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MOPIBHANBbHUN AHARNI3 EKCNEPUMEHTANBbHUX OAHUX LLOAO TPUBATOCTI
BOrHEBOIO BMNNMBY A0 OOCArHEHHA KPUTUYHOI TEMMEPATYPU CTANI,
OTPUMAHUX ANA CTAHOAPTU3OBAHWNX 3PA3KIB | 3PA3KIB SMEHLLUEHWNX
PO3MIPIB 3 BOTHE3AXNCHUMW MATEPIANTAMU «EHOOTEPM 400202» |
«EHOOTEPM 210104»

C.B. Hosak*', kaHO. mexH. Hayk, cm. Hayk. cniepob., B.Jl. [pix®? kaHd. mexH. Hayk, O.B.
LobpocmaH!, kaHO. mexH. Hayk

"YkpaiHebKULl HayKo80-00CiOHULT IHCMUMYmM UusinbHO20 3axucmy, YkpaiHa
’Haykoe0-supobHuye nidnpuemcmso « Crneumamepianuy, YkpaiHa

IHOOPMALIA MPO CTATTHO AHOTALIA

Haditiwna do pedakuii: 31.10.2018 HaBefeHo pe3ynbTaTi BU3HaAYeHHS 36PKHOCTI ekcnepuMeHTanbHUX AaHux
Mpotiwna peueHsysarHs:11.12.2018 oo TpMBAarocTi BOrHEBOro BMIMBY 3a CTaHAapTHUM TemnepaTypHUM

PEXUMOM [0 AOCATHEHHS KPUTUYHOI TEeMNepaTypu cTari, oTpUMaHux ans
KNKOYOBI CIOBA: CTaHf4apTM30BaHUX 3paskiB (KOMOH) i 3paskiB 3MEHLUEHUX po3MipiB
BOrHesaxicHa 3aaTHICTb, (nnacTuH) i3 3acTocyBaHHAM peakTMBHOro BOrHe3axvcHoro matepiany
BOrHEe3axMCHWIi MaTepiar, ((EHAOTepM 400202», Wwo cnydyeTbea nig Ten0BAM BMINBOM B yMOBax
NpuBeaeHa TOBLUMHA, KPUTMUHA noXexi, Ta NackBHOro BOTHe3axMCHOro mMatepiany (I'IJ'II/IT.I/I)I «EHAOTEpM
TemnepaTypa crani, Mexa 210104 ». BCTaHOBnqu Aiana3oHn BiAXWNEHHs 3Ha4YeHb L€l TpusanocTi,
BOrHecTilkocTi, cTanesa BU3HaYEHUX ANA 3pasKiB 3MEHLUEHUX PO3MIpiB, Bifl eKcrnepuMeHTanbHNUX
KOHCTPYKL{isi, CTaHAaPTM30BaHMiA LaHux, OTpMMaHWX Ha CcTaHA4apTM30BaHUX 3paskax. [lokasaHo, Lo
3pasok.

3HaYeHHs UbOro BIAXWMEHHA 3anexuTb Big NpuBeAeHO! TOBLUWMHU
cTaneBoro nNpodino Ta KPUTWYHOI TemnepaTypu cTani. HagaHo aHanis
OTPUMaHMX 3aMeXHOCTEN.

Jlta  OMiHIOBAHHS BOTHE3AXMCHOI  34aTHOCTI OUX 3JATHOCTCH BH3HAYAIOTh 34 PE3YJIBTATAMH

BOTHC3AXMCHUX MarepiaiiB, MNPU3HAUYCHUX IS
3aXUCTY HECYUHUX CTATICBUX KOHCTPYKLIH, IPOBOSTH
purpoOysanHs BianosiaHo 10 EN 13381-4 [1] (ms
MACMBHUX  BOTHC3AaXMCHHX  Marepiams)  abo
EN 13381-8 [2] (an1s peakTHBHHX BOTHE3AXHCHHX
marepiani). B Ykpaini € uunaum JICTY b B.1.1-17
[3], skuii BIAMOBITHHE 3a3HAYCHUM EBPOICHCHKUM
cragmapram. Ilix  wac 1wmx  BHIpoOyBaHb
3aCTOCOBYIOTh CTAJICBI KojioHH BHCOTOKO 1,0 M (B
JICSIKUX BHIAAKAX — 1 JOAATKOBY KOJIOHY BUCOTORO 2,0
M) 1 cranieBi Ganku AoBxkuHOK 4,0 M 1 1,0 M pizHux
mpodimB (31 3BEACHOI TOBIMUHOK CTAJICBOTO
mpodimro (V/Am) Big 3,7 mm go 143 mm), Ha ski
HAHECCHO BOrHeszaxucHI Martepiamn. CranzapTHUi
HaOlp 1ux mpodimis 3a3Buuaii Mictuts 10 komoH Ta 4
Oanxu. [lpu BuUnpoOyBaHHSIX 3a3HAMCHI KOJIOHHU 1
OalKyM BCTAHOBMIOKOTH V HiY, MJJAHOTh BOTHEBOMY
BILUTUBY 324 CTAHAAPTHUAM TEMIICPATYPHUAM PEKHMOM 1
BUMIPIOIOTh TEMIIEPATYPY V BU3HAYCHUX MICIIIX HA IX
noBepxHl. JIJIs O HIOBAHHS BOTHE3aXUCHOI 30aTHOCTI
BOTHC3aXMCHOTO  Marepialy  BHKOPHCTOBYIOTb
OTpYMaHI MiJ 4ac BUMPOOYBaHb CKCIICPUMCHTATBHI
JaHI MOJO TEMIEPATYPU CTANCBHX KOMOH (ix
BUIPOOOBYIOTh 0e3 HABAHTAXKCHHS). L
CKCIICPUMEHTATIBHI AaHI B MOAATBIIOMY KOPUTYIOTB 3
VpaxyBaHHIM 3JaTHOCTI BOTHE3aXHUCHOTO MaTepiany
J0 3uciuicHHS Ta (a00) 37aTHOCTI 3aTHINATHCS
HCYIIKO/PKCHHM TNl Yac BOTHCBOIO BILIMBY 1
aedopmartii craneBux KOHCTpYKIi. JlaHi ¢TOCOBHO

