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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

AKTyaJbHICTh TeMH. AHAJI3 JAaHUX IIOJAO0 CTATUCTUKH TMOXKEXK B YKpaiHi MOKa3ye,
IO 32 OCTaHHI 5 POKIB Yy KUIBKICTh MOXKEX Yy OyAIBIAX 13 CTaJeBUMH KapKacamH CKJIaJae
OJIHY TPETHHY BiJ 3arajibHOi KiJTbKOCTI. BUJIBIN SIK TIOJIOBUHA €JIEMEHTIB CTAJIEBUX KapKaciB
OyAiBenb JaHOTO TUMY MOTpeOye yIalTyBaHHS BOTHE3aXUCHUX CHUCTEM. SIK B1IOMO, OJHY 3
HANO1IBII BIAMOBITANBHUX (QYHKIIIH BIAIrParOTh CTaJIeBl OAKH.

Cepen BENHMKOTO pO3MAITTSI BOTHE3aXMCHUX CHCTEM JIJIsl CTAJIEBUX OaJlOK OCTaHHIM
4acoM BEJIUKOTO MOUIMPEHHS 3a3HAJId CUCTEMHU Ha OCHOBI MIHEpPAJOBAaTHOTO OOJIMIFOBAHHS.
[XHBOIO OCOONUBICTIO € BMKOPHCTaHHS BHUCOKOMIIIHMX KJIEHOBUX 3 €IHAHb, CTIHKHX 10
TEMIIEpaTypHOTO BIUIMBY. AJie, NMPU LOMY, Y CHJIY HEBEIHUKOI MIITHOCTI MiHEpaJIOBaTHUX
naHeJield iCHye BeJIMKa IMOBIPHICTH BiJIIIAPyBaHHsS MIHEPAJIOBATHOTO OOJIMIFOBaHHS MO i
mapax 1 fK CIIJICTBO, BTPAaTH BOTHE3aXMCHOI 3JIaTHOCTI MPOTATOM Yacy BIUIUBY
CTaHAAPTHOTO TEMIIEPATYPHOTO PEKUMY MOXKEXKI1, [0 BCTAHOBIIIOETHCS BIJIMOBITHUM KJIaCOM
BOorHecTiiikocTi. ToX ycTaHOBJIEHA BIAMOBIAHICTS TOMY UM IHIIOMY KJIAaCy BOTHECTIMKOCTI
Mae OyTH IiJaHa KOPEKIli 3 OrjIsiy Ha TaKy OOCTaBUHY.

AHani3 HayKoBUX pOOIT, BUKOHAHHMX Yy Tally3l1 BOTHECTIMKOCTI CTajeBUX OaJloK 13
BOTHE3aXMCHUMH CHCTEMaMH TaKuX JocaigHukiB sk: Poitman M. f., bemxko A. C.,
®owmin C. JI., KpykoBcbkuii [1. I'.,  HImyknep B. C., [emuwuna b.1., Barynal. JL,
ITo3neeB C. B., Cemepak M. M., Hixnuk B. B., Hexkopa O. B., [IMrans T. M.,
Hysazin O. M., Ilazen O. }O., Barder D., Bartelemy B., Nordheim E., Janssens M. L.,
White R. Ta iHmmx, Imokasas, IO METOIM OIIHKHA BOTIHECTIMKOCTI CTajJeBHX OalloK i3
MIHEpaJOBaTHUM BOTHE3aXMCHUM OOJIUIIOBAHHSM 3 OIJISIYy HAa MOXJIMBICTH BIIIApyBaHHS
BOTHE3aXHMCHOTO MiHEpaJoBaTHOro oOnuitoBaHHA. Lle € cTpumyrouor0 00CTaBUHOIO IS
3aCTOCYBaHHS CTajeBUX OalloK 13 MIHEpaJlOBaTHUM BOTHE3aXUCTOM ab0 € MPUYUHOIO
MOMWJIOK TIPU MPOEKTYBAaHHI BOTHECTIMKHMX CTaJ€BUX KOHCTPYKIIM Oy/iBENlb Ta CIOPYH 3
TOYKH 30PY IXHBOT MOMKEKHOI OC3MEKH.

Po3KkpUTTS 3aKOHOMIPHOCTEW BIUIMBY KOHCTPYKTHBHHUX MapameTpiB CTAJIEBUX Oanok
HAa YMOBH BIAIIApyBaHHS MIHEPaJOBATHOTO BOTHE3aXHCHOTO OOJIMIIOBAHHS € aKTyaJIbHOIO
HayKOBOIO 3a/1au€lo, pO3B’sA3aHHS fAKOi OyJe HAyKOBUM NIAIPYHTAM YIOCKOHAJIEHHS
PO3paxyHKOBHX METOJIIB MPOTHO3YBAHHS BOTHECTIMKOCTI JAHUX KOHCTPYKIIH, 110 Y CBOIO
4yepry € 4YacTHHOI TNepenyMoB 3a0€3MeYeHHs iX BIANOBIIHOCTI HOPMOBAaHUM KJlacam
BOTHECTIMKOCTI BUILIEBKa3aHUX OyA1BETbHUX KOHCTPYKIIM Ta MIJBUILEHHS PIBHS MOXKEXHOI
Oe3neku OyaiBeNb Ta CIIOPY/I, 3BEJICHUX Ha iX OCHOBI.

3B’A30K po0OTH 3 HAYKOBHMM NpoOrpaMaMu, IJIaHaAMHu, TemMamu. [[uceprariiine
JOCIIIKEHHST TIPOBOIMIIOCHh HA BUKOHAHHA «YTOIM MPO acoIlialliio M YKpaiHowo, 3 OJHIET
CTOpOHH, Ta €BponeiicbkuM Coro30M, €BpOINEHCHKIM CITIBTOBAPUCTBOM 3 aTOMHOI €HEPTii 1
iXHIMH JIep>kaBaMu-wieHaMH, 3 1HII0» Big 27.06.2014, po3nopsmkents Kadinety MiHicTpiB
Vkpainu Big 19.08.2015 N 844-p "IIpo cxBanenus Ctparerii po3BUTKY CUCTEMHU TEXHIYHOTO
perymtoBanHs Ha miepion mo 2020 poky", mija yac BUKOHAHHS HAyKOBO-IOCIITHOT poOOTH B
YITIb im. T'epoie YopaoOuns HVYII3 Vkpainu: «Po3pobka Meromy oOIiHKH e()EKTUBHOCTI
BOTHE3aXUCTy HECYUUX JepeB’stHUX OyIiBeNbHUX KOHCTpYyKUi» (Ne nepxkpeectparii
0114U002707), B sikiit 3700yBayu Oyjia BUKOHABIIEM.

Iness poOGorm BOayaeThCs y CTBOPEHHI IMEPEAYMOB TapaHTYBaHHS HOPMOBAHOI1
BOTHECTIMKOCTI CTajeBUX OajloK 3 MIHEpPAJIOBATHUM BOTHE3aXMCHUM OOJIMIIOBAHHAM
[UIIXOM  YAOCKOHAJICHHS METOMIB TPOTHO3YBAaHHS YacOBUX MEX  BiAlIapyBaHHS
BOTHE3aXHUCHOTO OOJIMITIOBAHHS 1 BIAMOBIJHO PO3BUTOK Ha 1X OCHOBI KOPEKTHHX METOJIB
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PO3paxXyHKOBOI ~ OI[IHKM  BOTHECTIMKOCTI  JaHUX  KOHCTPYKLiH, IO  BpPaxoOBYIOTb
3aKOHOMIPHOCTI BIUIMBY KOHCTPYKTHBHHX MapaMeTpiB MOAIOHMX CTajeBUX OalloK 32 YMOB
BIUTUBY CTAHAAPTHOTO TEMIIEPATYPHOTO PEKUMY MOXKEXKI.

Mera poOoTu modsrae 'y pO3KPUTTI 3aKOHOMIPHOCTEW HACTaHHS BTpaTH
BOTHE3aXMCHOI 3JaTHOCTI BHACHIZOK BIAIIAPYBaHHS MIHEPAJOBATHOTO BOTHE3aXHCTY
CTalieBUX OallOK BiJl 4Yacy TEIJIOBOTO BIUIMBY TIOKEXK1 SK HAYKOBOTO MiAIPYHTS
YIOCKOHAJIEHHS METOAY PO3PaxXyHKOBOI OIIHKA BOTHECTIMKOCTI OAJIOK TaKOTO THITY.

JlJ1st JOCATHEHHSI MOCTABJIEHOI MeTH HeOOXiIHO PO3B’A3aTH TaKIi 3a1a4i:
- MPOBECTH AHANITHYHI JIOCIIPKEHHS CTATUCTUYHUX AaHUX IIOAO0 MOXKEX B YKpaiHi 3a
OCTaHHI POKH, a TAKOXK MPOaHaJI3yBaTH HOPMATUBHY 0a3y, sika perjJaMeHTye BUMOTH 1100
HOPMYBaHHS 3a0€3MEUYEeHHS BOTHECTIMKOCTI CTaJleBUX OaJoK 13 MiHEpaJOBaTHUM
BOTHE3aXHCTOM;
- PO3POOUTH METOJUKY €KCIIEpUMEHTAIbHUX JIOCHII)KEHb 3 BOTHEBUX BHUIPOOYBaHb
CTaJieBUX OalloK 3 MIHEpPaJIOBaTHUM BOTHE3aXHMCHUM OOJIMIFOBAHHAM JJii BUBYEHHS
TEeMITepaTypH iX HarpiBaHHS i1 BIUIMBOM CTaHJIAPTHOTO TEMIIEPATyPHOTO PEKUMY TTOXKEKI,
- PO3pOOMTH METOAWKY Ta BH3HAYUTH HAa 1ii OCHOBI TeMIepaTypHi 3aJIeKHOCTI
TEIIO(I3UYHUX XaPAKTEPUCTUK MIHEPAJTOBATHOIO OOJMIIOBAHHS HAa OCHOBI TPOBEIACHUX
EKCIIEPUMEHTAIbHUX JTOCHIIPKEHb CTalleBUX OalloK, TaKOXX BHUSBUTH 3aKOHOMIPHOCTI
TOCSITHCHHSI KPUTHYHUX TEMIIEPATypP MPYU BUKOPUCTAHHI JJAHUX XapaKTEPUCTHK Y 3aTCKHOCTI
B1Jl KOHCTPYKTUBHUX MapaMETPIB IaHOTO TUITY OaJIOK;
- PO3pOOUTH METOJAMKY MaTEeMaTUYHOTO MOJICIIOBAHHS IOBEIIHKH MIHEpaJIOBATHOTO
BOTHE3aXMCHOTO OOJUITIOBAHHS 13 MOXKJIUBICTIO MOTO BiAIIApyBaHHS I11]1 TETUIOBUM BILUIMBOM
CTaHJAPTHOTO TEMIIEPATYPHOTO PEKUMY TTOKEXKI;
- 13 BUKOPUCTAHHAM PO3POOJICHHMX METOJUK BUSIBUTH 3aKOHOMIPHOCTI 3aJ€KHOCTI 4Yacy
BI/IIAPYBAHHS MIHEPAJOBATHOTO BOTHE3aXHMCHOTO OOJIMIIOBAHHS Y 3aJIEKHOCTI BiJ
KOHCTPYKTHUBHHUX MapaMETPIB CTAJIEBUX OAJIOK 13 IaHUM TUIIOM BOTHE3aXHCTY;
- PO3pOOHMTH METOAMKY PO3PAaXyYHKOBOI OIIIHKM BOTHECTIMKOCTI CTajeBHX OajoK 13
MIHEpAJOBaTHUM BOTHE3aXHCHUM OOJIMIIOBAHHSM 13 BpaxyBaHHSIM MOKJIMBOCTI HOro
BiJIIapYBaHHS i/ Yac TEIJIOBOTO BIUIMBY CTAHAAPTHOTO TEMITEPATYPHOTO PEKUMY TTOKEKI.

OO0'exT AOCHIIKEHHS — BOTHECTIMKICTh CTajJeBUX OalloOK 3 MIHEpaJOBaTHUM
BOIHE3aXMCHUM OOJMIIOBAHHSIM Ta NPOLEC NPOTHO3YBaHHS MOro BiAIIAPYBAHHS IiJl
BIUTMBOM IOXKEXI.

IIpeamer gociigkeHHs] — BIUIMB KOHCTPYKTHBHHUX IapaMeTpiB CTAJEBUX Oajok 13
MIHEPAJIOBATHUM BOTHE3aXMCHUM OOJIHMI[IOBAHHSIM Ta PIBHS MEXaHIYHOTO HAaBaHTAXCHHS 3a
YMOB CTaHJApPTHOTO TEMIEPATypHOTO BIUIMBY IOXKEXI Ha MPOTHO30BAaHI 3HAYEHHS Yacy
BiJIIIIAPYBAHHS BOTHE3aXUCHOTO OOJIMITFOBAHHS.

Metoau aociaimkenb. [Ipy cTaTUCTHYHOMY aHai31 MOXKEXK Ta OTJISALY JOCTIKEHD Y
JaH1i TaTy31 3aCTOCOBYBABCS aHATITUYHUN METO. JJIs MOCIIPKEHHS TeMITIepaTypHUX JaHUX
Ta TEWIOQI3UYHUX T[MapaMeTpiB MIiHEPATOBATH MPOBOAWINCA BOTHEBI BHIPOOYBaHHS,
pe3yNbTaTH AKUX OyJiy 1HTEPHpPETOBaHI CTAaHAAPTU30BAHUMHU MATEMAaTHYHHUMH METOIaMHU.
Ilin yac MojentoBaHHS TOBEIIHKUA CTajeBOi Oallku 13 MiHEpaJOBATHUM BOTHE3aXUCHUM
OOJIMIIFOBAaHHSIM 3aCTOCOBaHI MaTeMaTH4HI METOJY, 3aCHOBaHI Ha BUKOPUCTaHHI 3arajlbHUX
PIBHSIHb TMHAMIKH, a TaKO METOJ KIHIICBUX €JIEMEHTIB JUIsl allpOKCUMAIlli JaHUX PIBHSHb.
JIiist po3po0OKM MaTeMaTUYHOT MOJIEN MPOTHO3YBAHHS Yacy BiJIIIAPYBAHHS MIHEPAJIOBATHOIO
BOTHE3aXUCHOTO OOJUIIOBaHHS OyB TMPOBENCHHN MOBHUN (DAKTOPHUN EKCIIEPUMEHT.
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BuBueHHS JOCTOBIpHOCTI Ta aJeKBAaTHOCTI TEMIIEpPAaTypHUX pE3yJNbTaTiB BOTHEBUX
BUIIPOOYBaHb CTaJIeBUX 0aJIOK 3 MIHEPAJIOBATHUM BOTHE3aXHCTOM IIPU BIUIMBI CTaHAAPTHOTO
TEMIIEPATYPHOTO PEKUMY MOXKEK1 3aCTOCOBAHI METOIM MAaTEMATUYHOI CTATUCTHUKH.

