MIHICTEPCTBO OCBITH I HAVKH YKPAIHU

HAIIIOHAJIbHUMI YHIBEPCUTET “JIbBIBCHKA ITOJIITEXHIKA”

St

VK 624.014.04

BAJIYK IT'OP MUPOCJIABOBHUY

OINTUMAJIBHE NPOEKTYBAHHSA PEKOHCTPYKIII TA NIJCUJIEHHA
CTPUKHEBUX METAJIEBUX KOHCTPYKIIIN

05.23.01 — O6yxaiBenbH1 KOHCTPYKITii, OyAiBI1 TA CIIOPYIU

ABTOpedepar
nycepTaltii Ha 3700yTTs HAyKOBOTO CTYTICHS
KaHU/1aTa TeXHIYHIX HayK

JIsBiB — 2016



JlucepTalli€ro € pyKkoImuc.

Pobora BukoHana B HamionaibHOMy yHiBepcuTeTi “JIpBIBCbKAa MOMITEXHIKA™
MiHicTepcTBa OCBITH 1 HAYKH YKpaiHU.

HayxoBuii kepiBHUK - KaHJUJAT TEXHIYHUX HAYK, TOLEHT
IHesemko IBan ImuTpoBuy,
Hanionansuuil yHiBepcuteT “JIbBIBChKA MOMITEXHIKA”,
JOLIEHT Kadeapu Oya1BeIbHOTO BUPOOHUIITBA.

Odiniitni ononenTn: JIOKTOP TEXHIYHHUX HaYK, Ipodecop
Binuk Cepriii IBanoBuy,
KuiBchkuil HalioHanbHUN yHIBEpCUTET OYAIBHUIITBA 1
apXITEeKTYpH,
3aBiAyBau Kadeapu MeTaJeBUX Ta  JIEPEB’STHUX
KOHCTPYKIIiif;

KaHIUJIAT TEXHIYHUX HAYK, TOIICHT

Pomanwok Boaoaumup Bosroanmuposny,
HarionanbHuil yHIBEpCUTET BOJHOTO TOCIIOIAPCTBA Ta
IPUPOTOKOPUCTYBAHHS,

npodecop kadeapu MpoMUCTOBOTO, ITUBIILHOTO
OyIIBHUIITBA Ta 1H)KCHEPHUX CIIOPY/I.

3axuct Bigoynerbest «13» tpaHs 2016 p. o 10% TOJWHI Ha 3acCiJaHHI CIIEiali30BaHO1
BueHoi paau /[ 35.052.17 HamionanbsHoro yHiBepcuteTy “JIbBiBCbKa TOJITEXHIKA” 3a
aapecoro: 79013, m. JIeBiB, Byn. Kapmiacekoro, 6, HaBuansHuit kopmyc 11, aya. 212.

3 nucepTaii€ero MOKHa O3HailomMuTucs B OiOmioreni HarioHanbHOTO YHIBEPCUTETY
“JIpBiBCHKa TOJNiTEXHIKA” 3a aapecoro: 79013, m. JIbBiB, By [Ipodecopcrka, 1.

Asropedepart posicianuii «/2y» kBiTHs 2016 p.

VYueHnil cekperap

Crieliaai3oBaHOi BUSHOT pajy, f 7
K. T. H., JOLICHT Xomon I1.O.



1

3ATAJIBHA XAPAKTEPUCTUKA POBOTHU

AKTyaJIbHiCTh TeMH. PO3BUTOK TIPOMHCIOBOTO BHUPOOHHUIITBA HEPO3PUBHO
MOB'A3aHUM 3 PEKOHCTPYKIIIEI0, POIMIUPEHHIM 1 TEXHIYHUM TEPEO30POEHHIM AII0UUX
MIANPUEMCTB. PHUHKOBI BUMOTM MPHUBOJATH JO MOCTIMHOTO 30UIBIIEHHS YaCTKH
KamiTaJlbHUX BKJIQJ€Hb HA PEKOHCTPYKLIIO W Mepeo30pOe€HHS IPOMHUCIOBUX
nianpueMcTB. TeHaeHwis 10 30UIbIIEHHSI BUTPAT pecypciB 30epiraTuMeTbesl W Hajamll.
CnopymxyBaHi BUPOOHWYI MIANPUEMCTBA, MPOMHUCIOBI KOMIUIEKCH W OKpeMi IEXHu
yepe3 TMOPIBHSHO KOPOTKUM Yac MOXYTh MOTpeOyBaTH MoJepHizauii. Bce ne, sk
MpaBWJIO, TOB'SI3aHE 31 3MIHOI0 EKCIUIyaTalliHUX HaBaHTaXEHb Ha KOHCTPYKIIT
OYJIMHKIB Ta CIIOPY/ 1 4aCTO BUMArae iXHbOTO IMiJICUJICHHS.

HeoOXigHICTh MiICKIIEHHS KOHCTPYKIIN Y TPOLEC] eKCIIyaTallil BAHUKAE TaKOX
y pe3ynbTaTi He mepeadadeHuX MPOEKTOM 3MIH YMOB TEXHOJOT1l BUPOOHHUIITBA Ha
JII0YOMY YCTaTKyBaHHI, IPY KOPO31HHOMY ab0 MEXaHIYHOMY 3HOILIEHHI KOHCTPYKIIiH,
PI3HHUX YIIKOHKCHHSIX TOIIIO.

Cepen OyniBeIbHUX KOHCTPYKIIiH, SIK1 3aCTOCOBYIOThCSI Y IPOMUCIIOBUX 00'€KTaX,
3Ha4YHE MICIIE TMOCIIal0Th METajeBi, OOCIT SKUX y LUIOMY IO KpaiHi OOYUCIIOETHCS
JECATKaMH MUTBHOHIB TOHH. TOMy po3poOKa ¥ MpaKTHYHE 3aCTOCYBaHHS €()EKTHBHUX
METO/IiB MPOCKTYBAaHHS METAJICBUX KOHCTPYKIIIH Ma€ BEIMKE 3HAUCHHS.

BaxxauBrM HampsIMKOM, IO Ja€ 3MOTY YHHKHYTH IEpPEBUTpAT PECypcCiB, €
pO3po0Ka 1 BUKOPUCTAHHS OOYHMCIIOBATBHUX AJITOPUTMIB Ta MPOTpaM ONTHUMI3allii, 110
J03BOJIAIOTh BU3HAYATH ONTHUMANIbHI MapaMeTpH Iij] Yac MPOCKTYBaHHS PEKOHCTPYKIIil
Ta MIJACWICHHS CTPUXKHEBUX MeTaneBux KoHCTpykuit (CMK) 3 ypaxyBaHHSM MOBHOTO
HaOopy OOMEXeHb, 10 0e3 CHpPOIIeHb BiJ0Opa)kaloTh CHENHU(IKy KOHCTPYHOBAaHHS
CMK, ix BuroTtoBieHHs 1 MOHTax. Lle cnpusTHMe MUPOKOMY BHUKOPHUCTAHHIO METO/IIB
ONTHUMI3aIlli B MPaKTHUIll PEKOHCTPYKIIIi Ta MiCUIICHHS.

3B’5130k  po0OTM 3 HAYKOBHUMH MNporpaMamMu, IUIAaHAMH, TeMaMHM.
HucepTarilina po60oTa BUKOHAHA 3TiAHO 3 TEMAaTUKOI HAYKOBHX JIOCTIIKEHb Kadeapu
«byniBenbHe BUpoOHUIITBO» HarionansHOTO yHiBepcHUTETY «JIbBIBCHKA MOJITEXHIKAX:
«TexHomnoris OyIIBHUIITBA, IOCTKCHHS MPOTPECUBHUX KOHCTPYKIIM 1 METOIIB
3BeJICHHs OYIiBENIb 1 CIIOPYA, CydacHI TEXHOJIOTIi eHeproedeKTUBHOrO OyXiBHUIITBA,
OCTOHIB TMOMI()YHKI[IOHATLHOTO TMpU3HAYEHHS Ta €QEeKTUBHUX 03100JFOBAJIbHUX,
TIPOI30NIAMINHNX, aHTUKOPO3IMHUX MaTepiaiBy.

Oxkpemi TOCITIDKCHHS BHKOHAaHI B MeXKax JEpKOIKETHOI HayKOBO-IOCTITHOT
pob6otu Ne bB-2 “OnTumanbHe TpOEKTYBaHHS CTEP)KHEBUX METAJICBUX KOHCTPYKITIN”,
BUKOHAHOI Ha 3aMOBJICHHSI MiHICTEpCTBa OCBITH 1 HAyKH, MOJIOJI Ta CIOPTY YKpaiHw,
Homep AepkaBHoi peectparii HAP 0107U009437. ¥V 3a3HaueHii TeMi aBTOPY HAJICKHUTh
pO3po0Ka €IeMEHTIB MiJICUCTEMHU aBTOMATHU30BAHOTO MPOEKTYBAaHHS PEKOHCTPYKINIT Ta
macuiaenas CMK.

MeTta poGoTH Ta 3ajadi JocaimkeHb. MeToro aucepramiitHOi poboTH €
po3po0Ka METOJMKH ONTUMAJILHOTO MPOEKTYBaHHS PEKOHCTPYKIIi Ta miacuieHHss CMK
3 ypaxyBaHHSM KOHCTPYKTHBHHX, TEXHOJIOTIYHHMX, €KCIUTyaTaI[iiHUX 1 €KOHOMIYHUX
BHMOT.

JIOCSITHEHHS TIOCTaBJICHOT METH 3/I1MCHIOETHCS BUPIIIICHHSM TaKUX 3a]1a4:

- pO3pOOUTH MaTeMaTUYHy MOJEJb MPOLECY PEKOHCTPYKIIIi Ta migcuiienHss CMK
OyniBenb 1 CIIOpy/I;
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- YIOCKOHAJIUTH METOJWKW BU3HAUYEHHS HAIpPYKEHO-Ie(POPMOBAHOTO CTaHy
CMK Ta ontumizauii mapaMeTpiB KOHCTPYKLII MiJICUJIEHHS 1 PEryJlOBaHHS 3yCWIb 3
ypaxyBaHHSIM 3MIH PO3PaXyHKOBOI CXEMH, CIIOCOO1B 1 MOCIIIOBHOCTI PEKOHCTPYKIIIT Ta
M ICUJICHHS,

- po3poOUTH TIporpaMHe 3a0e3MeyeHHs Uil ONTUMAJIBHOTO TMPOEKTYBaHHS
pexoHCcTpyKii Ta mincunenua CMK, sike peanizye 3aliponoHOBaH1 METOAUKY;

- BAKOHATH YHUCJIOBI JOCHIDKCHHS IS BUSIBJICHHS TEXHIKO-€KOHOMIYHOT
e(PeKTHBHOCTI BHUKOPUCTAHHS PO3POOJICHOI METOIUKH ONTHMAIBHOTO TPOSKTYBAHHS
pekoHcTpyKilii Ta nigcunennss CMK.

06’exkm Oocnidxcenv — Ttuiocki 1 mpoctopoBi CMK B mpomeci ixHbOT
PEKOHCTPYKIIIT Ta MiJCUIICHHS.

IIpeomem oOocniodcenns — TMOIIYK ONTUMAJIbHOT T€OMETpIi, PO3MOALLY 3yCHIIb,
Marepiany, cnoco0y peKOHCTPYKIIii Ta MOCJIiIOBHOCTI BUKOHAHHS POOIT 3 ypaxyBaHHIM
KOHCTPYKTHBHUX, TEXHOJIOT1UHUX, CKCILTyaTAIIMHAX 1 EKOHOMIYHUX BUMOT.

Metonm nocaimxennsi. Onepikani B qucepTalliiiHiii poOOT1 HaAyKOB1 Pe3ybTaTH
OTPUMAHO Ha OCHOBI aHANi3y JITEpPaTypHUX JKEpeN, 3MIMCHCHHS TCOPETUIHUX
JOCIIPKCHb 3 BHKOPHCTAHHSAM METOJIB KJIACHYHOI MEXaHIKM Ta MaTeMaTHYHOTO
MOJICITIOBAHHS, a TAKOXK MTPOBEICHUX YUCIOBHUX JOCIIHKCHb.

