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AnoTanis. B crarti po3poOieHo y3araabHEHHH
MiAXi] MOMIYKY paIlioHaJIbHOT BIHCOTH CTaleBoi Oa-
JIKOBOI KOHCTPYKIIii: hepmMu ab0 OanKu MOKPUTTS
i 9ac il eni30INYHOT0 KOPOTKOYACHOTO HaBaH-
TaXCHHS IMITyJILCHOI Ail. JlochmikeHHsI BHKOHaHI
Ha ITiICTaBi CTBOPEHHS y3arajabHeHOI (hi3UKO-MaTe-
MaTHYHOI MOJENI MOIIYKY pPalioHaJb-HOi BUCOTH
cTaneBoi ¢epMH MiABUINEHOI HAMIHHOCTI 3 ypaxy-
BaHHSIM JIii IMITYJIbCHOTO 30CEPEIKEHOTO HaBaHTa-
JKEHHSI, sIKE JTii TT0 CepeIrHI MPOIBOTY KOHCTPYKIIIi.
Bubip pauionansHoi BUCOTH CTaeBO1 (hepMu Mpuii-
HSTO 32 y3arallbHEHOI METOJINKOI0 ONTHMAIBHOTO
MPOEKTYBAHHSA 3 YpaxyBaHHIM 0OMEKeHb 3a MillHi-
cTIO 1 cTifiKicTio. TOMYy MOKHA MPHUWHATH, IO 3a-
CTOCOBAHUN METONOJIOTIYHUI IMAXig mae ooMe-
KECHO-ONITUMAJIbHUN PE3yJIbTaT, ajie BiH € JOCTaT-
HiM, BpaXxOBYIOUH CKJIaHICTh MMOCTaBIEHOI 3a1a4i,
JUTSL BapiaHTHOTO MPOEKTYBAHHS.

3a miabOBY (PYHKIIIO MPUHHATO aHATITHYHHUMA
BUpa3 BUTpAT CTali 3 ypaxyBaHHAM KoedilieHTa
JUHAMIYHOCTI 3a 3TMHAJbHUM MOMEHTOM. 3aIluc
aHaJITUYHOI HiTbOBOI (PyHKIIT BUTpAT cTam KOHC-
TPYKIlii epMH 13 TEPEXPECHOIO PEIIITKOI BUKO-
HaHO 3 ypaxyBaHHsM YHi(iKalii cTaleBux eleMeH-
TiB, TAKOX BPaXOBaHO BIUIMB KOHCTPYKTHUB-HUX KO-
edimienTiB. 3a (i3uMKO-MaTeMaTU4Hy MOZENb CTa-
neBoi epMu TOKPUTTS NPUHHITA KOHCTPYKIIS 171e-
aIBHOTO JIBOTaBpa 3 YpaxyBaHHAM nedopmarii
3CyBY Iepepi3y pH BU3HAYCHHI KoedillieHTa uHAa-
MiyHOCTi. OTpUMaHi aHaNiTU4HI BUpa3u (KpHUTEPii
paIlioOHAJIBHOCTI) 11 BH3HAUEHHS palliOHAIBHOT
(0OMekeHO-ONTUMANTEHOT) BUCOTH (hepMH 3 ypaxy-
BaHHSIM BIUIMBY KoedilieHTa nuHamiunocti. [Ipo-
BEACHI YUCIOBI AOCIIIKEHHS OOMEKEHO-ONTHMA-
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ApTtem BIITUK
[OOLEHT kadeapy MeTanesux Ta ge-

PEB’STHUX KOHCTPYKLIM,
K.T.H.., OOLIEHT

Makcum TEPHOBUN

acucTeHT kadbegpu meTaneBmx Ta
OEePEB’IHNX KOHCTPYKLN

JHHOI BHCOTH CTaJe€BOi KOHCTPYKIII (hepMH TOK-
putts. [TinTBepaKeHO, 10 B 3aJI€KHOCTI BiJl CTaTH-
YHOI'O Ta IMITyJbCHOTO HABAaHTAXXEHHS Ta I'€OMET-
PUYHUX MapaMeTpiB cTaneBoi KOHCTPYKIil MOK-
PUTTS, KOSPIIIEHT TUHAMIYHOCTI BIIMBA€E Ha BU-
3HAYEHHSI palioOHaJIbHOT BUCOTH CTAJICBOT KOHCTPY-
kiii. OTpuMaHuid KPUTEPid parlioHATBHOCTI KOHC-
TPYKUil BpaxoBye TaKOXX BIUIMB CIiBBIJHOIICHHS
BJIAaCHOI Barh KOHCTPYKIli CTayieBOi (hepMHU IOK-
PHUTTS 1 KOHCTPYKILIi{ HOKPUTTS 3 ypaXyBaHHSIM OTO-
POJUKYBabHUX HECYYMX KOHCTPYKIH IUTUT TIOK-
PUTTSL.

AHaNMITHYHUA KpUTEPId pamioHAIbHOI BHCOTH
cTajeBoi ()epMU MOKPUTTA i3 BIUIMBOM IMITYJIbC-
HOT'0 HaBaHTaXXCHHS BKJIIOYAE 1 KPpUTEPIl palfioHa-
JBHOCTI ONTHUMAaIbHOI BUCOTH (pepMU Ipu cTaTHY-
HOMY HaBaHTa)KCHHI.