https://doi.org/10.33269/nvcz.2018.2.18-27
18

MOPIBHAHHA 3HAYCHb TCMIICPATYPH TMOBEPXHI Ha
HABAHTAXKCHUX  (JOBrMX) 1  HCHABAHTAXKCHHX
(kopoTKHX) GajIKax, a TAKOK HA BUCOKIN Ta HU3BKIH
KOJIOHI (mpu OLI HIOBaHHI1 PCAKTHBHHUX
BOTHE3axuCHUX MarepianiB). Kopucryrouncs oqHnM
13 METOAIB OLIHIOBAHHS CKCIICPUMCHTAJIBHUX JAHUX,
HABCACHUX y  BHUINCHABCACHUX  CTAHAApTax,
OTPUMYIOTh HH3KY TaONHUIb, SKI CTOCYIOTHCS
MPOMDKKIB ~ 4acy  BOTHCBOTO  BIUIMBY,  LIO
BIATIOBIJAIOT  3HAYCHHSAM  HOPMOBAaHOI  MEKi
BorHectitikocti 15 xB, 30x8B, 45 xB, 60 xB, 120 xB,
180 xB 1240 xB. KoxHa Tabnuiis mokasye MiHiMaTbHY
TOBIIMHY BOTHE3AXUCHOTO MaTtepiaity, HeOOXIAHY uist
Toro, mod Uil CTATCBHUX KOHCTPYKLIH, IO
XapaKTCPU3YIOThC PI3HUMHU 3HAUCHHAMH 3BCACHOI
toBumHU (V/Am), HE OYNO MEPEBHUINCHO BEIHYHHU
kputiaHOi  Temmepatypu crtam 350 °C, 400 °C,
450 °C, 500 °C, 550°C, 600°C, 650°C, 700°C,
750 °C.

Peamizamisn  3aznaucnnx B EN 133814 [1],
EN 13381-8 [2] 1 ACTY b B.1.1-17 [3] meToxiB
BUMArac 3HAYHUX MAaTepianbHUX BHUTpaT Ha
CTBOPCHHSA 1 MIATOTOBKY CTAHJAPTHU30BAHUX 3Pa3KiB
(cranmeBux KOJOH 1 Oalok, Ha SKI HAHCCCHO
BOTHE3aXWCHUI  Martepiajg) Ta  OPOBSACHHS
BUNpoOyBaHb. Y TOW K€ Yac A8 MOMEPEIHBOTO
OIIHIOBAHHS 1 KOHTPOJFOBAHHS  BOTHE3AXUCHOI
30AaTHOCTI BOTHE3AXHCHHX MAaTepiamiB Uil HECYUHX
CTAJICBUX KOHCTPYKUIH BCTAHOBICHO METOAH, V SKHX

*E-mail: novak.s.fire@gmail.com
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3aMICTh 3a3HAYCHHUX CTAaHIAPTH30BAHUX 3Pas3KiB
BHUKOPHUCTOBVIOTh 3pa3Kd 3MCHIICHUX PO3MIpPIB —
KBaJparHi CTAJCBI IUIACTHHU 31 CTOPOHOK 500 MM
3aBTOBIIKA 5 MM 1 10 MM, Ha OGIrpiBHY MOBEPXHIO
SIKMX HAHCCCHO BOTHE3AXUCHHUN MATepia, 3 IIapoM
TernoBoi 3014wl 3 X HeolirpieHoro Ooky [4 — 6].
3pa3Ku TaKHX e PO3MIPIB TAKOK 3aCTOCOBYIOTH TIPH
OLIHIOBAHHI HAMIMHOCTI BOTHE3AaXHMCHUX MAaTCpiaiiB
JUTSL HECYUHX CTAJICBHHA KOHCTPYKIIH, SIKE MPOBOIATh
32 METOJaMH, BHU3HAUCHHMH V HACTAHOBAX INOJO
TEXHIYHOTO CXBATICHHS BOTHC3AXUCHUX MATCPialliB B

€epori ETAG Ne 018-2 [7], ETAG Ne 018-3 [8].

Ha Ttemepimmii wac BIACYTHI  BIIOMOCTI
CTOCOBHO 30DKHOCTI CKCTICPHMEHTATIBHUX JAHUX
OO0  TEMIICPATYPH  CTAICBHUX  KOHCTPYKINH,

OTPUMAHHMX TIJ Yac BUMPOOYBAHb 13 3aCTOCYBAHHIM
CTAaHIAPTU30BAHUX 3PA3KIB 1 3Pa3KiB 3MCHINCHUX
poamipis. Lle cTpuMye BOPOBamKESHHS 3a3HAYCHOTO
BUIIC MCTOA2 OLIHIOBAHHS, 3aCHOBAHOTO HA
3aCTOCYBAHHI CTAJICBHUX IUIACTHH, 30KpeMa, Ui
OOIPYHTYBAHHS ONTUMAJBHUX 3HAYCHb TOBIIUHH
BOTHC3AXHCHHUX MarcpialiB Ha 3pa3Kkax CTaICBHX
KOHCTPYKIIH IpH ix BunpoOysanuax 3a EN 13381-4
[1], EN 13381-8 [2], ACTY B B.1.1-17 [3], ACTY b
B.1.1-13 [9], ACTY b B.1.1-14 [10], a Taxox s
BCTAHOBIICHHS OINITHMAJIBHOTO cKnany
BOTHE3aXHUCHUX MATCPIaiB A1 HECYUHX CTAJICBUX
KOHCTPYKIIIH i yac ix po3po0ieHHs Ta Mogupikarii.
Tomy 3a metry amaHoi pobotu Oyjio MOCTABICHO
BU3HAUCHHS 301KHOCTI CKCIICPUMCHTAIBHUX JaHKX
OO TPUBATOCTI BOTHEBOTO BILTHUBY [0 AOCSITHCHHS
KPUTHYHOI TCMIICPATypH CTaml, OTPUMAHHX ISt
CTAaHIAPTU30BAHUX 3PA3KIB 1 3Pa3KiB 3MCHIICHHX
PO3MIpIB.

