpodine MocTy
3HIMAIOTh B3/IOBXK OCi Ta Y OOp/IOpIB Ha TOUKaX,
K1 po3MilleH] mpu mponboTi a0 10 M, — Hax
OTOpaMH 1 B cepe/iHi MPOJIBOTIB, MPH MPOITHO-
Tax, Oumbml HbX 10 M, — Hax omopamu i B Mpo-
JILOTI Yepe3 KOXKHI 5 M, MOUYMHAIOYM B OHIET 3
ormop. Ha migxomax TOYKM HiBeIipyBaHHS 3a-
3HAYaIOTh HA KOXHHUX 5—10 M Ta B MiCIISX IIPO-
CaJIOK Ta MepeyioMiB Mpodiiio.

TakuM YUHOM, HEOOXIJHO BHPIIIMTH 3aB-
JIAHHS BIOCKOHAJIEHHS TEXHOJOrIM ONIHIOBAHHSA
PIBHOCT1 JOPOXKHIX TMOKPHUTTIB, BPaXyBaHHS ITij
yac BUMIPIOBAHHS PIBHOCTI TEXHOJOTTUYHHX
0COOJIMBOCTE MOCTOBOTO TIOJIOTHA, BUKOPH-
CTaHHSl Cy4acHHX IEpECYBHHX JiabopaTopiid Ta
MPOrpaMHUX KOMIUIEKCIB JJISl OI[IHFOBAHHS CITO-
KUBYMX BJIACTHBOCTEH aBTOMOOUIBHHX JIOPIT

[4-6].

Bu3HavyeHHs1 MeTH il 3aB1aHb

Meroro € IOCIiPKEHHsI BIUTUBY HEPiBHOCTEH
MOCTOBOT'O TIOJIOTHa B MICISIX CIIONyYEHHSI MO-
CTy 3 HACHIIOM Ta B paiioHi aedopmaiiiHhX
IIBIB Ha YMOBH PyXY aBTOMOOLJI.

JIi1st TOCSATHEHHS IIOCTaBIIEHOI METH HeoOXi-
HO 3a JIOIIOMOTOI0 CYYaCHUX MPOTrPaMHUX KOM-
IJICKCIB PO3POOUTH MOJIENIb BKA3aHUX HEPIBHO-
CTel Ta MpoaHaNi3yBaTH OTPUMaHI pe3yJIbTaTH.
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MopenoBaHHS NPOI3Ay ABTOMOOIIsA
Yyepe3 MOCTOBY CHOPYIY

Ha mouyatky 80-X pOKIB MHHYJIOTO CTOJIITTS
cnemianicramu CBiToBOro 0aHky Oylio BH3HAUe-
HO 4 KJIacu METOJIB 1 METOIUK OL[IHIOBAHHS PiB-
HOCTI, pO3pO0JICHNX B YChOMY CBITI:

1 kmac. MeToauku, IO BHUKOPHUCTOBYIOTH
HAWMpOCTIII  MpWIaad, 30KpeMa perKy Ta
piBEHb, MOXJIMBE TAKOXX BUKOPHCTAHHS HIBEIipa.
PiBHICTP ~ BHUMIPIOETBCS B IO3J0BXKHBOMY
HampsMKy Ha 1 abo 2 koumisx. BukopucraHHs
MPUWIAAIB [HOTO KJAacy €TPYJOMICTKHM 1 Majo-
MPOITYKTUBHUM.

2 wiac. YcraTkyBaHHS Tak 3BaHOTO «0e3mo-
CepeTHhOTO0 BUMIpIOBaHHS piBHOCTI». Lle Halicy-
YacHIII 1 BUCOKOMPOIYKTHBHI TPUJIaJIH, 3aCHO-
BaHI Ha Jla3epHHX, YJIBTPa3BYKOBUX YU IHIIHX
JIATYMKaX, MO JO3BOJSIOTH NMPAKTHYHO MHUTTEBO
BU3HAYHMTH BiJICTaHh MK YMOBHHM piBHEM 1 J0-
POXKHIM MOKPHTTSIM.

