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ITiocopeyvkuii FO. FO. Po3paxyHKOBUN METOJ MPOrHO3YBAHHS NOBEAIHKU THYUYKHX
MPO30PUX €JEMEHTIB O€31HEpIIHUX JETKOCKUAHUX KOHCTPYKIIN 3a yMOB BHOYXY. —
KranidikamiitHa HaykoBa mpaiisi Ha IIpaBaxX PyKOIHUCY.

Hucepranis Ha 3700yTTS HAyKOBOrO CTymeHs JokTopa ¢inocodii 3a
cnenianbHicTiO 261 «IloxkexkHa Oesneka». — YUepKachKHUil IHCTUTYT MOXKEXKHOT Oe3MeKu
M. ['epoiB Hopnoouns HYL3 Ykpainu, Yepkacu, 2021.

AKTYaJIbHICTh TeMM A0CJHiI:KeHHAA. [HaycTpianbHO-TIpoMuciioBa 0a3a YkpaiHu
OXOIUTIOE YHWCJEHHY KUIBKICTh MIAMPUEMCTB 13 MiJBUIICHOI BHOYXOIOXEKHOIO
HEOE3MEeKOI0, 10 MOTPEOYIOTh 3aCTOCYBAHHS CIEIIAIBHUX 1HXKEHEPHUX 3aXOJIB IS
3aXUCTY JIIOJICH 1 MaTeplalIbHUX IIHHOCTEH Bij HeOe3neuHux (akTopiB BUOyxy. OnHe 3
HaOUIbIl  €(EeKTUBHUX I1HXKEHEPHUX pIllIEeHb — BJAIITYBAaHHA JIETKOCKUIHUX
KOHCTPYKIIiH, SKi JafOTh 3MOTY IIBUAKO 3HW)KYBATH HAJUIMIIKOBUH THCK BHOYXY JIO
Oesneuynnx BenumduH. KpiM BU3Ha4YeHHS HEOOXITHOT IUIOIII OTOPOKEHHS JISTKOCKUTHUX
KOHCTPYKIIiM, MOTpIOHO iX  yIOCKOHAJUTH  uepe3  3aCTOCYBAaHHS  THYYKHX
OTOpPOKYBaJIbHUX €JIEMEHTIB HAa OCHOBI MOJIMEPHUX MaTepiaiiB, M0 BMOMXJIHUBIIOIOThH
ix Oararopa3oBe 3aCTOCYBaHHs, Ha BIIMIHY BiJl CKJIITHOTO OTOpOJiKEHHs. BukopuctanHs
JIETKOCKMTHUX KOHCTPYKIIIA 13 TaKUM YCTPOEM OOMEXKEHe, 3 OISy Ha BiJICYTHICTh
HAyKOBO OOIPYHTOBAaHMX pO3PaXyHKOBHX METOJIB I1X TMPOEKTyBaHHA. BusBieHHs
3aKOHOMIPHOCTEH  3aJIe’KHOCTI ~ MapaMeTpiB  CHpallbOBYBaHHS  O€3iHEPIIHHUX
JETKOCKUIHUX KOHCTPYKIIH 13 THYYKHMH OTOPOJKYBaJbHUMHU €JIEMEHTAMH Bif iXHIX
KOHCTPYKTHBHUX TapaMeTpiB — aKTyajdbHE 3aBJIaHHS, PE3yJbTAaTH BHUKOHAHHS SIKOTO
MOTJIM O TIOCIIYTYBAaTH MIATPYHTSAM JJISI CTBOPCHHS 1H)KEHEPHUX METOAMK MPOEKTYBAaHHS
oesinepriitaux JICK i3 rHydkuMu enemMeHTamu.

Inest poboTu mosnsrae y 3a0e3MeUeHH] HAJIEKHOTO 3aXHCTY MPOTH BUOYXY 3a
JIOTIOMOTO0  O€31HEPIIHHUX JIETKOCKUIHUX KOHCTPYKIIA 13 THYYKAMH €JeMEHTaMU
[IUISIXOM pO3pOOJIEHHS PO3PaXyHKOBOT METOIMKH 1X MTPOCKTYBaHHS.

O006’exT HociaimzKeHHsl — npouecu IeopMyBaHHS THYUKHUX OTOPOJKYBaJTbHHUX
€JIEMEHTIB O€31HEepUINHUX JErKOCKUJAHUX KOHCTPYKI[IA Ta YMOBH iX CIIpalllOBAHHS i

BIUIMBOM HAJJTMIIIKOBOTO TUCKY BHOYXY.



