AHOTAIIS

Muyrox /[. B. Hampyxeno-aehopMOBaHHI CTaH €JIEMEHTIB METAJICBUX
KOHCTPYKIIIH 3 nedekTaMu pi3HOTO MOXO/KeHHS. — KBamidikamiiiHa HaykoBa
mparis Ha IpaBax pyKOIMHCY.

Hucepramisi Ha 3700yTTS HAYKOBOTO CTYIEHS MOKTOpa (imocodii 3a
cnemiaipHicTIO 192 «byniBHUIITBO Ta IMBUIBHA 1HXKEHepis». — KuiBCbKui
HAI[IOHAJFHUI YHIBEpCUTET Oy IIBHUIITBA 1 apxiTeKTypH, Kuis, 2026.

BonToBi 3'eHaHHS € OJTHUMH 3 HAUTIONIMPEHIIITNX 1 HAMBIAMOBIIAbHIIINX
KOHCTPYKTUBHUX €JIEMEHTIB y METaleBUX OyAIBEIbHUX KOHCTPYKIIISX,
MOCTOOyAyBaHHI Ta MamMHOOyayBaHHI. HaniitHicTe ©OOATOBHX  BY3JiB
Oe3mocepelHb0 BHU3HAYa€ O€3MEKy Ta JIOBFOBIYHICTh YCI€l KOHCTPYKTHUBHOT
cuctemMu. IlpakTMka TPOEKTYBaHHS Ta eKCIUTyaTalli CBIIYUTb, L0 OOJITOBI
3'€lHaHHA € 30HaMHM MiJBUIICHOI KOHUEHTpAlii MOLIKOIXEHb, 3yMOBIICHOI
CKJIQJHUM HaIpy>KeHO-1e(pOPMOBAHUM CTAHOM, KOHTAKTHOIO B3aEMO/II€IO0 IeTaieh
Ta HasBHICTIO A€(PEKTIB PI3HOr0 MOXOJKEHHS. BinMmoBa a0 MONIKOIKEHHS
OONTOBUX BY3JIB HEPIAKO CTAIOTh MPUYMHOIO aBapiiHUX CHUTYyalliil 1 BTpaTu
HECy4Oi 3/JaTHOCTI KOHCTPYKIIIM 3arajioM, M0 BHU3HAYa€ aKTYyaJbHICTh IX
JIETaIbHOTO YHCEJIbHOTO aHai3y.

3acToCyBaHHS CHpPOIICHUX pO3PAXYHKOBUX MOJENeH HE JI03BOJISIE
aJICKBaTHO BIJITBOPUTH PO3MNOJLT 3yCWJIb 1 HampyXeHb y BY3Ji, OCOOIMBO 3a
HAsSIBHOCTI TMOYATKOBOTO HATATY OONTIB Ta AEPEKTIB PI3HOTO MOXOJKEHHS —
TPIIIMH, KOPO3IMHUX ypakeHb, BiAXWIeHb TeoMeTpii. Cepell cydacHHUX ITiIXOIB
O0COOJIUBY TEPCIEKTUBHICT JJIsl BUPIIICHHS WX 3a/lad Ma€ HaliBaHATITUYHUN
meron ckinueHHux enemeHTiB (HMCE), mo moenHye mepeBaru aHagiTHYHHX
MeroaiB 1 kinacuyHoro MCE Ta 3a0e3nedye CyTTeBE CKOPOYEHHSI PO3MIPHOCTI
3alaul mpu 30€epexeHHl MPOCTOPOBOIO XapaKTEpy PpO3MOJLTY HAMpPYy>KEHb 1

nedopmarriii.



VY BcTyni OOIPYHTOBAHO aKTyalIbHICTh TEMH, BCTAHOBIIEHO 3B'SI30K pOOOTH 3
HAayKOBMMH  mporpamamu  Kadempu  OymiBenpbHoi  MexaHiku KHVYBA,
chopMyJIbOBAaHO METY Ta 3aJadl JOCII/DKCHHS, BHU3HAYCHO OO'€KT 1 MpeaMer
JOCITIJIKEHHS1, HAYKOBY HOBH3HY Ta MPAKTHUYHE 3HAYEHHS OTPUMaHUX Pe3yJIbTaTIB,
HaBEJICHO BIJJOMOCTI PO anpoOairiro Ta myOmiKkarii.

