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Pedepar/aHoTanis:

1. Inceprauiiiny po60Ty IPUCBSIYE€HO YIOCKOHAJIEHHIO METO/ly BUSHAYEHHS TEXHIYHOTO CTaHy ITPOTOHOBUX OY0B
aBTOJOPOXKHIX MOCTIB 3a pe3ysbTaTaMU iMITyJIbCHUX BUIIPOOYBaHb. AKTyasIbHICTb JOCJIiI)KEHHS 3yMOBJIEHA
HEOOXiJIHICTIO OTPMMAaHHS JOCTOBIPHOI iIHCTPyMEHTaIbHOI iH(popMallii Ipo PpakTU4Hy pOOOTY MOCTOBUX CIIOPY/,
HaKOIMYEHHSM Ae(EeKTiB y IPOrOHOBUX OY[0Bax, 0OMEKEHHSIMU TPAAULIITHOTO OLiHIOBAaHHS €KCILIyaTaLiiHOTO
CTaHy Ta I0TPe60I0 B OOIPYHTOBAHUX iH)KEHEPHUX PillleHHSX 100 NT0JabIIo] eKCIlyaTallii, peMOHTY i
MOHITOPUHTY MOCTIB. Y po3fii 1 mpoaHani3oBaHO Cy4aCHUM CTaH HaTypHUX BUNPOOYBaHb MOCTIB, iCTOPUYHUM
PO3BUTOK HOCJIIKEHHS JUHAMIKY MOCTOBUX CIIOPYZ, MiClieé MOZAIbHOTO KOHTPOJIIO B 337ja4ax JIiarHOCTUKU Ta
MO>KJIMBOCTi 3aCTOCYBaHHS iMITyJIbCHOTO HaBaHTaKeHH4. [10Ka3aHo, 10 IMHAMI4Hi BUIPOOYBAHHS JOMOBHIOIOTh
Pe3yJbTaTU 0OCTEXEHD i PO3PaxXyHKiB, OCKIJIBKY JAI0Th 3MOTY BU3HAYaTH IIapaMeTpH, [10B’s13aHi 3 PaKTUYHOIO
MacCoI0, )KOPCTKICTIO, YMOBaMU OOIMPAHHS i IPOCTOPOBOIO POOOTOI0 TPOTrOHOBOI 6y 0BU. Y po3aisi 2 cpopMOBaHO
TEOPETUYHIi MOJIOKEHHSI Ta AJITOPUTMiYHE 3a6€3M1€UY€HHS MOIAJIbHOTO KOHTPOJII0O MOCTOBUX CIIOPYJ,. Po3ryisiHyTO

MozeJi 30yIpKeHHs KOJIMBaHb, [lepexis iMITyJIbCHOI [Iii y pekuM BiIbHUX 3aracaioyrx KOJIMBaHb, YaCTOTHI 1 YaCOBi