3a pe3ynpTaraMu JIOCTIIXEHb OTPUMaHa MpaK-
TUYHA METOJUKAa BH3HAYEHHS PalliOHANbHOI KOHC-
TPYKIIi cTaneBoi pepMu MOKPUTTS MiJ Yyac BapiaH-
THOT'O TIPOEKTYBaHHS 3 ypaxyBaHHSM [ii iMITyJIbC-
HHUX HaBAaHTA)XCHb.
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KurouoBi ciioBa: craneBa ¢pepma MOKPUTTS; OT-
TUMaJIbHE POEKTYBAHHSI;, pallioHAIbHA BUCOTA CTa-
TIeBo1 (hepMHU IMMOKPUTTS; KPUTEPiil pamioHaIbHOCTI;
KoeQIIliEHT JTUHAMIYHOCTI; IMIYyJbCHE HAaBaHTa-
JKEHHS;, aBapiifHi HaBaHTAXEHHS, KUBYYiCTh KOHC-
TPYKLIH.

I[TOCTAHOBKA ITPOBJIEMU

CTBOpEeHHs HOBUX KJIAciB 1 MAKIIACIB cTaje-
BUX KOHCTPYKIIH 3 MiABUIICHUMH 3aXUCHUMU
BJIACTUBOCTSIMH — II¢ HayKOBa Ipobiema po3-
BUTKY aHATITHYHOTO anapary po3paxyHKy KOH-
CTPYKLIHM Ha J1if0 3ac001B MOBITPSIHOT'O HAIaIy
[1,2]. dns o0’ekTiB KpUTHYHOI iH(pacTpyk-
TYpH Ta IUBUIBHUX OCOOJIMBO BAXJIMBUX OY/I1-
BEb 1 CIOPYHI BJOCKOHAJICHHS METOMOJIOrIY-
HUX MJ-XOMIB BHW3HAYEHHS palllOHAILHUX
KOHCTPYKTHB-HUX CHCTEM TOKPUTTS OYyIOB €
aKTyaJIbHOIO 3a7a4ero. MeTasieBi 0aiKoBi CHUC-
TEMU MPOTOHOM 9-18 M MOBUHHI OYTH pO3paxo-
BaHI Ha OMIpP 30-CEPEHKCHUM IMITyJIbCHUM Ha-
BaHTAXCHHSIM, SIK1 JIIOTH ITi]T 4ac MPSIMOTO ypa-
KEHHsI OEe3MUJIOTHU-MHU JIETAJIbHUMHU anapa-
TaMu. BaXTMBUM €TarioM MpPOEKTYBaHHS € TI0-
IIyK paliOHaJbHUX TEXHIYHUX PIIICHb TaKUX
KOHCTpYKIi [2,3,15]. Tlpore migxoau partio-
HaJLHOTO (0OMEKEHO-ONTHUMAIILHOTO) TIOIIYKY
ONITUMAJILHOI BUCOTH 0AJKOBO1 KOHCTPYKIIi, ¥
TOMY YHCJI 1 CTaleBUX (epM IMOKPUTTS, 3 ypa-
XYBaHHSIM HaBAHTAXXEHHS IMITYJIb,CHOTO XapakK-
TEepy HEAOCTAaTHhO IMPEACTaBIEHI B HAYKOBUX
JOCIIKSHHSX.

AHAJII3 ITOITEPEJHIX JOCJIIJIKEHD

ImMmynecHMIA  XapakTep [ii HaBaHTAKEHHS
HANOUIBII JOLLTFHO BPaXOBYBAaTH Yepe3 BU3HA-
4yeHHs KoedilienTa TuHaMigHoCTi [6, 7, 3, 15,
16, 17]. Cepen akTyaJlbHHX 3a]1a4 OKPEMOIO Te-
XHIYHOIO TIPOOJIEMOI0 € JOCIIKEHHS CKJIajI-
HUX paMHUX 1 CTPIKHEBUX CUCTEM T 4ac cei-
CMIYHOTO HaBaHTaxeHH: [6, 7, 8, 9, 10]. 3ana-
4i po3paxyHKiB Ha aBapiifHi Ta emi30WYHI Ha-
BAHTAXKEHHSI TOB’s3aHI 13 CTBOPEHHSM KOHC-
TPYKTUBHHUX CHCTEM IMiJBUIICHOI >XUBYYOCTI,
PO3paxOBaHWX HA MPOTHIII0 KaJONTHIHOTO
pyHHYBaHHS KOHCTpPYKIIii [6, 7, 8,9, 10,11,12].

OnTuMalibHe TPOSKTYBaHHS CTAJCBUX KOH-
CTPYKLIH epM MOKPHUTTA — 11e BUOIp Hailkpa-
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IIOTO KOHCTPYKTHBHOTO DIllICHHS 13 BHKOPHC-
TaHHS aBTOMATHU30BAaHMX TMPOIECIB pearizalrii
aHAITHYHUX (PI3UKO-MaTEeMaTHI-HUX AITOPHUT-
MI30BaHUX MOJIEJeH LiIeCHPSIMO-BAaHOTO TIO-
YKy, TiJ] 9ac SKOTO 3 MHOXHHHU JTOITYCTUMUX
MPOCKTHUX pIlIEHb IIOTO 00’€KTa BIAIIYKY-
I0Th OJIMH Hal-Kpaluii, TaKuii, 0 3a0e3mevye
Y3rO/KEHICTh, 30alaHCOBAHICTh TEXHIKO-EKO-
HOMIYHMX ITOKa3HHKIB SIK CAMOI'0 00’ €KTa, TaK 1
3arajoM CHUCTEMH, EJIEMEHTOM SKOi € Iieil
00’exr [3, 4, 5, 22].