[lepmmii po3ain OPUCBSYEHO OIJISAY MIAXOAIB 10 PO3B'SI3aHHS 3a7ad
BU3HAYCHHS HAIPYyKEHO-I€(POPMOBAHOTO CTaHy OONTOBUX 3'€IHAHb METAJICBUX
€JIEMEHTIB 3 MOYaTKOBUMH Ta HAOyTUMHU AedeKkTamu. PO3IIISIHYTO MOKIMBOCTI
BUKOPUCTAHHSA MPU3MATUYHOTO CKIHYEHHOTO €JIEeMEHTa i MOJCIIOBAaHHSA
MOYAaTKOBUX T€OMETPUYHMX HeJOoCKoHanocTel. IIpoaHanizoBaHo 0co0JIMBOCTI
moxemoBanHss H/IC y cucrtemi KOHTaKkTHOI B3aeMojiii B OONTOBUX 3'€JHAHHSX.
BucaitiieHO 3acTOCYBaHHS HaIIBaHATITUYHOTO METO1y CKIHUEHHUX €JIEMEHTIB JJIs1
noOyJIOBH TPOCTOPOBUX PO3PAXYHKOBUX MoOJiejel O0JTOBOro 3'€HAHHS Ta
KOHTAKTHOI B3a€MOJIii MK €JIEeMEHTaMHU BY3JIa.

Y npyroMmy po3auli  OPeACTaBICHO HEOJHOPIAHUN MPU3MATUUHUM
CKIHYCHHHUH €JIEMEHT, 110 € OCHOBOO PO3p00JIeHOT0 Miaxo1y. ONMucaHo TeoMeTPiro
Ta CUCTEMY KOOPJMHAT HEOJHOPIAHOTO MPU3MATUYHOTO CKIHYEHHOTO E€JIEMEHTA.
Pozkputo 3actocyBanuss HMCE ninis mozaentoBanHst 00ITOBUX 3'€/IHAHB 1 HABEICHO
QITOPUTM PO3paxyHKy 00nToBOTO 3'eqHaHHs nipu Bukopuctanni HMCE.

Tpertiif po3aUT MPUCBSIYEHO MIJIX0/IaM 10 CTBOPEHHS pO3PaXyHKOBOI CXEMHU
Ta aHaJi3y 0COOIMBOCTEN HAIIPYKEHO-1e(POPMOBAHOTO CTAHY B CUCTEMI B3a€MOIi1
Tin «6ont—aerani». Bnepme B pamkax HMCE po3po6iieHo Ta J0CIiKEHO M'ITh
MIJIXO/IB JO YMCEJIbHOI0 MOJICNIIOBAHHS OOJTIB Ta iX MOMEPEAHBOTO HATATY, IS
KOXKHOTO 3 SIKMX BUBEJICHO PO3PAXyHKOBI 3aJIEKHOCT1, BU3HAYEHO (PI3UUHUM 3MiICT
1 BCTAHOBJICHO MEXI1 parioHaapHOro 3actocyBaHHA. [limxim Nel (o0'emnanHs
nepeMilieHb y By3nax 0e3 ypaxyBaHHs HaTATy) Ta miaxia Ne2 (3akpimjieHHs 10
KOHTYpy OTBOpY 3 TpuBuMipHuMu CE) 3a0e3meuyioTh OIlIHKY TPOCTOPOBOTO
PO3MOIITY HapyXeHb 0€3 ypaxyBaHHsS HaTATy. [ 3'€lHaHb, 110 MPaIOIOTh HA

3pi3, PEKOMEHIIOBaHO B3aemo3aminHi migxomu Ne3 1 Ne5 (3ocepemkeHi Ta



PO3MOIITIEH] CUIIA TOIMEePEIHbOr0 HATATY BiANMOBIAHO). [ duanieBux 3'enHaHb
npu poOOTi OONTIB Ha PO3TAT peKoMeHAoBaHO miaxig Ne4 i3 3acToCcyBaHHSIM
TEMIIepaTypHOTO HAaBaHTAXKEHHS CTPIOKHS O0JTa.