2

IIpeamer mocJiizKeHH — 3aKOHOMIPHOCTI MPOLECIB A€POPMYBaHHS THYUYKUX
OrOpOXKYBaJIbHUX €JIEMEHTIB O€31HEPIINHUX JETKOCKUAHUX KOHCTPYKIIM Ta YMOBH iX
COpPALIIOBaHHSA 3aJIe)KHO BIJ X KOHCTPYKTMBHHUX IapaMETpPiB. TOBILIMHH, PO3MIPIB
npopiziB, (I3MKO-MEXaHIYHUX BIACTUBOCTEW MarepiaiiB Ta HOPMOBAaHHUX NapameTpiB
IMOBIPHOT'O BUOYXY.

MeTta po0oTM moJArae y pO3KPUTTI 3aKOHOMIPHOCTEH MOBEAIHKM THYYKUX
OrOpOXKYBaJIbHUX €JEMEHTIB O€31HepLIHUX JIETKOCKMIHUX KOHCTPYKIIH Ta yMOB iX
CIpALfOBaHHSA MiJl BIUIMBOM JIMHAMIYHHUX HABAaHTAXXE€Hb B YMOBaX BHOYXY 3aJI€KHO BiJ iX
KOHCTPYKTHUBHUX TMapameTpiB sSK MIATPYHTS IMIOAO PO3POOJIEHHS  BIAMOBIIHOT

PO3pPaxXyHKOBOI METOJUKH ITPOCKTYBAHHS.
OcCHOBHI 3aBIaHHA JOCTIPKeHHA.

1) TIlpoBecTu aHali3 Cyd4yaCHOTO CTaHy i3 HOPMYBaHHS Ta MPOCKTYBaHHS

JICTKOCKUJIHHUX KOHCTpYKHifI 13 T'HYYKHUMHU CIICMCHTAMU.

2) Po3pobuTH METONMKY 1 MPOBECTH MaTeMaTHYHE MOJCIIOBAHHS MOBEIIHKU
OC31HEepLIMHUX  JITKOCKUIHUX KOHCTPYKIIIH 13 THYYKHMH OTOPOIKYBATbHUMH

CIICMCHTaMH l'IiI[ BIIJTMBOM IlI/IHaMi‘-IHI/IX HAaBAHTAKCHb B YMOBax BH6yxy.

3) Po3pobutr METOAMKY 1 TIPOBECTH CKCIEPUMEHTAIbHI JTOCIIIKEHHS
[IOBEIIHKHU Oe3iHepIIHHUX JIETKOCKUTHUX KOHCTPYKITiH 13 THYYKUMH
OropoKYBaJIbHUMH €JIEMECHTAMHU I1iJ] BIUTMBOM JWHAMIYHMX HABaHTaAKCHb B YMOBax

BUOYXY.

4) Po3poOUTH METOAWKY Ta BU3HAYUTH e€(EKTUBHI  XapaKTCPUCTUKU
nehopMyBaHHS CTUTBHUKOBHUX IMOJIKapOOHATHUX JIUCTIB THYYKUX €JIEMEHTIB Ta YMOB iX
BUXOJY 13 3aMKIB CTaH/IapTHOTO BHKOHAHOTO MPOQULIIO JTETKOCKUIHUX KOHCTPYKITIN, 110

yIIalITOBaH1 Ha X OCHOBI.

5) 3 ypaxyBaHHSM BHSBICHUX €()EKTHBHHX XapaKTePUCTHK JIehOpMyBaHHS
CTUIBHUKOBUX TMOJIKapOOHATHUX JIMCTIB THYYKUX €JIEMEHTIB Ta YMOB IiX BHUXOAY 13

3aMKIB CTaHJApTHOTO BUKOHAHOTO MNPOMPLII0 BHUSIBUTH 3aKOHOMIPHOCTI 3aJIeXKHOCTEH



napameTpiB  CHpalbOBYBaHHS  BIAMOBIAHUX  JIETKOCKMIHHUX  KOHCTPYKLIM  BiJ

KOHCTPYKTHUBHUX MapaMeTpIB.

6) Po3poOuTH  pO3paxyHKOBHH  METOJ  NPOEKTyBaHHS  OC3iHEPIIMHHUX
JETKOCKUIHUX KOHCTPYKIIH 13 THYYKHMH OTOPODKYBAJBHUMH €JIEMEHTAMHU  ITiJT
BIUTABOM JWHAMIYHUX HABaHTAKEHb B YMOBaxX BHOYXY IUIAXOM TMOOYIyBaHHS

BIIMOBIIHUX HOMOT'PaM Ta TaOJIHIIb.