MEeTO/IM BU3HAYEHHSI MOJAJIbHUX NapaMeTpiB, 3okpema FDD, EFDD i SSI, a Takox 3B'130K MiX 3apeeCTpOBaHUM
BiZIr'yKOM, KAM€PaJIbHMM OIpallOBaHHSIM JAHUX i AiarHOCTUYHOIO iHTEpIIPETALli€lo Pe3ybTaTiB. Y po3aini 3
BMKOHAHO J1abopaTopHY Bepudikallilo yI0CKOHaJIEeHOr0 METOly Ha MacIITabHii Mozeri 6anku. 3a pesysibTaTaMu
OOCJiIKEeHb MiATBEPAKEHO NIPUAATHICTb iMITYJIbCHOTO 30yI)KE€HHS 171 OTPUMaHHS1 iH(pOPMAaTHUBHOIO BiIbLHOTO
BiATYKy, BUBHAYEHHS [1EPILIOi BJIACHOI YaCTOTH, OLiHIOBaHHS (PaKTUYHUX AMHAMIYHUX XapaKTE€PUCTUK OaJIKU Ta
dikcauii 3minu ii MacoBo-iHepuifiHOTO cTaHy. [IOpiBHSHHS CTaTUYHOI Ta AMHAMIYHOI OLIiIHOK 110Ka3ajo 6JIM3bKiCThb
Pe3yJbTaTiB y MeXKax iHKeHepHOi OXMOKM. BCTaHOBJIEHO, 1110 10JAaBaHHS JIOKAJIbHOI MacH, 30Kpema IIif, yac
€KCIIepUMEHTY 1je Maca ctaHoBuia 600 r, 10 621Ky TPUBOJMIIO A0 3HUKEHHSIM IIEPILOI BJIaCcHOI yacToTu Ha 2,4-3,0
% 1o 8,20 I', mpuyoMy yzapHi Tina macom 5 ri 10 r 3a6e3nevynnu inentudikariio niei 3minu. Y poagini 4
PO3p06JI€HO METOAMKY HaTYpPHOTO iMITyJIbCHOI'O BUIIPOOYBaHHS aBTOJOPOKHIX MOCTiB. MeToliMKa Iiepebaydae
aHaJli3 TeXHIYHOI JOKyMEeHTallii Ta pe3ysbTaTiB 06CTeXXKeHHS, (OPMYyBaHHS a00 YTOYHEHHS CKiHY€HHO-€JIEMEHTHO]
Moeli, MonepeiHiil MoJaIbHUI aHai3, BUOIp TOYOK iMITy/IbCHOI Iii i peecTpaii Binryky, 3aCTOCyBaHHSI perepHOi
CXE€MU BUMIpIOBaHb, BUKOHAHHSI iMITyJIbCHOT'O 30y )KEHHS, pEECTPaLilo BiJIbHUX 3aracalyux KoJlBaHb, KAMepaJbHe
OIIpallloBaHHs Bibporpam Ta iHXeHepHy iHTepIpeTalilo MOJaJIbHUX [TapaMeTpiB 3 ypaXyBaHHSIM PE3yJIbTaTiB
OOCTEXXEHHSI, PO3PAaXyHKOBOI MO/IeJli Ta HOpPMATHUBHUX KPUTEPIiB OLIiHIOBAHHS TEXHIYHOTO CTaHy. SIK 6a30BuUil CII0CI6
30yIpKeHHS 17151 GibIIOCTi aBTOLOPOSKHIX MOCTIB OOIPYHTOBAHO CKUIAHHS BAHTaXKy Macolo 6;113bKko 100 Kr 3 BUCOTH
1o 1,0 M. HaTyphy anpobariito po3po6seH0i METOIMKY BUKOHAHO Ha TPbOX peajlbHUX MOCTOBUX criopyzax. Ha
ecrakazi N2 1 aBromo6inbHOi foporu M-06 Kuis - Yot 3a pe3yabTaTamy MOJAJIbBHOTO aHAi3y BCTAHOBJIEHO
HEpiBHOMIPHY JUHaMiuHy po6OTY ITPOrOHOBOI O6YZ0BY, 2 OTPMMAaHI NapaMeTpH y IIOE€IHAHHI 3 pe3yJbTaTaMu
00CTeKEeHHS! Y3roJpKyIOThCS 3 OLIIHKOI0 3-TO eKcIlyaTaliifHoro ctany. Ha ecrakani N2 2 aBToM06ispHOI floporu M-
06 KuiB - Yo 3apikcoBaHO 6iyiblll piIBHOMIPHY JMHAaMi4Hy POOGOTY IPOTOHOBOI OyI0BH, @ PE3yJIbTaTU MOZAJILHOTO
aHaJi3y y NOeJHaHHi 3 JaHUMU OOCTEKEHHS Y3rOJKYIOThCS 3 OI[iHKOIO 2-TO eKCITyaTaliiliHoro ctady. Ha mocty
yepes p. [JHicTep migTBEpAKeHO NPUAATHICTE METOLY 1711 PETPOCIIEKTUBHOIO aHaJi3y 3MiHM IUHAMIYHUX
XapaKTePUCTHK, 3a(PiKCOBAHO 3HVDKEHHS BJIACHUX 4acTOT IPUOJIM3HO Ha 3 %, a OTPUMaHi pe3yJIbTaTH y [10€JHaHHI 3
IAHMMU OOCTEXXEHHS Y3TOIXKYIOTbCS 3 OLIIHKOIO 4-TO eKCIUlyaTaliiHOro cTaHy. [IpakTH4He 3HaYeHHS OTPUMAaHUX
PEe3yJIbTATIB I0JIATa€e y JOBENEHHI TEOPETUYHUX, AJITOPUTMIYHUX I METOAUYHUX TI0JI0KEHD 10 PiBHA IH)KEHEPHOTO
3aCTOCYBaHHS MiJl 4aC AiarHOCTUKY aBTOJOPOKHIX MOCTIB. Pe3ysbTaTul TOCHiIKEHHS CTaly MigIPYHTSIM JJ15
po3pobaenHst MP B.2.3-37641918-944:2024 «MeTonuyHi peKoMeHalii 110710 MOAAIbHOTO KOHTPOJIIOBaHHS
aBTOJIOPOXXHIX MOCTIB [1J151 BU3HAYEHHS IXHbOTO TEXHIYHOTO CTaHy», BAKOPUCTAaHI Mifl 4ac MPakTUYHUX POOIT 3
00CTeKEeHHS Ta AMHAMIYHOTIO BUIIPOOYBaHHSI MOCTOBUX CIIOPY[I, & TAKOXK Y HaBYaJIbHOMY Iporeci HanioHanbHOTO
TPaHCIIOPTHOTO YHiBEPCUTETY IiJi Yac MiArOTOBKU 31,00yBayis crienianbHOCTi G19 «ByniBHUIITBO Ta LIUBiIbHA
imxeHepisy. Kinovyosi cjoBa: aBTOMOGiIbHA AOPOTa, aBTONOPOXKHIM MiCT, ferpaganis, nedexr, AMHaMiuHe
HaBaHTa)KeHHSI, eKCIUTyaTaliitHUi CTaH, MiCT, MOCTOBUI IlepeXxil], HaBaHTa)KeHHsI, HeCHA 3/1aTHiCTb, 0OCTEXXEHHS,