PiBHiCTp  OLIHIOIOTE 332  JIOTIOMOTOIO
CreliabHOI MPOrpaMu, M0 MOJICIIOE PyX «30J10-
TOr0» aBTOMOOLIA 3a BUMIipsHUM Tpodinem. Ta-
Ka METOJIMKa € OCHOBHOIO Y BUMIpi International
Road Index (IRI, Mixnaponuuii [umekc pis-
HOCTI), o OyB po3poOiieHnit daxiBusmu Midu-
TaHCHKOT'O YHIBEPCUTETY Ha 3aMoBJieHHS CBiTo-
BOro OaHKy ISl TIPOEKTIB, SIKi pO3pOOJSIIOTH B
Adpwurii. Ane 3 yacoM TOMYJBIPHICTH LBOTO TO-
Ka3HUKa 3pOciia, i ChbOTOJHI BiH € OIHHM 3 OC-
HOBHUX Yy CBITI [7].

3 Kjac MICTUTh TaKk 3BaHi NPWIAAU Jii Yy
BiMmoBimb. Taki CHUCTEMH pEECTPYIOTh -
HAMIYHUM BIUTMB Ha MeEXaHi3M NpUIaAy B pe-
3yJlbTaTi Mpoi3ay Jaboparopii 3 IOCTIHHOMO
IIBUJKICTIO B3AOBXK AUIIHKM. Jlo 1€l rpymu
HAJISKATh IMOIITOBXOMIPH Pi3HUX MoaM(iKallii,
MPUYIITHI YCTAHOBKH, SIKi PEECTPYIOTh KOJIMBAHHS
MiIPECOPEHOT YaCTUHU TPAHCIIOPTHOTO 3ac00y.

4 inac. ExcrnepTHe OI[iHIOBaHHS, IO
3IIMCHIOETHCS EKCIIEPTAMH, SIKi BUKOPHCTOBYIOTh
crieniajpHy IKaiay 3 Bu3HaueHHs IRI um iHIIOTO
MOKAa3HHKA, 3aJIEKHOBIJ CTAHYy JOPOTH.

[lin wac oOCTeXeHHS pIBHOCTI aBTOMO-
OUTBHHX JIOPIT PIBHICTH Ha MOCTax, MUITXOMPO-
BOJIaX Ta HIIUX IHKEHEPHHUX CIOPYAaX OKPEMO
HE BUMIPIOETHCS, ajie HaBITh SIKICHO CHPOEKTO-
BaHI Ta BHUKOHaHI nedopMariifHi IIBH 3aBXKIH
MOKa3yl0Th HEPIBHOCTI Y MOCTOBOMY IOJIOTHI
aBTOAOPOXKHIX MocTiB (puc. 1). Taki HepiBHOCTI
€ MPUYMHO BUHUKHEHHSI 3HAYHUX JTUHAMIYHUX
HABaHTa)XEHb, OCOOJMBO Yy BUMAJKaxX IMPOIi3Iy
aBTOMOOUIIB  BEJIMKOI  BaHTaKOMI1AHOMHOCTI.
JunamivHa 1ist i 9ac 1[bOro MPoIeCy BIUIMBAE
1 Ha KOHCTPYKIito aedopmaiifHOro mmBa, i Ha

TPaHCMOPTHHUI 3aci0, i Ha Maca)XupiB, a TAKOK
MMO3HAYAETHCS HAa KOHCTPYKIIIT INTYYHOT CIIOPY/IH.

o

Puc. 1. IIpodine BR 93 nedopmarrifinoro msa
Dewmark bridge

PesynpTaramMum  AMHAMIYHOTO BIUIUBY €
MiZIBUIICHUI 3HOC JeTaineil aBTOMOOLIS Ta Jie-
(dbopMaIiiHuX IIBIB, PO3BUTOK BTOMHMX IIOII-
KOJDKEHB, 3HI)KEHHSI KOM(QOPTHOCTI Mpoi3ay Ha
nedopMarifHuX mBax Ta Oe3mekH pyxy B IiH
30H1 MOCTOBOTO ITOJIOTHA, 3arajbHi Ta JIOKAJLHI
MOUIKO/PKEHHS JIOPOXKHBOTO OJISITYy MOCTOBOT'O
MOJIOTHA 1 HECYYHX KOHCTPYKIiK Mocty [8].