HaykoBa HOBH3HA OTPMMAaHHUX pe3yJIbTATIB!

- yrepiie  po3po0JIeHO MaTeMaTHYHy MOJENb TMPOILeCy pPEeKOHCTPYKIii Ta
niacuinenas CMK y Burmsiai giarpam, siki BiJoOpa)karOTh MOJKJIMBI MOETHAHHS 3MIH
PO3PaXyHKOBOI CXEMH, MOMEPEUHUX Mepepi3iB CTPIKHIB 1 HABAHTAKEHb;

- YIOCKOHAJIEHO METOJMKY BM3HAUYEHHS HaIpykeHo-AedopmoBaHoro crany CMK,
IO BPaxOBYE 3MIHHM PO3PAXYHKOBOI CXEMH Y TMPOIECI PEKOHCTPYKIIII Ta MIJCUICHHS,
PO3B’S3YI0UU OJIHY CUCTEMY PIBHSIHb METOAY CKIHUEHHHUX €JIEMEHTIB;

-Ha0yJla TOAAJBIIOTO PO3BUTKY MoBa 3amucy 3agad  ontuMmizamii CMK
3QJIydeHHSM HOBHX €JIEMEHTIB, 0 3a0e3medyroTh (GOPMYIIIOBaHHS 3a7ad ONTUMI3arlii
PEKOHCTPYKIIii Ta MiJCHUIICHHS;

- pO3pO0JICHO MaTeMaTUYHy MOJENb 3aJadi ONTHUMI3allli PEeKOHCTPYKIi Ta
miacuinenas CMK, mo mnpu 3aganux mapamerpax icHyrodoi CMK  mo3Bossie
pO3paxoByBaTH ONTHMAJIPHI TapaMeTpU KOHCTPYKINI MiACWUICHHS, €JIEMCHTIB
HiJCUJICHHS, PETyJIOBaHb 3YCHJIb 1 HaBAaHTAXKEHb, a TAKOX IapaMeTpiB, IO 3aJar0Th
CIoCcOOU MIICHJICHHS 1 MTOCTIIOBHICTh BUKOHAHHS OYy/1IBEIbHO-MOHTaXHUX POOIT.

BiporimHicth Ta OOTpyHTYBaHHS HAyKOBUX pe3yJbTaTiB, BHCHOBKIB 1
pexkomMeHpaii, o chopMyIpOBaHI B JUCEpTaIiiiHI poOOTi, MiATBEPIHKEHI
YUCEIIbHUMH Ta aHAMITHYHUMU JOCIIDKCHHSIMH 13 3aCTOCYBAaHHSAM anpoOOBaHUX
rimore3 OymiBeIbHOI MEXaHIKH, a TaKOX TOPIBHSJIBHUM aHali30M OJIepKaHUX
PE3yNbTATIB 3 AHAJIOTIYHUMU PE3yJIbTaTaMHU IHITUX aBTOPIB.

IIpakTuyHe 3HAYEeHHS1 OTPUMAHUX Ppe3yabTaTiB TMoOJsITac B po3poOIli
MPOrpaMHOTro 3a0e3MeYeHHs], TPU3HAYEHOTO JIJIT aBTOMATH30BAHOTO MPOCKTYBAaHHS Ta
omrtuMizaiii pekoHCTpykKIii Ta migacuienas CMK.

[Iporpamue 3abe3medeHHs Ta pe3yapTath omnTuMizamii pexoHcTpykiii CMK
BUKOPHUCTAHI MiJl YaC PEKOHCTPYKIIii HaI3EMHOTO TIepexoay HadTOra3ompoBOIiB Yepe3
p. Crpuii. Okpemi pe3yibTaTH BIPOBAIXKEHO Y HaBUAIBHUI mpolec Ha kadeapi
OyniBenbHOro BUpoOHMIITBa HaiioHanbHOTrOo yHiBepcuTeTy “JIbBIBChKA MOJITEXHIKA™
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NpY BUKJIAJaHHI IUCUMIUTIHU “PO3paxyHKOBI METOAM B TEXHOJIOT'1T 3BE/I€HHS OyiBeb
ta cnopyxa” 1 cnenianbHocTi 8.006010103 «Mickke OyiBHULTBO Ta TOCIOAAPCTBOY.

Oco0uctunii BHecok 3100yBaya. OCHOBHI pe3yJbTaTH AMCEPTALIAHOI POOOTH
OoTpuMaH1 3700yBayeM CaMOCTIHHO, 30KpeMa: po3poOka MaTeMaTHUYHHUX MOjeneit
pekoHcTpykiii Ta migcwienHs CMK 1 3amadi ixHBOT onTuUMI3alii, METOJIUKHU
ONTUMAJIBHOTO MPOEKTYBAaHHS PEKOHCTPYKIT Ta MIACUIEHHA IIMX KOHCTPYKIIiH,
dbopmynOBaHHS 1 pO3B’SI3yBaHHS 3ajlay OINTHUMI3allli, aHaji3 Pe3yJbTaTiB YUCIOBUX
TOCIIIKEHb.

Anpobanisi pesyabtaTiB aucepramii. OCHOBHI TMOJIOXKEHHS JIUCEpPTAILIMHOT
poOoTHu nomnoBinanucs W obroBoproBanucsa Ha Il MbkHapoaH1 HayKoBIA KOH(eEpeHIi
CTYJIEHTIB, acIMipaHTIB Ta MOJoAUX BueHHUX “['eonesis, apxiTekTypa Ta OYIIBHUIITBO —
2009” (JIbBiB, 14-16 TtpaBusa 2009 p.), konokBiymi “Po3paxyHOK Ta NpPOEKTYBaHHS
npoctopoBux  KOHCTpykii”  (CkamoBcek, 7-10 Bepecus 2009 p.), Tpertiid
Bceykpaincbkiii HaykoBo-TexHIUHIN KoHpepeHiii “CyuyacHi TexHonorii 6erony” (Kuis,
19-22 tpaBus 2009 p.), MmibkHapoAHOMY cUMITIO3iyMy “COBpEeMEHHbIE METALITUYECKUE U
JICpeBSHHbIC KOHCTPYKIHUHU (HOPMHPOBAaHUE, TMPOCKTHPOBAHHE W CTPOUTEIHCTBO)”
(bpect, 15-18 wurons 2009 r.), VI MiKHapoAHIM HayKOBO-TEXHIYHIA KOHQEpeHIIil
“ByniBenbHI KOHCTPYKIII CHOPTUBHUX Ta TPOCTOPOBHX CIIOPYHA: CHOTOJEHHS Ta
nepcnektBu po3BUTKY’ (KwuiB, 6-10 Bepecus 2010 p.), BceykpaiHChkiii HaykoBO-
npakTH4Hii kKoHpepenii “CydacHi OyaiBeIbHI MaTepiany, KOHCTPYKIIIi Ta IHHOBAI[IHHI
TEXHOJOT1i 3BeAeHHS OyaiBenb 1 crnopyn” (MakiiBka, 7-9 xoBtHs 2010 p.), III
MDKHApOJHIA HayKoBili KOH(epeHIi CTYIeHTIB, acHipaHTIB Ta MOJIOJUX BUYEHHX
“I'eonesis, apxiTekrtypa Ta OyniBHuiTBo — 2010”7 (JIsBiB, 25-27 nmuctomama 2010 p.),
moctiii  BceykpaiHchkiii  HaykoBO-TexHIUHIH  KoHpepeHmii  “HaykoBo-TexHiuHi
npoOieMu cydacHoro 3aiizo0erony” (Omeca, 24-27 tpaHs 2011 p.), MbKHapoaHIH
koH(pepeniii  “byaiBenbHi  KOHCTpyKIii OymiBenb 1 CHOPYd: IIPOCKTYBaHHS,
BUTOTOBJICHHS, PEKOHCTPYKIIis, oOciyroByBanHs (MakiiBka, 6-8 Bepecus 2011 p.), V
MDKHapOJHINH HaykoBiii KoHpepeHIli Momoaux BueHHX ‘“‘I'eomesis, apXiTekTypa Ta
oynisaunTBo 2013 (JIsBiB, 21-23 nucromana 2013 p.).

Iy6aikamii. OcHOBHI HayKOBi pe3yibTaTH 3a TEMOIO JHCEPTAIiHOI poOOTH
onyOJikoBaHI B 14 HayKOBHX IpallsiX, 3 SKUX 7 cTaredl y (haxoBUX HAYKOBO-TEXHIUHHUX
BUJIAHHIX YKpaiHM Ta 2 CTaTTI Y BHJAHHSAX YKpaiHH, K1 BXOASATH J1I0 MDKHApPOIHOI
HaykomeTpuuHoi 6a3u gannx ICONDA.

CtpykTypa Ta obcsr podotu. Juceprariiina po0doTa CKIAIa€ThCS 13 BCTYIY,
I’SITA  PO3JUTIB, 3arajJilbHUX BHCHOBKIB, CIHUCKY BHUKOPUCTAaHUX JDKEpeNl Ta JBOX
nonatkiB. [ToBHuit oOcar quceprairii ctaHOBUTH 176 cTopiHOK 1 MicTUTh 10 Tabmuis, 39
PHUCYHKIB, CIIUCOK BUKOPUCTAHUX JKepen 13 171 HaiilmeHyBaHHS.

OCHOBHMUM 3MICT POBOTHU
Y Beryni OOTpYHTOBAHO aKTYyalbHICTh TEMH AMCEPTAlIMHOI poOOTH, 00’€KT 1
MpeaMeT JOCTIKEeHb; YKa3aHO 3B’S30K poOOTH 3 HAYKOBUMH MPOTpaMaMH, TUTAHAMH,
TeMamu; c(hOpMyJIbOBAHO METY Ta 3a/adl JOCTIIKEHb; HABEJEHO HAYKOBY HOBHU3HY Ta
MpaKTUYHE 3HAYCHHS OTPUMAHUX pE3yJbTATIB; 3a3HAYEHO OCOOUCTHIl BHECOK
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3no0yBaya Ta ampooOallilo pe3yiabTaTiB poO0OTH, HaBEACHO MyOJiKalii Mo TeMi
JcepTaIii.

Y nepumioMy po3aiji po3rISHYTO Cy4acHUW CTaH MPOOJEMU ONTUMAIBHOIO
MPOCKTYBAHHS PEKOHCTPYKIIIi Ta MiJCUICHHS CTPIKHEBUX METAJIECBUX KOHCTPYKITIMH.

Po3Butky pexkonctpykiii Ta niacuieHHs CMK 1 MeToiB IXHBOTO MPOEKTYBaHHS
npucBsiyeHo mnpaui M.C. bapa6am, M.P. binscekoro, B.B. bipronsosa, 3.51.
bnixapcekoro, M.B. Torons, B.M. T'opaeeBa, B.B. T'opeBa, €.B. I'opoxora, b.T.
HNemuunu, L.I'. IBanuka, B.I'. Kpami, P.I. Kinama, €.B. Kiumenka, B.I1. Koponbsosa,
B.B. Ky3nenoa, M.M. Jlamenka, JI.C. Momikina, I.[l. Ilenemka, A.B. [lepensmyTtepa,
C.®. Iliuyrina, b.C. Tlonosuua, 1.C. Pe6poBa, A.I'. Poiitmana, H.J[. CepreeBa, A.B.
CunbBectpoBa, O.B. [IluMaHOBCHKOTO Ta 1HIITUX.