HaykoBa HOBH3HA 0ep:KaHUX Pe3yJabTaTiB MOJATa€ Y PO3KPUTTI 3aKOHOMIPHOCTEH
3aJIe)KHOCTI 4Yacy HAcTaHHS MOMEHTY BiAIIApyBaHHS MIHEPAIOBATHOIO BOTHE3aXHCHOTO
OOJMIIOBAHHS BiJ KOHCTPYKTHBHHX IapaMEeTpiB CTaJIeBUX OaloOK 13 TaKUM THUIIOM
BOTHE3aXUCTy SIK HAYKOBE MIATPYHTS Ui yJOCKOHAJIEHHS METOMIB PO3PAaXyHKOBOI OLIIHKH
BOTHECTIMKOCTI JaHUX KOHCTPYKIiM. [Ipu oMy ynepuue:

— BCTAHOBJICHO, 1110 3aJIKHICTh YacCy NOCSTHEHHS KPUTHUYHOI TEMIEPATypH Y BUTIIAI
perpeciifHoOl 3aJe)KHOCTI BiJ] 3HAYCHHS KPUTHYHOI Temmeparypu 6, Ta TOBHIMHU O
BOTHE3aXMCHOTO MiHepaioBaTHoro obmummroBanns U = 33,938 + 1,397.d, — 0,081-6,, +
+2.35.10° dp-6,, 1 Ha T OCHOBI TOOY/IOBaHA BiAMOBITHA HOMOTPaMa;

— BCTAHOBJICHA 3aJISKHICTh Yacy BiAIIApPyBaHHS MIHEPaJOBATHOTO BOTHE3aXMCHOTO
OOJMIIOBAHHS CTajJeBUX OAalOK IiJ BIUIMBOM CTaHAAPTHOTO TEMIIEPATYpHOTO DPEKUMY
noXexXi Bif 1X koedimieHTy nepepizy A/Vp, TOBIIMHN MiHEpaloBaTHOTO oOMItOBaHHS d, Ta
piBHs HaBaHTaxeHHs uf, mo mae Burman tc = 44,4 — 0,0599-A/V, + 0,725-d — 4,813 1 —
~8,76-103-A/Vpd — 0,0314-ANp 16— 0,178d - + 6,29- 104 AN d 1.

— 3 ypaxyBaHHSM BHSIBIICHUX 3aKOHOMIPHOCTEH BIUTMBY KOHCTPYKTHBHHX IMapaMeETpiB,
a TaKoXX HaBaHTAXEHHS CTalleBUX OajJOK Ha 4Yac BIJIIAPYBAaHHS MIHEPAJIOBATHOIO
BOTHE3aXMCHOTO OOJHITIOBAHHS MiJ Yac BIUIMBY CTaHIAPTHOTO TEMIIEPATYpPHOTO DPEKUMY
MOKeX1 OOTPYHTOBAHO Ta 3alpPONOHOBAHO YOCKOHAJICHHWI METOJ PO3PaxyHKOBOI OILIHKH
BOTHECTINKOCTI €J1€MEHTIB KOHCTPYKIIIH JaHOTO THITY.

Habyno nooanvuwiozo pozeumxy 3acToCyBaHHSI pO3PaXyHKOBHX CTaHJIApPTHUX METO/IIB
PO3paxyHKOBOI OLIHKM BOTHECTIMKOCTI CTaJleBUX OAOK 3 BOTHE3aXMCHUM OOJMIIOBAaHHSIM
JUIsT BU3HAYEHHS BIAMOBIIHUX BUXIJHUX JaHUX JUISI TPOEKTYBAaHHSA CHIOPYI 3 1X
3aCTOCYBaHHSIM.

Yoockonaneno naykoBo-MeTOAUYHY 0a3y 3a0€3MEe4YeHHs] HOPMOBAHOI BOTHECTIMKOCTI
CTaJIeBUX OyAiBEIbHUX KOHCTPYKIIIN 13 BOTHE3aXUCTOM.

OOrpyHTOBAaHICTL i [IOCTOBIpHICTH HAYKOBHMX II0JIO)Ke€Hb, BHCHOBKIB i
pPeKOMeHJAlii  MATBEPJKYETbCS  pe3yJibTaTaMHM  aHaNi3y JITEPaTypHUX  JIKEpE,
BUIMOBIHICTIO METOMIB  JIOCIIIPKEHHS TIOCTAaBJIEHMM B poOOTI MeTi 1 3aj1ayam;
3aCTOCYBaHHSM aHAJIITUYHUX METOAIB JOCHIIKEHb; HEOOXIAHUM 00’€MOM JaHMX,
OTPUMAHMUX TN Yac TIPOBEICHHS EKCIEPUMEHTANBHUX JOCHIKEHb 3 BUKOPUCTAHHSIM
METOMIB BHUMIPOOYBaHb, IO PETIAMEHTYIOThCS UYWHHHMH HaIllOHATHPHUMHU CTaHIApPTaMH,
METPOJIOTIYHO  aTEeCTOBAHOTO OOJaJHAHHS Ta TOBIPEHMX 3aco0iB  BHUMIPIOBAHHS;
3aJI0BUTHHOIO 301KHICTIO Pe3yJbTaTIB TEOPETUYHUX Ta €KCIEPUMEHTAIBHHUX JTOCIIKECHb, a
TaKOX ampoOaIli€ro Ta MpakKTUYHUM BIPOBAIKEHHSIM PE3yJIbTaTiB MPOBEIECHUX JTOCTIIKEHb.

I[IpakTuyHe 3HAYeHHS] OTPUMAHUX Ppe3yJabTaTiB TONATaE y  Po3poOIl
YIOCKOHAJIEHOTO PO3PaxXyHKOBOTO METOJIy OIIHFOBAHHS BOTHECTIMKOCTI CTaJeBUX OalloK 3
BOTHE3aXMCHUM MIHEPAJIOBATHUM OOJUITIOBAaHHSAM 32 YMOB BIUIMBY CTaHJAPTHOTO
TEMIIEPATypPHOTO PEXKUMY TOXKEXKI, M0 JO3BOJISIE BCTAHOBUTH BIAMOBIAHICTH JITAHUX
KOHCTPYKIIIH BIJMOBIIHOMY KJjacy BorHecTiikocTi. lle mo3BoJisie MiABUIMTH TOYHICTH
po3paxyHkiB. Po3poGieHa HoMorpama Juisi  BHM3HAuU€HHs  4acy  BiJIIapyBaHHS
MIHEpAJIOBaTHOTO OOJUIIOBAaHHS JAa€ 3MOry OUIbII TOYHO OLIHUTH BOTHECTIMKICTH TpPH
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BUKOPUCTAaHHI 3BHUYAWHMX CTAaHAAPTHUX METOAIB PO3pPAaXyHKY 1 € MIATPYHTSIM MO0
YIOCKOHAJICHHS Ta JOTIOBHEHHSI BIATIOBITHIX HOPMATHBHUX JOKYMEHTIB.

Po3pobnenuii MeToJ pO3paxyHKOBOI OILIIHKM BOTHECTIMKOCTI CTajieBUX Oanok 13
MiHEpaJIOBaTHUM BOTHE3aXMCHUM OOJIMIIOBAHHIM BIPOBA/PKEHO B iSUIBHICTH JIOCIITHO-
BUIIPOOYBaJIbHOT J1abopaTopii aBapiitHO-pATYBAIBLHOTO 3arOHy CHELIaJbHOTO MpPU3HAYEHHS
VYopasninasa JICHC VYkpainm y UYepkacbkiii o0nacti, B OCBITHIM mpoiec YepKachbKoro
IHCTUTYTY TmOXexHoi Oe3neku imeHi ['epoiB YopuoOwmns HYL3 Vkpaimm mig dyac
BUKJIQJaHHs HaBUYaJbHUX JUCHUIUIIH «bymiBm 1 cmopyau Ta iX TOBEIIHKa B yMOBax
HaJ3BUYalHUX cuUTyallid» Ta «CTIMKICTh OyliBesib Ta CIOPYI MPU MOXKEXKI» Ta B HAYKOBY
JISUTBHICTh HAYKOBO-JIOCJIIIHOTO LEHTPY MPOTHUIIOKEKHOTO 3aXUCTY [HCTUTYTY AEep>KaBHOTO
YIPaBIIIHHS Ta HAYKOBUX JOCIIPKEHb 3 IUBUIBHOTO 3aXUCTY MiJl Yac BUKOHAHHS HAyKOBO-
nociaHoi pobotu mif mudppom — « BUCOTHI TpoMajIChKi OYTUHKNY.

Oco0ucTuii BHECOK 3100yBa4YKH MOJISTa€ B MIPOBEICHH] JTITEPATYPHOTO OTJISIAY 100
CTaHy MUTaHHS BOTHECTIMKOCTI CTajeBUX OajlOK ABOTABPOBOIO MEPEPi3y 13 MiHEPAIOBATHUM
BOIHE3aXMCHUM OOJIMIIOBaHHAM, (DOPMYJIIOBaHHI 171€1 poOOTH, BUBHAUEHHI METH 1 3aBJlaHb
JOCIIKEHb, 00’ €KTY Ta MPEIMETY JOCTIIKEHb;, PO3pOO0Ill METOIUKH E€KCIEPUMEHTAIbHUX
JOCIIKEHB Ta 1X MPOBEJACHHS; 00pOOIIl OTPUMAHUX JAHUX, PO3POOII METOIUKHU PO3PAXYHKY
TEIIO(PI3UYHUX ~ XAPAKTEPUCTUK  MIHEPAJIOBATHOTO  OOJUIIOBAaHHS Ta  METOJHUKH
MaTEeMaTUYHOTO MOJCIIIOBAHHS TOBEIHKM JaHOi Oajku B yMOBaX IOXEXi, MPOBEACHHS
MOBHOTO  (DAKTOPHOTO  EKCIEPUMEHTY IIOJ0 BHU3HAUEHHS  4Yacy  BiAIIapyBaHHS
MIHEpPAJOBaTHOTO  BOTHE3aXHCHOTO  OOJUIIOBaHHS  MMiJI  BIUIMBOM  CTaHJapTHOTO
TEMIIEPaTypHOTO PEKHMY TOXKEXKil. YdacTh 3700yBada B poOOTaxX, OIMyOJIKOBaHUX Y
CIIBABTOPCTBI, KMl HABEJICHO B CIIUCKY OMyOJIKOBaHUX Ipallb 32 TEMOIO JUCEPTALIii.

AnpobGanisa  pe3yabtatiB  aucepranii. OCHOBHI  pe3yibTaTH  JIOCHIJIKEHb
JOTIOB1IANIMCh, OOTOBOPIOBAINCH Ta OTPUMAIM TMO3UTHUBHE CXBAJEHHS HAa BCEYKPAiHCHKUX,
MIKHApPOJIHUX HAyKOBO-TIPAKTUYHUX Ta HAYKOBO-TEXHIYHMX KOH(EPEHIIIsIX, a caMe:

— 'V MixHapoaHiil HayKoBO-TIpakTU4HIN KoH(pepeHuii « Teopis 1 mpakThKa TaciHHS MOXKEXK
Ta JIKBiAalil HaA3BUYaHUX cuTyauin» (M. Uepkacu, 2013 p.);

— MixHapoaHiii HayKOBO-TIpakTU4HIN KoH(pepeHiii «V/HHOBAIIMOHHBIE TEXHOJIOTHH
3aIUTHI OT YPE3BbIYANHBIX cUTyanu» (r. Munck, 2013 1.);

— 16 Bceykpaincbkiil koH(pepeH1li paTyBanbHuKIB (M. Kuis, 2014 p.);

— VI MixHapoaHiii HayKOBO-NpakTH4HIN KoHpepeHuii «Haa3puuaiini cutyanii: 6e3neka ta
3axuct» (M. Yepkacu, 2014 p.);

— VII MuixHapoHIi HayKOBO-NPAaKTUYHIN KoH(pepeHiii «Teopis Ta NpakTHKa TaciHHS
MOXKE’K Ta JIKBiAAIis HaA3BUUAHHUX cuTyarii» (M. Yepkacu, 2016 p.);

— VIII MixHaponHiii HayKOBO-TIpakTH4HIM KoHbepeHIli «Teopis Ta NpakTUKa TaciHHS
MOXKEK Ta JIKBIAAIis HaA3BUUAHHUX cuTyariin» (M. Uepkacu, 2017 p.);

— X BceykpaiHcbka HayKOBO-IIPAaKTUYHA KOHQEpEHIiss 3 MDKHapOAHOI  YYacTIO
«Han3puuaiini cutyartii: 6e3neka ta 3axuct (M. Uepkacu, 2020 p.);

— MixHapoaHiii HayKOBO-TeXHIUHIA KoH(pepeHiii «EHeproe@ekTUBHICT, HA TPAHCTIOPTI»
(m. XapkiB: YrpIY3T, 2020 p.).

IMyoaikanii. OCHOBHMII 3MICT pOoOOTH BUKJIAJEHO Yy 8 HAYKOBHMX Mpausx, 3 HUX: 1
CTaTTA Y 3aKOPJIOHHOMY BHJIaHH1 3 MDKHAPOJIHOO 1HACKCAIl€r0 Scopus, 7/ cTtaTed y (paxoBux

BUJIaHHAX YKpaiHu. Pe3ynpTaTé NIOCHIKEHb NPENCTaBICHO y Te3aX &8 JOmMoBijeld Ha
MDKHAPOJIHUX 1 BCEYKPATHCHKUX HAYKOBO-TIPAKTUYHUX KOH(EPEHIIisIX.
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Ctpykrypa i o06car podooru. /[lucepramiiiHa po0OoTa CKIAZa€ThCA 31 BCTYITY,
S po3aLTiB, BUCHOBKIB, CIIMCKY BUKOPHCTAHUX JIITEpPAaTypHUX xkeped 3 117 HaliMeHyBaHb,
MicTuTh 170 CTOPIHOK APYKOBAHOTO TEKCTY, 29 Tabnuik, 64 pUCyHKH, 2 TOAATKH.

OCHOBHMUM 3MICT POBOTH

Y Berymi OOTpyHTOBaHa akTyalbHICTh TeMH, C(HOPMYJIbOBaHI MeTa 1 3aBJaHHS
JAOCTIKEHHS, TOKa3aHI HAayKOBa HOBU3HA 1 MpAKTUYHE 3HAUYCHHA POOOTH, Ta HABEACHO
B1JIOMOCTI Mpo ampoobarlito Ta myOiKarito pe3yIbTaTiB TOCTIKCHb.

Y nepumiomMy po3aijii MpoBeIEHO aHaji3 Cy4yacCHOTO CTaHy HOPMYBaHHS BOTHECTIHKOCTI
CTaJeBUX OaJOK Ta PO3PaXyHKOBUX METOJIIB 11 OIIIHKH, a TaKOXK MOKa3aHi CTaTUCTUYHI JIaHl
11010 MOXKEXK Yy OyAIBISAX 1 ciopyaax 13
CTaJICBUMHU KOHCTPYKIIISIMHU.