Bimomo, mo nedopmariiii, 1o CpUYHHSIIOTh-
csl TPAHCIOPTHUMH 3ac00aMU € HaWOUThII ya-
CTO- TOBTOPIOBAaHMMH. BOHHM HeBenuKi, aje
MPHU3BOAATE JIO pyHHYBaHHS nedopMamiiHux
HIBiB (pUC. 2), 3HIKYIOUH MTOKa3HUKH PIBHOCTI.

/ = - \z,h

Puc. 2. PyiiHyBaHHS mapiB IOPOKHBOT'O OAATY
B3JI0BX J1e(hOpMalliifHOrO IIBa IUIAXOIPOBO-
Ny Ha aBTOMOOLTBHIH nopo3i M 29 Xapkis-
Kpacunorpan-Ilepemenino (JTroboTHH-
Mepeda) B cenuini JIro0oTHH

3BakalouM Ha BMINECKA3aHe, AJIs OI[IHIOBaH-
Hs PIBHOCTI OUIbII JOUUIBHUM Oyne 3acTocy-
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BaHHS METOJMK TIEPIIOr0 Ta JPYroro Kiacis ,
SK1 JIO3BOJISIIOTh BU3HAYUTH (i3UUHUA TPodinb
JIOpOTH Ta JIOKai3yBaTH HEpiBHOCTI [9], 30Kkpe-
Ma Ti, MO BUHHUKAIOTH B MICISX CIIONyYCHHS
MOCTY 3 HACHUIIOM Ta B paioHi AedopMamiiHux
IIBIB.
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Puc. 3. Ilporpamunii komrmiekc ProVAL 3.61.29
Juist pospaxyHky IRI

Jnst aHamizy Takux HepiBHOCTEH Oyio 31ikic-
HEHO MOJIC/TIOBAHHS MPOi3y aBTOMOOLIS 3a J10-
TIOMOT'OI0 TIPOTPpaMHOTO KomIuiekcy ProVAL
3.61.29 (Profile Viewing and Analysis), po3po-
OneHoro B [HCTUTYTI TPaHCIOPTHUX JOCTIKEHb
Miuirancekoro  yHiBepcutery  (University
Michigan Transportation Research Institute —
UMTRI). Leii komruieke (puc. 3) MiCTHTh TO-
Ka3HHKH, 32 SKHMH MO)KHA OI[IHIOBaTH I103/I0B-
JKHIO PIBHICTH JIOPOXKHIX TOKPHUTTIB, a TaKOX
MOJIYJTi CTATUCTUYHOTO aHaJi3y JaHHWX, OTpUMa-
HUX B PE3yJbTaTi BUKOPUCTAHHS MpodiloMer-
puunux cuctem [10, 11].

PesynbTat po3paxyHKy pIBHOCTI Tig dHac
pyXy aBTOMOOLIS Kpi3b CXOAWHKY (puc. 4) ne-
(hopMaIlifiHoro IBa B MiCI[i CIIOJYYEHHS MOCTO-
BOT'O TIOJIOTHA 3 HACHIIOM TIOfIaHi sIK rpadik Ha
puc. 5. HepiBHicTh mpuifHATAa 32 BHCOTY JIO
5 cMm.
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Puc. 4. CxomuHKa, 10 YTBOPIOETHCA B MiCIIi
nedopMaIiifHOro mBa
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Puc. 5. PesynbraT po3paxyHKy piBHOCTI TiJl 4ac pyXy aBTOMOOLIS Kpi3b AepOopMalifHUIA OB y MiCITi

