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1. Incepraris Ha 3000YTTSI HAYKOBOTO CTYyIIEHS AOKTOpa ¢inocodii 3a cnenianbHicTio 192 ByIiBHULITBO Ta LMBijIbHA
imkeHepis (19 - ApxiTektypa Ta 6yAiBHALTBO)- KniBCchbKUil HalliOHAIbLHUI YHIBEPCUTET OyIiBHULTBA i apXiTeKTypH,
2025. lucepraniiiHa po6oTa IpUCBSIY€HA BU3HAUEHHIO pallioHaJIbHUX KOHCTPYKLiN OaJIKOBUX €JIeMEHTIB paM i
CIIOpY[, i3 3BAPHUX IBOTaBPIiB 3i 3MiHHOIO BUCOTOIO CTiHKU i MoJnLi. Y EpIIOMY pO3LiJi BUKOHAHO OIJIAL i aHaii3
HAyKOBUX JJAHUX JNOCJIiIKE€Hb BUCBITJIEHUX Yy JITEPATypPHUX [IKePeJlax MPUCBIUYEHUX NTOUIYKY ONTUMAJBHOI i
palliioHaNIbHOI BUCOTU CTAJI€BUX ABOTABPIB i3 MOCTIMHOIO Ta 3MiHHOIO IJIOLIEIO NIepepidy. B mpyromy posmisni
Po3rsssHyTO HOBU KJlac CTajleBUX 06aJloK i3 3MiHHOIO LIMPUHOIO OB Ta 3MiHHOIO BUCOTOIO Ta TOBLUIMHOIO CTiHKU.
Po3pin npucesuennit BUOOPY ONTHMAJIBHOI Ta PalliOHa/IbHOI KOHCTPYKTUBHOI (POPMHU CTasIeBUX 6ATIKOBUX
€JIEMEHTIB 3MiHHOT O Ilepepiay, SIK eJIeMEHTIB PAMHUX KOHCTPYKLill KapKacHUX OyziBessb i criopy. [IpuitHaTi

KpailoBi yMOB 3aKpiIlJIeHHs 6aJIKU i3 IIJIOIWMHY Jii HaBaHTa)KeHHs: 6aJIka PO3KpilieHa CUCTEMOIO0 TOPU3OHTAIbHUX |



