YepkacbKuii IHCTUTYT NOXKekHOT Oe3nexu iMeH1 I'epoiB YopHoOuis
HarnioHanpHOro yHiBEpCUTETY LIUBIIBHOTO 3aXHCTY YKpaiHH
JIEPYKABHA CJTYXXBA YKPATHH 3 HAJI3BUYAWHUX CUTYAIIA

JIbBiBCHKUI IepIKaBHUI YHIBEpCHTET O€3MeKu KUTTEAISIIBHOCTI
JIIEPXKABHA CJIYXKBA YKPATHU 3 HAJI3BUYAMHUX CUTY AL

Ksanidikaniiina HaykoBa
[pans Ha ImpaBax pyKOIUCy

BOPCYK Onena BasienHTuniBHA
V]IK 614.841.45

JTUACEPTAIIIS

VJIOCKOHAJIEHHSI METOZY PO3PAXYHKOBOI OIITHKA
BOTHECTIHKOCTI CTAJIEBUX BAJIOK I3 BOTHE3AXUCHUM
MIHEPAJIOBATHUM OBJIMINIOBAHHSM

CremniansHicTs — 21.06.02 «Iloxexna Oe3meka
I"amy3p 3HaHb — 26 «LluBlIbHA Oe3nekay

Ilonana Ba 3700yTT1 HAYKOBOIO CTYNEHS KapIujiaTa TeXHIMHUX HayK (7okropa ¢utocodii).
Jucepraniss MICTHTh pe3yJbTaTH BIACHUX JOCHIKEHb. BHKOpHCTaHHS inei,
CTiB IHIIMX aBTOPiB MAlOTh NOKIMKAHHA Ha JUKEPEIO.
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AHOTALIA

bopcyk O. B. YIOCKOHAJIEHHA  METOAY  PO3PaxyHKOBOI  OIIHKH
BOTHECTIMKOCTI ~ CTajieBUX  OajoK 13  BOTHE3aXHMCHUM  MiHEpaJOBAaTHUM
obOnuiroBaHHAM. — KBaniikoBaHa mpartist Ha paBax pyKOIIUCY.

Huceprarrist Ha 3700y TTS HAYKOBOTO CTYIEHSI KaHIUAaTa TEXHIYHUX HAYK 3a
cnemianpHicTIO 21.06.02 — moxexxHa Oe3reka, MIArOTOBIeHa B YepkacbKoMy
IHCTUTYTI ToKexHOi Oe3meku imeHi ['epoiB YopuoOuns HarioHanbHOTO
YHIBEPCUTETY LIUBLILHOTO 3aXUCTy YKpaiHu. JIbBIBChKUI Aep>KaBHHUM YHIBEPCUTET

OC3IIeKH JKUTTEAISIIbHOCTI, JIBBIB, 2021.

HucepraiiiiHy poOOTy MpPHUCBIYEHO BHUPILICHHIO AaKTyaJbHOI HAyKOBO-
TEXHIYHOI 3aJayl pO3KPUTTA 3aKOHOMIPHOCTEH 3aJIeXXHOCTI 4Yacy HacCTaHHS
MOMEHTY BIJIIAPYBaHHS MIHEPAJIOBATHOTO BOTHE3aXHWCHOTO OOJUIIIOBAHHS Bij
KOHCTPYKTUBHUX MapaMeTpiB CTAJEBUX OAJOK 13 TAKMM THUIIOM BOTHE3aXUCTY SIK
HAyKOBE TIATPYHTS JUISl YAOCKOHAJEHHS METOMIB PO3PaXyHKOBOI OIlIHKHU
BOTHECTIMKOCTI JaHUX KOHCTPYKIIIH.

Amnami3 JaHuX CTaTHUCTUKH MOXEXK 32 OCTaHHI 5 POKIB BKa3ye Ha 30UIbLIEHHS iX
KUTBKOCTI, 30KpeMa y OyJIIBJISIX 13 CTAJIEBUMHU KapKacaMmM iX KUIBKICTh CKJIQJAa€ OJHY
TPETUHY BiJl 3arajibHOI KUTBKOCTI. BIJIBIII SIK IMOJIOBHMHA €JIEMEHTIB CTAJICBUX KapKaciB
OyiBeNb 1aHOrO TUITY IOTPEOYE yIaITyBaHHS BOTHE3aXUCHUX CUCTEM.

Cepen BEIMKOTO PO3MAITTS BOTHE3aXMCHUX CHCTEM JUISI CTaJIeBUX OalioK
OCTaHHIM YaCcOM BEJIMKOTO TOIIMPEHHS 3a3HAIM CUCTEMH Ha OCHOBI MIHEPAJIOBATHOTO
OOJIHIIIOBAHHS. IXHBOIO OCOOJMBICTIO € BHKOPHCTAHHS BHCOKOMIIHHX KJIeHOBUX
3’€THaHb, CTIHKUX JI0 TEMIEPATYPHOTO BIUIMBY. AJie, IPH IIbOMY, HEBEJIMKOI MIITHOCTI
MIHEepaJIOBaTHUX MaHeNeH ICHy€e BeMKa HMOBIPHICTh BiJIIIAPYBAHHSI MIHEPAIIOBATHOTO
OOJIMIFOBaHHS MO ii Mmapax 1 K CIICTBO, BTPATH BOTHE3aXUCHOI 3[JaTHOCTI MPOTSITOM
Yacy BIUIMBY CTaHJAPTHOTO TEMIIEPATYpHOTO PEXKHUMY IMOXKEXKI, 1[0 BCTAHOBIHOETHCS
BIJITIOBITHUM KJIACOM BOTHECTIMKOCTI. TOX YyCTaHOBJICHA BiJIMOBIIHICTH TOMY YH
IHIIOMY KJIaCy BOTHECTIMKOCTI Mae OyTW MiJJaHa KOpEKIii 3 OrJisiLy Ha Taky

0OCTaBUHY.
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AHaJti3 HAayKOBUX POOIT, BUKOHAHUX Yy TaTy31 BOTHECTIMKOCTI CTaJIEBUX OAJIOK 13
BOTHE3aXUCHUMH CHCTEMAaMHU TTOKa3aB, 10 METOIW OIIIHKA BOTHECTIMKOCTI CTaJICBUX
0aJI0K 13 MIHEpAJIOBATHUM BOTHE3aXUCHUM OOJMIFOBAHHSM 3 OTJISYy Ha MOXIIUBICTb
BiIIApyBaHHS BOTHE3aXMCHOTO MIHEPAJIOBATHOTO OOJIMITFOBAHHS HE OYJIH JOCIIKEHI.
I[le € cTpuMyrO40I0 OOCTAaBMHOIO JIJIi 3aCTOCYBaHHS CTAJIEBUX OaloK i3
MiHEpaJIOBaTHUM BOTHE3aXHUCTOM a00 € TMPUYMHOI0 TMOMWJIOK MpPU IMPOEKTYBAHHI
BOTHECTIMKMX CTaJICBUX KOHCTPYKIINA OyfiBedb Ta CIOPYA 3 TOYKUA 30py iXHBOI
MOXKEKHOI OE3MEeKH.

PO3KpUTTSI 3aKOHOMIPHOCTEW BIUIMBY KOHCTPYKTHUBHHMX MapaMETPIB CTaJICBUX
0aJlOK Ha YMOBH BiJIIIAPYBaHHS MIHEPAJIOBATHOIO BOTHE3aXMCHOTO OOJIMIIOBAHHS €
aKTyaJIbHOIO HAYKOBOIO 33Jjauelo, pO3B’si3aHHS SIKOi Oy/le HAyKOBUM MIiATPYHTAM
YIOCKOHAJICHHS PO3pPaXyHKOBUX METO/IIB MPOTHO3YBaHHS BOTHECTIMKOCTI JaHUX
KOHCTPYKIII, IO Yy CBOIO YEpPry € YacTHHOIO TMepeIyMOB 3a0€3MEeUeHHs 1X
BIIMOBIIHOCTI HOPMOBAaHMM KJlacaM BOTHECTIMKOCTI BHIIIEBKA3aHUX Oy lIBEIbHUX
KOHCTPYKIIH Ta MiIBUILEHHS PIBHS MMOKEXKHOI Oe31eKr Oy IIBEIb Ta CHOPY/, 3BEAECHUX
Ha X OCHOBI.

Ines pobGotu BOawaeTbcsi y CTBOPEHHI MEPEAyMOB TapaHTyBaHHS
HOPMOBAHOI BOTHECTIMKOCTI CTajeBUX OajOK 3 MIHEpPAJOBATHUM BOTHE3aXHUCHUM
OOJMITIOBAHHAM IIUIIXOM YAOCKOHAJIEHHS METOJIB MPOTHO3YBAaHHS YaCOBUX MEX
BI/IIIIApYBAHHS BOTHE3aXMCHOIO OOJIMIFOBaHHS 1 BIJMOBIAHO PO3BUTOK Ha iX
OCHOBI KOPEKTHHX METOJIB PO3PAaXyHKOBOI OI[IHKA BOTHECTIHKOCTI JaHUX
KOHCTPYKIII, 110 BPaxoOBYIOTh 3aKOHOMIPHOCTI BIUIMBY KOHCTPYKTHBHHX
napaMeTpiB MOMIOHUX CTajleBUX OajoK 3a YMOB BIUIMBY CTaHJApPTHOTO
TEMITEPATyPHOTO PEXKUMY TTOXKEXKI.

Meta poboTu mnependayae po3KpUTTS 3aKOHOMIPHOCTEW HACTaHHS BTpaTH
BOTHE3aXMCHOI ~ 3JaTHOCTI Yy HACHOK  BIJIIApYBAaHHA  MIHEPaJIOBAaTHOTO
BOTHE3aXUCTY CTajJeBUX OaJOK BiJ Yacy TEIJIOBOIO BIUIUBY MOXKEXI, SIK HAYKOBOTO
HIAIPYHTS YIOCKOHAJICHHS METOAY PO3pPaxyHKOBOI OLIIHKM BOTHECTIMKOCTI Oajok
TaKoTO THITY.

JJist TOCSATHEHHS TIOCTABJIEHOI METH OYyJIM BUPILIEH] TaKi OCHOBHI 3aBJIAHHS:
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- TIPOBEJICHO aHAJIITUYHI OCTII)KEHHS CTATUCTUYHUX JAHUX LI0JI0 TOXKEXK
B YKpaiHi 3a OCTaHHI POKM, a TaKOXX IpPOAHANII30BaHO HOPMATUBHY 0asy, sKa
periiaMeHTy€e BUMOTH 111010 HOPMYBaHHsI 3a0€3M€UEHHsI BOTHECTIMKOCTI CTalIeBUX
OaJIoK 13 MiHEPAIOBATHUM BOTHE3aXUCTOM;

- pO3pOOJICHO METOJUKY EKCIIEPUMEHTAIbHUX IOCHITKEHb 3 BOTHEBHUX
BUNPOOYBaHb CTAJIEBUX 0aJIOK 3 MiHEPAJIOBATHUM BOTHE3aXUCHUM OOJIHUIIOBAHHIM
JUIS BUBYCHHS TEMIEpaTypud 1iX HarpiBaHHsS TiJ BIJIMBOM CTaHIApPTHOTO
TEMIIEPATypPHOTO PEXKUMY MOXKEXKI;

- po3po0JIECHO METOJWKY Ta BHU3HAYEHO Ha il OCHOBI TeMIlepaTypHI
3aJIEKHOCT] TEIUIO(]I3UYHUX XAPAKTEPUCTUK MIHEPAJIOBATHOIO OOJIMIIOBAHHS Ha
OCHOBI TPOBEIECHUX EKCIEPUMEHTAJIbHUX JOCIIKEHb CTAJIEBUX OalloK, TaKOXK
BUSBIICHO  3aKOHOMIPHOCTI ~ JOCATHEHHS  KPUTHYHUX  TEMIIEpaTtyp MpHu
BUKOPUCTAaHHI JaHUX XapaKTEPHUCTHK Y 3aJ€KHOCTI Bl KOHCTPYKTUBHHX
napameTpiB JJaHOTO TUITY OAJIOK;

- pO3pOo0JICHO METOAMKY MAaTeMaTHYHOTO MOJICIIOBAHHS TOBEIIHKH
MIHEpAJIOBAaTHOTO  BOTHE3aXMCHOTO  OOJIMIIOBAHHA 13 MOXJIMBICTIO  HOTO
BiJIIIApyBaHHS i TEIUIOBUM BILUTUBOM CTaHJAPTHOTO TEMIIEPATYPHOTO PEKHUMY
TTOXKEXKI,

- 13 BUKOPHUCTaHHSM PO3pPOOJIEHUX METOAMK BHUSBICHO 3aKOHOMIPHOCTI
3QJICKHOCTI Yacy BiJIAPyBaHHS MIHEPAJIOBATHOTO BOITHE3aXUCHOTO OOJIMIIOBAHHS
y 3aJIeKHOCTI BiJ] KOHCTPYKTHUBHUX MapaMeTpiB CTAIEBUX OaloOK 13 IaHUM THUIIOM
BOTHE3AaXUCTY;

- po3po0JIEHO METOANKY PO3PAXyHKOBOI OI[IHKM BOTHECTIMKOCTI CTAJIEBUX
0aoK 13 MIHEpaJOBAaTHUM BOTHE3aXMCHUM OOJIMILIOBAaHHAM 13 BpaxyBaHHIM
MO>KJIMBOCTI HOTO BIJUIAPYBaHHS IiJl Yac TEIUIOBOTO BIUIMBY CTAaHIApTHOTO
TEMIIEPATYPHOTO PEKUMY TTOKEKI.

3a miacyMKaMu TOCTIIKEHb gnepuie:

- BCTAHOBJCHO, M0 3aJEXKHICTh Yacy JOCSATHEHHS  KPUTHYHOI
TEMIIEpaTypyu y BHIJISIAI PErpeciiiHOl 3aJIeKHOCTI BiJ 3HAYCHHS KPUTHUYHOI

TEMIEPATYPHU Oy TA TOBILMHU dp BOTHE3aXUCHOTO MIHEPATIOBATHOI'O OOJIMIIOBAHHS
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U = 33,938 + 1,397.d, - 0,081.6,, + 2,35.10° dy6,, i Ha ii ocHOBI MOGynOBaHa
BIJIMTOBI/THA HOMOTpama,

- BCTaHOBJIEHA 3aJEXKHICTh Yacy BIJUIAPYBaHHS MiHEPaAJIOBATHOIO
BOTHE3aXMCHOTO OOJIMITIOBAHHS CTaJeBUX OallOK TIiJ] BIUIMBOM CTaHIAPTHOTO
TEMIIEPATYPHOTO PEXHUMY TMOXKEXI Bif ix koediuieHTy niepepizy A/Vm, TOBUIMHH
MiHEpajIoBaTHOro OOJuITOBaHHS dp Ta piBHSA HaBaHTaxeHHs Uf, M0 Mae BUTIISAN
c = 44,4 —0,0599-A/Vp, + 0,725-d — 4,813 ps — 8,76-103-A/V-d — 0,0314-A/V, ps
—0,178-d-ps + 6,29:10*A/Vp, -d py.;

- 3 ypaxXyBaHHSM BHSBJICHUX 3aKOHOMIPHOCTEH BIUTUBY KOHCTPYKTHBHHX
napamMeTpiB, a TaKOX HaBaHTAXEHHS CTaJeBUX OalOK Ha Yac BiAIIApyBaHHS
MIHEpAJIOBAaTHOIO BOTHE3aXMCHOTO OOJIMIFOBAHHSI il Yac BIUIUBY CTAH/IAPTHOTO
TEMIIEPATypHOTO  PEXKUMY  TOXEXKl, OOIpYHTOBAaHO Ta  3alpONOHOBAHO
YIOCKOHAJIGHUHA METOJl PO3PaXyHKOBOI OIIIHKA BOTHECTIMKOCTI €JIEMEHTIB
KOHCTPYKITi{f JAHOTO THITY.

Iooanvuioco po3sumky Habyn0 3aCTOCYBAHHS PO3PAXYHKOBUX CTaHAAPTHHUX
METOJIIB PO3PaXyHKOBOT OI[IHKH BOTHECTIMKOCTI CTaJIeBUX 0aJOK 3 BOTHE3aXHCHUM
OOJIMIIFOBAHHAM JIJI1 BUBHAUCHHS BIAMOBIAHUX BUXITHUX JAHUX ISl TPOEKTYBAHHS
CIIOPYZ 3 1X 3aCTOCYBaHHSIM.

Yoockonaneno HayKoOBO-METOAMYHY ©0a3zy 3a0€3MEeUeHHS HOPMOBAHOI
BOTHECTIMKOCTI CTajieBUX OyAiBEIbHUX KOHCTPYKI[IH 13 BOTHE3aXHUCTOM.

[IpakTuuHe 3HAYeHHS 1 peadizailis OTPUMAHUX PE3YJbTATIB TOJSATAE Y
pO3p0o0Ill YAOCKOHAJIEHOTO PO3PaxXyHKOBOIO METOJY OI[IHIOBAaHHS BOTHECTIMKOCTI
CTaJIEBUX OaJOK 3 BOTHE3aXHCHUM MIHEPAJOBAaTHUM OOJMITIOBAHHSIM 3a yMOB
BIUTUBY CTAHJAPTHOTO TEMIIEPATYPHOTO PEXKHUMY TIOXKEXKI, II0 JI03BOJISE
BCTAHOBUTH  BIAMOBIAHICTH  JaHUX  KOHCTPYKIIH  BIAMOBITHOMY  KJacy
BOTHECTIMKOCTI. lle m03BoJsie MIABUIMTH TOYHICTH pO3paxyHKiB. Po3poOieHa
HOMOTpama Jyisl BU3HAYEHHS 4acy BiJIIApyBaHHS MIHEPAJIOBATHOIO OOJIUI[IOBAHHS
JIa€ 3MOTY OUIBIII TOYHO OIIHUTH BOTHECTIHKICTh NMPU BUKOPUCTAHHI 3BUYAMHHUX

CTaHJapTHUX METOJIIB PO3PaXyHKY.
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Po3pobienuii MeToJ pPO3paxyHKOBOI OINIHKM BOTHECTIMKOCTI CTajeBUX
0amok 13 MiIHEpaJIOBaTHUM BOTHE3aXMCHUM OOJMIIOBAHHAM BIIPOBAKCHO B
JISUTIBHICTD  JIOCIITHO-BUNPOOYBaIbHOI  J1abopaTopii  aBapiidHO-PATYBaJIbLHOIO
3aroHy cnerianbHoro nmpusHaueHHs Ympasninaga JJCHC VYkpainu y Uepkacbkiit
o0nacTi, B OCBITHIA mporiec YepKachbKOro 1HCTUTYTY MOXKEXKHOI O€3MeKu 1MeHi
I'epoie Yopuoownst HYI3 VYkpainu mija yac BUKIaJaHHS HaBYAIBHUX JUCIUTUIIH
«byniBni 1 crmopyau Ta iX MOBEAiHKA B YMOBax HaJA3BHYAMHUX CHUTyallild» Ta
«CTiMKICTh Oy/AiBENb Ta CIOPY MPHU MOXKEK1» Ta B HAYKOBY MISUIbHICTH HAYKOBO-
JOCIITHOTO  IIEHTPY TMPOTHUIOXKEKHOTO  3aXUCTy [HCTUTYTy JIep»aBHOTO
YOpaBJiHHS T4 HAYKOBUX JOCIIIKEHb 3 IUBUILHOIO 3aXUCTY IiJi 4aC BUKOHAHHS

HAyKOBO-IOCIIIHOT poOoTH mudp «BUCOTHI TPOMAACHKI Oy TUHKNY .

Kuiro4oBi ciioBa: Mexa BOTHECTIMKOCTI, cTajeBa Oajnka, BUIPOOYBAHHS Ha
BOTHECTIMKICTh,  pO3paXyHKOBUH  METOJ,  MaTeMaTHYHE  MOJICIIOBaHHS,

0OYHUCITIOBAJIBHAN €KCTIEPUMEHT.
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CIIMCOK ONYBJIKOBAHUX ITPAIIb 3A TEMOIO JUCEPTAIIIT

YV misxcnapoonux suoanHsx:

1. 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 0o MHE — Scopus.

V nayrosux gpaxosux suoanmsx:

2. benixoB A. C., Managuka I. I'., Bopcyk O. B., Imenxko 1. I. [TigBumenns
BOTHECTIMKOCTI METaleBUX KOHCTPYKIIN SIK HUIAX 3a0€3MEeYEHHS BOTHE3AXUCTY
OyniBenb. 30ipHux Haykosux npayv Iloowcesxcna Oesneka: meopis i Npakmuka.
UYepxkacu. 2014. Ne 18. C. 38 —42.

3. bemmkoB A. C., Managsika 1. T'., bopcyk E. B., Illatomos B. A.
3a0e3nedeHHs] BOTHE3aXMCTy OyaiBeNlb HUISIXOM TMiABUIIECHHS BOTHECTIMKOCTI
METAJIEBUX  KOHCTPYKUIA. Chopuux HayuHvlx mpyoos Cmpoumenbcmaeo,
mamepuanogeoeHue,  MAwUHOCMpoeHue.  cepus:  DHepeemura,  IKO0J02usl,
KoMnblomepHvle mexnonocuu 6 cmpoumenvcmee. JlnenponetpoBck. 2014. Ne 76.
C.29-33.

4, bemukoB A. C., IamomoB B. A., Tpudonos U. B., bopcyk E. B.,
J3enmna E. B. BHeapeHue cpencTB OrHE3alUThl JJIs TIOBBIICHUS OTHECTOMKOCTH
CTPOUTENBHBIX KOHCTPYKUMH. 30ipHux Haykoeux npayv llodxcedicna 6esznexa:
meopis i npaxkmuka. Yepkacu. 2015. Ne 20. C. 9 — 18.

5. Tlo3nees C. B., IIIsuaenko A.B., 3axxoma B. M., Paguenxko B. A.,
Bopcyk O. B. Merton po3paxyHKOBOI OIIIHKA MOJIMBOCTI TPOTPECHBHOTO
pyliHyBaHHS OyJiBENb YHACHIJIOK MOXEX1. MIidCHApOoOHUli HAYKOBUL JHCYPHAT
«Iumepnayxa». 2020, Ne 4(84), 1 1. C. 74 — 80.

6. bopcyk O.B. JlocmimkeHHss TOBEOIHKM  CTajieBoi  Oamku 13

BOTHE3aXUCHUM MiHEpaJIOBATHUM OOJIUIFOBAHHSM TP MOXKEXK1. 30IpHUK HAYKOBUX
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npayv Haoszeuuatini cumyayii: nonepeddicennss ma nikgioysauns. Yepkacu. 2020.
Ne 1, Tom. 4. C. 15 — 24,

7. bopcyk O.B., Hysuzia O. M., Kpumrans B. M., Benyna C. A.,
I'oposenko M. M. JlocmixeHHsT MeX1 BOTHECTIMKOCTI CTayieBOi OajKu 3a YMOBH
BTpaTH IIUTICHOCTI BOTHE3aXWCHOTO TOKPUTTA. 30IipHUK HAYKOBUX Npayb
Haoszeuuaini cumyayii: nonepeodscenna ma nixsioysanns. Yepkacu. 2020. No 2,
toM. 4. C. 5 — 14,

8. Iloznees C. B., Hysansin O. M., Cigueit C. O., HoBropomauenko A. 1O.,
Bopcyk O. B. JlocnipkeHHsI HarpiBaHHs CTaJI€BUX JIBOTABPOBHX CTEPKHIB 13
MiHEpaJOBaTHUM BOTHE3aXHCHUM OOJMIIIOBAaHHSIM B YMOBaX CTaHIApTHOTO

TEMIIEPATYPHOTO PEKUMY MOKEKi. [ eomexniuna mexanixa. 2020. Ne 152. C. 116 —

126.

Anpobayis mamepianie oucepmayii:

9. benikoB A. C., Managuka 1. I'., Bopcyk O. B. IlepcniektuBu po3poOku
BOTHE3aXMCHUX 3ac00IB I METaleBUX KOHCTPYKUIA 13 BOJIOTOCTIMKUMU
BJIACTUBOCTSIMU. 1eopis | npakmuka eaciHHsa nojcexc ma Jikgioayii Ha036UYAiHUX
cumyayii: marepianu V MixnHap. Hayk.-pakT. koHd. Yepkacu: UYIIIb imeni
['epoiB HopuoOwmnss HYI3 Ykpaian, 2013. C. 185 — 186.

10. berukoB  A.C., Managsika W.T., bopeyk E. B. Ilepcnexktubl
MOBBIIIICHHUSI OTHECTOMKOCTH METaUNTMYECKUX KOHCTPYKUIUNA OTHE3alUTHBIMHU
BJIArOCTOMKUMU TIOKPBITUAMU. HHHOBAYUOHHbIE MEXHOIO2UU 3aWUumsl  Om
Ype3suLluatiHbIX cumyayui: Matepuansl MexayHap. Hayd.-IpakT. KOHQ. MHHCK:
KHNH, 2013. C. 103.

11. benukoB A. C., Manaasika U. I'., bopcyk E. B. IIpumenenue n€rkoro
OeTOHa B KadyeCTBE OTHE3AIUThl CTPOUTEIBHBIX KOHCTPYKUMHU. TexHonozii
s3axucmy/lloswcTex — 2014: wmarepianu 16 Bceeykp. Hayk.-pakT. KOHGQ.
patyBansHuKiB Kuis, 2014. C. 36 — 37.

12. bopcyk O. B., J[3enuna €. B. HizaproBati OetoHn sik OyaiBeabHUMN

Matepian 3 e(pEeKTHBHOI BOTHE3aXHCHOK 3MaTHICTIO. Hao3zsuuatini cumyayii:
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besnexka ma 3axucm: matepianu VI Mixnap. Hayk.-nipakT. koH}p. Yepkacu: UIIIb
imeni ['epoiB Yopuoouns HYIL3 Ykpainu, 2016. C. 97 — 98.

13. benmukoB A. C., IllaimomoB B. A., bopcyk E. B., J[Izeunna E.B.
CpenctBo ~ OTrHE3alIMTHl  TOBBIIMIEHHS  OTHECTOWKOCTH  METAJUIMYECKUX
KOHCTPYKIUU. Teopisa ma npakmuka 2aciiHsa nOiCexHc ma aikeioayis Ha036U4atiHux
cumyayin: marepianu VII Muibkuap. Hayk.-npakT. koHd. Yepkacu: YIIIb imeni
['epoiB HopuoOunss HYL3 Ykpainu, 2016 C. 146 — 149.

14. benikoB  A.C., bopcyk O.B., Tapacos C.C., Mamnamuka I T.
[lepcniekTUBHM MIABUIIEHHS BOTHECTIMKOCTI OYIIBENbHUX KOHCTPYKIINA. Teopis i
NPAKMUKA 2ACIHHA NOXMCeHC ma NIKeIi0ayli HA036UYAUHUX cumyayit: MaTepiayiu
VIII Mixnap. nHayk.-npakt. koHd. UYepkacu: YIIIb imeni I'epoiB YoproOuss
HVYII3 Ykpainu, 2017. C. 171 — 172,

15. Ilo3nees C. B.,  Hysuzin O. M.,  bopcyk O. B.,  Heninbsko . A.,
®enuenko C. M. BuBueHHs cTaHy BTpaTh BOTHECTIMKOCTI CTaJIeBUX Oallok 3
BOTHE3aXMCHUM MIHEpPAJIOBATHUM OOJIMLIOBAaHHAM. Hao3euuauni cumyayii:
besnexa ma 3axucm: matepianu X Bceykp. Hayk.-mipakt. koH(p. Yepkacu: UIIIb
imeni ['epoiB Yoproouns HYL[3 Ykpainu, 2020. C. 120 — 122.
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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.

Analysis of fire statistics for the last 5 years indicates an increase in their
number, in particular in buildings with steel frames, their number is one third of
the total amount. More than half of the elements of steel frames of buildings of this
type require the installation of fire protection systems.

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
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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.

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.

To achieve this goal, the following main tasks were solved:

- analytical researches of statistical data on fires in Ukraine for the last
years are carried out, and also the normative base regulating requirements
concerning standardization of maintenance of fire resistance of steel beams with
mineral wool fire protection is analyzed;

- the technique of experimental researches on fire tests of steel beams with
mineral wool fire-retardant facing for studying of temperature of their heating

under the influence of a standard temperature mode of fire is developed;
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- the technique is developed and on its basis temperature dependences of
thermophysical characteristics of mineral wool facing on the basis of the carried-
out experimental researches of steel beams are defined, regularities of achievement
of critical temperatures at use of these characteristics depending on design
parameters of this type of beams are revealed,;

- the technique of mathematical modeling of behavior of mineral wool
fire-retardant facing with a possibility of its detachment under the thermal
influence of a standard temperature mode of a fire is developed,;

- with the use of the developed methods the regularities of dependence of
time of exfoliation of mineral wool fire-retardant facing depending on constructive
parameters of steel beams with the given type of fire protection are revealed;

- the method of calculation estimation of fire resistance of steel beams
with mineral wool fire-retardant facing taking into account possibility of its
detachment during thermal influence of a standard temperature mode of fire is
developed.

According to the results of research for the first time:

- it is 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 o, and thickness d, fire-retardant mineral wool facing U = 33,938 +
1,397.d, - 0,081.6,, + 2,35.10 d,-6,, 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/V,, + 0,725-d — 4,813 ps —
8,76-10°3-A/Vn-d — 0,0314-A/V, s — 0,178-d-ps + 6,29-104 AV, -d ps.;

- 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,
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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 Buildingsy.

Keywords: fire resistance limit, steel beam, fire resistance tests, calculation

method, mathematical modeling, computational experiment.
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BCTYII

AKTYaJIBHICTL TeMH. AHAT3 JaHUX MIOJO0 CTATUCTUKU MOXKEXK B YKpaiHi
TIOKA3ye, 1110 32 OCTaHHI 5 POKIB B YKpaiHi KUIBKICTh MOXKEXK Yy OYMIBIISIX 13 CTAICBUMH
KapKacaM¥ CKJIQJa€ OJHY TPETUHY BiJl 3arajbHOi KUTBKOCTI. BUTBII sSIK TONOBHHA
CJIEMEHTIB CTaJIeBUX KapKaciB OyJiBelb JaHOTO THIy NOTpeOye yialiTyBaHHS
BOTHE3aXMCHUX CHUCTEM. SIK BIIOMO, OAHY 3 HAMOUIBII BIIMOBITATBHUX (PYHKITIH
BUKOHYIOTH CTaJICB1 OAJIKH.

Cepen BENMKOro pO3MAITTd BOTHE3aXMCHHUX CHCTEM [UIs CTaJIeBUX OajoK
OCTaHHIM YaCOM BEJIMKOTO MOIIMPEHHS 3a3HAIM CUCTEMH Ha OCHOBI MIHEPAJIOBaTHOTO
OOJUIIOBAHHSA. IXHBOIO OCOONMBICTIO € BHMKOPHCTAHHS BHCOKOMIIIHHX KIEHOBHX
3’€THaHb, CTIMKUX JI0 TEMIIEPATypHOIO BIUIMBY. AJie, IpU LOMY, Yy CHUJIY HEBEIHMKOI
MIITHOCTI MIHEpAJIOBaTHUX TMaHENeW ICHye BeJIMKA WMOBIPHICTh BiAlIapyBaHHS
MIHEpaJIOBaTHOTO OOJUITIOBAHHS MO 1i mIapax 1 sIK CJIJICTBO, BTPAaTH BOTHE3aXHMCHOI
3ATHOCTI MPOTSTOM Yacy BIUIMBY CTaHJIAPTHOIO TEMIIEPATYPHOIO PEXUMY MOXKEXKI,
0 TapaHTOBAaHO BIMOBIIHAM KJIACOM BOTHECTIMKOCTI. TOX  ycTaHOBIEHA
BIATIOBIIHICTh TOMY Y IHIIIOMY KJIaCy BOTHECTIMKOCTI Mae OyTW MijJaHa KOPEKLli 3
OISy Ha TaKy OOCTaBUHY.

Amnai3 HayKOBHX poOIT, BUKOHAHUX Y Taly31 BOTHECTIMKOCTI CTaJIeBUX OAJIOK 13
BOTHE3aXUCHUMH CHUCTEMAMM TaKHUX HOCIIIHHUKIB K. Poritman M. Sl., bemikos A. C.,
®owmin C. JI., Kpykoscbkuii I1.T., Imyxnep B. C., Jemuuna b.T., Barymsa I'. JL,
IToznee C.B., Cemepak M. M., Hwxnuk B.B., Hekopa O.B., Ilnams T. M.,
Hysmzia O. M, TTazen O. 1O., Barder D., Bartelemy B., Nordheim E., Janssens M. L.,
White R. Ta iHmmx, 1mokasas, [0 METOIM OLIIHKA BOIHECTIMKOCTI CTAJIEBUX OaJIOK i3
MIHEpAJIOBaTHUM BOTHE3aXHMCHUM OOJIMIIOBAaHHSAM 3 OISy Ha MOXKJIMBICTh
BIIIIAPYBAHHS BOTHE3aXHCHOIO MIHEPAJIOBATHOI'O OOJMIIFOBAHHS HE OYyIIM JOCIIIKEHI.
[le € cTpuMymOuOl0 OOCTaBMHOIO JJIsi 3aCTOCYBaHHS CTajeBUX OaloK 13
MIHEpaJIOBAaTHUM BOTHE3aXHUCTOM a00 € TMPUYMHOI0 MOMUJIOK IPHU TMPOEKTYBaHHI
BOTHECTIMKUX CTaJICeBUX KOHCTPYKLINA OyadiBenb Ta CIOPYA 3 TOYKUA 30pYy iXHBOI

OXKEXKHOT OE3IEKH.
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PO3KpUTTSI 3aKOHOMIPHOCTEW BIUIMBY KOHCTPYKTUBHHMX MapaMETPIB CTAJICBUX
OaloK Ha YMOBM BIAIIAPYBaHHS MIHEPAJOBAaTHOIO BOTHE3aXHCHOTO OOJMIIOBAHHS €
aKTyaJIbHOIO HAYKOBOIO 33J]auelo, pO3B’si3aHHS SIKOi Oy/le HAyKOBHM MIATPYHTIM
YIOCKOHAJICHHS PO3PaXyHKOBHUX METOJIB TMPOTHO3yBaHHS BOTHECTIMKOCTI JaHWX
KOHCTPYKII, IO y CBOIO Yepry € YacTUHOI TIePEeIyMOB 3a0e3leueHHs iX
BIJITIOBIJTHOCTI HOPMOBaHMM KJIacaM BOTHECTIMKOCTI BHIIEBKa3aHUX OYHiBEIbHUX
KOHCTPYKIIIH Ta MiABUIICHHS PIBHS MOXKEXKHOI Oe31eku Oy/IiBesb Ta CIIOpY/, 3BEICHUX
Ha X OCHOBI.

3B’5130K po00OTH 3 HAYKOBHMH MPOrPaMaMH, INIAHAMM, TEMaAMHU.

JlucepTatiiiine JOCTIIPKEHHS MPOBEJCHO Ha BUKOHAHHS «YTOM PO ACOINALli0
MDK YKpaiHoto, 3 ofHi€i ctopoHH, Ta €Bponericekum CorozoM, €BporercbkuM
CIIBTOBAPHCTBOM 3 ATOMHOI €HEprii ¥ iXHIMHU Jep)KaBaMU-WIEHaMH, 3 1HILOD» BiJ
27.06.2014, posnopsmkenHs Kabinery MinictpiB Ykpainu Big 19.08.2015 N 844-p
"TIpo cxBanenns: Ctparerii po3BUTKY CUCTEMU TEXHIYHOTO PEryJIIOBaHHS Ha MEPIoJ 10
2020 poky", mijg yac BHKOHaHHS HaykoBo-aochiHoi podoru B YIIIB im. I'epoiB
Yopuobwmns HYL3 Ykpainu: «Po3pobka metomy oiiHKK e(EeKTUBHOCTI BOTHE3AXHUCTY
HECYYMX JiepeB’sTHUX OyiBeIbHUX KOHCTPYKIIii» (Ne nepxkpeectpariii 0114U002707),
B sIK1i1 3100yBay Oyjia BAKOHABIIEM.

Iness pobGorm BOavaeTbcsi y CTBOPEHHI TIEPEAyMOB TapaHTYBaHHS
HOPMOBAHOI BOTHECTIMKOCTI CTaJIeBUX OalOK 3 MIHEpPaJIOBATHUM BOTHE3aXHMCHUM
OOJIMIIOBAaHHAM IUISIXOM YIOCKOHAJEHHS METOJIB MPOTHO3YBAaHHSA YaCOBUX MEXK
BI/IIIApYBaHHS BOTHE3aXHMCHOI'O OOJIMITFOBAaHHS 1 BIJAMOBIIHO PO3BUTOK Ha iX
OCHOBI KOPEKTHUX METOJIB pO3pPaXyHKOBOi OIIHKM BOTHECTIMKOCTI JaHHUX
KOHCTPYKIIi, IO BPaxoBYIOTh 3aKOHOMIPHOCTI BIUIMBY KOHCTPYKTHBHHX
napamMeTpiB MOAIOHMX cCTajJeBUX OaloOK 3a YMOB BIUIMBY CTaHAApTHOIO
TEMIIEPATYPHOTO PEKUMY TTOKEKI.

Meta po6oTH TIONSITaE y PO3KPUTTI 3aKOHOMIPHOCTEH HACTaHHS BTpaTH
BOIHE3aXMCHOI ~ 3JaTHOCTI  YHACHIAOK  BiAIIApyBaHHS  MIHEPAJIOBATHOIO
BOTHE3aXHUCTY CTAJIEBUX OAJIOK BiJl Yacy TEIJIOBOTO BIUIMBY MOXEXI1 K HAYKOBOTO

HIAIPYHTS YIOCKOHAJICHHS METOAY PO3pPaxyHKOBOI OLIIHKM BOTHECTIMKOCTI 0ajok
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TaKoOTro THITY.
Jlis MOCSTHEHHS MOCTaBJICHOI METH MaroTh OYTHM BHpIIIEHI TaKi OCHOBHI
3aBJAHHSA:

- MPOBECTH aHAINITUYHI JOCHI/DKCHHS CTAaTUCTHYHHX JaHUX IIOJ0
MOKEeK B YKpaiHi 3a OCTaHHI POKH, a TaKOXX MpOaHaTi3yBaTH HOPMATHUBHY 0a3y,
0 perjaMeHTye BHUMOTHM I0JI0 HOPMYBaHHSI 3a0e€3MEeUeHHS BOTHECTIHKOCTI
CTaJICBUX 0aJIOK 13 MIHEPAJIOBATHUM BOTHE3aXHUCTOM;

- pO3pOoOUTHU METOJUKY EKCIEPUMEHTAJIbHUX AOCIIKEHb 3 BOTHEBHUX
BUNPOOYBaHb CTAJIEBUX 0aJIOK 3 MiHEPAJIOBATHUM BOTHE3aXUCHUM OOJIHUITIOBAHHIM
JUIST BUBYCHHS TEMIIEpAaTypW iX HarpiBaHHS TIiJi BIUIMBOM CTaHAApTHOTO
TEMIIEPATyPHOTO PEXKUMY TTOXKEXKI,

- po3poOMTH METOJMKY Ta BH3HAYUTH Ha ii OCHOBI TeMIlepaTypHI
3aJIEKHOCT] TEIUIO(I3UYHUX XAPAKTEPUCTUK MIHEPATIOBATHOIO OOJMIIOBAHHS Ha
OCHOB1 TPOBEICHUX EKCIMEPUMEHTAIBHUX JOCTIIKEHb CTaJeBUX OaloOK, TaKOXK
BUSIBUTH 3aKOHOMIPHOCTI JOCSTHEHHSI KPUTHYHUX TEMIICPATyp MPU BUKOPUCTaHHI
JAHUX XapaKTEPUCTUK Y 3aJIEKHOCTI Bii KOHCTPYKTHBHUX TMapaMeTpiB JaHOTO
TUITYy OAJIOK;

- pOo3poOHUTH METOAMKY MaTeMAaTHUYHOTO MOJICIIOBAaHHS TOBEIIHKU
MIHEpPAJIOBAaTHOTO  BOTHE3aXMCHOTO  OOJIMIIOBAHHS 13 MOXJIMBICTIO  HOTO
BiJIIIApyBaHHS i TEIUIOBUM BIUTUBOM CTAHJAPTHOTO TEMIIEPATYPHOTO PEKHUMY
TTOXKEXKI,

- 13 BUKOPHUCTAHHSIM PO3POOJICHMX METOJIUK BHUSBHUTH 3aKOHOMIPHOCTI
3JICKHOCTI Yacy BiJIAPyBaHHS MIHEPAJIOBATHOTO BOIHE3aXUCHOTO OOJIMIFOBAHHS
y 3aJIeKHOCTI BiJ] KOHCTPYKTHUBHUX TMapaMeTpiB CTAICBUX OAJOK 13 TaHUM THUIIOM
BOTHE3aXUCTY;

- pO3pOOMTH METOAUKY PO3PaXyHKOBOI OIIHKA BOTHECTIMKOCTI
CTaJeBUX OaJoK 13 MiHEpaJOBaTHUM BOTHE3aXMCHUM OOJIMIIIOBAaHHSAM 13
BpaxyBaHHSIM MOXIJIMBOCTI MOro BiJIIApYBaHHSA MiJ Yac TEIJIOBOTO BIUIUBY

CTaHJaPTHOTO TEMIIEPATYPHOTO PEIKUMY TTOKEXKI.
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O0’eKT M0CTiIKEHHsI — BOTHECTIMKICTh CTaJIeBUX 0aJ0K 3 MiHEpaJIOBaTHUM
BOTHE3aXMCHUM OOJIMILIOBAaHHSIM Ta IMPOLIEC MPOTHO3YBaHHS HOTO BiAlIapyBaHHS
11T BIUTUBOM MOKEXI.

IIpenmer noc/igaeHHs1 — BIUTUB KOHCTPYKTHBHHUX MapaMETpPiB CTaJIeBUX
0anok 13 MiHEpaJIOBaTHUM BOTHE3aXMCHUM OOJIMIIOBAHHSIM Ta PIBHS MEXaHIYHOTO
HABAHTAXKEHHA 32 YMOB CTaHJApPTHOIO TEMIIEPATypHOTO BIUIMBY TMOXKEXI Ha
IIPOTHO30BaH1 3HAYEHHSI Yacy BiAIIAPYBaHHS BOTHE3aXHUCHOTO OOJIMIIOBAHHS.

Metoaun pocaigxenHs. [Ipyu cratucTUYHOMY aHami31l MOXKEXK Ta OIJIALY
JOCIIJKEHb Yy JlaHli Taily3l 3acTOCOBYBaBCS aHaMITHYHUN Metoxn. Jlis
JOCIIJKEHHSI ~ TEMIIEpaTypHUX  JaHUX Ta  TEIIO(I3UYHUX  MapaMeTpiB
MIHEpaJOBaTH  MPOBEJEHI  BOTHEBI  BUNPOOYBAaHHs,  pe3yJabTaTH  SKHUX
IHTEpIPETOBAaHI CTAHAAPTU30BAHMMHU MaTEeMaTHYHUMHU Metomamu. Ilig yac
MOJICJIFOBAHHSI TOBEIIHKM CTaJieBOi OajlkH 13 MIHEpPAJIOBaTHUM BOTHE3AXHMCHUM
OOJIMITIOBAaHHSAM 3aCTOCOBaHI MaTEeMaTU4HI METOJM, 3aCHOBaHI Ha BUKOPUCTaHHI
3arajJilbHUX pIBHSHb JUHAMIKHA, a TaKOXX METOJ KIHIICBUX €JIEMEHTIB s
anmpoKcUMalli  JaHux  piBHAHb. J[ms  po3poOKM  MaTeMaTU4YHOI  Mojeni
NPOTHO3YBaHHS  4acy  BiAIIapyBaHHS  MIHEPaJOBAaTHOTO  BOTHE3aXMCHOTO
OOJUIIOBaHHS MPOBEIECHO TMOBHUM  (QakTopHHl ekcnepuMeHT. BuBueHHs
JIOCTOBIPHOCTI ~Ta  aJICKBAaTHOCTI TEMIEPATypHUX  pe3yibTaTiB  BOTHEBUX
BUNPOOYBaHb CTAJIEBUX OAJIOK 3 MIHEPAJIOBATHUM BOTHE3aXUCTOM 32 YMOB BILUIUBY
CTaHJAPTHOTO  TEMIIEPaTYpHOIO  PEXUMY TIOKEXKl 3acCTOCOBaHI  METOAU
MaTeMaTHUYHOI CTaTUCTHKHU.

HaykoBa HOBH3HA TIPOBEIECHUX JIOCHIIKEHb TIOJSATa€ y PO3KPUTTI
3aKOHOMIPHOCTEH  3aJeKHOCTI  4yacy  HacTaHHS  MOMEHTY  BIALIApyBaHHS
MIHEPAJIOBAaTHOIO BOTHE3AXMCHOTO OOJMIIOBAHHS BiJlI KOHCTPYKTHBHHUX IMapaMeTpiB
CTaEBUX OalloK 13 TAaKUM THUIOM BOTHE3AaXUCTy SIK HAyKOBE MIAIPYHTA JUIA
YIOCKOHAJICHHS METOIB PO3PAXYHKOBOI OLIHKM BOTHECTIMKOCTI JAHUX KOHCTPYKIIM.
ITpu upomy ymepiue:

— BCTaHOBJIEHO, 10 3aJIEKHICTh Yacy JOCSTHEHHS KPUTHYHOI TEMIIEpaTtypu y

BUIJISI/II PETPECIITHOT 3aJIEKHOCTI BiJl 3HAUEHHSI KPUTUYHOI TeMiepaTypu 6, Ta TOBLIMHU
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d, BorHesaxmcHoro wminepaioBatHoro oommoBanas U = 33,938 + 1,397.d, —
0,081-6, + 2,35-10° dy-6, i Ha ii OCHOBI TOOYI0BaHA Bi/IOBIIHA HOMOTPAMA,;

— BCTAHOBJICHA 3aJIeKHICTh 4Yacy BIJIIAPYBaHHS MiHEPaATOBATHOTO
BOTHE3aXMCHOTO OOJIMIFOBAHHS CTalleBUX OalloK TiJ] BIUIMBOM CTaHAAPTHOTO
TEMIIEPATYPHOTO PEKUMY TOXKEXI BiJ iX KoedirieHty nepepizy A/Vpy, TOBIIUHU
MiHEepaJoBaTHOTO OOIHIIOBaHHS O, Ta PIBHS HAaBaHTAKEHHS Lk, IO MA€ BUTIIAA e =
= 44,4 — 0,0599-A/V, + 0,725d — 4,813 14 — 8,76-103-A/Npmd — 0,0314-AlVpy 15 —
—0,178d 14 + 6,29-10*A/Vn d 14.;

— 3 ypaxyBaHHAM BHUSBJICHUX 3aKOHOMIPHOCTEH BIUMBY KOHCTPYKTHBHHX
napamMeTpiB a TaKOo)X HAaBAaHTAXEHHS CTaJeBHX OaJOK Ha 4Yac BIJIapyBaHHA
MIHEpaJIOBAaTHOIO BOTHE3aXMCHOTO OOJIMIIOBAHHS IMiJ] YaC BIUIMBY CTaHJapTHOTO
TEMIIEPATYPHOTO PEKUMY TOKEK1 OOTPYHTOBAHO Ta 3apPOIOHOBAHO YAOCKOHAJICHUIM
METO]1 PO3PAaXyHKOBOI OITIHKK BOTHECTIMKOCTI €JIEMEHTIB KOHCTPYKIIIH JaHOTO THUITY.

Habyno nooanvuioco po3eumky 3acTOCYyBaHHS PO3PAaXyHKOBUX CTaHAAPTHUX
METOIB PO3PaXyHKOBOI OIIIHKM BOTHECTIMKOCTI CTaJIeBUX OaJIOK 3 BOIHE3aXUCHUM
OOJMIIFOBAHHSAM JIJI1 BU3HAYCHHS BUIMOBIIHMX BUXIIHUX JAHUX JJIS TTPOSKTYBAHHS
CIIOPYZ, 3 X 3aCTOCYBaHHSM.

Yoockonaneno  HaykoBo-MeTOIMuUHy 0a3y  3a0e3leuyeHHs  HOPMOBAHOI
BOTHECTIMKOCTI CTaJIeBUX Oy 1IBEIbHIMX KOHCTPYKIIIN 13 BOTHE3aXHUCTOM.

OOrpyHTOBAHICTD | JOCTOBIPHICTH HAYKOBHUX I10JI0K€Hb, BUCHOBKIB Ta
peKoMeHIaliil MiATBEPHPKEHO pe3yibTaTaMu aHaNi3y JITepaTypHUX JDHKEped;
BIIMOBIHICTIO METOJIB JOCJIJIKEHHSI MOCTaBJICHUM B pOOOTI MeTi 1 3ajavam;
3aCTOCYBAHHSAM aHAJITUYHUX METOJIIB JOCHIKEHb; HEOOXITHUM 00’ €MOM JIaHMX,
OTPUMAHUX TIJ] Yac TPOBEIACHHS EKCIEePUMEHTAIbHUX  JIOCHIKEHb 3
BUKOPUCTAHHSAM  METOJIB  BUIPOOyBaHb, WI0 pErIaMEHTOBAaHI YUHHUMU
HAI[IOHATPHUMHU CTaHJAapTaMH, METPOJIOTIYHO aTEeCTOBAHOTO OOJaJHAaHHS Ta
MOBIPpEHUX 3acO0IB  BHUMIPIOBAHHS; 3aJOBUILHOIO 301KHICTIO PE3yJbTATIB
TEOPETUYHUX Ta EKCIEPUMEHTAIbHUX JOCIIIKEHb, a TaKOoX arpoodariiero Ta

MIPAKTUYHUM BIIPOBAKEHHSIM PE3yJIbTaTIB MPOBEJACHUX TOCIIKEHb.
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IIpakTHyHe 3HAYEHHS i peaJi3alisi OTPUMAHMUX Pe3yJbTATIB IOJATAE Yy
PO3pOOITl YAOCKOHAIIGHOTO PO3PaXyHKOBOT'O METOJY OIlIHIOBAHHS BOTHECTIMKOCTI
CTaJIeBUX O0aJOK 3 BOTHE3aXMCHHM MIHEPATIOBATHUM OOJUIIOBAHHSM 3a YMOB
BIUTUBY CTAHJAPTHOTO TEMIIEPATYPHOTO PEXHMY TIOXKEXKi, IO JJTO3BOJISE
BCTAHOBUTH  BIJMOBIAHICTh  JaHUX  KOHCTPYKIIN  BIAMOBIZHOMY  Kjacy
BOTHECTIMKOCTI. Ile 103BOJIsI€ MIABUIIMTH TOYHICTH pPO3paxyHKiB. Po3poOieHa
HOMOTpama JIsl BU3HAYCHHS 4acy BiIIapyBaHHSI MIHEPAJOBATHOTO OOJIUITIOBAHHS
Jla€ 3MOTy OUIBIII TOYHO OILIHUTH BOTHECTIMKICTh MPHU BUKOPHUCTaHHI 3BUYAHHUX
CTaHJapTHUX METOJIIB PO3PaXyHKY.