HaykoBa HoBM3Ha jaucepTauniiiHoi podoTm 1oNArae 'y  PO3KPHUTTI
3aKOHOMIpHOCTEH  3ajexHocTed  mapamerpiB  aedopMmyBaHHS — Oe31HEpIIHHUX
JETKOCKUIHUX KOHCTPYKLIM 13 THYYKMMH OTOPOJKYBAaJbHUMHU €JIE€MEHTaMU  IiJ
BIUIMBOM JIMHAMIYHMX HABaHTaXXE€Hb B yMoOBaxX BHOYXYy BiJl iX KOHCTPYKTHBHUX

napametpis. [Ipu npomy ynepiue:

"  BUABJICHI 3aKOHOMIPHOCTI 3aJ€XKHOCTEH €(PEeKTHUBHOI MKOPCTKOCTI Ta
KPUTUYHOTO TepeMilleHHs] KpaiB CTUIBHUKOBHX IOJIKapOOHATHHX JIMCTIB Yy 3aMKax

CTaHJAPTHOTO BIKOHHOTO MPOQ IO BiJl HAJTUIITKOBOI'O TUCKY BHOYXY;

" po3pobieHa MaTemMaTHyHa  MOJAENb  JIeOpMyBaHHS  CTITBHHKOBHX
MOJIIKAPOOHATHUX JIMCTIB y CTaHJAPTHOMY BIKOHHOMY Mpodili MiJ BIUIMBOM THCKY
BUOYXY, 3aCHOBaHUH Ha TeOpii HAIPYKEHO-1e(POPMOBAHOTO CTaHY MPYKHHUX TIIACTHHOK

Ta 000JIOHOK;

" po3poOieHa MaTeMaTHYHa MOJENb [JIsi BHU3HAYECHHS IIUPUHU 1 BUCOTHU
CEKIIi JeTKOCKUIHUX KOHCTPYKIIIH 13 CTITbHUKOBUMH TMOTIKapOOHATHUMU JTUCTaMH, Ha
OCHOBI SKOro moOyaoBaHI HOMOTpaMHM Ta JIOBIIHMKOBA TaOJHI JUIS BU3HAYCHHS
MPOEKTHUX PO3MIPIB CEKIi TaHUX JIETKOCKUIHUX KOHCTPYKITii

Habyno noodanvuioco po3eumxy 3aCTOCYBaHHS PO3PaXyHKOBHX I1HKEHEPHUX
METOJHMK TPOCKTYyBaHHS O€3IHEPIINHNX JETKOCKUIHUX KOHCTPYKIIH 13 THYYKUMH
eJIeMEHTaMH JJI1 BU3HAYCHHS BIJIOBITHUX BHX1THUX JTaHUX JIUIS TIPOCKTYBaHHS OYIIBEIb Ta

CIIOPY/ 3 1X 3aCTOCYBAHHSIM.
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Yoockonaneno TeOpeTMYHY Ta EKCIEPUMEHTAIbHY 0a3zy 100 3a0e3neueHHs
BUOYXOMOXKEXKO0E3NEKH y MPUMIILIEHHSIX MPOMHUCIOBUX OyiBeNb HUIIXOM YIAIUITYBaHHS
Oe31HepLIHHHUX JETKOCKUIHUX KOHCTPYKIIIH 13 THYYKHMMHU IPO30PUMHU €JIEMEHTAMHU.

IIpakTuyHe 3HAYEHHS OTPUMAHHUX pe3yJbTaTiB. [IpakTUyHa IIHHICTH
JAUCEPTALIMHUX JTOCTIIKEHb MOJSATae y po3poO1ll iHKEHEPHOTO PO3PaAXyHKOBOIO METOLY
MPOEKTYBaHHS  O€31HepUIMHUX  JIETKOCKUAHUX  KOHCTPYKLIA 13 ~ THYYKHUMHU
OTOpOJKYBaTbHUMH €JIEMEHTAMHU B YMOBaX BIUIUBY HAJUIMIIKOBOTO THUCKY BHOYXY, IIO
JI03BOJISIE BCTAHOBUTH MIHIMaJIbHI MPOEKTHI po3Mipu JUisl 3a0e3MeueHHs iX HaalifHOro
crpanboByBaHHs. lle J03BOJNsiE YHUKHYTH MaTepialbHHX Ta TPYIOBUX 3aTpaT NpH
ynamtyBaHHl Oe3iHepiiiinux JICK 13 rHydkuMU OropojKyBalbHUMH €JIE€MEHTaMHU 13
BUKOPUCTaHHSM pO3po0JeHoro Merony sk anbTepHatuBu OesiHepuidnux JICK 13
OTOpOJKYBAIIbHUM CKIIIHHSIM, OCKUTBKM 32 yMOB BHUKOpucTaHHsS mepmoro tuny JICK
JIOITyCKAEThCS TIOBTOPHE BHUKOPUCTAHHS OTOPO/DKYBAIBHUX EJIEMEHTIB, a TaKOXK 1X
migoip Mmija ICHYI0Y1 CUCTEMH TPO30POTO OTOPOKEeHHS OyaiBenb. OTpruMaHl HOMOTpaMH
Ta TaOJIUI[l MIHIMAJBbHUX PO3MIPIB MPOPI3IB I PI3HUX KOHCTPYKTHBHUX TapameTpiB
NOJIIKapOOHATHUX TUIMT, 110 TApaHTYIOTh iX HaJiHE CIPAIIOBAHHS 32 YMOB KPUTHYHUX
3HAaY€Hb HAJUJIMIIIKOBOTO TUCKY BHOYXY.