CIIOJTY4Y€HHA MOCTOBOI'O IOJIOTHA 3 HACUIIOM

I'padix 3MmiHM piBHOCTI, TOOTO MHUTTEBI CY-
MapHi KOJHMBaHHS TIJBICKH PO3PaxyHKOBOTO
aBTOMOOLIS MiJ 4Yac PyxXy B3IOBXK 3aJaHOrO
npodito TEMOHCTPYE, IO KONHUBAHHS CYTTEBO
TIEPEBUIIYIOTh HOPMATHBHI 32 IMMOKa3HUKOM 0e3-

IEeKH, SIK1 BCTAHOBJIEHO Bix 3,5 10 4,0 M/KM, 3a-
JISKHO BiJl KpaiHu.

Amnauni3 oTpuMaHoro rpadika J0BOIUTh, L0 Y
pa3i HasBHOCTI TAaKOT'0 MOKAa3HWKA iHAEKCY piB-
Hocti (IRI =10,8 m/kM) Oe3reka pyxy 3HAYHO
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3HUXKYEThCS: ICHye HeOe3leka BipuBY Koieca
ABTOMOOLIS BHACIIIZIOK JUHAMIUYHOTO yaapy.

MoxkHa 3poOWTH TpPUIYHIEHHS, M0 BHA-
CITIZIOK KOJIMBaJbHUX PYXiB Ta 3BOPOTHBOI peak-
Iii MiIBICKM MPOMOPIIHHO MICT CIpHMMAaE Ta-
KM JKe BILIUB, 5K 1 aBTOMOOLIIb.

BuchHoeku

KoHCTpyKIis ITYYHUX CIIOPY] BiIpi3HSETH-
Csl BiJl KOHCTPYKIiT JOPOTH, 1 HEPIBHOCTI HA HUX
3a CBOIMH TapaMeTpaMHu TaKOX BiJPI3HSIIOTHCS
BiJl HepiBHOCTEeH Ha mopo3i. HepiBHocTi Ha
MPOI3HIA YaCTHHI MOCTIB MalOTh MEHINY JIOB-
KUHY XBWII Ta OUIhII pi3kuii obpuc Qopmu,
TOMY IIiJ1 Yac 0OCTEKEHHS aBTOMOOUIBHUX JIOPIr
00OB’SI3KOBO TOTPIOHO BHIUISATH IITY4YHI CIO-
Py OKPEMO, a HE TTOKLJIOMETPOBO.

HeoOxinHo mami 3milCHIOBATH HAyKOBI J10-
CIT/DKEHHS 11010 BIUIMBY (OPMH 1 pO3MIpiB Je-
(dopMaIliiiHUX IIBIB Ta IHIIMX €IEMEHTIB IITY4-
HUX CIOpYIl Ha YMOBH pPyXy aBTOMOOUIIB 1,
BIANOBIIHO, HA CHOOPYIW. bBulblnl jgeranbHEe
BH3HAYEHHS PIBHOCTI Ha JUTHKaX aBTOMOOLIb-
HUX JIOpIT, IO MICTATh IUTYYHI CIOPYAH, J03-
BOJIUTH BYACHO BUSIBISITH Je()EKTH JOPOKHBOTO
MOKPHUTTSL CHOPYA, SIKi HEraTWBHO BIUIMBAIOThH
Ha KOM(OPTHICTH PyXY, 30KpeMa Ha CIOpyHy.
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MopaenupoBanue BJIMAHHS TEXHOJIOTHYECKHX He-
POBHOCTEl MOCTOBOTO MOJIOTHA HA YCJIOBHUS JIBH-
sKeHUsl ABTOMO0OMJIS

Annomauyusn. B cmamve npedcmaenenvt u npoananu-
3UPOBAHBL PE3YIbIMAMbl NPOBEOCHHO20 MOOEIUPOBA-
HUSL GUAHUS MEXHOJIOSUHECKUX HEPOBHOCMEN Mo-
CMOB020 NONOMHA 6 MeCcmax CONpsICeHUsi ¢
HACBINGIO U 8 palioHe O0epOPMAYUOHHBIX W08 HA
VCI08USL OBUIICEHUSL ABMOMOOUTIL C NOMOWbIO NpO-
epammuozo komniexca ProVAL.