Po3pobrienuid MeToJ pO3paxyHKOBOI OIIIHKM BOTHECTIMKOCTI CTaJeBUX
Oalok 13 MIHEpPAJIOBATHUM BOTHE3aXMCHUM OOJIMIIOBAaHHSM BIIPOBAPKEHO B
JISUIBHICTD  JIOCIITHO-BUNPOOYBaIbHOI  J1abopaTopii  aBapiiHO-PATYBaJIbHOIO
3aro”y cnemianbHoro npusHaueHHs YnpasiiHHsa [JCHC VYkpainn y Yepkacbkiit
o0nacTi, B OCBITHIM mporec YepkachbKoro 1HCTUTYTY MOXKEKHOI O€3MeKH IMEHi
I'epoiB Yopnoowinst HYII3 Vkpainu mig yac BUKIaJaHHS HaBYAIbHUX JUCIUILUIIH
«bynmiBni 1 cmopyam Ta iX MOBEAIHKA B yMOBax HaA3BUYAMHUX CHUTyaIlli»,
«CTiMKICTh OyAiBENb Ta CHOPYA MPHU MOXKEXK1» Ta B HAYKOBY AISUIbHICTH HAYKOBO-
JTOCITITHOTO  IICHTPY TMPOTHUIIOKEKHOTO  3aXUCTy [HCTUTYTYy  JEpKaBHOTO
YIOPABIIHHSA Ta HAYKOBUX JOCIHIJKEHBb 3 IUBUILHOTO 3aXHCTY IiJl YaC BUKOHAHHS
HAyKOBO-I0CHIAHOI poOoTH mudp «BUCOTHI TPOMaACHKI Oy IUHKNY .

OcolucTuii BHeCOK 3100yBauYKH TIOJSITAaE B TMPOBEACHHI JITEPATypPHOTO
OTJISIy IMOJI0 CTaHy IMTAHHS BOTHECTIMKOCTI CTajieBUX OalloK JBOTaBPOBOIO
nepepizy 13 MiHEpaJOBaTHUM BOTHE3aXMCHUM OOJIUIFOBaHHSM, (HOPMYIIFOBaHHI
11ei poOoTH, BU3HAUEHHI METH 1 3aBJaHb JOCIIIKEHb, 00’€KTy Ta NpPEAMETY
JTOCIIKEHb; PO3poO0Ill METOJUKH EKCIIEpUMEHTAIBHUX JIOCTIKEHbh Ta iX
pOBENEeHHs; O0poOLl OTPUMAHUX JaHUX, PO3POOII METOAUKUA PO3PaxXyHKY
TeMI0(I3UYHUX XaPAKTEPUCTUK MIHEPAJTOBATHOTO OOJMIIOBAHHS Ta METOIUKU
MaTeMaTUYHOTO MOJICJIIOBAHHS TOBEAIHKM JIaHOi OaJKh B YyMOBax IOXKEXKI,
MPOBEICHHS] TOBHOTO (DaKTOPHOTO EKCHEPUMEHTY IIOJ0 BH3HAYEHHS Yacy

BIJIIIAPYBAHHS MIHEPAJIOBATHOTO BOTHE3aXUCHOTO OOJMIIOBAHHS 1]l BILUIMBOM
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CTaHJAPTHOTO TEMIIEPATYPHOTO PEXKUMY MOXKEXK1. YUacTh 3100yBauKu B poOOTax,
OIyOJIIKOBaHUX Y CITIBABTOPCTBI, 10 HABEJCHO B CIMHUCKY OMYyOIIKOBAaHUX Ipallb 3a
TEMOIO JTucepTarlii.

Anpobanis pe3yabtatiB auceprauii. OCHOBHI pe3yJabTaTH JOCIIIKEHb
JIOTIOBIJAINCh, OOTOBOPIOBAIMCH Ta OTPUMAIM TO3UTHBHE CXBaJCHHS Ha
BCEYKPAiHCbKUX, MDKHApOJHUX HAYKOBO-TIPAKTHYHHUX Ta HAYKOBO-TEXHIYHHMX
KOH(EpEeHIIisX, a came:

- V MixHapoaHiii HayKoBO-IIpakTU4YHIM KoHpepeHIi «Teopis 1 nmpakTuka
raciHHS MOKEXK Ta JIKBiJIallii Haa3BUYaiiHUX cutyariin» (M. Yepkacu, 2013 p.);

- MixHapoHii HayKOBO-IPakTU4HIA KoH(pepeHuii «HHOBALIMOHHbBIE
TEXHOJIOTUHU 3aIlUTHI OT YPE3BbIYANHBIX cUTyaluit» (r. Munck, 2013 r.);

- 16 Bceykpaincbkiii koH(pepeHii paTyBainbHuKiB (M. Kuis, 2014 p.);

- VI MixHapoaHiii HayKOBO-IpaKTH4YHIM KoH(epeHuii «Han3BuyaiiHi
cuTyallii: 6e3neka ta 3axuct» (M. Yepkacu, 2014 p.);

- VII MixHapoaHiii HayKOBO-IpaKTH4YHIA KoHpepeHuii «Teopis Ta
MpaKTHUKa TaCiHHS TOXKeX Ta JIKBiJallisl HaA3BUYaWHUX cuTyalii» (M. Uepkacu,
2016 p.);

- VII MixHapoaHiii HayKoBO-NpakTHU4HIM KoH(pepeHuii «Teopis Ta
MpaKTUKa TaciHHS TMOXKEXK Ta JIKBIJAIlA HAI3BUYAMHMX cuTyami» (M. Uepkacw,
2017 p.);

- X BceykpaiHcbka HayKOBO-TpaKTUYHA KOH(EPEHINs 3 MINKHAPOIHOIO
yuacTio «Han3Buuaiini cutyarii: 6e3mneka ta 3axuct» (M. Yepkacu, 2020 p.);

- MixHapoaHiii HayKOBO-TeXHIUHIA KOH(epeHiii «EneproeexkTuBHICTh Ha
tpancnopTi» (M. XapkiB: YkpA V3T, 2020 p.).

Iyo6aikanii. OcHOBHUI 3MICT POOOTH BUKJIAZCHO y 8 HAYKOBHX IpallsiX, 3 HUX:
1 crarTs y MDKHapOAHOMY HAyKOBOMY BHUJAHHI 3 1HZAEKcalli€to Scopus, / craTed y
(daxoBuX BHUIAHHSIX YKpaiHu. Pe3ympTaTil AOCTIDKEHb NPEACTaBICHO Y Te3ax
8 nmonoBiiel Ha MI>KHAPOJIHUX 1 BCEYKPATHChKUX HAYKOBO-TIPAKTUYHHUX KOH(MEPEHIIISX.

Crpykrypa i oocar podoru. [luceprariitHa poO6OTa CKIaTa€ThCS 31 BCTYILY,

S po3ALTiB, BHUCHOBKIB, CIUCKY BUKOPHUCTAHMX JHTEpaTypHUX JDKEpen 3
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117 nalimenyBanb, MicTuTh 170 CTOpPIHOK JApPYKOBaHOTO TEKCTy, 29 Ta0nMIlb,

64 pucyHKkH, 2 TOJTATKH.
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PO3JLT 1
CYUYACHMI1I CTAH HOPMYBAHHSI BOTHECTIMKOCTI
CTAJEBUX BAJIOK TA PO3PAXYHKOBHUX METO/IB ii OIITHKHA

1.1. CrarucTuyHi AaHi momao0 moxke:xk Yy OyniBasix i cmopyaax 3i

CTaJIeBUMH KOHCTPYKIisIMU

3a 1aHUMH aHAIITUYHOTO OTJISIy CTaHY TEXHOTEHHOI Ta MPUPOAHOI Oe3NeKu
B Ykpaini 3a 2018 pik [1], mpotsarom 2009 — 2018 pokiB y kpaiHi 30epiraerbes
TEHJCHIIST IO BUHUKHEHHS TOXKeX (nuB. puc. 1.1). 3a ocTaHHE AeCATHPIYUS
3apeectpoBaHo 730 456 moxex, IO BIJMOBIIAE cepeaHbOMY 3HaueHHIO 73 046
BUMAJKIB 32 pik. Yrpoaosx 10 pokiB Jdr0AChKl BTpaTH csaraymu 28 220 3aru0iux i
16 884 TpaBMOBaHUX, L0 B CEPEIHBOMY JOPIBHIOE MIOPIYHOMY MOKA3HUKY 2822
3aru0imux 1 1688 TpaBMoBaHux mrojed. MarepianbHi 30UTKH Bi IIUX TOXKEK
CTAHOBJIATH OLMBII sIK 12 MinbsApIiB TpUBEHb — Oe3mocepenHi i monamy 50

MITBSIPAIB TPUBEHB — OOIUHi [1].

BE Kinnkicrs noxex [l 3arnnyno aogeii yHacHigok nowes 79585 83116

74221

78608

71443 68879

62207 6079

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Puc. 1.1 [lunamika KiTBKOCTI TIOKEXK Ta 3aruoOeni JIoJed YHACHiJIOK MOXKEX

npotsirom 2009 — 2018 pokis


https://www.dsns.gov.ua/files/prognoz/report/2018/AO_2018.pdf
https://www.dsns.gov.ua/files/prognoz/report/2018/AO_2018.pdf
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JIume 3a 10 micaniB 2019 poxky maTepiaiabHi BTpATH BIiJl MOXKEXK JOCITIN
8 mupa 279 mua 120 THc. rpH. [louynHaroun 3 MOYaTKy pOKY B CEpeIHHLOMY 3a 100y
B YKpaiHi BUHHMKae 215 mokex, 10 MPU3BOAATH 10 3arudeni S5 yroged Ta 10
TpaBMyBaHHS 4 0ci0, 3HUIICHHS BOTHeM a0o momKkomkeHHss 70 OyaiBensb.
[I{oeHHI BUTPATH CTAHOBJIATH 22,7 MJTH TPUBEHB [2].

Ha migcTaBi gaHux 3a MiclieM BUHUKHEHHS IMOXEXK [2], 110 mpeacTaBieHi Ha
puc. 1.2, MoxHa 3poOUTH BUCHOBOK, IO OMu3bko 50 % ycix MOXKEX CTAEThCS B

OYyIIBIISIX 1 ciopyAax.

Ei,:mpnji Iami ob6'exTH, Mo
TE]]I:ITIIZI]][[.'IH TpaucmopT .~ He BBIllmIn B
_mBHlmHl 5.5 % / HEPE-T_“{ Byaie1i Ta
YCTAHOBKH 4.1% l.:nup\',:m
47,3% 1

43,1%

Puc. 1.2 Po3noain moxex 3a 00’€KTaMu iX BUHUKHEHHS, 110 CTaJKCS MPOTITrOM

2019 poky

Cepen OCHOBHHMX MPHUYMH, IO TMPU3BOMASTH JI0 pyHHYBaHHS OyiBeNb i
CHopy/ TMiJ 4Yac TMOXeXi, BapTO Ha3BaTH [II0 BIAKPUTOrO BOTHIO, IO B pasl
HAsBHOCTI BIJIKPUTOTO ToJiyM’st ab00 B yMOBax /ii BHCOKHX TeMIIepaTyp
CIIPUYMHIOE MIBUIKE TporpiBaHHA. [locsraroum kputuunoi Temmepatypu 500 °C
st ctanbHux 1 300 °C 1y1st antoMiHIEBUX CIUIABIB, MPU3BOJIUTH 110 Aedopmarliii Ta
BTPATH HECYUOI 31aTHOCTI KOHCTPYKIIiT 3a 5-20 xBuuH [3].

binpuricts pyiiHyBaHb OyJiBeNb 13 METAJEBUMHU KOHCTPYKLISMU IiJ 4Yac
MOoKeXi BHUHUKAE BHACIIIOK BTpPaTH HECydoi 3JaTHOCTI, 1I€ 3YMOBIICHE
31€01TBIIIOT0 HETOTPUMAHHSIM HOPM BOTHECTIMKOCTI, HE3aJOBUIBHIUM TEXHIYHUM

CTAaHOM KOHCTPYKIIIM YW CHopyAd, MOPYLIEHHSM MPaBUJ TOKEXKHOI Oe3NneKu Ta
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TEXHOJIOTIYHUX TPOLIECiB, HEBUKOHAHHSAM HOPMATHBHO-TIJIAHOBUX BOTHE3aXHCHUX
poOIT (TEepEeBUIICHHS TapaHTOBAaHMX TEPMIHIB EKCIUTyaTalli KOHCTPYKIN Yu
BOTHE3aXHCHUX CHCTeM). 3a3HaueHi MOPYIICHHS 3HWXKYIOTh pPiBeHb Oe3reku
eKcIuTyartarii OyiBenb 1 CIOpYJ Ta CTBOPIOIOTH HEOE3MEKy s JIFOJEH, IO

nepeOyBaroTh y HUX.

1.2. HopmyBaHHSI BOTHECTIMKOCTI CTaJIeBUX 0QJI0K

VY pa3l BUHUKHEHHS TIOXKEXKI BEJIMKE 3HAYCHHS MJisi O€3MeKH JoJIel, SKi
nepeOyBalOTh y OYIIBII Ta MPOBOAATH, POOOTH 3 JIKBifaIlii, Mae CTyMiHb
BOTHECTIMKOCTI HECYYHMX KOHCTPYKIii. OcCOOMMBO 1€ BaXJIUBO [JIsi HECY4HMX
METaJeBUX KOHCTPYKIIM, sIKI MarOTh BHCOKY TEIUIOMPOBITHICTh Ta ISl SIKHX
KPUTHUYHOIO TEMIEPaTypor0 HACTaHHS TPAHWUYHOTO CTaHy 3 BTpaTH HECydoi
3IATHOCTI, 13 TOJJAJIBIINM PYHHYBaHHsM yBaxaroTh 400-620 °C [4].

Hecyua 3p1aTHICTP KOHCTPYKLIM — BaXJIMBUM IOKa3HUK, 110 3a0e3neuye
MILHICTh 1 CTIMKICTh KOHCTPYKIIM OyZiBenbHUX OO’€KTIB, IXHIO 3JaTHICTh
BUTPUMYBATH TIOCTIMHI Ta THUMYAacOBl HaBaHTAXCHHsS, HE BTpPavyalOYM CBOEI
npate3gatHocTi. OcoOauMBOCTI 3a0€3MEeUYeHHsT HEeCy4yol 3aTHOCTI METaJIEBHX
KOHCTPYKIIN MOTPIOHO OpaTH 1O yBaru sik Ha CTajli MPOEKTYBaHHs, TaK 1 IMiJl 4ac
ekcrutyarariii [5].

CooromHi B YkpaiHi YMHHUMU € 4 OCHOBHI HOPMATHBHI JOKYMEHTH,
BIJIMOBIJTHO /IO SKUX MPOBOASATH PO3PAXyHKH BOTHECTIMKOCTI HECYUYHX METaJIEBUX
koHcTpykii: JIBH B.1.1-7-2016 «Iloxexna Oesneka 00’€KTiB OymiBHUIITBA.
3aranpHi BuMorn» [3], ACTY—-H EN 1993-1-2: 2010 «E€Bpoxoa 3: [IpoekTyBaHHs
CTaIeBUX KOHCTPYyKIiA — Yactuna 1-2: 3aranpHi mpaBmwina — Po3paxyHok Ha
Boruectikicte» [6], ACTY b B.1.1-4-98* «3axuct Big mnoxexi. byniBenabH1
KOHCTpYKIIii. MeTtoau BunpoOyBaHHs Ha BorHectivkicte» [7], ACTY b B.1.1-17-
2007 «3axuct Bix moxkexi. BorHezaxucHe MOKpUTTS Jisl OydiBENIbHUX HECYUHX
MeTajJeBUX KOHCTPYKLIiM. MeTon BHU3HaueHHs BOTrHe3axucHOi 3aatHocTi (ENV

13381-4:2002, NEQ)» [8]. 3rigHo 3 HOpMAaTHBHHMH JOKymeHTamu [3, 6-8],
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periaMeHTOBAaHO YMOBH E€KCIIEPUMEHTAIbHUX BUIPOOYBaHb, KOJIM BHU3HAYAIOTH
MEXY BOTHECTIHKOCTI METaJeBUX KOHCTPYKLIA, a caMe: TIOKa3HUKHU
TEMIIEPATYPHOTO PEXUMY, METOIAMKH TPOBEACHHS BUIPOOYBaHb W OOpaxyHKIB.
Bigmosigao g0 ACTY-H B EN 1993-1-2:2010 [6], mist BU3HAYCHHS KPUTHYIHOI
TEMIIEpaTypyu BTpPATH HECY4Oi 3aTHOCTI MPOMOHYIOTh MU(EPECHINATBHANA TTiIX1.
3HaueHHsS TEMIEpaTypu 3aJieKUTh BiJ HABAHTAXKEHOCTI KOHCTPYKIII W MOXe
CTAaHOBUTH SIK U1 HEHaBaHTaxeHoi (camonecyuoi) 650 °C, tak i 400 °C — mns
nepeBanTaxeHoi. CepeHe 3HaYEHHS JIJI1 HOPMOBAHO HABAaHTAXEHOI KOHCTPYKIIIT

cranoButh 500-550 °C [6].

Tabmurt 1.1 — KoHCTpyKTHBHI XapakTEpUCTUKH OY/IIBEIIb 3aJIEXKHO Bl CTYTICHS

BOTHECTIKOCTI
Crynizb
BOTHECTIH- KoHCTpyKTHBHI XapaKTepUCTUKH
KOCTI

ByniBni 3 HeCydrnMH i 3aXUIIIEHUMH KOHCTPYKITISIMU 3 HATYypaTbHUX a00

L1II 31 IITydHMX KaM'SHHX MarepiamB, OETOHy, 3ali300eToHy, 13
BUKOPHCTAHHSIM JIUCTOBHX 1 IJTUTKOBUX HETOPIOYMX MaTepIaliB.

I ByniBini 3 HeCydrMH i 3aXUILIEHUMU KOHCTPYKIIISIMU 3 HaTypaTbHUX a00
31 IITYYHUX KaM’IHUX MatepiajiB, OETOHY, 3a11300€TOHY.

Ila ByniBii nepeBakHO 3 KapKacHOK0 KOHCTPYKTHBHOIO cxeMoro. EnemeHTn
KapKaca — 13 METaJIEBUX 3aXUIEHUX KOHCTPYKIIIHA.
Bynini mepeBaKHO OHOIMOBEPXOBI 3 KAPKACHOK KOHCTPYKTUBHOIO

1116 cxeMmoro. EnemenTH Kapkaca — 3 IEpeBUHH, 1110 3a3HaJIa BOTHE3aXHCHOTO
00pOOJICHHSI.
ByniBmi 3 HeCyduMH W 3aXMITICHUMH KOHCTPYKITISIMA 3 JIEPEBUHHU 200 3

vV HIIMX TOPIOYMX MarepiajiiB, 3aXMIICHUX BIJ Jii BOTHIO Ta BHCOKUX
TeMIepaTyp IITYKaTypKOIO UM IHIIMMH JIMCTOBHMH, TUTUTKOBHMH
MaTtepiaJamH.

IVa Bynini mepeBaKHO OIHOIMOBEPXOBI 3 KApKACHOIO KOHCTPYKTHBHOIO
cxeMoro. EnemeHTH kapkaca — i3 MeTaJieBiX He3aXHITICHUX KOHCTPYKIIIH.

vV ByniBii 3 Hecydmx 1 3aXMIIEHUX KOHCTPYKINH, A0 SKUX HEMAae BUMOT
I110JI0 MEX BOTHECTINKOCTI.

OauH 3 OCHOBHMX KEpIBHUX JOKYMEHTIB, IO PErjJaMEHTYIOTh 3arajibHi
BUMOTHY TOKEXKHOI 0Oe3Meku 10 OyIUHKIB 1 CIOpyA OyIb-SKOro MpU3HAYEHHS, —

JBH B.1.1-7-2016 «IloxexHa O6e3neka 00’€kTiB OyAiBHUIITBA. 3arajibHi BUMOTH
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[3]. 3amexkHo Big KOHCTPYKTHBHHX XapakKTepuCTHK (Ta0i. 1.1), BH3HAYAIOTH
HEOOX1IHUN CTYMiHb BOTHECTIMKOCTI Oy[iBIi, KOHCTPYKTHBHI €JIEMEHTH SKHX

MOBUHHI BIITOBIZATH KJIacy BOTHECTIMKOCTI Ta MeXI1 MOIIMPeHHIO BOTHIO (M) 3a

taoi. 1 [1].

Tabnuus 1.2 — CtyniHb BOTHECTIMKOCTI OYJIMHKY Ta KJIACH BOIHECTIMKOCTI

OyAiBeIbHUX KOHCTPYKITIH

MiHiMasbHI 3HaUSHHS KJIaCiB BOTHECTIHKOCTI OyIiBeIbHIX KOHCTPYKIIH (y XBIJIMHAX) I MAaKCHMaJIbHI 3HAYEHHS TPy
MOIIMPEHHS BOTHIO 110 HHUX
Crinmt CXOI0Bi CIIEMEHTHU CYMIIIICHUX
Crymisb IUIOLIAKH, | TIEPEKPHTTS TOKPUTTIB
BOTHE- KOCOYpH, |MIKIIOBEPXOBI
cTiKOCTI . BHYTPILITHI cxo1u, (30kpema 6
OyIMHKIB Hecyd Ta camMo- | 30BHIIIHI | HeHecydi KoJonH Oanku, TOPHIIHI Ta TLIIHTH, ank, depu,
CXONOBHX Hecydi | HeHecydi | (mepero- Mapiii Haj migpama- | oc T, apKi,
KIIITOK HPOTOHH pamu
poaKn) CXOJIOBUX MH)
KITITOK
1 2 3 4 5 6 7 8 9 10
I REI 150 |REI 75 E30 |EI30MO| R150 | R60MO| REIGO RE30 | R30 MO
MO MO MO MO MO MO
IT |REI120 |REI60| E15 |EI15MO0| R120 |R60MO | REI45 RE15 | R30 MO
MO MO MO MO MO MO
Il | REI 120 | REI 60 |E15, MO|EI15M1| R 120 | R60 MO | REI 45 ,
MO MO |E30, M1 MO M1 Henopmosani
IIIa | REI60 | REI30 |[EI5M1|EI15M1| R15 R60MO| REI15 RE15 | R15M0
MO MO MO MO M1
6 | REIG0 | REI30 [EL5 MO|EI1T5ML1| R60 |R45MO| REI45 |RE 15, M0 R 45 M1
M1 M1 |E30, M1 M1 M1 RE 30, M1
1A% REI30 | REI'15 [EI5M1|EI15M1| R30 R15M1| REI15 HenopmoBani
M1 M1 M1 M1
IVa | REI30 | REI15 E1I5M2 [EI15M1| R15 R15M0| REI15 RE15 | R15M0
M1 M1 MO MO M2
V Henopmosani

Jlo MeTtaneBuUX KOHCTPYKIIH, IO 3aCTOCOBYIOTh Y BHIJISAlI Oalok,
BHCYBAIOTh HU3KY BHUMOTI CTOCOBHO 30€peXEHHS OJHOTO 3 TPAHMYHUX CTaHIB —
Hecydoi 31aTtHOCTI (R), siky moTpiOHO OpaTH 10 yBaru BXKe Ha CTaJlii MPOEKTyBaHHS
Ta 3a0e3nmeynTH 1i BUKOHAHHS MPOTATOM TMEBHMX MPOMDKKIB dacy Bim 0 10
150 xBuAMH B yMOBax MOXkexXi. BakIMBUN MOKAa3HUK AJiS BU3HAUEHHS CTYIICHS
BOTHECTIMKOCTI 32 OyniBEIbHUMHU KOHCTPYKI[ISIMA — MOKA3HUK TPYNU MOIIKUPEHHS
BOTHIO, 1110 3a [1] moainstors Ha Tpu rpynu MO, M1, M2. Ile BianoBimae BijacraHi
MOIIMPEHHSI BOTHIO TMOBEPXHEIO OY/IBENIbHOI KOHCTPYKLII Ta BHUMIpIOBaHe 3a

TOPU30HTAILHOTO ¥ BEPTUKAIBHOTO po3MimieHHs. /s nokaznuka MO nommpeHHs
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noiaym’ss s 000X HampsMKiB cTtaHoBuTh O M, a it M1 11 HOKa3HUKH 3a
BEPTHKAJIbHUM HampsMKOM He TOBHMHHI mnepeBumyBatu 0,4 M Ta 3a
TOPU30HTAJIBHUM po3MillleHHsIM — A0 0,25 M, y Bunaaxky M2 naHi nepeBHILYIOTh
rpaHWYHI 3Ha4YeHHs, 3aikcoBani 1y M1.

3a rpymoro MOMIMPEHHS] BOTHIO METajieBl (CTajeBl) KOHCTPYKINI HajaeXaTh
JI0 HETOPIOYMX MarepiajiiB 13 MeXero MmomupeHHs BorHio MO, oJHaK CKJIaJHICTb
BUKOPHUCTAHHA TaKUX KOHCTPYKIIN MOJIATa€ B OCHOBHOMY HEAONIKY METaly —
BHUCOKIM TEIIONPOBIAHOCTI, 110 MPHU3BOJUTH 0 BTPATU HECYUYOi CIIPOMOKHOCTI
CTaJIEBOI KOHCTPYKIIIT BXKe MPOTATroM 5-20 XBUIIMH BHCOKOI TETUIOBOI JIii B yMOBax
MOXKEXKI.

HopmaTuBH1 JOKYMEHTH, IO BUKOPHCTOBYIOTH IIiJi 4Yac MPOEKTYBaHHS
CTaJIEBUX OYJIBEJIbHUX KOHCTPYKII Ta 3 Orjsiay Ha MOJITUKY KpaiHU CTOCOBHO
YBIJAIOBITHEHHSI BUMOT HOPMAaTUBHUX JJOKYMEHTIB Y Oaratbox rainyssx 13 €JMHUMU
eBporneiickkumu  ctanaapramu, — JACTY-H b EN 1993-1-2:2010 «EBpoxkos 3.
[IpoekTyBaHHsl cTalieBUX KOHCTpyKWii. Yactuna 1-2. 3aranbHl MOJOKEHHS.
Po3paxyHok KOHCTpyKIlii Ha BorHectidkicTh» (EN 1993-1-2:2005, IDT) [6] Ta
JICTY-H Bb.B.2.6-211:2016 «IIpoekTyBaHHs CTalieBUX KOHCTPYKIii. Po3paxyHok
KOHCTPYKIIIH Ha BOTHECTIMKICTB» [5]. 3a3HayeHI JOKYMEHTH pPErjIaMEeHTYIOTh
OCHOBHI i1 MOXEX1 Ha CTajeBl KOHCTPYKIIii, 3yMOBIIOIOTh 3arajibHi MOJIOKEHHS
PO3paxyHKy KOHCTPYKIIM Ha BOTHECTIHKICTh, OMHMCYIOTh MPOEKTHI CIeHapii
MOXKEX1 13 3a3HAYCHHSIM TEMIEPATYpHUX PEXKUMIB, PETYIIOITh TOPSIOK
TEIJIOTEXHIYHOTO PO3PaXyHKY W METOIH MEPEBIPKHU.

Cdeporo 3actocyBanns [6] € mpoeKkTyBaHHS CTAIEBUX KOHCTPYKIIiH 32 yMOB
BUHUKHEHHS TIOXKEXI1, 3 ypaxyBaHHSAM BIIMIHHOCTEH YW IOMOBHEHB MPOCKTYBAHHS
3a HOpMaJbHUX Temmeparyp. Lle momuproeTbest s METalleBUX KOHCTPYKINH i3
MaCUBHUM BOTHE3aXHUCTOM, IO MOBHUHHI 30epiratd Hecydy 3JaTHICTh MPOTITOM
BHU3HAUEHOTO0 YacOBOTO MPOMDKKY IIiJ BIUIMBOM BOTHIO Ta 3amoOiraTu ix
nepeyacHOMy pPYHHYBaHHIO. Y XOJlI TMPOEKTYBaHHS BHUMOTH BOTHECTIMKOCTI

OyayTh JOTPHMaHI B pa3i 33JOBOJICHHS TaKKMX YMOB [6]:
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* mapameTp 4yacy tfid = tirequ ; (1.1)
* IIapaMeTp MII[HOCTI Rfidt = Erigt; (1.2)
* MapamMeTp TeMIIepaTypu 04 < Ocra, (1.3)

ne t f ¢ — po3paxyHKOBa MeXa BOTHECTIMKOCTI;

t fi,requ — HOpMATHBHA MEKa BOTHECTINKOCTI;

Rfidt — po3paxyHKOBa Hecyua 37aTHICTb €JIEMEHTa B X0/ MOKEK1 B MOMEHT
qacy t;

Efidt— po3paxyHKOBUIN Pe3yNbTaT BIUIMBY B MPOIIEC] MOKEKI B MOMEHT 4acy

04 — po3paxyHKOBa TeMIiepaTypa MaTepiaiy;

Ocr d — PO3paxyHKOBa KPUTHUYHA TEMIIEpaTypa MaTepiany [6].

3a0e3nedeHAs 3a3HAYCHUX YMOB — OCHOBHHUW TPUHITUI PO3PaXyHKY
KOHCTPYKIIIH Ha BOTHECTIWKICTh, IO Mependayac BUKOHAHHS QJITOPUTMY: BHOIp
MO>KJIMBHX MPOCKTHUX CIICHAPIiB MOKEK1, BUBHAYCHHS TEMIIEPATypPHUX PEKHUMIB,
pPO3paxXyHOK TIJABUINEHHS TEMIIEpAaTypu B KOHCTPYKIISX (TEIUIOTEXHIYHUN
PO3PaxyHOK), PO3PAaXyHOK MEXaHIYHUX XapaKTEPUCTUK KOHCTPYKTHBHOI CHCTEMH
B YMOBaX MOXEXi (CTaTUYHUH po3paxyHoK) [1-2, 9].

Busnauyatoun BOTHECTIMKICTh OY/iBII, 0 yBaru OepyTh TPyMy TOPIOUOCTI i
MEX1 BOTHECTIMKOCTI OCHOBHHMX 1ii OYJIBEJIbHUX KOHCTPYKUIA. Po3paxyHoK
BOTHECTIMKOCTI CTaJIeBUX KOHCTPYKIIA MOXYTh IPOBOJUTH 3a CIPOIIECHOIO
PO3pPaxXyHKOBOIO MOJCUII0 ab0 K 3a PO3BUHYTOIO, JUIS JCSKUX BHITQJIKIB

nepeadadeHo 3aCTOCYBaHH MeToay BUpoOyBanHs [10].

1.3. Oco0mBOCTI MOBEAIHKH CTAJEeBUX 0AJTI0K B YMOBAX MOMKEXKi

Bumoru OyaiBelbHHX HOPM [0 TMPOEKTYBAHHS HECYYMX METaJIEeBUX
KOHCTPYKIIM periiaMeHTye K B YKpaiHi, Tak 1 B KpaiHax €Bponu HOpMATUBHUUI
nokyment — JICTY-H b EN 1993-1-2:2010 [6]. Bignosiguo 1o [6], Bu3HauCHHS

BOTHECTIMKOCTI HECYYUX METaJeBUX KOHCTPYKIIA 3aJekKUTh BiJ 3aXHUIIEHOCTI
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KOHCTPYKIIi, 110 MOXYTh OyTHM HE3aXUIICHUMH, 130JbOBAHUMH BOTHE3aXHMCHUM
MaTepiajJoM, 3aXUIICHUMU TEIUIOBUMHU €KpaHamH. 3 OISy HAa HAasBHICTb 1 BHUJ
3aXUCTy, JUIsi BHU3HAYEHHS BOTHECTIMKOCTI 3aCTOCOBYIOTb HHU3KY METOJIB!
COpPOIIEHY  PO3PaxyHKOBY  MOJENIb, YTOYHEHY pO3paxyHKOBY  MOJIEb,
BUIIPOOYBaHHS.

VY pa3i BUKOpPUCTAHHS CIPOLIECHOI PO3PAXyHKOBOI MOENI JJii METAJICBUX
KOHCTPYKIIiH, IO TPAITIOI0Th HA PO3TAT, CTHUCK, ITi 9ac 3TUHY, HAa CTUCK 31 3THHOM,
PO3paxyHKOBY HECY4Yy 3JIaTHICTh KOHCTPYKIIi 3 HEpPIBHOMIPHO PO3MOI1JIECHOIO
TEMIEPATYPOI0 IO IIUPUHI MOMEPEHYHOIo IMepepidy MPUIMaOTh CHPOLICHO, 5K
KOHCTPYKII}0O 3 PIBHOMIPHUM PO3MOJLJIOM TEeMIEpaTypd, W10 JIOPIBHIOE
MaKCUMaJIbHIN TeMIepaTypi CTajli B MOMEHT 4acy B Ipolieci moxexi. BaxxanBum
YUHHUKOM Y XOJI PO3PaxyHKY 3a CIPOIICHOI0 PO3PaXxyHKOBOIO MOJIEIIIIO € BUJ
3aXUCTY, 1110 BIUIMBAE HA 3HAYCHHS MPUPOCTY TEMIIEPATYPH, SKE BIAPIZHAECTHCS AJIs
HE3axXMILEHUX HECyuyuX MeETaJeBUX KOHCTPYKLINA BiJ 3aXULIEHUX CHOCOOOM
130JISIIMHMX BOTHE3aXHCHUX MaTepiayliB 1 TEIUIOBUX EKpaHiB. Y CIPOIIEHIH
PO3paxXyHKOBIM MOJEINI MOKAa3HUKA MaKCHUMaJIbHOI TEMIlepaTypu 3aBHILCHI, TOMY
3a0€3Meuy0Th CTBOPEHHS 3amacy HeCy4oi 3JaTHOCTI Oy/IiBEIbHUX KOHCTPYKIIH B
YMOBaX MOXKEXKI.

BukopucranHs ~ yTOYHEHHMX  pPO3paxyHKOBHUX  METOAIB  Tmependadae
BpaxyBaHHS PeajiCTUYHUX YMOB MiJ Yac po3paxyHKY KOHCTPYKIIH, 1110 3a3HAOTh
BOTHEBOTO BIUIMBY. OCOOJIMBICTIO TaKOi MOJIETl € MOXJIMBICTD 11 3aCTOCYBaHHS 3a
OyIb-SIKOTO PEKUMY HArpiBaHHs B pasl, SIKIIO BiJIOMI BJIACTHBOCTI MaTepiaiiB JIJist
TeMIIepaTypHOi cTajaii. MeToaurKa Takoi MOJIENl MPOTHO3YE PO3PaXyHOK PO3BUTKY
Ta TOLIUPEHHS TEMIEPATypu B KOHCTPYKLISIX (MOJENb TEMIEpaTypHOI peakiiii),
MexaHI4HOi poOoTtu OyaiBial abo Oyab-sKOi 1 4YacTUHU (MOZENb MeEXaHIYHOi

peaxiiii), mo peraamenToBane [6, 11].

1.3.1. TemneparypHni pexumm moxesxi. [pyruii eram mig po3paxyHKy
BOTHECTIMKOCTI KOHCTPYKIIi TIiCas BHOOPY NPOEKTHOTO CIIEHAPII0 TOXKEXKl —

BU3HAYECHHS TEMIIEPATYpHOTO PEXUMY TMOXKEXKI, 110 3yMOBIIIOE TeMIEpaTypHO-
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YacoOBY 3alIeXKHICTb PO3BUTKY mHoxkexi. Cepen TemnepaTypHUX peXHUMIB
PO3PI3HAIOT, HOMIHAIBHI M mapaMeTpuuHi. [[i1s HOMIHANBPHUX TeMIepaTypHHUX
PSKUMIB XapaKTEPHUH YCTaICHUH PEKUM PO3BUTKY moxexi. 3rimHo 3 [11], mo
HOMIHAJIBHUX PEKHUMIB HaJIeXKaTh:

- CTaHJApPTHUU TEMIIEPATYPHUU PEKUM;

- TeMIlepaTypHHUI PEXUM 30BHIIIHBOI MOXKEKI;

- TeMIepaTypHHUI peXUM BYTJIEBOJAHEBOI MOXKEXKI.

TemnepaTypHuil peXuM MOXKEXKl SBIIE COOOI TEMIIEpaTypHO-YacOBY
3aJIeKHICTh PO3BUTKY MOXKEX1 (3 ypaXxyBaHHSIM YMOB OOMEXEHHS MpPOCTOPY Ta
THUITY IPOTUIIOKEKHOTO BIJICIKY).

Y Xxoml po3risay  CLEHapiiB  YyMOBHOI  IMOXEXI BHUKOPUCTOBYIOTH
CTaHJAPTHUN TEMIEPATYPHUIN peXUM y TemneparypHux mexax Big 20 mo 700 °C,
BUTIPOOYBaHHSI B TAKOMY pexuMi MOKyTh TpuBatu 10 1200 °C 3rigHo 3 [7, 8]. 3a

OUX YMOB TCMIICPATYPHO-4aCOBY 3aJIC)KHICTh BU3HAYAIOTh 3a BHPA30M:

T =23451g(8 t+1) + 20, (1.4)
ne T — Temneparypa rasy B noxexxHomy Biaciti, °C;

t — YacoBMW TOKa3HUK TPUBAJIOCTI TEIUIOBOTO BIUIMBY BiJI TOYATKY

BUNIPOOYBaHHSI, XB.

I'padix cTangapTHOTO TEMIEPATYPHOTO PEKUMY BITOOpPAKEHUIN Yy BUIIISIIIL

KpUBOI TemIiepatypa-dac Ha puc. 1.3.

© 1200
o ' ' '
[= %
a 1m - ’—‘(’—J'_’-d.
m
oy _’,../ CTaHgapTH Kpusa
E 800
- /
600 - ‘
400
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Puc. 1.3 T'padik TtemmepaTypa-4yac CTaHIAPTHOTO TEMIIEPATYPHOTO PEXKUMY

(BITHOIIIEHHS 3POCTAHHS TEMIIEPATYPH J0 Yacy)
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Po3rnan temnepaTypHOro pexumy 30BHIIIHBOI MOYKEXK] 3aCBIAYYE€ MEHIIY
IHTEHCUBHICTh TEIJIOBOTO BIUIMBY, MOPIBHSHO 31 CTAaHAAPTHUM TEMIEPATypPHUM
pexxuMoM. Takuil TeMIeparypHUld pPeKUM MOXIMBAM Yy pa3l BU3HAYCHHS
BOTHECTIMKOCTI OyZiBEIbHHUX €JIEMEHTIB, eKCIUTyaTallisl sIKuX mnepeadayeHa 330BHI
OyaiBenb. Y 1OMY BHMAAKy KpHBY TeMIepaTypa-dyac 30BHIIIHBOT TOXKEXKI

OIINCYIOTH 3aJIC)KHICTIO:

T=660[1-0,687e-0,32t - 0,313 e-3,8t ] + 20, (1.5)

ne T — TemmniepaTypa cepeioBuUIla MOKexkK1 0111 OyAiBeabHOTO enemenTa, °C.

[le oauH TeMIiepaTypHHH PEXUM — PEKUAM BYTJIEBOJHEBOI MOXKEXKI, IO
BUPI3HIETHCS HAWBUIIMM TEIUIOBUM HAPOCTAHHSIM 1 CTOCYETHCS MPOCKTYyBaHHS
00’€KTIB, TMOB’SA3aHMX 31 30€piraHHsAM, TPAHCIOPTYBAHHSIM, MEpPEPOOIECHHIAM
HaTO-Ta30BUX Ta XiMiyHMX peuoBuH [4, 6]. KpuBa Ttemmeparypu-yacy
BYTJIEBOJIHOT MOXKEX1 OIMCAaHa BUPA30OM:

T=1080 [1 - 0,325 exp (- 0,167 t) - 0,675 exp (-2,5 t)] + 20. (1.6)

I'padix TemmepaTypHOTro pexuMy BYTIECBOAHEBOI MOXKEXKI BIIOOpPaXKEHHUM Y

BUTJISIAL KPUBOI TeMIeparypa-uac Ha puc. 1.4.
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Puc. 1.4. I'padix TemnepaTypa-dyac peKuMy BYTJICBOJIHEBOI MOXKEXK1 (BITHOIIICHHS

3pOCTaHHs TEMIIEPATYPH 10 Yacy)
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Ha puc. 1.5 npezacraBieHo BCl TpU KpHUBI 3aJ€KHOCTEH TeMIiepaTypa-dac

OCHOBHHX HOMIHAJIFHUX TeMIieparypHux pexumis [10, 12].

1400 >
1200 /
< 1000
E", 1
8007
e
S 600 \
E 3
=
2 400
200
0
0 30 60 20 120 150
Yac, xB

Puc. 1.5 TI'padix KpuBUX Temmeparypa-uac HOMIHAJIBHHUX TEMIIEPATypPHHUX
pexuMIB: 1 — KpHUBa CTaHAAPTHOI MOXKEXI1; 2 — KpUBa BYIJIEBOJHEBOT MOXKEXI; 3 —

KpHYBa 30BHIIIHBOI MOKEXKI1

[TapameTpuuHi peXUMH TOXKEX — II€ II€ OJHA Tpyma TeMIepaTypHUX
pPEXUMIB, IO HAJEXKATh JO MPHUHIUIIB PO3IIISINY CIEHAPIIB PEATbHUX MOXKEK.
[lapameTpuuHi  TeMIepaTypHI PpPEXUMHU BIIPIZHSIOTHCS  BiJ HOMIHAJIbHHUX
ypaxyBaHHSM HHU3KMA TapaMmeTpiB, MO0 BIUIMBAIOTh HAa pe3yibTaTH BU3HAYEHHS
BorHectiiikocti. Cepen Takux mapameTpiB: (i3udHI HapaMeTpu MPUMIIICHHS
(MOXeXHOro BIACIKY), TEMIIEpaTypa HABKOJMIIHBOIO Ta30BOTO CEPENOBUINA, Yac
PO3BUTKY TOXEXK1, MOKEKHE HABAHTAKEHHS (THUI, KUJIBKICTh MarepiaiiB 1 IXHS
HIBUKICTh TOPIHHSA).

Po3pi3HstoTh  mapaMeTpUYHI  TeMIEpaTypHI  pPEXUMH 00 €MHUX 1
JIOKATI30BaHUX TIOKEXK, IO BIAPI3HAIOTHCA 3a PIBHOMIPHICTIO PO3MOILTY
TeMIepaTypy 3aJIeKHO BiJ Yacy (g 00’€MHUX — PIBHOMIPHUMN; JUIs IOKAJIBHUX —
HEPIBHOMIPHUH).

[lepmmii 13 BUIIB MapaMeTPUYHUX PEKUMIB — 00’ €MHHUI, 3aCTOCOBYIOTH IS

MIOYKEKHUX BiICIKIB 13 MaKCHUMAIBHOIO 1romiero 10 500 m? i Bucororo 1o 4 m. Ilix
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4yac pO3paxyHKy LbOIO PEXUMY OOOB’S3KOBUM € NPUHUHATTS YMOBHM NpPO IOBHE
BUTOPaHHS MOXKEKHOTO HaBaHTAKEHHS.

TemnoBuil  pexuM  JIOKaNi30BaHMX  IOXKEX Ha  MPaKTULl  PIJIKO
3aCTOCOBYBaHUH, ogHak jormycTumui [11]. OCHOBHI HOTO mapamMeTpu — JOBKHHA
NoJIyM sl i BUCOTA MPUMIIICHHS, BIAMOBIAHO J0 SKUX PO3MIIAIAI0Th JBA BaplaHTU

PO3BHUTKY JIOKATI30BaHOT MOKexi (auB. puc. 1.6).
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Puc. 1.6 BapianTtu po3BUTKY JIOKaJ130BaHUX MOXKEXK

Mopeni J0Kadi30BaHUX TMOXKEXK 13 3aJaHMMU [apaMeTpamMu HalvacTile
3aCTOCOBYIOTh TIIJI 4Yac PO3pPaxyHKy TEIUIOBUX BIUIMBIB HAa TOPU30HTAJIbHI

CJIEMEHTH CTaJIeBUX KOHCTPYKIIN y XOJ1 pO3paxyHKY iXHbOI BOTHECTIMKOCTI [0,

11].

1.3.2. TemnepaTypHO-CWJIOBHH BiIKJIUK Yy CTajJeBUX 0aJIOK 32 YMOB
TEeNJI0BOr0 BILVIMBY mnoxexi. I1ig yac 3arambHOTO po3paxyHKYy KOHCTPYKTHBHOI
CUCTEMHU 31 CTaJeBUX KOHCTPYKIII B yMOBax TMOXEXI BapTo OpaTu 10 yBaru
XapakTepHi BUAM pPYWHYBAaHHsS, 3MIHY BJIACTHMBOCTEM Marepiaay B pasi [ii
HiIBUIICHUX TEMIIEPATyp, 3MIHH )KOPCTKOCTI, MOSIBH Jeopmailiii (pO3IIUPEHB).

[IpoekTyrour BOTHECTIMKICTh CTAJIEBUX KOHCTPYKIIIM, 3Ba)KalOTh Ha 3armac
HECy4oi 3/aTHOCTiI 32 YMOB CHJIOBHUX 1 BHCOKOTEMIIEpAaTypHUX HaBaHTaXEHb. 3a
BHUCOKOI TEIUIOBOI Jii Ha CTajeBy KOHCTPYKIIIO BIIOYBAa€ThCS MEPEPO3NOALT

BHYTPIIIHIX 3YCHJIb, 1110 TPU3BOAUTH 10 3MiH IMapaMeTPiB MILIHOCTI i aedopmariiil.
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BaxxnuBi TMOKa3HUKK  TIJABUINCHHS TEeMIEpaTypyd JUIsl  MIIHOCTI |
nedopMarlitHuX BJIACTUBOCTEH, IO € OJHUMHU 3 OCHOBHUX BJIACTUBOCTEH HECYYOi
3IaTHOCTI KOHCTPYKIIli, — 3Ha4eHHs KOE(QIII€HTIB: PO3PaxXyHKOBOI TIpaHUIII
TEKY4OCTi, TPaHMIIl MPOMOPLIMHOCTI Ta HAXWITy JIHIHHOI MPY>KHOI AUISHKH CTai.
Ha puc. 1.7 [5, 11] npencraBieHo Tpadik 3aJeKHOCTI 3HWKECHHS JI0 TPAaHWIHHX
3Ha4YCeHb KOE(IIIEHTIB, BiJl SAKUX 3QJICKUTh HECydya 37IaTHICTh KOHCTPYKIIi B pasi

1 IBUIIIEHHS TEMITEpaTypH.

Koe(II1eHT 3HIKeHHA

ks 1 -
Po3paxyHKOBa IPaHHII
0.8 - TeKYy4OCT1
' kya =Fyo /Sy
0.6 1 \
\I\\
\ \
0.4 1 . | N
paHuIIs \ ‘\ Haxun mHifiHOT Ipy:KHOL
0.2 - IIPONOPHIHHOCTI ' \ TiTTHKH
kye=rhe Sy _ keg=Eag/ Ea
—
0 T T T T — _:T:-::h 1
0 200 400 600 800 1000 1200

Tewmmeparypa. [°C]

Puc. 1.7 3anexHIiCTh 3HMKEHHS KOe(ILIEHTIB HaIpy>KeHHs-Iedopmaii B pasi
MIIBUIIEHHS Temrneparypu: 1 — Koe(dillieHT 3HIKEHHSI TPAaHMIIl TEKy4ocCTi; 2 —
KOE(DILIEHT 3HWKEHHS TPaHULI MPOMOPLIMHOCTI; 3 — KOe(DIIEHT 3HUKEHHS

MOJYJIS IPYKHOCTI.

1.3.3. MeToau miABUIIEHHA BOTHECTIHKOCTI CcTajleBUX OAaJIOK.
BpaznuBicTh MeTaneBUX KOHCTPYKIIIA A0 MAii MiJBUIIIEHOT TEMIIEPATyPU 3YMOBITIOE
HeOe3neky misi Bciel OymiBii, ToMy 1edl (akT apryMeHTye HeOOXIiTHICTh
CHeLIJIbHUX MIIXOMIB /10 OI[IHIOBAHHS MOXKEKHO-TEXHIYHUX XapaKTEPUCTHK, 1110
3yYMOBJICHE IIBUJIKHUM TPOTPIBAHHAM 1 JOCSTHEHHSIM KPUTHYHOI TEMIIEpAaTypu B
500 °C gns crampHux 1 300 °C st amtoMiHIEBHX CIUIAaBiB, BTPATO HECYUOi

3IaTHOCTI KOHCTPYKIIii Bxke 3a 5-20 xBwimH, 1m0 3a [3] BianoBimae R 15. Takuii
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MOKAa3HUK HEJOCTATHINW JJIs TPOBEJEHHS €BaKyallil JroJed IMiJ 4Jac IMOXKexXl Ta
IPOBEJCHHS POOIT OMEPaTUBHO-PATYBAIBHUMHU MIJIPO3JALIAMHU 3 JIKBiJAIli, IO
perynboBane JlupektuBoro Ne 89/106/€EC [14]. lle moBoauTh HEOOXIJIHICTH
3aCTOCYyBaHHS OyMIBEIBHUX MaTepiajiB, IO BIiAMOBIIAIOTh BUMOTaM IOXKEKHOT
Oe3leK Ta MaroTh HOPMOBaHI TMOKAa3HUKHA MeEXi BOTHecTiikocTi Tabmn. 1.2 [1],
JOCATHEHHS KX MOXJIMBE B pa3i BUKOPUCTAHHS CHEIIaIbHUX BOTHE3aXHUCHUX
3aco0iB. OctaHHi HaOyJIM IIMPOKOTO  3aCTOCYBAaHHS, I1XHI  PI3HOBHUIU

kiaacudikoBani Ha puc. 1.8 [18].