Po3pob6neni MeToauku BIPOBAKEHI Yy MPAKTUYHY MSUTBHICTH ayJIUTOPCHKOT
opraizanii TOB «lleHTp MNOXEXKHO-TEXHIYHOTO ayAUTY», TEXHOJOTIYHUN TMPOIIEeC
BUNPOOYBaHb [HCTUTYTY JEp>KaBHOTO YIPaBIiHHA Ta HAYKOBUX JOCHIIHKEHb 3
UBLUIBHOTO 3aXUCTY, a TAKOXK Yy HaBYAJIbHUHN mpouec YepKacbKOro IHCTUTYTY MOXKEKHOT
oesnexku iM. ['epoiB YopHoOwnst HaiioHanbHOTO YHIBEPCHUTETY IHMBUIBHOTO 3aXUCTY
VYkpainu npu Buknananni aucumiuiind «lloxexna Oe3neka TepuTopiid, OymiBenb Ta
criopya». Pesynbratu aucepTaiiiHoi poOOTH BUKOPUCTAHO MPU PO3POOLIL MPOEKTY
nepxkapHoro cranaapty Ykpainum JCTY X X XX:20XX Iloxexxna Oesneka. Meton
BU3HAYECHHS MapaMeTpiB JIETKOCKUIHUX KOHCTPYKIIN JUIsI BUOYXOIMOXKEKOHEOe3MeUHNX
MIPUMIIICHD Ta OYIUHKIB

Metoau nocaigxenns. Ilpouecu nedopmyBaHHS THYYKHX OTOPOKYBaTbHHX
€JIEeMEHTIB Oe31HepIINHUX JIETKOCKUIHUX KOHCTPYKIIA Ta YMOBHU iX CIpallOBaHHS

BUBYEHI 3a JIOIIOMOIOK) PO3PaXyHKOBOTO W EKCIEPUMEHTAILHOIO METOMIB, 13
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3aCTOCYBaHHSIM JOCTITHUX YCTAaHOBOK. [[711 BHM3HAUEGHHS OCHOBHUX 3aKOHOMIpPHOCTEH
3QJIEKHOCTI  MapaMmeTpiB  JAedopMyBaHHS Ta  CHOpalbOBYBaHHsA  O€31HEPIIMHUX
JETKOCKUIHUX KOHCTPYKIIIM 13 THYYKHMMH OTOPODKYBAJIBHUMH €IIEMEHTAMH  BiJ
KOHCTPYKTHBHUX IMapaMETPiB MiJ BIUIMBOM JWHAMIYHUX HaBaHTAXCHb B YMOBax
BUOYXy, 3aJy4eHO METOJ] MaTEeMaTHYHOTO MOJICIIOBAHHS, 3aCHOBaHWM Ha Teopil
C. Tumomienka myie OOOJOHOK 1 mMIAcTHMHOK. J[ns Bepudikamii AOCTOBIPHOCTI U
aJICKBaTHOCT1 pEe3yJIbTaTiB €KCIEPUMEHTIB 1 MOJICTIOBAaHHS TMOBEIIHKK O€31HEePIINHUX
JETKOCKUIHUX  KOHCTPYKIIH 13 THYYKHMMH OTOPOJDKYBAJIBHUMH  €IEMCHTaMHU
BUKOPUCTAaHO METOJM MaTEeMaTHYHOTO MOJICIIOBAHHS, IPYHTOBaHI Ha METOMI KiHIIEBUX
€JIEMEHTIB.

VY mepmomy po3aiii MpoaHani30BaHO CTATUCTUKY TMOXEX 1 BHUIMAJKIB, IO
CYIPOBOIKYyBaHi BUOyxoM. JloBeieHO, 110 3a0e3meueHHsT BHOYX03aXUCTY 3a JJOTIOMOT OO
JICTKOCKUHUX KOHCTPYKI[IH i3 THYYKHMMH TPO30PHMH OT'OPOKYBAILHUMHU €IIEMCHTAMHU
ciyrye epekTuBHUM 3aco00M. BHBUEHO cyyacHe HOpMaTHUBHE 3a0€3MEeUeHHS, YMHHE B
VYkpaiHi W 3a KOpPJOHOM, Ha Il MiACTaBli apryMeHTOBaHAa HEOOXIIHICTh HMOro
yIIOCKOHAJIEHHS, 3 OIJISIIY Ha MEPCIEKTUBU 3aCTOCYBAHHS JISTKOCKUIHUX KOHCTPYKITIH 13
THYYKUMH TIPO30PUMH OTOpOPKYBaIbHUMH elleMeHTamMu. Kpim Toro, y mnepriomy
pO3ILII  ONMHUCAHO METOJM TEOPETUYHOTO0 ¥ eKCHEePUMEHTAJIBHOIO JIOCIIIKEHHS
€JIEMEHTIB JITKOCKUJIHUX KOHCTPYKIIH B ymoBax BuOyxy. Ha ocHOBi1 pe3ymnbTaTiB
IIPOBEICHOTO aHai3y chopMyILOBAaHO METY Ta OCHOBHI 3aBJIaHHS POOOTH.