[Ipy BUHUKHEHHI1 TTOKEXK1 BEJIUKE
3HAYEHHA JJId Oe3leKu JIIoaeH, SKI
nepeOyBaloTh y OyAiBIi Ta MPOBOJATH
po0OoTu 1o ii JiKBijalii, Ma€ CTyHiHb
BOTHECTIMKOCTI HECYYMX KOHCTPYKIIIH.
Oco0MBO 1I€ BaXJHMBO JJII HECYYUX
METaJeBUX KOHCTPYKIIM, $SKI MaroTh

po— - BHUCOKY TEIUIOMPOBIIHICT 1 ISl SIKUX
| ‘ KPUTUYIHOIO TEMIIEPaTypoOl0 HACTaHHS
E ‘ ! IPAaHUYHOTO CTaHy 3 BTpPaTH HECY4oi
: f AT 31aTHOCTI, 3 MOIAJTTBIITUM
Puc. 1 Burnsg HaBaHTakeHb OalloK 10  pyHHYBaHHSIM,  BBaxaeTrbcs — 400—
MOYaTKy BUMPOOYBAHb 620 °C.
ExcniepumMenTanbHi METOU
BUNPOOyBaHb  MependayaroTh  BHU3HAYEHHS  YacOBOTO  NPOMDKKY  ITiIaBaHHS
BHCOKOTEMIIEpATypHUM BITUBAM 3pa3KiB CTAJIbHMX KOHCTPYKIIM A0 HACTaHHS BTpPATU
Hecydoi 3maTtHOCTi. [OJoBHMUM OOJMagHAHHSAM JUII TIPOBEICHHS CKCIIEPUMEHTATBHUX
JOCIIKEHb HA BOTHECTIMKICTh € BUNIPOOYBalIbHA MY, B SIKI MalOTh CTBOPIOBATUCS YMOBU
CTaHAAPTHOTO TEMIEPATYPHOTO PEKUMY Ta HAMIUIIKOBOTO THCKY, a KOHCTPYKTHBHI
CKJIaJIOB1 MICTUTH OOJIalHAHHS ISl CIIMPaHHS 3pa3ka Ta WOTr0 HaBAHTAXKEHHS, IO IMITYE
peanbHy po0OOTYy KOHCTpyKIli. [lpukiian miapHipHOTO KPIIJICHHS HaBaHTaXXEHUX OalloK
300pakeHuii Ha puc.l.

VY pe3ynbTaTi IpPOBEICHOTO B PO3IUII aHATI3y JITEpaTypHUX JKEpes 3’sSCOBaHO, IO
3aCTOCYBaHHS MIHEPAJIOBATHOTO BOTHE3aXHUCTy € YK€ MEPCHEKTUBHHUM JJISl IT1IBUIICHHS
BOTHECTIMKOCTI CTaJeBUX OaJOK, MPOTE ICTOTHUMH MEPEIIKOJaMU JJisi WOTO MOBCIOJIHOTO
BIPOBA/DKCHHS € OOMEXKEHICTh JaHUX MO0 TeMIO(I3UUYHUX XaPaKTEPUCTHK JTaHOTO
BOTHE3aXHMCHOTO OOJHIfoBaHHA. KpiM IhOro BaXXJIMBOK OOCTAaBHUHOK € HEOOXITHICTH
BpaxyBaHHS PaNTOBOTO BiJIIIAPYBAHHS MIHEPAJOBATHOTO BOTHE3aXMCHOTO OOJIMIFOBAHHS 1
K HACNIJOK — BTpaTa BOTHE3aXMCHOI 37aTHOCTI. 3a TaKUX YMOB BHWBYCHHS IOBEIIHKHU
CTaJieBUX O0aloK 13 MIHEpPAJIOBATHUM BOTHE3aXUCHUM OOJHUIIOBAHHSIM € aKTyaJIbHOIO
3a/1a4ero. Y 3B’SI3KY 13 BUKJIAJEHUM, OyJIM MIOCTaBJICHI METa Ta 3aBJIaHHS JOCIIPKEHb.

Ha ocHOBI mpoBefieHOTO OrjsiAy JiTepaTypu c(hOpMyJIbOBAHO 3aBJAHHS, BUPIIIECHHS
SIKUX JTO3BOJIUJIO JOCSTTH MTOCTABJICHOI B pOOOTI METH.
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Y npyromy po3aijii onvcaHo METOAM Ta 3acO0M BUIPOOYBaHb HAa BOTHECTIMKICTBH 3
BU3HAYCHHS TEMIIEPATyPHUX MEX BOTHECTIHKOCTI METAJIEBUX 3pa3KiB 3 BOTHE3aXHCHUM
OOJIMIFOBAaHHSAM MIHEPAJOBATHUMHU IIUTaMU. Takoxk OyJIO OMUCAHO XiJ eKCIIePUMEHTAIbHUX

I[OCJIiI[)KeHI) Ta YMOBH, 3a SIKHUX BOHU IIPOBOANIINCD.

[TpoBeneHHs eKCIEpUMEHTAILHUX BOTHEBOT'O BUIIPOOYBaHHS /711 BCTAHOBJICHHS MEXi
BOTHECTIMKOCTI CTaJlleBUX KOJIOH 3 BOTHE3aXHCHUM OOJUIIIOBAHHSAM MIHEPAJIOBATHUM

Tepmonapu

4000 3pazok

2000

A

% JlnMoBHIT TIOK
OropukeHHs 1edi
OrIs10BHiA JIIOK HarpiBansuuii kananx

Puc. 2 Cxema ycTaHOBKH BHIPOOYBaJbHOT
BOTHEBOI Meyi

MOKPUTTSAM 3[1HCHIOBAJIOCH BiJIMOBIAHO
JI0 YMHHUX HOPMATUBHUX JTOKYMEHTIB.
Jns  eKcnepuMeHTYy  BUKOPHCTaHO
BOTHEBY M4, IO MPOMIIIA aTeCTalil0
BianoBigHo ['OCT 24555-81 (arecrar
No 24-2/1918) Ta HeoOX1aHe
BUMIpIOBaJIbHE 00JIaHAHHS.
Temnepatypy y BOTHEBiM kamepi
nedvi QiKCyroTh 3BapHUMHU TepMOTIapaMu
3 JiaMeTpoM JApOTy He OuIblie HIX
1,5vm tunmy TXA 3 Hei30J50BaHUMHU
MPOBOJIAaMHA Ta TOKPUTHUMHU 3aXHCHUM
KOXyXoM, 1m0 BiamoBimaroTh ['OCT
3044-84. Bucoka 4yyTIauBICTH TepMOTap

3a0e3MevuyeThCs CHaEM, 11(0)
PO3MIIIIEHUN Ha KIHII JPOTY, 3aBISKH
AKOMY 3MIHU TeMIlepaTypu

NepeIatoThCs Ha BHMIPIOBAJILHO-
PEECTPYIOUUH MTPUJIA.

Jlist  mpoBeseHHST BUMPOOYBAaHb
Oyno mependavueHO BUKOHAHHS [IBOX
OJIHAKOBUX 3pa3KiB CTAJICBUX CTEP>KHIB

3 BOTHE3aXMCHUM TMOKPUTTSAM OJIHI€l TOBUIMHU BUcOTOO He wMeHme 1000 mm. Byno
BUTOTOBJIEHO 4 Mapu 3pa3KiB CTaJeBUX KOJOH, II0 BUTOTOBJIEHI 3 JBOTaBPOBOIrO MEpepi3y
npodimo Ne 20 3a 'OCT 8239-89, 31 3BeqieHOl TOBIIMHUA MeTalny 3,4 MM, IIMPUHOIO TTOJKH
100 MM Ta BiAcTaHHIO MK 30BHIIIHIMEH ToBepxXHAMH Toyiok 200 MM, BucoToro 2000 mm

(puc. 2, 3).

Nel-Ned Ne5—-Ne 8
Puc. 3 Burmsin 3pa3kiB 10 moyaTKy BUIIPOOYyBaHb
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BuroTtoBieHnHst 3pa3kiB Il BUIPOOYBaHHS BiIOyBasloch moetarnHo. [leprioueproBo
Oynu 3HATI PO3MIPU Ta BIATOBIAHO 0 HUX MIATOTOBAHWUN (HApI3aHWI) TETUIO130TIOI0UHMA
Marepian.

['oToBi n0 BuUnpoOyBaHHS 3pa3Kd 13 OOJIAMITYBAaHHSM TEIUIOI30JIAIIEI0 BEPXHBOT
YaCTUHU KOJIOH BCTAHOBJICHO JIO KaMepHU BOTHEBOI Meui. 3akpilieHHs 3pa3KiB 3/1HCHEHO
¢ikcalli€0 HIKHBOTO Kparo KOJIOHHU 3a JOMOMOTOI0 METalleBUX KYTHHKIB, IO TOKa3aHO HA
puc. 3.

Ha MoMeHT mowaTKy BUNPOOYBaHHS BCTAHOBJIEHO TEMIIEPATYPY OTOUYIOUOTO
CEepelloBUIllA Ta BIJIHOCHY BOJIOTICTh TOBITps. s mepmmx 4-X 3pa3kiB 3HAUYCHHS
TeMIiepaTypu noitps ckiaaano 27 °C 3 Bosorictio 48 %, a st 3pa3kiB No5—Ne8 — 23°C Ta
BOJIOTICTIO 56 %.

[Tpu BU3HAUEHHI TEMIEPATYPHOTO PO3MOJLIY MO TOBIIMHI BOTHE3aXHCHOTO MOKPUTTS
BpPaxoBYIOTh Ta MPOBOJAATH PO3PAaXyHOK (PYHKIIIT BTpATH BOJOTH MOKPHUTTSA B HOr0 TOBIIWHI,
IO 3JIACHIOETHCS 3a MPOMDKOK Yacy (Ta BPaxOBYETHCS SIK 3TJaJKEHa KpHUBa 3aJ€KHICTh
TPUBAJIOCTI JIIJITHKY 3MEHIIIEHHS BOJIOTOCT1 B1Jl TOBIIMHU BOTHE3aXUCHOTO MOKPUTTS).

OcTaToYHUMH JISIMH 32 METOJIaMU € TT0OY10Ba TaOJIMUIlh Ta KPUBUX puC. 4.

Dp, xB
A
200
&
)
=
<
.}
g
2 s
S 100
= s
60
: : o
- Ll
Ll dp-M\l
1(60)1(80) t(115) t(120)
Yac, xn
a §

Puc. 4 KpuBi TpuBanocTi 130TepMIYHOI AUISHKHU, HA SIKI 3MEHIITYEThCSI BOJIOTICTh MOKPUTTS:
a — OI[HIOBaHHS TPHUBAJIOCTI 130T€PMIYHOI JUISIHKH, Ha SIKIi 3MEHIIYETHhCS BOJOTICTH
MOKPUTTSI M1 4ac BUMIPOOYBaHHS; O — 3aJIEXKHICTh TPUBAJIOCTI 130TEPMIYHOT AUISTHKH, HA SIK1H
3MEHIITYETHCS BOJIOTICTh TOKPUTTS BiJl HOTO TOBIIWHU

OTpuMaBLIM  pe3ylbTaTH EKCIEPUMEHTAIBHUX JIOCIIKEHb, CTal0 MOXJIUBUM
IIPOBECTU aHAJIOTIYHE 32 YMOBaMH KOMIT IOTEpPHE MOJENIOBAHHS 3aco00aMH PO3paxyHKOBUX
porpam.

Y TperboMy po3aiii omucaHi pe3ydbTaTH EKCIEPUMEHTATBHUX JIOCIIIKECHb
(parMeHTIB CTaJIeBUX CTEP)KHIB 13 BOTHE3aXMCHUM OOJHUIIFOBaHHAM. MaremaTudHa MOJICIb
3QJIEKHOCTI Yacy JOCSTHEHHS KPUTUYHOI TEMIIepaTypu CTajeBOIO OajKOK 3aJeKHO Bij
TOBUIMHU BOTHE3aXHUCHOIO OOJMIIOBaHHSA. bByno mnpoBeaeHO AOCHIIKEHHS KOeQilieHTy
TETUIONPOBITHOCTI MiHEPAJIOBATHOTO OOJIMIIOBaHHS (PparMeHTIB CTEP)KHIB 13 CTaJEBOIO
MpOKaTy Ta JOCHIIKEHHS TOYHOCTI Ta JOCTOBIPHOCTI PE3YJbTATIB PO3PAXYHKY CTaJIEBUX
€JIEMEHTIB 13 BOTHE3aXHCHUM MIHEPAJIOBATHUM OOJIMLIOBAHHSAM, OTPUMAHUX JUIsl HOTO
BU3HAYEHUX TEIUIO(I3NYHUX XAPAKTEPUCTUK. 3TIHO 13 pe3yjbTaTaMu Bi3yalbHOTO OIJIALY
BUSIBJICHO, 110 HAa CTHKaxX TEIUIOI3OJSALUIMHUX IUIUT, 3 €AHAHUX KJIEEBOIO CYMIIIIIIO Ta
[[BSIXaMH, Y PE3YJIbTATI i1 BUCOKOI TeMIIepaTypu BiAOyIach AeriapaTallis KJIEBOI CyMil Ta
nosiBa TpimuH. [le o3Haudae, mo mig yac mepediry mokeki BUCOKa TeMIepaTypa HETaTUBHO
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BILUIMBAE Ha IIJIICHICTh BOTHE3aXUCHOTO OOJIUIIFOBAHHS, 1110 Y CBOIO YEPr'y MOXKE MPUBECTH 10
NepeyacHOro0 HAaCTaHHS TPAHWYHOTO CTaHy BTPAaTH HECY4oi 3JaTHOCTI. TOXX KOHTpOJIb 3a
O3HAKOI0 30€peKeHHS LITICHOCTI BOTHE3aXUCTY € BAXKIJIMBUM JIsl TapaHTYBaHHS HOPMAaJbHOL
poOOTH BOTHE3aXMCHOI CUCTEMHU TIPH 3a0€3IMeUEHH] BIAMOBITHOTO KJIacy BOTHECTIHKOCTI, Ha
KU BOHa po3paxoBaHa. OnHaK, B LUJIOMY, NPU MPOBEACHHI OOCTEKEHHS 30BHIIIHBOTO
OTJISITy BUIMPOOOBYBAHUX 3pa3KiB 3HAYHUX PYHHYBaHb BOTHE3aXMCHOTO OOJIMIIOBAHHS HE
OyJI0 BCTAHOBJICHO 1 LIMM TOSICHIOETHCS BHCOKAa BOTHE3aXHMCHa 3[JaTHICTh OOIMIFOBAHHS
(puc. 5).

BinnoBinHo 10 maHMX, MIOA0 4acy mocsrHeHHs kputuuHol temmepatypu (500 °C) y
BUIIPOOOBYBAHUX 3pa3zkax, HaWmBuAmie Oyfla OOCITHyTa Ha 63 XBWJIMHI y 3pa3Ky i3

Lol g , A T.
Puc. 5 Burnsag 3paskiB Nel — Ne 8: a, B — 70 modarky BUNpOOyBaHb; O, T — MiCJs
MIPOBEICHHS BUIIPOOYBaHb

HAaWTOHIIMM BOTHE3aXHCHUM OOJUIIOBAaHHSAM 36 MM 1 HAMII3HINIE y 3pa3Ky 13 HAUTOBIIUM
BOTHE3aXUCHUM oOyuioBaHHAM 73 MM Ha 192 xB. Takuii cTtaH CBIAYUTH MPO BHCOKY
BOTHE3aXUCHY 3/IaTHICTb BOTHE3aXHCHOTO OOJUIIOBAaHHS, OCKUIBKM TMpU BIANOBIAHIN
TOBIIMHI OOJIUIFOBAHHS MOYKHA JIOCATTH 3a0€3MEeUYeHHS HAMBHUIIOTO KJacy BOTHECTIMKOCTI
R 180.

Ha pwuc. 6. momani rpadiku MOKa3HUKIB CEPeIHBOT TEMIIEPATYPH IS KOKHOTO 3pa3Ka
3a MOKa3HUKaMU 3 TPbOX TEPMOINap, BCTAHOBJIICHUX Ha METaJeBiil OBEPXHI y 3aJI€KHOCTI Bij
yacy TIpoBeJeHHsS BuUnpoOyBaHb. Ha maHux rpadikax TakoX HaBeJEHI BIIXUICHHS
MOKA3HUKIB BUMIPSHOI TeMMepaTypyd BiJi MaTeMaTUYHO OYIKYBAaHOTO 3HAYEHHS, TOOTO
CEPEeIHbOI 3a MOKA3HUKAMH TPHhOX TEPMOTIap TeMIIepaTypH.



