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Pedepar:

1. Bnepie po3po6s1€HO KOMILJIEKCHY METOIO0JIOTII0 BU3HAYEHHS HANIPYXEHO-Ae()OPMOBAHOIO CTaHy HEPO3Pi3HMX
nep@opoBaHUx 6aJIOK y Miclsx iX 06IMpaHHs Ha IIPOMIXKHI OITOPU 3 BUKOPUCTAaHHSIM METOJly CKiHYEHHUX
€JIEMEHTIB y IIporpaMHoMy Komrwekci «LIRA-FEM» njis jiHIMHOTrO Ta HEJIiHIMHOTO MOAEJIOBAHHS LilCHOI
PO3PaxyHKOBOi cxeMM 6ajIoK Ta ix pakTUIHOi pobdoTu. LI MeToauKa LO3BOJISIE BUBHAYUTY HAIIPY>KEHHS Ta
nedopmariii y po3paxyHKOBUX TOUKAX XapaKTE€PHUX IIepepi3iB y Oyp IKOMY MiCIi 110 LOBKKHI 6aJI0K 3 ypaxyBaHHSIM
iX KOHCTPYKTHMBHUX 0COOJIMBOCTEN. Briepiie BUKOHAHO YK CJIOBU €KCIIEPUMEHT, 110 [103BOJIsS€ BU3HAUUTU
0COOJIMBOCTI Ta 3aKOHOMIPHOCTI 3MiHM HallPy>KeHO-1e(pOPMOBAHOr'0 CTaHy Pi3HUX KOHCTPYKILi HEPO3Pi3HUX
nepdopoBaHUX 6AJIOK Ha JisHKAX PO3MillleHHS TPOMIXKHUX OIOP, & TAKOXK iX IPOTMHIB y IPOJIbOTI 3aJIE5KHO Bif,