Criocotu

BOTHE3aXHTY
KOHCTPYKILIII
I
[ | ]
Ternoni exp aHH KoHCTpYKTHBHI NiMiTHI
]
[ ] |
—  KoHrakTHi OGeTOHYBAHHA OOGxmananna OGImTyKaTypro- BoOTHe3aXHCHi
LETTTIOR BAHHT HMOKPHTTA, $apGH
) L OGmHIroBaHHA
—  MemOpaHH1 IUTHTHHMH
MaTepiaTaMH

Puc. 1.8 Knacudixkariis crmoco6iB BOTHE3aXHUCTY

binbuiicte cnoco0iB 3aCTOCOBYIOTh /10 PI3HUX KOHCTPYKTUBHHUX MaTepialiB,
HalyacTime — JJIs MiABUIICHHS MEX1 BOTHECTIMKOCTI METalIeBUX KOHCTPYKITIH.
Cepen TenaoBUX €KpaHiB 1 XIMIYHUX BHJIIB BOTHE3aXUCTY MOLIMPEH]I PI3HOMAHITHI
TEPMOPO3IIUPIOBANIbHI (CITy4dyBasibHI) (papOu, MOKPUTTS SK Ha BOJAHIM, Tak 1 Ha
OpraHiuyHiii ocHOBi. BOHM MalOoTh YHCIIEHHI NIepeBaru, cepen sSIKUX — eCTeTUYHUN
BUTJISAT, He3HAYHa ToBIMHA (Big 0,5 MM 110 3 MM — apOu, Big 2 MM a0 10 — 13 Mm
— TOKPUTTS), MOXKJIUBICTh 3a0apBJICHHS 0 HEOOX1THOTO BIATIHKY, HAHECEHHS Ha
KOHCTPYKIIi p13HOi (hOpMH, IIUPOKUI TemrnepaTypHuil pexxum Big — 40 go + 50 °C
toito. [TopiBHIOIOUM 30BHIIIHIN BUIJISIL TAKOTO BUAY BOTHE3aXUCTY 31 3BUYATHUMHU
dbapbamu it TOKPUTTAMU, (HIKCYIOTh, IO PI3HUIIST MAJIOIMOMITHA Ta MOJSATAE B TOMY,

o ojHi 3a Aii Temnepatyp Bulie Bijg + 200 °C mounHarOTh CHIHIOBATHUCS, TOOTO



39

YTBOPIOETHCS IMIHUCTUH 1map Ha oO0poOJieHi ToBepXHi, II0 3a0e3meuye
TEIUIOI30JAMIMHNI  Oap’ep, Meski 3 HUX BUAUIAIOTH Ta3W, SKI J0JATKOBO
npurHiuyoTh npouec ropians (O3K-01). Kpim Toro, 3aco6u MarTh MO3UTHBHI
BJIACTUBOCTI: Kopo3iiiHa criikicth (Enmorepm XT-150, Sika® Unitherm® ACE),
BUCOKa ajre3is 10 moBepxoHb iHmux MatepiamiB (Exmorepm XT-150, Nullifire S
607, O3K-01, Interchar 973, Dossolan Hoeco FII/1), cTifikicTs A0 KIIIMaTHYHUX
ymoB (Sika® Unitherm® ACE, «Unitherm 38091», «Solvetherm 3FR»). Tepmin
3aXMCHOI /i1 TAKMX BOTHE3aXMCHUX 3aC001B CTAHOBUTH BiJl 5 10 10 pOKIB, IEAKUX —
20 pokiB, 10 € JOCTaTHBO TPUBAJIUM. 3a JIONMOMOIOI0 IIHOTO 3aXHCTy MOJXKHA
30LTBITUTH MEXKY BOTHECTIHKOCTI MeTalieBUX KOHCTpYKIidn mo R 45 — R 60,
neskuMu 3 HuUX HaBiTh 10 R 90 — R 120 (Dossolan Hoeco FII/1, ®enukc CTB,
Interchar 973). [lepeBara mokpurTiB 1 (papd TaKOXK MOJSATAE B TOMY, 10 MTOBEPXHI,
AK1 3aXMILAI0Th, MOXYTh MaTu OyAb-sKy 3a CKIAIHICTIO (OpMy W pO3MipH, L€
CTBOPIOE TIPOOJEeMH TiJ yac OOpOOJICHHS I1HIIMMH BOTHE3aXHCHUMH 3aco0aMu
(mTykaTypka, ooMaska, 0a3aneTyBaHHs (I30BeHT-M, [lipoizon-6a3aibT)) Ta pi3HUX
BUJIIB KOHCTPYKTHUBHOTO BorHe3axucty. [lopsig 13 HU3KOIO mepeBar iCHYIOTH 1
HEJIOJIIKH, cepel] SIKUX HalOUIbIIMMU € HEOOX1JHICTh NONEePEeIHbOTO IPYHTYBaHHS
MOBEPXOHb, HAHECCHHS TIOBEPXHEBOTO 3aXHUCHOTO TMIOKPUTTS [IJIl HaJTaHHS
CTIHKOCTI 70 aTMOChEpHUX YWHHUKIB, MaJMi dYac 3aXHCHOI [ii, MOCTIMHHIMA
KOHTPOJIb 32 LUIICHICTIO IIapy MOKPUTTA YU (apOH, HEOOXIIHICTb HAHECEHHS B
JIeK1JIbKa I1apiB, BUCOKA BAPTICTh MaTepiaily Ta BUTPAT Ha POOOTY, Ky IIPOBOJSATH
TIJIBKH MPALiBHUKK CHCIIaAIbHUX YCTAHOB, MAMpUeMCTB [12—-22].

KoHCTpyKTHBHI BHIM BOTHE3aXUCTY, BIAMOBIAHO 10 puc. 1.8, moainsroTs Ha
yotupu crocodu. BoraesaxucHi mrykatypku (Heocmpeit, IIperpamun) -—
yHIBEepCalbHl UIsi KOHCTPYKILIM criopyn 1 OyAiBedb Pi3HOTO €KCIUTyaTallliiHOTO
NPU3HAYEHHS, 32 BUHSATKOM THUX, IIO y CBOEMY CKJIaJll MICTATH TINC 1 BamHSK,
CIYTYIOTh OJHUM 13 JIEMIEBUX CIOCOOIB BOTHE3aXMCTy. Y pasi iX HaHECCHHS
MOKAa3HUK KJIacy BOTHECTIMKOCTi cTtaHoBUTh R 150 — R 180, a g0BroBiYHICTH
3axucHoi A1l — Big 10 go 25 pokiB. BukopucTtanHs Ha3BaHOTO BUYy BOTHE3aXHUCTY

He e(EeKTUBHE JJISI METAJIeBUX KOHCTPYKLIN CKIagHO1 (opMH, Ha 3pa3oK OaJoK,
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dbepM 1 3B’s3KIB, OCOOJMBO THX, SIKI 3a3HAIOTh BIOpAIliHHOrO BIUIUBY, IO
CIOPUYMHIOE YTBOpPEHHS TpimMH, obcumanHs. lle mocuth kpomitka poOoTa,
OCKLJIBKH MOTPeOye MOCTIHHOIO KOHTPOJIIO 3a UIICHICTIO ToBepXHi [23].

Metoa oOnUITIOBaHHS IIETJIO0 MPAIIOE 3a MPUHITAIIOM TETIO130JISAIIHHIX
MaTepialiB 1 Ma€ Takli MO3UTHBHI XapaKTEPUCTHKHU: JOAATKOBE IMOCHJICHHS MIJis
HeCy4oi MeTajeBOi KOHCTPYKIII, HQAIMHUN 3aXUCT BiJl yCiX BUAIB aTMOC(EpHHUX
OTaJiB, €CCTETUYHUA BUTIISIT — 3aJICKHO Bij] TUITY, MapKH LETIH, ¢EeKTHBHICTh —
KJIaJIka TOBIIMHOIO B OAHY Liery (65 MM) 3a0e3nedye MeXy BOTHECTIMKOCTI J10
120 xBunaun [24]. Jlo HEemOJdiKIB IIbOTO BHUJY BOTHE3aXHCTy HaJeXaTb: BHUCOKA
BapTICTh 1 TPYAOMICTKICTh, HEMOXJIMBICTb 3aCTOCYBAaHHS [IJII TOPU30HTAJIBHUX
KOHCTPYKIIiH, 10JaTKOBE HABAHTAKEHHA Ha (DyHIAMEHT KOHCTPYKIIil, 3MEHIIICHHS
KOPHUCHO{ TIJIOMII TMPHUMIIIEeHb, 3aCTOCYBAaHHS IIEMEHTHOTO B’ SDKYYOT0 PO3YHHY, IO
YTBOPIOE «MICTKH XOJIOJY» Y pa3l BUKOPUCTaHHS 330BHI.

OO6eToHYBaHHS METAJICBUX OyMiBEIbHUX KOHCTPYKIIM — 1€ OJWH BHUJI
BOTHE3axMCTy, AKUH 301abImye vac 3axucHoi mii 1o R 120 — R 240. Lle#r Bun
JOCUTH €(pEeKTUBHUIN 3aBISIKU (H13UKO-XIMIYHUM MPOIECaM y CTPYKTypi O€TOHY, 110
CIPHUYMHEHI TJIaCTUYHUMHU AedopMallisiMi i 3pOCTaHHAM MILIHOCTI B pa3l HarpiBy
no 500 — 600 °C, mae mupoKy Bapiarmito SK y BHAaxX OETOHIB, Tak 1 B HOTO
3aIoBHIOBaYaxX. beToHW He TOPSATH 1 He MOMMPIOIOTH MojayM s [16]. OGeToHyBaHHS
3aCTOCOBYIOThH 37€0UIBIIOTO AJIs MiACHICHHS AEPEKTHUX Ta YPaKEHUX KOPO3IE€I0
METaJIeBUX KOHCTPYKIiK. OCHOBHI HEIOJIKH IIBOTO METOAY — HEOOXIiTHICTh
YCTaHOBJICHHS OMaayOKH, 3HAYHA IUIOIIA JUIsl BUKOHAHHS, 3MEHIIICHHS KOPHUCHOT
IJIOII MPHUMIIIEHh Ta MiHIMajbHa TOBIIMHA OOCTOHYBaHHS (HE MEHIIE SIK 8 CM)
[25-28].

Cepen cnoco01B 3acTocyBaHHsI OETOHHUX MaTepialliB BAPTO HA3BaTH CUCTEMU
OOJIMIIIOBaHHS  TUIMTHUMM  HI3pOBAaTOOCTOHHUMU  MaTepianamu. OCHOBHI
MPUYUHA BUKOPUCTAHHS I[I€1 CUCTEMM TEIUIOBOT OOOJIOHKHM TIOB’Si3aH1 3 HU3KOIO
MO3UTHBHHUX XapaKTEPUCTHK, a caMe: HU3bKa TEIUIONPOBIAHICTh, TEIJI03aCBOEHHS,
MexaHIiyHe  oO0poOjeHHs  momiOHe A0  JEpEeBUHH, BHUCOKI  TOKa3HHUKU

MOBITPONPOHUKHOCTI i ApPOIMPOHUKHOCTI, HEBEJMKA Bara (IOPIBHIHO 3 LETISHOIO
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KJIaJIKoro abo OeToHoM, y 1,5 — 2 pa3um jermie, OCKiJIbKM 00’€MHa YacTKa MOBITPS
Mo3ke fgocaraT 85 %), HEroprvicTh 1 HEMOIUPIOBAHICTh MOJIYyM s, JOBTOBIYHICTb,
HAJIIHHICTB MPOTATOM YChOTO PO3PAaXyHKOBOTO TEPMIHY €KCILTyaTallii cropyn [29—
32].

Bucokuii TOKa3HWK TEPMIYHOTO OIOpPY JIETKOTO OETOHY 3acBigdye
¢(EeKTUBHICTh aHAJI30BAaHOI0 Marepialy SK TEIUIOI30MAIIAHOr0, ajie s
3aCTOCYBaHHS HI3APIOBATUX OCTOHIB SK BOTHE3aXHCHOTO Matepially MmoTpedye
BUMPOOYBAaHHS Ha BOTHECTIMKICTh, OCOOJIMBO BIJHOIICHHS TOBIIUHHU JIETKOTO
OeTOHy J10 OKa3HMKAa BOIHE3aXMCHOT 3/1aTHOCTI — Kjacy BorHectiiikocti [33-39].
[Tormpu mepeBaru Hi3IpIOBAaTUX OETOHIB, BapTO HA3BAaTH HEJOJIKU: BEJIUKE
MPOCiJIaHHA (CTOCYEThCS TMEPEBAKHO HEABTOKJIABHUX HI3PIOBATUX OETOHIB —
MHOOETOHIB) 1 HEBUCOKI MOKA3HUKH MIITHOCTI Ha CTHUCK. YacCTKOBO Il HEHOJIKU
3HAWIUIM XIMIYHE ¥ KOHCTPYKTUBHO-TEXHOJIOTIYHE BUPIIIECHHS, HAPUKIa/d, Yepes3
nonaBaHHs MoaudikoBaHUX 100aBok Ta apmyBaHHs [40]. 3acTocyBaHHS TaKOro
crioco0y BOTHE3aXHCTy OOMEXKEHE, MIAXOAUTH 3A€OUIBIIOro MJisi BEPTUKAIBHUX
MPOCTUX KOHCTPYKIIiH, 1110 3yMOBJICHE MOXKJIMBICTIO KPITUICHHS.

OOnuLIOBaHHS TIUIMTHUMHU MareplajJjaMd — Cy4YaCHUW NOIIMPEHUN BUJ
BOTHE3aXUCTy JUIsl METAJIeBUX KOHCTPYKIIM, BIJ YCIX I1HIIMX BHUPIZHAETHCA
JIETKICTIO 3aMiHU, BIJCYTHICTIO MOKpHX TipoiieciB (0e3 po3uyuHIB) TiJ Yac
BUKOHAHHS, HE3HAYHOK) BAarord Ha KOHCTPYKINIO Ta CEPEAHBOIO 3a YacoM
3axucHoto nier0 — R 60 — R 180, mo 3anexuTh Biff TOBIIMHH 3aXUCHOTO Iapy
CTOCOBHO TOBIIMHHU METaly, SKUW MIJJIArae BOTHE3axHMCHOMY oOpooOisieHHIo. Jlo
HEJIOJIIKIB TAaKOro BHUJly BOTHE3aXHMCTY HAJIEKaTh HEraTUBHA [isi Ha Marepial
BOJIOTM ¥ HEOOXIJAHICTh 3aXUCTy BIJ Hel, MOraHa LHUPKYJALIS TOBITPS B
NPUMIIICHHAX, TOBIIMHA 3aXHCHOTO IIapy B OJHY IUIMTY, 0O€3 ypaxyBaHb
HITYKaTYpKHd CTaHOBUTH 62,5 MM (12,5 MM TOBILIMHA IJIUTH TiNcOKapToHy i 50 MM
TEIJIO130JISIITHOTO MaTepially — MiHepaJoBaTH), 3a0e3Medye MeXy BOTHECTIHKOCTI

REI 60 (3MeHIIeHHsI KOPUCHOI TIOIT ), CKJIAHICTh KOHCTPYKIIIM 1 BEJIMKY BApPTICTh

[22].
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VY BUMAJKy MJIUTHUX MaTepialiiB OCHOBHHUM HANOBHIOBAYEM € MiHepajbHa
(6azampTOBA) BaTa, IO 3a CBOIMH TEIUIOI3O0JAIIMHUMH XapaKTEPUCTHKAMU HaOysa
IIUPOKOTO 3aCTOCYBaHHS HE TUILKU B yTEIUICHHI OyJAMHKIB 1 CIIOPYJ, a TaKOX SK
HErOproYui, 3JaTHUN BUTpuUMyBaTH Temneparypy no 600 °C BoresaxucHui
matepian. OcHOBHI BHpPOOHHMKHM MiHepaidbHOI Bath B Ykpaini —BauGut, Knauf,
[Tapok, benrtemn, Texnonikoas, ROCKWOOL, IZOVAT, URSA, Termolife Ta
1HIII, 1110 BUITYCKaIOTh 11 Y BUIJISAI TUTMT (MAaTiB) 1 pyJIOHIB. Y IUTMTHOMY BapiaHTi
MaTtepian 3aCTOCOBYIOTh [UJISi BCIX HAmNpsMIB, SIK y PYJOHHOMY THIIl 3a3BHuaid
BUKOPUCTOBYIOTh  JIJI1  TOPU3OHTAJIBHUX  KOHCTPYKIIA. 3a  marepiajiom
BUPOOHUIITBA PO3PI3HAIOTh KaM siHY (0a3aibTOBY) MiHEpaJbHY BaTy, OCHOBHOIO
CUPOBHMHOIO JJIA SIKOi € TIPChKI MOPOJM, Ta CKJIOBATY, IO OTPUMYIOTH Y MPOIIEC]
IUTaBIIGHHS KBaplOBOTO TICKYy YW CKJI0OOI0. 3  Ormsigy Ha TOKa3HUKU
TEIUIONPOBITHOCTI, 0a3aabTOBA BaTa € OUIbII BOTHECTIMKOIO. 3aB/ISKU HEBEJIMKIN
Ba3l MiHEpaJibHa BaTa HE CTBOPIOE BEJIMKMX HaBAaHTAXKEHb HA KOHCTPYKIIIIO.

Bubip cnocoOy BorHe3axucTy MeTajleBUX OyAiBEIbHUX KOHCTPYKIIINA cepen
BEJIUKOI PI3HOMAHITHOCTI 3aJICKUTh TIEPEBAKHO BiJ YMOB €KCILIyaTallii, BApTOCTI
Ta JOJAaTKOBHMX BJIACTUBOCTEH. 3aBASKM HU3BKHM TIOKa3HUKAM TEIJIOMPOBITHOCTI,
MiHEpaJbHy BaTy BHKOPHUCTOBYIOTH SK €(OEKTUBHUU BHJ BOTHE3aXHUCTY
CaMOCTIMHO, a TaKOX Yy CKJaJii BOTHE3aXMCHHMX CHUCTEM 13 TINCOKAPTOHHUMU
IJIUTAMU YU TEIUIOBIAOMBHUMM TMOKPUTTSIMHU, A€ Oas3ajlbTOBAa BaTa BHUKOHYE
GyHKIIFO OCHOBHOTO  TEIUIOI30JIALIIMHOTO  HamoBHIOBaua [21]. VYV  pa3si
BUKOPUCTAHHA  MIHEpPAJIOBATHUX  MaTepialiB  SK CHOCO0y  BOTHE3aXHCTY
BUOKPEMJIIOIOTh KIJIbKa MEpeBar: HEroproyicTb, HE3HAUYHAa Bara Ha KOHCTPYKIIi,
HU3bKAa TEIUIOMPOBIAHICTh, BHCOKI TOKA3HWUKH TEIJIO- ¥ 3BYKOI30JISAIII,
NapONPOHUKHICTh, €KOJIOTIYHICTh (BUPOOHHMIITBO 3 HATypajJbHUX CHUPOBHH),
MOXJIMBICTh 3aCTOCYBAHHS B KOMIUIEKCI 1HIIMX BOrHe3axucHux cucteM. Ilopsn i3
nepeBaraMu ICHYIOTh HEJOJIIKH, [0 SKHUX HaJeXaTh: CIOCIO KpITUICHHS Ta

3MEHILIEHHSI KOPUCHOI TUIONI Yepe3 3HaYHY TOBIIMHY — BiJ 50 MM.


https://knauf.org.ua/
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1.4. ExciepuMeHTAJIbHI MeTOAM OUIHKUM BOTHECTIHKOCTI cTajieBUX

0AJIOK

1.4.1. BorneBi Bunpo0yBaHHsi 6aJI0K Ha BOTHecTilikicTb. BinqnosingHo 110
perimaMeHTOBaHUX BUMOT [5-9], ekcrmepuMeHTallbHI METOAM BUIPOOYBaHb
nepeadayaroTh BU3HAYCHHS 4acoBOTO IPOMIKKY i aBaHHs
BHUCOKOTEMIIEpAaTYpHUM BIUIMBaM 3pa3KiB CTaJbHUX KOHCTPYKIIM A0 HacTaHHS
BTpaTH  Hecydoi 37aTHocTi. OcHOBHE  OOJIafHAaHHA i1 MPOBEICHHS
EKCIIEPUMEHTAJILHUX JOCIIKEHb Ha BOTHECTIHKICTh — BUNPOOYBaJibHA M4, Y AKIN
NOTPIOHO CTBOPUTH YMOBH CTaHAAPTHOTO TEMIEPATypHOTO pEXUMY Ta
HAJUIUIIIKOBOTO TUCKY. KOHCTPpYKTUBHI CKJIQJHUKHU MOBHUHHI MICTUTH O0JIaJHAHHS
JUIsSL CIIMpaHHS 3pa3ka Ta MOro HaBAaHTAXKEHHS, IO IMITYE peadbHy poOoTy
KOHCTPYKIIIi.

JJist TOpU30HTAIBHUX KOHCTPYKIIIHA MPOBEJACHHS BOTHEBUX BUIIPOOYBaHb [ /—
8] BUKOPHCTOBYIOTH BOTHEBI Tedi, 110 3a0e3MeuyroTh HarpiBaHHs 3pa3ka 3 TPhOX
OokiB. Po3mipu nedi moBUHHI JJaBaTh 3MOTY PO3MICTUTH i 3aKPIMUTH B HIM 3pa3Ku
MPOEKTHUX PO3MIpiB, OJHAK Yy BHUMAIKaX, KOJU II€ HE MOXIIMBO, JIOMYCKaIOTh
MPOBEICHHS BUIPOOYBAIIBHUX POOIT Ha (hparMeHTax KOHCTPYKIii, 10 MPaItOl0Th
i HaBaHTAXEHHSIM 13 MIHIMAJILHOIO HOBXUHOIO He MeHile sk 4000 MM, a mis
3pa3kiB 0e3 HaBAaHTKEHHS — PETJIAMEHTOBAHHWH pPO3Mip TMOBUHEH CTAHOBHUTH HE
meniie Big 1000 mm.

TemmeparypHi yMOBM y BOTHEBiM Iedi 3a0e3MeuyroTh 4epe3 BUKOHAHHS
yMOB 30epexxkeHHsi TeroBoro edexkty 3a temmeparypu 500 °C 1 Ouiblie, 110
JOCSITAIOTh  4Yepe3 3aCTOCYBaHHA TEIUIOI3OJAIIMHUX —MarepiaigiB M  dac

oOJamTyBaHHsI CTIHOK BOrHeBo1 kamepH. Lle yBinnosinueHe 3 Bupasom (1.7):

JAoc =500 Br ¢2 m? °C?, (1.7),

ne A — KoedilieHT TeronpoBiagHocTi, Br/m °C;

p — I'yCTHHA, KI/M3;
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C — IUTOMA TEII0EMHICTD, JIx/KT °C .

VYHacmiIOK HarHiTaHHS TEMIIEpaTypu BCEpEIWHI BOTHEBOI Kamepu
BIIOYBA€ThCSl 3rOpPaHHs PLAKOro IMajiuBa 3 YTBOPEHHSAM (akendy MOJyM s, IO HE
MOBUHHO TOPKATHUCS IO TIOBEpXHI BHUMPOOyBambHOTO 3paszka. Jlms ymoB
CTaHJIAPTHOTO TEMIIEPATYpPHOTO PEXUMY TOXKEXKl XapaKTepHUH piBHOMIpHUMN
PO3MOIL TEMIIEpaTypH 1o 00’ eMy KaMepH. Po3paxyHOK MOKa3HUKIB CTaHJAPTHOTO

TEMIIEPATYPHOTO PEXKUMY ITPOBOAATH 3a (1.4), mo npeacrasieHo B Tadmuti 1.3 [7].

Ta6muig 1.3 — [lokazHUKHU 3pOCTaHHS TeMIIEpaTypH 3a 3MIHOIO Yacy

IIPU CTAHIAPTHOMY TEMIIEPATYPHOMY PEXHUMI TOKEKI

Yac t, xB Temneparypa Ts, °C
0 20
5 576
10 678
15 739
30 842
60 945
90 1006
120 1049
150 1082
180 1110
240 1153
360 1214

[IpoBosisiuM BOTHEBI BUIIPOOYBaHHS TOPU3OHTAIBHUX KOHCTPYKIIM (OasloK,
dbepm), 10 yBaru OepyTh BUMOTH [/—8] 10 CTBOPEHHS HAaBaHTAXKEHHsI, Ha 3Pa30K
KOHCTPYKIIii. 3arajbHa IJIONIA JOTHKY 3pa3ka 3 HaBaHTAKEHHSM U 00JagHAHHIM
He noBuHHa mnepesuinyBaTd 10 %. Sk HaBaHTa)XeHHA 3aCTOCOBYIOTH Tsrapi y
BUTJIAAl OETOHHMX OJIOKIB, 1[0 BCTAHOBJICHI Ha MeTajieBl TpaBepcu U
3a0e3meuyroTh (ikcallilo HaBaHTaru 3 ii O€33MIHHHUM IMOJOXKEHHSIM MPOTITOM
yChOTO Yacy BUIPOOYBaHHS, HE3AJIECKHO BiJl MedopMariiiHuX MPOIECiB y 3pa3Ky,
JI0 HaCTaHHSI BTPATH HECYYOi 3IaTHOCTI.

be3 naBaHTakeHHS MOKHAa BUIIPOOOBYBATH 3pa3Kh MeETaJeBUX Oajok i3

BOTHE3aXMCHUM TOKPUTTSAM YHM 3 OOJUITOBaHHSM. Taki MeTaneBi KOHCTPYKIIil
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MaloTh BiamoBigaTH aepskaBHoMy crangapry JACTY B.B. 1.1-17:2007 [7], 3rigHo 3
SKAM OCHOBHHUM KPHUTEPIEM HACTaHHS TPAHUYHOTO CTaHy BTpPaTH HECydoi
3IaTHOCTI B METAJIEBUX KOHCTPYKIISX € KpPUTHYHA Temriiepatypa. Kputuuny
TEMIEPaTypy A KOXHOI OKpeMOi KOHCTPYKIII BH3HAYalOTh PO3PAXyHKOBHM
IIITXOM 13 BUKOPUCTAHHIM CTaHIapTiB [5—6].

Kpinnennss Oanky y BOTHEBIM Kamepl BIJIOYyBa€TbCs 3a MPOCKTHUM
TEXHIYHUM PETJIAMEHTOM, y BCIX IHIIMX BHUIAJKaX KEPYIOTHCA YMOBOIO, 3a SKOi
3pa30K KOHCTPYKIII KPIIUIATh O BEPTUKAIBHOI OMOPH CIIOCOOOM CHUpaHHS Ta
npuiiMaloTh SK BUIbHO o00mepty Oanky. [lpukiian mapHIpHOrO KpIMJICHHS

HaBaHTAKEHUX OaTOK 300paskeHo Ha pwuc. 1.9.

Puc. 1.9. Burnsan HaBaHTa)XXeHb OAJIOK a — J0 MOYaTKy BUIMPOOYBaHb, O — MiCIS

BUNPOOYBAHb

Jns yHUKHEHHS TEIUIOBTpPAT KiHI[I BUOPOOOBYBAaHOTO 3pa3ka, IO
BUXO/ISITh 3a MEXI BOTHEBOI KaMmepH, 130JII0I0Th IIApOM 13 MIHEpaJIOBaTH
ToBIMHOK 100 MM + 10 MM Ta cepeaHboI0 rycTHHOI0 90-150 Kr/M3,

Ha puc.1.10 cxemMaTuyHO 300pa’k€HO PO3MILIEHHA MW  KPITUICHHS

BUIIPOOOBYBAHOTO KOHCTPYKTHBHOTO €JIEMEHTA y BOTHEBIH 1ieui [4]:
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Puc. 1.10 Cxema po3mimieHHS Ta KpIIUIGHHS TOPH30HTAJIBHOTO €JIEMEHTa Y
BOTHEBIM Ieyi: 1 — CTIHM meul; 2 — NaJbHUKH, 3 — KaHaid JUISI BUIAJICHHS
MIPOYKTIB 3ropaHHs HaBaHTAXKEHHS; 4 — 3pa30K BUMPOOYBaHb; 5 — HABAHTAKCHHS;

6 — onopu (wapHipHi); L — moBKKHA 3pa3ka, 1110 3a3HA€ BOTHEBOT'O BILIUBY.

BaxBuii e1eMEHT MPOBEICHHS BOTHEBUX BHUIIPOOYBaHb — KOHTPOJBHO-
BUMIPIOBaJIbHI MpUiagy, 10 MNOAUIAIOT, Ha 1Bl rpynu. llepma rpymna
MpeACTaBlieHa TMpuiafaMu JUisi BUMIPIOBAaHHS TOKa3HUKIB TEMIIEpaTypu B
KOHTPOJIbHUX TOYKAaX BOTHEBOI KaMepu, Ha HeoOIrpiBajbHIA MOBEpXHI U
ycepeauHi 3pa3ka B HaABKOJMIIHBOMY cepenoBuill. Jlomyctumuii miama3oH
noxubok Ttepmomnap — +4-15°C. Jlo apyroi rpynu Hajexarb NPWIAAA IS
BUMIPIOBaHHS: HAJIMIIKOBOTO THUCKY B T€Ul 3 JIOMYCTUMOIO nmoxuOkorwo a0 £2 Ila,
HABAHTAKEHHSA BUIIPOOYBAaHOTO 3pa3zka — =5 % (AMHAMOMETp CHUJIOBOTO IpeEcCy),
nedopMmaiiitnux 3MiH — £2 MM (TpaayioBaHa IUIaHKa a0o JIiHIMKa, Ja3epHUM
JATBLHOMID).

[Tpouec BumpoOyBaHHS O€3MOCEPEAHBO PO3MOUMHAETHCS 3 MIATOTOBYOTO
eTaIry, /10 IKOr0 BXOJATh KPIIMJICHHS 3pa3ka Ta HOro HaBaHTAXEHHS, 10 MOBUHHO
OyTu peayi3oBaHUM HE MeHIIe sK 3a 15 xB. g0 mouarky. I[lepen mouaTkom
BCTAHOBJIIOIOTh BHUXIJHI TOKa3HUKH TEMIEpaTypu Ha BCiX TepMmorapax 1
HABKOJIMIIHBOTO CEpEJIOBHINA B MPUMIIICHHI, J€ Mpaloe BUMPOOyBaJbHA MiY,
ctan gedopmallii ¥ HaBaHTaXEHHS cTajeBoi Oanku. Yac BumpoOyBaHHS

PO3MOYMHAETHCS 3 MOMEHTY BBIMKHEHHS MaJlbHUKIB Y BOTHEBIM medi. YTIpoaoBxk
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yChOTO Mpoliecy (PIKCYHOTh 3HAUEHHS MOKA3HUKIB YCI1X BUMIPIOBAIBHUX MIPUIAIIB 3
1HTEpBaJIOM HE MEHIIIE XBIJINHHU.

3HaueHHS HAAJUIIKOBOTO THUCKY JUIsl TOPU3OHTAIBHUX KOHCTPYKIIIH
BUMIpIOIOTh Ha BiacTani 100 MM Bix 00irpiBagbHOI MOBEPXHI 3pa3Ka 4yepe3 S5 XB.
MIiCJIsl TOYaTKy BUIPOOYBaHHS, 0 3aKIHYCHHS BiH MOBUHEH cTaHOBUTH (1042) [1a
[7].

Jnsa BusHaueHHs jaedopmarii 3pa3KiB TOPU3OHTAIBHUX KOHCTPYKIIH
BUMIPIOBAHHS MPOBOJISATH MOOJIN3Y T€OMETPUYHOIO IIEHTPa Ta B MICIISIX, JI€ MOsiBa
TaKMX 3MIH HAWOUIBII OYiKyBaHA. 3a MOXJIMBOCTI BECh MPOIEC BUIPOOYBAHHS
TaK0X (PIKCYIOTh 3a I0MOMOT010 (DOTO- Ta BIJICO3HIMAHHSI.

BunpoOyBaHHSI NpOBOAATH 1O HACTAHHS TI'PAHUYHOIO CTaHy 3a O3HAKOIO
BTpaTH HECY4Ol 3AaTHOCTI — OOBaJICHHA 3pa3ka ab0 JOCATHEHHS TI'PAaHUYHOTO
3Ha4YeHHS MporuHy (medopmaiiii). Y mnepiioMy BHUIIAJIKYy YacoM 3aKiHUCHHS
BUNIPOOYBaHHS € MOMEHT oOBaneHHs [4, 12]. 3akiHueHHS JIOCTIKCHb 3a
NOKa3HUKaMH JAedopmallii HacTae B pa3l JOCATHEHHA T'PAHUYHOTO 3HAYEHHS

IBUJIKOCTI HapocTaHHs aedopmariii. [le Bu3nagarors 3a (1.8) Ta (1.9).

LZ
“4000 " (1.8)
dD= [z Mm
dt 9000b % (1.9)

ne D — rpanryHe 3HaYeHHs IPOTUHY;
L — mporin, MMm;

b — po3paxyHKkoBa BUCOTa Mepepi3y KOHCTPYKILT, MM.

3a 3HayeHHs mporuHy He Outbiie sk /30 rpanuuHoro Aedopmaliiero €
TITBKH TPAaHUYHE 3HAYCHHS TporuHy. [IpoBoasiun BorHEBI BUNIPOOYBaHHS 3pa3KiB
METaJeBUX KOHCTPYKI[M 13 BOTHE3aXMCHUM MOKPHUTTSIM, IO BUIPOOOBYIOTH 0€3
HABAHTAKEHHA, TIEPEBUILIEHHSA CEPEIHbOI TEMIEepaTypud 3pa3ka Haj Horo
no4yaTkoBowo Temmneparyporo Ha 480 °C mpuiiMaroTh 3a TpaHUYHHI CTaH 3a

O3HAKOI BTPATH HECYYOi 3/1aTHOCTI.
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1.4.2. ExcnepuMeHTAJILHI MeTOAM BHU3HAYEHHSI BOIHE3aXMCHOI
31aTHOCTI BOTHE3aXHCHHMX CHCTeM cTajeBHX Oajiok. Bimmosimgno mo [10],
MPOBOJSATH BOTHEBI BUNPOOYBaHHS CTajlieBUX Oanok. Y pa3i BUKOPUCTAHHS
BOTHE3aXMCHUX CHCTEM Yy BHIJISAI MOKPUTTS (HaHeceHHs (apO, MOKPUTTIB,
00Ma30K, MTYKaTypoOK) Ta OOJUIOBaHb, IO MiABUIILYIOTh KJIaC BOTHECTIHKOCTI
METaJICBOTO0 KOHCTPYKTUBHOTO eyieMeHTa, kepytothes JCTY b B.1.1-17:2007 [8].
3riqHo 3 [8], BaJIMBHM ITOKa3HHMKOM BOTHE3aXHCHOI 3MaTHOCTI TOKPHUTTS IS
HECy4Yoi CTaJIeBOI KOHCTPYKII € 3aJIeKHICTh MIHIMAJIbHOT TOBIIMHHU BiJl
KoedilieHTa nmepepizy MeTaneBoro npodiio ta 3ade3rneuyyBaHOi HUIM HOPMOBAHOT
ME3K1 BOTHECTINKOCTI.

3anexHo BiJ] croco0y HAaHECEHHS BOTHE3aXHUCHOTO MOKPUTTS, OOJIUIIIOBAHHS
3a IUIONICI0 TOMEPEYHOro TMepepidy pO3pi3HSIOTh MpodiIbHI Ta KOpOoOYacTi
nepepizu — puc. 1.11. KoediuieHT nepepizy po3paxoByioTh 13 Bupazy 1.10. Lle

3Ha4YCHHA 66pYTb A0 yBaru B IIOJAJIBIINX PO3PAXYHKaAX.

nepumempoiepiHoino8epxHi

(1.10)

NnaoOWA - NONEPeyHo - nepepizy

a)

Puc. 1.11 CxematuyHe 300pakeHHs TIepepi3iB CTAICBOI OAJIKM 3 BOTHE3aXHUCHUM
MOKPUTTSAM (OOJUIIOBAaHHSAM), IO OOITPiBaIOTh 13 TPHOX CTOPIH (a — KOpoOUacTuit
nepepi3, 6 — mpodurbHHI Tepepi3): 1 — Temo3onAmiiHMK MaTepiam;, 2, 4 —

BOTHE3aXMCHE MOKPUTTS; 3 — BEpXHS IJIUTa BOTHEBOI Ieyi; 5 — cTanena OaJka.

BunpoOyBaHHst 711 TOPU3OHTAIBHUX KOHCTPYKINM 13 HAHECEHOI abo 3

00J1aIlITOBAHOI0 BOTHE3aXHMCHOK CHCTEMOIO MPOBOAATH 3a [8], mocmimkyroTh
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3MAaTHICTh TMOKPHUTTS 10 aire3ii (3JumaHHs) 13 MOBEPXHEI0 3pa3ka B PEKUMI
CTaHJapTHOI ToXexi. [l mepeBipku 3nMumnaHHs, BIAMOBIIHO 10 Tabn. 1.4,
BUKOPHUCTOBYIOTh HaOIp 3pa3KiB 0ajJoK B YMOBaX HaBaHTa)XEHHs Ta 0e€3 HbBOTO.
OTpuMaHi gaHl BUIPOOYBaHHS BPaXxOBYIOTh y BUIJISIAI KOE(III€HTIB 3/IUIMAHb ITi]T
yac TPOBEACHHS MaTEeMaTHMYHOTO  aHali3y,

3’CYBaHHS  XapaKTEPUCTHKU

BOTHE3aXMCHOIL SIIaTHOCTi IIOKPHUTTA.

Tabmuns 1.4 — CrapgapTHuil HaG1p 3pa3KiB I IPOBEICHHS
eKCIEpPUMEHTAJIBHUX BUIPOOYBAaHb CTAJICBUX OAJIOK 13 BOTHE3aXUCTOM

JUTSL OIIIHIOBAHHSI 37JaTHOCTI JI0 3JIUIIaHHS (3UCTIIICHHS)

L Tumnopo3mipu Hpoq)im)_ K0p06:1 & TosmuHa
KinbKicTh) HU cTUi
a3k HapanrakeHHs CTajIeBUX koedinient| Koepimient BOTHE3aXMCHOT'O
p npodiiiB, MM 1 41 | mokpurts dp, MM
An/V, M An/V, M P
1 6anka | Ilix IPE 400 (40B2) 153 116 MakcumaisHa dp,
HABaHTKCHHSM (max)
1 6anka | Iix IPE 400 (40B2) MinimanbHa dp,
HaBaHTAXCHHAM “ “ (min)
1 6anka | be3 IPE 400 (40B2) MaxkcumanbHa dp,
HaBaHTAKCHHS » “ (max)
1 6anka | bes IPE 400 (40B2) MinimansHa dp,
HaBaHTAXXCHHS “ “ (min)

JUIst TOpU30HTAIBHUX HECYYMX METaJ€BUX KOHCTPYKI[IH, K1 3aXMILAOTh 13
TPHOX UYMW 3 YOTHPHOX CTOpIH, BHUMPOOYBaHHS MPOBOASITH Ha 2 Oankax 13
HAaBAaHTAXKEHHAM (10BkMHOIO He MeHIIe sk 4000 MM Ta He Outbie sk 4700 mm), 2
Oankax 6e3 HaBaHTaxxkeHHs (1000 £50 mm).

JUis TpOBEeNEHHS EKCIEPUMEHTAIbHUX JOCTIKEHb BUKOPHCTOBYIOTh
BOTHEBI Iedl 3a cTaHaapToMm [/], mo 3a0e3nmedyloTh HarpiB 3pas3KiB 13 TPHOX
cropid. [loka3HMkM ¥ yMOBM HAaBKOJMUIHHOTO CEPEIOBHINA, CTBOPEHHS
TEMIIEPATypPHOTO PEXUMY Ta HAJJIMIIKOBOTO THUCKY, YTBOPEHHS U (PikCyBaHHS
nporuny 6anok Bianosigaots [JCTY b B.1.1-4.98*.

J1J1st BOTHE3aXUCHUX MTOKPUTTIB HEOOX1THO TaKOK KOHTPOJIFOBATH BOJIOTICTh

Ta TYCTUHY, MOKAa3HUKHU SIKUX BU3HAYAIOTh 13 BUMIPIOBaHHS MacH. JlomycTuMoro
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NOXUOKOK JUIsl 3HAYE€Hb TYCTMHHM ¢ BOJOTOCTI BOTHE3aXMCHOTO TOKPUTTS
BBakaroTh +0,1 r, a60 £0,1 % Bij 3aranpHOI Macu.

3HaueHHsS HaBaHTAXKEHHS 3pa3KiB HE MOBUHHO mnepeBuiryBatu 60 %
TPAaHWYHUX BEIIMYWHU, 10 BU3HAYAIOTh O€3 ypaxyBaHHS Baru Oallku Ta Baru
BOTHE3aXMCHOTO TIOKPUTTSA. HaBaHTa)XKeHHS Ha TOPU3OHTAIBbHI KOHCTPYKIIIi
MPUKIAAI0Th Yy JIBOX MICIAX (3 YJalITyBaHHSAM Ha Oaiili JBOX €JIEMCHTIB
YKOPCTKOCTI), PIBHOMIPHO PO3MOIIITIOUN 32 3PA3KOM.

3pa3ok cTayieBoi 0ajJKy 3 BOTHE3aXHCTOM, IO MPOXOAUTH BUIIPOOYBaHHS i
HABAHTAKCHHSAM Yy BOTHEBIM Ieyl, PO3MIIIEHUA Ha JBOX IIAPHIPHUX OMOpaX:
pyXoMy Ta HepyXoMy. Moro 10BkHHa OBHHHA CTAHOBUTH He MeHIIe sk 4000 M,
13 TIMOWHOI cripaHHs He Ounbine Bij 250 MM 13 KokHOTO Kpato. s 6amok 6e3
HaBaHTAXEHb MPUUHITHUN CIOCIO KPIIJICHHS 3a JOIMOMOIOI0 CIeliaIbHUX OONTIB
niamerpom 10 MM, 1110 pUBapeHi A0 KOJIOHU Ta IHT po3mipom 100 mm x 100 mm
X 6 MM 31 cromopHoio raikor. Ha puc. 1.11 1me 300paskeHO fK KpIMUIIbHI
CJIEMEHTH.

[Toxa3sHukM 3MiHU TeMIEpaTypH sIK YCEpeInHI BOTHEBOI KaMepH, Tak 1 Ha
3pa3kax 3HIMAlTh 3a JIONOMOTOK TEPMOMNAp, KUIbKICTh SKUX 3aJIEKUTh BIJ
HaBaHTaXEHHsS 3pa3ka. Jlnsg crajeBux Oajok, 110 BUIPOOOBYIOTH 0€3
HAaBaHTAKEHHS, (DIKCYIOTh TEMIIEpaTypHI MOKa3HUKHU:

-y BOTHEBIi#l Kamepi meui 2 TepMonapu 1o 1eHTpy Ha Biactani 90-110 mm
BiJl TOBEPXHI 3pa3Ka;

- Ha npodum 6anku 12 Tepmomnap Ha BiactaHi 1/3 1 2/3 moBxkuHU 3pa3ka:
M0 LEHTPY BHYTPIIIHBbOI CTOPOHM HHUXKHBOI Ta BEPXHBOI IMOJIMII Ta MO LEHTPY
CTIHKH OaJIKy CUMETPUYHO 3 000X O0KiB puc. 1.12.

Jls1 6aok, 1m0 BUNPOOOBYIOTH M1 HABAHTAXKEHHS, BCTAHOBIIIOIOTh:

-y BOTHEBIH Kamepi neyi 8 Tepmomnap 1o JOBXKHUHI 3pa3ka Ha BijcTaHi 1/5,
2/5, 3/5 1 4/5 cumerpuuHo oxHa 10 0oaHOI, Ha Bimctani 90-110 mm Bix moBepxHi

3pasKa,
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Puc. 1.12. Cxema po3MmimieHHsT TEpMOIIap I 3pa3ka HEHaBAHTAXEHOI CTaJIeBOi

Oanku: 1 — mMTa meyi BepXHs, 2 — KPIMWJIbHI €JIEMEHTH, 3 — BUIPOOOBYBaHUM

3pa3oK, 4 — i30JMis KIHLIB Oanku, X — Tepmomapa (Bua A — 13 NpopiuIbHUM

nepepizoM, Bua b — kopoOuactuii nepepis)

- Ha npodim OGanku 30 tepmomap Ha Biactani 1/4, 3/8, 1/2, 5/8, 3/4

JIOBKMHU 3pa3ka 3 MPOTUIICKHUX OOKIB CTIHKHM Oajiku 3 OOKY BOTHEBOTO BILIUBY;

BIJl MICIb HAaBAaHTAXXEHHS TEPMOIApU PO3MIIIYIOTh Ha BIJCTaHl, HE MEHIIINA 3a

150 mm Big enemeHTiB skopeTkocTi (puc. 1.13);

- Ha BEpXHIM MOBEPXHI HWKHBOTO (hiiaHIlsl OaJKU JOJATKOBO PO3MILIYIOTh

12 Tepmomap, IO PO3TAlIOBYIOTh MO OAHIA TOCEpEeauHI MIK OCHOBHUMH

TepMomapaMu Ta MO OJIHIM TOCEepeIuHI BIJACTaHI MDK KpalHIMH OCHOBHHUMHU

TepMoIapaMHu 1 1ieHTpamu orop 6asok [40-58].
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A-A

7,
N

! 210 mm §

Puc. 1.13 Cxema po3MilieHHS TepMmomap Ui 3pa3ka HaBaHTAKEHOI CTaJeBOi
Oanku: 1 — HaBaHTAaXXEHHA, 2 — EJIEMEHTU YKOPCTKOCTI, BUKOHAHI 31 CTaJIEBHX
IUIACTHUH, X — TepMmomapa (A-A — momepeuHuil mnepepi3 Oajdku 3 €JIeMEHTaMu

YKOPCTKOCT1)

[Touatok Ta mporec BUMPOOYBaHHS, MEPIOAUYHICTH (hiKcallil MOKA3HUKIB
BiJIMOBIIaI0TH [7]. TemmepaTypy B medi KOHTPOJIOIOTH 1 PEECTPYIOTh 3a BCIiMa
TEepMOIapaMHu 3 MPOMIKKOM Yacy 0 | XBUIMHH.

['panuunuii cTa" IS cTajleBUX OajlOK 13 BOTHE3aXMCHHUM IMOKPUTTSAM YH 3
OOJIMIIOBaHHAM, IO MPOXOISATHh BOTHEBI E€KCIEPUMEHTANIbHI BUIPOOYBaHHS Oe€3
HAaBaHTa)XCHHS, — TMEPEBUILIEHHS TMOYaTKOBOI TEMIIEpaTypyd HECY40i MeTalleBOl
koHcTpykiii Ha 480 °C. TemmepaTypy BHM3HA4YalOTh 3a TIOKa3HUKAMH TPbhOX
TepMoIIap, 10 BCTaHOBJICHI B IIeHTPi poroHy Ta 3a 300 + 25 mwm Big HboTO [8].

ExcniepuMenTanbHi 1OCHIIA NPUTTMHAIOTH y pa3l JOCSITHEHHS TeMIepaTypu
HECy4O0l MeTajeBOi KOHCTPYKIIi 3 HaBaHTaeHHsM 750°C [8].

JIyisi BU3HA4YEHHS JOCTOBIPHOCTI PE3yJIbTaTiB EKCIEPUMEHTY TOPIBHIOIOTH
TEMIEpaTypHI TMOKa3HUKHA TepMOTMap, X yBaKalOTh JOCTATHIMHU JJISl MPOBEACHHS
aHai3y BUIMPOOYBaHHS, SAKIIO 3HATI 3HAYEHHA 3 MIHIMAIBHOI JOMYCTUMOT
KUTBKOCTI TepMoMap, 1110 3a(ikcoBaHi Ha CTalbHOMY 3pa3Ky Tabi. 1.5. Jns anamizy
NOTPIOHO OOOB’SI3KOBO BHU3HAYATH KOPUTYBAJIbHI KOE(IIIEHTH, 1O 3aJI€KaTh BiJl
CepelHIX 3HAa4YeHb TEMIEpaTypu MeTajlaX 3pa3KiB, iXHbOI 3aBaHTAXKEHOCTI,

aI[FCBI/IBHOCTi IMOKPHUTTA.
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Tabmug 1.5 — MiHiManbHa JOMyCTHMA KUIBKICTh TOKA3HUKIB TEpMOTIap

JUTS TIPOBEJICHHS aHaJli3y BUITPOOYBaHHS

. ) Banka Oe3 HaBaHTa)XEHHSA Bainka i HaBaHTaXEHHAM
Micuie po3MileHHs — —
3arainHa Minimansaa 3araipHa MinimansHa
TEepMOIapH Ha N L N L
Ganmi KUIBKICTH KUIBKICTH KUIBKICTH KUIBKICTH
TepMomnap TepMornap TepMornap TepMonap
Ha BepxHiii momuii 4 2 10 6
Ha crinmi 4 2 5 3
Ha gyoxHii noimid 4 2 16 12

Pesynprat BHUMIpIOBaHb TOKa3HMKIB Yy BHIISIII CEpElNHIX 3HAYEHb
TEeMIIepaTypy y BOTHEBIM Medl, TEMIEPATypH Ha MOBEPXHI CTaJ€BOT0O 3pa3Kka Ta
nedopmalliiHuxX 3MiH MOJAI0Th Y TAOIMYHOMY i rpadiuHOMY BUTIISII.

XapakTepUCTUKH BOTHE3aXMCHOTO TOKPHUTTA CTAJIEBUX OaloOK OI[IHIOIOTH
noeranHoto. [loyaTkoBor crajiero mependaueHe po3B’s3aHHS AudepeHIiitHOro
PIBHSIHHS a00 MPOBEAEHHS METOAY YMCIIOBOi perpecii JaHUX BUIPOOYBaHb, IS

SKMX HeoOXiTHa MiHIMaJIbHa KUTBKICTh TOYOK JUIS iHTEpHOIALii [8].

1.5. BucHoBkHM 10 po3ainy

VYHacmiok  MpPOBEACHOrO0  aHajidy  3’sCOBaHO, IO  3aCTOCYBaHHS

MIHEpAJOBaTHOTO  BOTHE3aXWCTy €  TEPCHEKTUBHUM  JUIS  IiABUIICHHS
BOTHECTIMKOCTI cTajieBuX Oallok. BogHOYac KOHCTaTOBaHO CYTTEBI IMEPEIIKOIH
JUIS  HOro IIHUPOKOTO BIPOBAHKCHHS, 30KpeMa OOMEXKEHICTh MaHUX MI0J0
TEIIO(PI3UYHUX XapPaKTEPUCTUK I[OTO BOTHE3aXHCHOTO OOJUIIOBaHHS. BaxinBo
Opatu 1o yBaru (akT panNTOBOrO  BIJAMIAPYBAHHS  MIHEPAJIOBATHOTO
BOTHE3aXMCHOTO OOJIMITIOBAHHS, a OT)KE, BTpaT BOTHE3aXMCHOI 3/TATHOCTI. 3a TaKuX
YMOB BUBYEHHS MOBEIIHKMA CTaJeBUX OalOK 13 MIHEpPAJIOBATHUM BOTHE3aXHUCHUM
OOJIMIIIOBAaHHSM TIOCTA€E SIK aKTyallbHE 3aBAaHHs. Y po00Ti chOopMyIbOBaHO METY 1
3aBIaHHA JOCIIIHKEHHS.

Meta poboTu monsirae B 3°siICyBaHHI 3aKOHOMIPHOCTEW HACTaHHS BTPATH
BOTHE3aXMCHOI  3JaTHOCTI  BHACIIIOK

BIIIAPYBAaHHS ~ MIHEPAJIOBATHOIO
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BOTHE3aXMUCTY CTaJIeBUX OallOK BiJ Yacy TEMJIOBOTO BIUIMBY MOKEXKI, 1110 MOCIYTYy€e
HAyKOBHM MIAIPYHTSM JJisi BIOCKOHAJCHHS METOAY PO3PaxXyHKOBOi OI[IHKHU
BOTHECTIMKOCTI 0aJI0K TaKOTO THITY.