Y apyromy po3aiii  OKpeclieHO MiIXOAM 0 MaTeMaTHYHOIO  OMHCY
nehopMyBaHHS CTUTBHUKOBHX TMOJIKApOOHATHUX JHUCTIB SK THYYKHX TIPO30PUX
OTOPOKYBaIbHUX €JIIEMEHTIB JITKOCKUJIHUX KOHCTPYKIlHA. Pe3ynbratu mpoBeaeHOro
aHami3y 3acBiAYYIOTh, IO HANOUIBII €(PEKTUBHUM METOAOM IS TaKOTO OIHCY €
3acTocyBaHHs Teopii TuracTuHOK Ta o00omoHOK C. Tmmomenka. Ha  mimgcraBi
BUKOPUCTAHHS IIi€1 Teopii 3ampoONOHOBAHO MATEMATHYHY MOJENb JehOpMyBaHHS
CTUTPHUKOBUX TIOJIKAapOOHATHUX JHCTIB HAa OCHOBI PIBHSHHS CTaTHYHOI DPIBHOBATH.
3anmpomnoHOBaHa MaTEeMaTHYHA MOJENb J1a€ 3MOTY IPOBOJUTH TMPOCKTHI PO3PaXyHKHU
JAHUX JITKOCKMJIHUX KOHCTPYKIIM 32 YMOBH JOTOBHECHHS HEOOXITHUMH e€(PEKTUBHUMHU

MEXaHIYHUMH XapaKTEPUCTUKAMHU CTUIBHMKOBUX MOJIKApOOHATHUX JIUCTIB, 110 MAIOTh



OyTH 3’COBaHI €KCIIEpUMEHTaJbHUM crocoOoM. Kpim 1poro, st MNpoBEACHHS
YTOYHEHUX PO3PaxyHKIB 3alPONOHOBAHO NHU(EpEeHIiadbHl PIBHSAHHSA, 10 CKIAJAE€HI Ha
OCHOB1 3aKOHIB 30€peXeHHs W HalpyKeHO-Ae(pOPMOBAHOIO CTaHy, Y YHCEJbHIi
ampoKcUMaIlii 3a JJOMOMOrOK METOAY KIHIIEBHX €JEeMEHTIB Ta SBHOTO METOIY
IHTETpYBaHHS JIS X PO3B’3aHHS.

Tpetiii po3ain MPUCBAYEHO OMUCY EKCIIEPUMEHTAILHOTO OOJIaHaHHS, 3pa3KiB
mis  BUMpOOyBaHb 1 METOJIWKAM EKCHEPUMEHTAIBHOTO JOCTIDKEHHS MPYXKHHUX
XapaKTePUCTHUK CTUTLHUKOBHX MOJIIKApOOHATHUX JIUCTIB Ta CHUJI TEPTS, 1[0 BUHUKAIOThH Y
pa3i BUTATYBaHHS CTUIBHMKOBUX IMOJIKApOOHATHUX JHMCTIB 13 3aMKIB CTaHJAApPTHOTO
BIKOHHOTO mpoduiro. OCHOBHE €KCIepUMEHTAJIbHE OO0JaJHAaHHS — YCTaHOBKA JUIS
BUBUYCHHS HAaWOUIBIIOTO MPOTUHY CTUIBHUKOBUX IMOJIKAPOOHATHUX JIUCTIB M1 BIUIMBOM
MEXaHIYHOTO HaBaHTAXCHHs, IO IMITye BIUIMB BHOYXy, a TaKOXX YCTaHOBKa, sKa
BUMIPIOE CHJIYy BUTATYBaHHS CTUIBHUKOBHUX TOJIKapOOHATHUX JIMCTIB 13 3aMKIiB
CTaHJApTHOTO BIKOHHOTO mnpoduito. EkcrnepuMeHT monsiraB 'y  MOKPOKOBOMY
NPUKIIAIaHH] PO3MO/IIJIEHOTO HABAHTAXKEHHSI 10 CTUIbHUKOBUX IMOJIKapOOHATHUX JIUCTIB
13 BUMIPIOBaHHSIM MAaKCHUMAJbHOTO IMPOTHHY HA KOKHOMY KpOIll BOPUTYJ JO BHUXOIY
KpaiB CTIILHUKOBUX IOJIIKApOOHATHUX JIMCTIB 13 3aMKIB BIKOHHOTO Tpodiato. Y Xoii
BUBUCHHS CHUJI TEPTSI BUMIPSIHO MaKCUMAJIbHY CHITY, 32 SIKOT TPOCTEKYBAaHUHN BUXIJl KpaiB
CTUTBHUKOBHUX TOJIIKAPOOHATHUX JIUCTIB 13 3aMKiB BIKOHHOTO TIPOQLITIO.