OcHOBHI crTOCOOM PEKOHCTPYKIIT Oy/iBEJIb 1 CIIOPY/L Ta MiJCUICHHS KOHCTPYKIIIN
nepen0avyaroTh 3MIHM PO3PAaxXyHKOBOI CXEMH W HaBaHTaXEHb ITJI Yac BUKOHAHHS
OyIiBEJIbHO-MOHTXXHUX poOIT. BUKOoHaHWN aHami3 MOKa3aB 3HAYHY KUIbKICTh THUIIIB
napameTpiB, Kl Tpeba BU3HAYATHU JUIsl 3aCTOCYBAHHS PI3HUX CIOCOOIB MiJICUIICHHS:
BEJIMYMHU HABAaHTAXEHb; KUIbKICTh 1 TUMHU B’s3eH, siki Tpeba HAKJIACTH YU JIIKBIAyBaTH;
KUTBKICTh 1 TUIH TIONEPEYHUX Mepepi3iB OAATKOBUX CTPUIKHIB; PO3MIPH MOMEPEUHUX
nepepi3iB 10JaTKOBUX CTPIIKHIB Ta €JIEMEHTIB IMIJICHJICHHS, a TaKOX NapamMeTpH, 110
OMHUCYIOTh PO3TAlllyBaHHS €JIEMEHTIB TIJCUJICHHS BIIHOCHO ICHYIOUHMX €JIEMCHTIB
nepepizy; 3HAYCHHS PpETyJbOBaHMX 3yCWJIb 1 mepeMimeHb. OKpeMo BHJIUICHO
TCOMETPUYHI TTapaMeTpH — MPHB’SI3KHM 0 KOHCTPYKIIIM HaBaHTa)KeHb, B’ SI3¢H, sIKi Tpeda
HAKJIACTH YU JIKBIIYBAaTH, MICI[b KPITIJIEHHs JOJATKOBHX CTPHKHIB, MPHUB’SI3KU MICIIb
PETYIIOBaHHS 3yCHIIb 1 IEPEMIIIEHb.

HaBenenuii mepenik mapamMeTpiB, IO BU3HAYAIOTHCA MiJ Yac MPOEKTYyBaHHS
pexoHCTpyKiii Ta migcuiaeHHss CMK cBiauuTh Npo CKIAIHICTh PO3B’S3yBaHHS 3aaad
BU3HAYEHHS TXHIX ONTUMAJIbHUX 3HAYEHb.

3HaYHy POJIb Y PO3BUTKY TEOpii ONTHUMAIBHOTO MPOEKTYBAaHHS BiJirpaiu mpari
baxxenora B. A., bapanenka B.O., binuka A. C., bipronsoBa B. B., Binorpagonsa A. 1.,
I'emMmepaminra A. B., I'opneesa B. M., T'opoxona €. B., I'pebentoka I'. 1., I'ynsaepa B. 1.,
Komkina B. JI., Onbkona 4. 1., Tlenemka I.J1., Tlepensmytepa A. B., Ilepmskonra B. O.,
ITourmana 1O. M., Peittmana M. 1., Tpodumonuua B. B., Xomnomona I. C.,
[leBuenka €. B., [llumanoscekoro B. M., FOpuenko B.B., Xora €., Majid K.J., Farkas
J., Spillers W. R. Ta iHmmux.

Jist po3B’si3yBaHHS 3a7a4 ONTHMI3allii KOHCTPYKIIM BHUKOPUCTOBYIOTH pi3HI
METOIM ONTHMI3aIlli, 30KpeMa TPaJiEHTHUH METOJl, TCHETUUYHUN aJTOPUTM 1 METOJ
nomyky rapmonii. Ili MeTomum onTumizamii MOXHAa BHKOPUCTOBYBATH TMia dac
pPO3B’sI3yBaHHs 3a7a4 ONTHMAJIBHOTO MPOCKTYBaHHS PEKOHCTPYKINI Ta MiJCHUICHHS
CMK y 3a5ie’kHOCTI Bi TUITY 3MIHHUX MMPOCKTYBaHHS.

Bukonanmii aHami3 mKepen, SKi OMHCYIOTh CIIOCOOM, METOJIHMKH 1 TEOPEMH IS
BpaxyBaHHS 3MiH po3paxyHkoBoi cxemu CMK mig vac BU3Ha4YeHHs ii Hampy>KeHO-
1e(hOpPMOBAHOTO CTaHY, CBIAYATH PO IXHI NIEBHI HEOJIIKA — BOHU HE OXOILTIOIOThH YCiX
TUMIB 3MiH KOHCTPYKIIii, III0 BUKOHYIOTHCA Yy TPOIECI PEKOHCTPYKIli Ta MiACUICHHS
CMK, ab6o mepenbavyaroTh 3MIHM MAaTPHIll KOPCTKOCTI 3 MOBTOPHUM PO3B’S3YBaHHIM
CUCTEMH PIBHAHb METOJly CKIHYEHHUX €JIEMEHTIB, IO I Yac ONTUMAaJIbHOTO
MPOEKTYBAaHHS BUMAara€ 3Ha4YHUX 3aTpaT yacy. Tomy HeOOXITH1 MOAAIbII JOCTIIKSHHS
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aNrOpUTMIB BHU3HAUEHHS HampykeHo-aepopmoBaHoro crany CMK y mpomeci ii
PEKOHCTPYKIIIT 1 MIACUICHHS s 3a0e3ne4eHHs] €peKTUBHOTO BUKOPUCTAHHS iX pa3oM
13 METOIaMH ONITUMI3allii.

Buxonanuii anami3 OyniBeJbHUX HporpaMm, sKI NpU3HAYEH1 IS aHali3y
HanpyxeHo-nepopmoBanoro crany CMK 1 iXHBOrO MNpPOEKTyBaHHS, CBIAYUTH IPO
HEOOXITHICTh PO3POOKH MPOTPAMHOI0 3a0€3MEeUYEeHHs, 10 HaJa€ MOKJIUBICTD 3aJaBaTH
ICHYIOUY KOHCTPYKIIFO 1 BHU3HAYaTH ONTUMaJbHI CHOCOOM 1 THIHU KOHCTPYKIH
NIACWICHHS, iXHI MapaMeTpH, HOCIIJOBHICTh PEKOHCTPYKLII Ta MIJICUJICHHS 3a
NPUMHATUM TEXHIKO-€KOHOMIYHUM IMOKa3HUKOM, BPaxOBYIOUM BUMOTU OyAiBETBHUX
HOPM 1 TapaMeTpH, 3yMOBJIEHI TEXHIYHUM 3aBJaHHSIM.

Y napyromy po3giji  mpeAcTaBiIeHO poO3poOJieHy MaTreMaTHUyHy MOJEIb
PEKOHCTPYKIIIT 1 MiICUJIEHHS CTPUKHEBUX METAJIEBUX KOHCTPYKIIIH.

dopmalizoBaHO MPECTABICHHS PO3PAaXyHKOBHX CXeM KOHCTPYKIIii, IO MiAIsArae
PEKOHCTPYKIIii Ta MmiACWICHHI0. [l 1[BhOTO 3ampONOHOBAaHO BUKOPHCTOBYBATH
PO3PaXyHKOBI CXEMH, SIKI MICTATh Y MPOEKTHOMY IOJIOKE€HHI BC1 CTPUAKHI KOHCTPYKIIii
(icayroui, TUMYacoBi, BuaajieHl W noxani). Lli cxemu BIAPI3HAIOTHCS MK COOOIO
)KOpCTKlCHI/IMI/I XapaKTEePUCTUKAMH TiJICHIIOBAHUX CTPYIKHIB 1 MHOKHHOIO HaKJIaJICHUX
BHYTPIIIHIX B’si3el. 30KpeMa, TOJAaTKOBUW CTPIKEHb MOXE OyTH TpHETHAHUH 0
IHIIKUX eleMeHTiB po3paxyHkoBux cxeM CMK Tak, o0 y HbOMY HE BHHHKAIH 3yCHILIS
BiJl HaBaHTa)XCHb, IO MPHUKIANCHI JO KOHCTPYKII TMMo3a MMM CTpWkHeM. Tak
NpUETHAHUN CTPWIKEHb HE BIUIMBAE Ha HampyxkeHo-nedopmosanuit cran (HJC) no
MOMEHTY MOTO0 3’ €JHYBaHHS 3 KOHCTPYKIIIEIO i 70 MPUKIaJaHHs HaBaHTaXECHb.

Po3pob6neno miarpamu mporecy pexkoHcTpykiii Ta migcuwienHss CMK (puc. 1), y
AKUX 3MIHM KOHCTPYKIi ¥ HaBaHTa)XXeHb Ha Hel, M0 MepeadavyaroThCs 3TiTHO 3
POEKTOM PEKOHCTPYKIII Ta MIJCUJICHHS, 3alpOIOHOBAHO TMPEACTABIATH IIiJ Yac
PO3paxyHKY SIK TIOCIIIOBHICTh BIAMOBIAHUX MPOCTUX 3MIH: HAKJIaJaHHS B’ 5131, YBEJICHHS
HIapHipa, PeryJIlOBaHHs 3yCWUIS Y B’ 5131, 3MIHA MONEPEYHOT0 Nepepizy U MpuKIagaHHs
KOHTPOJIHOBAHOTO HABAHTAKCHHSI.

3 KOXHOIO TakKor 3MiHOM, 3a3Buyai, 3MmiHWeThcs HJIC KoHCTpykmii, 1o
BHUMarae rnepeBipkH ii BiAMOBITHOCTI HOPMAaTUBHHM 1 T0AAaTKOBUM BuMoram. IlepeBipku
BUKOHYIOTH ITICJISI 3MIiHH PO3paxyHKOBOi cxeMu (mepeBipku II; Ha puc. 1) 1 3miHu
HaBaHTaKeHb (mepeBipku I1; 1 I13).

[lin yac mpoekTyBaHHS peKOHCTPYKIi Ta mincuneHHss CMK posrmsanaroTs,
3a3BUYai, MEBHY MHOXXHHY BapiaHTIB PEKOHCTPYKIIi Ta MIACUICHHS, SIKI MOXYTb
BIIPI3HATHUCS AK CIOcOOaMH MIACHIEHHS, TaK 1 IXHBOIO IOCHIIJOBHICTIO. 3 METOIO
3a0e3MeyYeHHs] 3pYYHOCTI ONMHUCY MHOKMHHU BapiaHTIB PEKOHCTPYKLII Ta MiJACUICHHS
BBEJICHO MMOHATTS €Tally PEeKOHCTPYKIII — BHOPSAKOBAHOI HEMOJAUIbHOI HaWKOPOTIIOI
CYKYITHOCTI 3MIH pPO3paxyHKOBOI CXE€MH 1 HaBaHTaXeHb, a TAKOX BIANOBIIHUX
NepeBipoK.

JIo BUXIAHUX JaHUX MaTeMaTUYHOI MOJENl 3alyueHO pPO3pPaxyHKOBI CXEMHU
KOHCTPYKIIi y Tporieci i peKOHCTPYKIi Ta MiACWICHHS (BY3/H, ICHYIOUI 1 HOBI
CTPWXKHI, MIAPHIPH, OMOPH, THMH >KOPCTKOCTI, MaTepiajd TOIIO), MapameTpu, IO
OTKCYIOTh 1€ Mpoliec, IPUKIAACHI 1 MPOrHO30BaHi HABaHTaKEHHS TOILIO.
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Puc. 1. [liarpamu nporiecy peKOHCTPYKIIii

T ox

Jlo 3MIHHHUX CTaHy 3aJIy4€HO MHOXKHMHY BEJIMYHWH, SIK1 3ajie’kaTh Bl MapaMeTpiB
Bxony W HeoOximHi mua a”amizy HJIC koHcTpykmii B mporieci ii peKOHCTPYKINi Ta
MiACUICHHS (3yCHIIIA 1 IEPEeMIIIIEHHS BY3JTiB, TEXHIKO-€KOHOMIYH1 TOKa3HUKHU BapiaHTIB
PEKOHCTPYKIIIT Ta MJICHJICHHS Ha eTanax peKOHCTPYKIIIT TOIIO).