Hns  JOCATHEHHS TOCTaBICHOI METH 32
METOJAMH, B SKUX BHUKOPUCTOBYIOTb
CTAHNAPTH30BAHI 3pa3Kd 1 3pa3Kd  3MCHIICHHUX
PO3MIpIB, TPOBSACHO BH3HAYCHHS JAHUX IOJO
TPUBAJIOCTI BOTHCBOTO BIUIMBY J0 JOCATHCHHS
KPUTHYHOI TEMIICPATYpH CTaTl A8 PEaKTHBHOTO
BorHesaxucHoro Marepiany «Engotepm 400202
[11], mo cnydyerbcs IMMiA TCIJIOBHM BILIMBOM B
VMOBaxX TIOJKEXKI, Ta TMACHBHOIO BOTHE3aXHUCHOTO
marepiany () «Exmorepm 210104» [12] ta ix
MOPiBHSAHHSL.

Memoou i pezynomamu dociioxceHs

Jnsg BH3HAYCHHA JaHUX I[NOAO TPUBAIOCTI
BOTHEBOTO BIUTMBY 10 JOCATHCHHS KPUTHYHOL
TCMIICPATYPH CTAJT HA 3pa3Kax 3MCHIICHUX PO3MIPIB
13 BOTHE3axXMCHMMH Marepiagamu  «EHmorepm
400202» 1 «Exmotepm 210104» (mami — peakTHBHUH 1
MACHBHUI BOTHC3AXHUCHUM MATEpian) 3acTOCOBAHO
MeTOJ [4 — 6], sAKui OIIrae B EKCIIEPUMEHTAITEHOMY
BU3HAUCHHL HECTALIOHAPHOTO MPOIPIBY
BOTHE3aXHCHOTO Martepialy B YMOBaxX BOTHCBOTO
BIUTHBY 32 CTAHJAPTHUM TECMIICPATyPHUM PEKUMOM
NPy 3aCTOCYBAaHHI B SIKOCTI OCHOBH ISl 3Pa3KiB
CTAJICBOI TIACTHHU KBAAPATHOI (hOPMU 31 CTOPOHOIO
500 mm 1 ToBIMHOKW 5 MM Ta 10 MM, a TakoX mapy
TEII0BOi 130711111 Ha HEOOIrPiBHIN MOBEPXHI 3Pa3KiB.
3a  pe3yabTaTaMM  BHMIPIOBAHb — TEMICPATypH
CTANCBHX IIACTHH, HA SIKI HAHECCHO BOTHE3aXHCHUM
Marepiai, A KOKHOTO 3pa3ka BH3HAYAIM 3HAUCHHS
TPHUBAJIOCTI f,; BOTHEBOTO BILIUBY IO JOCSITHCHHS HA
WX TUIACTHHAX KPUTHYHOI TEMIICPAaTypH CTaml B
manazoni Big 350 °C go 600 °C (3 kpokom 50 °C).
OtpuMaHi pe3ynpTaTH BHU3HAYCHHS LIMX 3HAYCHb
HABCACHO B Ta0OmmIgx 1, 2.

Tabnuug 1 — 3HaueHHs TPUBATOCTI BOTHEBOTO BILTHBY 10 AOCATHEHHS KPUTHYHOI TEMITCPATYPH AT
CTaNeBUX IJIACTHH 3 PCAKTUBHUM BOTHE3AXUCHUM MaTepianoM

Kpuuuna temmeparypa ctai e, °C 350 400 450 500 550 600
TopmmHa ToBmmHa
CTalIeBol BOTHE3aXHUCHOTO .
No 3pazka . 3HaueHHS TPUBATIOCTI for, XB
IUIACTHHY da, Marepiany
MM dp, MM
1 5 0,55 17 22 26 30 33 37
2 5 1,33 27 36 42 48 53 58
3 5 1,89 35 44 51 57 62 67
4 10 0,64 23 29 34 39 43 49
5 10 1,61 39 47 55 62 68 74
6 10 1,80 43 54 63 70 77 84
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Tabnuus 2 — 3HaUCHHS TPUBATOCTI BOTHEBOTO BILIMBY A0 JOCATHEHHS KPUTHYHOI TEMIICPATYPH AJIS
CTaNCBHUX IJIACTUH 3 MACUBHUM BOTHE3aXHCHUM MaTepiaIioM

Kpuruuna temieparypa ctai G, °C 350 400 450 500 550 600
TopmmHa TopmmHa
CcTaneBoi BOTHE3aXVCHOTO .
No 3pazka . 3HaueHHs TPUBAJIOCTI for, XB
UTACTHHE d, MaTepiany
MM dp, MM
1 5 20,0 47 53 59 66 74 82
) 5 40,0 111 124 138 154 172 -
3 10 20,0 67 77 87 98 110 122
4 10 40,0 136 152 169 . . b
BusnaueHHs gaHUX OO0  TPUBAIOCTI MaTepiady CTBOPIOBAIH KOpOOYAcCTy CHUCTEMY
BOTHCBOTO BIIUBY A0 JOCATHEHHSI KPWUTHYHOI BOTHE3aXUCTy  MPSMOKYTHOTO  TEPEpi3y,  SIK
TEMICPATYPHU CTATI HA CTAHAAPTU30BAHUX 3pa3Kax mokazano  Ha  pucynky 1. Ilapamerpu
(xopoTkuX KOJ0HAX 3aBBuiKky 1,0 M) MPOBEACHO 3a CTAHMAPTH30BAHMX  3pa3KiB 1 PE3yJbTarTu

merogom, Haseacaum B JICTY b B.1.1-17 [3].
PeakTuBHUIT BOTHE3aXUCHHI MaTepial HAHOCHIH