VY 3araibHOMY BHUIIAJKy MaTeMaTU4yHa Moc-
TaHOBKA 3aJ1a4 ONTHUMIi3allii MOJIsATae y MOMIyKY
(GI3UYHUX Ta TEOMETPUYHHX IMAPaMETPIB KOHC-
TPYKTUBHOI (hOPMH, TIPH SIKUX TIOKA3HUKHU KO-
CTi pillIEHHS OCSTAI0Th EKCTPEMATbHOTO 3HA-
yeHns [4, 5, 20, 21, 22 ,23].

Hanpsmok po3BUTKY Teopii ONTHUMAaIbHOTO
MPOSKTYBAHHS CTAJIEBUX CTEPKHEBUX CHUCTEM
10 60-x pokiB XX cropiyus MOB'sI3aHUM 3 PO3-
BUTKOM aHAJTITHYHUX MIAXOIB MOIIYKY €KCT-
peMaJbHHUX 3HAYEHb LIbOBOI (PYHKIIT BUTpAT
ctaii. B skocTi akTHBHUX 0OMEXKEHb MIHIMAJIb-
HOI Baru MpUAMAaNIKCh PIBHSHHS yMOB MiITHO-
CTi Ta ctidkocti [4, 5, 20, 21, 22 ,23]. Ilep-
IIMMH pOOOTaMU 3 ONTHUMAJBHOTO TPOEKTY-
BaHHsI CJII/I BBAXKaTH BimoMi podotu [[x.Maxc-
Ben (1869 p.) [Maxwell J.C. Scientific papers
11,1869. Cam-bridge University, Press, p 175-
177. (Reprinted by Dover publications, New
York, 1953)], A.Miuen (1904) [Maxwell J.C.
Scientific  papers  11,1869.  Cambridge
University, Press, p 175-177. (Reprinted by
Dover publications, New York, 1953)] Ta
M.JIesi (1874p.) [Levy M. Le statique
graphique et ses applications aux con-
structions.-Paris:1874], [2].

[Tepri po6oTH 13 pO3paxyHKy CTATUYHO He-
BU3HAYCHUX (PepM 3a KpUTEpieM HAHMEHIIIOTO
00’eMy HaJIeXKUTh psAAy aBTOpiB [5, 20, 21, 22
,23, 24]. Tak, Oyno 1oka3aHe MOJOKECHHS: «CH-
CTEMH, 3 IKMX MU BUOMPAEMO PIllICHHS 3BOPOT-
HOT 3a71a4i — 1€ CYKYITHICTh KOHCTPYKIIIH 13 OJ1-
HaKOBMM alOpucoM oceld. MHOXKHHA yCiX MOX-
JUBUX PIIlIEHb KOHCTPYKIIIH 13 3ajaHUM aOpu-
COM OcCeli Ta OCHOBHA 33/1a4a MPOEKTYBAaHHS —
3a/1aya BUOOpPY HAWKpAIIOro BapiaHTy 3 IN€l
MHOUHU» [3, 4, 5]. Lle crocyeThcs 1 MOMIYKY
ONTUMATBbHUX KOHCTPYKTUBHUX PIIIEHb OAJIOK,
K1 TIPH POTOHAX 1 IEBHUX HABAHTAKCHHAX €
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KOHKYPEHTHUMH 13 KOHCTPYKTUBHUMH DillICH-
HsAMHM cTajeBux Gpepm mokputts [15, 16,17, 18,
19, 20, 21, 22]. Po3BuHyTHI TiAXi[J IIOAO TO-
IIyKYy parfioHAIBHUX KOHCTPYKII KOMOIHOBA-
HuX (hepm mokputts [ 13, 14], 3 BUKOpUCTAHHAM
MPOKATHUX OAJKOBUX MPO(]LITIB Ta TBOTABPIB 3
ro()poOBaHOIO CTIHKOIO y BEPXHBOMY MOsCi [26,
27].

[Ipore BupimeHHS 3a1a4di ONTHMAIEHOTO
BU-00pY Ha 1aHOMY €Tarll HaBiTh IPU BU3HAYE-
HUX YMOBax Ta i3 3aJ0BIJIbHOI0 TOYHICTIO,
MOB’sI3aHe 13 MOTPEOOI0 MONEPETHHOTO PO3pa-
XYHKY, KOHCTPYIOBaHHS Ta MOCIIIyI0UOro 00-
YHUCIIEHHSI TEXHIKO-€KOHOMIYHHMX [OKa3HUKIB
IUIsL KOYKHOI KOH-CTPYKIIIi 3 MHOXKWHU MO>KJIH-
BUX pilleHb. ToMy B 3B’S3KY 13 BEJIHUKOIO TPY-
JOMICTKICTIO PYYHOTO PO3paxyHKy TEXHIKO-
€KOHOMIUHUX IIOKa3HUKIB IpPHU BapiaHTHOMY
MIPOEKTYBaHHI, MOUIYK IIISAXIB PO3B’s3aHHS
3BOPOTHOI 3a/1aui NPOEKTYBaHHA IIILIOB y Ha-
NpPSIMKY BIAIIYKOBYBAaHHS ONTHUMAJIbHUX pi-
IIEHb HA HEMEepPEpBHUX (YHKLISAX, IO OIMHUCY-
I0Th ~ MHOXXHHH  JIONYCTHMHX  pIlICHb
[3,9,13,16,22].