0I10pa, MOMIKOKEHHS, [IPOrOHOBA Oy10Ba, TEXHIYHUI CTaH.

2. The dissertation is devoted to improving the method for determining the technical condition of road bridge span
structures based on the results of impulse testing. The relevance of the research is determined by the need to
obtain reliable instrumental information on the actual behaviour of bridge structures, the accumulation of defects
in span structures, the limitations of traditional assessment of operational condition, and the need for well-
substantiated engineering decisions regarding the further operation, repair and monitoring of bridges. Chapter 1
analyses the current state of field testing of bridges, the historical development of research into the dynamics of
bridge structures, the role of modal control in diagnostic tasks and the possibility of applying impulse loading. It is
shown that dynamic testing complements the results of inspections and calculations, since it makes it possible to
determine parameters related to the actual mass, stiffness, support conditions and spatial behaviour of the bridge
span structure. Chapter 2 formulates the theoretical provisions and algorithmic support for modal control of
bridge structures. The chapter considers models of vibration excitation, the transition from impulse action to the
regime of free damped vibrations, frequency-domain and time-domain methods for determining modal
parameters, including FDD, EFDD and SSI, as well as the relationship between the recorded response, post-
processing of data and diagnostic interpretation of the results. Chapter 3 presents laboratory verification of the