0, °C 0, °C

3pas3ku Ne5, Ne6

800 ‘i&‘a“ -

600r 3pas3ku No7. Ne8 |
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1x10°
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4001 ‘/!" f .

2001 & Qazgﬂag .
A scanet™
0

500

! | t, xB
50 100 150

t, xB 0

Puc. 6 I'padikum mNOKa3HUKIB CEpPeAHBOI TeMmIeparypu JUisi KOXKHOTO 3pa3ka 3a
MOKa3HUKAaMHU 3 TPHOX TEPMOIIap, BCTAHOBJICHUX Ha METAJIEBIN MOBEPXHI Y 3aJIEKHOCTI BiJl
yacy MpOBEACHHS BUIIPOOYBaHb

byB mnpoBeaeHMil poO3paxyHOK KOE(IIEHTY TEIJIONPOBIIHOCTI MIHEPAJIOBATHOTO
oOnuiroBanHs. OTpuMaH1 pe3yibTaTH MOJaH1 y BUTIIAI rpadiKiB 3aJI€KHOCTEN KOE(DILIEHTY
TETJIONPOBITHOCTI Y 3aJIEKHOCTI BiJ] 4acy BUIIPOOYBaHHS Ha pUC. .

A, BT/(M-°CI)

| T A, BT/(M~°CI)

1 _
0.8 0.8F

0.6| Do 0.6]

| 3pas3km Ne5, Ne6

o

0.4‘ 0.4f-
I 3paskm No7, Ne8 FF.\p- [~
02 0.2k prtSt M\[W{\ YT
| _,-.!-!‘:"'-"-’ o RIS
0 s t,xs o eyl . t, xB
0 50 100 150 0 50 100 150

Puc. 7 T'padiku 3anexHOCTel KOE(PIIIEHTY TEIJIOMPOBIIHOCTI MIHEPAIOBATHOTO
oONuITIOBaHHST 3pa3KiB (PparMeHTIB CTaJeBUX CTEPKHIB Yy 3alIeKHOCTI BiA dacy
BUNPOOYBaHHS

‘a-p.t(t) = Idp % CaPa- (1 + 9) ;] [dga.t + (e% - l)ﬁgt]

3) (@ Ba0)t (1)

ne A, /V  — xoedillieHT mepepidy cTajlieBoi OalKy 13 BOTHE3aXHMCHOK CHCTEMOIO Ha

OCHOB1 MIHEpalbHOI BaTH; ¢, — TEMIIEpaTypHa 3aJI€KHICTh MUTOMOI TEIIOEMHOCTI CTali,
(mx/(xr-°C)) ; ¢, = 1000 — muTOMa TEIUIOEMHICTH MIHEPAJOBATHOTO BOTHE3aXHUCHOTO
oONuIfOBaHHs, 110 He € Temmeparypo3anexnoo ([bx/(kr - K)); d, — ToBIIMHA

MIHEpaJIOBATHOI IUINTH BOTHE3aXMCHOI cucteMu (M); At = 30 — mpomixkok 4dacy (c); 6,, —
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IIOTOYHE 3HAYEHHs TEMIIEPATypH CTali B meBHMH MomeHT 4acy t (°C); 6,, — Temmeparypa
razoBoro CepejoBHINA Yy MPUMILIEHHI 13

o2 BT/(M-C) noxexero y moment uacy t (°C); A4, -

3pOCTaHHS TIOTOYHOI TEMIIepaTypu Ta30BOTO
Cepe/IoBUIIA Y MPHUMIIICHHI 13 TOXKEXKEH 3a
IPOMIXKOK, piBHHH KpoKy 3a yacom At (°C); 4,
— TeMmIepaTypHa 3aJeXKHICTh KOCQIIIEHTY
TETJIONPOBITHOCTI MIHEpPaJIOBAaTHOTO
OOJMITFOBaHHS BOTHE3aXUCHOT CUCTEMH
(Bt/(M:°C)); p, = 7850 — rycrmHa cTaui,

0.°c  (xr/M3).

0 200 400 600 800  1x10° BuxopuctoByroun mgaHi, moO OTpUMaHi y
Puc. 8 3WIGKHICTH yCCPEHEHOTO pe3ynbTari .pOSanYHKiB.Sa dbopmyroro (1) 6YJII:I
o noOyaoBaHi rpadiku 3aJIEKHOCTEN
SHAHUCHHA . KOEQIWIEHTY  yiepenperoro 3HAuEHHS koedimieHTa
TCIUIONPOBIAHOCTL - BIL - TEMHCPATYPH  repponposigHocTi Bif Temneparypu. OTpuMaHi
3paskiB. (bpngeHTlB CTANCBUX 1o hyixy HapeeHi Ha pHC. 8.
CTCPKHIB 13 BOTHE3aXNCHIM 3 ganux rpadikiB MoXHa MOOAYUTH, IO
06HHI_H°BaHH’IM (1,2, 3, ... —HOMEpA  yoepimient TEIJIONPOBITHOCTI CYTTEBO
3pasKiB) 3aJI€)KUTh  BiJ  TOBIIMHHM  BOTHE3aXHCHOI'O

MIHEpAJOBaTHOTO  OOJMIIOBaHHS, ajue  BCl
3QJIEKHOCTI € MOAIOHMMHU 1 L€ O3Hayae, 110 JJs aHali3y TEIUIOBOI 3aJadl HarpiBaHHs
CTaJIeBO1 KOHCTPYKIIl 13 BOTHE3aXHUCHUM TOKPUTTSIM MOXHA BHKOPHUCTOBYBAaTH 3arajibHy
CIIUJIbHY 3aJICKHICTb.

BusHaueHuil Koe(piUI€HT TEIJIONPOBIIHOCTI MIHEPATOBATHOTO BOTHE3aXHCHOIO
OOJUITIOBaHHS Ta BUSIBJIEHI OCOOJIMBOCTI MOTO 3aJIEKHOCTI BiJl TEMIIEPATYpH, 1110 TOJIATAE Y
HasgBHOCTI Omm3bko 750 °C, MOSACHIOETHCS TEPMIYHUM PO3KIAJAHHSAM 13 BHJIUICHHSIM
TEIJIOBOI €Heprii BKIIOYEHb MK BOJIOKHAMHM MIHEpaJIbHOI BaTW 1 BOJOKOH camoi
MiHepaiabHOi Bath. HasBHMII MIHIMyM Koe(Qili€HTa TEIIONPOBIAHOCTI BOTHE3aXHCHOTO
MIHEPAJIOBATHOTO OOJUIIOBAHHS TOBIIMHOIKO Oulbiie sk 50 MM NOpPUXOAUTHCS Ha
temrnepatypy Omm3pko 100 °C, ockuUibkM camMe TMpu LI Temmeparypl BiIOyBaeThCs
BUITAPOBYBAHHS BUIBHOI BOJIOTH, sIKa MICTUTBCSI MK BOJIOKHAMU MIHEpaJIbHOT BaTH.

[Toxubka, mpu TOPIBHSHHI PO3PAXYHKOBUX Ta EKCIEPUMEHTAIHUX TMOKA3HUKIB
TeMIepaTyp y 3pa3kax-GparMeHTax CTAJICBUX CTEPXKHIB 13 BOTHE3aXMCHUM MiHEpaJOBaTHUM
OOJIMIIFOBAaHHSM ICTOTHOTO BIUIMBY Ha TOUHICTh OOUYMCIICHHS TEMIIEpaTypH HE Ma€, OCKIIbKU
BEJIMUMHA BIJIHOCHA moxuOka He nepeBuinye 10,7 %, a BeIMunHA cepeAHOKBAAPATUYHOTO
BixuieHHs He nepesuirye 10,6 °C. Ile o3nauae, 1110 32 BUKOHAHUM aHAJI130M CTaTUCTUYHUX
MOKa3HUKIB PO3PaXyHKOBHX 3HAaY€Hb TEMIIEpATypH OTpHMaHa 3aJIeKHICTh KoedilieHTa
TEIJIONPOBITHOCTI MOKe OYyTH BUKOpPUCTaHA SIK 3arajibHa JUisl IPOTHO3YBAaHHS HAarpiBaHHA y
CTaJIEBUX KOHCTPYKIIISX 13 BOTHE3aXHUCHUM MiHEpPaJOBATHUM OOJIUIIOBAHHSIM.

Po3paxoBaHi kpuTepii aJ€KBATHOCTI HE MEPEBULIYIOTh AOMYCTUMHUX 3HAYEHb, YUM
OyJ0 TIATBEPKEHO aJeKBaTHICTh MOJENEH TEIUIOBUX TMPOIECIB IS MOJAIBIIOTO
YAOCKOHAJIGHHS METOAY PO3PaxyHKOBOi OIIIHKM BOTHECTIHKOCTI CTaJieBUX OalloKk 13
BOTHE3aXMCHUM MIHEPAJIOBATHUM OOJIMITFOBAHHSM.
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VY 4YerBepTOMY PO3Aiji ONMUCAHO AITOPUTM, OCOOIMBOCTI PO3PAXyHKY Ta pE3yJIbTaTH
MaTEMaTUYHOTO  MOJENIOBAHHA  TMOBEMIHKM  CTajeBoi Oalku 13  BOTHE3aXHMCHUM
MiHEpaJIOBaTHUM OOJIUIIOBAHHSM.

Jlis po3B’A3Ky TEIUIOBOI 3afadl NPUKHATI OCHOBHI T€OMETPUYHI MapaMeTpH, IO
HaBeZICHI Ha cXeMi, moAaHiii Ha puc. 9 a. CxeMa TpUCTOPOHHBOTO TEIJIOBOTO BIUIMBY MOXKEXK1
HAa JIOCHIKyBaHy OanKy HaBeleHa Ha puc. 9 6.

Ha cxemi puc. 10 Takox HaBeJE€HO yYMOBU 3aKpIIJICHHS OalKH, IO MOJSATAIOTh y

MiHepanosatHe CTtaneea 6anka MinepanosatHe  Cranesa 6anka
o6nuLoBaHHS Ji\ 06NMLIIOBaHHS, \_L\\V
RRR L RN
)
y ¢ a
]
;E N N
’ |
6
200 ( 3 ; ( \
bl )
\
8 8
\\
L %Q RRNRRR
* I 20 R
20 100

4
a —U/ 0
Puc. 9 T'eomerpuuna cxema riepepidy cTajgeBoi Oajakd 13 MiHEpPAJIOBATHUM

BOTHE3aXUCHUM OOJIMITIOBAaHHAM (@) Ta cXeMa TEILIOBOTO BILIMBY IIOXKEXKI Ha Iepepis
OaJiku

0OME>KEHHI BCiX CTYNEHIB BUIBHOCTI KOXHOTO By3J1a IO 000X TOPIISX KIHIIIB OaIKu.

ABTOMAaTUYHUIN KOHTAKT
noBepxoHb 6e3 TepTs

KoHTaKT i3 BigpmnBOM:
MiLHICTb Npw Bigpuei Ha po3aTtar: 40 kla
| MiuHicTb npu Bigpwmei 3cyBoMm: 50 klMa

ObmexeHHs
MO BCIM CTYMEHSIM BiNlbHOCTI
KOXHOrO By3na no TOopLito

OBMexeHHs
Mo BCiM CTYMEHSM BifbHOCTI
KOXHOrO BYy3ria no TopLto

Puc. 10 Cxema KOHTAKTHOI B3acMO1l MK €JIEMEHTAMHU CTAJIE€BOI OAJIKU 13 BOTHE3AXMCHUM
0OJIMIIFOBAaHHSM 3 MiHEpaJIbHOI BaTH
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Tabmuigs 1 — OCHOBHI KOMIIOHEHTHM MATEMaTHYHOI MOJEIl CTajeBOi Oaliku 13
BOTHE3aXHUCTOM
Oco00.1MBOCTI MeXaHIYHMX MpoIeCiB MaTteMaTHYHA MOJeJbL 200 METO/
npu 00BaJIeHHI KOHCTPYKUiil
JlnHamigHa B3a€MOJIisl TBEPANX TiJ Cucrema mudepeHItiaabHUX PiBHSIHB,

3aKOHIB 3aMHKaHHs ab0 OajaHcy
3rigHo 13 poboramu Belytchko, Flangan

Hamnpyxeno-aedhopmMoBaHuii cTa HudepenitiaabHi piBHIHHS TUITY
TBEPJIOTO TijIa piBHSHB JIsimMe

YucnoBa anpoKcHMaIIist SIBHUMIT METO/ IHTETpyBaHHS Y By3Jax
mudepeHIliaIbHUX PIBHSIHD JHHAMIKA KIHIIEBUX E€JIEMEHTIB

YucioBa anpoxcuMaltist Merton kinneBux enemeHTiB (FEM)

audepeHiaIbHIX PIBHAHB HAPYKEHOTO
CTaHy TBEPJOTO Tijia
KonrtakthHa B3aemonis (KB) Mix Tinamu:

- kpurepii mouatky KB; VYwmoga I'enia — Cuabopini — Mopa;

- TEepTH; VY3araJbHEHUH 3aKOH KYJIOHA;

- KOHTPOJIb IPOHUKHEHHS T1J Meton mrpaduux GyHKIINH
PozninenHs TBepAMX T1I HA YaCTUHU AJNTOPUTM NOJIBOIOBAHHS BY3JIiB

PO3IIJICHUX KIHI[EBUX €JIEMEHTIB

MareMaTtnyHa MOJIeTTb MEXaHIYHHUX [Ipy>xHO-TUTaCTUYHA MOJEIb CTal 13
BJIACTUBOCTEN MaTepialy KOHCTPYKITIH KIHEMaTUYHHUM 3MIIIEHHAM (CTaJIb)
MareMaTtuyHa MOJIeNTs MaTepiary Maremarnyna monens biati — Ko

MIHEpaJbHOI BaTH

B Tabn. 1 3BegeHO MaTreMaTWyHi MOJENl Ta METOAM, L0 BHUKOPUCTOBYBAJIUCH IS
OMKCY OCHOBHUX MEXAHIYHMX IPOLIECIB MPH PO3PAXYHKY BOTHECTIMKOCTI CTaJE€BOi Oalku 3
BOTHE3aXHCTOM.

Jns MonentoBaHHs HampyskeHo-nepopmoBanoro crany (HJIC) y craneBoi Oanku 13
BOIHE3aXMCHUM  OOJIMIIOBAaHHSAM 3 MIHEpaJbHOI BaTH, HaMu OyB BHUKOPUCTaHUU
y3arajqbHEeHUHN 1HKEHEPHHUM MiIX1], SIKAW 0a3yeThCsl HA HACTYITHUX TTOJIOKCHHSIX.

1. HOna pospaxynky HJIC nepopmoBaHOrO Tia BUKOPUCTOBYETHCS 3aralbHUN
TEOPETHUYHUN TMIOX1A, SKUH Oa3yeTbcss Ha 1HIIIALID MEepeMillleHb TOYOK CHCTEMH
ne(hOpMOBAHKX TUJI 3 BAKOPUCTAHHSIM CUCTEMU y3arajJbHEHUX PIBHSHb JUHAMIKUA Ta PIBHSHb
HAC sk BiAKIMK HaA JlaHi TEpPEeMIIICHHS, [0 anpOKCUMYEThCS 3a JOIMOMOTOI MeEToja
kinnesux enxemenTiB (MKE).