B T0ii 5)xe yac HamaraHHs 3B€CTH MOIIYK OM-
TUMAaJIbHUX NapaMeTpiB CTEP)KHEBUX KOHCTPY-
KIIf 10 CYyTO aHaJITUYHUX METOIIB, PO3pPaxo-
BaHUX HA PYYHUH PO3paxyHOK, 3yMOBWIJIM 3Ha-
YH1 CHPOILEHHS, Kl OyJIu NPUUHATI IPH iX PO-
3po0i1i, Ta HAKJIaTH 0OMEKEHHS II0JI0 1X 3aCTO-
CyBaHHS Ha MiHIMaJIbHI Ta MaKCHUMaJbHI 3Ha-
YEeHHS apaMeTpiB KOHCTPYKLii [5, 21, 22].

Jlnst 6aratomipHOi 0€3yMOBHOT ONTHMI3aIlii,
710 SIKOi BITHOCUTHCS OUIBIIICTH 33424 ONTHMi-
3aIii CTEP)KHEBUX KOHCTPYKIIIH, HAMOUTBIIOTO
NOLIMPEHHsT HaOyIM Tpagi€HTHI METOAM Iep-
II0T0 MOPSAIKY, [0 MAJIOYYTJIMBI 10 MOYATKO-
BOT'0 MPOEKTY Ta KIJIBKOCTI 00MEXeHb y hopMi
JOIaTKOBUX piBHsHE [20, 21, 22, 23, 24].

binpimicTs BHpIiNIeHh 33724  ONTHMI3aIlil
CTaJIeBUX CTEP>KHEBUX KOHCTPYKIH nependa-
YaoTh BHOIp HapamMeTpiB Ha HENEepepBHOMY
psIl 3HAUYEHb XapaKTePUCTHK eneMeHTiB. Ha-
CTpaBi X, MPUPOJIa IPOCTOPY pillieHb y pea-
JBHOMY MPOEKTYBAaHHI METalleBUX KOHCTPYK-
Iill HOCUTh IUCKPETHUH XapakKTep, 10 BU3HA-
4aeThCsA COPTAMEHTAMHU €JIEMEHTIB. 3 TEOpEeTU-
9YHOT TOYKH 30Dy, AMCKPETHE MPOEKTYBAHHS
OTPUMYETHCS TIPU BUKOPUCTAHHI METOIUKH ITi-
JIOYHMCETHHOTO MPOrpaMyBaHHs 32 YMOBH, IO
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MaTEeMaTHYHY 3a]ady IMporpamy-BaHHS MOXKHA
JiaHepU3YBaTH.

Po3B’s130k y3aranpbHEHOi 33aja4i ONTHMAIlh-
HOT'O MPOEKTYBAHHS 03BOJISE BUPIIIMTU MPO-
0JIeMH TIONIYKY ONTUMAIBHOI T€OMETpii, TOTO-
JIOT1i Ta pO3MOIITY 3yCHJIb 1 MaTepialy B CTEp-
YKHEBUX METAJICBUX CHCTEMaX IMPU BU3HAYCHHIX
YMOBaX 3aKpIiIJIEHHS] HA OMOpax Ta BeIMYHMHAX
PO3paxyHKOBHUX HaBaHTAXCHb, 3 ypaxXyBaHHIM
BUMOT Oy/iBETTbHUX HOPM Ta Crielu(iKi KOHC-
TPYIOBAHHS.

TakuM YHMHOM, METOOU MATEMaTHYHOTO
IpoTrpaMyBaHHS 32 BITHOCHO KOPOTKHH CTPOK
Ha-OylK LIUPOKOTO PO3BUTKY, 1 JIOBEIH CBOIO
e(heKTHBHICTD, SIK B ray3i onTuMi3allii OymiBe-
JBHUX KOHCTPYKLiHM, Tak 1 1HIIMX TEXHIYHUX
cucteM. Pazom i3 TuM, IUPOKOTO MPUKIATHOTO
3aCTOCYBaHHS B 33Jla4ax 3 ypaxyBaHHSM JIii 11-
HaMIYHOTO Ta IMITYJILCHOTO HaBaHTAXXCHHS, Me-
TOJIM ONTHUMAJILHOTO MPOEKTYBAHHS TAK 1 HE Ha-
Oynu. Lle noB’s3aH0 Hacammepes 13 HE BUITYK-
JIiCTIO (IOJIOTICTIO) OOJIACTI JIOMYyCTUMHX pi-
I€Hb, HASIBHICTIO JIOKAJTbHUX EKCTPEMYMIB Py-
HKIIT i (i1 MyJTbTUMOAANBHICTIO), AUCKPET-
HOIO 3MIHOIO IIYKaHUX MapaMeTpiB, CKIAJHI-
CTIO ypaxyBaHHSI KOHCTPYKTUBHUX, TEXHOJOT1-
YHUX, €KOHOMIYHUX Ta E€KCIUTyaTallifHUX BHU-
MOT, sIKi MalOTh OyTH (hopMai3o0BaHi y BUTJISAI
CKJIa0BUX (QYHKILIT a00 00MexKeHb, A1€10 HaBa-
HTKEHHS y 4aci, e(peKTH HaBaHTaKEHHS, SKi
3aJIeKaTh BiJl CAMUX T€OMETPUYHHX TapameT-
piB koHCTpYKLii. JlilficHO, 1ibOBI PYHKIT, SKi
HaBiTh 13 3aJIOBUTLHOI0 TOYHICTIO OIHCYIOTh
Macy a00 BapTICTh CTAJIEBUX CTEPKHEBUX KOH-
CTPYKIIiH, MalOTh CKJIQJHUN XapakTep, 3aje-
’KaTh Bl 0aratboX K KUIL-KICHHMX TakK 1 sSKic-
HUX [apaMeTpiB, € HEJIIHIMHU-MH, TUCKPET-
HUMH Ta MyJbTUMOAanbHUMHU. Ha nanuit yac
MaTeMaTHYHO CTPOTO JOBECTH 301K-HICTh Ta-
KUX IUTBOBUX (PYHKIIH ICHYIOUMMH METOJaMU
JIOCTaTHBO CKJIaJHA 3ajaya [3, 4, 5, 20, 21, 22,
23].