BHU3HAUYCHHA 3HAYCHb TpI/IBa.]'IOCTi fcr BOTHEBOI'O
BILUTUBY A0 JOCATHCHHA KpI/ITI/I‘IHOi TCMIICPATYPH Ha

Ha TMOBCPXHK crajesux mnpodimis, a i3 LKX 3pa3Kax HaBEACHO B TaOmUIpIX 3 — 6.
3aCTOCYBAHHSIM  MACHBHOTO  BOTHE3aXHCHOTO
a) 0)
Pucynox 1 — I[Tpodinpoana (a) i kopoduacra (0) CHCTCMH BOTHE3AXHCTY
Tabmurs 3 — [apaMeTpu CTaHIAPTU30BAHUX 3PA3KIB 3 PCAKTUBHUM BOTHEC3AXUCHHM MATEPIAIOM
3Be/:[eHa TOBII[MHA CTAJICBOI'O .
Ne spaska Turoposmip craieBoro mpodimo npodimo Tonmema BorHe;aXhI;I;Hom Matepaity
(V) Mnt "

1 IPE200 3,266 1,193

2 IPE200 3,266 1,854

3 HEA200 4,268 0,429

4 HEA200 4,268 1,919

5 HEA300 5,886 0,385

6 HEA300 5,886 1,886

7 HEB300 7,710 0,413

8 HEB450 9,798 1,992

9 HEM280 13,050 1,155

10 HEM280 13,050 0,373
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Tabmuus 4 — [TapameTpu cTaHAAPTU30BAHUX 3PA3KiB 3 MACHBHUM BOTHEC3AXHUCHAM MaTepiaioM

. . Spe/ca TORNTIEA, CTATERONY ToBITMHA BOTHE3aXUCHOTO MaTEPIay
Ne spaska THIIOPO3MIp cTaIeBOTo MPOdimo npodimo P
(V1Am), MM 42
1 IPE200 441 40,2
2 IPE200 441 60,4
3 HEA200 6,30 19,3
4 HEA200 6,30 40,4
5 HEA200 6,30 60,8
6 HEA300 8,82 20,8
7 HEA300 8,82 40,8
8 HEB300 11,53 20,3
9 HEB450 13,56 40,2
10 HEM?280 18,82 19.8

Tabnuug 5 — 3HaueHHS TPUBAIOCTI BOTHEBOTO BILTHBY 10 AOCATHEHHS KPUTHYHOI TEMITCPATYPH AT
CTAJICBHUX KOJOH 3 PCAKTUBHUM BOTHE3aXUCHHM MaTepiaaoM

Kputnuna
TeMIeparypa 350 400 450 500 550 600 650 700 750
ctam fe, °C
No 3pazka 3HAYEHHS TPUBAIOCTI for, XB
1 21 29 36 42 47 52 57 - -
2 32 41 48 54 60 65 71 78 87
3 15 20 24 28 32 35 39 43 48
4 35 46 55 61 68 74 81 88 98
5 17 23 28 32 35 39 43 48 54
6 37 52 62 71 79 87 95 - -
7 19 25 30 34 38 42 46 51 58
8 48 61 73 83 93 103 114 - -
9 41 54 65 72 81 90 99 111 -
10 25 32 38 44 48 53 58 - -

Tabnuug 6 — 3HaUeHHS TPUBAIOCTI BOTHEBOTO BILTHBY 10 AOCITHEHHS KPUTHYHOI TEMITCPATYPH AT
CTaNeBUX KOJIOH 3 MACHBHUM BOTHE3aXHCHHM MaTepianoM

Kpurnuna
TeMIIepaTypa cTall 350 400 450 500 550 600 650 700 750
Oer, °C

No 3pazka 3HauCHHS TPUBATIOCTI for, XB
1 108 115 123 131 140 149 160 174 -
2 214 225 237 249 261 273 288 - -
3 51 55 60 65 71 78 85 95 108
4 121 130 139 149 159 170 183 198 219
5 239 252 266 282 297 - - - -
6 65 73 81 90 99 110 122 137 157
7 143 155 167 180 194 210 227 247 -
8 73 81 91 101 112 124 139 155 176
9 165 181 197 213 231 250 263 275 289
10 95 108 121 134 149 166 - - -
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VYpaxoByr4H T¢, 110 HABCACHI B TAOIUIISIX
3, 4 3HauCHHS 3BCACHOI TOBIIUHHU CTAJICBOTO
npodinio (V/Aw) BIAPI3HAIOTHCS Bl TOBIIHHH
crajgeBux IuiactuH (amB. Tadbx. 1, 2), s
MOPIBHSAHHS MaHUX IMOJO0 TPHUBAIOCTI [,
OTPUMAHUX HA CTAHAAPTU30BAHUX 3pas3Kax I
3paskax 3MCHIICHUX PO3MipiB, BIPOBAIKCHO
TaKy MPOLECAYPY IHTCPHOALIi Ta SKCTPAMOIALIT
JAaHUX 100 TPUBAIOCTI for, HAJAHUX B TAOMHIIX
1, 2.