improved method using a scaled beam model. The research results confirmed the possibility of determining the
actual stiffness characteristics of the structure based on static and dynamic data. The discrepancy between the
static and dynamic estimates of beam stiffness was 0.94 %. The maximum relative discrepancy in determining the
first natural frequency using strain-gauge and accelerometric measurements did not exceed 0.36 %, while the
average value was 0.12 %. It was established that the addition of a local mass to the beam, which in the experiment
amounted to 600 g, led to a decrease in the first natural frequency by 2.4-3.0 % to 8.20 Hz, with impact bodies
weighing 5 g and 10 g ensuring the identification of this change. Chapter 4 develops a methodology for field
impulse testing of road bridges. The methodology includes the analysis of technical documentation and inspection
results, the formation or refinement of a finite element model, preliminary modal analysis, selection of impulse
action points and response registration points, application of a reference measurement scheme, implementation of
impulse excitation, recording of free damped vibrations, post-processing of vibrograms and formulation of a
conclusion regarding the technical condition of the bridge span structure. Dropping a load weighing about 100 kg
from a height of up to 1.0 m is substantiated as the basic excitation method for most road bridges. Field
approbation of the developed methodology was carried out on three real bridge structures. On overpass No. 1 of
the M-06 Kyiv - Chop highway, the mode shapes revealed a 15-20 % reduction in stiffness in the support-adjacent
zones, which is consistent with the results of visual inspection and corresponds to operational condition 3. On
overpass No. 2 of the M-06 Kyiv - Chop highway, an almost constant stiffness distribution within 5 % was
recorded, while the actual integral stiffness exceeds the calculated value by approximately 20 %, which
corresponds to operational condition 2. On the bridge over the Dniester River, the suitability of the method for
retrospective analysis was confirmed, a decrease in natural frequencies of approximately 3 % was recorded, and a
10-20 % reduction in the integral stiffness of the left-bank part of the bridge span structure was established, which
corresponds to operational condition 4. The practical significance of the obtained results lies in bringing the
theoretical, algorithmic and methodological provisions to the level of engineering application in the diagnostics of
road bridges. The research results formed the basis for the development of MR V.2.3-37641918-944:2024
«Methodological Recommendations for Modal Control of Road Bridges to Determine Their Technical Condition»,
were used during practical works on the inspection and dynamic testing of bridge structures, and were also
introduced into the educational process of the National Transport University in the training of students in
specialty G19 «Construction and Civil Engineering». Keywords: highway, road bridge, degradation, defect, dynamic
load, operational condition, bridge, bridge crossing, load, load-bearing capacity, inspection, bridge support,
damage, bridge span structure, technical condition.
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HaykoBa (HayKOBO-T€XHiYHa) IPOAYKILis:
ConiasiIbHO-€KOHOMIYHA CIIPSIMOBaHIiCTh:

OxopoHHi gJoKymeHTH Ha OIIIB:

BrnpoBaakeHHS pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B'SI30K 3 HAYKOBHMH TEMaMH:

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA/KEPiBHHUKIB (KOHCYJIbTAaHTA)

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:
1. OnnmeHnko Aptyp Mukosanosud

2. Artur Onyshchenko

KBasigikamis: 1. 1. 1., npodecop, 05.22.11

InenTudikarop ORCID ID: 0000-0002-1040-4530

HoparkoBa indopmamist:

IToBHE HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0C00H: HarioHanbHU TPAHCTIOPTHUI yHIBEPCUTET
Kopg 3a €IPIIOY: 02070915

Micuesnaxo,zm(emm: ByJ1. M. OmesnsiHoBuYa-IlaBnenka, Kuis, 01010, Ykpaina

dopma ByracHOCTI: Jlepxasna



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. KacobkiB Bosogumup IBanoBuy