J7is TOCATHEHHSI METU OKPECIIEHO TaKi OCHOBHI 3aBJAHHSI:

- TPOBECTH aHATITHYHI JOCIIKEHHS CTATUCTUYHUX JAHUX MO0 TOXKEK
B YKpaiHi 3a OCTaHHI POKH, a TaKOX MpoaHajli3yBaTU HOPMAaTUBHY 0a3zy, sKa
perJaMeHTye BHUMOTH JI0 HOPMYBaHHS BOTHECTIMKOCTI cTajeBUX Oajok i3
MIHEpaJIOBaTHUM BOTHE3aXHCTOM;

- pO3pOOUTH METOAMKY EKCIEPUMEHTAJIbHUX IOCIIIKEHb 13 BOIHEBHX
BUNPOOYBaHb  CTajeBUX  OajoK 13  MIHEpPAJIOBATHUM  BOTHE3aXUCHUM
OOJUITIOBAHHSAM [IJIi BHUBYEHHS TEMIIEpaTypud IX HarpiBaHHS IIiJl BIUIMBOM
CTaHJIAPTHOTO TEMIIEPATYPHOTO PEXKUMY TTOKEXKI;

- pO3pOOUTH METOAMKY M BH3HAUUTH Ha 1l OCHOBI TeMIIEpaTypHI
3aJIEKHOCT] TEIUIO(I3UYHUX XAPAKTEPUCTUK MIHEPAJIOBATHOTO OOJMIFOBAHHS Ha
OCHOBI TPOBENECHHUX EKCIEPUMEHTANbHUX IOCIIKEHb CTaJeBUX OajoK, TaKOXK
BUSIBUTH 3aKOHOMIPHOCTI JIOCATHCHHS KPUTHYHUX TeMIepaTryp TMia d4ac
BUKOPHUCTAHHS XapaKTEPHUCTHUK, 3aJ€KHO BiJl KOHCTPYKTUBHUX MapameTpiB I[bOTO
TUITYy OAJIOK;

- pO3pOOUTH METOAMKY MaTEeMaTHUYHOTO MOJENIOBAaHHS IOBEIIHKU
MIHEpAJOBAaTHOTO  BOTHE3aXHCHOTO  OOJMIIOBaHHS 3  MOXIIMBICTIO  HMOTO
BIIIApYBaHHS MiJ TEIUIOBUM BIUIMBOM CTaHJAPTHOTO TEMIIEPATYpHOTO PEXHUMY
TTOXKEXKI;

- 13 BUKOPHUCTaHHSM pO3pOOJEHUX METOJMK BHUSIBUTHU 3aKOHOMIPHOCTI
3aJIKHOCTI ~ 4Yacy  BiAIIApyBaHHA  MIHEPAJIOBATHOTO  BOTHE3aXMCHOTO
OOJIMIIOBaHHS, 3aJIEKHO Bl KOHCTPYKTUBHUX MapaMeTpiB CTAIEBUX OAJIOK 13 UM
TUTIOM BOTHE3aXHCTY;

- PO3pOOHUTH METOJUKY PO3PaXyHKOBOI OI[IHKA BOTHECTIMKOCTI CTAJIEBUX
0amok 13 MiHEpaJOBaTHUM BOTHE3aXMCHUM OOJIMIIOBaHHSIM, 3 OIIAAy Ha
MOKJIMBOCTI HOTO BIAIIApPYBaHHs I Yac TEIUIOBOTO BIUIUBY CTaHIApPTHOTO

TEMIIEPATYPHOTO PEXKUMY MOXKEXI.



55

PO3/ILI 2
EKCHEPUMEHTAJILHE BU3HAYEHHS TEMIIEPATYPHUX
3HAYEHbD 3PA3KIB KOJIOH I3 BOTHE3AXUCHUM
OBJULIIOBAHHSIM MIHEPAJIOBATHUMH IIJIMTAMM
1] YAC BUIIPOBYBAHD HA BOTHECTIMKICTD

2.1. ExcniepuMeHTaIbHe 00/1aIHAHHS VIS IPOBeIeHHSI BUNIPOOYBAaHb

ExcniepuMenTanbHe BOTHEBE BUINPOOYBAaHHS JJIi BHU3HAUYCHHS MEXI1
BOTHECTIMKOCTI  CTQJIEBUX CTEPKHIB 13  BOTHE3aXHMCHUM  OOJIMIIFOBAHHSIM
MIHEpAJIOBaTHUM TIOKPUTTSAM IPOBEAEHO BiAmoBiguo a0 [6-8, 40-41]. s
€KCIIEPUMEHTY BUKOPUCTAHO BOTHEBY MY, 110 Ipoinuia atectarito 3rigHo 3 [OCT
24555-81 (aTectar Ne 24-2/1918), Ta BuMiproBaJibHe 00JIaIHAHHS, MIPEICTABIICHE B
Tabm. 2.1.

Ha puc. 2.1, 2.2 300paxkeHo (OTO 30BHIMIHBOTO BUIJISAY Ta CXEMY
YCTAaHOBKM BUIPOOYBaJIbHOI BOTHEBOI TMedl 3 TPHUKIAJAOM YCTaHOBJIECHHS
BUNPOOYBAIBHUX 3Pa3KiB 1 TEPMOEJIEKTPUUHUX MEPETBOPIOBAYIB (TepMonap) A
BUMIPIOBAaHHA  TEMIIEpaTypud TOBITPS  BCEpPEIMHI BOTHEBOI Kamepu U
HABKOJIMIIIHBOTO CEPEIOBHINA. 3a BUMOraMu [7], BOTHEBY iU pO3TALIOBYIOThH Y
MPUMILIEHH], PO3MIPH SIKOTO 3a0€3MeUyI0Th MAKCUMaJIbHY 3MIHY TEMIIEpAaTypHHUX
MOKa3HUKIB MOBITPsiHOTO mpoctopy 10 10 °C, MNOpiBHSIHO 3 TOYATKOBUMHU
3HauYCHHAMH. BunpoOyBaHHS MPOBOASATH 3a TEMIEPATYPH HABKOJIUIIHBOTO
cepenoBuia Biag 5 10 40 °C 1 noka3HUKIB BOJOTOCTI MOBITPS B Mexax Bijg 45 10
75 %.

Ha puc. 2.1 300paxeHo cuctemMy MiABEICHHS TajdbHOI CyMIl, IO
nofaeTbest A0 (OPCYHOK MAIbHUKIB Ta sKa 4Yepe3 HArpiBHUKA KaHal CTBOPIOE

BOTHEBY [Ii10 3 HATHITAHHSIM TEMIIEpaTypu BCEPEANHI KaMepH TIevi.
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Puc. 2.1 3arajpHuii BUIJIAA Ta CXE€Ma BOTHEBOI Iiedl. 1 — KOpIycC IIeul;
9

2 — ManpHUKW; 3 — KaHaJ W BHJAJCHHS MPOIYKTIB 3ropaHHs; 4 — KpHINKa eyl

5 — JroKH 3 IBeprUMa

Tepmonapu

4000 Konona-3pazox

2000

JIMMOBHIA JTIOK
OropJuKeHHs nedi

Orusi10BHif TI0K HarpiBanbHuii kaHan

Puc. 2.2 Cxema ycTaHOBKH BUIIPOOYBaJIbHOT BOTHEBOT Meul
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Ta6mur 2.1 — TexHiyH1 3ac00U BUMIPIOBAHHS ITiJ] Yac MPOBEICHHS BUMPOOYBaHHS

Ne BumiproBansHuit K-cTp 3acTocyBaHHA Ta Jonyctuma
3/m npuiaj Jiana3oH BUMIpiB noxuoKa
TOYHICTh

1. |Tepmomapu TXA (3a | 30 ox. | BumiproBanHus +0,0075 X Ta.

['OCT 3044-84) TeMIlepaTypH B Ieyi Ta °C
Ha MOBEPXHI 3pa3ka
(TemnepatypHHii
miana3od Bix 0 1o
1300 °C)

2. |BumiproBaibHO- 1 ox. |Bix0 mo 1300 °C +(0,5+0,0009T) °C
pEECTpYBATLHUI 1o 180 xB +1 ¢
koMmiuiekc « TEST-

SERT»

3. |[Ipunax Bumipy 1l on. | Ho 100 I1a Kn. 1,5
HaJTUIIIKOBOTO THCKY
B eyl [THXX-H

4. |Tlcuxpometp 1 ox. | Bix 10 mo 100 % +3 %
acriipauiitauit MB-4M 1o 50 °C +0,2 °C

5. |Cexynaomip lon |Bix0 mo60c +0,4 ¢

Big 0 no 60 xB +] ¢
6. |Jlinilika MeTajieBa 1 ox. | o 1000 mm +] MM
7. |lITaHreHIUPKYIIb 1 ox. | Bix 0 mo 250 mm [1HA MMOIUJIKA

0,05 mMm

TemnepaTypy y BOrHeBiil kamepi reui GpiKCyroTh 3BApHUMHU TEPMOIapaMu 3

JiaMeTpoM JIpoTy He Oubiie Hix 1,5 MM Tuny TXA 3 HE130Jp0BaHUMHU [TPOBOIAMU

Ta TIOKPUTHMH 3aXMCHUM KOXyxoMm, 1o Bignosimarote ['OCT 3044-84 [59].

Bucoky 4uyTnmBiCTh TepMmomap 3a0e3MeuyroTh CIaeM, 10 PO3MIMIEHUN Ha KIHIT

JIpOTYy, 3aBASIKA SIKOMY 3MIHM TEMIIepaTypu TMepefaloTb Ha BHUMIPIHOBaJIbHO-

peectpyBabHuil mpuiaf (puc. 2.3).
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Puc. 2.3 30BHimHIA BUIJISNA CXEMHU i €IHaHHS TepMomap A0 BHUMIPIOBaJIbHO-

PEECTPYBAIBHOTO MPHIIATLY

Ha Bincrani He MeHIe HXK 25 MM BiJ] BUMIPIOBAJLHOTO CIIAal0 TEPMOIApU

3aXMCHUN KOXXyX TepMomapu Mae OyTH BUAAICHUHN (3HATHI), IO CXEMaTHYHO

300pakeHe Ha puc. 2.4,

oo

2
/_

| >25 mm

| >200 mm

\

Puc. 2.4. 30BHIIIHIN BUTIIA Ta cXeMa TEPMOIApH JIJIsl BUMIPIOBAHHS TEMIIEpaTypu

y BOTHEBIM kamepi medyi: | — BUMIpIOBaJIbHUM CIail TepMomapu; 2 — 3aXUCHUM

KOXKYX; 3 — Tero3axucHa 00O0JIOHKaA.
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BcranoBmoemo 6 Tepmomnap yepe3 kKoxHi 0,5 M 10BKuHU 3paszka (Y4, 2, Y4 ),
o0 BUMIpIOBaJIBHUY ciaii Tepmornap nepedyBaB Ha BiacTadi Big 90 go 110 MM Bix
IOBEPXHi 3pa3ka Ta He MeHIie Hixk 200 MM — 10 cTiHOK Tiedi [7].

TemnepaTypy HaBKOJMIIHBOTO CEPEAOBHUINA BH3HAYAIOTh 32 MOKAa3HUKAMHU
TEepMOIap, BUMIPIOBAIbHUIN clall SKUX pO3TalloBaHWW Ha Biactani Big 0,5 10

1,5 M Big cTiHOK medi (auB. puc. 2.1).

2.2. MeToauka BUrOTOBJIEHHsI Ta GOpMYyBaHHS 3pa3KiB

Bignosigao 1o [40-41], nis mpoBeneHHS BUIIPOOYBaHb CTAJICBUX CTEPIKHIB 13
BOTHE3aXHMCHUM IIOKPUTTAM Tiepen0adeHe BUKOHAHHS JBOX OJHAKOBHX 3pa3KiB
CTaJICBUX CTEP)KHIB 13 BOTHE3aXWCHUM TMOKPHUTTSIM OJHIET TOBUIMHU BUCOTOIO HE
meHme sk 1000 mm. 3 ormsmy Ha BuMmorm [6-8, 40-41], mis mnpoBeAcHHS
BUNPOOYBaHh BUTOTOBJEHO 4 TMapu 3pa3KiB CTaJCBUX KOJOH 13 JIBOTaBPOBOIO
nepepizy npodimo Ne 20 3a TOCT 8239-89 [60], 31 3BeneHOi TOBIIMHH METAITy
3,4 MM, mmpuHoo noymimi 100 MM Ta BiCTaHHIO MIXK 30BHINIHIMH TOBEPXHIMU

noaub 200 MM, BucoToro 2000 M.

g
(1]
=t
2

+ 1|~ konowHa
KONOHa IS N M e )

A

naAnTHU

-

BCTaBKa

’ -

KN nANTY

a —nepepi3 3pa3kiB Ne 1,2, 5,6 0 — mepepi3 3pa3kiB Ne 3,4, 7, 8

Puc. 2.5 Cxema niepepizy 3pa3kiB BiMOBITHO 10 CXEMHU BOTHE3AXUCTY
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BUKOHAHC 3
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TLJINT,

BUroToBIIeHUX 3a TY YV B.2.7-26.8-35492904-004:2010 [61] i3 xam’sHOi BaTH Ha

OCHOBI TIpChKUX Mopia 6a3anbToBOi rpynu. OOIUIIOBaHHS MPEICTaBICHE y JIBOX

BUTJIAJIAX: 13 BCTABKaMH B TPOCTIp MK monuisiMu nBoTaspa (Ne 3, 4, 7, 8) Ta 6e3

BcTaBoK (Ne 1, 2, 5, 6) (puc. 2.5), i3 pi3HUMHU TOBIIMHAMH MiHEPAJIOBATHUX ILIHT,

110 3a3HA4Y€HO B Ta0I. 2.2.

Tabmui 2.2 — [lapaMeTpu i TOBIIMHM OOJIHUITIOBAHHS HA 3pa3Kax

. I'yctu- ToBmuH
3Benena | Koedimient ToBmmHa
3BeneHa Ha a
TOBIIMHA nepepizy o0HIIo- No
[Tpodinn Bun | ToBumHa MiHBaTH, MIHBaTH
KopoOuacTa | KopoOJacTHit BaHHS d, 3pazka
0, MM Kr/M° (HOM.)
Ox, MM Amk/V, M-! MM
ds, MM
Korona,
Ne 20 3,4 4,5 222,2 154 24 20 6
2m
Korona,
Ne 20 3,4 4,5 222,2 154 25 20 5
2m
KoioHa,
Ne 20 3,4 4,5 222,2 154 35 30 2
2m
Korona,
Ne 20 3,4 4,5 222,2 154 36 30 1
2m
Komnona,
Ne 20 3,4 4,5 222,2 154 52 30+15 8
2m
Korona,
Ne 20 3,4 4,5 222,2 154 55 30+15 7
2m
KomoHa,
Ne 20 3,4 4,5 222,2 154 73 30+30 4
2m
Konona,
Ne 20 ) 3,4 4,5 222,2 154 75 30+30 3
m

3pa3ku it BUIPOoOyBaHHs BUTOTOBIIEHI moetanHo [40—41]. Cnovarky Oynu

3HATI

po3Mipu

Ta

BIIIIOBITHO

0

TEILTOI30JIAMIHII MaTepiai (puc. 2.6 a).

HUX

[T ATOTOBJICHUN

(Hapi3aHuil)
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Puc. 2.6 Ertanu BUTOTOBICHHS EKCIEPUMEHTAJIBHHUX 3pa3KiB: a — pO3pi3aHHS
TEIUTO130JSIIMHUX TUIUT 32 PO3MiIpaMy ¥ TOBIIMHOIO; 6 — MPUTOTYBaHHS KJIEEBOI
cymimi «Ceresit CM-17»; 6 — 3akpirmieHHsSI MiHEpAJIOBAaTHUX BCTaBOK KIJIEEBOIO

CYMIIIIIIIO; & — 3aKPITJICHHSI MIHEPAJIOBATHOTO OOJIUIIFOBAHHS KJIGEBOIO CYMIIIIIIIO.

AL

Puc. 2.7 Cxema po3MillleHHS TepMoIlap Ha 3pa3kax CTajlieBoi KOJIOHHU 3

KOpOoOYacTuM mnepepizom

Y Xoai BUTOTOBJICHHSI 3pa3KiB BiApa3dy OylIu pPO3MIIIECHI W 3aKkpirieH1
TEpMOIIapH Ha 3pa3kax CTaJeBUX KOHCTPYKLIN MO LIEHTPY CTIHOK 1 Ha BHYTPILIHIH
MOBEPXHI MOJIMIIb JBOTABPIB, M0 300pakeHO Ha puc. 2.7 Ta Biamosigae [7, 40-41].

JI1s HeHaBaHTaXEHHUX 3pa3KiB PO3MILLIEHHS TepMonap nepeadadyeHo 2 BUCOTH.
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HactynHuii eram micias po3MILIEHHS  TepMoIlap —  3aKpIIUICHHS
MIHEPAJOBATHOTO OOJIMIIOBAaHHS 1O CTIHOK KOJOHM Ta MIX IUIUTaMH, IO
peanizoBaHe 3a nonomMororo kiew «Ceresity CM-17, HaHECEHOTO 3a JOMOMOIOI0
mmartens mapom y 3-5 mum (puc. 2.6 6, 6, 2). i HaaiifHOCT1 KpituleHHs ¥ ¢ikcartii
IUTUT Mk COOOIO0 MPOTATOM 3aCTUTAHHS KJICEBOT CyMIIll, HA CTUKAaX BUKOPUCTAHO
OyniBenbH1 1BsSXH 3 X 75; 5,5 x 150; 6 x 200 MM 13 kpokoM ckpimtoBanHs 400—
500 MM (puc. 2.6 2).

Jlns BU3HAYEHHS HOPMOBAaHMX 3HA4YeHb MeXI1 (KJacy) BOTHECTIMKOCTI B
MeXax Jlana3oHy BUIPOOYBaHMX TOBIIMH OOJIMIIOBAHHS JIOMYCTHME BIIXWJICHHS
3Hau4eHb 10 +5 %. Pi3HMISA TOBUIMH OOJIMLIOBAHHSA 3pa3KiB y TaOauIl 2.2 BUHUKIIA
BHACJIIOK HEBEJIMKUX HETOYHOCTEW MiJ Yac BHUIOTOBJIEHHS (po3pi3aHHs
TEIUIOI30JSILIIMHUX TUIMT 1 TOBIUMHU IIAapy KJIEEBOI CyMIlIl), L€ AOMYCTHUMO,
OCKUIbKU He niepeBurye 5 %.

Bignosimno mo [7, 40-41], BepxHiii Topenb 3pa3ka IOBHHCH OYTH
3aXUIIEHUM BiJl HarpiBaHHs. Y XOJiI BHUTOTOBJICHHS 3pa3ka BCTaHOBIICHO

TEIUTO130JIsAIHEe YIIUIBHEHHSI 3 MiHEpaJOBaTH 3aBTOBIIKK 60 MM Ta T'yCTHHOIO

156 kr/m°.

2.3. MeToauka npoBe/iecHHSI BOTHEBOT0 BUIIPOOYBAHHS

2.3.1. MeToauka miArOTOBKH [0 MOYATKY BUNPOOyBaHHsi. ['0TOBI 10
BUMPOOYBAaHHS 3pa3Ku 3 OOJAIITYBaHHSM TEIUIOI30JIAIIEI0 BEPXHbOI YAaCTUHU
CTEp>KHIB BCTAHOBJICHO 10 KaMe€pu BOTHEBOI Teul. 3pa3Ku 3aKpilUICHO dYepes
Gikcarito HIWKHBOTO Kpar KOJOHH 3a JOMOMOTOI0 METaJieBUX KYTHHUKIB, IO
300paxeHo Ha puc. 2.8.

Bimnosimno nmo [40-41], BumpoOyBaHHS MeETaJeBUX CTEPXKHIB 13
BOTHE3aXUCHUM OOJHUITIOBAaHHS MOKHA MPOBOJAWTH 0€3 HaBaHTAXCHHS Ha JIBOX

OJHAaKOBHX 3pa3Kax 3aBBUIIIKK HC MCHIIIC 1 m.



Nel-Ne4 Ne5-Ne 8
Puc. 2.8 Burnsg 3paskiB 0 MoYaTKy BUIPOOYBaHb
I eran
No 1 (36 mm) No 2 (35 mm) No 3 (75 mm) No 4 (73 mm)
II eran
Ne 5 (25 mm) Ne 6 (24 mm) Ne 7 (55 mm) Ne 8 (52 mm)

L e T A ey

O

Puc. 2.9 CxemMa BCTaHOBJICHHS 3pa3KiB CTCP)KHIB 3a CIOCOOOM HaHECEHHS
BOTHE3aXMCHOTO o0mITroBaHHs (3pa3ku Ne 1, 2, 5, 6 — 6e3 BcTtaBOK; 3pa3ku Ne 3, 4,

7, 8 — 31 BCTaBKamMm)

3rigHo 3 [40-41], miHiMaabHa BIACTaHb Bij 3pa3ka 0 CTIHOK I€Yi Ta MiX
3pa3kamMH MOBUHHa cTaHOBUTH He MeHuIe sik 200 MM. Po3mipu medi cTBOPIOIOTH
YMOBU i1 BUIPOOYBaHHS & 3pa3KiB CTEP)KHIB y JBa €Talmu 3 OJHOYACHUM
YCTAaHOBJIICHHSIM 1O 4 3pa3ku B KaMmepy Iieul.

nociimxeno 3pasku Nel — Ned, ympomosxk apyroro — Ned — Ne 8. 3paszku

BCTAHOBJICHI 332 CXEMOI0, 300pakeHo0I0 Ha puc. 2.9.

IIpotdarom mnepiioro eramy
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[Ticnst  po3MmilieHHss ~ BUNPOOYBaJIbHUX  3pa3KiB 1  HaJlalITyBaHHS
BUMIPIOBAJIbHUX TPUIAJIB (T€pMOIap) B YCTAHOBIIl BOTHEBOI Medl MPOXOAUTH
3aKPUTTS Ta 130JIS11is1 BCIX OTBOPIB (OMISIIOBHUX JIIOKIB 1 JIIOKIB 13 JBEpUMa). 3a
5 XBUJIMH 10 TMOYATKy BHU3HAYAIOTh BUXIJAHI MOKA3HUKH TEMIIEpaTypd Ha BCIX
TEepMOTapax y BOTHEBIM Kamepi Ta HaBKOJIMIITHHOTO CEPEIOBHINA B MPUMIIICHHI,
Jie TIpallloe BUMpoOyBaibHa mid. Bijyiik moyaTky BUIIpOOYBaHHS PO3IMOYNHAETHCS 3

MOMEHTY BBIMKHEHHS MaJbHHUKIB y BOTHEBiH Teui.

2.3.2. MeToauka npoBeaeHHsi BunpoOyBanHs. [lin yac BunpoOyBaHb y
1eyl CTBOPEHO CTaHAAPTHUW TEMIIEPATypHUU peXUM. 3 IHTEPBAJIOM B 1 XBUIMHY
BIIPOJIOBK YCHOTO MEP10Ay BUIPOOYBaHHS MPOBEJICHO BUMIPIOBAHHS TeMIIEpaTypu
B KaMepi eyl Ta Ha TOBEPXH1 CTaJeBOro 3pa3KiB, OPraHi30BaHO CIIOCTEPEIKEHHS 32
MOBEAIHKOI (3MIIICHHSAM) KOHCTPYKII1 3pa3ka. 3HAUYECHHS HAIJIUIIKOBOTO THUCKY
BUMIpsiHO Ha BijcTtadi 100 MM Biag HWKHBOI TTOBEepxHI cTemi redi. Ha 5 xBumuHi
BUNpoOyBaHb 3adikcoBano 8§ I1a, 13 10 XBHIMHM ¥ 10 3aKIHUEHHS] BUIPOOYBAHHS —
12 Tla.

Ha mouatky BumpoOyBaHHSI BCTAaHOBJIEHO TeMIEpaTypy HaBKOJUIIHBOIO
CepelloBUIA Ta BIAHOCHY BOJIOTICTh MOBITps. 11 mepmux YoTUpPhOX 3pa3KiB
3HAUEHHS TeMIepaTypu MoBiTps nopiBHIoBaio 27 °C i3 BosoricTio 48 %, a mis
3paskiB Ne 5 — Ne 8 — 23 °C i Bosorictio 56 %.

Bignmosimno g0 [40-41], s 3paskiB  MeTaleBUX KOHCTPYKIIH 13
BOTHE3aXHMCHUMH TIOKPUTTSIMH, 1110 BUMPOOOBYIOTH 0€3 HABAHTAXKEHHS, TPAHUYHUM
CTAaHOM 32 O3HAKOK BTPAaTM HECYYOi 3JIaTHOCTI € TIEPEBUIICHHS CEPEAHbOI
TEMIIEpPaTypu 3pa3ka CTajaeBOi KOHCTPYKIlT HaJ HOTO MOYATKOBOIO TEMIIEPaTypOIO
Ha 480 °C abo MOCATHEHHS TPAHWYHOTO 3HAYCHHS IMO3/I0BKHBOTO 3MIIIEHHS —
nedopmartii.

CyTHICTh METOAY TPOBENCHHS BUMPOOYBaHHS TOJSATAE Y BU3HAYEHHI MEXI
(kJ1acy) BOTHECTIMKOCTI METaJIeBOi KOHCTPYKIIIi, @ caMe MPOMIXKKY 4acy BiJ MOYATKY
BUIPOOYBaHHS 10 HACTAHHS TPAHUYHOTO CTany [3, 7].

3a pe3ynpTaTaMd BUIPOOYBaHb BH3HAYAlOTh MEXY BOTHECTIMKOCTI
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KOHCTPYKIIIi 3T17THO 3 (hOpMYJIOH0:
try = tomes — AL, (2.1)
7€ t — MEKa BOTHECTIHKOCTI KOHCTPYKIIi, XB.;
tmes — HaMEHIIIC 3HAYCHHS Yacy BiJ MOYATKy BUIMPOOYBAHHS JI0 TOCSTHEHHS
TPAaHWUYHOTO CTaHy 3 BOTHECTIAKOCTI, MmO 3adiKCoBaHE 3a pe3yJIbTaTaMH
BUIIPOOYBaHb OJHAKOBUX 3pa3KiB, XB.;
At — moxu0ka BUIIPOOYBaHHS, XB.
3a [7], 3HaueHHS MOXUOKK A BU3HAYAIOTH 3a (OPMYJIOFO:
At = 0,015¢,,,.. + 3 (2.2)
OnHak 3a yMOB [3] 3HaueHHS MOXMOKKM BU3HAYAIOTH JJIs IHTEPBAIY Yacy Bif
0 10 tmes. [HTErpanbHe 3HaueHHs Af cepenHbOi Temneparypu Tr y medl mij yac

BUIPOOYBAHHS BU3HAYAIOTH 3a TAKOIO (POPMYIIOO:
Ar = 2205 (T + Tz o) (8 — £ _4), (2.3)

ne Ty — 3HaueHHs cepelHbO1 TeMIIepaTypH B Ieul, 1110 BiANOBIIAE yacy ti °C;

ti— Jac 1-To UMKy BUMIPIOBaHHS CEPEIHBOI TEMIIEPATYPH;

1 — HOMEp IMKIIy BUMIPIOBaHHS CEPEHBOI Temreparypu (IOpiBHIOE Yacy ti,
SIKIIO BUMIPIOBAHHS MMPOBOASATH uepe3 1 XB.);

N — HOMEp KTy BUMIPIOBAHHSA, JJIS IKOTO ti = tmes .

AHanoriuHo s iHTepBay 4acy Biff 0 10 tmes BU3HAUAIOTHh IHTETPAJIbHE

3HaueHHs Ag cTaHaapTHOI Temneparypu Ts 3a GopMyI0K0:
Af:zoaS(Tsi+Tsi-l)(ti_ti-l)! (2.4)
im1

ne Ts — 3Ha4eHHs CTaHJIapTHOI TEMIIepaTypH, 1110 BiAnoBigae vacy t; °C.
dopMyinty Uil pO3paxyHKy 3Ha4deHb TeMmmeparypu Ts 3aleXHO Bij dacy
HaBezeHo B [6].
Sxmo As> Ag, To t=0.
ko Af < As, To moxuOKy At BU3HA4Yar0Th 32 (POPMYIIOLO:

At= (0,015 tmes + 3) (As - A)/(As - Anin), (2.5)
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ne  Amin — IHTETpalibHE 3HAYEHHS MIHIMAQJIBHO JOMYCTUMOI TeMrnepaTypu Tmin
TUTst iHTepBaITy 9acy Bif 0 10 tmes, °C- XB.
3HadeHHs Amin BU3HAYAIOTh 32 (HOPMYJIIOI0, aHAJIOT14HOIO 10 Gopmyi (2.3) 1
(2.4):
n
a =Z;0,5 (Trini + Trani-0) (6 = 8i4), (2.6)

i
1€ Tmin i — 3HAYCHHS] MIHIMQJIBHO JOMYCTHMOI TeMIepaTypu Tmin, IO BiAMOBIAAE
yacy t;, °C.

Temnepatypy Tmin BA3HaYAIOTh 32 (POPMYIIOIO:

Tmin=T (1-10,01d)), (2.7),
ne d — gomycTuMe BIIXWIICHHSI CepeHbOI TEMIIepaTypHu B Iedl BiJl TeMIIepaTypu
Ts, %.

HactanHs rpaHWYHOTO cTaHy OmUcaHo y [7], Ui 3pa3kiB BEpTUKAIbHUX

CTaJICBUX KOHCTPYKIIiHM 1€ BU3HAUAIOTh 3a popmynamu (2.8) ta (2.9):

C=— (2.8)

100’

ne C — rpaHu4yHe 3HAYEHHS TMO3JI0BXKHBOIO 3MIIIEHHS 3pa3ka BEPTUKAILHOT
KOHCTPYKIIIi, MM;

h — moyaTtkoBa BHCOTa 3pa3Ka, MM.

3HaueHHS IIBUJIKOCTI HAPOCTAHHS BEPTUKAIBbHOI JAedopMaliii 3pas3ka
BU3HAYAIOTh 32 BUPA30M:

dc _ 3h
— = Tooo (2.9)
dt 1000

Jlns  OliHIOBaHHS  pe3yJIbTaTiB  JOCIHIJIB  BOTHECTIMKOCTI  CTaJeBHUX
KOHCTPYKIIIA 13 BOTHE3aXHCHUM OOJIMIFOBAaHHSAM, BIAMOBIZHO 10 [7], MOXYTb
3aCTOCOBYBATH KUIbKAa METOIB, B OCHOBI SKHUX — PO3B’S3aHHA U(EPEHIIITHOTO
PIBHSIHHS TETUJIOMPOBITHOCTI 31 CTANMMH ab0 31 3MIHHUMHU 3HA4eHHS KoedilieHTa

TETJIOPOBITHOCTI. Buxinnuii BHpA3 nudepeHIliHOTO PIBHSIHHS
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TEIJIONPOBITHOCT] MOJIATAE Y BU3HAYEHHI MPHUPOCTY TEMIIEPATYPHU 3a MPOMINKOK

4acy Ta MpeJICTaBICHUH TaK:

_pAp  (Bge=Bar) .. si10 1Y),
ﬂga't_lfdpﬂapa (1+¢/3) at (E l) A8y,¢ (2.10)

(AG,, >0 mpu Ag,,>0),

e ¢:CPﬁdPAP/V ,
C.P,

A, IV — Koe(illeHT mepepidy sl CTaJIeBUX KOHCTPYKIIH, 130JIbOBaHHUX
BOTHE3aXMCHUM MaTepialioM;

¢, — TNHTOMAa TEIUIOEMHICTh CTall, IO 3aJeXKUTh Bl TeMIepaTypu
(Hox/(kr-°C));

¢, —IATOMA TEIUIOEMHICTh MaTepiaiy, 110 HE 3aJIe)KUTh BlJl TeMIEpaTypu
(Hox/(xr - K));

d, — TOBIIIMHA BOTHE3aXUCHOTO MaTepiay (M);

At < 30 — iaTepBa (MPOMDKOK) Yacy (c), it 0OUMCICHHS 32 3HAUYCHHS At
ounbiIe sk 30 ¢ npuiiMaroTh 3HaueHHs piBHe 30 c;

6,, —Temreparypa cTaini B MOMeHT Jacy t (°C);
6,, — TeMIepaTypa HaBKOJIMIIHBOTO ra3y B MOMeHT 4acy t (°C);

AG,

.« — 3OUIBLIEHHS TEMIEPAaTypH HABKOJMIIHBOIO TIasy 3a MPOMIKOK

yacy At (°C);

4 = 0,2 — xoe(dimieHT TEMJIOMPOBIIHOCTI BOTHE3aXMCHOI CHCTEMHU
(Br/(m-°C));

p, = 7850 — rycruna crami (kr/m);

p» = 1355 — rycTuHa BoraesaxucHoro marepiany (kr/m3).

Pt/

At=08 - z2fe. L. 149/ (2.11)
fdp P

BukoHyloun po3paxyHKH 3a pe3ysibTaTaMd BHUMIPIOBAHHSI TeMIIepaTypu
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HCHABAHTAXXCHUX 3pa3KiB CTaJeBHX CTEPXKHIB, Ui BpaxyBaHHS pPO301KHOCTEH
PO3MOILTY TEMIIEpaTypPH 3aCTOCOBYIOTh KOPUTYBAJIbHI KOS(IIIEHTH.

JInisi  OIHIOBaHHS XapaKTEPUCTHUKU BOTHE3aXWCHOI 3aTHOCTI TOKPHUTTS
3aBXJM BHUKOPHCTOBYIOTH CEpEIHE 3HAYCHHS TEMIEpaTypH CTaJE€BOTO €JIEMEHTa
3pa3ka KOJOHHU JJIsi BCIX YaCOBUX IHTEPBAJIB, IO BH3HAYAIOTh 332 TMOKa3HUKAMU
TepMomnap.

P0361:kHOCTI TeMIepaTypHUX TaHUX Yepe3 PI3HUIIIO TOBIIWH BOTHE3aXUCHOTO

MOKPUTTS KOPUTYIOTh BIAMOBIIHO /10 BUPA3Yy:

ky(0) = [fme@Fmn @ (g _ g Y4k (8), (212)

':dma.r_dmin]

ne k4(8) — xopurysanbuuii KoeillieHT /1S HEHABAHTAKEHOI KOJIOHH.

CepenHi 3HaUYCHHS TEMIIEpaTypU KOKHOT KOPOTKOI KOJIOHU KOPUTYIOTh 3a:
Sm{SC] = k4(8) - Osc, (2.13)

Ae B,,(scy — BIIKOpHIOBaHA TeMIlepaTypa KOPOTKOI CTajleBOl HEHABAHTAKEHOI

KOJIOHH;

8sc — cepeHi 3HaU€HHS TEMIIEPATYPH AJIs1 3pa3KiB KOPOTKUX KOJIOH;

8, — XapaKkTepucTHUUHa TeMIepaTypa CTaji.

VY meroni 3 4, — 3MiIHHA, SKy TMEPIIOYEProBO PO3PaXOBYIOTh ISl KOKHOTO
3paska e(peKTUBHOI TEIUIONPOBIIHOCTI MOKPUTTS, 10 M€ BUIIIA QYHKILIT yacy A, ;
(t) 3a BUpazom:

- t] [ﬂﬂa.t+ (e%— 1)115&] (2.14)

—la,-Loeup,-(1+28) ——
lﬂ.t(t]_ [dva a CaPa (l+ ) (8:—6a.)a

3

Bu3HayaloTh CEpeHIO TEMIIEPATYpy BOTHE3AXMCHOIO MOKPUTTA &, s

KOXXHOT KOJIOHU ¥ /11 KOXKHOTO 1HTEPBAITY Yacy 3a GopMyIior0 (IPUHITUTIOM):

g — (6, +65)

o . (2.15)
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JIS1 TIOJAJIBIIIOTO PO3B’A3aHHS 3aCTOCOBVIOTH IIPUBEAECHHSA A Bijg t HA A_BIl
P P

JlJis po3paxyHKIB TaKO>K MPOBOJSATH OOYHMCIIEHHS CEPEAHIX apu(PpMETHUHUX

3HAYEHb A, U1 KOXKHOI KOJOHHU (4,,,) (y niamasoui 8, Bix 0 o 1000 °C) Ta mns

BCIX KOpOTKMX CTepkHiB (d,,,) (y miamasomi 6, Big 250 mo 1000 °C).

[l
Makcumansauii kpok temmneparyp — 50 °C.
Busnauatoun TteMmnepaTypHUM pO3HOJAUI 1O TOBIIMHI BOTHE3aXHCHOTO
HOKPUTTSI, MPOBOAATH PO3PaxyHOK (YHKII BTpaTH BOJIOTM MOKPUTTS B HOro
TOBIIMHI, II0 PEATI3YIOTh 32 MPOMIKKaAMH 4acy (K 3IJIaJHKEHA KpUBa 3aJICKHICTb
TPUBAJIOCTI JUISHKM 3MEHILUEHHS BOJIOTOCTI BiJl TOBIIMHU BOTHE3aXHCHOTO

MOKPUTTS) 3TiAHO 3 (POpMYIIOLO:

D,=C-d3 (2.16)
o d3Dp

C = EI—;% | 2.17)
i=1%p

Jie N — KUTbKICTh 3pa3KiB;

D

p — TPUBAIICTh AUISHKU 3MEHIIEHHS BOJOrOCTI Y XBHJIMHAX I KOXKHOI

KOPOTKOI CTaJIeBOi KOJIOHH, 00UHCIICHA 3 IHTEpBajoM | XB.;

d, — TOBLIMHA BOTHE3aXMCHOTO MaTepiaay Ha KOXKHIN KOPOTKiii KOJIOH1, MM.

JI71st BUBHAUEHHS TPUBAJIOCTI IIJISTHKU 3MEHIIEHHS BOJIOTOCT1 MPOBOASTH!

- obuncnenns 8, 3a (2.10) no 3nauens 8,= 100 °C, orpumane s gacy ti;

- obuncnenns Dy, sx QyHKIIi TOBIIMHU BOTHE3AXUCHOTO NOKPUTTA d; ;

- obumcrenns 8, 3a (2.10) mra nmpoMixkky gacy cymu (ty + D).

Y nojganeIioMy MpPOBOJSATH PO3PAXYHOK MAKCUMAJIBHOTO 4acy  tmax,
HEOOXIZHOTO Ul JOCSATHEHHS IPOEKTHOI Temmeparypu Mmetany Bixm 350 °C mo
MaKCHMAIILHOI TeMIiepaTypu crai 8. 3 inTepsanom y 50 °C.

SIKI10 BUKOHYIOTBCS YC1 KpUTEPIi MPUIHHATHOCTI:

- JUTSL KOXKHOI KOJIOHU PO3PaxXyHKOBE 3HAUEHHS Yacy JOCATHEHHS MPOEKTHOI

TeMrneparypu (TemrepaTypH, BIIKOPUTOBAaHOI 3a PO301KHOCTAMHU 32 TOBIIMHOIO
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MOKPUTTS) HE NOBUHHO niepeBuiyBaTH 30 % 3HaYEHHS Yacy JAOCSTHEHHS MPOEKTHOI
TEMIIEPATypH B XOJIi BUTIPOOYBaHb;

- CepelHE 3HAYEeHHsS BeNUYMHHU po30DKHOCTeH (%) y Yaci JOCATHEHHS
MIPOEKTHOI TEMIIEPATypH ISl KOXKHOT KOPOTKO1 KOJIOHW TIOBUHHO OYTH MEHIITUM BiJT
HYJIS;

- MAaKCHMAaJIbHUM BIJICOTOK 1HJMBIAYaJIbHUX 3HAYEHb YCIX PO3ODKHOCTEH HE
noBuHeH nepeuiyBatu 20 %, ane He OyTH MEHIIIUM YH JIOPIBHIOBATH HYIIO [7].

Sxmo xoya O OIMH 13 KPUTEpIiB HE 3aJ0OBOJICHUH, MPOBOJATH MOJANIbIIE
OOYHCIICHHS 11 KOPUTYBaHHS.

OcTaTOYHUMU JisIMH 32 METOJIaMHU € TT00y10Ba TabIuIlb 1 kpuBuX (puc. 2.11).

200

115

Temneparypa, °C
g3

=
=]

>

t(60) 1 (80) t(1ns) t(120)

Yac, xn

a 0
Puc. 2.10. KpuBi TpuBanmocti 130TepMIYHOi MAUISHKH, Ha SIKI 3MEHIIYEThCS
BOJIOTICTh TIOKPHUTTSA: @ — OLIHIOBaHHS TPHUBAJIOCTI 130T€PMIYHOI JAUISHKH, 1€
3MEHINY€EThCS BOJIOTICTh TOKPHUTTA MiJ Yac BUMPOOyBaHHS; O — 3aJ€XKHICTb
TPUBAIOCTI 130TEPMIYHOT TUISTHKH, Ha SIKIH 3MEHIIYETHCSI BOJIOTICTh TTOKPHUTTS Bij

MOr0 TOBIIIWHHU.

3aCTOCOBYIOUM METO/I OLIIHIOBAHHSI BOTHE3aXMCHO1 3AaTHOCTI MOKPUTTSI, IO
3aCHOBaHE Ha PO3B’s3aHHI NudepeHITiitHoro piBHIHHS TeruionposigHocTi (2.10) 13

A — CTaJla, PO3PaxyHOK PO3MOYMHAIOTH 13 MEPEBIPKU KPUTEPIiB MPUUHITHOCTI Ta

Moau(DiKaIii MOYaTKOBOI TEMIOEMHOCTI, IO MOB’SI3aHE 3 BUKOPUCTAHHSIM CEepeaHIX

3HAYEeHb MOKA3HUKIB TemIeparypu W moTpedye KOpUTYBaHHS B XOJ1 PO3MOALTY

Y
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TEMIIEPATYPHU MO TOBUIMHI BOTHE3aXUCHOTO MOKPUTTH.

Lleit MeTon chpsMOBaHM Ha BHU3HAYEHHS €(EKTHBHOI TEIUIOMPOBIIHOCTI
Ao (8; d,), mob 4ac, 3a AKMH PO3paxyHKOBa TeMmeparypa cram 6,; nocsrae
MPOEKTHOTO 3HAYEHHS f;, CTaB BiANOBIIaTH BUMIPIOBAHOMY 4acy AOCATHEHHS ITi€i
TEeMIIEpaTypu sl KOXKHOi KOPOTKOI CTajeBOi KOJIOHM Ta JUIS TPOSKTHHX
Temneparyp crami 8, (Big 350 °C 1o MakcMManbHMX IS OPOBEICHHS aHATI3Y 3
inTepsanom 50 °C).

JIas BCiX BUKOPHCTAaHHX 3HaueHb Ap (64 d,), KEpYITbCs YCEPEIHECHUMH

3HAUCHHSIMH, BIJTMOBITHO A0 KOMOIHAI[IM 3a MPOEKTHOI TEMIIEpaTypor0 CTajll Ta
TOBUIMHOIO BOTHE3aXUCHOTO HOKPUTTSL.

[TinGipkoBI 3HAYE€HHA TEIUIOMPOBIAHOCTI 3a TEMIEPATypol0 CcTam i

TOBIMHOIO HOKPUTTS Ap (fy; d,) BU3HAYAIOTH 32 METOJIOM HAMMEHILINX KBaapaTiB,

o0 pO3paxoBylOTh 3a 2.18 Ta BUKOPUCTOBYIOTH Yy XOJI PO3B’sI3aHHS

T epeHIfHOTO PIBHIHHS TeIIonpoBiaHOCTI (2.10).
A=C,+(Cy-8,4) +(Cy-dp) (2.18)

3a po3paxyHKaMy MepeBIPSAIOTh KPUTEPIi MPUHHATHOCTI, SIKI € THMH CaMHUMH,
110 ¥ JUIT METOAY 31 3MIHHOO [7].

JIJisi BOrHE3aXMCHUX CUCTEM 13 MOBITPSIHUM IPOLIAPKOM MEHIIE BIJ 5 MM
JUISL OLIHIOBAHHSA 3aXHMCHOI CIPOMOXKHOCTI €(EKTUBHMM 3aCTOCOBYBATH METOJ
YHUCJIOBOI perpecii. 3a pe3ynbTaTaMu BUIPOOYBAaHb CTAJIEBUX 3Pa3KiB 13 PI3HOIO
TOBUIMHOIO  BOTHE3aXMCHOTO TMOKPUTTS BU3HAYAIOTh KOHCTAHTH, IO B
NOJIaJIbIIOMY JOTIOMOXYTh 3’SICYBaTH 4ac MPOrpiBaHHS KOHCTPYKIIII 10 HACTaHHS
TPaHUYHOTO CTaHy JJIsi KOHCTPYKITIN 13 TAKUMH CAMUMU MapameTpamu (Tiepepizom,
MapKd CTaji), Y XOJl BUKOHAHHS PI3HOTO Jlana3oHy TOBIIWH BOTHE3aXHMCHOTO
oomuiroBanHs.  [leit Merom 3acHOBaHMU Ha BH3HAYEHHI TEMIIEPATypHOTO
pO3MOJIYy Yy JABOTaBPOBOMY Tiepepi3l 3 BOTHE3aXHMCHUM IIIApOM IMij 4ac

3aCTOCYBaHHS METOJIy KIHIIEBUX PI3HUIIb.
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Jlnst poOoTM 3a BUXIAHI JaHl NPUKWMAIOTh TOBIIMHW BOTHE3aXHCHOTO
MOKPUTTS Ha 3pa3kax CTEP)KHIB 1 TeMIepaTypHi JaHi; ckopurosadi 3a 2.12, 2.13 —

6. (scy HIWTAIOTh PO3PAXyHKY 3@ OAraTOWICHHUM JIIHIMHUM PiBHAHHAM YHCIIOBOI

perpecii:
t=a,+a,d, + a2+ a,0s + ayd,Be + asd, ¢ +a Eﬂ—kai(ZlQ)
- 0 1*p EAE'IV ERgY 4 pYEC 3 pAfﬂf o TAE'H/’ '

1€ @g,Aq, O5,04,0,,05,0,0; — KOHCTAHTH, 10 BU3HAYAIOTh YEpPE3 PO3B’SI3aHHS
pIBHSHHSI perpecii, BUKOPUCTOBYIOUM JaHI BUNPOOYyBaHb IJIsi TEMIeEpaTyp Bif
350 °C o makcumanbHoi 3 iHTepBanom y 50 °C.

Otpumani AaHl NEPEBIPSAIOTH BIANOBIAHO 1O KPUTEPIIB NPHUHATHOCTI.
Pe3ynpTaTh € XapaKTepUCTUKOI BOTHE3aXHMCHOI 3JAaTHOCTI 3aCTOCOBAHOTO

MOKPUTTS (OOJIMIFOBAHHS).
2.4. BUCHOBKHM /10 pPo3/iiy

JIJist BUBUEHHS TEMIEPATYPH HArpiBaHHS CTaJEBUX OAJOK 13 BOTHE3aXUCHUM
MIHEpAJIOBAaTHUM OOJIMIIOBAHHSM PO3POOJIEHO EKCIEPUMEHTAIIbHY METOIUKY
BOIHEBUX BHUIIPOOYBaHb Ta MPOBEJAEHO EKCIEPUMEHTalIbH1 JociixeHHs. Ha
OCHOBI OTPUMaHUX PE3YIbTATIB BHUSBJICHO 3aKOHOMIPHICTh 4Yacy JAOCSITHEHHS
KPUTUYHOI TeMIlepaTypyd y BHIJISII PErpeciiiHOi 3aJIeKHOCTI BiJl 3HAYCHHS
KPUTUYHOI TeMmreparypu Gk, Ta TOBHIMHU O, BOTHE3aXMCHOT'O MiHEpPaJIOBATHOTO
obmmroanns U = 33,938 + 1,397-d, — 0,081- 6, + 2,35-10° dy-6p, Ha 1ii migcrasi
noOya0BaHO HOMOTpaMy. Temneparypny 3aJICKHICTh koedimieHTa
TEIJIONPOBITHOCTI MiHEPAJTOBATHOTO BOTHE3aXUCHOTO OOJIMIIOBAHHS y3arajibHEHO
B TaOIM4HIN opMi, iKa MOKe OyTH BUKOPUCTAHA ISl pO3PAaXyHKY TEMIIEpaTypH B
CTaJICBUX KOHCTPYKIIISX 13 TAaKUM BOTHE3aXHCTOM Y Jiana3oHi WOro TOBIIMHH J0
80 MM a1 uTomoi Tertoemuocti 1000 JIx/(xr-°C) Ta ryctunu 200 kr/m3,

Po3pobieno  MeTOnMKy ~— OMUCAHHS ~ TOBEIIHKHM  MIHEpPaJOBaTHOIO

OOJUITIOBaHHS CTaJIeBOi OAJIKM Ha OCHOBI PIBHSHB JMHAMIKHM Ta iX peaiizaiii 3a
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JIOTIOMOT'OI0 METO/y KIHIIEBUX €JEMEHTIB. YHACHIJOK BUKOPUCTAHHS METOJIUKH,
JOCITIKEHO TIOBEIIHKY CTaJieBOoi Oajlkd 3 MIHEpPAJIOBATHUM BOTHE3aXHUCHUM
OOJIMIIOBAHHSAM Yy 4ac BIUIMBY CTaHJIAPTHOTO TEMIEPATYPHOIO PEXKUMY MOKEXK] B

nepiox Bix 0 1o 150 xB.
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PO31J1 3
PE3YJIBTATU EKCIIEPUMEHTAJIBHUX JOCJ/IIIKEHb
®OPATI'MEHTIB CTAJIEBUX CTEPKHIB
I3 BOTHE3AXNCHUM OBJIMITIOBAHHSAM
3.1. Pe3yabTaTH BOrHeBHX BHIIPOOYBaHb (PPArMeHTIB CTaJeBHX

CTEPIKHIB i3 BOTHE3aXUCHUM 00JIMIIOBAHHAM

3a onucaHUMH B PO3JLIL 2 METOJUKAMU €KCHEPUMEHTAIbHUX JIOCII1HKEHb
IIPOBEICHO BOTHEBI BUIPOOYBaHHS 3pa3KiB (PparMEHTIB CTAJIEBUX CTEPXKHIB 31
CTaHJIAPTHOT'O JIBOTAaBPOBOIO NPOQLII0, L0 3aBEpIICHI 32 YMOBH IEPEBUIICHHS
MOYaTKOBOI TeMIieparypu MeTaneBoi KOHCTpYKIii Ha 480 °C, ToOTO MOCATHEHHS
3HAYEHHS, YCEPEIHEHOIO 3a OKa3HUKAMH TepMonap y 3paskax, senmuunu 500 °C.
[le 3HaUeHHA CepelHE, 3a SIKOTO YaCTOK0 CTa€ BTpaTa HECY4Oi 3/JaTHOCTI B HECYUHX
KoncTpykTuBHi

CTaJIEBUX KOHCTPYKIIISX. XapaKTepUCTHKU 3pa3KiB Ta 4ac

JOCSITHEHHSI KpUTUYHOI TEMIIepaTypH MoAaHo B Tadm. 3.1.

Tabmuusg 3.1 — [Moka3HKUKY Yacy 010 BTPATU HECYYOi 31aTHOCTI

BUIIPOOOBYBAaHUX 3pa3KiB

I Tum 3pa3kiB II Tun 3paskis

Ne 3paska (ToBIIMHA

OOJIMIIIOBAHHS, MM)

Yac BTpatu Hecy4oi

3JaTHOCTI, XB.

Ne 3paska (ToBIIMHA

OOJIMIIIOBAHHS, MM)

Yac BTpatu Hecy4oi

3J1aTHOCTI, XB.