IlpoBeacHo ampoxcHUMAaIi0 3a3HAYCHHUX B
tabmuisx 1, 2 gaHUX MOAO TPHUBANOCTI [,
3aCTOCOBYIOYH PIBHSAHHS YHUCJIOBOI JTIHIHHOL

perpecii (1), sike BCTAHOBIIOE 3AICIKHICTE MIXK
TPHUBAJIICTIO BOCHEBOTO BILUIMBY A0 JAOCSATHCHHS
KPUTHYHOI TEMIEPaTypH CTaial BiJ TOBIIWHH
BOTHE3aXHCHOTO  Marepialmy Ta  TOBIIWHH
CTaneBoi MIACTHHW, 1 BU3HAYCHO 3HAYCHHS
BOCHMU KOHCTAHT (¢ — d7 LBOTO PIBHSIHHS, SIKi

HageaeHo y Tabmumi 7. Ilpm  mpomy
CEPEAHBOKBAAPATUYHE BlLAXUJIEHHS
PO3PaXyHKOBHX  3HAYCHb  TPHUBAIOCTI [,

BU3HAYCHUX 3a piBHsHHIM (1), Bia TabauvuHUX
JaHUX CTaHOBUTh 3,2 % AIs PEAKTUBHOTO
BOTHE3axHCHOTO Matepiany 1 1,2 % ans
[MACHBHOIO BOTHE3aXUCHOTO MaTepiany.

t,=a,+ad, +ad,d, +a0 +ad0, +addOb, +ad0, +ad,, (1)

J€ for — TPUBATICTD BOTHEBOTO BIUTHBY 10 AOCATHCHHS KPUTHYHOI TEMIIEPATypH CTam Oy, XB;

d, — TOBIIMHA BOrHE3aXUCHOT'O MATEPIANy, MM;

d, — TOBIIHMHA CTAJCBOI IITACTHHH, MM,

Qo, Ay, Az, Az, A4, ds, Qg A7 — KOHCTAHTH (Koe(iLlEHTH perpecii).

3a piBasHHAM (1) 13 3acToCcyBaHHAM
KOHCTAaHT (g — (7, HABCACHUX B TAOmMIU 7, s
3a3HaucHUX B Tabmumuax 3, 4 mapameTpis
CTaHAAPTU30BAHUX 3Pa3KiB (3BEACHA TOBINHHA

ctaneBoro mpodiio, TOBIIHHA BOTHE3AXHUCHOTO
Marepiany) BH3HAYATH PO3PAXYHKOBI 3HAYCHHS
YaCy fercul JOCATHCHHS KPUTHIHOI TEMICPATYPH
cTami A7 3pa3KiB 3MEHIICHUX PO3MIpIB.

Tabmuus 7 — PesyapTaTi BU3HAUCHHS KOeQil€HTIB perpecii

3HaueHHs KoeIIeHTIB perpecii
ag aj a2z as aq as ae az
PeaxTviBHuMit
BOTHE3aXUCHAN
MaTepian -11,46 1,650 -0,02357 0,05504 0,02566 0,002193 0,001461 -0,1104
TTacuBHuit
BOTHE3aXUCHUI 0,001058 0,1528 -0,02790 -0,09795 0,008096 0,000141 0,011072 -0,00886
Matepiain
3a  dopmyioro  (2)  po3paxoByBaIH Oreut =100 (tor,our — tor)/ Loy, (2)
BIAXWICHHS 0oy 3HAYCHB  TPUBAIOCTL  lforoul,
BH3HAQUCHUX /IS 3PA3KiB 3MCHIICHUX PO3MIpPIB 3a "
1BHSHHAIM (1), B1J CKCIICPUMCHTAIBHUX JAHUX / — -1
p ( )’ A p Aa e §l,cul,avg - Z(é‘l,culj)' m > (3)

OTPUMAHHX HA CTAHAAPTHU30BAHUX 3paskax (IuB.
Tabmuui 5, 6). PesympTaty 1mmx po3paxyHKIB
HaBeneHo Ha pucyHkax 2, 3. Cepenne
apudMeTHIHA BENHYHMHA  BIAXWICHDb  Ocul,ave,
po3paxoBane 3a (opmymnorw (3) ams 3araabHOI
KUTBKOCTI BIAXHJICHB, ckmagae -9.5 % 14,7 % mus
PCaKTHBHONO 1  MACHBHOTO  BOTHE3aXHCHHX
MatepianiB, BiamoeizHo. 3a  Qopmynow  (4)
BH3HAUCHO CEPEIHBOKBAIPATHYHE BIOXWUICHHS Fi,
AK€ A1 PEAKTHBHOTO BOTHE3aXHCHOTO Marepiany
cranoButh 12,1 %, a am1  IACHBHOTO
BoruezaxucHoro marepiany 10,8 %.

j=1

0,5

E = Zm:(gl)mlj)@ m 4)

j=1

ZIe M — KUTBKICTB BIAXWICHD O ¢y,
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PucyHOK 2 — 3ane:KHICT BIIXHICHHA O cuf BIT

KPUTHYHOI TEMIIEPATYPH CTaMI & 711 PEAKTHBHOTO

3

JaHUX

BOTHC3aXHUCHOTIO
SHAYCHHA

BOTHE3aXHCHOTO MaTepiamy

aHami3y OTPUMAaHUX PO3PaxXyHKOBHX
BUIIMBAE, 1[I0 I PCAKTHBHOTO
marepiaay (auB. puc. 2)