Ile 3Ha4YHO YCKIAIHIOE 3aCTOCYBAHHS [0
HUX METOJ[IB MATEMaTUYHOTO MPOrPaMyBaHHS,
3MYIIIY€ peani3oByBaTH ONTUMAJbHE MPOEKTY-
BaHHS B JICKIJIbKa €TAITIB 13 3aCTOCYBAHHSIM HO-
BHUX KPUTEPIiB 1 METOAOJIOTIH [3].

TakuMm 4YMHOM, 3aJada TPSMOTO OJHOCTA-
JTIHHOTO ONTUMAIBLHOTO MPOEKTYBAHHS Ta BH-
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00py ONTUMAJILHOTO PIllICHHS Ha CTafii Bapia-
HTHOTO TIPOEKTYBAaHHS CTaJIeBUX (pepM Ta 1H-
IIUX KOHC-TPYKTUBHHUX OalIKOBHX, KOMOiIHOBa-
HUX KOHC-TPYKIIIH 1] 9ac Jii IMITyJIbCHOT'O Ha-
BaHTa-)KEHHS HE JOCTATHHLO TEOPETUIHO JTOCITi-
JoKeHa. ToMy 10 TaKUX CTaJEBUX CHCTEM IPO-
CTOI KOHCTPYKTHUBHOI (OpMH Ha MepIoMy
eTari BapiaHTHOT'O MPOEKTYBAHHA MOXKe OyTH
3aCTOCOBaHMI 3arajbHUMN IMiJIXiJ MONIYKY aHa-
TTHYHOT (YHKIIT BUTpAT CTall 3 MOJAJIbIIUM
BpaxyBaHHSIM KoedillieHTa JMHA-MIYHOCTI 1 1M0-
IIYKY OOMEXEHO ONTUMAaIbHUX F€OMETPUUHUX
napaMeTpiB CUCTEMHU B ijoMy. Takuil mimaxif
JOCTaTHRO pealli30BaHUM Mij Yac MOUIYKY OI-
TUMAJIbHUX TMapaMeTpiB Pi3HUX KOHCTPYKIIN
JIBOTaBPOBUX OAJOK MOCTIHHOTO, 3MIHHOTO TIe-
pepizy, Ta 6anok 3 ToPpOBaHOI CTIHKOIO [15,
16, 17, 18, 19]. Bupimeno i 3aaa4i onTuMans-
HOT'O TIPOEKTYBAHHS CTAJIEBUX CIIOPY] 3 Ypaxy-
BaHHSM JIMHAMIYHOTO BIUTUBY BiTpy [20].

OCHOBHE JOCJII/DKEHHA

Po3pobnena y3aranpHeHa (hi3MKO-mMaTeMa-
TAYHA MOJENbh OaJIKOBOI KOHCTPYKINI TMOK-
pUTTS, siIka MOXke OyTH 3acTOocOoBaHa Ui IO-
IIYKY palioHajJbHOi (0OMEKEHO ONTUMAJIbHOI)
CTPHXKHEBOI OAJNIKOBOI IAPHIPHO OMEPTOT KOH-
CTPYKIIT 3 ypaxyBaHHIM [iii €mi30AUIHOTO M-
MyJIbCHOTO HaBaHTa)XeHHS. KOHCTPyKIIis MOK-
PUTTS CKJIQTAETHCS 13 MOSICIB Ta €JIEMEHTIB pe-
IITKY, T T ABUIICHHS HAAIMHOCTI KOHCTPYK-
uii epMu BpaxoBaHa Bara JI0AaTKOBHX €JIeMe-
HTIB (IpUIHATA XpecToBa peliTka GpepmMu HoK-
PUTTS).

Konctpykuis ¢epMu mpeacraBieHa y BU-
TJISIT1 171€alTbHOTO IBOTABPa 3 ypaxyBaHHSIM KO-
edimienrta nedopmariii 3cyBy nepepisy - Ke.

OTpumaHO TpHUBEJCHE 3HAYEHHS BHUTpPAT
CTaJIl Ha KOHCTPYKIIIIO OKPUTTS — LLJIbOBA (Y-
HKIIiSl 3 YpaxXyBaHHSIM OOMEKEHb 3a MIIHICTIO
BCIX €JIEMEHTIB 1 KOHCTPYKTHBHUX Koe(ili€eH-
TIB:

8Ryy7cm
Lq;:ﬁDwd +Dshi) 0
pY, e Mo
1€ Mg@— BUTPATH CTAJli HA CTATIEBY OAIKOBY
KOHCTPYKIIIFO TTOKPUTTSI,
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Dwd — KOHCTpYKTHBHa XapaKTEPUCTUKA
BUTpAT CTaJll Ha MOSICH,
Ds — KOHCTpyKTHBHa XapaKTEpUCTUKA
BUTpAT CTJIl Ha PENIITKY,
Lo — mporin craneBoi pepmMu MOKPHUTTS,
he — BHcOTa cTaneBoi hepMu MOKPUTT,
yo — KoeilieHT yMOB poOOTH,
Ry — po3paxyHKOBUI Omip CTali 3a MEKE0
IUTMHHOCTI (MEXKEI0 TeKYJOCTi)
Jp— piBHOMipHE PO3MOALICHE TPAaHUYHE
pO3paxyHKOBE HABAaHTAKCHHS,
p — TyCTHHA CTai,
Ww — KOHCTPYKTUBHHHA KOE(DIIliEHT BepxX-
HBOTO MOSCY KOHCTPYKIIIi.