2. Jlng mMonenmtoBaHHS CTaleBOi Oalku BUKOPUCTOBYIOTHCS JBOBUMIPHI OOOJIOHKOBI
kiHiesl eneMeHTu (KE) mpsmokyTtHOi dopmu tumy bennuka — Ilas 13 yoTupma By3710BUMHU
TOYKAMH Ta I’ SIThMa TOYKaMH 1HTETPYBaHHS 110 TOBIIIHHI.

3. Jlms MomenroBaHHS MiHEpaJOBATHUX IUIACTHH BOTHE3aXHCHOTO OOJIUIIOBAHHS
BUKOPUCTOBYIOThCA TpuBUMIipHI MacuBHI KE rekcaeapuunoi ¢opmu i3 BicbMa BY3JIOBUMHU
TOYKaMH.

4. YV sxocTi Mojeni Marepiaigy CTaleBoi Oalku BUKOPUCTOBYETHCS TEPMOIPY>KHUN
Marepian 13 MOXIJIMBICTIO IUIACTHYHMUX JaedopMarliiid, miarpamu Jae@opMyBaHHS SKOTO
BIJINMOBIJIAl0OTh PEKOMEHAIlAM apyroi yactuHu Eurocode 3, ¢opma sSKuX BKIIOYAE TUTHKU
AUISTHKY 3pOCTaHHs Ta TOPU30HTANBHY AUIAHKY. CriagHa riika He BPaXOBY€EThCS, OCKUIBKHU 11
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HasIBHICTh CYTTEBO HE BIUIMBA€ Ha XapakTep AedopMyBaHHs CTaJeBOi OalKu, YHACTIAOK
nepeBakaHHs MOTEPEUYHUX MEePEMIIIICHb 32 YMOB BTPATH CTIMKOCTI Mepepizy.

5. Jlns omnucaHHS HENIHIAHOI MOBEAIHKM MaTepialy MIHepaJOBaTHUX ILUIACTHH
BOTHE3aXMCHOTO OOJIMITIOBAHHA 3aCTOCOBYETHCS MOJiesb MaTepiany bratiy — Ko.

6. IlpumyckaeTrhcs, MO0 TOPYIICHHS NIIJIBHOCTI 3 €JHAHHA MDK IJIaCTUHAMU
MIHEpAJIOBaTHUX TIUIACTUH BOTHE3aXMCHOTO OOJIMIIOBAaHHS Ta TIOBEPXHEI0 Oanku
BiIOYBAa€ThCS 3a YMOBHU pO3IIAPYBaHHS MIHEpAJIbHOI BaTH, OCKUIBKM 32 TEXHIYHUMH
yMOBaMU BHUpPOOHHMKA KJed Mae Jo0py aaresit0o Ta € CTIMKUM J0 BIUIMBY BHUCOKHX
TeMrepaTyp, TOAl K MIITHICTh Ha po3LIapyBaHHS MPH BIJIPHBI Ta 3CyBl caMOi MiHEPaJIbHOL
BaTW Habarato MeHIa.

7. Jna onucaHHs poOOTH 3’€qHAHHSA MK IUJIACTUHAMU MIHEPAJOBATHUX ILJIACTUH
BOTHE3aXHCHOTO OOJIMIIOBAHHS Ta IOBEPXHEI0 BUKOPUCTOBYETHCS MOJIENh KOHTAKTHOL
B3a€EMOJI1 13 WOro MOPYIIEHHSM 3a YMOBH JIOCATHEHHsI MIITHOCTI Ha 3CyB Ta BIJIPUB MIXK
KOHTAKTYIOUHMMH TOBEPXHSIMH, 110 JOPIBHIOIOTH BIAMOBIIHIA MIITHOCTI caMoOi MiHEpaJbHOI
BaTH K HAWMEHIII MIIHOTO MaTepiaiy.

8. ITpuknagaHHs HaBaHTAXXEHHS MAa€ IWHAMIYHY ICTOPIIO Ta B1AOYBAa€ThCS MOCTYIIOBO
13 TIOYaTKOBUM TMPHUKIAJaHHSIM BIIACHOI BarW, AII0YOTO HABAHTAKEHHS Ta MPUKIATAHHIM
TeMIEpaTypHOI0 HABAHTAXKEHHS 3T1THO 13 00UYMCICHUM Ha OCTaHHIN cTail.

[Ipu npoBeneHHI po3paxyHKy Oyyo NPUHHATO NPUMYLIEHHS, IO IMOBIPHUM BIJIPUB
BOTHE3aXMCHOTO OOJIMLIOBAaHHS BiAOYBa€TbCcs HE MO KICWOBOMY IIBY, a MO HMPHIETIUM
1iapaM MiHEpajioBaTH, TOOTO pyHHYBaHHS € Kore3iHuM. Take mpumyieHHs 3po0sieHe mpu
BpaxyBaHHI TOro (axTy, 1[0 MIIHICTh KJIEHOBOTO IIIBa 3HAYHO MEPEBHUIIYE MIIHICTh Ha
BI[pUB Ta Ha 3CyBaHHsS caMoi MiHepajoBaTH. Take NpPUIIYIIEHHS BPaxoBaHO 3aco0aMu
CEpeOBHILA 3aCTOCOBAHOIO MPUKIAJAHOIO MPOTrPAMHOIO KOMILIEKCY WIPU OIMCaHHI
KOHTAKTHOI B3a€MOJIii MK €JIEMEHTaMH MOJIEI.

Oco0MBICTIO pO3paxyHKy € Te€, L0 MPU AUHAMIYHOMY PO3PaxyHKY HABaHTaKCHHS
MIPUKIIAIa€ThCs y Tiepioa yacy 17,5 ¢, 1mo BiANoOBiga€e NPUIIBUAIICHOMY MPOLECY i MOXKexXi
150 xB., 3rigHo 13 puc. 11 nanga KommeHcaiii JWHAMIYHUX €QEKTIB, L0 MOJATAI0Th Y
HasBHOCTI 3aliBUX KOJIMBAJIbHHUX pyXIB, Oyja BUKOPHCTAaHA OIS JAeMI(yBaHHS, SK 1€
onucano Buiie. Ha puc. 11 momaHo crmiBCTaBiEHHS IIKajdl PO3PaXyHKOBOI'O 4Yacy Ta 4acy
pEeaNbHOTO BIUIMBY MOXKEXI.

Ha erami mnpukinagaHHS TeMIIEPaTypHOTO HABAaHTAXCHHSA MOXHA IMOOAYWTH, IO
HalOubmoro piBHa Onu3pbko 280 MIla HampyxenHs nocsratote Ounst 30 xB. mpu
TeMriepaTypi HarpiBanHs Oanku 240 °C.

[licnis  1pOro  BOHM  MOYUHAIOTh

J'IOKaHi?;OBYBaTI/ICSI y BY3bKHX 30HAX, IO [linaHKa HaBaHTaXXEHHS BAACHOK Barow

HinsiHka HaBaHTaXXEHHS MEX. HaBaAHTaXXEHHSIM

CBIAYMHTH  [PO  HApOIUyBaHHI Y [insiHKa TeMnepaTypHOro HaBaHTaXEHHS]
HACTYITHOMY erarmi TJTACTHYHHX

nedopmaniii, fAKi  KOHIEHTPYIOThCS Wikana D )
moOM3y 3aKkpiljieHuX KiHIIB Oanku. Y 1 56. 257 5 8. 75 12 5 1:5 17 5
yac BIUTHBY HOKEXKi 60 XB. q LIJKana peaanoro qacz BNMBY MOXKEXi
CIIOCTEPIratoThCs BIIIIApyBaHHS i | | 8

: : 1530 60 90 120 150
3aKPIIUIIOBAJIbHUX MIHEPAJTOBATHUX

enemeHTiB. ToOTo mpu Temmeparypi
433°C  crmocTepiraeTbCsi  aKTHBHA
JNECTPYKIIist BOTHE3aXHUCHOTO

Puc. 11 CmiBcraBieHHs MIKald PO3pPaxyHKOBOTO
4yacy Ta peaibHOro 4acy BIUIMBY MOXKEXI
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obmuiroBanHs. Ilpu Temmneparypi 967 °C  crocrepiraloTbCsi O3HAKHM MICIIEBOi BTpaTH
CTIMKOCTI y BUIJISAI CKJIQJ0K Y IMOJIKaX Ta CTIHLI JBOTaBPOBOI Oalku MOcCepeaAuHi Ta Mo il
3aKpiIeHNX KIHIX. [lpy 1pOMy TakoXX CIOCTEpIraeThCs MOJajbIle BiAIIApyBaHHS
3aKpIIUTIOBAILHUX €JICMEHTIB MiHEPAJIOBaTHOTO BOTHE3aXHCHOTO OOJIMITFOBAHHS.

Ha puc. 12 nHaBeaeni rpadiku 3MiHM MaKCHUMaJIbHOTO MPOTHMHY OAajKM Ta IIBUIKOCTI
HApOIIyBaHHS MAaKCUMAJIBHOTO TPOTHHY y 3aJIe)KHOCTI BiJ Yacy BIUIMBY CTaHJApTHOTO
TEMIIEPATYPHOTO PEIKUMY MOKEKI.

LA VI |
ldwr/dt |, Mm/xs
T T
— 200F - 20— dD/dt = 20 MM/xB — — —
\\\
400 \‘
—_— - "\ —
—D=450 MM— — —R — -
\ 10 -
— 600 . [\/N\
N "
A\/\/
— 800 ' | tLxs ! I t, x8
0 50 100117 150 g © 50 100 15 g

Puc. 12 I'padiku 3MiHM MaKCUMaJIbHOTO MIPOTUHY OaiKu (@) Ta MBHUJIKOCTI HAPOIyBaHHS
MaKCUMaJbHOTO TporuHy (0) y BaJleXKHOCTI BiJ] 4Yacy BIUIMBY CTaHAApTHOTO
TEMIIEPATyPHOTO PEXKUMY TTOXKEXK1

Ha puc. 12 BigMideHi KpUTUYHI 3HAYEHHS MAaKCHUMaJbHOTO MporuHy D Oanku Ta
IIBUJKOCTI HApOILIyBaHHS MAaKCHUMaJbHOTO MPOTHHY Oallk¥, MNpU MEPEeBULIEHHI SKHX
(IKCy€eTbCS HACTAHHS CTaHY BTPATH HECY4Ol 3JaTHOCTI.

['padiku 3a30py y 3alle)KHOCTI BiJ 4acy BIUIMBY CTaHJIAPTHOIO TEeMIIEPaTypHOTO
peXKUMY MOKEXKI Ta TEMIIEpATypy HarpiBy HaBeACHI TaKoX Ha puc. 13.

Xj, MM

! ! 200 . . 200p—
O e e EYO._, T T
s E L P i W '
Vi — yi / W, : !
100 100 I s 100 / ]
e __Zy______ ]
- 50 b s0F -
___________ 5573 N D S (S S —
e il t, xe. 0 | | t, xe. 0 1 L 1g°C
100 15C 0 50 100 150 0 500 1000
a §) B

Puc. 13 I'padiku 3MiHM BETMYMHU MaKCHUMAJIBHOTO 3a30py 3a KoOpAHHAaTamH (a), rpadik
HapOIlyBaHHS MaKCUMAaJIbHOTO 3a30py B 3aJieKHOCTI BiJ 4acy mnoxexi (0), rpadik
HaApOILIyBaHHS MaKCUMAaJIbHOTO 3a30PY B 3aJIEKHOCTI BlJl TEMIIEpaTypH HarpiBy Oanku (B)

3 METOI BHUBYCHHS IIUIICHOCTI BOTHE3aXHMCHOTI'O MIHEPAJIOBATHOTO OOJMITIOBAHHS
JOCIIKYBaHOI CTajieBOi Oanku Oynau JOCTIPKeHI TOJOXKEHHS Ta reomeTpuyHa Gdopma
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OOJIMIIOBaHHS y Pi3HI MOMEHTH Yacy BIUIMBY CTaHIAPTHOTO TEMIIEPATYPHOTO DPEXUMY
MO’KEeX1, 1110 HaBeJIeH] Ha puc. 14.

peanbHWI Yac BNAMBY Noxexi: t = 45 xa;
Temnepatypa Harpisy 6anku: 6= 425.5°C

peaanvwl Yyac BnnuBy no>|<e>|<| t =57 xs;
Temnepartypa HarpiBy 6anku: 6= 572.2 °C

peaanvwl 4ac BMIMBY NOXexXi: t = 83 xB;
Temneparypa Harpisy 6anku: 0= 769.4 °C

Puc. 14 TlonoxxenHst Ta reoMeTpudHa (popma OOIUIIOBAHHSA y Pi3HI MOMEHTH Hacy
BIUTMBY CTaHAAPTHOI'O TEMIIEPATYPHOTO PEKUMY MOXKEKI

AHaJli3 TMepeMillleHHs YacTUH BOTHE3aXMCHOTO MIiHEPAJIOBaTHOTO OOJHUIFOBAHHS
JOCTIIKYBaHOI CTasieBOi OajKy TOKa3ye, L0 BiAIApyBaHHS OOJIMIIOBAHHS MOYMHAETHCS
micast 40 XB. TEMJIOBOTO BIUIMBY CTAaHIAPTHOTO TEMIIEPATYpHOTO pEeXHUMY Moxkexi. s
(biKCcyBaHHSI MOMEHTY, KOJIM BOTHE3aXUCHE MOKPUTTSA BTPAya€ CBOIO IIUIICHICTH 1 HE MOXKeE
BUKOHYBaTH 3axHCHI (YHKI[I, MOXHAa CKOPHCTATHUCS O3HAKaMHM BTpPATH IUIICHOCTI
OTOpPOJIKYBAJIbHUX KOHCTPYKIIH.

Ha panux rpadikax mo3HayeHU! MOMEHT pPO3KPHUTTSA 3a30py MpU BiALIapyBaHHI
3aBOLIBIIKK 25 MM. Ilpu 1pOoMy, BHSBIEHO, IO PO3KPUTTS 3a30py MK OajKow Ta
OOJIMIIFOBAaHHSM 3aBOUIBIIKKM 25 MM CIOCTEPIraeThcsi y MOMEHT dacy 44,5 xB. npu
TeMmIepaTypi HarpiBaHHs crajeBoi Oanku 425 °C.
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[lopiBHroroun pgani puc. 13 Ta puc. 14, MoxHa 3a3HayuTH, IO BTpara
TEIUI01301I0BaJIbHOI 3/1aTHOCTI BOTHE3aXMCHHUM OOJIMIIOBAaHHSIM BIJOYBAa€ThCS paHille Ha
73 XB. 32 HACTaHHS TPAHUYHOTO CTaHy BTpPATH BOTHECTIMKOCTI 3a HECY4Or 3maTHicTio. Lle
3HAYUTH, IO PO3PAXyHOK Ma€ MPOBOJUTHUCS 1O ITLOTO 3HAYCHHS 13 BpaxXyBaHHSAM il
BOTHE3aXMUCTy, a IICIs IbOTO BOTHE3aXMCHA Jisi BOTHE3aXMCHOTO OOJMITIOBAHHS HE MOXKE
OyTH BpaxoBaHa, OCKIIbKM BOHO BBaYKAETHCSI BIAIIAPOBAHUM.

byno BusiBi€HO, M0 BTpaTa BOTHE3aXHMCHOI 3IaTHOCTI MIHEPAJIOBATHUM 3a O3HAKOIO
PO3KPUTTS NIIJIMHA MDK OalKOol Ta OOJHUIFOBAHHSM 3aBOUIBIIKM 25 MM BIIOYBa€ThCS
paHilie Ha 73 XB. 32 HACTaHHS TPAHUYHOTO CTaHy BTPATH BOTHECTIMKOCTI 3a HECYYOIO
3JIaTHICTIO, 1110 HEOOX1THO BPaXOBYBATH MPU PO3PAXYHKAX.