BukonaHo 4ucenbHEe MOJEIIOBAHHS OOJITOBOTO 3'€THAHHS JIBOX IJIACTHH
Ipu YyMOBHOMY 3pi3i OONTIB Ta (praHIEeBOro 3'€qHAHHS KPYroBUX TpyO mpu mii
3TUHAJBLHOTO MOMEHTY. Bepudikailito OTpUMaHUX pe3yJbTaTiB MPOBEICHO
IUIIXOM 31CTaBIICHHS 3 po3paxyHKaMu y mporpamMHux komruiekcax JIIPA CAITP
Ta Idea StatiCa, a Takox 3 eKClIEpUMEHTAILHUMU JAaHUMHU. Y BCIX PO3TISHYTHX
3anayax HMCE ne noctynaerbes kiiacuuHomy MCE 3a TOYHICTIO pe3yJbTaTiB,
CYTTEBO CKOPOUYIOUH PO3MIPHICTH 3a/1a4l Ta 4ac pO3paxyHKy.

VY 4geTBEepTOMY PO3AUII JOCHIIKEHO BIUIMB HAOYTHUX AE(PEKTIB Yy MpoIlieci
excrutyaranii Ha HJIC Oonra ¢nanueBoro 3'eqnanns mocty. Ha mnpukiani
dbnaHueBoro 3'€HaHHS MIMIOXIAHOTO MOCTY (caauOHuil mapk ['enrayaukic,
JIutBa) N0Oy10BaHO MPOCTOPOBY PO3PaXyHKOBY CXEMY 3 YpaXyBaHHIM JBOX THUIIIB
HaO0yTUX Ne(eKTIB — KOpPO31MHUX PaKOBUH Ta AedopMaliil Tuna O6onaTa. AHami3
pe3yibTaTiB MOKa3aB CyTTEBUM BIUIUB JIE(PEKTIB HAa PO3MOJILT HAIIPYKEHD 1 HECYUy
3IaTHICTh 3'€HaHHS. BcraHoBieHo, mo nedopmariisa Tiia 6oiTa € HAWOLIbII
KPUTUYHUM J1e(DEKTOM, IO MPU3BOAMUTH A0 3HAYHOI KOHLEHTpALi HANpyXeHb 1
NepeIyacHoro BUUEpHaHHs pecypcy By3ia. Ha OCHOBI unceNnbHHUX pO3PAXyHKIB
BU3HAUYCHO TPAHUYHI HABAaHTAXXEHHS Ta PO3pOOJICHO pEeKOMEHAAIli IIoA0
TEXHIYHOTO OOCIYroBYyBaHHSI Ta MOHITOPHHTY OOJTOBUX 3'€JHAHb MOCTOBHUX
KOHCTPYKITIH.

B pe3ynbTaTi npoBeAeHUX JOCIIIKEHb PO3POOIICHO e(heKTUBHUN aITOPUTM
YUCEJBHOTO aHalli3y HamnpyXeHo-1e(hopMOBaHOTO CTaHy OOJTOBHUX 3'€/IHAHb
MeTaneBux KoHCTpykiiii Ha ocHoBi HMCE, mo mnporpamMHo peasi3oBaHO Yy
CHelia]i30BaHOMYy  MpPOTrpaMHOMY  3abe3rneyeHHl. AnroputMm  3abe3nevye
JIOCTOBIpHE BU3HAYCHHSI PO3IOALTY 3yCHJIb 1 HANPY>KEHb y 00JTaX Ta €JIeMEHTax,
10 3'€AHYIOTHCS, 3 YpaxyBaHHSIM IMOYaTKOBOTO HATSTY, KOHTAKTHOT B3a€MO/IIT Ta