[Ipu il IMOYIBCHOIO HABaHTAXXEHHS, PO-
00Ta KOHCTPYKILIi pO3AUIAETbCSA Ha JIBA €TaIlu:
yac (71) KOJIH JIi€ IMITyJIbCHE HABAHTAXCHHS, Ta
yac () KoaM IMITyJIbCHE HaBaHTAXKEHHS Iepec-
tae aiatH ({>71), a KOHCTPYKILS IPOIOBKYE Py-
XaTucs.

KoedimienT nuHamMiqHOCTI 3a 3TUHATBHAM
MOMEHTOM (KdinM,2) TIPHHHATO BHPaxOBYBaTH
3a TMEPIIOI0 YaCTOTO KOJIMBaHb (1>71), 110 nae
JIOCTaTHE MPEACTABICHHS PO pallioHaJIbHI Ha-
pamMeTpu CTajeBOl KOHCTPYKII MOKPUTTS [
Yac BapiaHTHOTI'O MPOEKTYBAHHS

(Ij
x,2,z21\ 2
(Ij
x,st \ 2

T
an

t>7 —>Kginm 2=

2
B, =sin| L% |sin ay (t—-7) |- @)

16
Kdin,M 2 =— Br1:
T

KosioBa yacToTra Bi1acHUX KOJHMBaHb 3a Mep-
o0 popmoro Oyje 3anexatu BiJl Bard KOHC-
TPYKIIT NOKPUTTS (Myr) 1 dKOPCTKOCTI CUCTEMH
Ha 3ruH ElKe.

w -2 |Elxke

. 3)
' L My

MowmeHT 1Hepuii nepepizy MOXIIUBO Mpen-
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naBoTaBpa (MpHIMAETHCS TUIONIA TOSCIB KOHC-
TPYKILIi 3a IUIOIIEI0 HIKHBOTO MOSACY 1 Bpaxo-
BYIOTbCS KOHCTPYKTUBHUMH Koe(illieHTaMU
BIIMIHHOCTI):
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TpaTH CTaJli Ha CTajieBy OaJIKOBY KOHCTPYKTHU-
BHY CHCTEMY CTaJeBHX (DepM IOKPUTTS IIPO-
160TOM Lo =17,5 M 13 ypaxyBaHHsAM Koedirtie-
HTa JUHAMIYHOCTI Ta Yacy Jii iIMIyIbCy

2 h,

L

fra

Puc.1. 3mina KpuTepiro 3BEACHNX BUTPAT CTaJli HA KOHCTPYKTHBHY CHCTEMY MOKPHUTTS B 3aJIEKHOCTI Bix
BIJIHOCHOT BUCOTH CTajeBOT pepMu MOKPUTTS Myr,o/ (WMy)=0,15, wac aii immynsey 71=0,02. I'padik
1 - mpu cTaTHYHOMY HaBaHTaXeHHI, piBHAHHSA (6). ['padik 2 - 3 ypaxyBaHHsM Koe(illieHTa UHAMI-

YHOCTI 32 3rHHATBHIM MOMEHTOM, PiBHSIHHSA (5)

Fig.1 The change in the criterion of aggregated costs of steel for the structural system of the roof truss
depending on the relative height of the steel truss myo/(yrMmy)=0,15, the duration of the impulse
11=0,02). Graph 1 - under static load (equation (6). Graph 2 - taking into account the dynamism factor

by bending moment equation (5).
Kpurepiii panioHaaIbHOCTI KOHCTPYKTUBHOL

CHUCTEMHU 31 CTajeBUMHU (epMaMH € PIBHICTh
HYJIIO TIEePILOi MOX1AHOI IIIOBOI (YHKII].

,rl[ch Dyqg + Dg h®]+ Brl(—Lg’DWd + Ds]—O 5)
hoy Lo h ()
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BaxnuBum € Te, o KpUTepiit 3B€ACHUX BU-
TpaT CTaJli HA KOHCTPYKIIIIO TOKPUTTS 0€3 ypa-
XYyBaHHs KoedillieHTa TMHAMIYHOCTI Ma€ 3ammc
piBasiHHS (6). Lleit kpurtepiii BXOAUTH 10
cknany kputepiro (5). Po3paxyHku BUKOHaHI
JUTSL 4acy, KOJM KOHCTPYKTHBHA CHUCTEMa Mae
MaKCUMaJIbHI TIepeMilICHHS.
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3a pe3ynbTaTaMd YHCIOBUX JOCIiIKCHb
(puc.1) mokazaHo, 110 ONTHUMaJIbHA BUCOTA CTa-
neBoi ¢epmu Oyzme OuTbIe ONTUMATIBHOI BH-
cotu (hepmu, 0e3 ypaxyBaHHs Koe]illieHTa Tu-
HaMIYHOCTI, P BiJTHOIICHH] BJIaCHOI Baru cTa-
7IeBO1 KOHCTPYKIIT pepMH 10 Baru KOHCTPYKIIiT
nOKpHUTTS Mir,of (wirMr)=0,15. 3a Takum criBBiI-
HOIIICHHSM BPaxOBaHa Bara Oropo;KyBaJIbHUX
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KOHCTPYKIIN TOKPiBIi (Myr), SIKI KOJUBAIOTHCS
pa3oM 3 KOHCTPYKIIISIMH CTaJIeBUX (epM MOK-
PHTTSL.