AJTOPUTM aHami3y KOHCTPYKIII TiJ dYac PEKOHCTPYKII Ta ITJICHICHHS
nepenadavae po3paxyHok CMK Ha kokHOMy eTamni pekoHCTpyKiiii. Po3po6ieno Ook-
cxemy anroputmy BuzHaueHHss HIIC CMK min yac 1 peKOHCTpYyKIIii Ta MiJACHICHHS, SKa
Ha OJHOMY €Talli PeKOHCTPYKIIii mnepeadadae Tpu KpOKU po3paxyHKy (puc. 2). Ogun
KPOK pO3paxyHKYy BpaxoBye a00 3MIHM pO3PaxXyHKOBOi CXeMH, a00 MpHUKJIaIaHHS
KOHTPOJLOBAHOTO HABAHTAXKCHHs, a00 CHOJydYeHHs HaBaHTaXeHb. KOXHUN KpoOk
pO3paxyHKy Imependadae Bu3zHaueHHS mnotouyHoro HJIC 1 BUKOHaAHHS BiIIIOBIIHHX
MePEeBIPOK.

Y TperboMy PpO31iJi TNPEACTaBICHO YJAOCKOHAJICHHS METOJIWKH BU3HAYEHHS
HJIC CMK mig yac iXHbOT peKOHCTPYKIIIT Ta MiICUIICHHS.

st ckopodenHst o0cary oduuciens mif yac BusHaueHnss HIIC CMK st ogHOTO
BapiaHTa TPOEKTY PEKOHCTPYKIi Ta TWIJACWICHHS TMPOMOHYEThCS GopMyBaTH 1
po3B’sizyBatu onHy cuctemy piBHsAHBb (CP) Meromy ckinuennux emnementiB (MCE) 3
JEKITbKOMa TIpaBUMHU YaCTUHAMH IS OAHIE] po3paxyHKoBoi cxemu. Ilig wyac
Bu3HaueHHss HJIC koHcTpykmii s iHIMUX MOMIOHMX CXeM, IO BIAPI3HSIOTHCS MiXK
co0O0 JIMIIIE MHOXMHAMU HAKJIAJEHUX B’SI3€M 1 KOPCTKICHUMHU XapaKTepUCTHUKAMH
MIJCUIIOBAHUX CTPHIKHIB, TIPOMOHYETHCS BpPAaXOBYBATH BIIACTUBOCTI 3yCHJb 1
MEepEMIIEHb Yy CTPUKHEBUX CUCTEMAX, 110 MIJJISTAI0Th NPUHIUITY CyHEPHO3UIL.



[lepeiitu 1o
ITouyaTok MePIIOTo eTamy
PEKOHCTPVYKITIL

Y

Kpok po3paxvHky 1:

In
€ 3PC?

BiuzHaunti HAOC micns
KOAKHOI TpPYNH OJHOTHITHHX
3MIH | BHKOHATH Mepepipxi IT,

Kpok po3paxyHKy 2:

BusHaunti HC micuA
npukiageHHa Hoporo KH 1
BHKOHATH nepepipku I,

Kpok pospaxyHKy 3:

BusHauntu HIC 1A
KoxHoro CH nporo ertamy
PEKOHCTPVKINL 1 BHKOHATH

nepepipkn I,

IlepefitTH 7O  HACTYIIHOIO
eTany pPeKOHCTPYKIL

3aBeprueHHAA

Puc. 2. bnok-cxema BuzHauenns HJIC CMK mnix yac pekoHCTpyKIIii Ta migCUiIeHHS
(3PC — 3minu po3paxyHnkoBoi cxemu, KH — konTponboBane HaBaHTaxkeHHs, CH —
CIIOJTy4Y€HHS HAaBAaHTAXKCHb )
CucteMy piBHsAHB HEOOXITHO CKiIamaTH st 0a30Boi po3paxyHkoBoi cxemu (BPC)

C" — cxemu, IO MICTUTH CTPUXKHI, SKi ICHYIOTh IEpe] MOYAaTKOM PEKOHCTPYKIIIi Ta

MiACWICHHS (30KpeMa, Ti, mo OyayTh BHIAIATHUCS a00 MiJCHUITIOBATHCS ILISXOM
30UTBIIICHHST TUIOMHII TMOMEPEYHOTO TMepepidy y TMpoIeci PEeKOHCTPYKINi), HOBI I
TUMYACOB1 CTPIKHI, @ TAKOXK HAKJIAJICH] BCl B’531 3 MHOKMHU PO3PAaXyHKOBHUX B’s3ei
L, sxa BusHavaerbcs 3a 3anexHicTio (1). ¥V BPC mimcmmroBaHi CTpHKHI MaroTh
napameTpH KOPCTKOCTI Mepepi3iB 10 30UTHIICHHS TUIOMII.

L= ULk, 1)
k=2

k . . . . :
ne Ly — MHO)UHA B s3€i, 1110 BpaxOBYIOThCA i yac K -i 3MiHH po3paxyHKOBOI CXEMH 1
3aJeXaTh BiJ] THILY IIi€1 3MiHU (HaNpuKiaa, MHOKHHA B’ s3eH, 110 HakianawTbes); Ne —
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KUIBKICTh 3MIH PO3PaXyHKOBOI CXEMH, SIKI PO3IJISAAIOThCA IMiJ 4ac MPOEKTYyBaHHS
BaplaHTa PEeKOHCTPYKIIII Ta MiJICUIICHHS.

[IpaBi yactuau CP MCE notpiOHO (opmyBatu 3 ypaxyBaHHSAM (aKTHUHUX
HaBaHTa)XXeHb, 10 npukiagaTbea Ha CMK y mpoueci ii peKOHCTpyKIii, MiICUIEHHS |
eKCIuTyaTallii, 1 JeSKUX MO0JaTKOBHX HaBaHTaXEHb, SIKI HEOOXIJH1 Uil BU3HAUYCHHS
NepeMillleHb 1 3yCHIIb JJIsl 3MIHEHUX MOAI0HUX PO3PAXYHKOBUX CXEM.

3a 10JaTKOB1 HABaHTaXXEHHS MPOMOHYETHCS BUKOPUCTOBYBATHU: 1) ISl KOXKHOT
j-oi B’s3i (jzl,‘L‘, ae ‘L‘ — TOTY)XHICTh MHOXXMHM L) — mapy mo3aBy3inoBUX
NPOTUJICKHUX 32 HANPSIMKOM OJMHMYHHUX CHJI, WI0 NPHUKIAJACHI Ha CTPUXKHI
HECKIHUEHHO OJIM3bKO Bil BIAKMHYTOI ] -Oi B’5131 y IOMOMDKHIA PO3paxyHKOBIN cXeMi
c?,
NEPEMIIICHHS XapaKTEepPHUX TOYOK KOHCTPYKIil, IO OOMEXYIOTbCS HOpMamu, —
OJIMHUYHY CUJTY, IPUKIIAJEHY JI0 II€] TOYKH Y [IbOMY HAIPSIMKY.

Cucremy piBHsiHb MCE 3anucyiots y GpopMi MeTony NepeMillieHb 3 AeKUIbKomMa
paBUMHU YaCTUHAMHU

0 . - .
ska yrBoproeTbes 3 BPC C™ BimkumaHHSIM I1i€l B’s131; 2) IS KOKHOTO HAIMPSMKY

K[l =[R]. (2)

‘AH — MAaTpuLs BY3JIOBUX MEPEMIIICHb,

)i (S HKH — MaTpHIIS YKOPCTKOCTI; ‘RH — MaTpUIs
BY3JIOBUX PEaKIIIM.
Kinekicte Ng cTOBHOIIB MaTpullb HAH 1 HRH € OJIHAKOBOIO 1 JIOPIBHIOE CyMI

KUTBKOCTE  KOHTPOJIbOBAHUX, HEKOHTPOJIBOBAaHUX  (3MIHHUX) 1  JOJATKOBUX
HaBaHTAXKEHb.

Ha ocHoBi HAH BU3HAYAIOTh CIMIOPH, SKI Ha3BaHO 0a30BUMHU, 1 POPMYIOTH IBi

MaTpHIll [UX CIMIOP: MAaTPUIK0 0a30BHX €MIOP BiJ 30BHINIHIX HaBaHTAKCHb HprH (31
pr . _]T N . . . . . .

cropuusmu S, J=1,Np, ne Np — KiIBKIiCTh 30BHIIUIHIX HABAHTAKEHB) i MATPHIO

(31 CTOBIIISIMU Stj)u, 1=LN_, ne NL:‘L‘).

onuanyHuX OaszoBux emtop (OBE) HSb“

3ayBaxkxumo, mo Ng=Np+N_ . Orpumani 3ycwis 1 mepeMilleHHs OyAyTb
BUKOPHCTaHI miag 4yac mepeBipku BigmoBigHocTi CMK BuMoOram HOpM 1 J0JIaTKOBHX
0OMeXKEeHb.

st pospaxynky OBE BukopucTano cnoci® BU3HaueHHS 3yCHIb BiJl OUHUYHOTO
HABaHTAXXEHHS, 1110 J103BOJIsIE (POPMYBATH 1 pO3B’A3yBaTH OAHY cuctemy piBHsIHb MCE,
BpPaxoOBYIOUH IMPH IIbOMY Pi3HI po3paxyHKoBi cxemu i BuzHadeHHs1 OBE.

Jlns BU3HAYEHHS 3yCHJIb 1 TMEPEMINIEHb Yy PO3PAXyHKOBUX CXEMax, IO
PO3TIIAAIOTHCS TiJ] Yac TMPOEKTYyBaHHS PEKOHCTPYKIl Ta MiACUICHHS, PO3POOJICHO
NTOPUTM BU3HAYEHHS 3yCWJIb 1 IEPEMIIICHb, KU HAa KOKHOMY €Tari PeKOHCTPYKIIil

- lleb
BHKOPHCTOBYE€ CIICMCHTHU MAaTPpHUIb HprH 1 HS . JJI1 BU3HAYCHHS ITIOTOYHHX 3YCHIIb, IO

BPaxoOBYIOThCS Mij1 yac BUKoHaHHs niepeBipok 1y, [T, 1 I3 (muB. puc. 1).
Anroput™M mnepenbavae Bu3HaueHHS Np TMOTOYHHMX pPO3PaxXyHKOBUX EIIOp

3yCHUJIb, KOKHA 3 IKUX OTPUMYETHCS 3 YPaXyBaHHIM 3aJI€KHOCT1
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ae Slj( — emopa 3yCWIb BiJl |-TO HaBaHTaXEHHs micis K-1 3MiHM pO3paxyHKOBOT

. ob - ok k1, k
cxemu; S j — CIIopa 3yCHIb BLI L[bOrO X HaBaHTaxeHHs y BPC; yj =y + ;]
BeKTOp KoedimieHTiB niHidHOT koMOiHamii (KJIK) OBE, mo BpaxoBye BmiuB K

. . . . k-1 .
MOCMIAOBHHUX 3MIH PO3PAXyHKOBO1 CXCMH Ha CIIIOPY S?, ]/J — T€ caMf€, TUIbKH

) . K )
BpaxoBye€ BILTUB K —1 MOCIIJOBHUX 3MiH CXEMH; ¥ j — Te caMe, TUIbKH BPaXxOBY€ BILUIUB

k -01 3MiHM Ha emopy S 'j‘_l 10 1€l 3MiHU.

k . . . .
I[JISI BHU3HAUYCHHA }(J BPaXOBYETHCS THUIL K -i 3M1HH, 0COOJIMBOCT] HABaHTAKECHHS 1

MOMEHT HOT0 MpUKIaJaHHAg 10 pOSp&XYHKOBOI CXCMU.

ITxD)
l

. K .
@akTUYHE NEPEMINIEHHA A 3a HaNpsSIMKOM Bl MIPUKJIAJICHUX HAaBaHTA)XEHb

no cxemun C¥ i Bukomammx pPETYJIIOBaHb 3yCHJIb TIPONOHYETHCS BHU3HAYUTH 32
dbopmyIoro:
k oV KP pn
A=A+ 2 AT (4)
j=1

D
l

70V . . . .
AcC Ai — INEPEMIINICHHA 3a HAITPAMKOM B1a IIPHUKIAACHUX 30BHIIIHIX HABAHTAXKCHD Y

D
l

. k n . . . ‘o
cxemi C ) APJ — [NCPCMIIICHHA 3a HAIIPAMKOM B1Jl ] -TO 3J1IMCHCHOT'O PECTYyIIOBAHH:

. ~k . . .o
sycuiib y cxemi C°, KP — kipKicThb 3[iHCHEHUX PETYIIOBaHb 3yCUJIb.