MIPOCTOPOBOTO XapakTepy poOoTu Bys3na. Po3polOiieHi Meroaw J03BONSIOTH



BUKOHYBATHU JETalbHE JOCIIIKEHHS BIUIMBY MOYaTKOBUX 1 HAOYTUX Ae(EKTIB Ha
HAC 1 Hecydy 3maTtHICTh OOJTOBOrO 3'€qHAHHS, a OTPUMaHI KUIBKICHI
3aKOHOMIPHOCTI MOXYTh OyTH O€3MOCEpEIHhO BHKOPHUCTAHI ISl PO3POOJICHHS
KPUTEPIiB TEXHIYHOTO OOCITYrOBYBaHHS Ta CHCTEM IUTAHOBOTO OOCTEKEHHS
BIJIMOBITAJIbHUX BY3JIIB METAJIEBUX KOHCTPYKITIH.

KarouoBi ciioBa: HampykeHO-aeQOpMOBaHMIA CTaH, OONTOBE 3'€HAHHS,
MeTajJeBl KOHCTPYKIlli, HamiBaHATITUYHUN METOJl CKIHUYEHHUX €JICMCHTIB,
neexTr, TOoYaTKOBUM HATAT OOJTIB, KOHTAKTHA B3a€EMOJISA, MEXaHiKa

pyHHYBaHHS, 3aJIMIIKOBUHN pecypc, Bepudikallis.



SUMMARY

Mytsyuk D. V. Stress-strain state of metal structure elements with defects of
various origins. — Qualifying scientific work as a manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 192
"Construction and Civil Engineering". — Kyiv National University of Construction
and Architecture, Kyiv, 2026.

Bolted connections are among the most common and critical structural
elements in metal building structures, bridge construction, and mechanical
engineering. The reliability of bolted joints directly determines the safety and
durability of the entire structural system. Design and operating experience shows
that bolted connections are zones of increased damage concentration, caused by the
complex stress-strain state, contact interaction of parts, and the presence of defects
of various origins. Failure or damage of bolted joints often leads to emergency
situations and loss of bearing capacity of structures, which determines the
relevance of their detailed numerical analysis.

The use of simplified computational models does not adequately reproduce
the distribution of forces and stresses in the joint, especially in the presence of bolt
preload and defects of various origins — cracks, corrosion damage, geometry
deviations. Among modern approaches, the semi-analytical finite element method
(SAFEM) is particularly promising for solving these problems, combining the
advantages of analytical methods and classical FEM, significantly reducing the
dimensionality of the problem while preserving the spatial nature of stress and
strain distribution.

The introduction substantiates the relevance of the topic, establishes the
connection of the work with the scientific programs of the Department of Structural
Mechanics of KNUCA, formulates the goal and objectives of the study, defines the
object and subject of research, scientific novelty and practical significance of the

results obtained, and provides information on approbation and publications.



The first chapter reviews approaches to solving problems of determining the
stress-strain state of bolted connections of metal elements with initial and acquired
defects. The possibilities of using a prismatic finite element for modeling initial
geometric imperfections are considered. The features of modeling the SSS in the
contact interaction system in bolted connections are analyzed. The application of
the semi-analytical finite element method for constructing spatial design models of
bolted connections and contact interaction between joint elements is highlighted.

The second chapter presents a heterogeneous prismatic finite element, which
iIs the basis of the developed approach. The geometry and coordinate system of the
heterogeneous prismatic finite element are described. The application of SAFEM
for modeling bolted connections is disclosed and an algorithm for calculating a
bolted connection using SAFEM is presented.