BEPTUKAJIbHUX B'sI3€H, 10 3anobirae BTpaTi CTiMKOCTI My1acKoi (pOpMU 3ruHYy i BiiMOBiAHO MiHIMi3ye BUHMKHEHHS
6iIMOMEHTHUX HaIPY>KeHb BiJ, CTUCHYTOTO KPyU€HHS], SKi BUHUKAIOTh BHACJIIOK BUIIQJKOBUX €KCLIEHTPUCUTETIB IIPU
IIPUKJIAJaHHI 30BHIIIHBOTO CTATUYHOTO HABAaHTA)KEHHSI MK TOPM3OHTAJIbHUMU B's13siMU. 11i o#AaTKOBI HaNpyXKeHHS
Bifl, CTUCHYTOT'O KPYTiHHS B TAKOMY BUIIQJIKy BPaXOBYIOTbCSI ITPU PO3POOL POOOUOTO IPOEKTY METAJIEBUX
KOHCTPYKLii, 260 BpaXxOBYIOTbCS JOJATKOBUMU KoedilieHTaMu. Tako>X BBaXKA€eThCA, 110 HE BiflOyBa€eThCs BTpaTa
CTIilIKOCTI Bif] IOB3JOBKHIX CHUJI, SIKi MOXKYTh BUHUKATH B CUJIy HaxWly OCi eJleMeHTa 3MiHHOro nepepisy abo
PaMHOCTI KOHCTPYKL{i. [IpuitHATO, 10 MicleBa CTiMKICTh CTiHKM i oML 3a6e31e4eHa IePePi3oM eJIEMEHTIB.
MicueBa CTilIKiCTb CTIHKM TaKOX 3a0e3Ie4eHa, a Y BUMAIKy HeOOXiJHOCTI, MiJBUIy€eTbCsl BEPTUKAJIbHUMU Pedpamu
SKOPCTKOCTI. TpeTiil po3ia NprucBsYeHUH JOCIIIPKEHHSIM ONTUMAJIbHOI KOHCTPYKTUBHOI (POPMHU CTaJIeBOi 3BApHO]
0aJIKi CUMETPUYHOrO IIepepi3y i3 3MiHHOIO BUCOTOIO CTiHKU i 3MIHHOIO LIMPUHOIO [1OJINULi 32 BUMOTaMU JPYyroro
TPAaHUYHOTO CTaHy - BUKOHAHHSM BUMOT OOMEXEHb 3a IPOrMHaMu. 3aa4a cpOpMyJIbOBaHA IPU KOHTUHYAIbHOMY
MOJIE€JIIOBaHHA 32 MeTOAOM Ennep -Jlarpanxka, fK 3aza4a HeJIiHIMHOTO IIpOrpamMyBaHHS [P BUKOHAHI BUMOT
MIIIHOCTI 17151 KOJKHOTO IIepepisy Ta 3a KpUTepieM MiHiMasbHUX BUTpAT cTaji. OTpUMaHi HOBi aHAIITUYHI
3aJIEXKHOCTI ONTUMAJIBHOI BUCOTH 3BAPHOTO CTAJIEBOrO IBOTABPA 3i 3MiHHOIO BUCOTOIO CTiHKU i 3MIHHOIO MIUPHHOIO
NOJINL [JIs1 TIepepisy, A€ Ail MaKCMMabHUI 3TUHAJIBHUY MOMEHT IIPY BUKOHAHHI BUMOT TPAHWYHUX IIPOTUHIB. Y
YETBEPTOMY PO3[iji MPOBEIEHI JOCIiIKEHHS NPAKTUYHOTO 3aCTOCYBAHHS KOHCTPYKILiN CTaJIEBUX i3 3BapHUX
IBOTaBPiB i3 3BMiHHOIO BUCOTOIO CTiHKY i 3MiHHOI KUPUHU nosuli. Tak po3rysgHyTa 3afaya palioHaJbHOTro BUOOPY
nepepisy i oNTUManIbHOI KOHCTPYKTUBHOI (POPMU €JIEMEHTA MOPTAIBbHOI paMHU, SIKUI BUTOTOBJIEHUH i3 3BAPHOTO
IIBOTaBpa i3 3MIHHOIO BUCOTOIO CTiHKM, Ta [PY 3MIiHHI} MMUPUHI NOJULi 3 ypaxyBaHHAM [ii 3TMHATIbHOTO MOMEHTY i
IIOB3[IOBXXHbOI CUJIM IIPU BiTHOCHOMY eKclieHTpucuTeTi mx>15. CTiliKicTb puresisi 3MiHHOTO I1epepi3y B IJIOMKHI
paMu BpaxoBYyeThCS 32 MeTooM TumomeHKa-IcuHcbKoro. MiclieBa CTiMIKiCTb CTiHKY i TOJIULi TexX 3abe3nedyena
HeOOXiITHUM BiTHOIIEHHSIM TOBLIVHY MOJMLI 10 ii InpuHY, a e CTiNKiCTh CTIHKYU 3abe3redyeHa pebpamu
SKOPCTKOCTI. 3arajibHa CTifIKiCTb €JIeMeHTa paMH i3 IJIOMMHY Jii 3riHajIbHOTO MOMEHTY 3abe3IeyeHa
KOHCTPYKTUBHUMH 3aXO[laMU: PO3TAIllyBaHHSIM BEPTUKAJIbHUX i TOPU30HTAIBHUX B's13€il. [IpakThyHe 3HaYeHHs
IIPOBEIEHUX JOCIIKEHb i OTPMMaHUX HOBMX HayKOBUX PE3YJIbTATiB MOJISITA€ Y BCTAHOBJIEHHI 3aKOHOMIPHOCTEN
BUOOPY ONTUMAaJIbHOI KOHCTPYKTUBHOI (POPMU CTa/IeBUX OAJIOK i3 3BApHUX JABOTABPiB 3i 3MiHHOIO BUCOTOIO CTiHKH i
3MiHHOIO MIXPUHOIO NouLi. OTPMMaHi HOBi aHaJIITUYHI 3aJIEXKHOCTI JO3BOJISIIOTh HA NIEPLUIOMY €Talli TPOEKTYBaHHS
BM3HAUUTU ONTUMAJIbHY BUCOTY IIEPEPi3y 3a JBOMA IPaHUYHUMU CTaHAMHU, Jie Jlie MaKCUMaJIbHUH 3THHAJIbHAN
MOMEHT 3 yPaxyBaHHSIM OCOOJIMBOCTEN 3MiHHOCTI HallpyK€HO-A,e(POPMOBAHOr0O CTaHy M0 JOBXMHI KOHCTPYKLi. A
PO3pOOJIEHNI METOLOJIOTIYHU MiAXiM Ta pe3yIbTaTH YMCIOBUX JOCTiIKEHb 1al0Th 3MOTY IPU3HAYUTH
ONTVMMAaJIbHE 3HAYEHHS IPAJi€HTIB 3MiHHOCTI IIepepi3y CTiHKMU i TOJML] 32 JBOMA FPAaHUYHVMMU CTaHAMM I10 TOBXKMHI
nepepisy B 3aJI€XKHOCTI Bif, Iil04MX 3yCUJIb 10 JOBXMHI eJleMeHTa. Lle mae 3Mory oTpuMary palioHalbHy
KOHCTPYKIIiI0 3BAPHOT0 JBOTaBPa 3MiHHOI'O IIepepisy, K eJIEMEHTa IIOPTAJIbHMUX PAMHMX KOHCTPYKLi 3