BIAXWIEHHS Otcyy 3HAXOOATHCS B
mianazoni Big -24,0 % go 17,6 %. Ilpu upomy
Olmpina wactuHa mux BiaxuiaeHb (93 %) mae
Bil'€MHI 3HA4YCHHSA (TPUBATICTE BOTHECBOTO
BILTHBY A0 JOCATHCHHS KPUTHYIHOI TEMICPaTypH
crajii, BH3HAYCHA JJs OLIBIIOCTI 3Pa3KiB
3MEHIIEHUX PO3MIpiB, HE MIEPEBUINY €
CKCIICPUMCHTAIBHI  [JaHi, oTpuUMaHi s
CTaHAAPTU30BAHUX 3pa3KiB). Cepeane
apupmeTruHa ~ BEIMYMHA ~ YCIX BIAXHIICHB
Orcutave  CKIaZae -9.5 %. HaiiGinpim Big eMHI
BCJIHYHHU BIAXHJICHHS MAKOTh MICLE /15 3Pa3KiB
3 HAWOLIBIOMM 3HAYCHHIM 3BEACHOI TOBIIMHU
(V/Am = 13,050 mm, 3pazku Ne 9, Ne 10), 3i
3MCHIIIC HHAM miei TOBIIIUHHA 3HAYCHHS
BIAXWJCHHS 3MCHINYETBCSA (32  MOIyIEeM).
HaiiOinpmi  gogaTHi BEJIWYHMHH  BIIXHUICHHA
MarTh MICLE JJs 3pa3KiB 3 HAUMCHIIUM
3HauYCHHAM 3BeAcHOI ToBmHHU (V/Am = 3,266
MM, 3pasku Ne 1, No 2) 3a kpuruuHoi
remreparypu 350 °C. ToOro HaibimbIl
BIAXWJICHHS (32 MOAYJEM) MAaTh MICIC s
3pasKiB, y SKUX BEJIUIUHA 3BCACHOI TOBIIUHH HE
monajgae A0 JAlanma3oHy 3HAYCHb TOBIIHHH
craneBux miactuH (Big 5 MM 10 10 MMm), 3a Ixux

MPOBOAMIN  BUOPOOYBaHHS  Ha  3paskax
3MEHIIEHUX PO3MIpiB. Crnocrepiraerscs
3aKOHOMIPHICTh CTOCOBHO 3aJICKHOCTI

BIAXHUJICHHS BIJ KPUTUYHOI TCMIICPATYPH CTaJi.
3 M1 ABULIEHHIM 3HAUECHHA KPUTUTHOL
temneparypu Big 350 °C go 450 °C (a y mesxux

5, %
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PucyHOK 3 — 3a7€XHICTD BIAXHICHHS Oy ¢yt BT
KPUTHYHOI TEMIIEPATYPH CTaM fc; T MTACHBHOTO
BOTHC3aXHCHOTO MaTepiany

apaskax — g0 500 °C abo OimbIne) BIIXUICHHS
aMeHmyerbes. [lpu noganemomy 3poctanHi i€l
TEMIEPATyPH BIAXWUICHHA HIABUIIYETHCA (IO
temneparypu 650 °C), a moTIM 3HUKYETBCL.
Js macBHOTO BOTHE3aXHCHOT'O MaTepiany
(auB. puc. 3) 3HAUCHHS BIAXWUICHHS O ¢yl
3HAXOAATHCA B miamasoni Bix -24.7 % mo 23,1
%. Ilpu upbomy OlnbIia YACTHHA LUX BIAXHUICHb
(75 %) wmae nmogatHi 3HAYCHHS (TPHUBAIICTH
BOTHCBOTO BILIUBY A0 AOCITHCHHS KPUTHYHOI
TEMIICPATYPU CTaTl, BU3HAYCHA s OLMBIIOCTI

3paskiB  3MCHINCHHUX PO3MIpPiB, MEPECBUIIYE
CKCIICPUMCHTAJIbHI  JaHi, OTpUMaHI O
CTaHJAPTU30BAHUX 3pasKiB). Cepenne

apudMeTHYHA BEIUYHHA YCIX BIAXHICHD O, culavg
cxkmanae -4,7 %. Haibinpin B1a €MHI BEJIHYHHA
BIAXHJICHHS MalOTh Micue g 3paszka Ne 5 3i
3HAYCHHIM 3BC¢ACHOI TOBIMHH 6,30 MM,
HAUO1AbII1 JOAATHI 3HAYEHHS BIAXHIEHHS — A4
spaska Ne 1 31 3BeacHO TOBIHHOK 4,41 MM.
CoocrepiraeTbcs  3aKOHOMIPHICTE  CTOCOBHO
3AJIEKHOCTI 3HAYCHHSA BIAXHUJIEHHS BiX
KPUTHYHOI TeMIEPaTypH cTadl. 3 NiABHINCHHIM
kputnuHOi Temnepatypu Big 350 °C o 500 °C
(a y mesikux 3paskax — g0 550 °C abo Oinbiie)
BIAXWJICHHS 301mpmyerbes. llpu mogangpmomy
3pOCTaHHI  Liei  TeMOepaTypu  BEIHYMHA
BIAXHICHHS 3HUXKYEThCH.

Pospaxosano 3a popmyiioro (3) cepeaue mis
JECATH 3pa3KiB 3HAYCHHS BIAXUICHHS Oy oulavg
O Pi3HOI KPUTHYHOI TEMIEpPATypH CTai.
OTtpuMmaHi pO3paxyHKIB JdaHI HAaBEICHO B
Tabnuii § Ta Ha PUCYHKY 4.
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Tabmuis 8 — Peaynpratu po3paxyHKy CEPeAHbOTO 3HAYCHHS BIAXUICHHS O culavg AT PI3HOI KPUTHIHOT
TEMIEPATyPH CTali

Kpurnuna
TeMIiepaTypa CTall 350 400 450 500 550 600 650 700 750
ecr, °C
Tt pornesaxucroro CepeHe 3HaUEHHS BiIXUICHHS 0, %
MaTepiany e v culavg, Y0
PEaKTUBHUIM -1,14 -10,17 -12,49 -12,05 -11,14 -10,23 -10,06 -9,07 -9,07
TIACUBHUI -5,46 -0,48 3,25 6,19 8,14 10,22 10,23 8,97 3,09
5.% KPUTHYHOI TEMICPATYPU CTAT, OTPUMAHHUX ISt

