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Anomauin. Y pobomi 6UKOHAHO PO3PAXYHOK (DIAHYE8020 OOAMOB020 3 €OHAHMS KPYaUX
mpy6 i3 3acmocysanuam npoepamuux xomnuexcie JIIPA-CAIIP ma IDEA StatiCa. Ilposedeno
NOPIGHANLHULL AHANI3 PE3YIbMAMIE MOOENI0OBAHHS, OMPUMAHUX 3 MEMOOOM CKIHYEHHUX eleMeHmis
v npocmopositi nocmanosyi (MCE) ma komnonenmuum memooom cxinvennux enremenmie (KMCE).
Pozenanymo ocobausocmi pobomu 3’ €OHanHs ni0 Ji€H0 32UHANLHOSO MOMEHM) Md NPOAHANIZ308AHO
BIOMIHHOCMI ) HANPYHCEHO-0ePOPMOBAHOMY CMAHI MA 3YCUNIAX Y OOIMAX, GUSHAUEHUX DISHUMU
nioxooamu.

Kniouosi cnosa: memoo CKiHUeHHUX elleMeHmis, KOMNOHEHMHUN Memo0 CKIHYeHHUX
enemenmis, IDEA StatiCa, ¢ranyese 6onmose 3 €0HanHA, Oisi 32UHANLHOC0 MOMEHMY, NOPIGHAIbHI
pospaxyuku Jlipa Canp ma IDEA StatiCa

Abstract. The work has performed the calculation of flange bolted connection of round pipes
using the LIRA-SAPR and IDEA StatiCa software packages. A comparative analysis of the
modeling results obtained by the finite element method in spatial formulation (FEM) and the
component finite element method (CFEM) has been carried out. The features of the connection
under the action of a bending moment have been considered and the differences in the stress-strain
state and forces in the bolts determined by different approaches have been analyzed.

Key words: Finite element method, component-based finite element method, IDEA StatiCa,
flange bolted connection, action of bending moment, comparative calculations of Lira Sapr and
IDEA StatiCa.,
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Beryn.

Kpyrni craieBi TpyOM MIMPOKO 3aCTOCOBYIOTHCS B OyAIBHMIITBI  Ta
EHEPreTUYHUX CIopyJax, e JJIA iX 3 €JHaHHS YacTO BHUKOPUCTOBYIOTH (hIaHIIEBI
00JITOB1 BY3/1HM. BoyiTH pIBHOMIPHO PO3TAlIOBYIOTHCS IO MEPUMETPY TPyOH, IO
n03BoJIsIE €)EKTHBHO TIEPEIaBaTH OChOBI Ta 3TMHAIBHI 3yCHIIIS 0€3 MOoCIa0JIeHHS
nepepisy.

AKTyalbHICTh JOCHI)KEHHSI TIOB’s3aHa 3 HEOOXITHICTIO TOYHOTO aHami3y
HaIpPY>KEHO-1e(OPMOBAHOTO CTaHy TaKUX BY3JiB, OCOOJWMBO TIpH MAii 3TUHAIBLHUX
MOMEHTIB. [[J11 IbOTO BUKOPUCTAHO J[Ba PO3PaXyHKOBI KOMIUIEKCH HA OCHOBI METOY
ckinueHHuX ejemeHTiB: JIIPA-CAIIP Tta Idea StatiCa Connection, ae ocTaHHIA
peanizye KOMIOHEHTHHUM MeTo ckiHueHHuX enemMeHTiB (KMCE).

Mertoto poGotu - BusHauenHss HJIC ¢naniieBoro 601ToBOro0 3’ € AHaAHHS KPYTJIUX
TpyO MmiJ MAi€0 3rMHAJBHOTO MOMEHTY Ta MOPIBHSHHS OTPUMaHHUX pE3YJIbTaTiB,
30KpeMa HanpyskeHb 1 3ycuiib y 0onrax, Mixx MCE ta KMCE.

OCHOBHUII TEKCT

Posrnsipaerses QuiannieBe 6ositoBe 3’eaHaHHS BOX TPyO miamerpom Dtp = 762
MM 3 TOBIIMHOIO CTIHKH tTp = 6 MM. ToBumuHa QuanuiB npuiinara tg = 40 mm
(KiTpIIeBHM THI), 30BHIMIHINA pagiyc — R = 459 MM, BHYTpilIHIN — 32 BHYTPIIIHBOIO
rpaHHio Tpyou. Paxiyc po3mimienHs 0ontiB cTaHOBUTH RO = 423 mM. Bukopucrano
o6ontu M24 xnacy minHocti 10.9, kinbkicTh — 24 1T, po3TalloBaHl PIBHOMIPHO IO

KOJIy.