The third chapter is devoted to approaches to creating a design scheme and
analyzing the features of the stress-strain state in the body interaction system "bolt—
parts”. For the first time within the SAFEM framework, five approaches to the
numerical modeling of bolts and their preload were developed and investigated, for
each of which design dependencies were derived, physical meaning was
determined, and limits of rational application were established. Approach No. 1
(merging displacements at nodes without considering preload) and approach No. 2
(fixing displacements along the bolt hole contour with 3D finite elements) provide
assessment of spatial stress distribution without considering preload. For shear
connections, interchangeable approaches No. 3 and No. 5 (concentrated and
distributed preload forces, respectively) are recommended. For flanged
connections with bolts in tension, approach No. 4 using thermal loading of the bolt
shank is recommended.

Numerical modeling of the bolted connection of two plates under
conventional bolt shear and a flanged connection of circular pipes under bending
moment action was performed. Verification of the obtained results was carried out

by comparison with calculations in LIRA-SAPR and Idea StatiCa software



packages, as well as with experimental data. In all considered problems, SAFEM
is not inferior to classical FEM in terms of result accuracy, significantly reducing
the dimensionality of the problem and calculation time.

The fourth chapter investigates the influence of acquired defects during
operation on the SSS of a flange joint bolt of a bridge. Using the example of a
pedestrian bridge flange connection (Gelgaudiskis manor park, Lithuania), a spatial
design scheme was constructed taking into account two types of acquired defects
— corrosion cavities and bolt body deformations. Analysis of the results showed a
significant influence of defects on the stress distribution and bearing capacity of
the connection. Bolt body deformation was found to be the most critical defect,
leading to significant stress concentration and premature exhaustion of the joint
resource. Based on numerical calculations, limit loads were determined and
recommendations for maintenance and monitoring of bridge bolted connections
were developed.

As a result of the research, an effective algorithm for numerical analysis of
the stress-strain state of bolted connections of metal structures based on SAFEM
was developed and implemented in specialized software. The algorithm provides
reliable determination of the distribution of forces and stresses in bolts and
connected elements, taking into account preload, contact interaction, and the spatial
nature of the joint operation. The developed methods allow detailed investigation
of the influence of initial and acquired defects on the SSS and bearing capacity of
the bolted connection, and the obtained quantitative patterns can be directly used
for developing maintenance criteria and scheduled inspection systems for critical
metal structure joints.

Keywords: stress-strain state, bolted connection, metal structures, semi-
analytical finite element method, defects, bolt preload, contact interaction, fracture

mechanics, residual life, verification.



CIIUCOK IMYBJIKAIIN 310BYBAYA 3A TEMOIO JUCEPTAILI

HaykoBi mnpaui, B sIKuX omy0/iiKOBaHi OCHOBHI HAyKOBi pe3yJbTaTH
aucepranii

a) CTaTTl Y HAYKOBUX BHUJAHHSX, BKIIOUEHUX JI0 TEPENiKy HAyKOBUX (DaxoBHX
BUJaHb YKpaiHU (B T.4. BKJIIOYEHHMX [0 MEpEeiiKy HayKOBHX (PaxoBUX BHUAAHD

YKpaiHu 3 IpUCBOEHHSIM KaTeropii «A»):

1. IMuckynoB C.O., Mumok C.B., AnapieBcekuii B.II., Mwumok [I.B.
[lopiBHSIIPHUN aHal3 pe3yJbTaTiB PO3PAXyHKY paMHOTO By3jla Yy
nporpamaomMy 3aco01 IDEA STATICA CONNECTION Tta 3a meTogukamMu
HOPMATUBHUX JOKYMEHTIB // Omip MarepiaiiB 1 TeOpis CIOPY/: HAyK.-TeX.
30ipH. — K.: KHYBA, 2022. — Bun. 109. — C. 120-128. (HaykoBe ¢axoBe
BUJIAHHS VYkpainu, KaTeropist «A») DOI:10.32347/2410-
2547.2022.109.120-128 http://omtc.knuba.edu.ua/article/view/271553
Ocobucmuii 8Hecox 3000y8aua Nosiea€ y OOCAIOHNCEHHI PAMHO20 8Y31d 3
sukopucmaunsim npozpammozo komniekcy IDEA StatiCa ma nopisnanonut

AHANI3 Yux pe3yibmamis i3 OMmpUMAHUMU HA OCHOBI 8UMO2 HOPMAMUBHUX
ooxymenmis /[bH ma EN.