: 0V . n
Jlns pusHauenns nepemimens A i AP j BUKOPUCTOBYEThCS (hopmyra

MakcBena-Mopa 1 BiJINOBIIHI €MIOPU 3yCHITb.

Po3pobneny cxeMy MareMaTH4HOI MOJENI PEKOHCTPYKINT Ta IMiJICHJICHHS
CTPW)KHEBUX METaJEBUX KOHCTPYKIIM, IO BigoOpakae YIOCKOHAJIEHY METOJAUKY
Bu3HaueHHsa HJIC CMK, npencrasieHo Ha puc. 3.

BceranorneHo, 1o a1 TeCTOBOT 3a/1a4i ONTUMI3AIlli peKOHCTPYKITIT ¥ ITiICHIICHHSI
3aTpaTH yacy Ha OOYMCIICHHS TPaJI€HTIB 3a 3alPOIIOHOBAHOI0 METOIUKOI0 € Ha 43,1 %
MEHIIIMMH 3a BIITOBIIHHMM Yac, 10 3aTPavyaeThbCsl alTOPUTMOM, SIKMH TSI KOXKHOT 3MiHU
KOHCTPYKIIii hopmye ¥ po3B’si3ye cBoto cuctemy piBHsab MCE.

Y d4erBepTOMY PO3AiJi TpPEACTaBICHO PO3POOJIEHY METOIUKY ONTHUMAIHLHOTO
MIPOEKTYBAHHS PEKOHCTPYKIIII Ta MiJICUIICHHS CTPIKHEBUX METAJICBUX KOHCTPYKIIIH.

Iz Merommka mepembavae crmoyaTKy BHUOIp BapiaHTIB PEKOHCTPYKI Ta
mincuneHas icHyrouoi CMK, Ha OCHOBI aHami3y SKHX IOTIM 3aJal0ThCS CIEMEHTH
MaTeMaTHIHOI MoJeli pekoHCTpyKmii Ta miacmieHHs CMK 1 maremaTtudHoi Mojernm
MIPOCKTHI PillIeHHS.

Ha ocHoBi ananizy BapiaHTiB pekoHCTpyKIii Ta migcwieHHs CMK ¢opmyeTnes i
BPC, muoxuna 3 ycix ( Ng) HaBaHTa)keHb, €Tanmu PEeKOHCTPYKIIIT 1 MOCIIJOBHOCTI LIUX

€TalliB.
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MoyaTtok aHanisy
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Puc. 3. Cxema MaTeMaTH4HO1T MOJI€Jl pEKOHCTPYKIIIT Ta MiJACUIICHHS CTPUKHEBUX
MeTaleBUX KOHCTPYKIII

3a 3MiHHI MPOEKTYBaHHS 3a7a4l ONTUMI3allii peKoHCTpyKIrii Ta miacmieHHs CMK
MOJKHA TPUHAHATH: 1) KUIbKICTh, THIH 1 PO3MIPH IOMEPEUYHUX IEPEPi3iB J0JATKOBHX
CTPWXKHIB Ta €JEMEHTIB MIJICUJICHHS OKPEMHX CTPHKHIB, a TaKOX MapaMeTpH, IO
ONMKCYIOTh PO3TAIIyBAaHHS €JIEMEHTIB TMIJCWJICHHS BIIIHOCHO ICHYIOYHMX €JIEMEHTIB
nepepisy; 2) KUIbKICTh 1 THIIM B’s13€H, Ki Tpeba HAKIACTH Y JIIKBiAyBaTH; 3) 3HAUCHHS
peryjabOBaHUX 3yCHJIb 1 TMepeMilieHb, 4) 3HAYCHHS HaBaHTAXKCHb (HANPHUKIAL,
0alacTHUX OPUTPY3iB); 5) MPUB’A3KH 10 KOHCTPYKIH MICIb KPIIUIEHHS 0JaTKOBUX
CTPWDKHIB, B’s3€H, sAKI TpeOa HAKJIACTH YH JIKBIYBaTH, MICI[b PEryJIFOBaHHS 3yCHIIb 1
IepeMillleHb, a TaKO)X HaBaHTakKeHb, 6) MapaMeTpu, IO 3aJal0Th CIOCOOH 1
MOCJTIIOBHOCTI peKOHCTPYKITi Ta miacuinenus CMK.

MHOXWHY THUIIIB 3MIHHHX MPOEKTYBaHHS, AKI MOKHA BUKOPUCTOBYBATH TiJ Yac
dbopMynroBaHHS 3amad omTHMIi3aiii pexkoHCTpykiii Ta miacuieHHs CMK, momoBHeHO
TaKUMH THUTIAMH: «COPTAMEHTHA 3MIHHA», «TUI JKOPCTKOCTI», <«IIa0JIOH eTamy
PEKOHCTPYKIII» 1 «e€Tam PeKOHCTPYKIIIi».

Cdopmynb0BaHO CHCTEMYy OOMEXEHb 3ajadi ONTHMI3arii, J0 SKOI 3aJydeHO
HOPMATUBHI OOMEXEHHsI IS ICHYIOUMX €JIEMEHTIB Ta EJIEMEHTIB IMiJCUJICHHS 3
ypaxyBaHHSM BHMOT IIOJI0 €JIEKTPO3BAPIOBAHHS 117l HABAHTAKCHHSIM.

Po3pobneno kputepii AJis ONTHUMAIBHOTO TMPOEKTYBAaHHS PEKOHCTPYKINi Ta
miacuienas CMK.

YaockonameHo MoOBY s 3amucy 3amad ontumizarii CMK 1 posmmpeno
MHOXXHHY CIemialbHuX (DYHKIH 11i€T MOBHU 715 3a0e3medeHHst (OpMYIIOBaHHS 3ajad
onTUMI3allli peKOHCTpYKIIii Ta migcuiiendss CMK.
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Po3po6sieHo crocid 3amucy HOPMATUBHUX BUMOT IIOJI0 CHIFOBHUX HABaHTAXKEHBb
Ha KOHCTPYKIIT MOKPUTTA Jisi cuctem ontumizailii CMK.

VYV BUXIIHMX JaHUX MATEeMaTHYHOI MOJENl PEKOHCTPYKLIi Ta MiACHICHHS
HeoOx1aHo 3anaBatu: 1) naui, mo onucyroTe bBPC CMK 1 MHOXHHY yCiX HaBaHTaXEHb;
2) naHi, 1110 ONMKUCYIOTh MPOLEC PEKOHCTPYKIIIT Ta MiICUIICHHS.

B anroputmi ananizy pekoHcTpykuii Ta miacuieHHs CMK mpononyertbes
BUKOPHUCTOBYBATH PO3po0OsieHy yaockoHaneny metonuky BuzHaueHHs HJIC CMK, sika
JI03BOJISIE 3MEHIIUTH O0CATH OOYHMCIEHb MiJl Yac PO3B’sI3yBaHHsS 3ajayl ONTUMIZalli 1
BpPaxOBYBATH PI3H1 TUIH 3MIH PO3PAXyHKOBOI CXEMH 1 HABAaHTAXKEHb.

Jlo 3MIHHUX CTaHy MaTeMaTU4YHOI MoOJenl peKoHCTpykuli Ta migcuiaeHHs CMK
BiJTHECEHO 0a30Bi €MIOPH 3yCUJIb 1 IEPEMIIIEHb, 3yCUIUIS 1 MEPEMILIEHHS XapaKTEePHUX
BY3J1iB Ha KOXHOMY €Talll PEKOHCTPYKIIli, TEXHIKO-€KOHOMIUHI MOKa3HUKU BapiaHTa
PEKOHCTPYKIIIT Ta MiJICUIICHHS TOILO.

Y m’aromy po3aiti onucaHo po3poOJieHy MIACUCTEMY [Jisi ONTUMAIBHOTO
MPOEKTYBaHHS peKoHcTpykuii Ta migcwieHHs CMK, mo 3amydena o mnporpamu
OptCAD, Ta BUKOHaHO YHWCIIOB1 JOCTIIKCHHS JJI BUSABJICHHS i1 TEXHIKO-€KOHOMIYHO1
e(hEeKTUBHOCTI.

Po3po6ieHo BikHO «PekoHCTpyKIlis Ta miacuiaeHHs» (puc. 4, 5) 1 MoaudiKoBaHO
nesiki 3 icHytouux BikoH nporpamu  OptCAD nns  HagaHHS — MOMKJIMBOCTI
npoeKTyBalbHUKY 3afaBaTu BPC 1 mpoiiec pekoHCTpyKIlii, BpaxoByBaTH €JIEMEHTH 1
TEXHOJIOT1I0 MiICUJICHHS MOTIEPEYHUX Mepepi3iB CTPUIKHIB.

3MiHM PO3PEXYHKOED] CREMM l i i ]
ErrE: e pospaxyl 3rdiHK NOMEPEYHKE NEPENISIE

Lrikgl] [br2. 1. UritCasel) T ShfiHu Erucor SMiH pOSPARYHKABE CHErU
n r, '|L||tse1 ™ YeecTH wapHipu DoSaemti | | Tuns.. | B'asi | 3wina. | Now.. |
rkge [bre, Uul, UnitCases

 vumemar |

(¢ Perynneati sycunna SHMIHWTH Peryn.. Lnkg2 1 0

) ) Buganmi
3HATH BHaINEHHA Srtina sycunas: |1 -
BigHocHa nowdtka, %2 |0 m

Ll a8n0HM eTanie pekoHCTRYELI

Ir'a watinoHy {charl J BapticTe, rpH

Crcok WatnoHiE eTanis peroHcT pykuil

- . . i 0 = Ira's | i | 3aBaHT aeHHA wadnoHy | CronyyeHHs Ha
EREEIRFTH NS SrIH CREMA = char0  stil-2[Lnkgl Linkal Linkg2) He sanaHo He zanaHo
[~ 3aeaHTameHHa [ CnonyyeHHs HABEHT aikeHs LyE charl [P LnkgQ, 1, 0+[F: Lnkg1. 1, 0)+[P: LnkgZ2, 1. 0] He sagaHo He zagaHo
char2 loadCO Comb0
+i
kS
< ¥

ETanm peroHcTpuku

Ia'7 erany g1

Crucok eTanie pekoHeT Ykl

Ira'a eTany | Ir'a watnoHy [eTany) | T WN EWKOPUCTSHHA ETaNY

Tun eTany rst0 char0 Jaa pexoHCTpYELIT
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" MNepemH go -

TN BMKOPHETAHHA eTany
(1A pekoHCT Py

L
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(" na sanasanHA novarkoeoro HAC

Mepesipra | SakpHTi |

Puc. 4. Bikno nporpamu OptCAD 1st 3a1aBaHHS MIPOIIECY PEKOHCTPYKIIIT

Y 10oCKOHANeHO ICHYIOYHMI alropT™M IMEpeBIPKM HOPMATHUBHUX 1 JIOJATKOBUX
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00OMEKEeHb, 30KpeMa 3aTyYeHHSIM OOMEXEHb, 110 BUCYBAIOThCS MIJ Yac PEKOHCTPYKIIi
Ta niacwieHHs a0 exemeHTiB CMK.