KOHCTPYKTUBHUX OCOGJIMBOCTEN IIPOMI’KHMX OTIOPHUX YaCTHH 0aJIOK Ta CTYIIEHs 3allleMJIeHHS Ha OIIOpi 3aJIeXKHO



Bif, IiameTpa 6OJITIB i BEJIMYMHU iX ONIePEeAHbOrO HAMIPYXEHHS y IPOrpaMHoMy KoMIieKci «LIRA-FEM».
YI0CKOHaIEHO aHaJIITUYHI 3aJ1e’KHOCT] pO3paxyHKiB By3JI0BUX 60JITOBUX 3'€[IHaHb, 110 JO3BOJISIE OLIIHUTU
HaMnpyXeHo-1e(dOPMOBaHMI1 CTaH Ta IEPEPO3IO/ia BHYTPILIHIX 3yCHJIb IJISIXOM ypaxyBaHHs (PaKTUYHO]
>KOPCTKOCTI /TI00ATIUBOCTI By3J1iB KPillJIEHHS MPOMDKHUX ONMOPHUX YaCTUH HEPO3Pi3HUX NeP(POPOBAHUX OAJIOK [0
HIDKYE PO3TAllOBAHUX KOHCTPYKIiil. Briepiie po3po6s1eHO KOMILJIEKCHY METOJIMKY BU3SHAYEHHS HAIIPYKEHO
IepOpMOBAHOTO CTaHy Ta PO3PaxXyHKy IPOMDKHUX OMOPHUX YaCTUH HEPO3Pi3HUX Nep(opoBaHUX OAJIOK, SKa
BpaxoOBye €KCIIEPMMEHTAJIbHI [aHi Ta aHaIiTUYHi/4MCII0BI NigX04M 10I0 0OCOOJNBOCTEN POOOTH Ta JePOPMYBaHHS
00JITOBUX 3'€IHAHB [1JIs1 IX KPIiIJIEHHSI IO HI)K4Ye PO3TallOBaHMX KOHCTPYKIiH, peasnizoBaHy y TabJIMYHOMY
npouecopi «Microsoft Excel», mo ckopodye TpyIOMICTKICTb IPOEKTYBAaHHS 6ay10K. Habyiu 1mofanbuioro po3BUTKY
IIPUKJIAJHI [10JI0’KEHHSI IIPOEKTYBAaHHS HEPO3Pi3HUX NeP(OPOBAaHUX OAJIOK Ta BY3JIB iX CIIOy4€HHS 3 iHIIMMU
KOHCTPYKIIiSIMM Ha OCHOBi BUKOPMCTaHHS METOly CKiHYEHHUX €JIEMEHTIB 117151 JIiHiHOi Ta HeJliHiMHOI po60TH
KOHCTPYKLi# y nporpaMHOMy KomIwnekci «LIRA-FEM» Ta MeToy OYaTKOBUX ITaPaMETPIB, Ki NO3BOJIAIOTD Y IIOBHIN
Mipi OL[iHMTY Hecy4y 30aTHICTh KOHCTPYKIIii1 Ta 3aKOHOMIPHOCTI 3MiHU Hanpy>keHO-1e(pOpMOBAHOIO CTaHY 3
yPaxyBaHHSM iX KOHCTPYKTUBHUX 0CO0JMBOCTEN. PO3p0671€HO BapiaHT KOHCTPYKLiN ITPOMIPKHUAX OIIOPHUX YaCTHH
HEepO3pi3HUX NeppOpOBaHUX OAJIOK, IO BiIPi3HIIOTHCS MDK COO0I0 HAasIBHICTIO ab0 BifICYyTHICTIO ONIOPHUX pedep
SKOPCTKOCTI, po3MillleHUX 10 OCi IPOMIXKHOI OIIOpYU, a TAKOK HASIBHICTIO 260 BiZICYyTHICTIO 3aBapeHUX YU
HEe3aBapEHUX OTBOPIB 3J1iBa i cIipasa Bij Hei. HesiHiHMI po3paxyHOK IOPIBHAHO 3 JIiHIHHAM [03BOJISIE BUKOHATU
MOJEJIIOBaHHS (PaKTUYHOI pO60OTU KOHCTPYKLi, y 5IKiil BpaXOBaHO [iliCHEe OONMPaHHS 06AJIKA HA HIDKYE PO3TAIIOBAHY
HeCy4y KOHCTPYKLIIO 3 ypaXxyBaHHSIM KOHKPETHOI KOHCTPYKTUBHOI CXeMHU, KpillJIeHHs 6ajIKu [0 Lie€l KOHCTPYKLii
0071TaMu, 3yCUJLIISL HATATY OOJITIB [1I€BHOI BEJIMYMHY Ta 00paHoi iarpamMu pobOTH CTasli 3a Jii CTaTUYHOrO
HaBaHTaXeHHs. BUKOHAHO aHasli3 Bleplle OTPUMAaHUX PE3YJIbTATIB YUCIOBOTO €KCIIEPUMEHTY 1[0/I0 BUBHAUYEHHS
HaMpyXeHO-Ae()OPMOBAHOIO CTaHy Pi3HUX TUIIIB IPOMDKHUX OITOPHUX YACTHH 0AJIOK 3 YPaxyBaHHSIM YCix ix
KOHCTPYKTUBHUX OCOGJIMBOCTEN Ta [1apaMeTpiB eJIeMEeHTIB KPiIlJIeHHS Ta BUSBJIEHO 3aKOHOMIPHOCTI ix poboTH Ta
3MiHU HallPy>X€Hb Y PO3PAaXyYHKOBUX TOYKAX XapaKTEPHUX I€PEPi3iB 3a Ail piBHOMIpHO-PO3NOAIIEHOTO
HABaHTaXEHHS. B pe3ysbTaTi BUKOPUCTAHHS METOAY [104aTKOBUX ITAPAMETPIB OTPUMAHO 3aJIEXKHICTb IJ1s1
obuncieHHs KoeQillieHTa, BeJIMYMHa SIKOr0 BKasye BiICOTOK 3pOCTaHHS JKOPCTKOCTI MApHipHOi 0OIOpYM BHACJIILOK
BHMHUKHEHHS Hallpy>KeHb y BY3JIOBUX 00JITaX. 3allpONIOHOBAHI 32 Li€l0 METOAMKOIO YTOYHEHI pO3paxyHKU Jal0Th
MOXJIMBICTb 06uMCINTH (PAaKTUYHI HAIPY>KEHHS Y Nlepepizax, MaKCUMaJlbHi 3HaU€HHS SIKMX € MEHIIMMU 32
064MCIIeH] 32 TPAIMLIMHOI aHATITUYHOIO METOJMKOIO. B 11inoMy MeTOIIMKA, 10 IPOIIOHYETHCS, L03BOJISE
BM3HAUNUTU (PAKTUIHY KOPCTKICTh OyAb—SIKOT0 GOJITOBOrO MAPHIPHOTO 3'€AHAHHS 3 YpaXyBaHHIM HOTO [iliCHOI
POOOTH Ha OCHOBI JaHUX CTaTUYHOT'O pOo3paxyHKy. OKpiM TOro, BOHA J03BOJIsIE PETYJII0BATH YXOPCTKICTh O0JITOBOTrO
3'€JIHaHH$, 3MIHIOIYH iaMeTp GOJITIB, iX PO3MileHHS a60 3MiHIOIOUM PO3PAXyHKOBY JIOBXHUHY OGOJITIB LJIIXOM