[Tpu 3MeHIIEHHI BJIaCHOT Baru OropoJKy-
BaJIbHUX KOHCTPYKIIH BiJI0Opaka-€ThCsl 3MEH-
IICHHS! ONITUMAJIHOI BUCOTH CTaJICBOIO (hepMu
3a paxyHOK 3MEHIICHHS Koe]illieHTa TuHaMi4d-
Hocti (puc. 2), Myof(wermMy)=0,25. dakTraHO
JIOCSITAETHCS CYTTEBE 3MEHIIICHHS IMITYJICHOTO
HABaHTaXCHHSI.

ola

Puc.2. 3miHa KpUTEpiro 3BEJICHUX BUTPAT CTANIi HA KOHCTPYKTUBHY CHCTEMY MOKPHUTTS B 3aJICKHOCTI Bif
BiZJTHOCHOT BUCOTH CTaJIEBOI (hepMH OKPUTT My of (WerMy)=0,25, vac aii immymscy 71=0,02. I'pa-
¢ik 1 - npu craTHYHOMY HaBaHTaXeHHI, piBHSAHHA (6). ['padik 2 - 3 ypaxyBanHsAM KoedilieHTa
JIMHAMIYHOCTI 33 3TUHAJIbHUM MOMEHTOM, PiBHSIHHS (5).

Fig.2 The change in the criterion of aggregated costs of steel for the structural system of the roof truss

depending on the relative height of the truss my o/(yemy)=0,25, the duration of the impulse
11=0,02. Graph 1 - under static load, equation (6). Graph 2 - taking into account the dynamism

factor by bending moment, equation (5).

[Tomanpmmii mepexis 10 HECYIrX KOHCTPYK-
i} OKPIBII 13 CTaJIe3a/11300€TOHY 13 CYTTEBUM
3MEHIIICHHSIM Bard CaMUX OTOPOKYBAaJbHHX
KOHCTPYKIIii TOKPUTTS IPUBOAUTH JI0 MOAAITb-
II0T0 3MEHIIICHHS KOoe(illi€eHTa JUHAMIYHOCTI
Ta 3MEHIIICHHS PaIliOHAILHOI BUCOTH epMu 32

80

kpurepiem (5), (puc 3).

TakuM YMHOM, BCTAHOBJICHO CYTTEBHM
BIUTMB Baru HECYYMX KOHCTPYKIIIM MOKPIBIl Ha
3arajbHy poOOTY CUCTEMH HOKPHUTTA MpH Aii
IMITYJTbCHUX HAaBaHTAXKCHb.
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Puc.3. 3MiHa KpuTEpito 3BEACHUX BUTPAT CTATl Ha KOHCTPYKTHBHY CHCTEMY TIOKPHUTTS B 3QJICXKHOCTI BiJ
BIJIHOCHOT BUCOTH CTaJIEBOi (hepMH TOKPUTTS Myrof (WerMyr)=0,4, vac xii immynbey 71=0,02.
I'padix 1 - nmpu cTarmuHOMY HaBaHTaKEHHI, piBHAHHSA (6). I'padik 2 - 3 ypaxyBaHHAM KoedillieHTa
JMIUHAMIYHOCTI 3a 3TUHAJIbHIM MOMEHTOM, PiBHIHHS (5).

Fig.3 The change in the criterion of aggregated costs of steel for the structural system of the roof truss
depending on the relative height of the steel truss my o/ (ywmy)=0,4, the duration of the impulse
11=0,02. Graph 1 - under static load, equation (6). Graph 2 - taking into account the dynamism factor

by bending moment, equation (5).