Pucynoxk 1 — 3aransHuii BUrIIsia 3’ € IHaHHS
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Jlo KOHCTpyKIIi NMPHUKIAJeHO 3ruHadbHui MomeHT M = 750 kH-M, mo mie
BIJIHOCHO IIEHTPAJIbHUX OCEH OJIHI€T TpyOH, TO1 SK 1HIIA TpyOa dKOPCTKO 3aKpiIlIeHa.
Martepian Tpy6 Ta dmanuiB — crans S355, moaynb npyxHocTi E = 2.06x10° Mlla,
koediuient Ilyaccona v =0,3.

byno nposeneno pospaxynok Ha ocHoBi MCE y JIIPA-CAIIP y mpocroposiit
MOCTAaHOBIIl 3 BHUKOPUCTAaHHSIM YHIBEPCAIBHUX OOOJIOHKOBUX YOTHPUKYTHUX
€JIEMEHTIB. /{711 MOPIBHAHHS NPOBEACHO PO3pPaxyHOK 3’€JHAHHS 3a KOMIIOHEHTHHUM
MetoaoM ckinueHHux enemeHTiB (KMCE) B mporpawmi Idea StatiCa.

Otpumani pesyabtatu po3paxyHky 3a MCE ta KMCE neMOHCTpyIOTh BUCOKY
30DKHICTh. MakcuMasnabHe 3YCWUIS PO3TATY B HAWOUIbII HaBaHTaXEHOMY OOJITI
cranoBuTh: 3a MCE — 217 xkH, 3a KMCE — 239,6 kH.

[TopiBHSIHHSA €KBIBAJIEHTHUX HAMpYKEHb TAKOX IMOKa3ye OJIU3bKI 3HAYCHHS:
337 MIla (MCE) ta 355 MIla (KMCE). Xapakrep po3mojiiy HampyXeHb y JTBOX

PO3paxyHKOBHX MIIX0aX € MoaioHum (puc. 2-3).

Pucynok 2 — ExBiBanenTHi HanpykeHHss MCE
Asmopcovka po3pobka

[MPa]

Pucynok 3 — ExsiBanentHi HanpyxeHHss KMCE
Asmopcovka po3pobka
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BucHoBku.

OTpumani pe3yabTaTH pO3paxyHKiB MOKa3ylOTh, 1110 HAMPY>KEHHs, BU3HAYEH] 3a
MeTonoM ckinueHHUX enemMeHTiB (MCE) Ta KOMIOHEHTHHM METOJIOM CKIHYEHHUX
enemeHTiB (KMCE), neMOHCTpYIOTh BIJHOCHO HEBENWKY pi3HUIIIO. Lle miarBepkye
MOJIUBICTh OTPUMAaHHS 3aJ0BIILHOI 301KHOCTI MK JBOMa MiAXoAamH. 3’€THaHHS
3a0e3neuye eHEeKTUBHE CIPUUHSATTSA 3TMHAILHOIO MOMEHTY, a OJIepKaHl 3HAUYCHHS
HanpyxeHb 32 MCE ta KMCE MoxyTh OyTHM BUKOPUCTAHI MJIS IOJAJIBIIOTO
JETATBHOTO aHAI3y HaIpPY>KEHO-Ie(POPMOBAHOTO CTaHy Ta JOCTIIKCHHS HAWO1IBII
HaIpY’>KEHUX EJIEMEHTIB BYy3Jla, TaKWX SK OOJITM Ta 3BapHI IIBU, 3 ypaxXyBaHHSM
MOJIUBUX TMOYATKOBUX 1 HAOyTux aedektiB. Lle € BaxIMBUM mpu OIIHII HECy4ol

3JIaTHOCTI 3’ € JHAHHS.
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GRAPHENE AS A KEY MATERIAL IN NANOSCIENCE: FROM THEORY
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Anomauin. B pobomi poszensdaemvcsi OCHOBHI emanu 00CHiOdCceHHs 2cpageny ma 1io2o
cmpykmypu. Buseneno cnocobu ompumanus ma eiacmueocmi mamepiany. 3anponoHO8aHuil
mamepian 6yn0 AimepamypHo 00CIIONHCEHO HA BIONOGIOHICb Kpumepism HeoOXiOHUM OJisl BUBYEHHS
8 YMOBAX eNeKMPOMEXAHIUHO20 BUKOPUCTNAHHSL.

Kniouogi cnosa: epaghen, oocniodicenns, racmusocmi epageny

Abstract. This paper examines the main stages of graphene research and its structure. The
methods of obtaining the material and its properties are identified. The proposed material has been
reviewed in the literature for compliance with the criteria necessary for study under
electromechanical operating conditions.

Keywords: graphene, research, graphene properties

Beryn.
CrpiMKuil pO3BUTOK HAHOTEXHONOT1H y XXI CTOMITTI BIAKPUB HOBI TOPU30HTH B

MaTepialo3HaBCTBl, EHEPIreTHIll, EJIEKTPOHIIl Ta OlOMEIUYHUX 3aCTOCYBAHHSX.
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