4

3aneKHICTD
3HAYCHHS BLAXUICHHSA Oy culavg
TeMreparypu cram O aias peakrtusaoro (1) ta
MAacHBHOTO (2) BOTHE3AXUCHUX MATCPIATIB

Pucynox CEPEAHBOTO

Bl KPHUTHUYHOI

3 aHam3y AaHUX, HABCACHUX B TA0nuIll § Ta Ha
puc. 4, BummMBae, IO I PEAKTHBHOTO
BOTHE3aXHUCHOTO Martepiany CEpeiHE  3HAYCHHS
BIXUICHHS O cul,ave MAE BLA €MHY BEJIMIHHY (BLA -
1.1 % po -12,5 %) v BcboMy Ailana3oHi KPUTHYHOT
TeMOEpaTypu  cram, a  AJd  [ACHBHOrO
BOTHE3aXHUCHOTO MaTepiainy — Bl €MHY BEIUYHHY
(8ix -0,5 % g0 -5,5 %) mas AianazoHy KPUTHIHOL
temneparypu Big 350 °C go 400 °C i momatHy
Benmuuny (10 10,2 %) ama Oinpmioi Temmoeparypu.
[Ipu wpOMY A1 PEAKTHBHOTO BOTHE3aXHUCHOTO
MaTepiaay CEPEIHE 3HAUCHHS BIAXUICHHS O oulave
30iMpIIyeEThCA (32 MOAYJAEM) TIPH IiABUINCHHI
kputraHoi Temneparypu Bix 350 °C go 450 °C, a
MOTIM 3MCHIIY €ThCA. Hona MACHBHOTO
BOTHE3aXHUCHOTO MaTepialy MAKCHMANBHE CEPCIHE

3HAYCHHS  BIAXWICHHS Oiculavg MAE MICHE 32
kputnasoi Temmepatypu 650 °C.

Bucnosxku. BuznaucHo 301KHICTD
CKCTICPUMCHTAIBHUX  JAHUX IMOJO TPHBAIOCTI
BOTHEBOTO BILJTUBY 3a CTaHIAPTHAM
TEMIICPATYPHUM ~ PCKUMOM 10  JOCATHCHHS

24

CTAHMAPTH30BAHUX 3pa3KiB (KOJOH) 1 3paskiB
3MCHIICHUX PO3MIPIB (INIACTHH) 13 3aCTOCYBAHHSIM
PCaKTHBHOTO BOTHE3aXUCHOTO Marepiany
«Enmorepm  400202», mo coy4yerbea i
TCIUIOBUM BIUIMBOM B VMOBax MOXKEXKI, Ta
MACHBHOTO BOTHE3aXHCHOTO Martepiany (mamTh)
«Ergorepm 210104».

BcranoBneHo, 10 BIAXWICHHS — 3HAYCHB
TPUBAJIOCTI BOTHEBOT'O BIUIHBY IO JOCATHCHHS
KPHUTHYHOI TEMICPATypu CTami, BU3HAUCHHUX IS
3paskiB 3MCHIICHUX PO3MIpIB, Bi[J
CKCIICPUMCHTABHUX ~ JaHUX, OTPUMAaHUX Ha
CTAaHIAPTH30BAHUX  3pa3Kax, CTAaHOBIATh, B
cepeanbomy, -9.5 % 1 4,7 % ams peakTUBHOTO 1
MTaCUBHOTO BOTHE3aXUCHAX Marepiamis,
Biamosiano. Ilpu mpomy Anms  PEeakTHUBHOTO
BOTHE3aXHUCHOTO  Matepiany 3HAYCHHSA  LbOTO
BIAXHWICHHS 3HAXOIATHCS B miamasoHi Big -24.0 %
1o 17,6 %1 Oinbina ix vactuna (93 %) mae Big eMHI
BCIHYMHH (TPHUBATIICTh BOTHCBOTO BILIHBY [0
JOCATHCHHS KPUTUYHOI TEMIEparypu CTali,
BH3HAQUYCHA IS OLIBINOCTI 3Pa3KiB 3MCHIICHHUX
PO3MIPIB, HE MECPCBHUINYE CKCICPUMCHTAIBHI JaHI,
OTpPUMAaHI Ui CTAHAAPTU30BAHUX 3paskiB). Jng
MACHBHOTO BOTHE3aXHCHOTO MaTepiany 3HAYCHHS
BIAXHWICHHS 3HAXOIATHCS B miamasoHi Big -24.7 %
1o 23,1 % 1 Gineina ix wacruna (75 %) mae aoarHi
BCIHYMHH (TPHUBATIICTh BOTHCBOTO BILIHBY 0
JOCATHCHHS KPUTUYHOI  TEMIEparypu CTall,
BH3HAQUCHA IS OLIBIIOCTI 3Pa3KiB 3MCHIICHHUX
PO3MIpIB, MCPCBHUINYE CKCICPUMCHTAIBHI JaHi,
OTpUMaHl Ui CTAHAAPTHU30BAHUX  3Pas3KiB).
CepeaHpOKBaApPATUYHE BIAXWICHHS CTAHOBHTH
12,1 % 1 10,8 % BiamoBiAHO AJSI PEAKTHBHOTO 1
MACUBHOTO BOTHE3AXUCHHUX MaTCPiamiB.