Y mw’aromy po3gini  Oyma po3poOiieHa pO3paxyHKOBA METOAMKA  OIIHKH
BOTHECTIMKOCTI CTajJeBUX OaJloK 13 MiHEpaJOBaTHUM BOTHE3aXUCHHUM OOJHUIIOBAHHSIM 13
BUKOPUCTAHHSM BEJIMUMHU 4Yacy MOro BiAUIapyBaHHS, BU3HAYEHOTO 3a 3alPOINOHOBAHWMU
HOMOTpamMaMmH, 10 peKOMEHaIliil 1pyroi yacTuHu €Bpokoay 3.

[Ipn oOuYMCIIEHHI TEMIIEpaTypHOTO PEXKUMY IOXKEXKl Mae OyTH BpaxoBaHU (axT
BTPATH IUTICHOCTI BOTHE3aXMCHOTO OOJIMIIOBAHHS BHACIIJOK TEIUIOBOTO BIUIUBY MOXKEXKI.
[{poro Mo»Ha JOCATTH 32 YMOBH 3aCTOCYBaHHsI (hOpMyIH 30UIbIIEHHS TemnepaTypu A ;¢ 3a
MPOMIXKOK 4yacy At, sKa Ma€e TaKui BUTIISI:

0.

at

P L. C e
“ovdee,p, (1+9/3)

).At_(e‘/”lo—l)A@g’t (AG,,>0 mpu A6, >0), (2)

C
TYT ¢ = CPpP

dPAP/VJ

a’l~a

BukopucroByroun maHui IiIX1,
OyJu TIpOBE/ICHI BIJIMOBIIHI PO3PaXyHKH,

o
RS l l y pe3yibTaTi sSIKkux OyB MOOYyIOBaHUM
CranpapTHuit TemnepaTypHuiA pPEKUM TPOTPIBAHHS CTaJeBOi OaJKU 13
o| POKIMTIONKEX MIHEpAJIOBATHUM  OOJIMIIOBAHHSIM  3a
1x10°F ) YMOBH MOro BTpaTH IUIICHOCTI Ha
TemnepaTypHuil Pexum 445 xB. TIpu TEMIIepaTypi HarpiBaHHs
HarpisaHHa bankv konm craneBoi Oamku 472 °C  srigHo i3
500 BOTHE3AXVICT PYHYETECA pO3paxyHKaMH, IO HaBeJIeHI B POOOTI.
i \TemnepatypHuit pexum . .
| HarpiBaHHs! Ganky Konu OTtpumaHuil  TeMIepaTypHUH  PEXKUM
| BOTHE3AXVCT He PyVHYETLCA nojanuit Ha puc. 15.
0 — : = 3 METOI BHBYCHHS  BIUIMBY
0 44.5 50 100 L X8 KOHCTPYKTHUBHUX IapaMeTPiB CTaJeBUX
OaJiok 13 MIHEpaJIOBATHUM
Puc. 15 TemmeparypHuii pe’)kUM HarpiBaHHs  BOTHE3aXHMCTOM Ha MEXY BOTHECTINKOCTI
cTtajeBoi  Oajkd i3  MiHEpaJIOBaTHMM  OyJIM  TPOBEJAEHI  PO3PAaxXyHKH, IO
BOTHE3aXHMCHUM OOJMIFOBAaHHSM 3a YMOB  BKJIIOYAIOTh MPOBENEHHS MPOLELyp, SKi
BIUIMBY  CTaHIApTHOTO  TEMIIEPaTypHOTO  OMMCaHIi y 4-My Ta 5-My po3jiiax.
peXUMYy TIOXKEXi 0e3 BpaxyBaHHS Ta 3 [Ticns mpoBeneHHST PO3PaxXyHKY 3a
BpaxyBaHHSIM BTpaTu IITICHOCTI  JIaHOI0 METOJWKOI0, OyiM OTpuMaHi
BOTHE3aXUCHUM MIHEpaJIOBaTHUM  PE3yJIbTaTH Y BUIJISI/I 3aJIEKHOCTI dacy
0OJUIIOBaHHSIM BiJIIIIAPYBAHHS BOTHE3aXMCHOTO
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OOJIMIIFOBaHHS Ta MEXX1 BOTHECTIMKOCTI B1I KOHCTPYKTUBHHMX MapaMeTpiB CTaJIeBUX 0ajoK i3
BOTHE3aXMCTOM Ha OCHOBI MIHEpPAJIOBATHOTO OOJUIIOBAHHA: KOEQIIIEHTY mepepizy Oankw,

piBHS HABAHTAKEHHS Ta
MIHEpaJIOBATHOTO OOJIUIIOBaHHS.
rpadiku HaBeneH1 Ha puc. 16.

Amnanizyroun nadi rpadikd MOKHA TIOMITUTH,
0 MEXKa BOTHECTIMKOCTI Ma€ KOPETSIIIo 3
BUOpaHUMHM TapaMeTpaMH 1 11 3aJeKHICTh BIJl HUX
OJIM3bKa 10 JIHINHOI.

Busuenns rpadikiB Ha puc. 16 mokasao, 1mo
3QJICKHICTh MEK1 BOTHECTIMKOCTI Ta 4Yacy HaCTaHHS
BIJIIIAPYBAHHS BOTHE3aXMCHOTO MIHEPaTOBATHOTO
OOJIMIIIOBAHHS BIJI HAWO1IBIII 3HAYYIIHUX
KOHCTPYKTHUBHUX TapaMeTpiB CTajeBOl Oayku
HaOmxkeH1 10 JiHiiHuX. [le Moxe OyTH OCHOBOIO
ULl OPUAHATTS — TINOTE3HW, IO  perpeciiiHa
3QJIEKHICTh MEXKI BOTHECTIMKOCTI 3a TPaHUYHUM
CTAaHOM BTpPATH HECY4YOi 3MaTHOCTI JJIA CTaJeBUX
OaJIoK 13  BOTHE3aXHWCHHUM  MIHEpPAJIOBATHUM
OONUITIOBAaHHSAM TaKOXK MOXe OyTH TpHAHITA
miHidHOIO. HalOimpmr  3HAYyH( KOHCTPYKTHBHI
napamMeTpu CTajieBoi OaJKu 13 MiHEpaJOBaTHUM
BOTHE3aXMCHUM OOJIMIIIOBAaHHSAM, BU3HAYCHI JIJIst
o0y TyBaHHS perpeciifHoOl MOJIel, € He3IC)KHUMU
3a 1X (pI3UIHOIO TPUPOIOIO.

byno mnpoBenenHo moBHuI  (daKTOpHUI
EKCIIEPUMEHT 3 BHUKOPUCTaHHSIM PO3pOOJIECHUX
METOJWK BH3HAYCHHS HECYYOi 3JaTHOCTI CTaJIEBUX
0ajlok 3  MiIHEpaJOBaTHUM  BOTHE3aXHWCHUM
OOJIMITIOBAHHSAM, Ha OCHOBI YOTO0 BCTAHOBJICHI
3aKOHOMIpPHOCTI 1 mnoOyJoOBaHa MaTeMaTH4YHa
MOJENb 3MIHU qacy BIJILIAPYBAHHS
MIHEPAJIOBATHOTO BOTHE3aXUCHOTO OOJIMITIOBAaHHS B

TOBITUHU
OtpumaHni

3aJIEKHOCTI BiJl X KO€PIIIEHTY mepepi3y, TOBIIUHU
MIHEpAJOBaTHOTO  OOJMIIOBaHHS  Ta  PIBHSA
HABAHTAXKCHHSI.

[Tpuitmatoun moOnaHI BUIE MPHUITYIICHHS,
perpeciiina MoJiellb, IO BCTAHOBIIOE 3aJICKHICTD
MEXI  BOTHECTIMKOCTI  cTajieBOoi  Oalkum 13
MIHEPAJIOBATHUM BOTHE3aXHWCHHM OOJIHUITIOBAHHIM
3a TPaHWYHUM CTaHOM BTpPATH HECY4Ol 3IaTHOCTI
BiJl BU3HAYEHUX KOHCTPYKTHUBHUX MapaMeTpiB, Mae
TaKUM BUTJIS:

Y = bo + biXg + DaXa + D3X3 + DaX1Xz + DsX1X3 + DeXaXs + D7X1XoXs,

t, xB
80 T T T
701 T
60[~ n
501 1
40 .
30 n
20 1 1 1 AV, Mt
0 100 200 300 400 a
t, XB
60 T T T
50
40
30
20
He
% 0.8 6
100
90
80
70
60
50
40 1 1 1 1 1 d, MM
20 30 40 50 60 70 80 B
Puc. 16 I'padikm 3amexHOCTI MeEXi
BOTHECTIMKOCTI ~ CTaJieBOi  Oalku 13
BOTHE3aXUCHUM MiHEpaJIOBaTHUM
oOmuioBanHsM (1) Ta yacy HacTaHHS
BIJILIAPYBAHHS BOTHE3aXHCHOTO

MIHEpAJIOBAaTHOTO OOIHITIOBaHHSA (2): a -
BiJl BEIMYMHU KOoe(DIIieHTy mepepizy
Oanku; O — Big PIBHA MNPHUKIAJACHOTO
HABAaHTAKEHHA, B — BiJ TOBIIUHU
BOTHE3aXHCHOTO MIHEPaJIOBATHOTO
OOJUITIOBaHHS

(3)

ne bo, b1, b2, bs, ba, bs, bg, by — KoeditienTn perpeciitHoi 3ameKHOCTI.
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Tabmus 2 — Koedimientn perpecii mjis yacy BifIIapyBaHHS MIHEPaJIOBAaTHOTO
BOTHE3aXMCHOTO OOJIMITIOBAHHS CTAJIEBOI OAKU

Koedirient bo, b, b2, bs, Da, bs, Ds, b7

3HaueHHs (KOIOBaHI) 53,2 | -15,55 | 13,075 | -4,8 -2,675 0,45 -0,425 0,825

3HaueHHs (peabHi) 44,4 (-0,0599| 0,725 |-4,813|-8,76-10°| -0,0314 | -0,178 |6,29-10*
3acTOCOBYIOUYM oJiepKaHy y

perpeciiiny 3aJICKHICTB, Oymnu 0

BIITBOPEHI  BIJMOBITHI  TMOBEPXHI
3aNeKHOCTI  Yacy  BiAIIapyBaHHS
BOTHE3aXHCHOTO MIHEpaJIOBaTHOTO
OOJIMILIIOBAaHHSA CTAJIEBUX OaJIOK BIJ
BHOpaHUX HAWOLIBIII 3HAYYIIUX
KOHCTPYKTUBHUX [apaMeTpiB  MpH
3aBJaHHI PI3HUX 3HAYEHb TOBIIMHU
BOTHE3aXMCHOTO OOJIMIIOBAHHA, SIKi
nojgani Ha puc. 17. Ha moGynoBanux
MOBEpPXHSIX TOKa3aHl  piBHI, IO
BUIMOBIAIOTh  PI3HUM  3HAYCHHSM
Jacy BIAIIapyBaHHS BOTHE3aXHCHOTO
MiHEpaJIOBaTHOTO OOJIMITFOBAHHS.

Jlst BUBYCHHS BIUTUBY
HalOUIbII 3HAYYIIMX KOHCTPYKTHBHHUX MapaMeTpiB CTaJIeBUX OaJOK Ha 4yac BIAIIApyBaHHA
BOIHE3aXMCHOIO MIHEPAJIOBATHOIO OOJMIIOBaHHS Oynu MOOyIOBaHI B3a€MHI 3aJ€XKHOCTI
JaHUX KOHCTPYKTHMBHUX TIApaMETPIB 3a YMOBH TPhOX MOMJIMBUX BEIMYUH TOBIIWHU
BOTHE3aXMCHOTO MIHEpAJOBAaTHOrO OOMIfoBaHHA: 25 MM, 50 MM Ta 75 MM, 110 KpaTHI
TOBIIMHI MiHepanoBaTHOI IMTH. Ha puc. 18 momani ogepxani HOMOTpaMu.

d, Mm
Puc. 17 IloBepxHi 3aJIEKHOCTI Yacy BIAUIapyBaHHS
BOTHE3aXMCHOTO MIHEPAJIOBATHOIO OOJIUIFOBAHHS
JUIA BHU3HAUEHHS MEKI BOTHECTIMKOCTI CTaJIEBUX
OaJIOK JUIS DI3HUX 3HAYCHD JII0YOT0 HaBAHTAKCHHS

to = 44,4 — 0,0599-A/Vy + 0,725.D — 4,813 u¢ — 8,76-10%-A/Ny D —
— 0,0314-AlVy 1 — 0,178 D -1 + 6,29-10* ANy D e (4)

I p=Tu i ] | LENE |8 Py

ﬂf
0.8 468834}32535?53”1 0.8 08
\ \ \ 51913 SIS 103 50 23944 475 -3,5 053 ?EI 38l 63 2l 5? 238
38 66 50066
Qimﬁ\mi sy VAV o \\\
51 \"flijms 768 \ 67.732 61918 56,103 50,89 4 ‘”5 3,524 76.053 10381 6381 57 238
0.1 \ . \ 33 AV, M? 0.1 \ \ \ \ ANy, M 0.1 \ \ \ \ \ ANV, M™
206

. ol

007 5104 As ool gasge Jan Y A1 T30 £1 010 ﬁﬁ 1% S g0 dd 47T 2 54 28 052 20201 5381 cT 12

56 356 56 356 56 356
a. 6. B.
Puc. 18 3anexxHocTi dYac BiJIIapyBaHHA BOTHE3aXMCHOTO MIHEPAJIOBATHOIO
OOJIUIIOBaHHS CTaNeBOi OANKK BiA KOE(ILIEHTY Mepepi3y Ta KoeillleHTY HaBaHTaXKEHHSI 1J1s1
PI3HMX 3HaUY€Hb KOTr0 TOBUIMHU: a — 25 MM; 0 — 50 MM; B — 75 MM
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OTpuMaHi AaHi O3BOJISIIOTh MPOBECTH BU3HAYEHHS MEX BOTHE3aXMCHUX Oalok 13
BpaxyBaHHSIM  BiJLIApyBaHHSA MIHEPAJIOBATHOrO  OOJMILIOBAHHSA Uil 3a0€3MECUYEHHS
HE0OX11HOT HOPMOBAHOI BOTHECTIHKOCTI.

Jlyis 3ampomnoHyBaHHS METOJY TMPOEKTYBAHHSA CTajeBUX OaloK 13 MiHEpaJIOBaTHUM
BOTHE3aXUCHUM OOJMIIOBaHHSAM Oylla 3aIpONOHOBAaHAa pO3PAXyHKOBA METOJUKA, IO
0a3yeTbCsi Ha BU3HAYEHHI 4Yacy BiJIIApYBaHHS BOTHE3aXMUCHOTO OOJMIFOBAHHS 1
BUKOPHUCTAaHHI MOT0 y po3paxyHkax. JlaHa MeToIuKa MPUHIUIIOBO 3/IHCHIOETHCS 32 TaKOIO
HOCII0OBHICTIO PO3PaxyHKOBHX HPOLEAYD.