2. Volodymyr Kaskiv

KBasigikamis: . r. u., gouenr, 05.22.11

Imentudikarop ORCID ID: 0000-0002-8074-6798

JoparkoBa indopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0C00H: JlepkaBHe mianpuemcTso "HalioHanbHuii iHCTUTYT PO3BUTKY
indpacTpykTypu"

Kopg 3a €IPIIOY: 03450778

Micue3HaxoaKeHHsI: npocnekT Bepecreiichkuii, Kuis, 03113, Ykpaina

dopma BracHOCTI: JlepxaBHa

C(l)epa yIIpaBJIiHHﬂ: Jlep>kaBHe areHTCTBO BiJHOBJIEHHSI Ta PO3BUTKY iHPPaCTPYKTypHy YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odiiiHuX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
BaacHe IlpizBume Im's I10-6aThKOBI:

1. €pmakoBa [HHa AHaTOIiIBHA

2. Inna Yermakova

KBasmigikamis: . . 1., 05.23.02
I,quTH(l)iKaTop ORCID ID: 0000-0003-0346-8218
JoparkoBa indpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHIHYHOI 0COOM: Hanjonanbuuii yHiBepcutet "TloNTaBCbKA MOJITEXHIKA iMEH]
IOpia Kongparioka"

Kog 3a €IPIIOY: 02071100

MicquHaXO,I[)KeHHﬂ: npocnekt Birtanig I'puniaenka, Iosarasa, [lontascekuit p-H., 36011, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

Inentudikarop ROR: 0554d9k40

BaacHe IlpizBume Im'st I1o-6aThKOBI:

1. Byraescpkui1 Cepriit OsieKcaHIpOBAY



2. Serhii Buhaievskyi

KBasigikanis: 1. 1. n., npodecop, 05.23.08
Inentudicarop ORCID ID: 0000-0003-2861-0268
JonaTkoBa iHdopmalist:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0COOH: XapKiBCbKUii HAlliOHAIbHUT aBTOMOGIIHO-OPOSKHiIA

yHiBEpCHUTET

Kopg 3a €IPIIOY: 02071168

Micue3Haxoa KeHHS: By Spocnasa Myaporo, XapkiB, XapKiBchkuil p-H., 61025, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Ko3apuyk Irop AnaTosifioBuy

2. Thor Kozarchuk

KBasidikamis: . r. u., gouenr, 05.22.11

Imentudikarop ORCID ID: 0000-0003-4972-6016

JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHUI TPAHCTIOPTHUI yHIBEPCUTET
Kopg 3a €IPIIOY: 02070915

Micue3HaxoaKeHHS: ByJ. M. OMengHoBuya-IlaBnenka, Kuis, 01010, YkpaiHa

dopma BiracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpi3Buie Im'sa ITo-6aTbKOBI:
1. €Bcentyuk [Opiit bopucosny

2. Yurii B. Yevseichyk

KBasidikanis: k. ¢.-m. 1., gouenr, 01.02.04

InenTudikarop ORCID ID: 0000-0002-3507-4734

JoparkoBa indopmamnist:

IToBHE HaﬁMeHyBaHHﬂ IOPUIUYHOL 0C00H: HarioHanbHU TPAHCTIOPTHUH yHIBEPCUTET
Kopg 3a €IPIIOY: 02070915

MicueSHaXO,ll)KeHHﬂ: ByJ1. M. OmesnsiHoBuYa-IlaBnenka, Kuis, 01010, Ykpaina

dopma ByacHOCTI: [lepxkasna



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi

Biacsue IpizBume Im'st [To-6aTbKOBI Cnasinceka Onena CepriisHa
rOJIOBH pajgu

Bnacue IlpisBume Im'a [T0-6aTbKOBI Cnasinceka Onena CepriibHa
rOJIOBYIOYOTO Ha 3acCiiaHHi

BignosigasnbpHuii 3a Hi,ILI‘OTOBKy IBanymko Onexkcanap MukonanoBsuy
00JIiKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersiHa AHaTOJIiBHA

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