[ PesoHcTPpyIUia T4 MacHAe HHA

e rd DOSPENHECEN CHEMEL  SEHM NONEDESHG: Mepenizie |

Lrkgh) [be2, 221, UnitCasel] ] Crecon. an anepe-s0 Nepepi
Lrégl [be2. 21, UniCasel) Cram Ll oetiaesems Torei... | Cram | B'aai |

Lrdkg? [be2, Uyl UritCazed)

[5rate 1 = Berseumu_| | 50 ] Lrikg

eI
| B anmmia |
AT BAZINEA
Noxaaami
Wadinors eTa POROHCTEAEE - ; —, ——

Puc. 5. CDparMeHT BikHa niporpamu OPtCAD y1st 3a1aBaHHs 3M1H TONEPEUHUX
nepepiziB Mij 4ac MiACUICHHS

VY aockoHaneHoO cXeMy Oprasizaiii ajJropuTMiB 1 HOTOKIB JaHMX Yy Hporpami
ontumizanii OptCAD (puc. 6) 1HUIAXOM BHKOPUCTAHHS aJTOPUTMY aHAi3y
pexkoHCTpykiii Ta migcuiaeHHs CMK, 1mo MICTUTh ICHYIOUMH Yy Iporpami ajJropuTM
aHaJi3y KOHCTPYKII 1 po3po0eHUN aJrOPUTM BU3HAUYCHHS 3yCUJIb 1 TIepeMilieHb. Ls
cxeMa BioOpa)kae B3a€MO3B’SI30K €JIEMEHTIB MaTeMaTUYHOI MOl PEKOHCTPYKIIIT Ta
macwiesas CMK 3 MaremMaTMyHOIO MOJEIUIO  3ajayl  OITUMI3amii I 4Yac
pO3B’sI3yBaHHsS 3a7a4 MPOEKTYBaHHS PEKOHCTPYKLII Ta TMIACUICHHS CTPUKHEBUX
METaJeBUX KOHCTPYKIIIH.

O1iHKY TE€XHIKO-€KOHOMIYHOI €(eKTUBHOCTI PO3POOICHOI METOAUKHU MPOBEACHO
HAa TPUKIAAl ONTUMAIbHOTO TMPOEKTYBaHHS CTaJleBOi CTPUKHEBOI KOHCTPYKIIIT
MOKPUTTSI TOPTrOBO-pO3BaXkajbHOTO KomIuiekcy “ExBatop” (puc. 7), 1i peKOHCTPYKIIii,
Ta  ONTUMAJIBHOTO  MPOEKTYBAaHHS  PEKOHCTPYKIII  HAJ3€MHOrO0  IEpexony
HadTorazonpoBoAiB uepes p. Ctpuii (puc. 8).

3 MeTOw BHU3HAYCHHS  €(EeKTUBHOCTI MIJCUCTEMH  aBTOMATHU30BAHOTO
MPOEKTYBaHHs peKOHCTPYKIii Ta miacuwieHHs CMK Oyno chopmynboBaHO 1 po3B’si3aHO
JBI 3aja4i ONTUMAJIBHOTO TPOEKTYBaHHS KOHCTPYKII TOKPUTTS 1 OJHY 3a/Jady
ontuMizaiii ii pekoHctpykii. I[lepma 3amada momjsrae B TOIIYKY TaKUX 3MIHHHUX

MIPOCKTYBaHHSI — PO3MIpPIB TOMEPEUYHUX Iepepi3iB CTPWIKHIB, TPU SKUX Maca
KOHCTPYKIii € MiHiManpHOI0. [Ipu mpomy € ¢iKCOBaHMMH TEOMETPHYHI THapaMeTpH
PO3paxyHKOBOI CXeMH KOHCTpyKHii-poroTuny — mmmpuHa B; Tta Bucota Hj

MOTIEPEYHOTO TIepepi3y HECYUHX TPUTPAHHUX GepM. Pesynbpratu po3B’si3yBaHHS IIEPIIOi
3a/1a4il ONTUMI3allii CIYTyIOTh €TaJIOHOM JJISI TIOJATBIIIOTO TOPIBHIHHS.
Jlpyra 3ajmada moissira€ B TOIIYKY TakWx 3HaueHb B; 1 H; Ta po3mipis

MOTIEPEYHUX TEepEePi3iB CTPUIKHIB, MPHU SKUX Maca KOHCTPYKIIi € MIHIMaJIbHOIO.

Tpets 3amaya mossirae B MOMIYKY MaKCHMAJIBHOTO 3HaueHHsS Koedimienta K 1o
TPAaHUYHOTO 1 EKCIUIyaTallifHOTO pPO3PaxXyHKOBOTO 3HAYEHHS HABAHTAXEHHS Bij
oOnaHaHHS JUIsl OCBITJICHHSI, III0 BCTAHOBIIIOETHCS Y MPOIIECT PEKOHCTPYKIIii, TPH STKUX
HOPMATHUBHI 1 JOJAaTKOBI BHMOTH BHKOHYIOThCS. IlouaTkoBe 3HAYCHHS IIHOTO
HaBaHTaxeHHs 3amaHo 0,5 kH/M, mo Bu3HaveHe 3 ypaxyBaHHSM MiHIMaJIBHOT Baru
HeoOXigHOTO OoONamaHHs. Yci BUXINHI AaHl And 1€l 3amadi (reOMEeTpuYHi mapameTpH,
ONTUMAalbHI PO3MIPHU TMOMEPEYHUX TEPepi3iB, OOMEKEHHS, HABAHTAXKEHHS TOIIO)
Opasucst 3 pe3yiabTaTiB pO3B’sI3yBaHHs MEPIOi 3a/1a4l ONTUMI3ALLi.
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Puc. 7. IlokpuTTst TOproBo-po3BaxkajibHOro KoMmiuiekcy “ExBarop”: a) 3araabHui
BUTJISLT KOHCTPYKIIIi; 6) cxeMa (pparMeHTa KOHCTPYKI[ITi HOKPUTTS

Puc. 8. bankoBuii mepexif: a) 10 pEKOHCTPYKIIii; 0) MICIsI PEKOHCTPYKITIi

VY pesynbTari poO3B’sA3yBaHHS TPEThOI 3ajayli BCTAHOBIEHO, IO MiJ Yac
PEKOHCTPYKIIii CTajeBOi CTPHYKHEBOI KOHCTPYKITII MOKPUTTS MOYKHA 3MIHUTH YMOBH ii
eKCITyaTallii MIJIIXOM BUKOPUCTAHHS PE3EPBIB HECYUOi 3JaTHOCTI. 30KpeMa, 3TiTHO 13
ITOCTAHOBKOIO TPETHO1 3a/1aul MOYKHA IMOYATKOBE HABAaHTAXKCHHS BiJl OOJaJHAHHS IS
ocBiTieHus 30inpmuTH y K =1,29 pasa.

3acTOoCOBaHO PO3pOOJIEHI METOJIMKH TMpPH ONTUMAIBHOMY TPOEKTYBaHHI
PEKOHCTPYKIIIT HAA3EMHOTO Tepexoay HadTorazonpoBojiB uepe3 p. Ctpuit JIbBIBCHKOT
0011. BiamoBigHO 10 3aBAaHHS 3allPOCKTOBAHO JIBA JOJATKOBHUX IMPOJILOTH MEPEXOay 3
MaKCHUMAaJIbHOIO JOMYCTUMOIO CYMapHOIO JOBXHHOIO MPH 33a/IaHUX HABAHTAKCHHIX Ta
po3Mipax MOMEpPeYHHUX Mepepi3iB ICHYIOUUX Ta MPOEKTOBAHUX HECYYMX KOHCTPYKIIIN 3
TpyO — KOKyxa HapTormpoBoy Ta TpyOU razonpoBoay (puc. 9).

Jlnst BpaxyBaHHS IMiJI 4ac ONTHMAJIBHOTO MPOCKTYBaHHS TMEPEXOay TEXHOJIOTIi
BUKOHAHHSI POOIT 13 IOTO0 PEKOHCTPYKITii, OyJI0 pO3MIISTHYTO 3MIHH HOTO PO3PaXyHKOBUX
CXeM Ta HaBaHTAXXCHHS HA Ii cXeMmu. [[1g 1[bOoro BHIUICHO TaKi OCHOBHI JIBa CTaHU
nepexoay, 10 BUHUKAIOTH y Tpolieci 3AiiCHeHHS OyiBeIbHO-MOHTAKHHX POOIT 3a
3aMpPOTIOHOBAHOI0 TEXHOJIOTIEI0 TXHBOT PEKOHCTPYKIii: ctan 1 (puc. 9), mo BUHHKAE
MICIIS BiApi3aHHS KOMIIEHCATOPHOT YACTHHH ICHYIOUUX TPYO 1 HACTYMTHOTO MOHTaXY (3
THMYaCOBUM 3aKpIIUICHHSIM, IEpe]l 3BaplOBaHHSIM) Ha JOJATKOBUX OINOpax MPOJbOTIB
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HOBHUX TPYO 1 KOMIIEHCATOPIB; CTaH 2 — MICJs 3aBEPIICHHS BC1X OyA1BEIbHO-MOHTAXKHUX
POOIT.
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Puc. 9. Po3paxyHKoOBi cXxeMH niepexo/1y, 0 BIAMOBIAAI0TH HOro ctany 1 (MpoiaboTH MiXK
ornopamu Ne 1 ta No 18 yMOBHO He MoOKa3aH1): a) HAaQpTONMPOBOAY; 0) ra30MpoBOLY

3HaueHHs 3MIHHUX TPOEKTYBaHHSA, OTPUMAHHUX BHACIIAOK  PO3B’SI3KY

chopMyJIbOBaHUX 3aJ1ay ONTUMI3aIlii MoKka3aHo B Tab. 1.
Ta0muna 1

Po3B’s13k1 33124 onTUMI3allii peKOHCTPYKIIIT Mepexo]y
3HaueHHs 3MIHHUAX JUTA 3a/1a4l OMTUMI3aril
ra3onpoBoJ Ha(TONPOBOY
I, M l,, M l;, M l,, M l,, M l;, M
21,199 | 42,953 | 2,24 | 21,025 | 39,570 | 1,86
OckiTbKH Ta30MpoBif Ta HAGTOMPOBIT Maly OMUPATHCS HA OJIHI i Ti K OMOPH, TO
3a pe3yibTaTH ONTHMI3AIlli PEKOHCTPYKIi mepexoay Oyiao NPUUHITO pe3yiabTaTh
PO3B’sI3yBaHHS 3a/1a4l ONTHMI3allii HaQTOMPOBOY, 3 MEHIIUM OTPUMAHHM 3HAYCHHSM
I, =39,57 m. HanpyxeHno-nepopMoBanuii cTaH Tra3onpoBOAY 13 TUPUHHATUMH

nowkuHamu (l; =39,57 ™, 1, =21,025 ™M, l3=2,24 ™M) 3am0BONBHSE HOPMATUBHI

BUMOTH.
3AT'AJIBHI BUCHOBKH

Jucepralliss € 3aKiHYEHOI HAyKOBO-JOCIIAHOI pPOOOTOI0, B SIKIM BHPINICHO
HAyKOBO TPHUKJIATHE 3aBIAaHHSA 3 PO3POOKH METOIUKH ONTUMAJIBHOTO MPOEKTYBAaHHS
pexoHcTpykKiii Ta miacwienHas CMK 3 ypaxyBaHHAM KOHCTPYKTHBHUX, TEXHOJOTTYHUX,
eKCIUTyaTalllfHUX 1 EKOHOMIYHHUX BHMOT.

OcHOBHI pe3yNbTaTH, 0 OTPUMAaHI B TUCEPTAIlidHINi poOOTi, TaKi:

1 3anponoHoBaHO MpencTaBIATH Tpoliec pekoHcTpyKiii CMK sk mocmimoBHICTh
3MIH pO3pPaxyHKOBOi CXeMH, MOMEPEUHNX MEPEPi3iB CTPMKHIB 1 HABAHTAXKEHbB, & TAKOXK
pEeryJIIOBaHHS 3yCHJIb, IO BIOPSAAKOBAaHI BIAMOBITHO IO IOCTITOBHOCTI OY/IiBEIBHO-
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MOHTaXXHUX PoO0iT. Po3pobieHo rpadiuHe mpeacTaBieHHs MPOLECY PEKOHCTPYKINT Ta
MIJCUJICHHS] Y BUTJISAIL Jllarpam.