2. Tluckynop C.O., Mumok C.B., Mumwk JI.B., Perr’sx HO.M. Amnani3
MIIIHOCTI Ta PO3MOJALI 3yCUJIb Y METaJeBOMY 3’ €IHaHHI1 Mpu po3Tsa3i // Omip
MatepialiB 1 Teopis cnopya: Hayk.-TeX. 30ipH. — K.: KHYBA. 2024. — Bur.
112. — C. 36-42. (HaykoBe (axoBe BuUIaHHS YKpaiHU, KaTEropis «A»)
DOI:10.32347/2410-2547.2024.112.36-42
http://omtc.knuba.edu.ua/article/view/304984
Ocobucmuil 8Hecok 3000y8aua Noaseac y O0CHIONCEHHI 8Y31d OOIMOB020

3’€0HaHHs 080X NAACMUH MA NOPIGHALHUL AHAI3 Pe3YTbMAamie po3paxyHKy
HA OCHOBI HANiBAHANIMUYUHO20 Memody cKinuenHux enemenmie (HMCE), ma
MCE 6 nnockiu nocmanosyi i  npocmoposii NOCMAaHO8KAX.

3. IMuckynop C.O., Mumok C.B., Mumwok /I.B., Per’sx IO.M. Amnani3
HaIpy>KEHOTO CTaHy OOJITOBOTO 3'€JHAHHS 3 ypaXyBaHHSIM HATTy Oosra//
Omip maTepiamiB 1 Teopis copy: Hayk.-Tex. 30ipH. — K.: KHYBA. 2024. —
Bun. 113. — C. 37-44. (HaykoBe (haxoBe BumaHHsI Y KpaiHU, KaTeropis «A»)
DOI:10.32347/2410-2547.2024.113.37-44
http://omtc.knuba.edu.ua/article/view/316752
Ocobucmuii 8Hecok 3000y8aua NOAA2A€ V OOCHIONCEHHI 8Y31ad OOIMOB020

3’€OHAHHA NpU  BUKOPUCMAHHI  PI3HUX NIOX00i8 00 MOOeN08AHHS


http://omtc.knuba.edu.ua/article/view/271553
http://omtc.knuba.edu.ua/article/view/316752

noyamKko8o2o Hamsey 0onmie y 3’ €OHAHHI MaA NOPIGHANbHUU AHALI3
pe3yrbmamie.

4. TTuckynoB C.O., Mumtok C.B., Mumwok I.B., Pernr’six FO.M. TopiBHsIIbHHI
aHaJII3 HAMPY>KEHOTO CTaHy OOJITOBOTO 3’€THAHHS HA OCHOBI aHATITHYHOTO
niaxoay 3 BukopuctanHsiM HMCE Ta ekcnepuMeHTaJIbHUMU JaHUMU //
Omip matepiaiiB 1 Teopis cnopya: Hayk.-Tex. 30ipH. — K.: KHYBA. 2025. —
Bun. 114. — C. 3-10. (HaykoBe ¢gaxoBe BumanHsi YKpaiHu, Kateropist «A»)
DOI:10.32347/2410-2547.2025.114.3-10
http://omtc.knuba.edu.ua/article/view/328799
Ocobucmuii 8Hecok 3000y8aua NoOafeA€ y OOCHIONCEHHI 8Y31ad OO0IMOB020

3’€OHAHH 080X NAACMUH NPU BUKOPUCMAHHI NIOX00Y 00 MOOEN08AHHS.
noYamKko8o20 Hams2y 00nmie y 3 €OHAHHI MA NOPIGHANbHUU AHAI3

pe3yibmamie i3 eKCnepuMenmaitbHUMy OaGHUMU.