Ne 1 (36 mm) 89 Ne 5 (25 mm) 68
Ne 2 (35 mm) 86 Ne 6 (24 mm) 63
Ne 3 (75 mm) 192 Ne 7 (55 mm) 147
Ne 4 (73 mm) 185 Ne 8 (52 mm) 138

JUis BU3HA4YEHHS BIUIMBY TEMIEpPATypu Ha IIUIBHICTh 3 €IHAHHS IUIUT
BOTHE3aXMCHOTO OOJMIIOBaHHS OyB TMPOBEACHUN BI3yaJIbHUWM OIJISJT IMOBEPXHI
3pa3kiB micias BUNPOOyBaHb. Burisin 3pa3kiB Mmiciisl 3aBepLIECHHS BUIPOOYBaHHS

300pakeno Ha puc. 3.1 Tta 3.2.
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Puc. 3.1 Burnsag 3pazkiB Ne 1 — Ne4: g — o movyaTky BUIPOOYBaHb; 6 — MICIA

BUIIPOOYBaHb

0.
Puc. 3.2 Burnsag 3pazkiB Ne 5 — Ne 8: ¢ — o movyaTky BUIPOOYBaHb; 6 — MICIHA

BUINPOOYBaHb
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3riIHO 3 pe3yJbTaTMHU Bi3yaJbHOI'O OIJISIAY, Ha CTHKAX TEIIOi30JISINHUX
IUIUT, 3 €JHAHUX KJICEBOIO CYMIIIIIIO, YHACHOK [ii BHCOKOi TeMIeparypu
BiIOynacst Jeriapariiss KJiIeeBoi cywimn W 3’sBuivcs TpimuHM. [lin gac mepediry
MO>KEX1 BUCOKA TEMIIepaTypa HEraTWBHO BIUIMBAE HA I[UTICHICTH BOTHE3aXHCHOTO
OOJUITIOBaHHS, TI€ MOYKE TIPU3BECTH JI0 MIEPETIACHOTO HACTAHHS TPAHUYHOTO CTaHY
BTpaTu Hecy4oi 3maTHOCTI. KoOHTposb 3a O3HaKow 30epiraHHs IIJIICHOCTI
BOTHE3aXMCHOI CHCTEMH — BAXXJIMBUM JIJIsi TapaHTyBaHHS HOPMAaJIbHOI poOOTH
BOTHE3aXMCHOI CUCTEMU M1 yac 3a0e3MeUeHHs MeBHOr0 KJIaCy BOTHECTIMKOCTI, Ha
KWW BOHA PO3paxoBaHa. 3arajoM, y Mpolect 0OCTEKEHHS 30BHIIIHBOTO BUTJISAY
BUNPOOOBYBAHUX 3pa3KiB NOMITHUX pYIHYBaHb BOTHE3aXUCHOTO OOJUIIOBAHHS HE
3aIKCOBAHO, 110 MIATBEP/KYE BUCOKY BOTHE3aXHCHY 3/IaTHICTH OOJIMIIOBAHHS
(mmB. Tabm:. 3.1).

BiamoBimHO 10 Wacy  JOCATHEHHS  KPUTHYHOI  TEMIIEpaTyph Y
BUIIPOOOBYBaHUX 3pa3kax (Ta0i. 3.1), sKuii BUBHAYCHHN 3 ypaxyBaHHIM MOXHOKH
3a METOJMKOI0, OIMCAaHOK B po3aun 2 Ta pexkomennamisx [3, 10], kputuuna
temneparypa 500 °C nalmBuame Oyja AOCITHYTa Ha 63 XBUJIMHI B 3pa3Ky 3
HAWTOHIIIMM BOTHE3aXHMCHUM OOJIMIIOBaHHSAM 36 MM 1 HaWmi3Hille B 3pa3Ky 3
HAWTOBINMM BOTHE3aXUCHUM OOJUIfOBaHHAM 73 MM Ha 192 xB. Takuil crad
JOBOJIUTh BHCOKY BOTHE3aXWMCHY 37IaTHICTb BOTHE3aXHCHOTO OOJIMIFOBAHHS,
OCKUJIBKH 3a IIi€i TOBIIMHM OOJIMITIOBAHHS MOXHA JOCSIITH HAaMBHUIIOTO KJacy
BorHecTiiikocTi R 180.

3a pe3yiabTaTaMyd BUMIPIOBaHb TEMIEpATypH B M€yl MOOYJ0BaHO Tpadiku
CEpeIHIX MOKAa3HUKIB, 10 OyJIM pO3paxoBaHi 3a JAaHUMH 6 TepMoIap sk KOKHOTO
3 JIBOX 3axOjiB, IIe¢ MNpeAcTaBieHO Ha puc. 3.3. Yci 3HAUYECHHS BIANOBIIAIOTH
3HAYEHHSM 3 ypaxyBaHHSM MIHIMAJIBbHUX 1 MAaKCUMAaJIbHUX BIAXWUJICHb, OCKILJIBKU
byskiii mepedyBaroTh y 30HI MK Ter win Ta Ter max. Ha puc. 3.4 HaA rpadikax
MOJIAHO CEepEeH] 3HAUYCHHS AJI1 BCIX TEPMOIIAp y MPOCTOPI Meyi, a TAaKOX MOXUOKH,

110 BU3HAYEHI1 IS IBOX EKCIIEPUMEHTAIBHUX CUTYaIliil.
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BunpoOyBanns 3pazkiB Ne 1 — Ne 4 BunpoOyBanns 3pa3kiB Ne 5 — Ne 8

6, °C 3 6,°C
1.5x10° . . : 1.5x10 . .

1x10° 1x10°

500

0 L I I t, xB 0 L I t, xB
0 50 100 150 200 0 50 100 150

Puc. 3.3 [loka3auku Tepmomap y Kamepi medi Mij 4Yac BUMpPOOYyBaHHS 3pa3KiB
(dbparMeHTiB CTaJIEBUX CTEPHKHIB:

886 — [JOKa3HUKHU | TepMomapy; ©eo — MOKa3HUKH 2 TEPMONAPH;

xaa — [IOKa3HUKU 3 TEPMOIIApH; <¢°¢ — IMOKA3HUKH 4 TEpMOIIapH;

+ee — TIOKA3HUKH 5 TEPMOIIApH; ©e® — [IOKA3HUKHU 6 TepMOIapH.

Bunpobysanns spazkie Ne 1 — Ne 4 Bunpobysanns spazxie Ne 5 — Ne 8
0, °C

1x10° 1x10°

500 500[f

I I 1 t, xB 0 L L t, xB
0 50 100 150 0 50 100 150

Puc. 3.4 TemniepaTypHuil pexxuM BUIIpoOyBaHb y nedi: 1 — cepeHs Temneparypa B
nevi; 2 — CTaHIapTHa TeMIepaTypHa KpuBa; 3 — JIOMYCTUMI BIiAXWUJICHHS

TEMIIEPATYPHOTO PEKUMY.

Amnanizytoun rpadiku, npencrasieHi Ha puc. 3.3 1 puc. 3.4, 3a3Ha4NMO, 1110

B KaMmepl Tedl TeMIepaTypHUH  pEXKHUM  BIANOBIJAE  CTAHIAPTHOMY
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TEMIIEPATYPHOMY PEXHMY TIOKEXKi, OCKUIbKM BIIXWICHHS HE MAa€ CYTTEBHX
BIIXMJIEHD Ta BUKU/IIB.

Ha puc. 3.5 momaHo rpadikyd TNOKa3HUKIB CEpPEIHBOI TEMIIEpaTypu IS
KOKHOTO 3pa3Kka 3a MOKa3HUKaMH 3 TPbOX TepMOIMap, BCTAHOBICHUX HA METaJIeBii
MOBEPXHi, 3aJIEKHO BiJl Yacy MpoBeAeHHs BuMpoOyBaHb. Ha nux rpadikax Takox
300pakeHO BIIXUJICHHS IMOKA3HMKIB BUMIPSHOI TeMIlepaTypHd BiJ] MaTeMaTHYHO

OUIKYBaHOTO 3HA4YEHHS, TOOTO CEPEeNHBOI 3a TMOKa3HWKAMHU TPhOX TEPMOIIap

TEMIIEPATYPH.
Bunpobyeanns 3pasxie Ne 1 — Ne 4 Bunpobysanns spasxie No 5 — Ne 8
0, °C 0, °C

3 3pasku Ne5, Ne6
1x10 800 -

3pa3kum Ne1, Ne2 600F 3pas3kum No7, Ne8 |

500 3pasku Ne3, Ngé s00- “.".-‘a‘ﬂf

e ZOOM ]
e t, x8 | | t, x8

0 50 100 150 % 50 100 150

Puc. 3.5 I'padiku moKa3HHUKIB CEPEHbOI TEMIIEpaTypy JJIsi KOXKHOTO 3pa3Ka 3a
MOKa3HUKAMH 3 TPHOX TEPMOIIap, BCTAHOBJICHUX Ha METAJICBil MOBEPXHI 3aJICKHO

BiJl Yacy BUNPOOYBaHb

Amnani3 rpadikiB Ha puc. 3.5 1ae€ miJicTaBu CTBEPKYBATH, 10 BUMIPIOBaHHS
MPOBE/ICHI KOPEKTHO, OCKUIBKM BIJXWJICHHS MOKA3HUKIB Ta BUKUIU PE3YJbTATIB
BHUMIPIOBAHHS € HECYTTEBUMH.

Jlnig monepeaHporo aHalizy 3aKOHOMIPHOCTI 3aJIeXKHOCTI 4acy HacTaHHS
TPAaHUYHOTO CTaHy BTpPaTH HECY4Oi 3JaTHOCTI CTaJeBUMHU KOHCTPYKIIISIMU
noOyZ0BaHO KPUBY 4acy JIOCSATHEHHS KpuTuuHOi Temmeparypu 500 °C, 3anexHo
Bl TOBIIMHU BOTHE3aXHCHOro OOJWIIOBaHHSA. JIJIsI IIbOrO BUKOPHUCTAHO JIaHI,

CUCTEMATH30BaHI B Ta0. 3.2.
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Tabmuus 3.2 — Yac gocsraenns kputuuHoi Ttemmeparypu 500 °C vy

BOTHE3aXMINECHIN CTaleBIM KOHCTPYKIIIT 3aI€KHO B1Jl TOBITUHU OOJIMIIOBAHHS

Topmuna obmmuosanns, | o4 | o5 | 35 | 36 | 52 | 55 | 73 | 75
dp, MM

Yac nocsrueHHs

KPUTHYHOI TEMIIEpaTypH, 62 67 85 87 137 | 146 | 184 | 191

U, xB

Ha puc. 3.6 300pakeHo mody10BaHy KpUBY 3a JaHUMH Tao1. 3.2.

2001228 l l
1501 o -
o/

100F -
/
[eg

50 | | dp, M
20 40 60 80

Puc. 3.6 KpuBa yacy mocsrunenHsi kputuaHoi Temneparypu S00 °C, 3amexHo Bix

TOBIIMHH BOTHC3aXHCHOI'O 06J'II/II_[IOB3,HH$I

Kpuga, mpeacraBiena Ha puc 3.6, BiAMOBIAa€ TIHIAHIN 3aJI€KHOCTI, TOX IS

OMKCY 3AJIEKHOCTI Yacy JAOCSITHEHHS KPUTHYHOI TeMIlepaTypu MoOxe OyTu

BUKOPUCTAaHA JIiHIHA perpeciiiHa MOJIeIb.

3.2. MaremaTu4Ha MOJe/]b 3aJIEKHOCTI 4acy JOCATHEHHSI KPUTHYHOIL

TeMIeparypu CTrajeBolo 621.)11(010, 3AJIE€AKHO BiI[ TOBIIMHHU BOTHE3aXHUCHOTO

00JITMIIOBAHHSA

AHaimi3 maaux Ta6mn. 3.2 1 puc. 3.7 TOBOJUTH MOXJIUBICTH MaTEMaTHYHOTO

OIMKCY 3aJIKHOCTI Yacy JOCATHEHHS KPUTUYHOI TEMIIEpaTypH, 3riAHO 3 HAHOLIbII
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3HAYYIIMMHU MTapaMeTpaMu: BEIWYHHA TOBIIMHN BOTHE3aXUCHOTO OOJIMIFOBAHHS Ta
3Ha4YeHHS KpUTU4YHOI Temrepatypu. Lle moxe OyTu peanizoBaHe 3a JOMOMOIOIO

JIHIAHOT perpeciitHoi MoiesIi, BiAMOBIIHO 10 Bupa3y [62—68]:
y =23, +a,X +a,X, +a;XX, (3.1)

Takuit TUm perpeciiHoi 3ajle)KHOCTI MOMKJIMBO OTPUMAaTH Ha OCHOBI

HaWMOpoCTIIoro miany | mopsaky, MaTpuilsl sSIKOTo HaBeneHa B Tabu. 3.3 3rigHo 3

[69-70].

Tabmums 3.3 — Matpuis 1iany nepiioro MopsaKy sl TPOBEICHHS TIOBHOTO

(baKTOpHOTO EKCIIEPUMEHTY BIAMOBIIHO A0 MPUHHATOT perpeciiiHoi Moieni

No X1 X2 X1X2
1 + + +
2 + - -

3 - + -
4 - - +

Kpim Toro, MoxnuBuil MOBHUN (PAKTOPHUNA €KCIEPUMEHT JJI11 BCTAHOBJICHHS
perpeciiinoi 3anexnocrti Tumy (3.1) [71-75].

3rifHo 3 IUIAHOM EKCIIEPUMEHTY, Jlama3oH BapiloBaHHS HaWOUIbII
3HauymMx (akTopiB npeacraBieHo B Tabn. 3.4. lleil miama3zoH peamnizyloTh 3a

JTAHUMHU BUMIPIOBaHb, SIK1 BiJOOpakeHO Ha puc. 3.6.

Tabnuusg 3.4 — [HTepBanu BapitoBaHHS (DaKTOPIB Y UUCETbHOMY €KCIIEPUMEHTI

ToBiIMHA BOrHE3aXUCHOTO Kputnuna temneparypa, Oxp, °C

obnuiroBanHs, dp, MM

Haiimenie Cepenne Haii6inbie Haiimenre Cepenne Haii6inbme

3HaueHHs, dp1 | 3HaUeHHs, dpo | 3Ha4YeHHsl, dp+1 | 3HaYeHHS, 0.1 | 3HaYeHHs, Op | 3HaYCHHS, O+1

25 50 75 350 550 750
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Ha ocHoBi BapitoBaHHsa mapameTpiB, 3rigHo 3 Ta6m. 3.3 1 Tabn. 3.4, 3a
pe3ybTaTaMy MPOBEJACHUX SKCIICPUMEHTIB 100 BU3HAYCHHS TEMIEpaTypu Oyin
OTpMMaHI 3HAYEHHA 4Yacy JOCSITHEHHs KpUTHUYHUX Temneparyp. Opnepxkani

pe3yabTaTu MojaHo B Tad. 3.5.

Tabmuuga 3.5 — [lapameTpu Mmoxkex y MOJACIbHUX MPUMIIICHHIX B yMOBaX

MOBHOTO (DAKTOPHOTO €KCIIEPUMEHTY, 3T1IHO 3 MAaTPHUILICIO TIJIaHyBaHHS

ExcnepuMeHTagbHa CUTYaIis 1| 2| 3| 4

Yac AOCSITHEHHSI KpUTUYHOI TEMIIEpaTypH, t, XB 264 | 161|106 | 50

[3 3acTocyBaHHSAM pe3yibTaTiB MOBHOTO (DaKTOPHOTO E€KCIIEPUMEHTY, SKI
noAaHi B Taba. 3.5, o0UMCIIOTh KoeillleHTH perpeciiinoi 3amexxHocti (3.1) 3a

TakuMu Gopmyamu (3.2):

1 & 1 & 1y 13
a, :WZ Yi; & zﬁleyi , & zﬁzxzm ;83 zﬁle)(Zyi ’ (3.2)
i1 i=L i=1 =1

ne N = 4 — KIUIbKICTh €KCIIEpUMEHTAIBHUX JOCII/IB, BIAMOBIAHO 10 MAaTpHIIi
TJIaHy TTOBHOTO (DaKTOPHOTO EKCIIEPUMEHTY

Xi — 3Ha4YCHHS (PAKTOpy, 3TiTHO 3 MATPUIICIO TUTAHY TOBHOTO (haKTOPHOTO
eKCIepUMEHTY (IuB. Tad. 3.3);

Vi — 3HAUEHHSI Yacy JOCATHEHHSI KpUTUYHOI Temneparypu 3a Tadi. 3.5.

OO6uucneni kKoedilieHTH perpeciiHoi mojeni 3a ¢dopMmyiamMyd MOJAHO B

Tabmn. 3.6.

Tabmums 3.6 — KoedimienTn perpecii mnsg BuOpaHOT MoOAEHl Hacy

JIOCATHEHHSI KPUTUYHOI TEMIIEPATYPH

Monennb o, as, az, as,

Y = 8, +a,X, +a,X, +a,%X, 14525 | 67,25 | 39,75 | 11,75
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[3 BUKOpUCTaHHSM OJIEP>KAHOI PETrpeciifHOl 3aJIeKHOCTI 4Yacy JOCSTHEHHS
KPUTHUYHOT TemrepaTypu MoOyI0BaHO MOBEPXHIO HOT0 3aJIeKHOCTI BiJ HAWO1IbII
3HAYYHIMX MapaMeTpiB BOTHE3aXHUILIEHOTO €JIEMEHTa CTajeBOi KOHCTPYKIi, IO

300paxxeHo Ha puc. 3.7.

U, xB

O, °C

dp, MM
Puc. 3.7 TloBepxHsl 3aJIe)KHOCTI 4Yacy HOCSITHEHHS KPUTHUYHOI TEMIIEpaTypu BiJ
HAWOUIBII  3HAYYIIMX [MapaMeTPiB  BOTHE3AXHUIIEHOTO €JIeMEHTa CTaJleBOi

KOHCTPYKIIi1

JUist onucy 3alleXHOCTI 4Yacy JOCSTHEHHsS KPUTHUYHOI TEMIIepaTypu Bij
HaWOUIbII 3HAYYIIMX MapaMeTpiB  BOTHE3aXWUIIEHOTO €JeMEHTa CTajeBoi

KOHCTPYKIIii 3aCTOCOBYIOTh BUPA3:

U = 33,938 + 1,397-d, — 0,081- 6, + 2,35-10° dy -G (3.3)

JUist  OUnbIIOT  HAOYHOCTI W MOXJIMBOCTI 3aCTOCYBaHHS OTPUMAaHUX
pe3yNbTaTIB MiJ 4Yac BHKOPUCTAHHS HOMOTpadiyHOTO METOAy T0Oya0BaHO

HOMOTpamy (auB. puc. 3.8).
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ng, oC

Ino rar % Al OA0 FL L T
750 \ 186,157 225,081 \
103 364 147 273
650 _ 127 218
166 727 205 634
186 122
550 -

go.909 108364

127813 147 275

- \ \\MK
350 09455 | 00 N0 ll:l_F L BT n:hi-: 147 273 dp, MM
25 375 50 62.5 75

Puc. 3.8 Homorpama 17151 BU3Hau€HHsI MEX1 BOIHECTIMKOCTI, II0 pO3paxoBaHa 3a
YMOBU JIOCATHEHHS KpPUTUYHOI TEMIEPATypH, 3 BpaxyBaHHSIM TOBIIMHH

BOTHE3aXHCHOTO MIHEPAJIOBATHOTO OOJIUIIOBAHHS

3.3. HocaimkeHHs KoedilieHTa TeIJIONPOBIIHOCTI MiHEPaJO0BATHOIO

00, IMII0BAHHS (PparMeHTIB CTEPKHIB 3i CTAJIEBOr0 MPOKATY

Ha mijicraBi BUKOPUCTaHHS JaHUX, OTPUMAHI Y X0/l BOTHEBUX BUIPOOYBAHb
(dbparMeHTIB CTaJIeBUX CTEP)KHIB 13 BOTHE3aXHCHUM OOJIMI[IOBAaHHSAM Ha OCHOBI
MIHEpaJIbHOI BaTH, a TAKOK METOJUKH PO3paxyHKy Koe]illieHTa TeTrIOnpOBIIHOCTI
BUKOHAHO PO3pPaxyHKH i3 3acTocyBaHHsIM Gopmyn (2.14) [82-84].

Hnst  po3p’s3anHsa  piBHSHHS (2.14) mOTpiOHO 3adaTH TeMIepaTypHi
3QJIKHOCTI TEIIO(MI3UYHUX XapaKTEpUCTUK cTaii. Y Taba. 3.7 mpeacTaBiieHO
3a3Ha4yeH1 TemIo(p13U4HI XapaKTEPUCTHKU.

3rigno 3 pekomenaamismu JJCTY-H b EN 1991-1-2:2012 Eurocode 1 [47]
Ta 3a yMOB 3actocyBaHHs Merony moxatka J[ JICTY b. B. 1.1.7 — 17:2007 [8],
TEIUIOEMHICTh YBaXKarOThb cTajo W piBHOWO ¢, = 1000 JDx/(kr-°C). I'yctuna
BOTHE3aXHUCHOTO MOKPHUTTS TaKOX CTaja Ta JOpiBHIOE p, = 200 xr/m3, srigmo 3
NOBiTHUKOBUMHU JaHuMu [85-88]. Jlns okpeciieHHs MOXKJIMBUX 3HAYCHb BUKOHAHO

OpsMUN  pO3paxyHOK Juisi 3paskiB 1 Ta 2, BigmoBigHo npo T1abn. 3.1, i3



84

BUKOPHCTAHHSAM 3HAa4eHHsS KoedirienTa tertonposigaocti A(6) =0.2 B1/(m-°C), a

TaKOX JOBITHMKOBHX JaHuX [85].

Tabmums 3.7 — Temnodi3uuHi XapaKTEpUCTHUKU MaTepianiB OyAiBEIbHHX

KOHCTPYKITIH
Koodini
Oe(l)ll_l'l et : O06’eMHa MUTOMA TEIIIOEMHICTD, Cp(0)-p, I'ycruHa,
TEIUIONPOBIHOCTI, (0 i
A(0), Br/(m-°C) Jox

Crans JICTY-H B EN 1993-1-2:2012 Eurocode 2 [7]

425+0,7730 — 1,69 1020 2+2,22 10°0 3

54 — 3,33-1020 3a 20 °C < 0 < 600 °C,
3a 20 °C <0 < 800 °C, 666-13002/(6 -738) 3a 600°C< 6< 735°C, 7850
27,3 3a 6 > 800 °C. 545+17820/(0 -731) 3a 735°C<0 < 900°C,

650 3a 900°C < 6 < 1200°C

[licnss BUKOHAaHHS PO3PAXyHKIB OyB OTpPUMaHHUI TeMIIEpATypHUU DPEKUM
HarpiBaHHs 3pa3ka 1 (quB. Tabm. 3.1), axuii 300pakeHuii Ha puc. 3.9.

I'padixu, npencraBneni Ha puc. 3.9, CHOHYKalOTh JO BHUCHOBKY, IO
MIPUIHATE 3HAYEHHS JOCTATHHO HAOIIKAE IO PEaTbHOTO TEMIIEPATYPHOTO PEKUMY
HarpiBaHHS 3pa3ka 1, M0 OTpPUMAHO eKcHepuMeHTalbHO. OTXe, TOIIyK
Koe(diIrieHTa TEMIONPOBITHOCTI MOXKHA MMPOBOJIUTH 31 3HAYEHHSAMHU, OJIM3BKUMH 0

MPUUHSATOTO MONEPEIHBO.

o, °C
T T
TemnepaTtypHUn pexum BUMp.
3_ ._..-.r.b. —
r 2 Pl

#* Posp. pexum 9999‘90
o nporpisy 5&"5
500{ - -

" X EKcn. TeMnepaTypHuii

o peXunm HarpiBy
PNl
0 &€ | I t, XB
0 50 100 150

Puc. 3.9 TemneparypHuii pexuM HarpiBaHHs 3paska 1, 10 OTpUMaHHM

PO3pPaxyHKOBHUM Ta €KCIIEPUMEHTATILHUM CIIOCOOOM
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Ha ocnoBi nanux Tta6xa. 3.1, Tabn. 3.7 ta 3 Bukopuctanusm gopmyinu (2.14)

BUKOHAHO PO3pPaxyHOK KoedillieHTa TEeIUIONPOBITHOCTI  MiHEpPaJIOBAaTHOTO

oOnuiroBanHs. OTpuMaHi pe3yJbTaTy MOAAHO Yy BUMIIAL TpadikiB 3aJeKHOCTEN

KoedilieHTa TeIIONPOBITHOCTI, BIAMOBIAHO 10 Yacy BunpoOyBanHs (puc. 3.10).

3pasku Ne 1 — Ne 4

3pazku Ne' 5 — Ne 8

A, BT/(M-OCI) | A, BT/(M-OCI) |
0.8- . 0.8 i
I
0.6] : . 0.6| -
| 3pasku Ne1, Ne2 :' - | 3pasku No5, No6 ¥ V\Nl
0.4‘L /1 u 0.4fr = S
| 3pasku Ne3, Ne4 VM | 3pasku No7, Ne8 ['\1
0.2f >t oyl . 0.2k A 5 7
' J\/‘JWLW AT . \: .,.N“ "“','V. ' A
0 \ _ ~ t’ XB 0 eyl | t, XB
50 100 150 0 50 100 150
Puc. 3.10 TIpadiku  3amexHocTedt  KoedillieHTa  TEIUIOMPOBITHOCTI

MIHEPAJIOBATHOTO  OOJIMITFOBAHHS

3pa3kiB  (parMeHTIB CTAJIEBUX CTEPXKHIB,

BIJIMOBIHO J10 Yacy BUIIPOOYBaHHS

I'pacdixu Ha puc. 3.10 MaroTh MEBHI OCOOIMBOCTI, SIKI MOJSITAIOTH Y TIOMITHIH
BIJIMIHHOCTI XapakTepy 3MiHU KOe(iIl€EHTA TEIJIOMPOBITHOCTI 3 TOBCTUM 1 TOHKUM
mapoM OOJUItOBaHHS. BiAMIHHICTH TOB’si3aHA 3 HASBHICTIO MAaKCUMYMY KpHWBOI

Koe(illieHTa TEMJIONPOBIAHOCTI MIHEPAJIOBATHOTO OOJMIIOBAHHS 3 MaJIOIO

TOBIIUHOO, KOJIM TaKUH MaKCUMYM JUIsl 3pa3KiB 13 MOPIBHSHO TOBCTIIIUM IIAPOM
MIHEpaJIOBaTHOro OOJUIIOBaHHS BIACYTHIM. HasgBHICTP MakcuMymy Moxe OyTH

MOSICHEHA THM, 1[I0 3a TIEBHOI TEMIIepaTypyd HArpiBy BOTHE3aXHCHOTO

MIHEpAJIOBAaTHOTO OOJHUITIOBAHHS B HOTO BHYTPIIIHIX IIapax BiOyBAEThCS peaKIlis

OKHCJICHHSI, 1[0 Ma€ EHAOTEPMIYHHMM XapakTep, TOOTO BHAUISETHCS 0JATKOBE

Terao. Y BHUMNAAKYy BOTHE3aXHMCHOTO MIHEPAJOBAaTHOTO OOJIMIIOBAHHS 3

HANMEHIIIOI0 TOBILMHOIO ~ 25 MM MiCJIsl YaCTKOBOT'O 3MEHUICHHSI MICIS MAaKCUMYyMY

KOe(DIIIEHT TETJIOMPOBITHOCTI 3HOB MOYMHAE 3pOCTaTH. Takuili cTaH MOxe OyTH
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MOSICHEHUN TUM, IO CIOYATKy OKUCIIOETHCS PEYOBHHA BKIIIOUEHD, SIKI MICTATHCA
MIX BOJIOKHAMU MiHEpajdbHOi BaTH. TakMMH BKJIIOUEHHS MOXYTh OyTH MEBHI
3a0pyJHEHHS B MIHEPAJIOBAaTHOMY MaTepiaji, IO 3aJUIIal0ThCsid BHACIIJIOK
TEXHOJOTTYHUX TMPOLECIB MiJ Yac MOro BUrOToBIEHHS. [licis MOBHOTO BUTOpaHHSA
BKJIIOUEHb KOE(QIIIEHT TEIJIONPOBIAHOCTI chajgae. 3pocTaHHs KoedimieHTa
TEIUIONPOBITHOCTI HA OCTaHHIX CTaAisAX BUIPOOYBaHHS 3pa3KiB i3 BOTHE3aXHCHUM
MIHEpAJIOBATHUM OOJIUIFOBAHHSAM 13 HAMMEHIIIOK TOBIIMHOI ~ 25 MM MOXKHa
apryMeHTyBaTH THUM, 10 [OYMHAIOTh TEPMIYHO PpO3KIANATUCA BOJOKHA
MIHEpaJOBaTHOro Marepiaily. BiacyTHICTh Takoro egekty B 3pa3kax 13
MiHEpaAJOBAaTHUM BOTHE3aXMCHUM OOJHUIIIOBAHHSM TOBIIMHOIO ~ 36 MM, a TakKOX
BIJICYTHICTh MaKCUMyMy B 3pa3kax 13 MIHEpPaJIOBATHUM BOTHE3aXHUCHUM
OOJUITIOBAaHHSAM TOBIIMHOIO Oibine 3a 50 MM CHOPUYMHEHI THUM, IO B TaKHX
3pa3kax TeMIepaTypd TEPMIYHOTO PpO3KJIAJaHHS BKJIIOYEHb Ta BOJOKOH
MIHEpaJIOBAaTH HE JOCITAIOTh.

IcHye Takox 1ikaBa OCOOJMBICTh KoOe(Ili€eHTa TEMJIOMPOBIIHOCTI
BOIHE3aXMCHOIO OOJIMIIOBAHHS TOBIIMHOIO Ouiblie 3a 50 MM BHUNpPOOYBaHMX
3pasKiB, MO MOJSATAE B JOCATHEHHI MMEBHOIO MIHIMyMY Ha MOYaTKOBUX CTaaisX 13
30 xB. 10 60 xB. Taka 0COONMMBICTL YMOTHUBOBAHA THUM, IO B 3pa3Kax 13 OLIBIIOIO
TOBIIMHOI BOTHE3aXMCHOT'O OOJIMIFOBAHHS ICHY€ OLIbIlIa KUIBKICTh BOJIOTH, SIKa
MICTUTBCS MDK BOJOKHAMH MIiHEpaJIbHOI BaTU. YHACIIJIOK MOCTYIOBOIO
HarpiBaHHs OOJUIIOBAHHS, BOJIOTA BHUIIAPOBYETHCS, YIOBUIBHIOIOYM MPOLIEC
HarpiBaHHs, 10 BIUIMBA€E Ha XapakTep YacOBUX KPUBHUX KoedillleHTa
TETUIONPOBITHOCTI.

J1J1st BUBUEHHS 3QJICKHOCT1 KOeiIi€HTa TEIIOMPOBITHOCTI Bl TEMIIEpaTypH
HarpiBaHHs Oy moOymoBaHi rpadiyHi 3a71eKHOCTI, TIOJIaHl Y BUTIIAI KPUBHX Ha
rpadikax puc. 3.11.

Amnamiz rtpadikiB Ha puc. 3.11 moBoauTh, 1O CHOPMYIHOBAHI BUIIEC
NPUMYILIEHHS MIATBEPIXKEHI, OCKUIBKM MaKCUMYMHM Ha Tpadikax 3ajJexHOCTen
Koe(illieHTa TEMJIONPOBIIHOCTI BIJ TEMIEpaTypu HarpiBaHHs (QparMeHTa

CTaJICBOTO CTEPXHS TMOBTOPIOIOThCA 3a TemriiepaTypu Onmspko 750 °C. 3a miel
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TEMIIEPATypU MOYMHAIOTH TEPMIYHO PO3KIIAIATUCS 3 BUAUICHHSIM TEIUIOBOT €HEprii
BKJIFOUCHHS, IO 3JUIIAINCS MK BOJOKHAMH MIHEPAJIbHOI BaTH BHACIIJOK
TEXHOJIOTTYHUX TPpOIEeCiB ii BUroToBIeHHS. [loyaTOK TEpMIYHOTO PO3KIIAJTaHHS
BOJIOKOH MiHepaibHOI BaTu (GikcyloTh 3a TemmepaTypu 800°C, ocKUIbKU Iii

TeMIIepaTypl BiAMOBIIa€ MIHIMYM Yy pa3i BUMpoOyBaHHs 3pa3kiB Ne 5 ta No 6.

3pasku Ne 1, Ne 2 3paszku Ne 3, Ne 4
A, BT/(M-IOC) : : A, B1/(M-°C)
' I I
0.8 - 0.8f |
0.6[3 v 0.6F -
3pasok Ne1 _— :
0.4 S 0.4f -
3pasok No2 _ L 3pasok Ne4  3pasok Ne3
0.2 w? prANM P . 0.2 o T
AN e NIV
o ety
0 1 ] ] t, xB 0 " L t, xB
0 200 400 600 800 0 100 200 300
3pasku Ne 5, Ne 6 3pazxu Ne 7, Ne 8
A, B1/(M-°C) A, BT/I(M-OC) l I I
T T T T :
0.8} i 08kl _
0.6F ,— 06f| s
3 Ne5 . V“"N :
0.4F 30k ;R 0.4
| 3pasku Ne6 . \.M,-,*-v ' asok Ne7 a3ok Ne8
0.2 Hrﬁ“""”"w - 0.2— \_ ,Z
et
A S h"
0 ] ] 1 1 txs 0 MM t, xB
0 200 400 600 800 1x10 0 100 200 300 400
Puc. 3.11 TI'padiku  3anexxkHocTed  KoedilleHTa  TEIIONPOBIIHOCTI

MIHEpaJIOBAaTHOTO OOJIMITFOBAHHS 3pa3KiB (DparMEeHTIB CTAJIEBUX CTEPKHIB, 3T1THO 3

TEMIIepaTypOIO HarpiBaHHs (PparMeHTy CTaJIE€BOIO CTEPKHS

[TinTBepmKeHe 1 MPUMYIICHHS, 110 MIHIMYM KOoe(]iIlleHTa TeTUIONPOBIIHOCTI
BOTHE3aXHMCHOTO MIiHEPAJIOBAaTHOTO OOJMITIOBAHHS TOBIIMHOIO OubIne sk 50 MM

3pa3kiB i BunpoOyBaHHs Ne 3, No 4, Ne 7, Ne 8 (muB. Ta6a. 3.1) ¢ikcyroTh 3a
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temneparypu 0iau3pko 100 °C, ockiiabKu BiIOyBa€ThbCs BUMAPOBYBAHHS BIIBHOI
BOJIOTH, SIKa MICTUTBCSI MK BOJIOKHAMM MIHEPAJIbHOT BaTH.

3a meroamkoro, onmcanoro B cranmapti JCTY b. B. 1.1.7 — 17: 2007 [8],
YHUCJIOBA 3AICKHICTh KOS(III€EHTA TEIJIOMPOBITHOCTI BiJ] 9acy ISl KOKHOTO 3pa3Ka
NEPETBOPIOETHCS HA 3aJICKHICTD Bl TEMIEPATYpPU Ta YCEPEIHIOETHCS JUIST KOKHHUX
50 °C nnsa Bcix 3paskiB. s BU3HaueHHsS Koe(illieHTa TEIUIONPOBIIHOCTI 3a
MIEBHUM 3HAYCHHSIM TeMIIepaTypH BUKOPUCTOBYIOTD JIHINHY 1HTEPIIOJISIIIIO.

[Ticass 1pboro mepeBipsAlOTh KpUTEpii aJeKBaTHOCTI (TMPUHHATHOCTI) 3a
pexomenaamismu 1. 2.6.1 JICTY b. B. 1.1.7 — 17: 2007 [8]:

- 4ac [JOCATHEHHsA IIPOEKTHOI TEMIIEpAaTypu Ui KOXHOI IPOEKTHOI
TEMIEpATypu HE Mae€ TMEpPEeBUIIYBAaTH peajlbHUM dYac, OTPUMaHUM Yy XOjl
BUNPOOYBaHHsI, OubIe siKk Ha 30 %);

- CepeaHE 3HAYCHHS BIAXWUJICHHS PO3PAaXyHKOBOTO M E€KCIIEPUMEHTAIBLHOTO
4acy JOCSATHEHHS MIPOEKTHOI TeMIIepaTypu Ma€ OyTH MEHIIUM 3a HYJIb;

- MakcuMyMm 20 % okpemux po301KHOCTEN Mae OyTH OLTBIINM 32 HYJIb.

JlaHl, OTpuMaHl BHACHIJOK PO3PaxyHKIB, MOCIYTYBaJM TMIJCTAaBOIO IS
noOy70oBu  TpadikiB  3aleKHOCTEH yCepeAHEHOro 3HaueHHs KoedillleHTa

TETUTOTPOBITHOCTI Bia TemnepaTypu (auB. puc. 3.12).

6 A, BT/(Mm-°C)
T

6, °C
0 200 400 600 800 1x10°

Puc. 3.12 3anexHicTh yCepeIHEHOTO 3HAYCHHSI KOe(ili€HTa TeTUIOMPOBIIHOCTI BiJl

TeMmreparypu 3pa3kiB (parMeHTIB CTAJICBUX CTEP)KHIB 13 BOTHE3aXMCHUM

obmuuoBanHsM (1, 2, 3, ... — HOMepH 3pa3KiB)



89

BignoBigHo 1o rpadikiB, KOedIMIEHT TEIIOMPOBITHOCTI CYTTEBO 3aJIEKHUThH
Bl TOBIIMHM BOTHE3aXWCHOTO MIHEPAJIOBATHOTO OOJIMIIOBAHHS, ajié BCl
3aJIeKHOCTI € moaiOHumu. lle o3Hawae, mo aad aHamizy TeIJIOBOI 3ajadl
HarpiBaHHS CTaJICBOi KOHCTPYKIi 3 BOTHE3aXUCHUM TIOKPHUTTSIM MOXKHA
BUKOPDHCTOBYBaTH 3arajbHy CHUIBHY 3aJeXHicTb. KpiM Toro, HaBeaeHa
sanexxHicth (E.3) nomatka E [8] mns Bu3HaueHHs KoedilieHTa TEILIONPOBIIHOCTI
Yyepe3 TeMIepaTypy Ta TOBIIUHY BOTHE3aXUCHOTO MOKPUTTS TAKOX HE MOXKE OyTH
Bukopucrana JICTY b. B. 1.1.7 — 17: 2007, oCKUIbKH 3aJ€XKHICTh KOE(Illi€eHTa
TEIJIONPOBITHOCTI Bl TEMIEPATYPH Ta TOBIIUHU € CYTTEBO HEJIHIMHUMU.

JIJisi BUBEIIGHHS 3arajlbHOi 3aJIC)KHOCTI BapTO BUKOPHUCTOBYBATH 3BUYAHE
YCEpEIHEHHS 3a BCIMa OTPUMAHUMU 3aJICKHOCTSIMU, BU3HAYCHUMU TUCKPETHO IS
3HaueHb TeMIiepaTyp uepes iHTepnai 50 °C.

OTpumaHa 3aJeXHICTh KOe(]illieHTa TEIJIONMPOBIIHOCTI MOJaHa y BUIJISIL

rpadika Ha puc. 3.13.

A, BT/(m-°C)
I

0.6

0 1 1 1 1 0, °C
0 200 400 600 800 1><103

Puc. 3.13 3anexHicTh ycepeIHEHOT0 3HAaYCHHsI KOe(ili€HTa TeTUIOMPOBIIHOCTI BiJl
TeMmreparypu 3pa3kiB (parMeHTIB CTAJIEBUX CTEP)KHIB 13 BOTHE3aXUMCHUM

OOJIMIIFOBAHHAM

st po3paxyHKIB 3pydyHO BHUKOPHCTOBYBATH 3alIeKHICTh KoedirieHTa
TEIJIONPOBITHOCTI BIJ TEMIIEpaTypyd y BUIJISII YMCIOBOI MOCHIJOBHOCTI, SIKa

npejacTaBiieHa B Tabi. 3.8.



90

Tabmums 3.8 — Temnodi3udyHi  XapaKTEPUCTUKU  MIiHEPaAJTIOBAaTHOTO

BOTHE3aXUCHOTO OOJIMITIOBAHHSI

KoedimienT TemmonpoBigHoCTi 0O06’emMHa MUTOMA TEIJIOEMHICTh I'yctuna,
0, °C 2(0), Br/(m-°C) ¢x(0), Jxc/(xr-°C) kr/v®
20 0,11
50 0,11

100 0,071

150 0,077

200 0,1

250 0,111

300 0,123

350 0,141

450 0,158

500 0,18

550 0,195 1000 200
600 0,209

650 0,228

700 0,242

750 0,258

800 0,393

850 0,257

900 0,259

950 0,363

1000 0,45

1050 0,509

Otxe, OTPUMAHO 3aJICKHICTh koe(dirieHTa  TEMJIOMPOBITHOCTI

MIHEpAJIOBATHOTO BOTHE3aXWCHOTO OOJUITIOBaHHS TOBIIMHOI 110 80 MM, M0 €
BI/IMOBITHOIO TOMEPEIHIM 3HAYEHHSM MUTOMOI TEIUIOEMHOCTI Ta TYCTUHM (IUB.

tabm. 3.8).
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3.4. ociazkeHHsI TOYHOCTI Ta JOCTOBIPHOCTI pe3yJbTaTiB PO3PaXyHKY
CTAJIeBUX eJIeMeHTIB i3 BOrHe3aXHCHHUM MiHepaJOBATHUM OOJIUIIOBAHHSM,

OTPUMMAHUX VI iOr0 BU3HAYEHUX TeMI0(i3HIHNX XaPAKTEPUCTHK

Jlani  1mogo0  Temio(i3WYHMX  XapaKTepucTUK  (muB. Tadm.  3.8)
BOTHE3aXMCHOTO MIHEPaJIOBATHOTO OOJMIIOBAHHS, SKI OTPUMAaHI 33 Pe3yJIbTaTaMu
BOTHEBUX BUIPOOYBaHb ()parMeHTIB CTAJIEBUX CTEP)KHIB, MOKIAJACHO B OCHOBY
pO3paxyBaHHs TEMIIEPATYPHUX PEKUMIB IIPOTPiBaHHS BUIIPOOYBaHUX (hparMeHTIB.
Jlnst po3paxyHKy TeMIIEpaTypHHUX DPEXKHUMIB HarpiBaHHS BHUKOPUCTAHO (OpMYITY
(2.10).

PesynbraT po3paxyHKy MOJaHO Yy BHUIJISAL rpadikiB TeMIlepaTypHUX
pPEXUMIB MPOTPIBAHHS CTAJIEBOIO €JIEMEHTa (PparMeHTIB pa3oM 13 rpadikamu, 1o
OTpuMaH1 ekcrepumeHTanbHo. [loOynoBaHi rpadiku TeMOepaTypHUX PpPEKUMIB
mpecTaBlieHo Ha puc. 3.14.

I'padpixku Ha puc. 3.14 neMOHCTPYIOTh HEBEIMKY PO3OLKHICTH MIXK
CKCIIEPUMEHTATbHUMU W PO3PAXyHKOBMMM JAaHWMH, 110 OTpUMaHi 3a
y3arajJbHEHOI TEMIIEPATYPHOIO 3aJIeKHICTIO KOe(]ill€eHTa TEIIONpPOBIAHOCTI

BOTHC3aXHCHOI'O MiHepaJIOBaTHOFO O6J'H/II_IIOBaHH5{.
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Puc. 3.14 T'padiku TemnepaTypHUX peKUMIB MPOTPIBAHHS 3aJICKHOCTEN CTAJIEBUX
€JIEMEHTIB CTEP>KHIB 13 MIHEPAJIOBaTHUM BOTHE3aXUCHUM OOJUIIOBaHHAM: O-O-O- -

EKCIIEpUMEHTAJIbHI JaHl; — — - - PO3paxyHKOBI JIaHi.

JIns OLiHIOBaHHSA aJeKBATHOCTI (MPUUHATHOCTI) OTPUMAHUX JaHUX MLI0/0
Koe(dilieHTa TEMIONPOBITHOCTI MaIOTh OYTH pO3paxoBaHI KPUTEpii aeKBaTHOCTI
srigo 3 m. 2.6.1 ICTY b. B. 1.1.7 — 17: 2007 [8]. Temmeparypa HarpiBaHHS
eJIEMEHTa CTaJIeBOT KOHCTPYKIIT po3paxoBaHa BiamoBigHo 10 Gopmynu (2.10), 3a
YMOB CTaHAAPTHOTO TEMIEPATYPHOTO peXUMY MHOXKexi. Pe3yiabTatu po3paxyHKy
npeacraBieHo B Tabn. 3.9. 3a yMOBHM HEBIJAMOBIIHOCTI KPUTEPISIM aJ€KBATHOCTI
(IpUIHATHOCTI) Yy PO3PaxXyHOK YBEICHO KOe(DIIieHT Oe3meKu I MHOXKCHHS
OTpUMaHUX TeMIeparyp Ta 3a0e3neueHHs KpuTepiiB. OTpumani KoeilieHTH
Oe3nexku OyJiu BUKOPUCTaHI JIJIi BU3HAUEHHSI TOBIIMHU MOKPUTTS ¥ 3a0e3nedyeHHs
HEOOX1THOTO KJIacy BOTHECTIHKOCTI.

Hani Tabn. 3.9 oTprmaHi BHACIIAOK BUKOpHUCTAHHS KoedimieHTa o6e3nexku K
= 1.05, Ha gKuil MOMHOXKEHA TEMIIEpaTypa, oJepKaHa Yepe3 MPSIMHUI pO3paxXyHOK
3a ¢opmynoro (2.10). 3a Takux yMOB KpHUTepii aaeKBaTHOCTI (IPUHHSATHOCTI)

n. 2.6.1 JICTY b. B. 1.1.7 — 17: 2007 [8] 36iratoTbcsi.
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Ta6mung 3.9 — Kpurepii agekBaTHOCTI (MPUMHATHOCT1) OTPUMAHUX 3HAYCHB

KoedilieHTa TEeIIONPOBITHOCTI

No | P030. 10CATH. 3HaYEHHS HOPM. PSy TeMIeparyp, % Cepenusi  [Hactka go/.
| 400 |450°C | 500C | 550°C | 800-°C | 50-°C | 700.°C | 750.0¢ PO PrAE

% po3kuy, %
1 |-8,621 |-5,882 |-3,846 |-2,273 | -1,02 |-0,926 | 0,862 0 -2,713 12,5
2 | -10 |-7,317 |-7,447 |-5,769 |-6,897 |-7,813 |-5,224 |-5,479 | -6,993 0
3| -25 -25  |-22,222|-21,667|-23,529|-21,622|-22,619|-15,957| -22,202 0
4 1-8,974 |-7,609 |-6,731 | -6,034 | -5,469 | -4,348 | -3,378 | -0,633 | -5,397 0
5 |-17,391|-11,538|-11,667[-10,606| -9,722 | -10 |-6,977| O -9,738 0
6 |-12,791|-8,824 |-6,897 |-3,906 [-3,521 [-1,948 | O 0,568 | -4,665 0
7 |-625 (-3571| 0 [-1,429|-2564| 0O |-1,064| 6 -1,11 12,5
8 0 |-13,043|-8,974 |-5,294 | -3,226 | -0,5 | 0,463 0 -3,822 12,5
9 |-17,742|-11,429| -6,41 |-2,326 |-1,064| 0 |-0,893| O -4,983 0
10 |-8,163 | -6,14 |-3,125|-2,113 |-1,282 |-0,588 | O 1,905 | -2,438 12,5
11 |-13,043|-9,259 | -8,871 | -7,246 | -5.921 | -4,268 | -2,841 | O -6,431 0

JUiss  nocnmipKeHHST — JIOCTOBIPHOCTI  PO3paxyHKy  TeMIlepaTypu  Ta
MPUIHATHOCTI pe3yJbTaTIB BUSHAUEHHS MMapaMeTpPiB TEIJIOBOTO BIUIMBY MOMXKEXK1 Ha
bparMeHTH  CTajeBUX  CTEpPXKHIB 13  BOTHE3aXMCHMM  MIHEpAJIOBaTHUM
OOJUITIOBAaHHAM  3QJIy4eHO  CTAaTHCTHYHI  XapaKTCPUCTUKH  OTPUMAHUX
PO3paxyHKOBHX IMOKa3HHUKIB. Po3paxoBaHi MOKa3HUKH CEPEIHHOTO aOCOIFOTHOIO
BIIXUJICHHSI, CEPEHbOr0 BIJHOCHOTO BIJIXUJIEHHS, CEPEIHBOIO KBaJIpPaTUYHOTO
BIIXUJICHHS, TIOPIBHSHO 3 eKCIICPUMCHTAIBPHUMHU 3HAYEHHSIMH, II0JaHO B
tabm. 3.10.

Haui Ttabn. 3.10 3acBigumim, 10 TOXMOKAa MiJ dYac TMOPIBHSIHHSA
pPO3pPaxXyHKOBUX Ta EKCIICPUMEHTAJIbHUX TOKA3HUKIB TEMIIepaTyp y 3pa3Kax-
dparMeHTax  CTaJeBUX CTEP)KHIB 13  BOTHE3aXWCHUM  MIHEpPAJIOBATHUM
OOJMITIOBAaHHSAM 1CTOTHOTO BIUIMBY Ha TOYHICTh OOUUCIICHHS TEMIIEPATypHu HE MaE,
OCKIJTbKM BEJMYMHA BiMHOCHOI moxuOku He mnepesunnye 10,7 %, a BennumHa
cepeaHbOKBaAPATUUHOTO BiaxuiaeHHs He nepesunrye 10,6 °C. Ile o3nauae, 1o 3a

BUKOHAHUM aHaJI30M CTATUCTHYHHUX ITOKAa3HHUKIB PO3PaxXyHKOBHX 3HAYCHb
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TeMIrepaTypyd OTpUMaHa 3ajieXKHICTh Koe(illleHTa TETUIONPOBITHOCTI MOXe OyTh

BUKOpHUCTaHa $AK 3arajlbHa JUJIA IIPOTHO3YBAHHIA HaniBaHHH B CTaJICBUX

KOHCTPYKIIISIX 13 BOTHE3aXHMCHUM MiHEpaJOBATHUM OOJIUIIOBAHHSIM.

Tabmumsgs 3.10 — AOCOMIOTHI  BIOXWICHHS, BIJHOCHI  BIJIXUJICHHS,
KBaJpaTU4H1 BIIXWUJIEHHS JIJIs IOPIBHIOBAaHUX TEpMomap
No 3pazka AOCONIOTHI BinnocHi Bigxunenus, | CepeIHbOKBaIpaTUIHI
Bigxuinenns, °C % Bigxuinenns, °C

1 44,6 13,2 16,7

2 32,8 114 9,8

3 26,3 9,9 6,3

4 42,8 14,2 15,4

5 16,4 59 4,9

6 22,1 8,9 8,6

7 41,6 12,6 15,1

8 24,4 9,4 8,3

CepenHi 3HaUCHHS 31,4 10,7 10,6

[Toxka3HUKM IIOJ0 CTATUCTUYHUX KPUTEPIiB TEMMEPATypPHUX MaHUX JJIS

JOCITIIKYBaHUX 3pa3KiB MpeIcTaBieHo B Tabmuii 3.11.

Tabmuusa 3.11 — Cratuctuudi Kputepli MOKA3HHUKIB TEMIIEpaTypu cepii

BUNPOOYBAHb
Ne 3pazka Kpurepiit Koxpena Kpurepiit Ctbroenra Kpurepiit ®imepa
1 0,465 0,633 0,846
2 0,446 0,660 0,861
3 0,615 0,748 0,945
4 0,623 0,765 0,984
5 0,794 0,816 1,008
6 0,746 0,881 1,004
7 0,581 0,645 0,901
8 0,622 0,687 0,904
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3rinHo 3 Ta6n. 3.11, mMOKa3HUKM CTAaTUCTUYHUX KPUTEPIiB, Kl
XapaKTepU3yIOTh PO3KUJ BIIXWUJIICHb TEMIEpaTyp y AOCIIKYBaHHX 3pa3Kax, He
NEPEeBUIIYIOTh TAaOJMYHUX 3HAuYeHb. OTXKe, OTpUMaHa 3aJIekKHICTh KoedillleHTa
TEIUIOMPOBITHOCTI MOXK€ OyTH BHUKOPHCTaHa SIK 3arajbHa Ui MPOTHO3YBaHHS
HarpiBaHHsS B CTaJE€BUX KOHCTPYKIIAX 13 BOTHE3aXMCHUM MIHEpPaJOBATHUM

OOJIMIIIOBAHHSIM.