1. BuxopucroByroun Koe(ilieHT mepepisy Oanku, KoedillleHT HaBaHTAXEHHS Ta
TOBIIHY MiHEpPaJOBaTHOTO BOTHE3aXUCHOTO OOJIMITIOBAHHS, 32 HOMOTpaMaMH, HaBEICHUMH Ha
puc. 17, BU3Ha4aeThCs Yac BiIIapyBaHHS MIHEPAJIOBATHOI'O BOTHE3aXUCHOTO OOJIUIIFOBAHHS.

2. BUKOpPHCTOBYIOUM  BEJIMYMHY  4Yacy  BiAIIApyBaHHS  MIHEPaJOBATHOTO
BOTHE3aXMCHOTO OOJMIIOBaHHS CTajeBoi Oanku Ta (OopMylnaMH BH3HAYAETHCS PEKUM
HarpiBy cTajeBoi OalKH 3a YMOB BIUIMBY CTaHAApTHOI'O TEMIIEPATYPHOTO PEXKUMY MOKEKI.

3. BukopucTOBYIOUH OTpUMaHUN TEMIIEpaTypHUN PEKUM HarpiBy CTajeBOi Oalku Ta
MeTtonauku, pekoMeHmoBani EN 1993-1-2: 2005, omiHIOETBCS KJTac  BOTHECTIMKOCTI
JOCITIIKYBAHOT CTaJIEBOT OQJIKH.

TakuMm ynHOM, OyJIO BHPIIIEHO MOCTaBJICHY y JUCEpTaIlli HAYKOBO-TIPAKTUYHY 3a7a9y
10/I0 YIOCKOHAJICHHSI PO3PaXyHKOBOI'O METOJY OI[IHKM BOTHECTIMKOCTI CTajeBUX Oajok i3
MIHEpAJIOBAaTHUM BOTHE3aXWCHUM OOJIMILIOBAaHHAM 13 BpPaxyBaHHSAM MOXJIMBOCTI HOTO
BIJIIIAPYBAHHS MiJ Yac MOXKEX1 1 K HACHIJOK BTPATH BOTHE3aXUCHOI 34aTHOCTI. JlJi1 1boro
PO3KpUTO  3aKOHOMIPHOCTI ~ 3aJ€KHOCTI 4Yacy HACTaHHS MOMEHTY BIJIIApPyBAHHS
MIHEpAJIOBATHOI'O BOTHE3aXMCHOIO OOJMILIOBAaHHS y 3aJ€KHOCTI Bl KOHCTPYKTHUBHHUX
napameTpiB CTAIEBUX OAJOK 13 TAKUM TUIIOM BOTHE3aXUCTY.

BUCHOBKHA

VY nuceprailii, ska € 3aBEpIIEHUM HAYKOBUM JOCHTIUKEHHSM, HaBEJCHO pe3yJbTaTH
BUPIIICHHS! aKTyalbHOI HAYKOBO-TIPAKTUYHOI 3a7ayl MIOA0 YJOCKOHAJEHHS PO3PaxyHKOBOTO
METOJy OILIIHKM BOTHECTIMKOCTI CTaJleBUX OaloK 13 MIHEPAJOBATHUM BOTHE3aXWCHUM
OOJMITIOBAHHSAM 13 BpaxXyBaHHSAM MOXJIMBOCTI MOTO BiAIIApyBaHHS IIiJ 4Yac ITOXKEXKI, 1 SK
HACJIIZIOK BTPaTH BOTHE3aXMCHOI 34aTHOCTI. J[JIs1 IIbOrO PO3KPUTO 3aKOHOMIPHOCTI 3aJIEAKHOCTI
Yyacy HACTaHHS MOMEHTY BiIIApyBaHHS MiHEpPAJOBAaTHOTO BOTHE3aXMCHOTO OOJHUITIOBAHHS Y
3aJIeKHOCTI Bl KOHCTPYKTUBHHUX MapaMeTpiB CTAIEBUX OAJIOK 13 TAKUM THUIIOM BOTHE3AXUCTY.
[Ipu npoMy, y IKOCTI OCHOBHHUX PE3YJIbTATIB BUHOCATHCS TaKi MOJIOKEHHS.

1. Amnani3 cTaTUCTUYHUX JaHUX 010 MOXKEXK B YKpaiHl MoKa3as, 0 1CHY€ BUCOKUM
piBeHb OOBaJieHb OyIBEIBHUX KOHCTPYKIIIA BHACHIIOK MOMXKEXKI y TOMY YHCHI 3 MPUYHH X
HEBIJIMOBITHOCTI BUMOTaM MPOTHUIOXKEKHUX OydiBelIbHUX HOpM. JIKepenoMm Takux
HEBIAMOBIIHOCTE MOXKe CIOyryBaTH pamnToBa BTpaTa BOTHE3aXHWCHOI  3aTHOCTI
BOTHE3aXMCHUX OOJIMIIOBaHb CTaJeBUX OajOK 3 TPUYMH HOTO BimiapyBaHHA. TouHe
MPOTHO3YBAaHHS TAaKOTO CTaHy [O3BOJIIE CYTTEBO TIABHIIUTH TMOXEKHY O€3MeKy
BOTHE3aXMIIEHUX CTAIEBUX OAJIOK, 30KpeMa 3a JOIMOMOTr00 MiHEPAJIOBATHOTO MaTepiaiy.

2. Jlns BUBUYEHHSA TEMIIEpAaTypH HarpiBaHHS CTajJeBUX OaloOK 13 BOTHE3aXHCHUM
MiHEpAJIOBAaTHUM OOJIMIIOBAaHHSIM Oyl0 pO3pPOOJICHO EKCIEPUMEHTAIbHY METOIUKY
BOIHEBUX BUNPOOYBaHb Ta MPOBEJECHI BIANOBIAHI E€KCIEpUMEHTaIbHI AociikeHHs. Ha
OCHOB1 pe3yJbTaTIB MPOBEACHUX JOCTIIKEHh OyJI0 OTpPHUMAaHO 3aKOHOMIPHICTH dYacy
JOCSITHEHHSI KPUTUYHOI TEMIIEpaTypyd y BUIJISIAI PErpeciiHOl 3aJeKHOCTI BIJ 3HAYEHHS
KPUTUYHOI Temmeparypu 6, Ta TOBIIMHH O, BOTHE3aXHCHOTO MiHEPAIOBATHOTO
oommosanns U = 33,938 + 1,397.d, — 0,081-6, + 2,35-10° dy-6, i Ha ii ocHOBi
noOyJoBaHa BiJNOBIAHA HOMorpama. OTpuMaHa y3arajbHEHa TEMIIEpaTypHa 3aJIeKHICTb
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KoeQillieHTa TEIUIONPOBIAHOCTI MIHEPAJOBATHOIO BOTHE3aXMCHOTO OOJMIIOBAHHS Yy
TaOnuuHid PopMi, siKa MOxke OyTH BUKOPHUCTAHA JIJI PO3PaXyHKY TEMIIEPATYPH y CTAICBUX
KOHCTPYKITISIX 13 TAKMM BOTHE3aXMCTOM Y Jlama3oHi Horo TOBMUHU 710 80 MM JJIsi MUTOMO1
termoemuocti 1000 Ix/(xr-°C) ta ryctuan 200 xr/me,

3. Po3pobieHo MeTonMKy OMNHMCaHHS IOBEIIHKA MiHEpPaJOBATHOIO OOJMIFOBAHHS
CTasieBOi OaJKy Ha OCHOBI PIBHSHb JAWHAaMIKM Ta iX peaii3amii 3a JOMOMOIOK MeToja
KIHIIEBUX €JIEMEHTIB. BUKOpHCTOBYIOUM JaHy METOAMKY Oyla JOCHiDKEHa MOBEAIHKA
cTasieBoi Oajkyd 13 MIHEpAJOBaTHUM BOTHE3aXUCHUM OOJIMIIOBAHHAM VY 4Yac BIUIUBY
CTaHJAAPTHOTO TEMIIEPATYPHOTO PEKUMY TOKEXK1 y mepiof dacy Big 0 mo 150 xB.

4. BusBneHO, 10 PO3KPUTTS 3a30py MDK Oalkol0 Ta MiHEpaJOBAaTHUM
BOTHE3aXUCHUM OOJIMIIOBAHHAM 3aBOUIBIIKK 25 MM CIIOCTEPIraeThCs y MOMEHT Yacy
44,5 xB. ipu TeMmIeparypi HarpiBaHHs crtajieBoi Oanku 425 °C mpu 1bOMY, TaKUil CTaH
BUHUKA€ paHilie Ha 73 XB. 3a HACTaHHS TPAaHUYHOIO CTAaHy BTpPaTH BOTHECTIMKOCTI 3a
HECYUOI0 3/IaTHICTIO, 1110 HEOOX1HO BPaxOBYBaTH MPU PO3PAXYHKAX.

5. Po3pobnena wmeToauka po3paxyHKy Hecyqol 3IaTHOCTI CTajJeBOi Oanku 3
MiHEpaJIOBaTHUM BOTHE3aXHMCHUM OOJIMIIOBAHHSM, IO BII[IJ_IaPOByGTBCH y TEBHUH MOMEHT
4acy BIUIMBY CTaH/JaPTHOTO TEMIIEPATYPHOIO PEXKUMY HOKEX1, Y pe3yJIbTaTl 40ro MoKa3aHo,
10 Me)Ka BOTHECTIMKOCTI Oanku HacTymae Ha 59 XB. 3a rpadikoM MaKCHMaJbHOTO TIPOTHHY
Ta Ha 47 XB. 3a rpadikOM HApOCTAHHS MaKCUMAJIbHOI IIBUJKOCTI, 1110 HA 70 XB. paHile, HIXK
pe3ynbTaT, OTpUMaHUI 32 YMOBH BIJICYTHOCTI BiJIIIaPYBAHHS.

6. BcraHoBieHi 3aKOHOMIPHOCTI 1 MOOyAOBaHAa MaTeMaTHMYHA MOJENb 3MIHH 4acy
BIJIIIAPYBAHHS MIHEPAJIOBATHOTO BOTHE3aXHCHOIO OOJIMLIOBAHHA B 3aJIEKHOCTI Bl iX
koedimienty nepepisy A/Vpn, TOBIIMHH MiHEpajJOBaTHOTO oOiuIoBaHHS O Ta piBHSA
HABaHTAXKEHHS L4, 0 Mac Buris t. = 44,4 — 0,0599-A/V,, + 0,725d — 4,813 14 — 8,76-10°3
AlNmd —0,0314-ANy 1 — 0,178 d 1 + 6,29-10*A/V, d 4.

7. TloOynoBaHi HOMOTpaMH JIsl BU3HAUEHHS 4acy BiJIIIAPYBaHHS MIHEPaJIOBATHOTO
BOTHE3aXHCHOTO OOJIMIFOBaHHS CTajJeBUX 0OAJOK B 3aJIEKHOCTI BiJ] 1X KOE(IIIEHTY Mepepi3zy
Ta PiBHS HaBAaHTAXXEHHS MPH TPHOX BEJIMYMHAX TOBIIMHHU MIHEPaJIOBATHOTO BOIHE3aXHCHOTO
OOJUITIOBAHHS.

8. Ha ocHOBi oTpumaHOi perpeciﬁHoi' 3aJIeKHOCTI Ta BIJMOBIIHUX HOMOTpaM
p03p06neHa pO3paxyHKOBa METOJWKA OIIHKH BOTHECTIMKOCTI CTaleBUX Oalok 13
MIHEpaJOBaTHUM BOTHE3aXMCHUM OOJIMIIFOBAHHSM 13 BUKOPUCTAHHSM BEIMYMHHU 4acy HOro
BiJIIIIApyBaHHS Ta PEKOMEH Al APYrol YacTUHU €BPOKOAY 3.

CIIUCOK ONYBJIKOBAHUX MPAIb 3A TEMOIO JIUCEPTAIIII

V nayrosux gpaxoeux suoanmsx:

1. BbemxoB A.C., Mamanuka [.T., Bopcyk O.B. IligBuIIeHHS BOTHECTIMKOCTI
METaJIeBUX KOHCTPYKIIIH K NUISX 3a0€3MEUCHHS] BOTHE3aXUCTY OYIiBEINb. 30IPHUK HAYKOBUX
npayw Tlooxceocna besnexa: meopis i npakmuxa. Yepkacu. 2014. Ne 18. C. 38 —42.

2. bemukoB A. C., Manansika U. I'., Bopcyk E. B., IllanomoB B. A. 3a0e3neueHus
BOTHE3aXUCTy OyAiBeNIb IIJISIXOM IIIJIBUIIICHHS BOTHECTIMKOCTI MeETajJeBUX KOHCTPYKIIIH.
Cooprux Hayuusvix mpyoos Cmpoumenbcmeo, mamepuaiogeoerue, MauUHOCMPOeHUE.
cepusi: OHepecemuka, 9KOJNO2US, KOMNbIOMEPHble MEXHONo2UU 6 CmpoumeibCcmae.
Huenponerposck. 2014. Ne 76. C. 29 — 33.

3. bemuxoB A. C., Hlanomos B. A., Tpudonos U. B., bopcyk E. B. Buenpenue cpencts
OTHE3AIIUTHI JIJIS TTOBBIICHUST OTHECTOMKOCTH CTPOUTEIBHBIX KOHCTPYKIHMHA. 30IpHUK HAYKOBUX
npayw looicesxcna beznexa: meopis i npaxmuxa. Yepxacu. 2015. Ne 20. C. 9 —18.
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4. Tloznees C. B., IBunenko A. B., 3axxoma B. M., Paguenko B. A., Bopcyk O. B.
MeTto1 po3paxyHKOBOI OLIIHKM MOKJIMBOCTI IMPOTPECUBHOTO PyHHYBaHHS Oy/IiBeNIb YHACIIIOK
noxkexi. Misxcnapoonui Haykosuti scypuan «lnmepuayxa». 2020, Ne 4(84), 1 1. C. 74 — 80.

5. S.Pozdieiev, O.Nuianzin, O.Borsuk, O. Binetska, A.Shvydenko, B.Alimov
Temperature Effect on the Thermal-Physical Properties of Fire-Protective Mineral Wool
Cladding of Steel Structures Under the Conditions of Fire Resistance Tests. Eastern-
European Journal of Enterprise Technologies. 2020. 4/12 (106) P. 39 — 45. Buoanns
éxooums 00 MHB — Scopus.

6. bopcyk O. B. JlocmimkeHHsT TOBEOIHKA CTalieBOi Oalkyd 13 BOTHE3aXHCHUM
MIHEpAJOBAaTHUM OOJIMLIOBAHHIM TIpU TOXEXKi. 30ipHux Haykosux npayb Haozeuuaiini
cumyayii: nonepeodxcenus ma niksioysanns. Yepkacu. 2020. Ne 1, Tom. 4. C. 15 — 24.