BUKOPUCTAHHSA OOOATKOBUX ITPOKJIIAIO0K.

2. For the first time, a comprehensive methodology has been developed for determining the stress-strain state of
continuous perforated beams at their bearing zones on intermediate supports using the finite element method in
the LIRA-FEM software package for linear and nonlinear modeling of the actual design scheme of the beams and
their real structural behavior. This methodology makes it possible to determine stresses and deformations at
calculation points of characteristic cross-sections at any location along the beam length, taking into account their
structural features. For the first time, a numerical experiment has been performed that makes it possible to
determine the characteristics and regularities of changes in the stress-strain state of various designs of
continuous perforated beams in the zones of intermediate supports, as well as their deflections in the span,
depending on the structural features of the intermediate support parts of the beams and the degree of fixity at the
support, which depends on the bolt diameter and the magnitude of their prestressing, using the LIRA-FEM
software package. Analytical relationships for calculating nodal bolted connections have been improved, which
makes it possible to evaluate the stress-strain state and redistribution of internal forces by taking into account the
actual stiffness/compliance of the joints fastening the intermediate support parts of continuous perforated beams
to the underlying structures. For the first time, a comprehensive methodology has been developed for determining
the stress-strain state and designing the intermediate support parts of continuous perforated beams. This



methodology takes into account experimental data and analytical /numerical approaches to the specifics of the
behavior and deformation of bolted connections used to fasten them to underlying structures. The methodology is
implemented in the Microsoft Excel spreadsheet processor, which reduces the labor intensity of beam design. The
applied provisions for the design of continuous perforated beams and their joints with other structures have been
further developed based on the use of the finite element method for linear and nonlinear structural behavior in the
LIRA-FEM software package and the method of initial parameters. These approaches make it possible to fully
assess the load-bearing capacity of structures and the patterns of change in the stress-strain state, taking into
account their structural features. Design variants of intermediate support parts of continuous perforated beams
have been developed, differing in the presence or absence of support stiffening ribs located along the axis of the
intermediate support, as well as in the presence or absence of welded or unwelded openings to the left and right of
it. Nonlinear analysis, in comparison with linear analysis, makes it possible to model the actual behavior of the
structure, taking into account the real bearing of the beam on the underlying load-bearing structure in accordance
with a specific structural scheme, the fastening of the beam to this structure by bolts, the bolt pretension force of
a certain magnitude, and the selected steel material model under static loading. An analysis of the results of the
numerical experiment obtained for the first time has been carried out to determine the stress-strain state of
various types of intermediate support parts of beams, taking into account all their structural features and
parameters of fastening elements. The regularities of their behavior and changes in stresses at calculation points
of characteristic cross-sections under uniformly distributed load have been identified. As a result of using the
method of initial parameters, a relationship was obtained for calculating the coefficient, the value of which
indicates the percentage increase in the stiffness of a pinned support due to the occurrence of stresses in the
nodal bolts. The refined calculations proposed by this methodology make it possible to determine the actual
stresses in the cross-sections, the maximum values of which are lower than those calculated using the traditional
analytical method. In general, the proposed methodology allows determining the actual stiffness of any bolted
pinned connection, taking into account its real behavior based on static analysis data. In addition, it enables
regulation of the stiffness of a bolted connection by changing the bolt diameter, their arrangement, or the design
length of the bolts through the use of additional spacers.
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2. Volodymyr V. Romaniuk