2. Po3pobneno maremaTuuHy Mojnenb pekoHcTpykuii Ta mincuneHHs CMK. [lo
BUXIJIHUX JIaHUX BIJIHECEHO AaHl, o onucyoTh bPC KOHCTpyKIlli, HABaHTaXKEHHS 1
MpOLIEC PEKOHCTPYKIT Ta MIACWICHHS. ANTOPUTM aHali3y Il€l Monenl mnepeadaydae
BU3HAYEHHS 3YCUJIb 1 MEpPEeMINIEHb XapaKTepHUX TOUYOK KOHCTPYKIi, NepeBIpKU
0oOMEKEHb Ha KOXXHOMY €Taml PEeKOHCTPYKIi. /[0 3MIHHUX CTaHy BIJHECEHO TEXHIKO-
€KOHOMIYHI MOKa3HUKH BapilaHTa pEeKOHCTPYKUII Ta MIACUIIEHHS, 3yCUIUIA B TIONIEPEYHUX
nepepizax CTpUKHIB, IEPEMIIIEHHS XapaKTEPHUX TOYOK KOHCTPYKIIIT TOLIO.

3. YI0CKOHAJIEHO METOAWKY BHU3HAYCHHS HAmNpy>KEeHO-Ie()OpPMOBAHOTO CTaHY
CMK nuisixom mojaily Ha 1Bl YaCTUHU. Y Mepiliid yacTUHI POPMYETHCS 1 pO3B’A3YETHCS
OJlHA MaTpUYHA CHUCTEMa pPIBHSIHb METOJy CKIHUCHHUX €JEMEHTIB 3 JCKiTbKOMa
npaBuMu 4actuHamu it BPC, a B Apyriii — BWU3HA4YalOThCS TOTOYHI 3yCHIUISA i
NepeMillleHHS Ha OCHOBI OTPUMAaHUX PO3B’S3KIB, BPAXOBYIOUM BJIACTUBOCTI 3yCWIb 1
HepeMIIICHb Y CTPHIKHEBUX CUCTEMaX, 110 MiJISTal0Th MPUHIIAITY CYTIEPIIO3HIIi].

4. Y10CKOHAJIEHO METOJMKY ONTUMI3allli mapamMeTpiB KOHCTPYKLII MiICUIIEHHS 1
PETYJIIOBaHHS 3YCWIb IIJISXOM PO3UIUPEHHS MHOXHHH THIIB 3MIHHUX MPOCKTYBaHHS,
yIIOCKOHAJICHHSI MOBH 3alUCy 3a/Ja4 ONTUMIi3allii CTPHKHEBUX METAJICBUX KOHCTPYKIIIiA
BHACNIJIOK PO3IIMPEHHS MHOXXMHU CHEMiaTbHUX (DYHKIIA UISI  TPOEKTYBaHHS
PEKOHCTPYKIIii Ta MiJCUICHHS.

5. Po3pobiieHo mifgcucTeMy sl ONTUMAIBHOTO MPOCKTYBaHHS PEKOHCTPYKIIT Ta
nmiacunenus CMK, mo 3amydena no mporpamu OptCAD 1 peanizoBye po3poOieHi
METOJIUKH.

6. ChopmynboBaHO 1 PpO3B’S3aHO  3ajladyi  ONTHUMAJIBHOTO  MPOSKTYBaHHS
PEKOHCTPYKIIT KOHCTPYKIIi TMOKPUTTS TOPTrOBO-PO3BAKAIBHOIO  KOMIUIEKCY 1
HAJ3€MHOT0 Tepexoay HadTorazomnpoBoay depe3 p. Crpuii. BusBIeHO MOXIUBICTH
30UThIIeHHsT Ha 29 % MOYaTKOBOrO 3HAYEHHS HABAaHTAXKEHHS Bl OCBITIIOBAJIBLHOTO
oOyasHaHHS T Yac PEKOHCTPYKIli komiuiekcy. CepenHs onTuMajabHa JTOBKHWHA
JOJIATKOBUX TMpPOJIbOTIB mepexony Ha 13,06 % Oinblma 3a AOBXKHUHY 1CHYIOUHX
IIPOJILOTIB.

OcCHOBHI 0JI0KEeHHS JUcCepTalii onmy0JiKoBaHi B TAKMX podoTax:

1. Tlenemxo I.JI. OnrTumizaiiis CTPHKHEBUX KOHCTPYKIIA 3 ypaxXyBaHHSIM
ckopodeHux coptameHTiB wmetanomnpokaty / L. JI. Ilememko, 1. M. banyk, lO. €.
KoBanpuyk // 30ipHuk HaykoBux mpaimp “I'eomesis, apxiTekTypa Ta OyIiBHUIITBO:
Martepianu Il MixHapogHoi koHdepenmii momomux BueHunx GAC-2009”. — JL:
HY “JIpBiBchbka ITomitexnika”, 2009. — C. 95-97.

2. Menemxo 1. JI. OntuMizaliiss THHOPO3MIpIB MONEPEUHUX MEPEPI3iB CTPUKHIB
craneBux koHcTpykmii / L. JI. Tlememxo, I. M. banyk // 30ipHUK HayKOBUX Mpallb
YxpHAIIICK M. B. M. lllumanoscbkoro. — K.: Cranb, 2009.— Bum. 4 — C. 142-151.

3. Ienmemxo I.JI. ®opmamizarmiss CHITOBHX HABaHTAXEHb JUISI CHCTEMH
ormrtumizaitii crpmwkHeBux KOHCTpyKmii OptCAD / L. JI. Ilenemxo, 1. M. bamyk //
bynisensHi KOHCTpYKIIiT : MDKBIIOMYN HAYKOBO-TEXHIYHHI 30ipHUK HAYKOBUX IPAIlh
(6ymiBauntBo). — K.: AT HAIBK, 2009. — Bum. 72. — C. 257-264.

4. Tlenemko W. J[. O6 onTuManbHOM 3aKpEIUICHHHM MOIMEPEYHBIX CEYCHUM 3a
CTEpXXHSAIMU MeTamuueckux koHcTpykuuii / W. JI. Ilememko, B. B. IOpuenko,
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N. M. banyk // CoBpeMeHHBIE METANIMYECKUE U JCPEBSIHHbIE KOHCTPYKIUU
(HOpMUpOBaHKE, IPOEKTUPOBAHUE U CTPOUTENBCTBO). — bpect: U3n-Bo bpI ' TY, 2009. —
C. 222-227.

5. Ilemewko I. JI. YIocKoHaneHHs Ta BUKOPUCTaHHS MOBHU Ul 3alUCy 3a1a4
ontumizauii crpmwxkHeBux MetaneBux koHcTpykuid / L. JI. Ilenmemxo, 1. M. bamnyk //
30ipHuk HaykoBux mnpaub YkpHIIIICK im. B. M. lllumanoscskoro. — K.: Crans,
2010. — Bun. 6 — C. 172-179.

6. Ilenemxo 1. JI. OnTumanbHe TPOEKTYBAHHS CTalIE€BOI CTPUXKHEBOT KOHCTPYKIIIi
MOKPUTTS TOproBo-po3BaxkanbHoro komiuiekey / 1. JI. Ilenemko, P. B. Jlicoupkuii, I. M.
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VYV nyOmikanisix 31 CHOiBaBTOpaMH 3700yBayeéM BHUKOHAHO: IPOAHAII30BAHO
OTpUMAaHI pe3yJbTaTh YUCIOBUX JOCHIIKEHb ONTUMAJIbHOIO 3aKPIIJIEHHS MOMEPEYHUX
nepepiziB 3a CTPUKHAMHU METaJIeBUX KOHCTpyKHii [1, 2]; mpoBeAeHO TEOpeTHYHI
JOOCHIKeHHST (OPMYJIIOBaHHS 3a/lad  ONTHMI3allll PEKOHCTPYKLII Ta MIACHICHHS
CTPW)KHEBUX METAJEBUX KOHCTPYKUiM [3-5]; mpoBeaeHO aHali3 pe3yJbTaTiB
ontumizaii (parmMeHTa CTPHUXKHEBOI CTajeBOl KOHCTPYKIII MOKPUTTS TOPrOBO-
pPO3BaXaIbHOTO KOMIUIEKCY [6]; BH3HAu€HHS 3aJ€XKHOCTI 3yCHJIb Yy METaJeBHUX
KOHCTPYKI[ISIX B1] OCJIJOBHOCTI 3MIH Y PO3PaxXyHKOBIA cXeMi MiJ Yac PEKOHCTPYKIi
Ta MijcUiIeHHs [7, 8]; mpOBeAECHO MOJIENIOBAHHS PEKOHCTPYKIIII HAJI3EMHOTO MEPEXOy
TpyOonpoBoay [9]; BHUKOHAHO aHali3 ONTHUMAJIbHUX MapaMeTpiB PEKOHCTPYKIII
HAJ3eMHOTO OajKkoBOro rmepexoay TtpyoonpoBoaiB [10]; mpoBemeHO TeopeTHYHI
JOCHIDKEHHSI TPOLIECY PEKOHCTPYKUII Ta TMIACWICHHS CTPHXKHEBUX METAIEBUX
KOHCTPYKIIiK [11]; BUKOHAHO aHaJIi3 METOJIMK BU3HAUCHHSI HAIPYKEHO-1€()OPMOBAHOTO
CTaHy CTPWXKHEBMX METaJIEeBUX KOHCTPYKIIM y Tmpoleci iXHbOT PEKOHCTPYKIi Ta
migcunienns  [12, 13]; BuUBeneHO 3aleXHOCTI 3YCHJIb Y CTPUIKHEBUX METAJIEBUX
KOHCTPYKIIISIX B/l 3MIHU MTapaMeTpiB NOMEPEYHUX Mepepi3iB AEKUIBKOX CTPIKHIB [14].

AHOTANISA

Baanyk .M. OnTtuManbHe NPOEKTYBaHHA PEKOHCTPYKHiI Ta NMiACHICHHHA
CTPH:KHEBUX MeTaJIeBUX KOHCTPYKLiii. — Pykonuc.

Hucepranis Ha 3700yTTs HAYKOBOTO CTYMEHS KaHAuIaTa TEXHIYHUX HAyK 3a
cremianbHicTiO 05.23.01 — OyxgiBenbHI KOHCTPYKINi, OymiBal Ta CHOPYAH. —
Hamionanenauit yaiBepcuret “JIbBiBchbKa mosiTexHika”, JIbBiB, 2016.

HNuceprariiina po6oTa TPUCBIYEHA PO3POOII METOJUKH  ONTUMAITBLHOTO
POEKTYBAaHHS PEKOHCTPYKIIi Ta MIJICUIEHHSA CTPHKHEBUX METAJEBUX KOHCTPYKLIHN 3
ypaxyBaHHSIM KOHCTPYKTHUBHHMX, TEXHOJIOTIYHHX, EKCIUTyaTalliIiHUX 1 EKOHOMIYHHMX
BuMor. I{s meTonuka nependavae GopMyBaHHSI MAaTEMAaTUUYHHUX MOJICIICH PEKOHCTPYKITIT
Ta MIJCUJICHHS KOHCTPYKIII 1 3a7aul ii ontumizaiii. AITOpUTM aHallizy peKOHCTPYKITii
Ta MmiaAcwIeHHS (opMye 1 po3B’sA3ye OJHY MATPUYHY CHUCTEMY pPIBHSIHb METOIY
CKIHUYCHHUX €JIEMEHTIB 3 JICKUIbKOMa IMPaBUMH YacCTHHAMU, a OTPUMaHI PO3B’SI3KH
BUKOPHUCTOBYE JUIsi BH3HAYCHHS 3yCWJIb 1 TIepeMillleHb Ha KOXXHOMY eTalli
PEKOHCTPYKIIIi.