3.5. BucHoBKH 10 po3ainay

[IpoBeneHO BOrHEB1 BUNPOOYBAHHS 3pa3KiB (DparMEHTIB CTAIEBUX CTEPKHIB
31 CTaHAAPTHOTO JBOTABPOBOTO MNPOQUII0 3a CTaHJAPTHUM TEMIEPATypHUM
PEKUMOM TIOKEXK1, YHACTIZIOK YO0 OTPUMAHO TEMIIEpaTypHI MOKA3HUKH CTAJIEBUX
CTEPIKHIB.

3rifHO 3 pe3yJbTaTaMU BI3yaJbHOTO OISy BHSBJICHO, IO HAa CTUKAX
TEIUIO130JIAIIMHUX TUTUT, 3’ €JHAHUX KJIEEBOIO CYMIMIIIO, YHACIIIOK il BUCOKOI
TeMIepaTypy BigOysacs aerijpallis KJIeeBOi cyMimn ¥ 3’ sBuimcs TpimuHu. [lig
yac TMOXKEeXI BHCOKa TeMIeparypa HEraTUBHO BIUIMBAE Ha  IUTICHICTh
BOTHE3aXMCHOIO OOJIMIFOBAHHS, IO MOXE MPU3BECTU JO0 MEPEAYACHOIO HACTAHHS
I'PaHUYHOIO CTaHy BTPATH HECY4Ol 3AaTHOCTI.

[Ipoanaiii3oBaHO YMOBHU JIOCSITHEHHS B CTaJIbHOMY CTEPXH1 JOCI1KYBaHOTO
dparMeHTa KpPUTHYHHUX TEMIlepaTyp 1 BHSIBICHO 3aKOHOMIPHICTH dacy ix
JOCATHEHHS Y BUIJISIII PETPECIMHOI 3aJIEXKHOCTI B1JI KpUTHYHOI TEMIIEpaTypH G, Ta
ToBuMHU O, BOTHE3aXMCHOTO MiHepaioBaTHOro oOimioBanas U = 33,938 +
1,397-d, — 0,081 6, + 2,35-10° dy-6,. Ha 1iii ocHOBI MOy 10BaHO HOMOTPaMYy.

Buznaueno KoedirieHT TETJIONPOBITHOCTI MIHEPaJIOBATHOTO
BOTHE3aXUCHOT0 OOJIMIFOBAHHSA Ta BUABJIIEHO OCOOJIMBOCTI HOT0 3aJIEKHOCTI BIJ
TEMIIepaTypH, IO MOJATaloTh y HasABHOCTI Makcumymy Onmsbko 750 °C. Ile
apryMEHTOBAaHO TEPMIYHUM pO3KJIaJaHHSAM 13 BHUIIJICHHSM TEIUIOBOi EHeprii
BKJIFOYEHh MDK BOJIOKHAMH MIHEpaJIbHOI BaTH ¥ BOJIOKOH MiHEPaJIbHOI BaTH.

HasaBuuii MIHIMYM kKoe(illieHTa  TETUIONPOBIAHOCTI BOTHE3aXHCHOTO
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MIHEPAJIOBATHOTO OOJIMIFOBAaHHS TOBIIMHOK Oinabiie sk 50 MM (IKCylOTh 3a
temriepatypu Onu3bko 100 °C, ockinbku BiiOyBaeThbCs BUIIAPOBYBaHHS BUIHHOI
BOJIOTH, SIKa MICTUTHCSI M)XK BOJIOKHAMH MiHEPaJIbHOT BaTH.

TemnepatrypHy 3aJICKHICTh koedimieaTa TEIJIOMPOBITHOCTI
MiHEpAJIOBAaTHOTO BOTHE3aXMCHOTO OOJIMIIOBAHHS Y3araJbHEHO B TaOMW4YHIN
dopmMi, sika MOxke OyTH BHKOPUCTaHA ISl PO3PAXYHKY TeMIIEpaTypH B CTaJIEBHX
KOHCTPYKIIISAX 13 TAKUM BOTHE3aXUCTOM Y Jlialla3oHi MOro TOBIIMHY 70 80 MM st
nuToMoi Tertoemuocti 1000 Jlx/(kr-°C) Ta rycturu 200 kr/m3,

OTrpumaHa 3alexHICTh Koe(illieHTa TEIUIONPOBIAHOCTI MOXe OyTu
3aCTOCOBaHa SK 3arajbHa JUIsl TPOTHO3YBAHHS HAarpiBaHHA B  CTaJICBHX
KOHCTPYKIISIX 13 BOTHE3aXMCHUM MIHEPAJIOBATHUM OOJIMIIIOBAHHSM, OCKUIBKU
BeIMYMHA BIJHOCHOI moxuOku He mnepeBumye 10,7 %, a  BeauduHA
CepeIHbOKBAAPATUIHOTO BiaxwmieHHs He repesunrye 10,6 °C.

Cratuctuuni kputepii Koxpena, Cteronenta i ®imepa s pe3yibTaTiB
pO3paxyHKy TeMIepaTypu B CTaJeBUX KOHCTPYKINSX 13 BOTHE3aXHCHUM
MiHEpaJIOBaTHUM OOJIMITIOBAHHSAM MiX PO3PaXyHKOBHUMH Ta CKCIIEPHUMEHTATHBHIMHU
JaHUMH MaroTh BeaumdyumHu He Oumpmie sk 0,8, 0,9 Ta 1,008 1 He mepeBUITYIOTH
TaOnMMuHUX 3HadeHb. OTKe, pe3yJbTaTH pPO3paxyHKy B pa3i BHUKOPHUCTAHHS
OTPUMAHO1 TEMIIEpaTypHOI 3aJeKHOCTI KOedIli€HTa TEeIJIOMPOBITHOCTI €

AaICKBAaTHUMMU.
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PO3JILI 4
PE3VJBLTATH MATEMATHYHOT'O MOJEJIOBAHHS
MOBEJIHKH CTAJEBOI BAJIKT
3 BOTHE3AXVCHUM MIHEPAJTOBATHHUM OBJIMIIOBAHHSIM

4.1. TemneparypHuii peXUM HarpiBaHHsi CTaJieBoi Oajku 3

BOIrHE€3aXHUCHUM OﬁJIH].[IOBaHHSIM i3 MiHepaJIbHO.l. BaTH

JIis  BUBYEHHS IIUIICHOCTI MIHEpaJOBAaTHOTO OOJUIIOBaHHS B  pasi
nedopMyBaHHS  cTajneBOi Oanku HAWOUIBII 3HAYYIIUM €  TeMIlepaTypHe
HAaBAaHTA)XCHHSA, IO BHUHUKAE€ SK pEAaKI[isi Ha TEIUIOBHM BIUIMB CTAaHJAPTHOTO
TEMIEPATYPHOTO PEXKUMY TOXKEeXl. Y XOAl BU3HAYEHHS ¢ MPUKIAJaHHS
TEMIIEPATyPHOTO HABAaHTAXKEHHS BUKOPUCTAHO HU3KY NpumymieHs [89-92].

1. HarpiBanHs BpaxoBYIOTh TUIBKH B IIapl MaTepiaidy CTaneBol OAJKH, TOAL SIK
NiJBUIICHHS TEMIIEpaTypu y BOTHE3aXMCHOMY OOJMIIOBaHHI HE OepyTh 10 yBarw,
OCKUJIbKU MOKAa3HUK MOAYJISl IPYKHOCTI MIHEPAJIBHOI BATU € YK€ MaJIUM.

2. Temneparypa 1o ctaneBiii 6amil € i30mapaMeTpuIHO0, TOOTO TAaKOIO, 1110
po3mnoiieHa mo 0asii piBHOMIPHO.

3. Temmeparypa B Oailll 3MIHIOEThCS 32 PEKUMOM, IO PO3PAXOBYIOTH 3a
dbopmyroro (2.10), mpencTaBieHO0 B APYrOMY pO31iii poOOTH, 13 BUKOPUCTAHHSIM
CTaHJAPTHOI TEMIEpPAaTypHOi KPUBOI MOXKEXK1 SIK PEKUMY HArpiBy 30BHIIIHBOTO
CepeloBUIIA.

4. Sk TteruodizuyHl XapakTepucTuku ctam y (opmym (2.10) BUKOpUCTAHO
BHUpa3H, 110 MojaH1 B TabJ. 3.7 TpEThOTro PO3/1ay pOoOOTH.

5. Temmodi3nuHarME XapaKTepruCTUKaMU MiHepaiabHOi Batu y dopmydi (2.10)
CJIYTYIOTh JIaHi, MpeCcTaBiaeHi B Ta0J. 3.8 TpeThoro po3ainy poOOTH.

6. KuneiioBl 3’enHaHHs, £AKI (IKCYIOTh BOTHE3aXMCHE MiHEpaloBaTHE
OOJIMIIIOBAaHHS, TAKOXK HE 3a3HAIOTh TEMIIEPATYPHOTO BILIKBY.

JUist  po3B’si3aHHS  TEIMJIOBOI 3a/Jayl MNPUAHATI OCHOBHI TE€OMETPUYHI
napaMeTpHu, 110 nojgano Ha puc. 4.1 a. Cxema TpUCTOPOHHBOTO TEIJIOBOTO BILIUBY

MO’KEK1 Ha JOCIIKyBaHy OanKy mpejcraBieHa Ha puc. 4.1 6.
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MinepanosatHe  Crtanesa 6anka MiHepanosatHe  Cranea 6anka
0BMNMLIOBaHHS, 4{\ 06NMLIIOBaHHS] *L\\*
7P S
N ¢
\% ) % .
6 | N
200 ;
\ U \ (V3
\
N
T s ™ '
| ’ 20 o
20 100

Puc. 4.1 T'eoMmerpuuHa cxema Iepepidy cTajlieBoi Oalku 3 MiHEpaJIOBaTHUM
BOTHE3aXMCHUM OOJIMIIIOBAaHHSAM (@) Ta CXeMa TeIJIOBOTO BIUIMBY IOXKEXKI Ha

nepepi3 oayku (6)
OcHoOBHI TapaMeTpH JIJIsl PO3PAaXyHKY MOJaHOo B Tab. 4.1.

Tabnuis 4.1 — OCHOBHI XapaKTEPUCTUKHU CTaJIEBOi OAJKKU 3 MiHEPAJIOBAaTHUM

BOTHE3aXMCHUM OOJIUITIOBAHHSM JIJI TETJIOTEXHIYHOTO PO3PAXYHKY

[TapameTp [To3nau. |Ox. Bumipy Bennuuna
ToBUIMHA BOTHE3aXUCHOTO TOKPUTTS dp M 0.020
BinHomeHHs TUTOMOT IJIOII O TUTOMOTO A IV = 299 9
00’ eMy

Kpok 3a yacom At C 30

VYHacnigok BUKOHAHHS HEOOXIJIHUX PO3pPaxyHKIB, OTPUMAHO TEeMIEpaTypHY
KpUBY HarpiBaHHs JOCIIJDKYBaHOi CTajeBOi Oajnku 3  MiHEpaJOBaTHUM

BOTHE3aXHCHUM 00JHIFOBaHHIM (puc. 4.2).
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6, °C
] ]
CtaHgapTHUIN TemnepaTypHUI
3|  pexum noxexi 5
1x107 m
f/
500 \TemnepaTypHUn pexmm™
HarpiBaHHA 6anku
0 | | {, XB
0 50 100 150

Puc. 4.2 TemneparypHuil pe>XMM HarpiBaHHsl CTajeBOl OAJKU 3 MIHEPAJIOBATHUM
BOTHE3aXMCHUM OOJIMIIOBAaHHSIM 32 YMOB BIUIMBY CTaHAAPTHOI'O TEMIIEPATYPHOIO

PEXKUMY TTOKEKI1

OTtpumaHuii TeMIlepaTypHHUI pEXKUM MOXKe OyTH BUKOPUCTAHUU SIK

TEeMIIepaTypHE HABAHTAKEHHS 1111 Yac pO3B’sI3aHHS CTPYKTYPHOI 3a]1a4i.

4.2. OCHOBHI TeOpeTHYHI MOJIOKEHHSI PO3PAXYHKY HAINPYKEHO-
ne()OpMOBAHOI0 CTAHY CTAJEBOI 0AaJIKM 3 BOTHE3aXMCHMM OOJIMI[IOBAHHAM i3

MiHepaJIbHOI BaTH

4.2.1. 3arajibHi NOJ0KEHHS PO3PAXYHKY HAINPYKEHO-Ae(POPMOBAHOIO
CTaHy CTaJieBOI 0aJIKH 3 BOTHE3aXHCHMM OOJMIIOBAHHAM i3 MiHepaJbHOI
BaTu. /[ moxenmoBaHHs HampykeHo-nedopmoBaHoro crany (HIC) cranesoi
Oalki 3 BOTHE3aXHMCHUM OOJUIIOBAHHSM 13 MIHEpAJbHOI BAaTH BUKOPHUCTAHO
y3arajbHEHUH 1H)KEHEPHUH MiaXia, Oa30BaHMI Ha HU3MI MoJoKeHb [89, 93-96].

1. dns po3paxynky HJIC nedopmoBaHOro Tijia 3acTOCOBYIOThH 3arajibHUMN
TEOPETUYHUN TIiJXiJl, B OCHOBI SKOTO — IHIIIAIISA TEPEMIIIEHb TOYOK CHUCTEMHU
ne(opMOBaHUX TUT 13 BUKOPUCTAHHSIM CHUCTEMH y3arajibHEHHX PIBHSHb JTUHAMIKH
ta piBHAHb HJIC sik peakiiiss Ha IepeMillIeHHs], 1110 alPOKCUMYETHCA 3a JI0IIOMOT0I0

meronay KinneBux enemenTiB (MKE).
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2. Jlng MonentoBaHHS CTajeBOi Oajkd BUKOPUCTOBYIOTH JIBOBHMIpHI
obononkoBi kiHiesi enementu (KE) mpsmokytnoi ¢opmu tumy benmuxa — Las
[93-94] i3 yoTHpMa By3JIOBHUMH TOYKAMHU Ta I1’ITbMa TOYKAMHU IHTETPYBaHHS II0
TOBIIUHI.

3. Jlma MopmenroBaHHS ~ MIHEPAJOBATHHX IUIACTUH  BOTHE3aXHCHOTO
OOJIMIIFOBaHHS BUKOPUCTOBYIOTH TpuBUMIpHI MacuBHI KE rekcaeapuunoi dopmu 3
BiCbMa BY3JIOBUMH TOYKAMH.

4. Sk Mojenb mMaTepially CTalieBoi OalKu BUKOPUCTOBYIOTH TEPMOIPYKHHM
MaTtepian 13 MOXIIMBICTIO IUIACTMYHUX JaedopMalliid, miarpamu JaedopMyBaHHS
SAKOr0 BIJIMOBIJAIOTh peKOMeHaaulisiM Apyroi yactuHu Eurocode 3, dopma sikux
OXOIUTIOE TUIBKH AUISHKY 3pOCTaHHS ¥ TOPU30HTAIbHY AUIAHKY. CHajHy TiIKy He
OepyThb A0 YyBaru, OCKUIbKM 1i HAasBHICTh CYTTEBO HE BIUIMBA€ Ha XapakTep
nedopMyBaHHS ~ CTajeBOi  OallkM, YHACHIJOK [EPEBaKaHHSA  IONEPEYHHUX
NepeMileHb 32 YMOB BTPATH CTIMKOCTI MEPeEpizy.

5. Jlna onucy HENIHIMHOT MOBENIHKK MaTepialy MIHEPAJOBAaTHUX IJIACTUH
BOTHE3aXMCHOTO OOJIMIIIOBaHHS 3aCTOCOBYIOTH Mojenb Marepiany baarn — Ko
[94].

6. BucioBiaeHo mpumymieHHs, 0 MOPYIICHHS MIUIBHOCTI 3 €IHAHHA MiX
IUIACTUHAMU  MIHEPAJOBaTHUX IUIACTUH BOTHE3aXMCHOTO OOJIMIIOBAHHSA Ta
MOBEPXHEI0 Oajky BIIOYBAETHCS 3a YMOBU PpO3IIAPYBaHHS MIHEpaJIbHOI BaTH,
OCKIJIbKA 3a TEXHIYHMMH YMOBaMU BHUPOOHHMKA KJIEH Mae HaJexKHY aires3iro Ta
CTIMKMIA 70 BIUIMBY BHCOKHUX TEMIIEpaTyp, TOAl SK MIIHICTh Ha PO3IIApyBaHHS B
pasi BiIpHuBY Ta 3CyBY MiHepaJibHOI BaTH Habarato MeHia [95-96].

7. Jlna omucy pobOoTH 3’€AHAHHS MK IUIACTUHAMU MIHEpPaJIOBaTHUX
TUTACTHH BOTHE3aXHMCHOTO OOJUITIOBAHHS ¥ TOBEPXHEI0 BUKOPHUCTOBYIOTH MOJIEIb
KOHTaKTHOI B3a€MOJIii 3 MOTO MOPYIICHHSM, 32 YMOBHU JOCATHEHHS MIIIHOCTI Ha
3CYB 1 BIIpUB MIK KOHTAKTHUMHU TIOBEPXHSMH, IO JOPIBHIOIOTH MIITHOCTI
MIHEPAJIbHOI BaTH SIK HAWMEHIII MIITHOTO MaTepiaiy.

8. IlpukiananHs HaBaHTAXKEHHS Mae TUHAMIYHY ICTOPiI0 U BiAOyBa€eThCs

IMOCTYIIOBO 3 IMMOYAaTKOBUM OJOJaBaHHSAM BJIACHO1 Baru, ,Z[iIOLIOI‘O HAaBaHTAXXCHHsA Ta
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INpUKIaJaHHAM TEMIICPATYPHOIO HAaBAHTAXXCHHA, 3I‘i,Z[H0 3 OOYHCIICHHSIMH Ha

OCTaHHIN cTail.

4.2.2. MaremMaTHu4HI MoJeJi JMHAMIKM Ta HaINpPYy:KeHO-1eGOPMOBAHOIO
CTAHY CTaJIeBOI 0aJIKHM 3 BOTHE3aXHCHUM O00JIMIIOBAHHAM i3 MiHepaIbHOI BATH
i iX unceabHa peanizauia. Ha puc. 4.3 mogaHo cxeMy pyXy TBEpIOro Tijia, IO

3a3Hae aedopmarrii Bix MOMeHTY dacy t = 0 10 TOTOYHOTO MOMEHTY 4acy.

A X3
X3
[MoToyHe
MOJTOXXEHHS
[NoyaTkoBe Xz
NOJTOXXEHHS Y Xo
N
u
7
/| Pid
/ 7
X x”
/
/
/ X = @(X, t)
/ - r
/% 0
\x1
7
X1

Puc. 4.3 TlouyatkoBuii aedopMOBaHMI CTaH 1 MOTOYHHMM JehOPMOBAHHUI CTaH

TBEPJOTrO Tija

Ha cxemi puc. 4.3 nepopmoBaHe Tij0 To3HaUCHE SIK (o, a TpAHULIS Tija — K
I'o. [loToune monokeHHs ¥ KOHIrypatis 1e(OopMOBaHOTO TiJIa B MOTOYHMM yac t
nmozHaueHo sk () 13 rpaHurero, mo3zHadeHoro sk [. Ilim wac pyxy Tima 3
MOYATKOBOTO TMOJOXEHHS Ta KoHpirypamieo ()y y TMOTOYHE TOJIOXKEHHS B
KoH(irypaiiito €2, 10BUIbHA TOYKA 3 BEKTOPOM KOOPJAMUHAT X, y MOYATKOBOMY CTaHi
BUJIVICHA B JUIAHII €Yy TEPEeMICTUThCA B JUISHKY () 1 Oylne MaTu BEKTOp
KOOPJIMHAT X.

OcHOBHE PpIBHSHHS pyXy, IO ONUCYE AWHAMIKY B3a€MOJIi TBEPAMX
neopMoBaHUX T, 3aMUCYIOTh Yy pa3l KOMIUIEKCHOTO BpaxyBaHHS 3aKOHIB

30epeKEeHHS Ta 3aMKHEHH, 3r11H0 3 mpaisamu [96-103].
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3a BBCACHHUX IIO3HAYCHb sK OCHOBHC piBH}IHH}I 3allUCYIOTh piBHHHHH

30epeKeHHs IMITYJIbCY, [0 MA€ TAKUI BUTIISI:

oijitp-fi=p-%, (4.1)

1€ Gjj, i — TEH30p HanpyxeHb Kol B neBHii Toull Tija;
p — T'yCTHHA MaTepiany B TOYIII Tija;

o f; —30BHIIIHI cuy, IO AiIOTH HA TUIO B IiH TOYII;
X — NpUIIBUIIEHHS TOYKH Tija.

PiBHsIHHS OalaHCy MacH 3alKCYIOTh Y BUTJISII BUPA3Y:

p-det(J)= oy, (4.2)
1€ po — TYCTHHA MaTeplajgy B IOYaTKOBOMY CTaHi;

det(J) — BU3HAYHUK JIOTHYHOI MaTPHIIi )KOpcTKOCTI (SIkoObiaH).

PiBHsIHHA 171 3aKOHY 30€peKeHHs €Heprii BKIIOYae CyMy KIHETHYHOI Ta

BHYTPIIIHBOI €HEPTiH, [0 Ma€e JOPIBHIOBATH CyM1 POOIT 30BHIIIHIX CHII.
pint Pkm _pet Pheat (4.3)

Kinetnuny eHeprito 004HUCIIOITh 32 POPMYIIOI0:
pkin 54 [pv-vda (4.4)
dt o '

BHyTpilIHIO €Heprito 00YUCIIOIOTh 3a BUPA30M:

pext _ J.V-,ObdQJr Iv-tdl“ (4.5)
Q r

3a yMOBH, KOJU JpKepelia TEIUIOBOI €HEeprii BIJCYTHI, PIBHSHHS OallaHcy

eHeprii, BiAmoBigHO 10 mpailb [96—103], 3anucyroTh y BUTIIAAI BUPaA3Yy:
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d .
agj;pw'm +(O.5pv-v)dQ:gjzv-pbdQ+1Lv-tdF (4.6)

PiBHsiHHS ~ 30epekeHHS  €HEprii B TEPETBOPEHOMY  BHUTJISAL IS

ne(opMOBaHOTO TBEPOTO Tijla 3aMMCYIOTh Y BUTJIS1 (OopMyIIH:

- int v | Vi
~0.50;| M T 4.7
P G.J{axj axi} (4.7)

['pannuHi yMOBH 0OMeXeHb pyxy Tiia [t MOXKyTh OyTH 3amucaHi y BUTJISII

BUpPA3Y:
oijn; =ti(t), (4.8)

7€ Nj — HOpMaJb 10 TPaHMIIl TBEPAOIO TLIA, HAIIPABJIEHA HA30BHI.
JIisi TpaHUYHUX YMOB, IO OMUCYIOTH JepopMallifo Ha TPaHUIll TBEPIIOTO

TiJ1a, 3aMUCYIOTh PIBHAHHS:
X (X,t)=x%(t) (4.9)

VY pa3i yTBOpPEHHSI KOHTAKTHOI B3a€EMOJII MIX TUIaMU TPaHUYHI YMOBHU

3allMCYIOTh Yepe3 BUPaA3:

(ot =5 ) n; =0 (4.10)

Ha MOXJIMBHX NEpeMillIeHHSIX OX; CTaH TBEpAMX AEPOPMOBAHMUX TiI, SKi
B3aEMOJIIIOTh MDK CO0010, MOXKE OyTH BUPaXKCHHN dYepe3 pPIBHAHHS OalaHcy

BIpTyaJIbHUX POOIT:

_[[P X +oijj—p fi] K;dQ + I[O'ijnj —ti]§xidr+ J‘(O'ier—UiJT) n;odl =0 (4.11)
Q s I,

Cyma MOXIMBUX poOOIT, N0 €KBIBAJIGHTHA HYJI, 13 BUKOHAHHSIM

nepeTBOpeHb piBHsAHHA (4.11) Mae OyTu 3anucana y Burisiai [96-103]:
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[ p %65dQ+ [ o5 jo%dQ- [ p fiokdQ— [tidGdT — [tfSGdr =0 (4.12)
Q Q (@) I“f FC

4.2.3. KidueBo-ejleMeHTHA  anpoKcHMMAaLlisi OCHOBHHUX  pPiBHSIHb
AUHAMiYHOI B3aeMojii. Popmyny I BUKOHAHHS 1HTEPHOJALIT PO3MOJILIIB
napaMeTpiB y BHYTPIIIHIX MeXax MpocTopy KiHieBoro eneMmenrta (KE) 3anmucyrors

y TaKOMY BUTJISIIL:

m

X (X,t) =% (X(&.7.0)) =Y ¢;(En. X (1), (4.13)

=L

ne ¢ — napamerpuuHa GyHKiis popmu (mapameTpu &, 7, 4);
M — KUIBKICTh BY3JIOBUX TOYOK, 1110 BU3HA4at0Th 3a (hopmoro KE;
X{ — KOOpJMHATA BY3/I0BOi TOUKH 3a OJHI€I0 3 TPHOX OCell KOOp/MHAT.

Bipryansay notenmiansay eneprito juisi KE 3anucyroTs y BUrisai Bupasy:

Al = Ip % DA+ J.aijCD?de— J'p f.ddQ - ftid)?dF, (4.14),
Qe Qe Q. T,

e e
ne ©F =(p1.dp. )i -
s Bcroro komiuiekcy KE mae OyTu BpaxoBaHMil MPUHLMI BIpTyaJIbHHUX

nepemilieHb. 3a TaKUX MIpPKyBaHb pIBHSHHS OalaHCy MOBHOI €Heprii Tiia,

nuckperrsoBadoro citkoro KE, 3anucyrots y BUTIIsIi:

en
| [p %0fdQ+ [o@fdQ- [p fidfdQ- [tofdr |=0 (4.15)
e=l| O, Qe Qe Te

VY Matpuusiii popmu piBHAHHS (4.15) 3aMUCYIOTH TaK:
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en
Y| [P NN adQ+ [B'e da- [p N'b do- [Nt dr|=0  (4.16)
e=l| O, Qe Qe Te

ne N — inTepriossiiina MaTpuils napamerpuunux ¢Gyukiii popmu KE;
G — BEKTOp HaIPYKEHb;

B — MaTpuIis ;k0pCTKOCTI;

a. — BEKTOP BY3JIOBUX MPUCKOPEHB;

b — BekTOp HaBaHTaKEHb;

- BCKTOP TATOBHUX CHJI.

4.2.4. MaremaTu4yHa MojJejb JAJs1 ONMMCY KOHTAKTHOI B3aemojii. Ha
puc. 4.4 mogaHo cxeMy KOHTAaKTHOI B3a€MOJIii ABOX TBEPAUX Ne(POpMOBAHUX TUIT y

pa3i iX IOTUKY B YMOBax 31IITOBXYBaHHs a00 B3a€MHOT'O IPOHUKHEHHS.
/_\\

4y

[NoBepxHi KOHTaKTVQ

X d

Puc. 4.4 CxeMa KOHTaKTHOI B3a€MO/I1i IBOX TBEPAUX JA€(POPMOBAHUX TN

3riIHO OPUMYIIECHHS, 10 JBa TUIa MPUXOJATh JO KOHTAKTy 3a BIJCYTHOCTI
aOCOJIFOTHO TBEPAMX TiJ, IO BBOJATh B OKPEMHX BHIAAKaX IS CIPOIICHHS
PO3paxyHKYy.

VY pasi dikcyBaHHS MOMEHTY, KOJH PO3MOYMHAECTHCS KOHTAKTHA B3AEMOJIIS

TLJI, IEPEBIPSIIOTH BUKOHAHHS yMOBH ['epiia — Cunbopuni — Mopa [96-103]:
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g>0,4>0,g12>0, (4.17)
Jie g — IapaMmeTp 3a30py, 10 BU3HAYAIOTH 32 (OPMYIIOL0:

g(xi ,t): (xi —x] )Tn (4.18)

CxeMmy MO3HAYEeHb F€OMETPUYHUX MAapaMETPiB KOHTAKTHHUX TUT MOJAHO Ha

puc. 4.5.

lonosHa nosepxHsi

J .
Q' ridneana nosepxHs

Puc. 4.5 Cxema BU3HAYEHHS T€OMETPUYHHX NTApaMETPIB KOHTAKTY

Jlis BpaxyBaHHS CHJ TE€pPTS B pa3l KOHTAKTHOI B3a€EMOJIi 3aCTOCOBYIOTh
3akoH Kymona B y3aranpHeHid (opmi. BenuuuHy TaHTeHI[IanbHOI IIBHUIKOCTI

BU3HA4YAOThH TAK.
(oi i g\ 4.19
ulx' t)=la'=u!) s (4.19)
V3araneuena popma 3akony Kyinona mae BUTTISL BUpa3y:

M <1
SIKILO |7] < 1 mpuitmaeTnbes U =0 (4.20)

npu ‘r‘ <1 npuiimaeThes sign(u) = sign(z)

[TapameTp T BU3HAYAIOTh 32 BUPA30OM:
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r=—", (4.21)

ne 4 — KOeQIIIEHT OTIOPY TEPTH.

JIisi MaTeMaTUyHOTO OMUCY KOHTAKTy Mk moBepxHsiMu KE 3acTocoByIOTH
mMetona mrpadHuX GYHKITIN 1 MeToa MHOKeHHs Jlarpamka [96—103]. [{ns cermenTy
MOBEpXHI, KU MICTUTBCS MDK YOTHpPMa BYy3JamMH, BHKOPUCTOBYIOTH
MOCJIIJIOBHICTD MPOIIEYP, 110 BUKIIAJEHA HIKYE.

1. Buninenns napu «mianeriauii Byzon — rogoBuuil cermeHT KE moBepxHi
TiJIa 3 BUKOHAHHSIM YMOBH TOJIOKE€HHS MPOEKIli MiAJIETJIOro By3ja Ha TOJIOBHHMA
CETMEHT Y IepIoMy ado B YETBEPTOMY KBaJAPAHTI JIOKAJTHLHOI CUCTEMHU KOOPIMHAT,
BCTAHOBJICHOT HA TOJIOBHOMY cermMeHTi. [Ipoekilito By3ia Ha CeTMEHT BH3HAYAIOTh
K KOHTAKTHY TOYKY, a BIJICTaHb M1k MiJIJIETJIUM BY3JIOM 1 KOHTaKTHOIO TOYKOIO
HA3UBAIOTh MPOEKIINHOI BIACTaHHIO. Y pa3zl B3aEMHOTO PO3IMIISIAY By3la M
CErMEHTY IUIOIIAa OCTAHHBOTO 30UIBIIYETHCS HAa HE3HAYHY BEIMUYUHY (OJIM3BKO
2 %) 1 HaIiHHOCT1 0OYHCIICHD 32 KOHTAKTHUM QJITOPUTMOM.

2. OOuMCleHHST KOOpPJWHAT KOHTAKTHOI TOYKHM B JIOKAJIbHIA CHCTEMI
KOOPJWHAT, TIOB’13aH1H 13 TOJJOBHUM CETMEHTOM.

3. Bu3HaueHHsI TPOEKIINHOI BIJICTaHI B JIOK&JIbHIA CHCTEM1 TOJIOBHOTO
CETMCHTY.

4. 3a yMOBH, KOJIM TIPOCKIIiiiHA BiJICTaHh HAOyBa€ HETaTHMBHOI'O 3HAYCHHS,
HOro cnpuilMaroTh K MMOWHY MPOHUKHEHHS. 32 UMM 3HAYEHHSM OOYHCIIIOIOTH

CHJTY, sIKa BIUTMBAE HA MJICTIINIA BY30J1, 3Ti1HO 3 (hopmyJoro [96-103]:

fo= K0 (4.23)

ne fs — KoHTaKTHA cHIa, 110 Ji€ B KOHTAKTHINA TOYII;
K. — KOHTaKTHa KOPCTKICTh;
O — TIMOWHA TPOHUKHEHHS.
5. ¥V By3nax TOJOBHOTO CErMEHTY OOYHMCIIOIOTh KOHTaKTHI CHJIM 3a

dbynxkuiero hopmu KE, mo 3anexats Bij MOJIOKEHHS TOYKHA KOHTAKTY B JIOKAJTBHIN
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CHUCTEeM1 KOOpAMHAT cerMeHTy. Bupasu nis oOuucineHHs (yHKIi ¢GopMu moaaHo

Hwkye [97].
N; =0.25(1+ &)1 +7)
_ N, =0.25(1+&)1+7)
I — - . .
fm - Nu(f,ﬂ) 1;s Ae N3 — 0-25(1*‘5)(14‘77) (4 24)
N, =0.25(1+&)1+7n)
KOHTaKTHY KOPCTKICTh OOUUCITIOIOTH 32 BUPA3OM:
2
K, = TsATK (4.25)
Ve

ne fs — BenmmuuHa mrpaduoro dakropy;
A — 101112 TOJIOBHOTO CETMEHTY;
K — 00’ eMHHI MOTYJTh IPYKHOCTI;

Ve —006’eM KE, 10 IKOTO NMPUJIETIIMI CETMEHT.

4.2.5. SIBHMIl 4MCJI0OBUH MeTOJ PO3B’fI3aHHSl PIBHAHb IHHAMIKH.
OO6uucnenHs mBHIKocTel y By3noBux Toukax KE mim wac peamizaiiii siBHOTO

METOAY IHTETPYBAHHS PpIBHSAHb JIMHAMIKM BIIOYBA€ThCA 3 BUKOPUCTAHHSIM

dbopmyu [98]:

05 _ (un+1 B un)/Atn+O.5 g™ = " 4 AtNFO.5,,n+05 (4.26)

[lepemimennss By3noBux Touok KE o004HCIIOIOTE 13 BHUKOPHUCTAHHAM

dbopmymu:

Xn+1 _ XO 4 un+1 (4_27)

bazoBoto popmyioro ans oOuKclieHHS TpUCKOpeHb By3inoBux Touok KE (y

pasi anmpoKCHMAIIii MOXiJHOT 32 YaCOM) KIHIIEBUMH PI3HHUILISIMH €:
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a — (Vn+0.5 _Vn—O.S)/Atn _, 05 _\,n-05 | A¢non (4.28)

V pasi 3acTocyBaHHS OaHUX BUIIE (HOPMYJI 3aMTUCYIOTh piBHIHHSA (4.11):
n & ext int
n_pen. _ X i
Ma"=F"; F _Z(Fe —F ) (4.29)
e=1
[Tpuckopenns: By3noBux Touok KE oOumCIIOOTH mig 4ac po3B’si3yBaHHS
CHUCTEeMHM JIHIMHUX aireOpaidHuX PiBHSAHB 13 BUKOPUCTAHHSM OOCPHEHOI MaTpHII

M.
an — M—an (430)

[ToTouHuii yacoBHil KpOK OOYMCIIOIOTH 3a JornoMorow uucia Kypanrta —
Opiapixca — Jlesi, 110 BU3HAYAIOTH 3a (POPMYIIOILO:

At < Atgit = min I—e (4.31)
Ce

1€ C. — apaMeTp, IKUil OTPUMYIOTh 32 BUPA3OM:

e =+/Ee/pe .,

le — mpocToposuii kpok citku KE.

4.2.6. OcHOBHi BiOMOCTI mMOA0 THUNMY Ta KiHUEBUX eJeMeHTIB. J[s
MOJICTIOBaHHS IMOBEIIHKA MiHEPaJI0BATHOTO OOIUIIOBAHHS 3aCTOCOBYIOTh MaCHBHI
rexcaeapuuni KE tummy SOLID 13 BicbMma By3namu. ['eoMeTpuuHy cxemy ejleMeHTa
MPECTABIICHO Ha puc. 4.6.

KE piBHAHHS 1151 BUBHAYEHHSI KOOpAWHAT BY3iB hopmu (4.16) 3anucyrorh

TaK.

8

X (X,1)=%(X(Em.0)t) =3 6;(En.O ) (©), (4.32)

=1
ne ¢ — napamerpuuHa QyHKIis popMu st j-Toro By3na, mo it KE mporo tumy

00UYHCITIOIOTH 32 (HOPMYJIOKO:
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¢; =0.125(L+ & N+ nn; 1+ ¢¢;), (4.33)

[Tapametpu &, nj, ¢ mpuiiMarOTh 3T1THO 31 CXeMOIO Ha pHc. 4.6.

Jlist mporo Ty KE iHTEepnoAiiitHy MaTpHITIO 3aMUCYIOTh Yepe3 BUpa3:

o O

N(&n.¢)= : (4.34)

o oS>
o &S o

X3

4 a4 A
1 1 -
11 -

4 1 A

EI—Y
|

—

—

@ N oUW =
I
L
I
L

I
'y
—
—

Puc. 4.6 I'eomeTpis KiHIIEBOTO €JE€MEHTa IeKCaeIPUYHOr0 KIHIIEBOTO €JIeMEHTa

turty SOLID i3 Bicbma By3i1amu
BekTop HarnpyxeHb 3alTUCYIOTh y BUTJISA/II BUPA3Y:

Gz(ox Oy 0; Ty Ty TZX)T (4.35)

KE tuny oGomonku bemmuka — Ilas (benmmuka — Jlina — Ilas) [93-94]
0a3zoBaHi Ha omuci mporecy auHamigHOi B3aemonii B KE Ha komOiHaiiio
oOepTaHHsT Ta JIHIAHOTO 3MIMIEHHS TOYOK pa3oM 13 JehOpMyBaHHSM.
EdekTuBHOCTI 3acTOCYBaHHS TaKOTO E€JIEMEHTA JOCATAIOTh Yepe3 MaTeMaTHYHE
CIPOIIEHHS SIK PE3ybTaT ABOX KIHEMATHMYHUX MPHUMYIIEHb, YHACTIIOK YBEICHHS
JIOKaJIbHOI cucTeMu koopauHat, mnoB’s3aHoi 3 KE 1woro tumy. IIBuakicTh
nedopwmarlii 3yMOBIIEHa TEH30pOM HampykeHb Ko, 1o mgae 3MOry YHUKHYTH

TPYIHOIIIIB TIiJ] YaCc BpaxyBaHHS HEMHIHHOCTI mporiecy aedhopMyBaHHS.
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I[J'IH q)OpMYJ'IIOBaHHH OCHOBHHUX T'COMCTPUYHHUX Ta CHUIIOBUX CHiBBi,Z[HOIHCHB

y KE tuny o6ononku benumuka — Ilas BBOISATH JOKadbHY CUCTEMY KOOpPJIUHAT

A

(X, 9,2), OpTH 5IKOi €4,6,,63 BU3HAYAIOTH 3TiAHO 31 cxeMoro Ha puc. 4.7 [93-94].

>

Iy

Puc. 4.7 Cxema reometpuunux napametpiB KE Tumy 4oTupuBy3i10Boi 000JI0HKH

bennuka — [as

Onucytoun ocHoBHi crhiBBiaHOWeHHs 111 KE tunmy oOGononku benuuka —
[1ast, BUKOPHCTOBYIOTH Teopito Minmiina [104], 3rigHo 3 SKOK MIBUAKICTH OY/Ib-

AKO1 TOUKH, HanexHoi 10 KE nporo tumy, BU3Ha4arOTh 3a BUPA30M:
v=v"-7e;x0, (4.36)

ne V" — BeKTop MBUAKOCTI cepeaunHoi Touku KE;

7 — KOOpJAMHATA TOYKH B3JIOBXK OCi JIOKAJIbHOT CUCTEMHU KOOPIUHAT;

0 — BeKTOp KyTOBOI IBUJIKOCTI.

4.2.7. OcHoBHi BigomMocTi momxo0 moaeieii marepiaaiB. Sk Mopaenb
Martepiany cTajneBoi OalKi BHUKOPUCTOBYIOTH TEPMOIPYKHUA MaTepian 13
MOXJIMBICTIO IIJIACTUYHUX  Aedopmariii, giarpamMmu  JaeQopMyBaHHS  SKOTO
BIJIMOBIJIAI0Th pEeKOMEH AaIisM Japyroi yactuau Eurocode 3, ¢popMma SIKUX OXOILTIOE
TUIBKHU JIJISIHKY 3pOCTaHHS ¥ TOPU3OHTANBHY AUISIHKY. CHiaiHy T1IKY HE 0epyTh 10

yBar", OCKUIbKU ii HASIBHICTb CYTTEBO HE BIIMBAE Ha XapakTep neopmMyBaHHS
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cTalieBOi Oallkh, YHACHIJOK TepeBa)KaHHS MOMEPEYHHX NEpeMillleHb 3a YMOB
BTpaTH CTIHKOCTI mepepi3y. 3TiHO 3 TEOPETUUYHHMHU MOJIOKEHHSAMU I MO
MaTepiaay IbOro THIY, 1o chopMyiboBaHi B mparsx [105-108], npy»xHi peaxiii,

[0 BUHUKAIOTh YHACHIIOK TIOBOPOTHHX Jedopmariiii mepepiziB 0O0YUCITIOITH 32

dbopmyoro:
Gijv :Cijkl(‘c}kl —é‘ﬁ)+ ledg (437)
Mo o Gy 1
OXIIHA [APAMETPY Fjj = chlmno'mn’

Cijk| — YTBOPIOBAJIbHA MATpUlld, IO BU3HAYAIOTH YCPC3 BHUPA3, JO JAKOI'O BXOJAHTH

koedimient Ilyacona s

1-u  u y7, 0 0 0
u l-u u 0 0 0
L R 0 0 (4.38)
@+ u)1-w)| O 0 0 05-u O 0
0o 0 0 0 05-u4 0
0 0 0 0 0 05-u

IBuakicTe TemmneparypHoi Aedopmailii BU3HAYAIOTh 3a KOE(IiIEHTOM

TEMIIEPATypPHOTO PO3IIMPEHHS ¢ 3 BAKOPUCTAHHAM (HOPMYIIH:
N 5
‘9ij =ab ij » (439)

1€ Jjj — €IEMEHTH 11eHTU(PIKALITHOTO TEH30DA.

Jist imeHTrdikamii HACTAaHHS TIACTUYHHX Jedopmariiii BUKOPUCTOBYIOTH

130TpOIHYy (QYHKIIIO TiAAATINBOCTI:
¢=O.53ijsij —O'y(9)23_1, (440)

7ie Sjj — €JIEMEHTH JIeBlaTOpa HaNpPyKeHb;

o,(6) — 3anexHa BijJ Temrepatypy QyHKIIiS INIACTUYHOTO 3MII[HCHHS.
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EnemenTn neBiaTopa Hampy>K€Hb Ha HACTyMHOMY KpOIll I1HTErpyBaHHS

BU3HAYAIOTH 32 (HOPMYJIOIO:

S v 4.41
1’1'55ijsij ( )

Ha koxHOMYy KpoIlll I1HTErpyBaHHsS 3HA4YeHHS €QEKTUBHOI IJIACTUYHOL

nedopMaliii OHOBIIOIOTH 32 (POPMYIIOIO:

O * *

1- Y | 155

* * 1)
1’1-5Sij3ij (441)

G+3EIO

P _
Aggr =

ne G — Moaymb 3CyBY;

E, — MoZlyNb 3MILIHEHHS.

JUis  ocrarodyHoi 1MOOYJOBM MOJENI Mareplady Oylid BHKOPHCTaHI
3QJIEKHOCTI MEXAaHIYHUX XapaKTEPUCTUK CTajl BIJAMOBIIHO /IO TeMmmeparypu. Y
Tabm. 4.2 mpenactaBiaeHO KOS(DIMIEHTH 3HWKEHHS OCHOBHUX  MEXaHIYHHX

XapaKTePUCTHK, 3T1IHO 3 peKoMeHamisiMu cranaapty [108-117].

Tabnuusg 4.2 — KoedilieHTH 3HMKEHHSI MEXAHIYHUX XapaKTEePUCTUK CTall

.. .. KoeoimieHnT 3HMKEHHS IS
Koeditient 3umkenns | KoedirieHT 3HIKEHHS e e e
Temmepatypa . ) ) ) TOXHJIOT JIIHIMHOT NITSTHKH
. PO3paxyHKOBOT IpaHUII MEXI IPY>KHOCTI -
craii 0, °C ; npyXHUX aedopmartiid, Keo
TEKy4ocTi, Ky,0 = oy,d oy Kp,0 = op,d oy

= EdE
20 1,000 1,000 1,000
100 1,000 1,000 1,000
200 1,000 0,807 0,900
300 1,000 0,613 0,800
400 1,000 0,420 0,700
500 0,780 0,360 0,600
600 0,470 0,180 0,310
700 0,230 0,075 0,130
800 0,110 0,050 0,090
900 0,060 0,0375 0,0675
1000 0,040 0,0250 0,0450
1100 0,020 0,0125 0,0225
1200 0,000 0,0000 0,0000
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Koediuient temneparypHoi aedopmallii BU3Ha4arOTh Ha OCHOBI (hOPMYIIH,

3aJIe)KHO B1J] TEMIIEpaTypH:

Al

3a20°C<06<750°C T=1.2-10

3a750°CS6<860°CT

32 860 °C <0 <1200 °C ATI:2-10

Al

0+0.4-1080%-2.416-107%,
~=1.1.1072,

0-6.2.1073

(4.42)

Ha puc. 4.8 nonano rpadik 3aiekxHOCTI TeMrepaTypHoi nedopmariii craii,

BIJIMOBITHO JI0 TEMIIEPATYPH.

Alll
0.02 T T
///'
0.015r /7
0.011 S/ -
3 "
5x10 °f y 7
0 7 1 6, °C
3 3
0 500 1x10 1.5x10

Puc. 4.8 3anexuicts TeMiiepaTypHoi aedopMaliii cTasi BiJl TeMIepaTypu

VY mpormeci 3amaHHS TapaMeTpiB MOENI MaTrepialy MNOTpPIOHO BBECTH

KOe(DILIEHT TEeMMepaTypHOro PO3LIMPEHHS O, BIANOBIAHO [0 TEeMIEepaTypHOi

neopmamii. Ha pwuc. 4.9 3anpomoHoBaHo Tpadik 3aleKHOCTI KoedillieHTa

TEMIIEPATypHOTO PO3IIMPEHHS BiJ TeMMepaTypd HarpiBaHHs, LIO BBOISATH 0

MOJIeN MaTepiany.

V T1abn. 4.3 cucreMaTH30BaHO OCHOBHI JaHlI CTOCOBHO CTajl OajKh, IO

B3sTa 710 po3paxyHky [108].
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_5 @, oct
1.6x10 T T
1.5x10 °F -
1.4x10"°F —
1.3x10 °F -

-5 | | o
1.2x10 0, °C

0 500  1x10° 1.5x10°

Puc. 4.9 3anexuicts KoedillieHTa TEMIEPATypHOTO PO3IIUPEHHS CTalll BiA

TEMIIEPATYpHU

Tabmuug 4.3 — MexaHiuHI XapaKTEPUCTHKHU CTall Oajaku

Marepian Minnicts, MI1a Monyie nipyxHocti, MIla | Koed. I[Tyaccona

Craiusb C 245 245 2,1.10° 0,3

Ha migcraBi orpuManux gaHux noOyaoBaHO jiarpaMu AedopMyBaHHS st
pI3HMX TeMIepaTyp HarpiBaHHS MiJ BIUIMBOM TEIUIOBOTO PEXUMY TOXKEXKI.

Hiarpamu npeactaiaeHo Ha puc. 4.10.

o, MlNa
I I
20 °C, 200 °C, 400 °C
200fr -
600 °C
100 -
860 °C 1000 °C 1200 °C
750 °C \ \
OV 1 . 1 ‘I
0 0.05 0.1 &

Puc. 4.10 Hiarpamu nedopmyBanHs ctami C 245 3ajexHO BiJ TeMmIepaTypu

HarpiBaHHS

Jlnig onucy HeNiHIHHOT TMOBEIIHKM MaTepially MiHEpaJOBaTHUX IIJIaCTHUH

BOIHE3aXMCHOTO OOJIMIIOBAaHHSI 3aCTOCOBYIOTh Mojenb Martepiany bnatn — Ko
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[97]. Lle#i maTepian omucye HEIiHIAHY MOBEAIHKY MaTepialy THIY CIIHEHOI I'yMH

3a monoMororo HanpyxeHs [liomm — Kipxroda, 1mo o6unciorTs 3a HopmyIioro:

1
S;; =G v—lcij _V 1—2#5” , (4.42)

TyT Cjj — wieHu npaBoro Tenzopa aedopmariit Kommu — ['pina, mo o6uuciooTs 3a

JIOTIOMOTOI0 BUPA3y:

- OX 0%
ij oX, 8Xj (4.43)

OcHoBHiI MexaHI4HI XapakrepucTuku [98], HeoOximHi &ans 3a3HAYEHHS

nmapameTpis Mojaenl Marepiany biaartn — Ko, y3araiapaeHo B ta0i. 4.4.
9

Tabnuis 4.4 — MexaHiuHI XapaKTepUCTUKU MIHEPAJTOBATHOTO OOJIUIFOBAHHS

Marepian Minnicts Ha | MinHICTh Ha Mopynb Monynsb 3cyBy,| Koed.
BigpuB, MIla 3cyB, MIla |mpyxHocti, MIla MIIa Ilyaccona

MinepasbHO1
0,04 0.05 11,704 4 0,463
BaTa

3a nanpyxenusmu [lionn — Kipxroda BuU3Ha4al0Th KOMIOHEHTH TEH30pa

HarnpyxeHb Komm:

P OX 0%y

= S
Oijj po OX; OX | kl (4.44)

Koediuient Ilyacona st nuporo matepiany craHoBuTh U = 0,463.
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4.3. TloyaTkoBi JaHi 1040 PO3PAXYHKY HaNpYy:KeHO-1e(hOpPMOBAHOIO

CTaHY CTaJIeBOI 0aJIKM 3 BOTHE3aXMCHUM O0JTMIIOBAHHSAM i3 MiHepaJIbHOI BATH

4.3.1. T'eoMmeTpu4Hi T4 KOHCTPYKTHBHiI NMapaMeTpH CcTaJeBOi 0aJKu 3
BOTHE3aXMCHHUM OOJMUIOBAaHHAM i3 MiHepajbHOI BaTH. /[ MonemOBaHHs
HarpykeHo-negopmoBanoro crany (H/IC) craneBoi Oajiku 3 BOTHE3aXHMCHUM
OONMIIOBaHHSM 13 MIHEpalIbHOI BaTH BUKOPHCTAHO TE€OMETPUYHI IMapamMeTpu
nepepizy, 10 OMKCaHi B MOMEPeIHIX po3auiax poooTu. JloBxkuHa 6anku — 6 M. Ha
puc. 4.11 nogaHo reoMeTpUYHy CXEMY JOCIIIKYBaHOI OaJIKH.

Oco0JMBICTIO KOHCTPYKIII1 € HAasiBHICTh €JIEMEHTIB KPIIJIEHHS, IO SBJIAIOTh
co00I0 MIHEpaJOBaTHI IUJIACTHHH, JO0 SIKMX MPUKICIOIOTh OOKOBI MIHEpaOBaTHI
IUTACTUHU BOTHE3aXHCHOTO OONMIIOBaHHSA. HWXHIO MiHEpanoBaTHY IUIACTUHY
MPUKIICIOIOTh OE3MOCEePEIHbO O HUAKHBOI TMOJUIl JIBOTABPOBOI CTalEBOI OaIKH.
[TpencraBiena Ha puc. 4.11 reomerpuuna cxema Oyia IUCKPETU30BaHA HA KIHIIEBI

enemeHTH. CITKOBa MOZIeNb 300paxkeHa Ha puc. 4.12.