BUCHOBKMU I IIEPCIIEKTBU
NHOAAJIBIINX JOCIIIIPKEHD

JlocnipkeHa y3araJibHeHa (i3HMKO-MaTeMa-
TUYHA MOJETh CTalieBoi (epMu I BHU3HA-
YEeHHsI PalliOHATbHOI BUCOTH 3 YpaxXyBaHHIM Jii
IMITYJIBCHOTO 30C€pea-)KEHOT0 HaBAaHTAKECHHS,
sIKe i1 TocepeInHI MPOIbOTY KOHCTPYKITii. Bu-
O0ip pamioHaJbHOI BUCOTH CTaleBOi (epMu
MPUMHATO 32 y3araJlbHeHOT METOJUKOIO OINTHU-
MaJIBHOTO MPOEKTYBAaHHS 3 YpaxyBaHHSM II€B-
HUX OOMEeXeHb. 3a HUIbOBY (YHKIIIFO TMPUIH-
ATO aHAJTITUYHUIN BUpa3 BUTPAT CTalll 3 ypaxy-
BaHHSAM KoedillieHTa TUHAMIYHOCTI 3a 3THHA-
JBHUM MOMEHTOM. 3a (h13UKO-MAaTEMaTUUHY
MOJIeNIb CTajeBoi (epMU MOKPHUTTS MpHUilHATA
KOHCTPYKIIiS 17I€JIbHOTO IBOTABPA 3 ypaxyBaH-
HAM aedopmarliii 3cyBy mnepepidy Hnpu BH3HA-
YEeHHsI KOeIieHTa TUHAMIYHOCTI. 32 OCHOBHY
KOHCTPYKLIIO cTaneBoi (hepMu MpHiHATa CTa-
neBa OankoBa cucteMa (epM 3 MEepeXpecHOI0
pemriTkoro. OTprUMaHi aHATITUYHI BUPA3H (KpH-
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Tepii palioHaIBHOCTI) AJIS BU3HAUCHHS PaLlio-
HaJb-HOI (OOMEXEHO-ONTUMAIbHOI) BHCOTH
depMu 3 ypaxyBaHHSM BIUTUBY KoedillieHTa
nuHaMid-HOCTi. IIpoBemeHi 4YHCIOBI JOCHI-
JOKCHHS 3aJIC)KHOCTI ONTUMAJIBHOT BUCOTH CTa-
7eBOi KOHCTPYKIT (pepMu MOKPUTTA Bif 4acy
nii HaBaHTa)xxeHHs. [linTBEepIKEHO, 10 B 3aJIe-
JKHOCT1 BiJ dYacy il IMIYyJbCHOTO HaBaHTa-
KEHHS 1 TEOMETPUYHHX TapaMeTpiB CTaleBOl
KOHCTPYKIIi MOKPUTTS, KOeQIilIeHT TUHAMIY-
HOCTI NMpUiiMae 3HAYCHHs, K OuIbIIe, TaK 1
MeHIIe oguHuli. OTpuMaHuil Kputepiit pario-
HAJBHOCTI CTaJeBOi KOHCTPYKII OaJKoOBOTO
TUNy MiJ 4ac Ail IMIOYJIbCHUBHOTO HaBaHTa-
YKEHHSI, BpaXOBY€ BILJIUB CIIBBIJHO-IIICHHS BJla-
CHOI Baru KOHCTPYKLii cTajeBoi (epMu MOK-
PUTTS 1 KOHCTPYKILIII HOKPUTTS 3 ypaxyBaHHSAM
OTOPOKYBAIBHUX HECYYUX KOHCTPYKIIIH IITUT
MOKPUTTS. 3a pe3yibTa-TaMH  JIOCTIDKCHb
OTpUMaHa MpPaKTUYHA METOJUKa BHU3HAUCHHS
palfioHaJIbHOI KOHCTPYKIIIT cTaeBoi (hepMu mo-
KPUTTS MiJ] Yac BapiaHTHOTO MPOEKTYBaHHS 3
ypaxyBaHHSAM [ii IMIyJbCHUX HAaBaHTAXCHb.
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[Moganemn xocmipkeHHsT HEOOXIHO MPOBECTH
y HamnpsIMKy YTOYHEHHsI (YHKIIii BIUIUBY 4Yacy
IMITyJTCHOTO HaBaHTAXCHHSI, Ta TIPH i1 piBHO-
MIpHO PO3MOJAUICHOrO IMITyJbCHOT'O HaBaHTa-
KEHHS, SIKe Ji€ 10 BCbOMY MPOJIOTY CTaJIEBOT
KOHCTPYKITii.
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SELECTION OF RATIONAL HEIGHT
OF STEEL BEAM STRUCTURES
TAKING INTO ACCOUNT THE

DYNAMICS COEFFICIENT DURING

EPISODIC LOADING

Artem BILYK,
Maksym TERNOVYI

Summary: The article develops a generalized
approach to finding the rational height of a steel
beam structure: a truss or a roof beam under the ac-
tion of an episodic short-term pulse load. The re-
search was carried out based on creating a general-
ized physical and mathematical model for finding
the rational height of a steel truss of increased relia-
bility, taking into account the action of a pulsed con-
centrated load acting in the middle of the span of the
structure. The choice of the rational height of a steel
truss was made according to the generalized optimal
design method, taking into account the constraints
on strength and stability. Therefore, it can be as-
sumed that the applied methodological approach
gives a limited-optimal result given the complexity
of the problem, but it is sufficient for variant design.

The analytical expression of steel consumption
was taken as the objective function, taking into ac-
count the dynamic coefficient for bending moment.
The analytical objective function of steel consump-
tion for a truss structure was written taking into ac-
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count the unification of steel elements, and the in-
fluence of design coefficients was also taken into
account. The physical and mathematical model of
the steel truss is the design of an ideal I-beam taking
into account the shear deformation of the section
when determining the dynamic coefficient.

Analytical expressions (rationality criteria) are
obtained for determining the rational (bounded-op-
timal) height of the truss taking into account the in-
fluence of the dynamic coefficient. Numerical stud-
ies of the bounded-optimal height of the steel roof
truss structure are carried out. It is confirmed that
depending on the static and impulse load and the ge-
ometric parameters of the steel roof structure, the
dynamic coefficient affects the determination of the
rational height of the steel structure. The obtained
criterion of the rationality of the structure also takes
into account the influence of the ratio of the self-
weight of the steel truss structure and the structure
taking into account the enclosing load-bearing
structures of the roof slabs.

The analytical criterion of the rational height of
the steel truss with the influence of the impulse load
also includes the criterion of the rationality of the
optimal height of the truss under static load.

According to the research results, a practical
method for determining the rational design of a steel
roof truss has been obtained during variant design
taking into account the action of impulse loads

Keywords: steel roof truss; optimal design; ra-
tional height of steel roof truss; rationality criterion;
dynamic coefficient; impulse load; emergency
loads; structural durability.
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