3anmpomnoHOBaHa METOJWKA pealli3oBaHa B MPOTPAMHOMY 3a0€3MEeYeHHi, 0
OpIEHTOBaHE Ha BUPINICHHS 3a7a4 ONTHUMi3allii CTPUKHEBUX METAIEBUX KOHCTPYKIIiH.
PesynpTaT poOOTH BIPOBAHKEHO B MPOEKT PEKOHCTPYKIIII peanbHOI OymiBEIbHOI
CIIOpY/IM Ta B HaBUAJIBLHUH TIPOIIEC.

KamouoBi cjoBa: CTpmwKHEBI MeTaleBl KOHCTPYKINli, PEKOHCTPYKIS Ta
MiJCWICHHS, ONTUMaJIbHE MPOEKTYBaHHS, MaTeMaTHYHAa MOJENb 3a/Jadi ONTHMI3allii,
mporpamMHe 3a0e3meueHHs.

AHHOTALUA
banyk U. M. OnTtumajibHOE NMPOEKTHPOBAHHE PEKOHCTPYKUUU U YCUJICHUA
CTePsKHEBbIX METAJIMYECKUX KOHCTPYKIMMA. — PyKONHKCE.
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Juccepranys Ha COMCKAaHUE YYEHOW CTENEHHM KaHIuAaTa TEXHUYECKUX HayK IO
cnenpanbHOCcTH 05.23.01 — cTpouTEnbHBIE KOHCTPYKLIMH, 3JaHHUSI U COOPYKECHUS. —
Hanumonanbusiii yausepcuteT "JIbBoBckas nonutexuuka", JIbBos, 2016.

Huccepranus MIOCBSAIIICHA pa3paboTke METOIUKU ONTUMAJIBHOT'O
MPOECKTUPOBAHUSI  PEKOHCTPYKIIMM M  YCWJIEHHUS CTEPKHEBBIX METALIMYECKUX
KOHCTPYKIUI C YYETOM KOHCTPYKTHUBHBIX, TEXHOJIOTMUECKHUX, AKCILTyaTallMOHHBIX W
HKOHOMHYECKUX TPEOOBAHMIA.

Coaep:xkanue aucceprauuu. Bo BCTyrmuieHHMM 0OOCHOBAHO aKTyaJIbHOCTb TEMBI
auccepTaluy, oOBEKT W NpPEeIMET IPOBEICHHBIX B HEW MCCIENOBAaHUW, NpUBEACHA
Hay4Has HOBU3HA U MPAKTHYECKOE 3HAUEHHE MOJTYYEHHBIX PE3YIbTATOB.

B nmepBoM paszmene paccCMOTPEHO COBPEMEHHOE COCTOSIHUE MPOOJIEMBI
ONTUMAJIBHOTO  NPOEKTHUPOBAHMUSI  PEKOHCTPYKIIMU M YCWJICHHS  CTEPKHEBBIX
METaJNIMYECKUX KOHCTpYKIMi. [IpuBeeHbl OCHOBHBIE CHOCOOBI U METOABI YCHIICHUS
CTEP’KHEBBIX METAJUIMYECKUX KOHCTPYKLMHA. BBINMOTHEHHBIH aHaau3 MOKa3bIBAET
3HAYUTEIBHOE KOJMYECTBO THUIIOB MapamMeTpOB, KOTOpbIE CIEAYET OMpPEeeisaTh s
OPUMEHEHHUS]  Pa3jMYHbIX CHOCOOOB  YCWJICHHS, HEOOXOAMMOCTb JalbHEUIINX
UCCJIEIOBAaHUN aJITOPUTMOB OIPEACIICHUS HAMPSKEHHO-1€(OPMUPOBAHHOTO COCTOSIHUS
CMK B mporiecce ee peKOHCTPYKIIMU U yCWICHUs i obecrieueHus: 3PpEheKTUBHOTO
UCIIOJIb30BaHUSI BMECT€ C METOJAMH ONTUMM3AIMU, a Takke HeoOXOAUMOCTh
pa3paboTKH COOTBETCTBYIOLIETO MPOrPAMMHOT0 00ECIIeUEHUS.

Bo BTOpOM pazzene mpencraBieHa MaTeMaTUYecKas MOJENb PEKOHCTPYKIUU U
YCHJICHHSI CTEPKHEBBIX METAJUIMYECKUX KOHCTPYKIIH.

Pa3zpaboranbl quarpamMmsbl Ipolecca peKOHCTPYKLIMHM M YCUIJIEHHS CTEP)KHEBBIX
METAJUINYECKUX KOHCTPYKIMH, B KOTOPBIX IPEIJIOKEHO HCIOJIB30BaTh TaKUE IPOCTHIE
U3MEHEHHMsI paCUETHOM CXEMbI M HAarpy30K, KaK HaJIO)KEHHE CBS3M, BBEJCHUE IIAPHUDA,
pErylnMpoBKa yCWIHS B CBSI3M, M3MEHEHHE IIONIEPEYHOIO CEUEHUS M IPHIOKCHUS
KOHTPOJIUPYEMON Harpy3ku. @DopManu3upoBaHO NPEICTABICHHUE PACUETHBIX CXEM
KOHCTPYKIIMH, ITOJIEKANIEH PEKOHCTPYKLIUH U YCHWICHHIO.

K wucxogHelM JaHHBIM MAaTE€MaTU4YECKOM MOJEIHM OTHECEHBl JIaHHBIE,
OIMCBHIBAIOIINE PACUETHBIE CXEMBbI KOHCTPYKIMH, HATPY3KH U IPOLECC PEKOHCTPYKIIMH
U YCWICHMS. AJTOPUTM aHajau3a 3TOW MOJENU MPEyCMATPUBAET ONPEACICHUE YCUINI
U IEPEMEIICHUM XapaKTepHbIX TOYEK KOHCTPYKLHMH, IMPOBEPKH OIPAaHUYECHUN Ha
KOKJIOM JTafne PpeKOHCTpyKUHH. K mNepeMEeHHBIM COCTOSHHS OTHECEHBI TEXHHKO-
SKOHOMMYECKHE I[I0KA3aTEJIM BapUaHTa PEKOHCTPYKIMM W YCHUJICHUS, YCWIHS B
MIOTIEPEYHBIX CEYEHUSIX CTEPIKHEHN, IEPEMEILIEHNS Y3JI0B KOHCTPYKIUH U JP.

B TperbeM pasnene  NpEACTABIECHBl  YCOBEPIIEHCTBOBAHMS  METOIHMKH
OIpEEIICHHUS HaNpsKEHHO-e(OPMUPOBAHHOTO COCTOSIHMS CTEPIKHEBBIX
METAJUNINYECKUX KOHCTPYKLUI IPHU UX PEKOHCTPYKLIMH U YCUJICHHU.

JUis  cokpaieHuss oO0beMa BBIUMCICHUM IIPU  OINpPEACICHUH HANPS)KEHHO-
1e(OPMUPOBAHHOTO COCTOSIHUSL CTEPKHEBBIX METAIIMYECKHX KOHCTPYKUUH s
OJTHOTO BapUaHTa MPOEKTa PEKOHCTPYKIMU U YCUJICHMS Mpenjaraercsi GopMupoBaTh U
pemarb OJHY CHCTEMY YpPaBHEHHMII METOJla KOHEUYHBIX 3JIEMEHTOB C HECKOJbKHUMU
MpaBbIMU YacTAMM JJisi 0a30BOM pacueTHOW cxeMmbl. [Ipu ompeneneHun HampsiKEHHO-
ne(OpPMUPOBAHHOTO COCTOSIHUSI KOHCTPYKUMHM JUIl  JPYIMX TOJOOHBIX CXEM,
OTIMYAIOIIMXCS MEXAY CO0O0M TOJNBKO MHOXECTBAMHU HAJIOXKEHHBIX CBS3€H U



20

XapaKTepUCTUKAMHU >KECTKOCTU YCUJIMBAEMbIX CTEp)KHEW, Mpeiaraercs YYUThIBaTh
CBOICTBA yCWJIMM M MEPEMEIIEHUN B CTEPKHEBBIX CUCTEMAX, MOJJISKAINUX TPUHIUITY
CYNEPIO3HULIHH.

Pa3paboTana cxema MaTreMaTHM4e€CKOW MOJENH PEKOHCTPYKUUU U YCHIICHHUS
CTEp’KHEBBIX METAJUIMYECKMX KOHCTPYKIUH OTpakaeT yCOBEPUICHCTBOBAHHYIO
METOJIMKY OIpEAeNICHUs HaNpsKeHHO-Ae()OPMUPOBAHHOTO COCTOSHMS CTEP>KHEBBIX
METaNIMYECKUX KOHCTPYKIIH.

B uerBepTroM paspene npeacraBieHa pa3paboTaHHAs METOJMKA ONTUMAIbHOIO
MPOEKTUPOBAHUS  PEKOHCTPYKIIMM M  YCWJICHHUS  CTEPKHEBBIX  METAJIMYECKUX
KOHCTPYKIMI. OTa METOJIMKa MpeAnoiaraeT cHadajga BbIOOp [ CYLIECTBYIOIIEH
CTEP>KHEBON METAINTMYECKON KOHCTPYKLIMU BapUAHTOB €€ PEKOHCTPYKIUU U YCUIICHHUS,
Ha OCHOBE aHajlM3a KOTOPBIX 3aT€M 3aJal0TCsA 3JIEMEHTbl MaTeMaTH4YeCKOM MoAenu
PEKOHCTPYKIIMM M YCHJICHUS KOHCTPYKIIMM M MaTeMaTH4eCKOW MoJenu 3ajlayu
ONTUMM3AIMU €€ TIapaMeTpoOB, peUIaeTCs IMOCTABJICHHAs 3ajadya U NPUHUMAIOTCA
POEKTHbBIE PEIICHHUS.

B nsAtom pasnene mpeacrtaBieHa pazpaboTaHa MoAcHcTEMA I ONTHUMAaIbHOTO
NPOEKTUPOBAHUS PEKOHCTPYKIIMH U YCUJICHHUS] KOHCTPYKIIMHU, BOBJIEUEHA B TIPOrPAMMBI
OptCAD, u BBITIOJIHEHO YHWCJICHHBIE HCCJICAOBAHUS JJIS BBISBICHUS €€ TEXHHUKO-
HKOHOMHYECKOM 3P PEKTUBHOCTH.

B BbIBOJaX MOJBITOKEHBI OCHOBHBIE pe3yJibTaThl auccepTanuu. Pe3ynbrarhbl
paboThl BHEJIPEHBI B MPOEKT PEKOHCTPYKIMH PEATbHOTO COOPYKEHHSI U B YUYCOHBIH
nporiecc.

KiroueBble ci10Ba: cTepKHEBbIE METAJUIMUECKUE KOHCTPYKIIUH, PEKOHCTPYKIIHS
U YCWIEHHME, ONTHUMAJIbHOE IPOECKTHUPOBAHUE, MaTeMaTH4ecKas MOJeNb 3aJauu
ONTUMU3ALUHU, IPOTPAaMMHOE 0OECTIEUEHHE.

ABSTRACT

Baluk 1. M. Optimal design of the reconstruction and reinforcement steel
structures. — On the right of manuscript.

The thesis for the degree of candidate of technical sciences, specialty 05.23.01 —
“Building constructions, buildings and structures” — Lviv Polytechnic National
University, Ministry of Education and Science of Ukraine, Lviv, 2016.

The thesis is devoted to developing method for optimal design of the
reconstruction and reinforcement of steel structures considering constructive,
technological, exploitation and economical requirements. This method involves the
formation of mathematical models of reconstruction and reinforcement of structures and
its optimization problem. An algorithm of analysis of the reconstruction and
reinforcement creates and solves an one matrix equations of finite element method with
a few right-hand sides and uses the obtained solution for determining the forces and
displacements at each stage of reconstruction.

The proposed method is implemented in software that is focused on solving
problems of optimization steel structures. The results introduced in the reconstruction of
a real building structure.

Keywords: steel structures, reconstruction and reinforcement, optimal design,
mathematical model of optimization problem, software.