KBasigikanis: k.r.u., no,, 05.23.01
InenTudikarop ORCID ID: 0000-0002-2539-4654
JoparkoBa iHdpopmamnist:

IloBHe HalMEeHYBaHHSI IOPHUAHUYHOI 0COOM: HauioHanbHMil yHIBEPCUTET BOLHOTO rOCMIOAAPCTBA Ta

IPUPOJOKOPHUCTYBAHHS
Kog 3a €IPIIOY: 02071116

Micueanaxo,zm(emm: ByJ. CobopHa, PiBHe, PiBHeHChKUH P-H., 33028, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odiniiHNX ONIOHEHTIB Ta PEIeH3€HTIiB
OdiuiiiHi OTIOHEHTH

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:

1. TononuoB Onexkcanap IBaHoBHY

2. Oleksandr I. Golodnov

KBasigikamnis: g.1.1., npodpecop, 05.23.01

Inentudikarop ORCID ID: 0000-0002-9722-9164



JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COOH: JlepkaBHE HEKOMEPIiHE MiAPUEMCTBO "Jlep>KaBHuUiA

yHiBepcuTeT "KuiBCbKM aBialiiHMi iHCTUTYT"

Kopg 3a €IPIIOY: 45853942

Micue3Haxoa>KeHHs: npocr. ['ysapa Jlio6omupa, Kuis, 03058, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. [Tenewko IBan IMUTPOBUY

2. Ivan D. Peleshko

KBasigikamis: k.1.u., nor,, 05.23.01

ImenTudikarop ORCID ID: 0000-0001-7028-9653

JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: Hanionanbuuii yHiBepcuteT "JIbBiBCbKa MOJTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. CrenaHa banpepu, JIbBiB, 79013, Ykpaina

dopma BracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. KoukapboB IMUTpO BikTOpOBUY

2. Dmytro V. Kochkarev

KBasigikamis: 1. 1. u., npodecop, 05.23.01

ImenTudikarop ORCID ID: 0000-0002-4525-7315

JoparkoBa iHpopMawist: ;https:/ /www.scopus.com/authid /detail.uri?authorld=6504768770

TloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: HauioHanbHMIl YHIBEPCUTET BOLHOTO FOCIIOAAPCTBA Ta

IIPUPOLOKOPUCTYBAHHS
Kopg 3a €IPIIOY: 02071116

Micuesnaxo,rm(eunﬂ: ByJ1. CobopHa, PiBHe, PiBHeHCbkul p-H., 33028, YKpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:

1. Hanemna Onekcanap IBaHOBUY

2. Oleksandr 1. Nalepa

KBasigikamis: . r. u., gou., 05.23.01
ImenTudikarop ORCID ID: 0009-0008-0749-5663
JoparkoBa iHdopmamist:

IloBHe HaliMEeHYBaHHS IOPHUAHUYHOI 0COOM: HauioHanbHMIl YHIBEPCUTET BOLHOTO FOCIIOAAPCTBA Ta

IIPUPOLOKOPUCTYBAaHHS

Kopg 3a €IPIIOY: 02071116

MicneSHaXO;DKeHHﬂ: ByJ1. CobopHa, PiBHe, PiBHeHCbKU p-H., 33028, YKpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi
BaacHe IlpizBuie Im's [10-6aTbKOBI Qinimrayk Cepriit Bikroposid

TOJIOBH pajgu

Biacue IpizBuie Im's I10-6aThKOBI Qinirrayx Cepriit Bikroposuy

rOJIOBYIOYOTO Ha 3acCiiaHHi

BiznoeigansHHUH 3a MiATOTOBKY 3inkeBn4 Okcana BosopumupiBHa
00JIIKOBHX JOKYMEHTIB

PeecTpartop IOpuenko TetsiHa AHaToJiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PeeCTpalLio HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

OisIJIBHOCTI