7. Bbopcyk O. B., Hysuzia O. M., Kpumrrans B. M., Benyna C. A., I'opoBenko M. M.
JlocmimkeHHsT MeXl BOTHECTIMKOCTI cTajeBoi Oajdkd 3a YMOBH BTpPaTH I[UTICHOCTI
BOTHE3aXUCHOTO  TOKPUTTS.  30ipHux  Haykosux npayv  Haozeuuauini  cumyayii:
nonepedcenus ma nixgsioysanns. Yepkacu. 2020. Ne 2, tom. 4. C. 5 — 14,

8. Ilozmees C.B., Hysamsin O. M., Cigaeit C.O., Hosropoguenko A. 1O.,
bopcyk O. B.  JlocimipkeHHsT  HarpiBaHHS  CTaJ€BHX  JBOTABPOBUX  CTEPXKHIB 13
MiHEpaJIOBAaTHIUM BOTHE3aXHUCHUM OOJIHMITIOBAHHIM B YMOBaX CTaHJAAPTHOTO TEMIIEPATyPHOTO
pexumy noxexi. I eomexniyna mexanika. 2020. Ne 152. C. 116 — 126.

Ocobucmuii 6Hecok 3000y8aua y pobomax, sKi onyoOiK08aHi y Cnieagmopcmei:

[1] — 3moOyBauem 3IiliCHEHO aHayi3 HOPMATUBHUX JOKYMEHTIB Ta JITEpaTypHHUX
JOKEpes, TpoBeAeHO Kiacudikalilo 3 BWIUICHHSAM TIepeBar Ta HEJOJIKIB CIOCO0IB
BOTHE3aXUCTy OyAiBeIbHUX  KOHCTPYKIIM, aKIEHTOBAaHO yBary Ha  aKTyaJbHOCTI
00JIalITYBaHHSI BOTHE3aXUCTY METAJEBUX HECYUMX KOHCTPYKUIN; [2] — 3100yBaueM BUIIIEHO
HEJOJIIKM HECYyYMX METaJeBUX KOHCTPYKIIM 3 TOYKH 30py IMOKEKHOI O€3MEeKH, MPOBEIECHO
aHai3 e(PEeKTUBHOCTI ICHYIOUMX BHIIB CIOCOOIB IMiJABHIIEHHS BOTHECTIMKOCTI, X TEPMIHIB
eKCIUTyaTallii, JOAaTKOBUX BJIACTMBOCTEH, BapTocTi; [3] — 3m00yBaueM HaBEIEHO IpaBUIIa
O€3MeKy MpU MPUTOTYBAHHI Ta B MPOIEC] HAHECEHHSI BOTHE3aXHMCHOTO CKJIaay Ha OyiiBesibH1

KOHCTpyKIii; [4] — 3mo0OyBaueMm Imija dYac aHami3y TOXEXKHOI Oe3neku OymiBeIbHUX
KOHCTPYKIIM PpO3IJsSHYTa IMOBIPHICTh iX NIPOrPECyroUOro OOBAJIEHHSA IMiJl AI€EI0 BUCOKUX
TEMIlepaTyp TNpHU YIIKOJUKEHHI IX OKpeMux eJeMeHTiB; [5] — 3mo0yBauem 3a

CKCIIEPUMEHTAJILHUMU Ta PO3PAXyHKOBUMHU pe3yJibTaTaMH BH3HAY€HAa BOTHECTIMKICTH
CTaJeBUX KOJOH 3 BOTHE3aXHCHUM MIHEPAJIOBATHUM  OOJUIIOBAHHSIM, BHU3HAYCHO
3aKOHOMIPHOCTI 3MIHU €(EKTUBHOTO KOE(ILIEHTY TEIUIONPOBIAHOCTI MIHEPATIOBATHOTO
BOTHE3aXMCHOTO OOJMITIOBAHHS CTaJeBO1 OAJIKM TP HATPiBi 32 CTAaHJAPTHUM TeMIIEpaTypHUM
PEKUMOM TIOXKEX1 Ta JTOCHIIKEHO JOCTOBIPHICTh JIaHMX PO3PAXYHKY TeMIepaTypu s
(parMeHTIB CTaJeBUX KOHCTPYKUINA 13 MIHEPAJOBATHUM BOTHE3aXHCHHUM OOJUIIOBAHHSIM B
YMOBax BUIMPOOYBaHb Ha BOTHECTIWKICTh, OTPUMAaHUX Ha OCHOBI BUSIBJICHUX 3aKOHOMIPHOCTEM
Koe(illieHTy TEIUIONPOBIAHOCTI; [7] — 3700yBaueM BUBUEHO 3MIHM MEX1 BOTHECTIHKOCTI
cTajeBoi OaJKyW 3a YMOBU BTpaTH IUTICHOCTI BOTHE3aXHMCHOTO TOKPUTTS Ta JOCIIKEHO
TEMIIEpATypHUNA PEXKHUM TMPOTPIBAHHS CTaJIeBOi Oajlkd 3a YMOBU BTpaTH IUTICHOCTI
BOTHE3aXHMCHOTO TIOKPUTTS 3 MiHEpajJoBaTHOro oOuioBaHHs; [8] — 3mo00yBaueM OIMMCaHO
METOJHMKY TIPOBEACHHS CKCIEPUMEHTAIBHOTO JOCHIHKEHHS Ta TIATOTOBKY 3pa3KiB 10
BUNPOOYBaHHSI, 3IMCHEHO aHai3 pe3yJbTaTiB OTPUMAHUX JAHUX Ta MOOymOBaHUM Tpadik
KpUBOi Yacy JIOCATHEHHS KPHUTHYHOI TEMIEpaTypd B 3aJCKHOCTI Bil TOBIIUHU
MIHEPAJIOBATHOTO BOTHE3aXHUCHOT'O OOIUITIOBAHHS.

Mamepianu naykosux Kongepenyii.
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AHOTALIA

bopcyk O. B. YaockoHaleHHsI MeTOAYy PO3PAXyHKOBOI OLIHKH BOIHECTIMKOCTI
cTajieBUX 0AJIOK i3 BOrHe3aXHCHHM MiHepajaoBaTHUM 00JuuI0BaHHAM. — KBanigikoBana
HayKoBa Ipalsl Ha ImpaBax pykonucy. Jlucepramis Ha 3400yTTS HAyKOBOTO CTYIEHS
KaHAuAaTa TEXHIYHUX Hayk 3a cremianpHicTio 21.06.02 — mokexxHa Oe3neka. JIbBIBChbKHIA
JIep’)KaBHUM YHIBEPCHUTET O€3MEKH XUTTEMISITbHOCTI, JIbBiB, 2021.

Po6oTy mpucBSU€HO BUPINMICHHIO aKTyaJdbHOI HAyKOBO-TEXHIYHOI 3a7adl PO3KPUTTS
3aKOHOMIPHOCTEH 3aJIeKHOCTI 4Yacy HACTaHHS MOMEHTY BiJIIApyBaHHS MIHEPAJIOBATHOIO
BOTHE3aXMCHOTO OOJIMIIOBAHHS B1J KOHCTPYKTHUBHUX MMAapaMETPiB CTaJeBUX OANOK 13 TAKUM
TUIIOM BOTHE3aXMCTy SIK HAyKOBE MIAIPYHTS I yIOCKOHAJIEHHS METOJIB PO3PaxyHKOBOI
OIIIHKM BOTHECTIMKOCT1 JaHUX KOHCTPYKIIIH. [ligcymkamMu qOCIiIKEHb €:

Ynepuue:

— BCTAHOBJICHO, 10 3aJICKHICTh Yacy JIOCSATHEHHS KPUTHYHOI TEMIEPATypu y BUTIISAIL
pErpeciiiHoi  3aJIe)KHOCTI BIJ 3HAYEHHs KPUTUYHOI Temneparypu O, Ta ToBIIMHU dp
BOTHE3aXMCHOTO MiHepanoBaTHoro obmmioBanas U = 33,938 + 1,397.d, — 0,081-6,, +
2,35-10° dy-0y, i Ha 1T OCHOBI MOOYI0BAaHA BiAMOBIIHA HOMOTPAMA;

— BCTAHOBJIEHA 3aJICKHICTh Yacy BIJIIIAPYBAHHS MIHEPAJIOBATHOTO BOTHE3aXHCHOTO
OOJIMLIOBAaHHS CTajeBUX OaJOK IMIJ BIUIMBOM CTaHAAPTHOIO TEMIIEPATypHOIO PEXUMY
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MOKeXI1 BiJ X KoediieHTy nepepizy A/Vm, TOBIIMHA MiHEpaIOBaTHOTO 00uItoBaHHA dp Ta
piBHS HaBaHTaXEHHS L, 10 Mae Burisn to = 44,4 — 0,0599-A/Vy, + 0,725-d — 4,813 s —
8,76:103A/Vn-d — 0,0314-A/NVpy s — 0,178-d-ps + 6,29-10* A/, -d ps.;

— 3 ypaxyBaHHSM BUSBIICHUX 3aKOHOMIPHOCTEH BIUIMBY KOHCTPYKTUBHHUX TapaMeTpiB,
a TaKOXX HABAHTAXKEHHA CTajleBUX OajloK HAa 4Yac BIAIIApyBaHHS MIHEPAJIOBATHOIO
BOTHE3aXMCHOTO OOJIMITFOBAHHS ITiJlT Yac BIUIMBY CTAHJAAPTHOTO TEMIIEPATYPHOTO PEXKUMY
MOXKEXKi, OOTPYHTOBAHO Ta 3aMpPOINOHOBAHO yIOCKOHAJIEHUH METOJ PO3PaXyHKOBOI OIIHKU
BOTHECTIMKOCTI €JIEMEHTIB KOHCTPYKIIIM TaHOTO THITY.

Halymo momanbeIoro po3BUTKY 3aCTOCYBAaHHS PO3PAaXyHKOBUX CTaHIAPTHUX METOIIB
PO3pPaxyHKOBOiI OIIHKKA BOTHECTIMKOCTI CTaJeBUX OaJlOK 3 BOTHE3aXMCHUM OOJHITFOBAHHIM
JUIST BU3HAYEHHS BIJAMOBIIHUX BUXIJHUX JaHUX Ui TPOEKTYBaHHSA CHOPYI 3 1X
3aCTOCYBaHHSM.

Y 10CKOHAIEHO HAyKOBO-METOMYHY 0a3y 3a0e3leueHHs HOPMOBAHOT BOTHECTIMKOCTI
CTaJeBUX OyMiBEIbHUX KOHCTPYKIIiH 13 BOTHE3aXHUCTOM.

KuarouoBi cjoBa: Mexa BOTHECTIMKOCTI, cTajeBa Oalika, BHIPOOYBaHHS Ha
BOTHECTIMKICTh, PO3PAXyHKOBUM METOJl, MaTeMAaTHU4YHE MOJCIIOBaHHS, OOYMCIIOBAIbHUN
€KCIIEPUMEHT.

ABSTRACT

Borsuk O. V. Improvement of the Method of Calculation Estimation of Fire
Resistance of Steel Beams with Fire-protective Mineral Wool Facing. — Qualifying
scientific work as a manuscript.

Thesis for a Candidate Degree in Technical Sciences by Specialty 21.06.02, prepared
in Cherkasy Institute of Fire Safety named after Chornobyl Heroes of the National University
of Civil Defence of Ukraine. Lviv State University of Life Safety, Lviv, 2021.

Thesis is devoted to solving an urgent scientific and technical problem of disclosure of
regularities of dependence of time of occurrence of the moment of detachment of mineral
wool fire-retardant facing on constructive parameters of steel beams with such type of fire
protection as a scientific basis for improving the methods of calculated assessment of fire
resistance of these structures.

Recently, fire protection systems for steel beams based on mineral wool cladding have
become widespread. Their feature is the use of high-strength adhesive joints, resistant to
temperature. But, at the same time, at mineral-wool panels of small durability there is a high
probability of peeling of mineral-wool facing on its layers and as a consequence, loss of fire-
retardant ability during time of influence of the standard temperature mode of fire established
by the corresponding class of fire resistance. Therefore, the established compliance with a
particular fire resistance class must be adjusted.

The analysis of scientific works performed in the field of fire resistance of steel beams
with fire protection systems showed that the methods of assessing the fire resistance of steel
beams with mineral wool fire protection cladding due to the possibility of delamination of
fire protective mineral wool cladding have not been studied. This is a deterrent factor for the
use of steel beams with mineral wool fire protection or is the cause of errors in the design of
fire-resistant steel structures of buildings and structures in terms of their fire safety.

Disclosure of regularities of influence of constructive parameters of steel beams on
conditions of exfoliation of mineral wool fire-retardant facing is an actual scientific task, the
solution of which will be the scientific basis for improving the calculation methods for
predicting the fire resistance of these structures, which in turn is part of the prerequisites for
ensuring their compliance with the standardized classes of fire resistance of the above
structures and increase the level of fire safety of buildings and structures built on their basis.
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The idea of the work is seen in the creation of prerequisites for guaranteeing the
standardized fire resistance of steel beams with mineral wool fire-retardant cladding by
improving methods for predicting the time limits of detachment of fire-retardant cladding
and, accordingly, the development on their basis of correct methods for the estimated
assessment of fire resistance of these structures, taking into account the patterns of influence
of structural parameters of such steel beams under the influence of standard temperature of
the fire.

The purpose of the work involves the disclosure of the patterns of loss of fire-retardant
ability due to delamination of mineral wool fire-retardant steel beams from the time of
thermal exposure to fire, as a scientific basis for improving the method of calculated
assessment of fire resistance of beams of this type.

According to the results of research for the first time:

- itis established that the dependence of the time of reaching the critical temperature
in the form of a regression dependence on the value of the critical temperature 6., and
thickness d, fire-retardant mineral wool facing U = 33,938 + 1,397-d, — 0,081-0,, + 2,35-10°®
dp-0x, and on its basis the corresponding nomogram is constructed,

- the dependence of the detachment time of mineral wool fire-retardant facing of
steel beams under the influence of the standard temperature of the fire on their cross-
sectional coefficient A/Vy, thickness of mineral wool facing dp and load level uf, having the
form t. = 44,4 — 0,0599-A/Vy, + 0,725.d — 4,813 ps — 8,76-10°3-A/Vn-d — 0,0314-A/Vp ps
—0,178-d-us + 6,29-10*A/Vp, -d .

- taking into account the identified patterns of influence of structural parameters, as
well as the load of steel beams on the time of detachment of mineral wool fire protection
cladding under the influence of standard fire temperature, substantiated and proposed an
improved method for calculating fire resistance of structural elements of this type.

The application of calculated standard methods of calculation estimation of fire
resistance of steel beams with fire-retardant facing to determine the appropriate initial data
for the design of structures with their use was further developed.

The scientific and methodical base of providing standardized fire resistance of steel
building structures with fire protection was improved.

The practical significance and realization of the obtained results is to develop an
improved calculation method for assessing the fire resistance of steel beams with fire-
retardant mineral wool cladding under the influence of standard fire temperature, which
allows to establish compliance of these structures with the fire resistance class. It allows to
increase the accuracy of calculations. The developed nomogram for determination of peeling
time of mineral wool facing allows to estimate fire resistance more precisely when using
usual standard methods of calculation.

The developed method of calculation estimation of fire resistance of steel beams with
mineral wool fire-retardant facing is introduced into the activity of the Research and Testing
Laboratory of the Emergency Rescue Team of Special Purpose of Cherkasy Regional
Division of the State Emergency Service of Ukraine, into the educational process of
Cherkasy Institute of Fire Safety named after Chornobyl Heroes of the National University of
Civil Defence of Ukraine when teaching of the academic disciplines «Buildings and
Structures and Their Behavior in the Emergency Situations» and «Stability of Buildings and
Structures in Case of Fire» and in the scientific activity of the Research Center of Fire
Protection of the Institute of Public Administration and Research on Civil Defense during the
research work code «High-Rise Public Buildings».

Keywords: fire resistance limit, steel beam, fire resistance tests, calculation method,
mathematical modeling, computational experiment.
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