Knrwouesvle cnosa:, uckyccmeeHHvle COOpYICEHUS,
MOCmOB0€ NONOMHO, POBHOCMb, MENCOYHAPOOHbILL
unoexc posnocmu (IRI), depopmayuonnsiii uios.
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Modeling the influence of technological inequali-
ties on a bridge floor on traffic conditions

Abstract. Problem. Road pavement roughness is one
of the most important indicators for road transport
and operational status of roads. It depends on the
convenience, safety and speed of cars, the dynamic
impact of the car on the road and artificial struc-
tures, transport costs, and finally, the main indica-
tors that determine the operation of road transport —
the cost of transportation and productivity of
transport. At present, there is a rather important
problem in Ukraine related to estimation of this indi-
cator: Measurement of the highway roughness is
carried out by kilometer, while the roughness of the
road surface of artificial structures is not evaluated
separately. Goal. The aim is to investigate the influ-
ence of bridges inequalities at the junction of the
bridge with the embankment and in the area of de-
formation joints on the conditions of traffic. It is nec-
essary to develop a model of these inequalities with
the help of modern sofiware systems and analyze the
results obtained to achieve this goal. Methodology.
There are 4 classes of methods and techniques for
assessing equality in international practice. In order
to evaluate equality for our purposes, it would be
more appropriate to apply first- and second-class
techniques that allow the determination of the physi-
cal profile of the road and the localization of ine-
qualities, in particular those occurring at the junc-
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tion of the bridge with the embankment and in the
area of deformation joints. Equality is assessed using
a special program that simulates the movement of a
“golden” car on a measured profile. This technique
is fundamental in measuring the International Road
Index (IRI). Results. The graph of the change of
equality (or in other words the instantaneous total
Sfluctuations of the suspension of the vehicle when
driving on a given profile) shows, that fluctuations
exceed safety norms significantly. The analysis of the
obtained graph shows that the traffic safety is much
reduced with such an index of equality, this leads to
the risk of the car losing the wheel during the dynam-
ic impact. Originality Based on the obtained results,
we can assume that proportionally, due to the oscil-
latory motions and the feedback response of the sus-
pension, the artificial structure perceives the same
impact as the car. Further research should be con-
ducted on the effect of the shape and size of defor-
mation joints and other elements of artificial struc-
tures on the conditions of movement of cars and,
accordingly, on structures. Practical value. The con-
struction of artificial structures is different from the
construction of the road, so it is imperative to sepa-
rate the artificial structures for one kilometer when
examining the roads. A more detailed definition of

equality in road sections containing artificial struc-
tures will allow detecting the defects in the pavement
of structures that adversely affect both the comfort of
traffic and the structure as a whole on time.

Key words: engineering structures, bridge floor,
smoothness, IRI, expansion joint

Smolyanyuk Roman V., Ph.D., associate professor
department of road building and maintenance, e-mail:
rc(@khadi.kharkov.ua, tel. +380503237342,
Smolyanyuk Nadiya V-, Ph.D., associate professor
department of bridges and structures and structural
mechanics, e-mail: kmksm@ukr.net, tel.
+380507472604,

Startsev Valerii As, graduate student department of
bridges and structures and structural mechanics, e-
mail: newbie_ez@outlook.com, Tell.
+380958112643,

Zakharchenko Maksim R:, student department of
bridges and structures and structural mechanics, e-
mail: lordtigiron(@gmail.com, Ten. +380954533592.
'Kharkov National Automobile and Highway Univer-
sity, 25, Yaroslava Mudrogo str., Kharkiv, 61002,
Ukraine.