MiHepanoBaTHe BorHesaxmcHe
6nuuUoBaHHSA

MiHepanoBaTHi
_|KPEMDKHI enemMeHTu

6anka

Puc. 4.11 KoHcTpykTMBHa cxemMa CTajgeBoi OaJKu 3 BOTHE3aXHCHUM

OOJUITIOBAHHSM 13 MIHEPAJIbHOT BaTH

Oco06MBICTh KIHIIEBO-€JIEMEHTHOI MOJIEi MOJiArae B TOMY, IO CTajieBa
Oanka po30uTa Ha OOOJOHKOBI YOTHUPU BY3JIOBI eneMeHTH Tuny «SHELL» 13

I’ SIThMa TOYKAMH IHTETPYBAaHHS MO TOBILMHI, 3T1JIHO 3 opMytoBaHHSIM bennuko
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— Has [1, 2, 4]. Po3paxyHkoBa AUISHKA, BIAMOBIAHO JI0 BOTHE3aXHUCHOTO
MiHEpaJOBAaTHOTO OOJUIIOBaHHS, Oyna po3duta Ha BochMHBY3J0BI MacuBHI KE
turmy «SOLIDy». Marepian crajieBoi Oanku — IPY>KHO-TJIACTUYHUNM MaTepiaj, 110
Jla€ 3MOTY BpaxoByBaTH TemrieparypHi aedopmariii [89].

Martepian MiHEepaJoBaTHOTO OOJHMITIOBaHHA BiAmoBinae moneni biarn — Ko
crineHoi rymu [98]. V tabn. 4.5 penpe3eHTOBaHO KUIbKICHI XapaKTEPUCTUKHU L1010
KE xiH11€BO-€]IEMEHTHOT MOJIEN] CTATIEBOI OAJIKH 3 BOTHE3aXHUCHUM OOJIUIFOBAHHAM

13 MiHEpaIbHOT BaTH.

KE, Wo BigTBOPIOIOTL
MiHepanbHy BaTy

KE, L0 BiTBOPIOKOTL
_/ cTanb

Puc. 4.12 KiHueBo-eareMeHTHA cXeMa CTajleBOi Oallki 3 BOTHE3aXHUCHUM

OOJIMIIFOBAHHSM 13 MIHEpPAJIbHOI BaTH

Tabmums 4.5 — KigbkicHI XapaKTEPHCTHUKH KIHIICBO-EJIEMEHTHOI MoOJIel

CTaJIeBOi OaJKy 3 BOTHE3aXHMCHUM OOJIMLIIOBAHHAM 13 MIHEpaIbHOI BaTH

Kinekicts KE Kinbkicts 060ononkoBux KE | Kinbkicts MacuBHux KE Ttumny
tuny «SHELL» «SOLID»
9232 3056 6176

4.3.2. I'panuyHi yMOBU #H NMOYATKOBI JaHi MO0 KiHIEBO-eJ1eMeHTHOI
Mojaesi. Y X0l PO3paxyHKy MNPUUHATO MNPUIYIICHHS, 10 WMOBIPHUW BIJIPUB
BOTHE3aXMCHOTO OOJUIIOBAHHSA BiJIOYBAa€ThCA HE MO KJIEHOBOMY WIBY, a IO

NPWIETINX [Iapax MIHEpajJoBaTH, TOOTO pyWHYBaHHS € Kore3iiiHuMm. Take



119

NpUIyIIeHHss 0a3oBaHe Ha TOMY (hakTi, IO MIIHICTh KJIEHOBOTO IBa CYTTEBO
NEPEeBUIIye MIIHICTh Ha BIIPUB 1 Ha 3CyBaHHA MiHepanoBatu. lle BpaxoBaHO
3acobamu mporpamHoro cepenouima «LS-DYNA» mig dac ommcy KOHTaKTHOI
B3a€EMO/IIT MK eneMeHTamMu Mojeni. [TapamMeTpu KOHTAaKTHOI B3aeMOIT 300pakeHO

Ha puc. 4.13.

ABTOMaTUYHUIN KOHTAKT
NnoBepXoHb be3 TepTa

KoHTaKT i3 BigpnBOM:
MiLUHICTb Npu BigpuBi Ha poaTar: 40 kla
MiLUHICTb Npw Bigpmei 3cyBom: 50 klla

OBMmeXeHHst
Mo BCiM CTYMNEHAM BifTbHOCTI
KOXXHOrO By3r1a no TopLto

ObmexeHHs
Nno BCIM CTYNEHSIM BifIbHOCTI
KOXHOrOo BYy3na no TopLio

Puc. 4.13 Cxema KOHTAaKTHOI B3aeMOmil MIX €JIEMEHTAMH CTaJIEBOI Oaliku 3

BOTHE3aXMCHUM OOJIMIIOBAHHSM 13 MiHEPAJIbHOT BaTH

Ha cxemi puc. 4.12 TakoX HaBEAEHO YMOBU 3aKpIIUICHHS Oalku, IO
MOJIATal0Th B 0OMEXXEHHI1 BCIX CTYMEHIB BUIBHOCTI KOKHOTO BY3JIa 10 000X TOPIISIX
KIHI[IB OaJIKu.

Ilepen npukiIagaHHsIM TEMIIEPATYpPHOIO HABAaHTAXXEHHS CTalleBy Oalky
HABaHTaXXYIOTh MOCIIJOBHO BJIACHOIO Barol Ta PO3MOAUICHUM HaBaHTAKEHHSM,
II0 MAalTh JIATH MPOTATOM YChOI'O YacOBOTO iHTepBaly po3paxyHky (17,5 c).
dakTop Yacy TYyT Ma€e YMOBHY BEJIMYMHY, LI0 Mependavae IMepepaxyHOK Ha
peasibHUi Yac BOTHEBOT'O BIUIMBY CTaHAAPTHOTO TEMIEPATYPHOTO PEKUMY MOXKEKI
150 xB.

Ha cxemi mpukiajeHHS HaBaHTaXEeHb CTaJleBOI OalKU 3 BOTHE3aXHCHHUM
OOJIMITIOBAHHSM 13 MiHepaIbHOT BaTH (puc. 4.13) IpoUTFOCTPOBAHO THUI 1 HAIIPSIMOK

IMPUKIaJCHOI'O HABAHTAXKCHHS.
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PosnopineHe HaBaHTaxeHHs Q = 13.79 kH/m?

BnacHa Bara
BOrHe3axncHoro oonmLoBaHHsA:
p =105 kr/m*

BnacHa Bara
cTaneBoi banku:
p = 7850 kr/m*

Puc. 4.13 Cxema npukiaaHHs MEXaHIYHOT'O HaBAaHTAXKECHHS J0 CTAJIEBOI OQJIKH 3

BOTHE3aXHCHUM OOJIMIFOBAHHSM 13 MIHEPAJIbHOI BaTH

BennuuHa po3NOAUIEHOrO HABAHTAXKEHHA BHOpaHa 3a KOE(ILIEHTOM

HaBaHTaXeHHA 4 = 0,2 i1 BU3HaUeHa 3a popMyIioro:

- fy, W

Q= 8’”#2)( (4.45)

B-I

ae | =6 M — noBxuMHA OATTKK MiXK OTTOpaMHU.

MowmenT onopy niepepizy Wy BU3Ha4aroTh 3a popMyIioro:
3 T ) )3
WX:&’JX:Bt LBt (H-2t) s(H-2t) | (4.46)
H 6 2 12

ne H=0,2wm, B=0,1 m — Bucora Ta mmpuHa 1BOTaBpOBOTO Mepepizy;

t=5=0.006 M — TOBIITMHA TIOJIUIII ¥ CTIHKH JIBOTaBPA;

Jx — MOMEHT iHepIIii TBOTAaBPOBOTO Mepepizy OAIKH.

HapanTa)xeHHsI mpuKIafeHe MOCTiOBHO 3TriHO 3 rpadikaMu, K1 HaBeACH1
Ha puc. 4.14. Ha rpadikax moMiTHO, IO CHOYATKy MPOTATOM | ¢ mpuKIamamu
BJIACHY Bary, MOTIM YNPOJOBXK 4 ¢ — Jit0ue pOo3MNo/IVICHe HABAHTAXKECHHS, a MOTIM —

TEMIIEPATYPHE HABAHTAKCHHS.



121

2

v, G WS
8-+
6 4
‘ .
2+
|
0+ c
0 5 10 15 Ly
Q, kH/M?
40
0+
0 .
10+ .
0-
0 5 10 15 nCH
3 )
x10° 6, °C
12 -
1 1
08+
06+
04+
02+
0- £ : I i |
0 5 10 15 5 C g,

Puc. 4.14 I'padiku 3a51e’KHOCTI TPUKIAJICHUX HABAHTAXKEHb BiJ Yacy: a — rpadik
MPUCKOPEHHSI BUIBHOTO NAIIHHS JUIsl BpaxyBaHHsS BJIACHOI Baru; 6 — rpadik
MPUKIAJACHHS PO3MOJIJICHOTO HAaBaHTAaXEHHS; 6 — Tpadik NPUKIAIEHHS

TCMIICPATYPHOI'O HABAHTAKCHH A

JI1si yHEMOXIMBIICHHS BIUIUBY KOJMBAJIbHUX JUHAMIYHUX €(EKTIB MiJ 4ac
NPUKJIAJCHHS HaBaHTaXXCHb Ha €Tall MPUKJIAJCHHS BJIACHOI Baru poO3paxyHOK
BiIOyBaBCSA 3 BUKOPUCTaHHSIM JUHAMIYHOI perakcaiii 3a OO0YHCIIOBaIbHUM
anroputmoM Ilamanpakakica [99]. [Hii npouecu 6ynu po3paxoBaHi 3 YBIMKHEHOIO

omiriero TodansHoro AemndyBanHs 3 Koedimientom 0,16.
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4.4. Pe3yJIbTAaTH YMCEJBHOT0 JOCTIIKEeHHS MOBEAIHKH CTAJIEeBOI 0aJIKH 3
BOTHE3aXHMCHUM OOJMIIOBAHHAM i3 MiHepaJlbLHOI BaTM B YMOBAX BILIMBY

CTAHAAPTHOI0 TEMIICPATYPHOI0 PEXKUMY MOXKEXKi

[Ticnst po3paxyHKy OTPUMAaHO pe3yJbTaTH 100 MOBEAIHKHA CTalIeBO1 OaIKu
3 BOTHE3aXUCHUM OOJMIFOBaHHSM 13 MiHEpajJbHOI BaTH B YMOBaxX BIUIMBY
CTaHJapTHOTO TEMIIEPATYPHOTO PEKUMY MOKEXKI.

VY pa3i IuHaMIYHOTO PO3paxyHKY HaBaHTAXEHHS MPUKIANIAIOTh Y TMEpioj
17,5 c, 1m0 BIANOBiIa€ MPUIIBUJIIICHOMY Mpoliecy Aii moxkexi 150 xB., 3rigHO 3
puc. 4.2. Jlns xomneHcanii AUHAMIYHUX €(EKTiB, 10 TMOJSATAIOTh Yy HAsSBHOCTI
3aiiBUX KOJIMBAJILHUX PYyXiB, BUKOPUCTAHO ONIIIO JEMII(YBaHHS, SIK OMHCAHO
BHUIIIC. 3 OTJISIY HA KPUBI HABAaHTAXKEHHsI, TpeACTaBlieHl Ha puc. 4.14, Ha puc. 4.15,

31CTaBJICHO IIKAJIU PO3PAXyHKOBOTO YacCy i 4acy peaibHOTO BILTUBY MOKEXKI.

[ingHka HaBaHTa)XeHHSA BJ1aCHOK Barow
[insgHKa HaBaHTaXXE€HHSA MeX. HaBaHTaXXEHHAM
NingHka TeMmnepaTypHOro HaBaHTa)XeHH4

\LLIIKanla PO3paxyHKOBOrO Yacy c
|

1 562575 875 125 15 175

o LLlkana peasnbHoOro yacy BNvBY NOXEXi
| | | |
L | | L'_x PxB

15 30 60 90 120 150

Puc. 4.15 3ictaBneHHs mKand po3paxyHKOBOIO 4Yacy Ta peajbHOTO 4Yacy BILUIUBY

OXKEXKI

Ha puc. 4.16 300paxeH0o poO3MOIiI HOPMAJIbHUX HAMPYXKEHb Y3I0BXK
MO37IOBKHBOI OCl B JOCIIKYBaHIN Oalill Ha eTamax MPUKIAACHHS MEXaHIYHOTO

HaBaHTAa>XCHHA.
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HaBaHTaxeHHs BNacHO0 Baroto:
po3paxyHKoBUI Yac 7= 1 ¢; peanbHWUin Yac BNANBY noxexi: t = 0 xB

oy, Ila
4.900e+07
3.920e+07 :I
2.940e+07 _

1.960e+07 _

HaBaHTa)keHHs1 BMacHO Barow Ta Aito4MM HaBaHTaXKEHHSM: 9.800e+06
pO3paxyHKOBUI Yac 7= 5 C; peanbHWn Yac BNNuBY noxexi: t = 0 xB 0.000e+00

-9.8000+06 _
-1.960e+07
-2.9400+07
-3.920e+07

| -4.900e+07 |

Puc. 4.16 Posmoain mo3M0BXKHIX HOPMAJIbHMX HAIPY>KeHb Ha PI3HHUX eTamnax

IMPUKIIaICHHA MEXaHIYHOTO HaBaHTaKCHHS

Ha puc. 4.17 mnpencraBieHO po3MOAUT HOPMAJIbHUX HANpPYKEHb Ha
MO3JIOBKHBOI  OCl B JIOCHDKyBaHIM  Oaniii Ha eTamax MpPUKIAJECHHS

TEMIIEPATYPHOI'O HABAHTAKCHHS.

TemnepaTypHe HaBaHTaXXeHHs: pO3paxyHKOBWIA Yac 7= 7.5 c;
peanbHuiA Yac BNnmBY noxexi: t = 30 x.;
Temneparypa Harpisy 6anku: 6= 240.2 °C

oy, Ila

2.500e+08
2.000e+08
1.500e+08 |
1.000e+08 _
5.000e+07

TemnepaTypHe HaBaHTaXeHHS: po3paxyHKoBUIM Yac 7= 8.75 c; 0.000e+00
peanbHWI Yac BNnNuBy noxexi: t = 60 xs; -5.000e+07
Temnepatypa HarpiBy 6anku: 6= 433.3 °C '
-1.000e+08
-1.500e+08
-2.000e+08
-2.500e+08 |
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TemnepaTypHe HaBaHTaXXeHHS: po3paxyHKoBui vac 7= 15 ¢;
peanbHuUiA Yac BrnuBY noxexi: t = 120 xs;
Temnepatypa Harpisy 6anku: 6= 966.7 °C

TemnepaTypHe HaBaHTaXEHHS: po3paxyHKoBUIM Yac 7= 17.5 c;
peanbHuiA Yac Bnnuey noxexi: t = 150 xs;
Temneparypa Harpisy 6anku: 6= 1048 °C

Puc. 4.17 Po3noaisl mo3qoBXKHIX HOPMAJIbHMX HAIpPy>K€Hb Ha PI3HHUX eTamnax

IIPUKJIAJICHHS TEMIIEPATYPHOTO HABAHTAKEHHS

AHaNI3yI0ud pOo3MOIUIH MO3I0OBXKHIX HANPYXeHb, 300paxeHux Ha puc. 4.16
Ta puc. 4.17, 3a3Ha4uuMo, 110 Nepe]] MOYAaTKOM il TEMIIEPaTypHOro HaBaHTaKEHHS
HalOUIBIIMKA pIBEHb HANpyXeHb y Oanii ctaHoBUTh Onm3bko 50 Mlla, To6TO
ommbko  0,2f;,. Lle miaTBepaKye KOPEKTHICTh pe3yJbTaTiB  HAIPYKEHO-
neopMOBaHOTO  CTaHy, [0 Tepeaye MNPUKIAJAHHIO  TEMIIEPaTypHOIO
HaBaHTa)KCHHSI.

Ha erani npuknagaHHs TeMIEpaTypHOrO HaBaHTaXKEHHS IOMITHO, IO
HalOuIbIIOro piBHSA Onmu3bko 280 Mlla HanmpyxkeHHs nocsAraroTh NpUOJIU3HO Ha
30 xB. 3a Temneparypu HarpiBanus Oanku 240 °C. Ilicist mbOro BOHU MOYMHAOTH
JIOKaJIi30BYBAaTUCS Y BY3bKHX 30HaX, 3aCBIIUYIOUM HApPOIIyBaHHS B HACTYITHOMY
eTam IJIaCTUYHUX JAedopMalliii, fKi KOHIEHTPYIOTbCA MOOIU3Y 3aKpiIIEHUX
KiHIiB Oanku. Ha 60 xB. BIMBY moOXexi 3adiKcoBaHe BiAIIapyBaHHS

3aKpIIUTIOBAJILHUX MIHEpaJIOBaTHUX elleMeHTiB. 3a Temneparypu 433 °C momiTHa

aKTUBHA JCCTPYKIlisl BOTHE3aXMCHOTO oOmuiltoBaHHsA. 3a temmeparypu 967 °C
3’SBIIAIOTHCS O3HAKHM MICLIEBOI BTPATH CTIMKOCTI Y BUTJISI CKJIAJ0K Y MOJTUISAX Ta

CTIHIIl JBOTaBPOBOi Oanku MOCepearHl ¥ To 11 3aKpilIeHWX KIHISX. Takox
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3adiKCOBaHE€  TOJAJbIlIe  BIJAMIAPYBAHHS  3aKpIIUTIOBAJbHUX  €JIEMEHTIB
MiHEPaJOBATHOTO BOTHE3aXUCHOTO OOIUIIOBAHHS.

Ha puc. 4.18 nomano rpadiku 3MiHM MaKCUMaJIbHOTO NPOTHHY Oajaku Ta
IIBUKOCTI HAPOIIYBAaHHS MaKCHUMAaJIbHOTO MPOTHHY, 3aJIEKHO BiJl Yacy BIUIUBY

CTaHJIAPTHOTO TEMIIEPATYPHOTO PEXKUMY MOMKEXKI.

ol MM\\ I I ldw/dt |, mm/xs
T T
ool \\ | »o— dD/dt = 20 MM/xB — — —|
400 \\\
f— - "\, —]
D = 450 MM— — —] — - 1o i
\
— 600 N AN
A
— 800 L L t, x8. A L t, xe
0 50 100117 150 . O 50 100 150 4.

Puc. 4.18 I'padiku 3MiHM MaKCUMAaJIbHOTO MPOTHHY Oanku (@) Ta HIBUIKOCTI
HApOIIYBaHHS MAaKCUMAJIBHOTO MPOTUHY (6), 3aJle’KHO BiJ 4Yacy BIUIMBY

CTaHJapTHOTO TEMIIEPATYPHOTO PEIKUMY MOKENKI1

Ha puc. 4.18 3adikcoBaHO KpUTHYHI 3HAYCHHS MaKCUMAaJIbHOTO MpOruHy D
OaJIKM Ta MIBUAKOCTI HAPOIIYyBaHHS MAaKCHUMAJIbHOTO MPOTMHY Oallku, y pasl
MEepPEeBUIIICHHS SKUX (DIKCYIOTh HACTaHHS BTpAaTH Hecydoi 3aaTHocTi. Kputnuni

3HAYCHHS 00YHCIICHI 3a opMyJiaMu, IO PEKOMEHI0BaHI B cTaHaapTi [7]:

|2 dD |2

D- , —= (4.47)
400H ' dt 9000H

BiamosinHo no rpadikis, moganux Ha puc. 4.18, 3po0aeHO BHCHOBOK, IO
HACTaHHS CTaHy BTpPaTH BOTHECTIMKOCTI 3a HECYYOIO 3JIaTHICTIO BiJIOYBa€ThCs Ha
117 xB. BIUIMBY CTAHIAPTHOTO TEMIIEPATYPHOTO PEKUMY MOKEKI.

JI1s1 BUBYEHHSI IIJTICHOCTI BOTHE3aXHMCHOT'O MIHEPaJOBATHOT'O OOJIHITFOBAHHS

CTaJIeBOi OaJKMU JTOCIHIIKEHO TOJIOKEHHS ¥ TeOMeTpuYHy (popMy OOJIMIIOBaHHS B
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pI3HI MOMEHTH 4Yacy BIUIUBY CTaHAAPTHOTO TEMIEPATYPHOIO PEXKUMY MOXKEXKI, 110

cucTeMaTu30BaHo Ha puc. 4.19.

TemnepaTypHe HaBaHTaXeHHS: po3paxyHKoBWi Yac 7= 8.75 c;
peanbHuin Yac BNuBY noxexi: t = 45 xs;
Temnepatypa Harpisy 6anku: 6= 425.5°C

TemnepaTtypHe HaBaHTaXXEeHHS: PO3paxyHKoBUI vac 7= 9.7 ¢;
peanbHUi Yac BNMBY NOXexi: t = 57 xB;
Temnepartypa Harpisy 6anku: §=572.2 °C

TemnepaTtypHe HaBaHTaXeHHs: po3paxyHkoBui Yac 7= 11.95 c;
peanbHuUiA Yac BNNMBY Noxexi: t = 83 xB;
Temneparypa Harpiy 6anku: 6= 769.4 °C

Puc. 4.19 Ilonoxenus ta reometpuyHa (opma OOJUIOBAHHS B Pi3HI MOMEHTH

BIIMBY CTaHAAPTHOTO TEMIIEPATYPHOTO PEKUMY MOXKEKI

AHani3  mepeMillleHHS  YacTUH  BOTHE3aXMCHOTO  MIHEpaJOBAaTHOIO
OOJIMITFOBaHHS JIOCJIJIDKYBAHOI CTaJIeBOi Oaliku 3acBiI4ye, IO BiAIIApyBaHHS
oOnuIfoBaHHST TOYMHaeThes micas 40 XB. TEIJIOBOTO BIUIMBY CTaHAApTHOIO
TEMIEPATYPHOTO PeKUMY Moxkexi. [ hikcyBaHHS MOMEHTY, KOJIM BOITHE3aXHUCHE
NOKPUTTS BTpayae CBOIO IUTICHICTh 1 HE MOXE BUKOHYBAaTH 3aXMCHI (YHKIII,
MOKHa CKOPHCTAaTHUCS O3HAaKaMM BTPaTH  LUTICHOCTI  OTOPOKYBaJbHHUX
koHCTpyKuin. Bianmosigno qo ACTY b B.1.1-4-98* [7], BTpaTa mijgicHOCTI HacTae

TOJl, KOJH YTBOPIOIOTHCSI HACKPI3HI OTBOpPM ab0 TPILIMHHU, Yepe3 SIKI MOXKYTb
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NOIIMPIOBATUCS TPOAYKTH TOpPiHHSA, nmodayM’ss Touo. CTraH BTpaTH IUTICHOCTI
KOHTPOJTIOIOTh 32 TPhOMa O3HAKaMMU: 3arOpsTHHS a00 TIIHHS 31 CBIYEHHSM BAaTHOTO
TaMIIOHa, IO IMJHECEHUU 0 HEOOIrpiBHOI MOBEPXHI 3pa3ka B MICIS TPIIIUH Ha
Bizctanb Big 20 MM 10 30 MM mpoTsToM 4dacy He MeHIne Hix 30 ¢; BHHUKHEHHS
TPIIIMHU, Yepe3 sIKy MOXKHA BUIbHO (0€3 M0MaTKOBUX 3YCHJIb) YBECTH B MU IIYII
J1aMeTpoM 6 MM 1 IEPEMICTUTH HOTO B3OBXK IT1€1 TPIIIMHYU Ha BiJICTaHb HE MEHIIIC
sk 150 MM; BUHUKHEHHS TpilMHU (200 OTBOpPY), Yyepe3 Ky MOXKHA BUIbHO BBECTU
B MY IIyn JiamMeTpoM 25 MM; MOJAyM’ss Ha HEOOIrpiBHIA MOBEpPXHI 3pas3Kka
MPOCTEKYBaHE MPOTIArOM MPOMIKKY yacy He MmeHmie HbkX 10 c. I3 mux o3Hak
IPUPOAHO BUKOPUCTOBYBATH O3HAKy PO3KPUTTS TpilMHM Ha 25 MM. Takui
KpUTEpii MpuitMaeMo JUisi KOHTPOJIO HACTaHHS CTaHy, 3a SKOTO BiAIIapyBaHHS
BOTHE3aXMCHOTO TIOKPHUTTS € KPUTHYHUM I 30epiraHHs BOTHE3aXHCHOI
3JTaTHOCTI.

JInst  BUSIBIIGHHS KPUTHYHOTO CTaHy BIJIIApyBaHHS BOTHE3aXHCHOTO
OOJUIIOBaHHS 3 BTPATOK BOTHE3aXMCHOI 3JaTHOCTI Oynu moOyaoBaHl rpadiku
3MIHM KOOPJMHAT BEPXHbOI KPailHhOI TOYKM BOTHE3aXMCHOTO OOJIMIFOBAHHS Ha
JIBOMY KiHI OaJiku, 110 npeactaBieHo Ha puc. 4.20. Ile miciie Bubpane 3 orisiay
Ha puc. 4.18. 3a oTpuMaHUMHU KOOpPAUMHATAMH TOUYOK OYB OOUHCICHHI 3a30p MIXK

TOYKaMH OaJIKH, 110 301rafoThCs, Ta OOIUITFOBAaHHSIM 3a (opmyrioro [7]:

5= —x0 )2 +(y1- Yo ) +(zm1—20 (4.48)

X1, Y1, Z1 — KOOPAMHATH I[IOTOYHOIO TIOJIOKEHHS BEPXHBOI KpPaWHBOI TOUYKHU
BOTHE3aXMCHOTO OOJIMIIOBAHHS HA JIIBOMY KIHII1 OaJIKu;
Xo, Yo, Zo — KOOPAUHATH MOTOYHOTO TMOJIOKEHHSI BEPXHbOT KPallHbOi TOUKU JIIBOTO
KIHIIS OAJIKH.

I'padiku 3a30py 3anex’HO BiJ Yacy BIUIUBY CTaHAAPTHOTO TEMIEPATYpPHOTrO

pEXUMY MOXKEXK] Ta TEMIIEpATypU HArpiBy MOJAHO TaKOX Ha puc. 4.20.
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X;, MM S, MM
T T Yo 200 T T
240]0] e R — =
\ Sk‘ 1501 -
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100f - 100~ -
e __Zo______
xf‘_ 501 m
___________ e Xo ﬂ—‘ -
0 i st t, xe. 1 1 t, xe.
0 50 100 15C a. 0 50 100 150 6.
200p—4 I I

Llgec
0 500 1000 ¢,

Puc. 4.20 I'paiku 3MiHA BEIMYMHA MaKCHMAaJILHOTO 3a30Py 3a KOOpauHaTamMHu (a);
rpadik HapOIIlyBaHHS MaKCHUMAaJbHOTO 3a30py, 3aJEXKHO BiJ 4Yacy moxexi (0);
rpadik HapoUIyBaHHS MaKCUMAaJIbHOTO 3a30DY, 3aJ€KHO Bl TEMIEPATypH HArpiBy

Oanku ()

Ha rpadikax nmo3HauyeHuil MOMEHT PO3KPUTTS 3a30py MiJ Yac BiAIApyBaHHS
3aBOUIBIIKK 25 MM. BusABIE€HO, 110 PO3KPUTTS 3a30py MK Oankor U
OONUITIOBAaHHSAM 3aBOUIBIIKK 25 MM TpocTexyBaHe B MoMmeHT 44,5 XxB. 3a
TeMIlepaTypy HarpiBaHHs ctaneBoi Oamku 425 °C.

[TopiButoroun puc. 4.18 1 puc. 4.20, 3azHauumMo, 110 BTpara
TEIJI0130JTIF0BATIbHOT  3/TATHOCTI BOTHE3aXMCHUM OOJIMITIOBAHHSM Bi0YyBa€ThCA
paHime Ha 73 XB., 32 HACTaHHS TPAHUYHOTO CTaHy BTPATH BOTHECTIMKOCTI 3a
HeCy4oro 3/1aTHICTI0. OTXKE, pO3paxyHOK MOTPIOHO MPOBOIUTHU JI0 I[LOTO 3HAUCHHH,
3 OTJIALY Ha JIiF0 BOTHE3axXHCTy. [licas 1bOT0 BOTHE3aXUCHY J1F0 BOTHE3aXHCHOTO

OOJIMIIOBaHHS HE MOKHA BpaxyBaTH, OCKUIbKU HOr0 BBaXKalOTh BIAIIAPOBAHUM.
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4.5. BUCHOBKH 10 PO3/iiy

JlociipKeHO MOBEIHKY CTalIeBOi OAJIKM 3 MiHEPaJOBAaTHUM BOTHE3aXUCHUM
OOJMIIIOBAaHHSM Y Yac BIUIMBY CTAaHAAPTHOTO TEMIEPATYPHOTO PEXKUMY MOKEXK1 B
nepion Bix 0 mo 150 xB.

VY wyac BmmBy mnoxexi 60 xB. 3a Temmeparypu 433 °C 3adikcoBaHe
BIJIIAPYBAHHS 3aKPIMUIIOBAJILHUX MIHEPAJIOBATHUX EJIEMEHTIB, 3a TeMIlepaTypu
967 °C — 0o3HaKM MICILIEBOi BTpPATU CTIMKOCTI Y BUTJIAMl CKJIQJOK y TOJHUIX Ta
CTIHIIl ABOTABPOBOi OAJIKK MOCEPEIMHI 1 1O 11 3aKPIMJICHUX KIHIIAX.

BusiBneHo, 1O HACTaHHS CTaHy BTpPaTH BOTHECTIMKOCTI 3a HECYYOIO
3JAQTHICTIO JOCIII)KYBaHOI CTajleBOi OalKu 3 MIHEpajJOBATHUM BOTHE3aXMCHUM
00MIIIOBaHHAM B1OyBa€eThcsl Ha 117 XB. BIUIMBY CTaHAAPTHOTO TEMIIEPATYPHOIO
PEKUMY TTOXKEXKI.

[lincymoBaHO, IO PO3KPUTTS 3a30py MK OaJKo ¥ MiHEpaJIoBaTHUM
BOTHE3aXMCHUM OOJIMIFOBAHHSM 3aBOUIBIIKY 25 MM (IKCYIOTh Y MOMEHT 44,5 XB.
3a TeMIiepaTypu HarpiBaHHs crajeBoi O6anku 425 °C.

Brpara BOrHe3axucHOi 3aTHOCTI MIHEpPAJIOBATHUM OOJUIIOBaHHS 3a
03HAKOI0 PO3KPHUTTS IIIJIUHA MDK OaJIKOIO W OOJHUIFOBAaHHSIM 3aBOUIBIIKK 25 MM
BiIOyBaeThCsl paHilie Ha 73 XB., 3a HACTaHHA TPAHUYHOTO CTaHy BTpaTH
BOTHECTIMKOCTI 32 HECY4YOlO 3/IaTHICTIO, 10 HEOOXITHO OpaTu 10 yBarw mij 4ac

PO3PaxXyHKIB.
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PO3/ILI 5
METO/] OLIHKHA BOTHECTIMKOCTI CTAJIEBUX BAJIOK I3
MIHEPAJIOBATHUM BOTHE3AXMCHUM OBJIMLIOBAHHSIM 13
BPAXYBAHHM OT'O BTPATH LILIICHOCTI

5.1. Bu3HayeHHSI TeMIEPATYPHOIO PeKUMY INPOrpiBaHHS CTAJIEBOI

0aJIkM 32 YMOBHM BTPATH WiJIICHOCTi BOTHE3AXUCHOT0 MOKPHUTTS

VY xoni oOYHUCIIEHHS TEeMIEPATYypPHOTO PEXUMY IMOXKEXKI MOTPIOHO 3Ba)KaTH
Ha (akT BTpaTH LUIICHOCTI BOIHE3aXHUCHOTO OOJIMIIFOBAHHS BHACHIAOK TEIJIOBOTO
BIUTMBY MOXeX1. [lporo Mo»Ha [OCATTH 3a YMOBU 3acCTOCYBaHHS (HOpMYIU

301IBIICHHS TeMIepaTypu A 6, 3a IPOMIXKOK Yacy At, o mae Takuii Burisiz [10]:

PP S CTY

> vd,c, p (1+(p/3))'At_(ewlo_l)'Aeg,t (A6, >0 mpu A9, >0),  (5.1)
P~al~a

Tyt ¢=§%-dpAp/v,

ne A, IV — xoedilieHT mepepizy cTajaeBoi 0adku 3 BOTHE3aXHMCHOK CHCTEMOIO Ha

OCHOBI MIHEPAJIbHO1 BaTH;

C, — TeMIlepaTypHa 3alleKHICTh IMHUTOMOI  TEIJIOEMHOCTI  CTai
(Jx/(xr-°C)) (auB. Tabxa. 3.7);

¢, = 1000 — nmuTOMa TEIUIOEMHICTH MIHEPAJOBATHOIO BOTHE3aXHCHOTO
OOJIMITIOBAHHS, 110 HE € TeMIieparypo3anexnoro (Jx/(kr - K));

d, — TOBIIMHA MiHEPAJIOBATHOI IJIUTH BOTHE3aXUCHOT CUCTEMH (M);

At = 30 — mpomikok Hacy (c);

6,, — HOTOYHE 3HaYCHHS TeMIIEPaTypH CTali B HeBHUI MoMeHT 4acy t (°C);

6,

.. — TEMIIEpaTypa ra30BOr0 CEPENOBHUINA B IPUMIMICHHI 3 MOXKEKEI B

mMomeHT vacy t (°C);
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AG,

.« — 3POCTaHHsA T[OTOYHOI TEMIEPaTypyu TIa30BOr0 CEpENoBUIA B

IIPHUMIIIEHHI 3 TTOKEXKEI0 33 IPOMIXKOK, piBHUH KpoKy 3a yacom At (°C);

A~ — TeMIepaTypHa 3aJeKHICTb Koe(]illieHTa  TeIIONPOBIAHOCTI
MiHEPaIOBAaTHOT'O OOJIMIFOBAHHS BOrHe3axuCcHOI cuctemu (B1/(M-°C));

p, = 7850 — rycruna crani (xr/m3);

pp = 200 — ryctmHa MiHEpaJOBAaTHOTO OOJHIFOBAaHHS BOTHE3aXUCHOI
cucremu (kr/md).

@opmyny (5.1) 3acTOCOBYIOTH /O MOMEHTY, KOJIM MiHEpaJIOBaTHE
OOJIMIIFOBAaHHS BOTHE3aXHCHOI CHCTEeMH 30epirae CBOKO IIUIICHICTh, TOOTO 10
MOMEHTY 44,5 XB. BIUIMBY CTaHJIAPTHOIO TEMIIEPATYPHOTO PEXUMY MOMKEXKI Ta 3a
TeMIlepaTypu HarpiBaHHsa ctayieBoi Oanku 425 °C. Ilicis 1nporo BBaXKarOTh, IO
MIHEpaJOBaTHE OOJMIIOBaHHS BTpaya€e CBOKO IUIICHICTb. Toxal mOTpiOHO
BUKOpPUCTOBYBaTH (popMyily, sika BHU3HAYA€ MIABUIICHHS TeMmiiepaTypu Absz: 3a
npomixkok vacy At [10]:

AG, =k, —T0F At (5.2)

net )
a’~a

ne Ksn — KOpeKTyBaJbHUN KOE(]IIli€HT, IO BPaxOBYE BIUTUB SPEKTy 3aTiHEHHS

OaJIK¥ THIIMMHU KOHCTPYKIISIMU;
N — PO3paxyHKOBE 3HAYEHHS CYMapHOI'O MUTOMOIO TEIJIOBOTO IOTOKY,

Bt/M2.

CyMapHuii TUTOMUI TEIUIOBHUH MOTIK BM3HAYal0Th 3a BUpazom [10]:
hnet = hnet,c + hnet,r 1 (53)

1€ N, — CyMapHHi MIATOMHM TEILUIOBUH MOTIK KOHBEKTHBHOTO TEIFIOOOMIiHY;

Noee; — CYMapHHI MATOMUM TEIUIOBUH IOTIK IIPOMEHKUCTOTO TEIIO0OMiHY.
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CyMapHHIl TIHTOMUM TEIUIOBUH MOTIK KOHBEKTHBHOTO TEMIO0OMiHy, BT-M?,

1110 00YKCITIOIOTH 3a BUpa3oM [10]:
|'-‘]net,c =0 (99 - Hm), (54)

e Ooc = 25 —Koe(]illeHT TEIUIoBiaa4l IiJI Yac KOHBEKTHBHOTO
Ternooominy, Br-m2- K,

6y — TemnepaTypa HaBKOJUIIHBOI'O Ta30BOr0 CEPEIOBHINA IiJl YAC MOXKEXKI
no6ym3y 6anku, °C;

G — TemnepaTypa o0IrpiBHOI MOBEPXHI cTaneBoi oanku, °C.

CyMapHUii TEIIOBHUIA MOTIK y pasi MPOMEHHUCTOTO TeIIooOMiny, Br-M?, mo

O00UYHCITIOIOTH 32 TAaKUM BUpaszoM [59, 98]:
hnet,r =0 - E€m & O ((99 + 273)4 - (Qm + 273)4)’ (55)

e ® = 1 — ¢hopm-hakTop OMPOMIHEHHS CTANIEBO1 OAJIKHU;

€m — CTYIIHb YOPHOTH MOBEPXHI CTAJICBO1 OAJIKU;

& = 1 — cTyniHb YOPHOTH BUIIPOMIHIOBAHHS Ta30BOT0 CEPEIOBHIIA MTOXKEXKI,

¢ =5,67 - 108 Br-M2K*— koncranta Credana — Bonbimana.

3a Takoro miaxoAy oOuMcieHHs Bupaszy (5.2) mpoBOAATH 3 OINIALY Ha
MOYaTKOBY TeMIepaTypy, fKa piBHa TeMrmeparypl, M0 OOYHMCIIEHA B MOMEHT
BTpaTH IIUIICHOCTI BOTHE3aXMCHOTO MIHEPAJIOBATHOIO  OOJUITIOBAaHHS  3a
dbopmynoro (5.1).

VYHachigok 3acTocyBaHHS MAXOAY, MPOBEJACHI PO3pPaxXyHKH Ta OOYyI0BaHUI
PEXKUM TPOTPiBaHHS CTAIECBOI OAJTKK 3 MIHEPAJIOBATHUM OOJIMITIOBAHHSM, 332 YMOBH
Horo BTpaTH LUIICHOCTI Ha 44,5 XB. 3a TeMrepaTypyu HarpiBaHHS CTaJeBO1 OaJKu
472 °C, 3rigHo 3 po3paxyHKamu, omucaHumMu B 1. 4.3 pobotu. OtpumanHuid
TEeMIIepaTypHUN PEXHUM TOJIaHOo Ha puc. 5.1.

Amnanizytoun tpadik Ha puc. 5.1, momivaemo, 1o, moyuHarouu 3 45 xB.,

TeMIlepaTypa CTaJeBOi OaNKU MiABUILYETHCSA M MPAKTHUYHO 32 5 XB. HaOIMKAETHCS
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JI0 TEeMMEepaTypHOi KPHUBOI CTAHJIAPTHOTO TEMIEPATYPHOTO PEXKUMY TOXKEXKI.
OTpuMaHuii peXUM MOKHA BUKOPUCTOBYBATHU JIJIsl PO3PAaXyHKY HECY4Oi 3AaTHOCTI
cTasieBoi Oalku 3a yMOB, IO PO3YMIIOTh BTPATy BOTHE3aXMCHOI 3/IaTHOCTI

MiHEpaTOBATHUM OOJIMIIIOBAHHAM YHACI1JOK MOPYIIEHHS HOTO ILTICHOCTI.

6, °C

I I
CraHgapTHUIA TeMnepaTypHUK
PEXUM NOXEXI

1x10%F

TemnepaTypHUin pexmm
HarpiBaHHsi 6anku Konu
500 BOMHE3aXMUCT PYNHYETHCA
N eMnepaTypHUn pexvm
HarpiBaHHsi 6anku Konm
BOrHE3axXuUCT He py|7|HyeTb|c;|

L

0
0 445 50 100 t, XB

Puc. 5.1 TemneparypHuil pe>xuM HarpiBaHHsI CTajeBOl OalKu 3 MIHEPAJIOBATHUM
BOTHE3aXMCHUM OOJIMIIIOBAaHHSIM 3a YMOB BIUIMBY CTaHIApTHOI'O TEMIEPATYPHOTO
pexXUMy TIOXKEXi, O0€3 ypaxyBaHHA Ta 3 YypaxyBaHHSM BTpaTH IIJTICHOCTI

BOTHE3aXHCHUM MiHEPAJIOBATHUM OOJIMIFOBAHHSM

5.2. BusHaueHHsI MexXi BOTHECTIMKOCTI cTajieBoi 0OajJKu 3a YMOBH

BTPATH HIJIICHOCTI BOTHE3aXHCHOT0 MOKPUTTHA

JIns BU3HAUEHHS MEX1 BOTHECTIMKOCTI CTajieBOi OajdKkd 3a YMOBH, KOJHU
BOTHE3aXMCHE OOJUITIOBAHHS BTpaya€ CBOIO BOTHE3aXHUCHY 3/IaTHICTh SIK pe3yJIbTaT
BTpaTH ILJIICHOCTI, Oy BUKOPHUCTAHI MOJOKEHHS PO3PAXYHKY, 1110 MPeICTaBIICHI
B 1. 4.2.1. 3HHKac HEOOXIOHICTP MOIEIIOBATH HasIBHE BOTHE3aXUCHE
OOJUITIOBaHHS, OCKIJIBKA TEMIIEPATYpPHUM PEKUM MPOTPIBAHHS CTaJeBOi OaiKu
BU3HAYCHUU.

st moxmemtoBaHHs HampyxkeHo-nedopmoaHoro crany (HJC) cranesoi
OaJKM 3 BOTHE3aXHMCHHM OOJIMITIOBAaHHSM 13 MiHEpaJbHOI BaTH, IO B IICBHUU

MOMEHT 4Yacy BTpaya€ CBOI BOTHE3aXHCHY 3/IaTHICTb YHACHIJOK BTpaTH
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IUJIICHOCTI, Oy BUKOPHUCTAaHI T€OMETPHUYHI TapaMeTpu Mepepildy, OIHCaHI B
HoTEepeIHIX po3aitax podotu. J(oBxkuHA Oanku, SK 1 B MOMEPEIHBOMY BUIAJKY,
cranoBuTh 6M. Ha puc. 5.21 mnpencraBieHO KiHIIEBO-CIEMEHTHY CXEMY

JOCITIIKYBaHOT OaJTKH.

6000

Puc. 5.3 KoHcTpyKTHUBHA cXeMa CTaleBOi OAJIKM y BHIIAJIKYy, KOJHM BOTHE3aXHCHE

MOKPUTTS BTpadya€e CBOI0 BOTHE3aXMCHY 37aTHICTh Y pa3i BTPATH LUIICHOCTI

Oco0MBICTh KIHIIEBO-€JIEMEHTHOI MOJENI MOJsirac B TOMY, IO CTajeBa
Oanka po3buTa Ha OOOJOHKOBI YOTHpU BY3/10BI enemeHtu Tumy «SHELL» i3
II’siIThMa TOYKaMHU IHTETPYBaHHS MO TOBIIMHI y ¢GopMyntoBanHi bemmuka — [las
[93-94]. Matepian craneBoi Oalku — NPYXKHO-TUTACTUYHHM, 0 A€ 3MOTy OpaTH
710 yBaru Temmepatypi aedopmartii [93-94].

VY Tabn. 5.1 nmpencraBieHo KuibKicHI XapakTepuctuku 1moao KE kiHueBo-

€JIEMEHTHOI MOJIEIl CTAJIEBO] OAJIKH.

Tabmums 5.1 — KiuIbKICHI XapaKTEpUCTUKH KIHIIEBO-CJIEMEHTHOT MOl

CTaJIeBOI OAJIK1

Kimpkicte KE Kimekicte o60nonkoBuX KE Ty «SHELLY

3056 3056

CraneBy Oanky momepeaHbO TMeped MPUKIAJaHHSIM TEMIEPaTypHOTO

HaBaHTAXXCHHA  HABAHTAXYIOTb HOCJ'Ii)IOBHO BJIACHOIO Barorx Ta I[iIO‘H/IM
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PO3MOJIIEHUM HAaBaHTA)XEHHSM, 1110 A1I0Th MPOTITOM YChOT'O YaCOBOI'O 1HTEPBAIY
pPO3paxyHKy, SIKMM CTaHOBUTH 17,5 c¢. @akTop 4acy TYT TaKOX MA€ YMOBHY
BEJIMYMHY, 110 IEPEPax0OBYIOTh HA PEAJbHUI YaC BOTHEBOI'O BIUIMBY CTAHIAPTHOTO
TEMIEPATYPHOTO pexuMy moxexi 150 xs.

Ha cxemi mpukiaJeHHS HaBaHTaXEHb CTaleBOi OalKU 3 BOTHE3aXHCHHUM
OOJIMIIIOBAaHHAM 13 MIHEpaAJIbHOI BaTH, 1110 MpEACTaBlIeHa Ha puc. 5.3, 300paxeHuit
TUI 1 HampsIMOK MPHUKIAJEHOTO HABaHTAXKEHHS Ta YMOBHM 3aKpIIUJICHHA KIHIIIB
OanKu.

OBMeXeHHs CTyneHIB BiNlbHOCTI
KOXHOro By3fia No TOpLo

Po3nopineHe HaBaHTaxeHHs Q = 13.79 kH/m?

BnacHa Bara ctanesoi 6anku
p = 7850 kr/m°

OBMeXeHHs1 CTYMNEHIB BiNIbHOCTI
KOXHOIO By3fa Mo TopLio

Puc. 5.3 CxemMa npukiagadHs MEXaHIYHOT'O HaBAHTAKCHHS JO CTAJICBOI OaJIKu Ta

YMOBH 3aKpIIJICHHS

Benuuuna po3mojaiieHOro HaBaHTaXEHHS TMPUNHATA 3a KoedilieHToM
HaBaHTaxxeHHs 1 = 0,2.

Marepian Oanku BiANoOBiAae AaHWUM, 3a3HadueHuM y 1. 4.2.8 pobortu, y
Tabm. 4.2 1 Tabn. 4.3, a Takox Ha puc. 4.9 ta puc. 4.10.

HapanTa)keHHs TPUKIAJICHO TOCHIZIOBHO 3rifHO 3 rpadikamu, sKi
npeacraBieHi Ha puc. 4.14. Jlnd yHEMOXJIMBJIEHHS BIUIMBY KOJIMBAJIbHHUX
JUHAMIYHUX €(EeKTIB ] 4Yac MNPUKIAJCHHS HABAaHTAKECHb 3a MPUUHITHN Yac
mpollecy, Ha €eTami TNPUKIAAEHHS BIACHOI Bard pO3paxyHOK TMPOBEIACHUN 13
BUKOPUCTAHHSAM JMHAMIYHOI penakcaiii 3a OOYHMCIIOBAJBHUM aJITOPUTMOM
[Mamagpakakica [95]. Iumi mpomecu Oy po3paxoBaHi 3 YBIMKHEHONO OIIIII€0

riobanpHOro JeMrdyBaHHs 3 koeditientom 0,16.
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KpuBi naBanTaxkeHHs, 300paxeHi Ha puc. 4.14, Ha puc. 4.15, Takox
BUKOPHUCTAaHI JIJIsl [HOTO BUMNAJAKY cTajeBoi Oanku. [llkanu po3paxyHKOBOro 4yacy i
qacy peasbHOro BIUIMBY MOXKEX1 31CTaBJIeH]1 aHAJIOT14HO, 110 MOJAaHo Ha puc. 4.15.

[Ticnst mpoBeneHHsT po3paxyHKy OTpUMaHi pe3yibTaTd, CUCTEMAaTU30BaHI Ta
npeacTaBieHi Ha puc. 5.4 y Burisaal rpadikiB 3MiHM MaKCHUMAaJIbHOTO TMPOTHHY
0aJKy Ta MIBUAKOCTI HAPOIIyBaHHA MaKCHMAJIbHOTO IPOTHHY, 3aJIEKHO BijJ yacy

BIUTMBY CTAHAAPTHOTO TEMIIEPATYPHOTO PEXKUMY MOKEXKI.

W, MM [dw/dt |, mm/xB
0 N T T T
N\ 401 -
— 2001 .
1,
Y \\ 20— —
— 4001 b \ .
N
- .
— 600 N NG 0
, AN
N\
800 L i t, x8. ! ! t, x8
0 5059 100117 150 200 47/50 100 150
a O

Puc. 5.4 T'padiku 3MIHM MaKCHMaJbHOTO MPOTUHY Oanku (a) Ta MIBUIKOCTI
HApOIIyBaHHS MAaKCHUMAJLHOIO TPOTMHY (6) 3alle)KHO B 4Yacy BIUTUBY
CTaHJAPTHOTO TEMIEPATypHOTO pEeXUMY ToOXexi: | — gas  Oanku 3
MIHEPAJIOBATHUM BOTHE3aXHCTOM, III0 HE BTpayva€e CBOEI IMUTICHOCTI; 2 — /IS OaKku
3 MIHEpaJIOBaTHUM BOTHE3aXMCTOM, 1[0 BTPAya€ CBOIO LIUIICHICTh 1 BOTHE3aXHUCHY

3IATHICTb.

KputnuHi 3HaueHHS BEJIMYMH MaKCHUMaJbHOTO TMPOTHUHY Ta IIBHUAKOCTI
HapOIllEHHs TPOTWHY BU3HAuUeHI 3a dopmynamu (4.47). BoHu HOpIBHIOIOTH
BeJIMYMHAM, OOYHCICHUM JJisi TONEPEeTHBOTO BHUMAAKY, OCKUIBKH T€OMETPHYHI
napameTpu OanKu He 3MIHUIIUCA.

Ha rpadikax, 300pakeHnx Ha puc. 5.4, MOMITHO, IO BTpaTta MeEXIi
BOTHECTIMKOCTI HacTae Ha 59 xB. 3a rpadikoM MaKCUMaJbHOTO MPOTHMHY Ta Ha

47 xB. 3a rpaikOM HapOCTaHHS MAaKCHUMaJbHOI MBUAKOCTI. OCTaHHE HACTaHHS
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Yyacy IpaHMYHOI'O CTaHy BTPAaTH HECy4oi 3AaTHOCTI Ha 70 XB. MEHILE 32 YMOBU
HEBpaxXyBaHHS BTPATH BOTHE3aXMCHOI 3/[aTHOCTI MiHEPAJIOBATHUM BOTHE3aXUCTOM,
YHACJIIOK BTpaTH IUTicHOCTI. lle mocuitoe BakKJIMBICTH ypaXyBaHHS MOKJIHMBOL
BTPaTH IUIICHOCTI OyAb-IKHM BOTHE3aXHCHUM  OOJMIIOBAHHSAM, 30KpeMa
MiHepasoBaTHUM, ab0 MeHIe, HiK yaBidi. KpiM Toro, y pasi BTpaTH LiTICHOCTI
BOTHE3aXMCHUM OOJIMIJIOBAHHSIM ICHYE€ PHU3UK IIOKOBOIO TEIUIOBOIO BIUIMBY Ha
CTaJieBy Oaiky, IO 3acBigdye Tpadik IMIBHUIKOCTI HAPOCTAHHS MaKCHMAaJIbHOTO
OpPOTMHY  CTajgeBoi Oalku TiJ Yac BTpPAaTH BOTHE3aXMCHOI  37aTHOCTI
MIHEpaJIOBATHUM OOJIMIIOBAHHSIIM.