Y d4erBeprOoMy PpoO3alJIi TPEACTABICHO pE3YJIbTaTH EKCIEPUMEHTAJIbHUX
JOCTIPKeHb Y BUTIISAAI KPUBUX, SKI ONMUCYIOTHh 3aJIEKHICTh MAaKCHMAaJbHOTO TPOTHHY
CTUIBHUKOBHUX TMOJIIKAPOOHATHUX JIUCTIB BiJl BEJIMUYMHU MPUKIAICHOTO TUCKY. Ha OcHOBI
OTPUMAHUX KPUBUX BU3HAYEHO OCHOBHI €(EKTHWBHI mMapaMeTpH, IO OMHUCYIOTh
MEXaHIYH1 BIACTUBOCTI CTUTBHUKOBHUX TOJIIKApOOHATHUX JIMCTIB, SKUMHU € e(PeKTUBHA
KOPCTKICTh 1 KPUTHYHE TEPEMIIEHHSI KPaiB CTUITBHUKOBUX TOJIKapOOHATHUX JIMCTIB Y
3aMKax BiKOHHOTO mpodimto. [IpeacTaBieHo pe3ynbraT BU3HAYCHHS CHII TEPTS KpaiB
CTUTBHMUKOBUX TONIKAapOOHATHUX JUCTIB y 3aMKaX BIKOHHOTO TpodUTI0 y BUIISIAL
3aJIEKHOCT1 CUJIA BUTATYBAHHS B1J] TOBIIMHU CTUTBHUKOBOIO MOJIKApOOHATHOIO JIUCTA.

IPsaTuii po3aiyl MpUCBAYEHO 3aCTOCYBAHHIO 3aAlPOIIOHOBAHOIO MAaTEMAaTUYHOIO

anapaty i onucy AedopMyBaHHS CTUIbHUKOBHUX IMOJIKAPOOHATHUX JIMCTIB y 3aMKax
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BIKOHHOIO Mpo(uI0 i BIUIMBOM BHOYXy, M Yac 3’sACyBaHHA MaTeMaTH4YHOI
3JIEKHOCT1 MK MPOEKTHUMH pO3MIpaMu MPOPI3IB CEKIIM JIETKOCKUIHUX KOHCTPYKIIIH,
AK1 3a0€3MeuyroTh 1X HaJliHe crpalboByBaHHs. Ha migcTaBi OTpUMaHMX 3aJ€KHOCTI Ta
CHIBBIIHOUIEHHS! MOOY/J0BaHO HOMOTIpaMHM M JOBIIHMKOBI TaOJUIl, 110 al0Th 3MOTY
MPOBOAUTH €(PEKTUBHUM IHKEHEPHUM PO3PAXyHOK MPOEKTHUX JaHUX CEKIii
JErKOCKUIHUX KOHCTPYKIIH 13 THYYKMM [PO30PUM OFOpPOJKEHHSIM Ha OCHOBI
CTUIBHUKOBUX TOJIKapOoHATHUX JUCTIB. OTpuMaHi pe3yJbTaTH MEpPeBIpeH] 3a
JIOTIOMOTOI0 ~ TOPIBHAHHS 3  pe3yJibTaTaMM  MaTeMaTMYHOTO  MOJENIOBaHHA, 13
BUKOPUCTaHHSIM METOJy KIHUEBUX €JeMEeHTIB. JloBeAeHO AO0CTaTHIO aJeKBATHICTh
pe3yibTaTiB, 0 OTPUMaHi 3a po3pobJieHO MeToaukow. EdexTuBHICTH po3pobieHol
METOJIMKH MPOLTIOCTPOBAHA ITiJ1 Yac ii 3aCTOCYBaHHS Ha KOHKPETHOMY MPUKIIAII.
KiarouoBi ciaoBa: JerkockuaHi KOHCTPYKIIi, THY4YKEe IPO30pPE OTrOpPOKEHHS,
CTUILHUKOBI TIOJIKapOOHATHI JIUCTHU, TEOpis IUIACTMH Ta OOOJOHOK, METOJ| KIHIIEBHX

€JIEMEHTIB, 1H)KEeHEPHUI PO3PAXyHKOBUI METO/.
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CTUTbHUKOBUMH TOJIIKapOOHATHUMU JTUCTAMH.

SUMMARY

Pidhoretskyi Y.Y. Calculation method of predicting the behavior of flexible
transparent elements of relief venting constructions in condition of explosion. —
Qualifying scientific work on the rights of the manuscript.