ypaxyBaHHSM [ii 3rMHaJIBHUX MOMEHTIB i IOB3[JOBXXHIX CHUJI.

2. Dissertation for the degree of Doctor of Philosophy in specialty 192 Construction and Civil Engineering (19 -
Architecture and Construction) - Kyiv National University of Construction and Architecture, 2025. The
dissertation is devoted to determining rational designs of beam elements of frames and structures made of welded
I-beams with variable web height and flange width. Chapter 1 provides a review and analysis of scientific data
presented in the literature regarding the search for optimal and rational web heights of steel I-beams with
constant and variable cross-sectional areas.. Chapter 2 considers a new class of steel beams with variable flange
width, web height, and web thickness. The chapter is dedicated to selecting the optimal and rational topology of
variable cross-section steel beam elements used in frame structures of building frameworks. The beam is assumed
to be laterally restrained out of the loading plane by a system of horizontal and vertical bracings, which prevents
the loss of flexural stability and minimizes the emergence of bimoment stresses from restrained torsion due to
accidental eccentricities in the application of external static loads between the horizontal bracings. These
additional stresses from restrained torsion are considered in the working design either through detailed structural
steelwork or by applying additional coefficients. It is also assumed that no loss of stability occurs due to
longitudinal forces that may arise from the inclination of the axis of the variable cross-section element. Local



stability of the web and flange is considered ensured by the element’s cross- section, and, where necessary,
vertical stiffeners are used to ensure the web’s local stability. Chapter 3 is devoted to the investigation of the
optimal structural form of a welded steel beam with a symmetrical cross-section, featuring variable web height
and variable flange width, under the constraints of the second limit state—compliance with deflection limitations.
The problem is formulated using a continuous modeling approach based on the Euler-Lagrange method as a
nonlinear programming problem, considering strength requirements for each cross-section and aiming to
minimize steel consumption. New analytical relationships are obtained for determining the optimal height of a
welded steel I-beam with variable web height and flange width at the cross-section where the maximum bending
moment occurs, while satisfying the specified deflection limits. Chapter 4 presents studies on the practical
application of welded steel I-beams with variable web height and variable flange width. The focus is on the rational
selection of the cross-section and the optimal structural form of a portal frame element made of a welded I-beam
with variable web height and flange width, taking into account the effects of bending moment and axial force
under a relative eccentricity of mx>15. The in-plane stability of the variable cross-section girder is considered
using the Timoshenko-Yasinsky method. Local stability of the web and flanges is ensured by maintaining the
appropriate flange width-to-thickness ratio and by providing stiffeners, while the global out-of-plane stability of
the frame element is ensured through constructive measures, including the arrangement of vertical and horizontal
bracing elements. The practical significance of the conducted research and the obtained new scientific results lies
in establishing regularities for selecting the optimal structural form of welded steel I-beams with variable web
height and flange width. Furthermore, the newly derived analytical expressions allow for the direct determination
of the optimal section height at the initial design stage based on the two limit states where the maximum bending
moment occurs. The developed methodological approach and the results of numerical studies enable the
assignment of the optimal gradient of variation for the web and flange dimensions under the two limit states along
the element’s length, depending on the applied internal forces. This facilitates the design of a rational welded I-
beam configuration as a structural component of a frame system, taking into account the effects of both bending

moments and axial forces..
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