5. Mitsyuk S.V., Mitsyuk D.V. Analysis of the Stress—Strain State of a Flanged
Connection Based on an Analytical Approach Using the Finite Element
Method and Comparison with Experimental Data // Strength of Materials and
Theory of Structures: Scientific-and-technical collected articles. — K.:
KNUBA. 2025. — Issue 115. — P. 157-163. (HaykoBe (daxoBe BumaHHS
VYkpainu, xareropis «A») DOI:10.32347/2410-2547.2025.115.157-163
http://omtc.knuba.edu.ua/article/view/345349
Ocobucmuii 8Hecok 3000y8aua nojseac y 00CHONHCeHHI (hranHyeso2o 8y3ia
bonmosozo 3’eonanns Ha ocnosi MCE 6 npocmoposiii nocmanosyi ma 3
BUKOPUCMAHHAM VHIBEepCanbHux NPOCMOPOBUX 80CLMUBY3TIOBUX
i3onapamempuynux CE.

0) cTaTTi y HAyKOBMX BHMJIAHHSX, BKJIFOUEHHMX O TMEpEIIKy HAyKOBUX (PaxOBHX

BUJIaHb YKpainu kateropii «b»:
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C.160-167 (HaykoBe ¢axoBe BHJIaHHA YKpaiHu, Kkateropis «b»)
DOI:10.33271/crpnmu/80.160 https://znp.nmu.org.ua/index.php/uk/arkhiv-
zhurnalu/70-80ua/1143-80ual6

Ocobucmuii 6Hecok 3000y8aua NoOJs2A€ 8 OYIHYL MOYHOCMI Ma 30idCHOCMI
PI3HUX NIOX00iI8 00 PO3PAXYHKY 00IM0B020 3 EOHAHHS, 30KPEMA MemOOOM


http://omtc.knuba.edu.ua/article/view/345349

ckinuennux enemenmie (MCE), nanisananimuuHum memooom CKiHUeH-HUX
enemenmie  (HMCE), awnanimuuno2o po3paxyHky ma npocpamHozo
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O01mis npu ypaxyeauHi Hamsey.
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7. Mumok, C., Muuwok, ., & Makcum’iok, 0. (2025). COMPARATIVE
ANALYSIS OF THE RESULTS OF FLANGE CONNECTION
CALCULATION USING THE FEM AND CFEM METHODS. Modern
Engineering and Innovative Technologies, 2(40-02), 88-96. (Ino3emHue
HaykoBe ¢axoBe BujaHHs, kareropisa «by») DOI:10.30890/2567-5273.2025-
40-02-057 https://moderntechno.de/index.php/meit/article/view/meit40-02-
057/9302
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komnnekcis I[IK Jlipa Canp ma IDEA StatiCa.

8. Mumrok, C., & Mumiok, /I. (2025). COMPREHENSIVE STRESS-STRAIN
STATE ANALYSIS OF A FLANGE JOINT BASED ON AN
ANALYTICAL APPROACH AND NUMERICAL MODELING WITH
EXPERIMENTAL COMPARISON. Modern Engineering and Innovative
Technologies, 2(41-02), 82-93. (Imo3eMHe HaykoBe (haxoBe BHIAHHS,

KaTeropis «b») DOI:10.30890/2567-5273.2025-41-02-014
https://www.moderntechno.de/index.php/meit/article/view/meit41-02-
014/9560
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9. Mumwok, C., & Mumok, /. (2025). COMPARISON OF SEMI-
ANALYTICAL  FINITE ELEMENT (SFEM) NUMERICAL
SIMULATION RESULTS FOR A FLANGE JOINT WITH
EXPERIMENTAL DATA. Modern Engineering and  Innovative
Technologies, 2(42-02), 100-108. (Ino3zemHe HaykoBe (haxOBe BHJIAHHS,
KaTeropist «b») DOI:10.30890/2567-5273.2025-42-02-011
https://www.moderntechno.de/index.php/meit/article/view/meit42-02-
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HaykoBgi npaui, fiki 3acBifuy0Th anpodauio MartepiaaiB qucepramii

10.JocmixeHHs Ta TOPIBHAJIBHUM aHalli3 €JIEMEHTIB By3JIa 13 3aCTOCYBAHHSIM
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