Thesis for obtaining PhD degree in specialty 261 «Fire safety». — Cherkasy
Institute of Fire Safety named after the Chornobyl Heroes of National University of Civil
Protection of Ukraine (NUTSZU), Cherkasy, 2021.

Relevance. The industrial basis of Ukraine includes a large number of enterprises
with increased danger of explosion and fire hazard that require the use of special
engineering measures to protect people and property from dangerous factors of
explosion. One of the most effective engineering solutions is the installation of venting
constructions that allow to quickly reducing the excess explosion pressure to safe
indicators.

Besides the task of determining, the required area of the venting constructions,
there should be the task of their improvement by using the flexible fencing components

based on polymeric materials that allow their multiply use in contrast to the glass
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fencing. The use of venting constructions with such a design is limited because of the
lack of scientifically grounded calculation methods for their design.

Therefore, identifying the patterns of dependence of the parameters of operation of
relief venting constructions with flexible fencing components from their design
parameters is an acute task, and the results of its solving could become a basis for
creating engineering methods for designing relief venting constructions with flexible
elements.

The idea of the work is to provide adequate protection against explosion with the
help of relief venting constructions with flexible elements by developing a calculation
method for their designing.

The object of the research — the processes of deformation of flexible fencing
elements of relief venting constructions and the conditions for their performance in the
condition of excess of explosion pressure.

The subject of the research the patterns of the processes of deformation of the
flexible fencing elements of relief venting constructions and the conditions of their
performance depending on their design parameters: thickness, aperture sizes, physical
and mechanical properties of the materials and standardized parameters of the probable
explosion.

The research aim is to reveal the patterns of behavior of flexible fencing elements
of relief venting constructions and the conditions of their performance under the
influence of dynamic loads under the conditions of the explosion depending on their
design parameters as the basis for developing appropriate calculation methodology for

designing.

The main tasks of the research.
1. To analyze the current state of norms and designing the venting constructions
with flexible elements.
2. To develop a technique and to conduct mathematical modeling of the behavior
of relief venting constructions with flexible fencing elements under the influence of

dynamic loads in explosion conditions.
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3. To develop a technique and to conduct experimental studies of the behavior of
relief venting constructions with flexible fencing elements under the influence of
dynamic loads in explosion conditions.

4. To develop a technique and to determine the effective characteristics of
deformation of cellular polycarbonate sheets of flexible elements and the conditions of
their release from the locks of the standardized profile of venting constructions that are
arranged on their basis.

5. Considering the revealed effective characteristics of deformation of cellular
polycarbonate sheets of flexible elements and conditions of their release from the locks
of the standard produced profile to reveal regularities of dependences of the parameters
of performance of the corresponding venting constructions depending on the parameters
of the construction.

6. To develop a calculation method for design of the relief venting constructions
with flexible fencing elements under the influence of dynamic loads under explosion
conditions by constructing appropriate nomograms and tables.

The scientific novelty of the thesis is to reveal the regularities of the dependences
of the parameters of deformation of the relief venting constructions with flexible fencing
elements under the influence of dynamic loads and in the conditions of explosion from
their design parameters. For the first time:

— the revealed regularities of dependences of effective stiffness and critical
movement of edges of cellular polycarbonate sheets in the locks of a standardized
window profile from the explosion pressure;

— developed the mathematical apparatus of deformation of cellular
polycarbonate sheets in a standardized window profile under the influence of the
explosion pressure, based on the theory of stress-strain state of elastic plates and shells;

— developed the mathematical apparatus for determining the width and height of
sections of venting constructions with cellular polycarbonate sheets on the basis of which
the nomograms and the reference table for determining the design dimensions of sections

of venting constructions are made.
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The application of the calculation engineering methods for the design of relief
venting constructions with flexible elements to determine the appropriate initial data for
the design of the buildings and the structures with their usage has been further
developed.

The theoretical and experimental base for ensuring explosion and fire safety in the
premises of the industrial buildings by installing of the relief venting constructions with
flexible transparent elements has been improved.

The practical significance of the acquired results. The practical value of the
thesis research is to develop an engineering calculation method for the design of the
relief venting constructions with flexible fencing elements under the conditions of the
influence of the excess explosion pressure that allows to set the minimum design
dimensions to ensure their reliable operation. It allows to avoid material and labor costs
when installing the relief venting constructions with flexible fencing elements using the
developed method as an alternative to the non- inertial venting constructions with
fencing glazing, because under the conditions of using the first type of the venting
constructions it is allowed to reuse the fencing elements, as well as their choice
according to the existing system of the transparent fencing of the building. The acquired
nomograms and tables of the minimum sizes of apertures for various design parameters
of polycarbonate sheets that guarantee their reliable operation under the conditions of
critical values of the excess pressure of explosion.