Jliis BUBYEHHS BIUIMBY KOHCTPYKTMBHUX MapaMeTpiB CTaleBHX Oalok i3
MIHEpAJIOBATHUM  BOTHE3aXUCTOM Ha MEXY BOTHECTIMKOCTI IPOBEIEHO
PO3paxyHKH, 110 OXOIUIIOIOTH MPOLIEAYPH, 5K OMKCaHl y IBOX OCTaHHIX PO3Aiiax
Ta BIJITBOPIOIOTH MOJAHY HUYKYE TOCIIIJOBHICTb.

1. Jlna Oanku 3 MEBHUMU KOHCTPYKTHUBHUMH IapaMeTpaMyd BU3HAYaIOTh
TEMIIEpaTypHUN PEXKUM NPOrpiBy OajiKkyd MpU BIUIMBI BIUIMBY CTaHIApPTHOIO
TEMIIEPaTypPHOTO PEKUMY TTOXKEXK1 3a popmyioro (5.1).

2. Ha mimcraBi BHKOpPUCTaHHS MaTeMaTudyHoro amapary (4.2) — (4.44),
MaTeMaTUYHOTO OIKCY BIACTUBOCTEH MaTepiaiiB, 110 NpeacTaBieHo B m. 4.2.8
pobotH, y Tabn. 4.2, tabn. 4.3 1 tabn. 4.4, a Takox Ha puc. 4.9 ta puc. 4.10,
pPO3paxoOBYIOTh MOMEHT Yacy BIUTUBY CTaHIAPTHOTO TEMIIEPATYPHOTO PEKUMY
MOKEXK1, 32 SIKOTO BiI0YBAETHCS BiIIApyBAHHS BOTHE3aXUCHOTO MIHEPATIOBATHOTO
OOJIUITIOBaHHS B1J] OAJKH.

3. I3 Bukopuctranusam popmyn (5.1) — (5.5) OyayroTh HOBUI TeMIepaTypHU
peXUM HarpiBy cTajieBoi Oalku, 3 YypaxyBaHHSM MOMEHTY Hacy, KOJIH
B1JI0YBAETHCS BiJIIAPYBAHHS BOTHE3aXHCHOT'O MIHEPATIOBATHOTO OOIMUIIOBAHHS B
OaJiku, 110 MoJ11I0HE 10 HAaBEJIEHOTo Ha puc. 5.1.

4. 3 ornsay Ha mMateMatuyHui anapar (4.2) — (4.41) i MaTreMaTUYHUN OMHC
BJIACTUBOCTEN MaTepiaiiB, IO 3amporioHoBaHi B 1. 4.2.8 pobortu, y Taba. 4.2 Ta
Tabin. 4.3, a Takox Ha puc. 4.9 1 puc. 4.10, po3paxoByIOTh MEXY BOTHECTIHKOCTI,

K 300paxxeHo Ha puc. 5.4.
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[Ticas po3paxyHKy 3a II€I0 METOAMKOK OTPUMAHO PE3YNbTaTH y BUTIISAII
3aJIEKHOCTI 4acy BiJIIApyBaHHS BOTHE3aXHWCHOTO OOJMITIOBAHHS Ta MEXIi
BOTHECTIMKOCTI  BiJT KOHCTPYKTHBHMX MapaMeTpiB CTaJeBUX OajloKk 13
BOTHE3aXMCTOM Ha OCHOBI MiHEPAJIOBATHOTO OOJIMIFOBAHHS: KOedili€eHTa Tepepizy
Oanku, pIBHA HABAaHTAXEHHS W TOBIIMHW MIHEPAJIOBATHOTO OOJHUIIOBAHHSI.
Otpumani rpadiku IpeIcTaBlIeHO Ha puc. 5.5.

Amnani3 rpadikiB J0BOJUTS, 1110 MEKa BOTHECTIHKOCTI KOPEIIO€e 3 BUOpaHUMU

napaMeTpamMH, ii 3aJIeXKHICTh B1J] HUX OJIM3bKa 10 JIHIMHOI.

80 T T T 60 T T T

70

501

30

20 | | | AV, M 10 | | | L
0 100 200 300 400 a. 0 0.2 0.4 0.6 0.8 6

100 T T T T T

90~

801~

701

60[~

50

20 d, Mmm
20 30 40 50 60 70 80 8.

Puc. 5.5 TI'padiku 3amexHOCTI MeXi BOTHECTIMKOCTI CTajeBOi Oalku 3
BOTHE3aXMCHUM MiHEpaJoBaTHUM oOymitoBaHHsIM (1) Ta wyacy HacTaHHs
BiJIIIAPYBAHHS BOTHE3aXWCHOTO MiIHEpAJOBaTHOTO OOnWItoBaHHS (2): @ — BiX
BEJIMYMHU Koe(dillleHTa Tnepepidy ©Oanku; 6 — BIJ pIBHI MNPUKIAIEHOTO
HAaBaHTa)XECHHA, 6 — BiJ TOBIIMHU BOTHE3aXMCHOIO  MiHEPAJIOBATHOTO

OOJIMIIFOBAHHS.
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5.3. Meroauka npoBeieHHsI IOBHOTO (PAKTOPHOI0 eKCIIEPUMEHTY

HeoOximHO 3ampomoHyBaTH METOJ TMPOEKTYBaHHSA CTaleBUX Oajok 13
MIHEpaJOBaTHIUM BOTHE3aXHWCHUM OOJHITIOBAaHHSIM, 10 OepyTh O yBarwm B pasi
BTPATHU MOTO IITICHOCTI Ta BOTHE3aXMCHOT 3/TaTHOCTI BHACIIIIOK TEIJIOBOT'O BILJIUBY
CTaHJIAPTHOTO TEMIIEPATYPHOTO PEKUMY MOXKEXK1, MOTPIOHO PO3POOUTH CHUCTEMY
MONPaBOYHUX KOE(DIIIEHTIB, 110 3HIKYIOTh 3HAYEHHS MEXI BOTHECTIMKOCTI
BHACIIIJIOK  panTOBOrO pyHHYBaHHS BOTHE3aXUMCHOI cucTteMu. JloIiibHO
BUKOPUCTATU pErpeciiHy Mojelb, 00 MNOo0yJI0BaHA HAa OCHOBI IOBHOIO
(aKTOPHOTO EKCIIEPUMEHTY.

Jlnst moOy0BU peErpeciiHol 3aJI€KHOCT] 3alpONOHOBAHO TUIAH YKCEIBHOIO
eKCIIEPUMEHTY 31 3HAYyIIUMU W HE3AICKHUMHU MapamMeTpaMu, 0I0 MaroTh
HAaWOUIBIIMIM BIUIMB Yy pa3l HACTaHHS  BIJIIIAPYBaHHS  BOTHE3aXHMCHOTO
MiHEPaIOBATHOTO OOJIMITIOBAHHS. 3 OTJISAY HAa BUKOHAHI TOCIHIKEHHS, PE3yJIbTaTH
AKX TOJaHl BUIIE B IMOMNEpPEAHIX pO3alIax poOOTH, TAKUMHM HE3aJIEKHUMHU
(dakTopamMu BUSABHIHACA KOE(ILUIEHT MEpepi3y CTaneBoi Oajku 3 MiHEPATOBATHUM
BorHezaxuctoM A/Vp,, TOBIIMHA IIapy BOTHE3aXHUCHOTO MiHEPaJOBATHOTO
oOymiroBanHs 0 Ta KOeQIlliEHT HABaHTAXCHHS L4 Y TaON. 5.2 MOJaHO TpaHMIlI
IHTEpBaJIB ONMUCaHUX (AKTOPIB JUIs 3/1IMCHEHHS YMCEIBHOTO MOBHOTO (PAaKTOPHOTO

€KCIIEPUMEHTY.

Tabmuuga 5.2 — [liana3onu BapioBaHHS (AKTOPIB y YUCEIBHOMY MOBHOMY

(bakTOpHOMY €KCTIEpUMEHTI

KoedimienT nepepizy 6anku,| ToBumHa mapy BOTHE3aXHUCHOTO Koedirient
AN, Mt OOJIMIIOBAHHS, MM HaBaHTa)KEHHS
b 9
Nl E - o o
0] >E 5 o] >E ! E = - jas) —
ZS | 2| 83 gd | 2 | g% s g | ogs
T TE| E o =l s a2 = oW | S 2 =
g = M > = 5 o = T o 5 £ o T o 5 T
SE| SR EE 2E | S| 2% | 23| %] és
< ) 5 i = = =
S8 5% | 22| Ff | B =2 | B2 & | E S
< 2 < anii: ) T = T = ) = =
e} D) o ™ o St [<2] o ol
) O el O O
O @)
56 206 356 25 50 75 0,1 0,5 0,8
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BuBuenns rpadikiB Ha puc. 5.5 3acBiIUWIIO, IWIO 3aJICKHICTH MEXI
BOTHECTIMKOCTI ¥  dYacy  HACTaHHS  BIQIIApyBaHHA  BOTHE3aXHWCHOTO
MIHEPAJIOBATHOTO OOJIMITIOBAHHS BiJi HaWOLIbII 3HAYYIIMX KOHCTPYKTHBHUX
napaMeTpiB craneBoi Oanku HaOdmwkeHa A0 JHiHIWHUX. Lle ciyrye ocHOBOIO
TiNoTe3u Mpo Te, 10 PErpeciiiHa 3aJIeKHICTh MEKI BOTHECTIMKOCTI 32 TPAaHUYHUM
CTaHOM BTpPAaTH HECY4Oi 3JaTHOCTI [JIsi CTajeBUX OaloK 13 BOTHE3aXHCHHUM
MIHEpPAJOBAaTHUM OOJIMIIIOBAHHSIM TaKOXX MOXXe OyTH TNpPUUAHATA JIHIHHOIO.
Haii6isp111 3HauyIi KOHCTPYKTUBHI MapaMeTPH CTajeBOi OalIKM 3 MiHEpaJIOBaTHUM
BOTHE3aXMCHUM OOJIMIFOBAHHSM, BU3HAUCHI JIJIs TTOOYIOBH perpeciiHOl MOJei, €
HE3aJICXKHUMU 3a (Q13UYHOI0 TTPUPOJIOIO.

3 orisiy Ha BUCJIOBIICHI TPUITYIIECHHS, pErpeciiiHa MoJieib, 10 BUSBIISAE
3aJIEKHICTh  MEXI BOTHECTIMKOCTI  CTajeBoi Oalku 3  MiIHEpaJOBaTHUM
BOTHE3aXMCHUM OOJIMITFOBAHHSM 3a TPAHMYHUM CTAHOM BTPATH HECYYOi 3aTHOCTI

BiJl BU3HAUCHMX KOHCTPYKTUBHHUX MapaMeTpiB, Mae Takui Burisiy [113]:

y = bo + biXg + boXo + baXs + DaXaXo + DsXiXs + DeXoXs + D7X1X2Xs, (5.6)

ne bo, b1, b2, bs, ba, bs, bg, b7 — KoedinienTn perpeciitHoi 3ameKHOCTI.

Jns  obuucneHHss koedilieHTIB perpeciitHoi Moxeni (5.6) mae OyTu
BIJITBOPEHO 8 YMCENbHUX EKCIEPUMEHTAIbHUX CUTYyalliid. Pe3ynbratu uncenbHux
€KCIIEpUMEHTIB JUIsl peaii3alli po3paxyHKiB TOBUHHI OyTH OTpHMaHi 3a
OPTOTOHAJIBPHUM TUIAHOM, MIO BIJIMOBIJa€ MATPHIll ITUIAHY, SIKa TMpEJCTaBIcHA B

Tadi. 5.3.

Tabmuuga 5.3 — Marpuusg OpTOroHaNbHOTO IUJIAHY MNOBHO(AKTOPHOIO
EKCIIEPUMEHTY
Ne X1 X2 X3 X1X2 X1X3 X2X3 X1X2X3
1 + + + + + + +
2 - + - - + -
3 + + - + - -
4 - - + + - - +
5 + + - + - - -
6 - + - - + - +
7 + - - - - + +
8 - - - + + + -
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Ui po3paxyHKIB Il 4ac HPOBEIACHHS MOBHO(AKTOPHOIO EKCHEPUMEHTY
OyB 3aCTOCOBaHMII MaTEMaTUYHUM arapart, 110 ONMCAHUM BHILE B MONEPEIHBOMY
Ta B LbBOMY po3auIax poOoTH. BukopucraHo METOOUKY BHM3HAUEHHS MEXI
BOTHECTIMKOCTI 3 YypaxyBaHHSM 3MIHH TEMIEPAaTypHOTO pEXUMY HarpiBaHHs
CTaieBoi Oalky 3 BOTHE3aXHMCHUM MIHEpAJOBaTHUM OOJMIIOBaHHS B pasl
BIJIIAPYBaHHS OCTaHHBOrO. TakoX 3acTOCOBAHO OOYMCIIOBAIBHY METOJIUKY
pO3paxyHKy  HeCydoi  3JaTHOCTI  CTajleBUX  Oallok 13  BU3HAYCHUMU
KOHCTPYKTMBHUMU IapaMeTpaMy, 1110 ONKCaHA B MONEPEIHbOMY ITYHKTI PO3JLIY.
3aranbHl KOHCTPYKTHUBHI TMapamMeTpu CTaJeBUX OalloK 13 MiHEpaJOBaTHUM
BOTHE3aXMCHUM OOJIMILIIOBAaHHAM Ta MEXaHIYHI XapaKTEPUCTUKU KOHCTPYKLIWHOI

cTajii 0aJIOK CMCTEMATH30BaHO B Ta0I. 5.4.

Tabmuns 5.4 — OCHOBHI mapaMeTpu CTaJIeBUX OajoK 13 BOTHE3aXHCHUM

OOJIMIIFOBAaHHSAM Ha OCHOBI MiHEpaJIOBaTHUX TUTUT

[Tapametp [To3HaueHHS 3HaveHHS On. BuMipy
['eomerpuuHi po3mipu:
- [IMpHHA Mepepisy; b 100
—  BHCOTa; h 200 MM
—  UIMPHHA 3aXMCHOTO 11apy; d (uB. Tabmn. 5.2)
- JIOBXHHA | 6000
Martepian nOoKpuTTS MinepanoBaTHi IJIaCTUHU
I'yctuna crami pc 7860 Kr/m°
I'yctuna miHepanoBaTu PB 200 Kr/M>
Tennodizuuni (muB. Tabm. 3.7 Ta
XapaKTepUCTUKHU Tab. 3.8)
I'panryHa BOJIOTICTH u <3 %
['pannvHa MIITHICTH CTAJTI feok 245 MIla
Cepenniit MOI[YJ'I.L MPY>KHOCTI P 210° M
cTaii
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Ha mincraBi KOHCTpYKTHBHHUX MapaMeTpiB CTaJeBUX OajloK, IO MOJIaHi B
Tabm. 5.4, BIANOBIAHO A0 MATPHIll OPTOTOHAIBLHOTO TUTaHy 3a Tabi. 5.3, BUKOHAHO
obuncnenns. Oep>kaHO MEX1 BOTHECTIMKOCTI JOCIIKYBaHUX CTAJICBUX OalloK 13
BOTHE3aXMCHUM OOJIMITIOBAHHSM Ha OCHOBI MiHEpaJIOBaTHUX IUIAT. Pe3ymbratn

IIPOBENCHUX O0OYMCIIEHb CUCTEMATU30BAHO B TA0II. 5.5.

Tabmus 5.5 — Mexi BOTHECTIHKOCTI cTaleBuX OajoK 13 MiHEpaJlOBaTHUM

BOT'HC3aXHMCHUM O6JII/IHIOB3,HHHM 3a pe3yijibTaTaMu HOBHO(baKTOpHOI“O

eKCIIEPUMEHTY
ExcniepumenTanbHa cuTyarlis 1 2 3 4 5 6 7 8

Mexxa BorrecTifiKkocTi be3 122 | 154 | 69 | 119 | 141 | 181 | 102 | 133
BiapyBaHHs, Ui, XB.

Merka BOTHECTIHKOCTI 3 48 86 24 56 64 106 35 69
BiJapyBaHHsaM, Uy;, XB.

Yac BigmapyBaHHs 44.1 78 225 49 52 91 32 57

BOTHE3aXMCHOI'0 OOJIUIFOBaHHS, tc,
XB.

Ha ocHoBI moka3HukiB Ta0a. 5.4 BH3HAYeHO KOE(QILIEHTH PErpeciiHoi

3aj1e)kHOCTI (5.9) 13 BUKOpUCTaHHAM (OpMYII, siKi HaBeaeHi Hrokde [113]:

1 1
by =y 2 Vi b=y 2% b szy.,

i=1

1 N
by =5 > Xy b Zxxzy., (5.7)

i=1

Zx X5y, b ZX X;Y; b ZXX XY, |

ne N = 8 — KiIbKICTh €KCTIEPUMEHTIB 3T1THO 3 TUTAHOM;
— BEJIMYMHA IMapaMeTpy BIAMOBIIHO 0 MATPHIIl TUIaHy (IuB. Tadmd. 5.3);
y; — BeJIMYMHA TIOXMOKM MEX1 BOTHECTIMKOCTI cTajieBUX Oaliok 13
BOTHE3aXMCHUM MIHEpAJIOBATHUM OOJIMITFOBAHHSM 3a Tabi. 5.5.
Pe3ynbraTti 00uMciIeHb MO0 PO3paxyHKy KOe(DilleHTIB perpecii mojaHo B

tabum. 5.6.
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Tabmunsn 5.6 — Koediientn perpecii  mig dYacy BiAlIapyBaHHS

MIHEPaJOBAaTHOTO BOTHE3aXMUCHOTO OOJUIIIOBAHHS CTANIEBOI OAJIKH

Koedimient bo, b, b2, bs, Da, bs, bs, b7

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

3uavenns (peansni) | 44,4 [-0,0599| 0,725 | -4,813 |-8,76-103| -0,0314 | -0,178 |6,29-10*

VYHacHiI0K 3aCTOCYBaHHS OJIEPKaHOI PEerpeciitHOl 3aJIeKHOCTI, BiITBOPEHO
MOBEPXHI 3aJIEKHOCTI Yacy BIAIIAPYBaHHS BOTHE3aXMCHOTO MIiHEPaOBATHOTO
OONMIIOBAaHHS  CTaJeBUX OaJoK Big BHOpaHMX  HAWOUIBIN  3HAUYIIUX
KOHCTPYKTUBHUX MapamMeTpiB, y XOAl 3aBJaHHS PI3HUX 3HAYEHb TOBIIWMHU
BOTHE3aXMCHOTO OOJNUIIOBaHHS, fAKI mMomaHi Ha puc. 5.6. Ha mnoOymoBanux
MOBEPXHAX 300pak€HO PIiBHI, W0 BIANOBIJAIOTh PI3HUM 3HAYEHHSM Yacy

BiI[IHap}IBaHHH BOT'HC3aXHCHOI'O MiHepaHOBaTHOFO 06JIHIII-0B&HH$I.

Puc. 5.6 TloBepxHI 3aJIe)KHOCTI 4acy BIJIIApyBaHHS  BOTHE3aXHMCHOTO
MIHEPAJIOBATHOTO OOJIMITFOBAHHS JIJI1 BU3HAYCHHS MEKI BOTHECTIMKOCTI CTaJleBHX

OaJIOK JIUIS PI3HUX 3HAYCHB JII0YOT0 HaBaHTaKCHHS

Jlyis BUBYEHHS BIUTMBY HAWOUTBIN 3HAYYNIUX KOHCTPYKTHUBHUX MapaMeTpiB
CTaJIeBUX OaJoOK Ha 4Yac BIAIIApyBaHHS BOTHE3aXMCHOTO MIHEPAJIOBATHOTO
oOnuitoBaHHs  Oynu  1mMOOyMOBaHI  B3a€EMHI  3aJIeKHOCTI  KOHCTPYKTHBHHX

napaMeTpiB 3a YMOBHU TpbOX MOXIHMBHUX BCJIMYHMH TOBIIMHK BOTIHC3aXHMCHOI'O
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MIHEPAJIOBAaTHOTO OOJMItOBaHHA: 25 MM, 50 MM Ta 75 MM, 110 KpaTHI MMOJOBHHI

TOBIIMHU MiHEpanoBaTHOI IuMTU. Ha puc. 5.7 monano ogepxaHi HOMOTrpamu.
Otpumani AaHi AalOTh 3MOTYy BHU3HAQUUTH MEXI BOTHE3aXHMCTy OaloK 3

ypaxyBaHHSM BiJIIIapyBaHHS MIHEPAJIOBAaTHOTO OOJMITIOBAHHS JJIs 3a0€3MeUeHHS

HE0OX11HOT HOPMOBAHO1 BOTHECTIHKOCTI.

T T

I T ﬂf
0.8 468334}325 371 \ 0.8 \ \ \ \ \
6,748
\ 61918 55 103 50 20044 475
0.5 \ \ \ k3 0.5 \ \ \ \ 9

1
1

| 46 i‘l iﬁﬁ ?'53 \ 67.732 61,918 56103 50,200 H4T \
0. \ ANy, M? 0.1 \ \ \ \ AN, M*

ll'll'l‘? 104 48 l:":'7.11l:\“'|<?£ ‘?Rl:- ‘ 5T 139 2101 Iﬂﬁ 10 0 aon dd 4T
56 356 56 206 356
0 8 Nf LU L)
Tha53 70381 6381 57238
0 5 50,667
\3l,524 76053 031 6381 57 238
50
-1
01 3 G4 T80 :71\716 1 572 A/vaM
56 206 356
a. 6. g,

Puc. 5.7 3anexHoCTi 4Yacy BiAlIapyBaHHS BOTHE3aXHCHOTO MiHEpPaJIOBATHOIO
OONUITIOBaHHS CcTaleBOi Oanku BiI KoedillieHTa Tepepidy Ta KoedilieHTa

HaBaHTAXEHHS JUIsl PI3HUX 3HAYEHb HOT0o TOBIIMHU: @ — 25 MM; 6 — 50 MM; 6 —

75 Mmm.

5.4. MeToauka po3paxyHKOBOI OLiIHKH BOTHECTIHKOCTI cTajieBUX 0AJIOK
i3 MiHepaJIOBATHMM BOTrHE3aXHMCHUM OOJIMIIOBAHHAM, 3 yYPaXyBaHHSIM HOIo

BillIapyBaHHA

Y Mexax MeToay MPOEKTYBaHHSI CTajJeBUX OaJOK 13 MIHEpaJIOBAaTHUM
BOTHE3aXMCHUM OOJIMITIOBAHHSIM 3alpOMOHOBAHO PO3PAXYHKOBY METOAHKY, IO

0a3oBaHa HAa BU3HAYEHHI 4Yacy BIAIIAPyBaHHS BOTHE3aXHCHOTIO OOJMIIOBAHHS W
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BUKOPHUCTaHHI MOTO B po3paxyHkax. Lls Merommka mepemdadae MOCIiIOBHICTH
PO3pPaxyHKOBHX MPOIIEAYD.

1. Ha migcraBi BUKOpUCTaHHs KoedillieHTa mepepizy Oanku, kKoedirieHTa
HAaBAaHTA)XCHHA I TOBIIMHU MIHEPAJIOBATHOTO BOTHE3aXHWCHOTO OOJIHUIIOBAHHS,
3TIIHO 3 HOMOTpamMamH, WpPEJICTaBICHMMH Ha puC. 5.7, BHU3HAYAIOTh dac
BiJIIIIapyBaHHS MiHEPAJIOBATHOTO BOTHE3aXMCHOTO OOJIMITFOBAHHS.

2. Ha ocHOBI BeMMYMHU dYacy BiAIIApyBaHHS  MIHEPAJIOBATHOTO
BOTHE3aXHMCHOr0 OOJuIoBaHHsa cTaneBoi Oanku T1a dopmya (5.1) — (5.5)
BHU3HAUYAIOTh PEKUM HarpiBy crajeBoi Oajku 3a yMOB BIUIMBY CTaHJApPTHOIO
TEMIIEPATyPHOTO PEXKUMY MOXKEX1, 10 MOJIOHUN 10 300paskeHoro Ha puc. 5.1.

3. I3 3acrocyBaHHSM OTPUMAHOTO TEMIIEPATYPHOTO PEXHUMY HarpiBy
cTasieBoi Oanmku Ta MeToawku, pexkomeHmoBanoi EN 1993-1-2:2005, ormiHOMOTH

KJIaC BOTHECTINKOCTI TOCHIIKYBaHO1 CTaJIE€BOI OAIKH.

5.5. BucHoBKH

VYHaci10K MpoOBEIEHOT0 JOCIII)KEHHS BUSBICHO 3aKOHOMIPHOCT! HACTaHHS
MEXl BOTHECTIMKOCTI Ta 3a(iKCOBAaHO 4Yac HACTaHHA  BiAIIApyBaHHSA
MIHEPaJIOBAaTHOI'O BOTHE3aXUCHOTO OOJIUIIOBAHHS.

Po3po0isieH0 METOIMKY pO3paxyHKy TEMIIEPAaTypHOTO PEXHUMY MPOrpiBaHHA
0 TIepepi3y CTaleBUX OaNoK 13 MiHEPAJIOBATHUM BOTHE3aXUCHUM OOJIUIIOBAHHSIM;
BUKOHAHO PO3PaxXyHKH I cTaneBoi Oamku mBoTaBpoBoro mepepizy 100x200 i3
BUKOPUCTAHHAM 1bOr0 pexumy. IlincymoBaHo, 10 MiCaAsi MOMEHTY BTpaTu
BOTHE3aXMCHUM OOJMITIOBAaHHAM BOTHE3aXMCHOI 37aTHOCTI, YHACIiJIOK WOTo
BIJIIIApYBaHHs, TeMIepaTypa CYTTEBO MIABHILYETbCA 3a KOPOTKMH Yac 1 CTae
outemior0 B 1,5 pasu 3a Temmeparypy, po3paxoBaHy 3a YMOBU BIJCYTHOCTI
BIJILIAPYBAHHS.

3anpornoHOBaHO METOJIMKY PO3PaXxyHKY HECYUOi 3JaTHOCTI CTaJIeBO1 OANKHU 3
MiHEpaAJOBAaTHUM BOTHE3aXHCHUM OOJMIFOBAHHSM, IO BiAIIAPOBYETHCSA B MEBHUMN

MOMEHT Yacy BIUIUBY CTaHAAPTHOTO TEMIIEPATYpPHOTO peKUMY Moxexi. [loBeaeHo,
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[0 BTpaTa MeEXl BOTHECTIMKOCTI Oanku HacTtae Ha 59 XB. 3a Tpadikom
MaKCHUMaJbHOTO MPOTHHY Ta Ha 47 XB. 3a rpadikoM HAPOCTaHHS MaKCHUMAaJIbHOI
MIBUAKOCTI, 1le Ha 70 XB. paHille, HDK pe3yjibTaT, OTPUMAHMA 3a YMOBHU
BIJICYTHOCTI BiAllIapyBaHHS.

[IpoBeneHo mOBHUN  (PAKTOPHUM  E€KCHEPUMEHT 13 BUKOPHUCTAaHHSIM
pO3pO0JIEHUX METOAMK BH3HAYEHHS HECY4YOli 3/IaTHOCTI CTajeBUX Oajok 13
MIHEpaJOBaTHAUM BOTHE3aXHCHUM OOJIMIFOBAHHSM, HAa OCHOBI YOTO BHSBIICHI
3aKOHOMIPHOCTI ¥ MmoOyaoBaHAa MaTeMaTHYHA MOJIEIb 3MIHM 4acy BilIapyBaHHS
MIHEPAJIOBATHOTO BOTHE3aXHMCHOT'O OOJIMIIIOBAHHS, 3ajJeKHO BIJ KoedilieHTa
nepepi3y, TOBIIMHU MIHEPaJOBAaTHOIO OOJIMLIIOBAHHA Ta PIBHS HaBAaHTAXEHHS, IO
mae Burisn to = 44,4 — — 0,0599-A/Vy, + 0,725d — 4,813 14 — 8,76-103-A/Vpd —
0,0314-A/Np s — — 0,178 .15 + 6,29-10*-A/Vp, d 4.

[loOynoBaHo  HOMOrpaMu I  BU3HAUEHHS  4acy  BIJIIAPYBAHHS
MIHEpAJIOBAaTHOIO BOTHE3aXHMCHOTO OOJIMIIOBAHHS CTaJieBUX OaJIOK, 3aJ€KHO BiJl
KoedillieHTa Tiepepidy Ta pIBHS HABAHTAXKEHHS, 3 OISy HAa TPU BEJIUYUHU
TOBILIUHYU MIHEPAJIOBATHOTO BOTHE3aXHCHOTO OOJIUIFOBAHHS.

Po3po6ieHo  po3paxyHKOBY METOJMKY  OIHIOBaHHS  BOTHECTIMKOCTI
CTajeBUX OalloK 13 MIHEpAJIOBaTHUM BOTHE3aXUCHUM OOJUIIOBAHHIM, 13
BUKOPUCTAHHSAM BEJIMYMHU Yacy MOro BiAMIapyBaHHS, BU3HAUEHOTO 32
3alPONIOHOBAHMMH ~ HOMOTpaMaMH Ta PEKOMEHAAIIIMA  JIPYroi  4YacTUHU

«EBpOKOIY 3».
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BUCHOBKHA

VY npuceprailii, sika € 3aBEPIICHUM HAYKOBHM JOCIHIDKCHHSM, HABEICHO
pe3yibTaTH  BUPILMIEHHS  aKTyallbHOI ~ HAayKOBO-TIPAKTUYHOI  3ajgadl  II0J0
YIOCKOHAJIEHHS PO3PAaXyHKOBOTO METOJY OIIHKM BOTHECTIMKOCTI CTaJeBUX OalloK
13 MiHEpaJIOBaTHUM BOTHE3aXHUCHUM OOJUIIOBAHHSM 13 BpaXyBaHHSIM MOXIJIUBOCTI
Horo BigIIapyBaHHS IIiJ 4Yac TIOXKEXKIi, 1 SK HACHIJIOK BTPaTH BOTHE3aXHUCHOI
3maTHOCTI. JIJIT MBOTO PO3KPUTO 3aKOHOMIPHOCTI 3aJICKHOCTI 4Yacy HaCTaHHS
MOMEHTY BIJIIIAPYBaHHS MIHEPATOBATHOTO BOTHE3aXHUCHOTO OOJUIIOBAHHS Y
3aJIEKHOCT1 B1JI KOHCTPYKTHUBHHUX IapaMETpPiB CTaJleBUX OajoOK 13 TaKUM THUIIOM
BOTHE3aXUCTY. B KOCTI OCHOBHUX pe3yJIbTaTIB BUHECEHO TAK1 MOJIOKEHHS.

1. AHami3 CTaTUCTUYHUX JIaHUX MO0 TIOXKEX B YKpaiHi Mokas3as, 110 ICHY€
BHUCOKHI pIBEHb OOBaJIeHb OYyJIBEJIbHUX KOHCTPYKIIA BHACIIJOK MOXKEXK1, Y TOMY
YUCHl 3 MPUYHMH iX HEBIANOBIIHOCTI BUMOTaM HPOTUIIOKEKHHUX OyIBEIbHUX
HOpM. JDKepermoMm TakuxX HEBIAMOBIIHOCTEH MOXKE CIyryBaTH pamToBa BTpara
BOTHE3aXMCHOI 3JaTHOCTI BOIHE3aXHMCHHUX OOJIMIIOBAaHb CTAJIEBUX OAJIOK 3 MPUYUH
Woro BimmapyBaHHs. TOYHE MPOTHO3YBAHHS TAaKOTO CTaHy JIO3BOJIIE CYTTEBO
NIJBUILIUTH TOXEXKHY O€3MeKy BOTHE3aXMIICHHX CTaleBHX OaloK, 30KpeMa 3a
JIOTIOMOTOI0 MIHEPaJIOBaTHOTO MaTepialy.

2. Jlmsg BUBYEHHS TeMIEpaTypud HarpiBaHHA CTaJIeBUX OaloK 13
BOTHE3aXMCHUM  MIHEpPAJIOBAaTHUM  OOJMIIOBaHHSIM  Oyno  po3poOlJieHO
EKCIIEpUMEHTAJIbHY METOJIMKY BOTHEBHUX BHIPOOYBAaHb Ta MPOBENICHI BIAMOBIIHI
eKCIIepUMEHTaJIbH1 AOCTiKeHHS. Ha OCHOBI pe3ynbTaTiB MPOBEICHUX AOCTIIHKECHb
OyJo OTpUMaHO 3aKOHOMIPHICTh 4acy JAOCSATHEHHS KPUTHYHOI TeMIeparypu y
BUIJIAJIl pErpeciiHOl 3aJeKHOCTI B1Jl 3HAUYEHHS KPUTUYHOI Temmeparypu 6O, Ta
ToBUIMHU O, BOTHE3aXMCHOTO MiHepaioBaTHOro obOimioBanHs U = 33,938 +
1,397-d, — 0,081-6,, + 2,35-10° dy-6, i Ha ii ocHOBI mMoOymoBaHa BiANMOBigHA
HoMmorpama. OTpuMmaHa Yy3arajbHEHa TEMIIEpaTypHa 3aJekKHICTh Koe]illieHTa
TEIUJIONPOBITHOCTI MIHEPAJIOBATHOTO BOTHE3aXHUCHOTO OOJUIIOBAHHS Y TaOJWYHIN

dbopmi, sika MOke OyTHM BUKOPHUCTAHA ISl PO3PAXYHKY TEMIIEPATypHU y CTaJIEBUX
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KOHCTPYKIISIX 13 TAKUM BOTHE3aXHCTOM Y Jiana3zoHl Horo TOBIIMHM 10 80 MM ISt
nutomoi Ternoemuocti 1000 JIx/(xr-°C) ta ryctunu 200 kr/m3,

3. Po3pobimeno wmeToauKy oOmHMCaHHS TIOBEAIHKA MIHEPAJIOBATHOTO
OOJMITIOBaHHS CTaJIeBOi OAJIKM Ha OCHOBI PIBHSHB JMHAMIKH Ta iX peanizaiii 3a
JIOTIOMOT'OI0 METO/1a KIHIIEBUX €JIEeMEHTIB. BUKOpPUCTOBYIOUM TaHy METOIUKY Oylia
JOCTIPKeHa TOBEAIHKA CTaleBOi OalKé 13 MIHEpaJOBAaTHUM BOTHE3aXHCHHUM
OOJIMIIOBAaHHAM Yy Yac BIUIMBY CTaHJAPTHOTO TEMIIEPATYPHOI'O PEKUMY MOXKEXKI y
nepion vacy Bijg 0 go 150 xB.

4. BUSBIEHO, IO PO3KPUTTSA 3a30py MiX OaJIKOI Ta MiHEpaJOBaTHUM
BOTHE3aXUCHUM OOJIMIIOBAHHSM 3aBOLIBIIKKA 25 MM CIOCTEPITa€ThC Y MOMEHT
yacy 44,5 XB. mpu TeMmmepaTrypi HarpiBaHHs cTayieBoi Oanku 425 °C npu 1pomy,
TaKUil CTaH BUHUKA€E paHilie Ha 73 XB. 32 HACTaHHS TPAHUYHOTO CTaHy BTpPATU
BOTHECTIMKOCTI 3a HECYy4YOK 3[IaTHICTIO, IO HEOOXIJHO BpaxoBYBaTH IpHU
po3paxyHKax.

5. Po3pobiieHa MeToIMKa PO3paXxyHKY HECY4Ol 3JaTHOCTI CTAJIEBOI OaIKu 3
MiHEpaJIOBaTHIUM BOTHE3aXWCHHUM OOJIMIIFOBAHHSM, ITI0 BiIIAPOBYETHCS y TIEBHUMN
MOMEHT 4Yacy BIUIMBY CTaHJAPTHOTO TEMIEPATYpHOTO PEXKUMY TMOXKEKi, Y
pe3yabTaTi 4oro MoKa3aHo, [0 MeXa BOTHECTIMKOCTI Oaliku HacTymnae Ha 59 XB. 3a
rpadikoM MakCMMaJbHOTO TMpOTHHY Ta Ha 47 xB. 3a rpadikoM HapOCTaHHSA
MaKCHUMAJIbHOI MIBUJKOCTI, 110 Ha 70 XB. paHillle, HXK pe3yjbTaT OTpUMaHUN 3a
YMOBH BIJICYTHOCTI BiJIIIAPYBAHHS.

6. BcTanoBieHi 3aKkOHOMIPHOCTI 1 TOOY/I0BaHa MaTeMaTUYHA MOJEIb 3MIHU
yacy BiJIIapyBaHHS MIHEPAJIOBAaTHOTO BOTHE3aXMCHOTO OOJIMIFOBAaHHS B
3aJIeKHOCTI Biag ix koeimieHty mepepisy A/Vy, TOBIIMHH MiHEPaJOBATHOTO
obnuiroBaHHs d Ta piBHS HABAHTAXCHHS L4, 110 MA€ BUTJIST
t. = 44,4 —-0,0599-A/V,, + 0,725d — 4,813 1 —8,76:103A/Nd —
—0,0314-AlNpy 15— 0,178 d 1 + 6,29-10*-A/Vy, d 4.
7. TloOymoBaHi HoOMOrpamMu Uil BHU3HAYEHHS Yacy BlAUIapyBaHHS

MIHEPAJIOBATHOTO BOTHE3aXHCHOT'O OOJIHMIIIOBAHHS CTaJICBHUX OAJIOK B 3aJICKHOCTI
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Bil iX Koe(IIieHTy TMepepidy Ta PiBHS HABAaHTAXEHHS MPU TPhOX BEIMYMHAX
TOBITUHU MiHEPAJIOBATHOTO BOTHE3aXMUCHOTO OOIUITIOBAHHS.

8. Ha ocHOBI oTpumaHOi perpeciiHOi 3aJie)KHOCTI Ta BIJAMOBIIHUX
HOMOTpaM po3po0JieHa po3paxyHKOBA METOIUKA OIlIHKM BOTHECTIHKOCTI CTaJIeBUX
0anmok 13 MiIHEpaJOBaTHUM BOTHE3aXMCHUM OOJMIIOBAHHAM 13 BUKOPHCTAHHSIM
BEJIMYMHMA Yacy WOro BiJIIapyBaHHS Ta pPEKOMEHJAIill Jpyroi 4YacTHHH

€Bpokony 3.
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Honmatok A

Crncox omy0J1KOBaHUX Mpallh 3a TEMOIO JUCEPTaIiiHOT poOOTH
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Honatox b

AKTH BIIPOBAIXKEHHS PE3yNbTaTiB JUCEPTALIHHOT pOOOTH

JATBEPKYIO

Hasanbnux Yeprachkoro iHCTHTYTY
nowekrHol Gesneku iseni [Nepois YoproGuns
Hauionaasnoro yuisepcurery

UMBITBLHOTO 3axHCTY YXpainu
G —— -

2020 poxy

PO BNPOBAIKEHHA PeIYALTATIB AHCEPTALIAHOT poboTH Ha TeMy «YI0CKOHAIEHHS
MCTOY PO3paXyHKOBOI OLIHKH BOTHCCTIKOCTI cTaneBHX BGanoK 3 BOrHEIaXHCIM
MIHEPATOBATHUM OOTHUIOBAHHAMY

Pospobuik Bopeyk Onena Banentuwisna. 1 oanier CTOPOHH Ta HAYANBHMK
kajeapu Gesnekn of’extis GyaigHmuTBa Ta OXOPOHH Npaii KaMi. TexH, Havk.
AoueHT bepesoscekuil AHApiA lsanosuy 3 iHwof CTOPOHM, CKIANM aKT Npo TE, Wo
PEIYALTATH  aucepTauiiiHol  polotm  Ha  rteMy  «YA0CKOHAICHHSA METOAY
PO3PAXYHKOBOI OWIHKH BOTHCCTIMKOCTI CTAaNeBMX OGaloK 3  BOTHEIAXHCHMM
MiHCPATOBATHHM OGIHUIOBAHNAMY MA€ TCOPETHYHE Ta NPAKTHYHE IHAYCHHSA L1
OCBITHBOTO MpOLECY.

B aucepraunifiniii poGori PO3KPHMTI  3aKOHOMIPHOCTI  BIUIMBY
KOHCTPYKTHBHHX napaMeTpis craneBuX OGalok Ha  YMOBH  BialapysaHss
MIHCPRIOBATHONO BOTHE3AXHCHOTO OGIMLIOBAHHS, YAOCKOHAICHO POIPAXYHKOBI
METOAM TMPOrHO3YBAHHA BOTHECTIHKOCTI JAHHX KOHCTPYKUIMN. WO € YaCTHHOW
NEPeIYMOB 3a0e3MeHeHHR IX BIAMOBIAHOCTI HOPMOBAHHM KIACAM BOrHECTINKOCT]
BHILEBKA3AHUX OYyAIBCABHHX KOHCTPYKUIN T8 nNiasMucHHS PIBHR  TIOKEHKHOT
Geznexu Oyaisens Ta Copy., 3BEASHHX Ha TX OCHOBI, Pospobaena nomorpasa ans
BH3HAYCHHA Yacy BULAPYBAHHA MIHEPANOBATHOIO OGAMILOBAHHR 1aF IMOry
OLIklI TOYHO OUIHKTH BOrHECTIHKICTS npy BHKOPHCTAHHI 3IBHYAAHMX CTAHAAPTHHX
MCTOAIE PO3PAXYHKY.

3 Meroo niasHmenHs eEeXTHBHOCTI NiArOTOBKH daxisuis ans JACHC
YKpaiuu pesyasTaty auceprauifinol poGorm BIPOBAKCHO B OCBITHIA npouec npu
miaroToBui  QaxiBuiE  OCBITHEOO  cTYmenio «DaKasasp» 3a cnewiaTbHICTIO
261 «llokexna Genekay Ml 4ac BHBYEHHS AMCIHNAIHK «CriflkicTs Gyaisens 1a
CropyA NpH NOXCKI» B po3pizi Temu «[TinBHuenns sorsecrifixocti OyaisenbHNX
KOHCTPYKHii» Ta Aucuunaing «MaTepiano3HascTBo Ta TeXHOIOrS Marcpiania» za
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TemMo0 «Matepiann /1S MiABHIICHHS BOTHECTIHKOCTI Oy AiBEIBHHX KOHCTPYKLH».
Takox mnpu migrortoBui QaxiBuiB ocBiTHROrO cTyneHio «Gakanasp» 3a
crietianeHicTiO 263 «lluBinsHa Ge3nekay niJ Yac BHBYEHHS AMCLMIIIHN «bynisni
I cnopy/M Ta iX MoBejiHKa B yMOBAaxX Hal3BHYaiiHMX CHTYaliil» B po3pi3i Takmx
TeM: «BorHecTiiikicTe MeTalleBMX KOHCTPYKUiM i meroam ii nigBuiieHHs» Ta
«Bu3HaYeHHs BOrHECTIHKOCTI MeTaleBHX KOHCTPYKUiil» (npotokon kadeapu Ne 7
Bix 02.12.20). BrnpopamkenHs pesynsrtari 3alesnedye axTyanbHHil XapakTep
HaBYaHHA Ta BHCOKHI HAYKOBO-METOAMYHHWIl piBeHb BHKIAJAHHA JaHUX
JHMCLMIUTIH | J03BOMISE MIABHILMTH AKICTh MPOBEACHHSA JNEKUIAHMX | NPaKTHYHMX
3aHATH 415 3100yBa4iB BHIIOT OCBITH.

Hauwanshuk kapeapu deznexu
00’ekTiB OyNiBHHLITBA T2 OXOPOHH MpaLli
KaH1. TEXH. HaYK, JOLEHT uapiit BEPE3OBChKHUI

Po3poOuuk Onena BOPCYK
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SATBEPJUKYIO

{BIALHON 3AXHCTY

BAPOBAKEHHNA Pe3VAbTATIB AHcepTauiitnoi poborn bopeyk O. B. 3a Ttemoio
«YA0CKOHAJCHHA METOY PO3PaxyHKoBOT OliHKN BornecTifikocTi cranesux fanox
3 BOrHE3AXHCHHM MIHEPANOBATHHM 00 AHUIOBAHHAMY

Komicia _y cxpgoi: wayanLbumka jochiaHo-gunpoGysaasmoi  naGoparopil

ABapifiHO PATYBANBLHOIO 3ArOHY CHELIRTBHOIO MPH3HAYCHHA Ynpasninua lICHC
Vipainu v ‘-Iepxacucm oGnacti maitopa cavabi unsiasHoro 3axuery Cyka C. A.
r0A0Ba KOMIciT T3 WAeHis KOMiCii — ro10BHOF0 HayKoBOTO cRiBpoGiTHitKa qcpxacbxoro
mcrm)n noxennol Gesnekn imeni [epois L{opuoﬁu.rufu HauionansHoro yHisepcHrery
UMBLIBHOrO 3aXHCTY YKpailky, JOKTOpa TexHIMHMX Hayk, npodecopa [Tosacesa C. B;
Aouenta Kadeapu Ocsnexn of’cxrie OyAiBHMUTBAE Ta OXOPOHM npaui llepxacsxoro
IHCTHTYTY noxexHol Oesneku imeni ['epois llopuoﬁmuu HamioHanbHOro yHisepenTery
UMBIABHOrO 3axucTy YKpainm, kanausara rexHivnux Hayx Ciases C. O. cxnana ueit
aKT, AKHM 3aCBIIYYE, WO PE3yAbTaTH AMceprauifiuux aocniaxens bopeyk O. B.
BOPOBAUKEHO Y  AWIBHICTE  Aocaiaxo-sunpolysansHoi  naGoparopii  asapifiuo-
PATYBATBHOIO 3arOHy cnewianbHoro npusHavenns Ynpasniwua JICHC Vkpainu y
Hepkackkiit 061acTi, WAAXOM 32CTOCYBAHHA YAOCKOHANEHOT PO3PaXyHKOBOI METOAMKH
NpH OUIHIOBAHHI BOrHECTIAKOCTI craneBux GAT0K 3 MIHEPATOBATHUM BOMHEIAXHCHMM
ODJAHUIOBAHHAM, IO BPAXOBYE MOXAHBICTE HOro BLIMIAPYBAHHA Mid TEMIOBHM
BILTHBOM TOKENKI.

Bianopinno 1o pesynstatis  aMmcepraniiiwoi  poBorn  bopeyx O. B.,
JANPONOHOBAHO  VAOCKOHANEHHA MET04  po3paxyHKOBO! OUIHKH  BOrHecrifikocri
CTanesux Ha0K 3 BOrHE3aXHCHHM MIHCPAIOBATHUM OGAMIIOBAHHAM, WO Da3yeTes Ha
BH3HAYCHH] Yacy BIAWAPYBAHHA BOrHEIAXHCHOTO OOMHLIIOBAHNA | BHKOPHCTAHHI fOro ¥
PO3PAXYHKAX BHIHAYCHHA 330€3neuyBatoro BUINOBIAHONO K1aCy BOrHCCTIHKOCTI TaKHX
Oyaiseasiix KoHCTpykuilt. Bukopnetosyroun koediuient nepepizy Gaikn, xoediuient
HABAHTIKCHHA TA TOBIIHHY MIHEPAIOBATHOIO BOIMHCIAXMCHOrO OOIHLIOBAHHA, 34
PO3PaxXOBaHHMH HOMOIPAMAMM, BH3HAYAECTHCA YaC BIAINAPYBAHHA MiHEPANOBATHOMO
BOFHE3AXHCHOTO OOAMINOBAHHA. BHKOPHCTORYIOMM BEIWMMHY vacy BiLIapyBaHHA
MIHCPAIOBATHOIO BOTHE3AXHCHOIO OOIMIIOBAHHS CTAaneBOi OafkW, BM3HAYACTHCA
peXHM Harpisy CTancBol GAIKH 33 YMOB BIUIHBY TEMIICPATYPHOTO POKHMY NoXexi. 3a
OTPHMAHHMK pesyabTaTamy Ta 3a EN 1993-1-2: 2005 3aificHI0€TECA OLIHIOBAHHA Kiacy
BOIHECTIAKOCTI JOCALDKYBAHOT CTAIeBOT BNk 3 BIANOBIAHMM BOTHCIAXHCTOM.
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Bukopucrauus popobaenol MeToauku 103s014¢ 3a6e3neqnT! edexTHBHICTL Ta
CKOHOMIMHICTD TIPM  OWUIHIOBAHHI  Kaacy BOrHectifikocTi  crazeBux Oatoxk 3
BOTHE3AXHCHHM MIHEPaNOBATHHM OGNHINOBAHMAM T4 BPAXOBYBATH 3aKOHOMIPHICTH
JNEKHOCT YACY BIAILAPYBAHHA TAKOrO BOrHE3AXMCTY Bid meranesux OyaiBefbHHX
KOHCTPYKUIiL.

[oaosa KoMicii:

HavaasHHK gocaiiHo-
sunpobyBansHoi Aaboparopil
ABapifiHO PATYBANLHOIO 3aroHy
CHEMIATBHONO TIPU3HAYCHHA

¥ ACHC y Yepkacekifi obnacri

Ynenn koMicii:
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B. 0. HavaneHuka [HCTHTYTY depiasHoro

ynp?mtlmm 1IHEHE 3
M s
n-p £ DABIIHHA

AKT
Npo BOPOBATKEHHA PEIVILTATIE JHCEPTALIAHOT poBoTH Ha TeMy
o ¥ NOCKOHANEHHA METOIY POIPAXYHKOBO! OUIHKH BOTHECTIHKOCTI CTANERHY
OE10K 3 BOTHEIAXHCHHM MIHEPANOBATHHM ODIHIKBAHHAM»?

["onosa xomicii - yuenuit cexperap THCTHTYTY KaHa, TexH. Hayk Banno Apocnas
Blavechanorny,

Unenn xomicil:

FACTYIHHE HAYANBHHKA HAYKOBO-O0CALIHOTD UEHTPY MPOTHOOMEKHOTD JAXHCTY
— HAYATEHHEK BILTLTY HOPMATHEHO-TEXHIYHOTO 3afeanedenda LTV HI L3 kann. Texn.
Hays ey KOpiia Jeoninosny;

JACTYNHHE HA4ANbHHKA HAYKOBO-BUNPOOYBATLHOIMD LSHTPY — HAYANLHHK BLAALTY
TEXHIYHOTO PeryMOBAHHS KaH. TeXH. HAYK, ¢T. HayK, cnispob, Kpasuenxo PocTncnas
IranoBHY,

Konicia nepepipuna i upm AKTOM 32cBIIYYE, MO PesyIbTATH AHCepTaliRHol
podotd  bopeyk Onenn  Banentusienn 33 Temow:  “YIockoHaneHHA  MeToXy
poapaXxyHKOBOT  OMIHKH  BOTHecTifikocTi  cranesux  Ganok 3 BOMHEIAXHCHHM
MIHEPANOBATHHM OONHIIOBAHHAM BOPOBATHEHO B HAYKOBY JIANEHICTE HAYKOBO-
NOCHIHOTO LeHTpy npoTHnowexHoro saxuery LY HI L[3, wasxom BHKOPHCTAHHA
pedyaeTaTiE AHcepTauliinol poloTH NIl vac BHKOHAHHA HAYKOBRO-IOCHIAHOT pobOTH
wH(pp « BHCOTHI rpoMajickki By IHHER.

AKT CENATEHO NT8 MPeICTARNEHHA B CNEMANI30RAHY BYCHY PAgy v 3IBWIKY 13
FANHCTOM JIHCEPTalli] Ha 300yTTA HAYKOBOrO CTYNCHA KAHIWJATA TEXHIMHHX HAVE

{ moxTOpa dinocodii).
[Nonosa koMicii: fr £ ._~. Apocnas BAJLIO
YUnenn xomicii: Aéa Hpiii PEILYE
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,f{/ij Poctuenas KPABYEHKO