The developed methods have been introduced into the technological process of
tests at the test site of the Institute of Public Administration and Scientific Researches of
Civil Defense, into the practice of "Fire-technical audit center" LLC, as well as into the
educational process of the Cherkasy Institute of Fire Safety named after the Chornobyl
Heroes of the National University of Civil Defense of Ukraine into the subject "Safety of
potentially dangerous technologies and industries." The results of the thesis were used in
the development of the draft for the state standard of Ukraine DSTU X X XX: 20XX
Fire safety. Method of determining the parameters of the venting constructions for the

explosion-hazardous premises and buildings.
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Research methods. The research of the processes of deformation of flexible
fencing elements of the relief venting constructions and the conditions of their operation
were carried out by calculation and experimental method with the use of the research
facilities. The method of the mathematical modelling, that is based on Timoshenko
Theory of Plates and Shells, was used to define the basic regularities of the dependences
of the parameters of deformation and operation of the relief venting constructions with
flexible fencing elements from their design parameters under the influence of dynamic
loads under the explosion condition. The study of the credibility and adequacy of the
results of the experiments and modeling the behavior of the relief venting constructions
with the flexible fencing elements the methods of the mathematical modeling based on
the application of the finite element method in the implementation of the explicit method
has been used.

The first chapter carries the analysis of the statistics of the fires and cases when
they are accompanied by an explosion. It is shown that providing appropriate explosion
protection with the help of the venting constructions with the transparent flexible fencing
elements is an effective method. The modern normative provision, which is valid in
Ukraine and abroad, has been analyzed, and as a result it was shown that the necessity
for its improvement given the perspective of application of the venting constructions
with the transparent flexible fencing elements. The first chapter also analyzed the
methods of theoretical and experimental research of elements of the venting
constructions in the conditions of explosion. Considering the results of the analysis, the
purpose and the main aims of the research have been formulated.

The second chapter analyzed the approaches of the mathematical description of
deformation of cellular polycarbonate sheets as flexible transparent fencing elements of
the venting constructions. As a result of the analysis it is shown that the most effective
method for such a description is the application of Timoshenko Theory of Plates and
Shells. A mathematical model of deformation of cellular polycarbonate sheets based on
the equation of static equilibrium was proposed using the given theory. It was also
shown that the proposed mathematical model allows to perform design calculations of

the given venting constructions provided the addition of the necessary effective
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mechanical characteristics of cellular polycarbonate sheets which must be determined
experimentally. In addition, for conducting the specified calculations it has been
proposed to use differential equations that are based on the laws of saving and stress-
strain state in numerical approximation using the finite element method and the explicit
method of integration to solve them.

The third chapter is dedicated to the description of the experimental equipment,
specimens for the tests and methods of experimental study of elastic characteristics of
cellular polycarbonate sheets and friction forces that occur when extension cellular
polycarbonate sheets from the locks of standardized window profile. The main
experimental equipment is the facility for studying the maximum deflection of cellular
polycarbonate sheets under the influence of the mechanical load that simulates the effect
of an explosion, as well as the facility measuring the pulling force of cellular
polycarbonate sheets from locks of standardized window profile. The experiment was a
step by step application of the distributed load to the cellular polycarbonate sheets to
measure the maximum deflection at every step close to the edges of the cellular
polycarbonate sheets from the locks of the window profile. While studying the friction
force we were measuring the maximum force when the release of the edges of the
cellular polycarbonate sheets from the locks of the window profile was noticed.

The fourth chapter presents the results of the experimental studies as the curves
that describe the dependence of the maximum deflection of the cellular polycarbonate
sheets on the value of the applied pressure. Based on the obtained curves, the main
effective parameters were determined that are describing the mechanical properties of
cellular polycarbonate sheets, which are the effective stiffness and critical movement of
the edges of the cellular polycarbonate sheets in the locks of the window profile. There
were also presented the results of determining the friction forces of the edges of the
cellular polycarbonate sheets in the locks of the window profile in the form of the
dependence of the pulling force on the thickness of the cellular polycarbonate panel.

The fifth chapter is dedicated to the application of the proposed mathematical
apparatus to describe the deformation of the cellular polycarbonate sheets in the locks of

the window profile under the influence of explosion when establishing mathematical
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relationships between the design dimensions of the apertures of the sections of the
venting constructions that ensure their reliable operation. The corresponding nomograms
and reference tables were made using the obtained dependences and correlations that
allow to carry out effective engineering calculation of the design data of sections of the
venting constructions with flexible transparent fencing on the basis of cellular
polycarbonate sheets. The obtained results were verified by comparing them with the
results of a mathematical modeling using the finite element method. As a result, the
adequacy of the results, obtained by the developed method, was shown. The
effectiveness of the developed technique was illustrated by its application on the specific
example.

Key words: venting constructions, flexible transparent fencing, cellular
polycarbonate sheets, Theory of Plates and Shells, finite element method, engineering

calculation method.
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