BcranoBneHO — 3aKOHOMIpPHICTH  CTOCOBHO
3QUICKHOCTI 3HAYCHHS BIAXUICHHS Bl KPUTHIHOI
TeMIeparypu cTamni. Hna PCaKTHBHOTO
BOTHE3aXHUCHOTO  Marepiany 3  MiABHINCHHIM
3HAYCHHA KpUTHYHOI Temmepatypu Bix 350 °C mo
450 °C (a y geskux 3paskax — ao 500 °C abo
Olmpine) — BiAXWmeHHS — 3MeHmyerhcs.  [lpu
MOJANBIIOMY  3POCTaHHI  Li€l  TeMmeparypu
BIXWICHHS MiABHINYEThcA (0 Temmeparypu 6350
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°C), a moTiM 3HWKYETbCA. Jmg macuBHOTrO
BOTHE3aXUCHOTO  Marepiany 3  IiABHIICHHIM
kpuruusoi TemneparypH Big 350 °C no 500 °C (ay
geskux  3paskax — g0 550 °C abo Oumbiie)
BigxuacHHs 30iabpmmyerecs. Ilpu  momanpmomy
3POCTAHHI L€l TEMIIEPATYPH BEJIUUNHA BIIXUICHHS
3HWKYEThCS. [l pPeakTHBHOTO BOTHE3aXHCHOTO
Marepiany cepegHe (Omd  TEBHOI  KPUTHYHOI
TEMIICPATYPH CTAT) 3HAYCHHS BIOXUJICHHSI MAae
Big emny Beamuuny (Big -1,1 % mo -12,5 %) y
BCHOMY A1ana3oHi KPUTHYHOI TEMIICPATYPH CTaMI, a
JUI TIACHBHOTO BOTHE3aXHUCHOTO Marepiany -—
Big emuy Bemmuuny (Big -0,5 % mo -5.5 %) mas
JlanazoHy KpuTHaHOI Temneparypu Big 350 °C mo
400 °C 1 gomarny Bemumumny (mo 10,2 %) mas
O1IBIIOT TeMIIEPaTypH.
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fireproof ability, fireproof material, The results of the determination of the convergence of experimental data
effective thickness, critical temperature on the duration of fire exposure under the standard temperature regime
of steel, limit of fire resistance, steel until the critical temperature of steel obtained for standardized samples
construction, standardized sample. (columns) and samples of reduced sizes (plates) with the use of the

reactive fireproof material "Endoterm 400202", flowing under the thermal
influence in fire conditions, and passive fireproof material (plates)
«Endoterm 210104». It has been established that the deviation of the
values of the duration of fire exposure to achievement the critical
temperature of steel, determined for samples of reduced sizes, from the
experimental data obtained on standardized samples, is, on average,—
9,5% and 4,7% for reactive and passive fireproof materials, respectively. In
this case, for a reactive fireproof material the value of this deviation is in
the range from -24,0 % to 17,6 %, and most of it (93 %) has negative values
(the duration of fire exposure until the critical temperature of steel,
determined for most samples reduced sizes does not exceed the
experimental data obtained for standardized samples). For a passive
fireproof material, the values of deviation are in the range from -24,7 % to
23,1 %, and most of them (75 %) have positive values (the duration of fire
exposure until the critical temperature of steel, determined for most
samples of reduced sizes, exceeds the experimental data obtained for
standardized samples). The average deviation is 12,1 % and 10,8 %,
respectively, for reactive and passive fireproof materials. A regularity is
established regarding the dependence of the deviation value of the critical
temperature of steel. For a reactive fireproof material, with a increase of the
critical temperature from 350 °C to 450 °C (and in some samples — up to
500 °C or more) the deviation decreases. With a further increase of this
temperature, the deviation increases (up to temperature of 650 °C), and
then decreases. For a passive fireproof material with an increase of the
critical temperature from 350 °C to 500 °C (and in some samples — up to
550 °C or more) the deviation increases. With a further increase of this
temperature the value of the deviation decreases.

CPABHUTENbHbIN AHATIN3 3KCNEPUMEHTATbHbBIX OAHHbLIX MPOOOMKUTENBHOCTHU
OMHEBOIO BO3OENCTBUA OO OOCTUMXKEHUA KPUTUYECKOW TEMMEPATYPhI CTANN,
MONYYEHHbLIX ONA CTAHOAPTU3OBAHHbLIX TUNOB N OBPA3UOB YMEHbLLUEHHOIO
PA3MEPA C ONrHE3AWMTHbIMUA MATEPUANAMU «3HOOTEPM 400202» U «OHOOTEPM
210104»

C.B. Hosak*', kaHO. mexH. Hayk, cm. Hay4H. comp., B.J1. [Ipuxd?, kaHO. mexH. Hayk,

A.B. [JobpocmaH', kaHO. mexH. HayK

TYKpauHcKuil Hay4Ho-uccnedosamernbCKuil UHCMUMym epax0aHcKoll 3awume!, YkpauHa
2Hay4Ho-npoussodcmeerHoe npednpusmue «Cneymamepuarnbi», YKpauHa

KNKOYEBBIE CNNTOBA AHHOTALMA

OrHesalLUTHasi cnocoBHOCTE, MpuBeaeHs pesynbeTaThl onpegenexHus CXOAUMOCTU
OTHe3alUUTHLIA MaTepuarn, npueegeHHas 3KCMEepPUMEHTamNbHbIX  JaHHbIX NPOAOIMKNTENBHOCTU OTHeBOro
TOMNLMHa, KpUTUYeckast TemnepaTypa BO3AEWCTBMS MpU  CTaHLapTHOM  TeMMnepaTypHOM  pexume 4o
cTanu, npegen orHecToMKOCTH, cTanbHas JOCTMXKEHUS KPUTUYECKOH TemnepaTypbl CcTanu, MOSyYeHHbIX Ans
KOHCTPYKUMS, CTaHAapTU3UPOBaHHBbIii CTaHAapTU3MPOBaHHbLIX 06pa3LoB (KOMOHH) U 00pa3sLoB YMeHbLUEHHBIX
oGpaseLl. pasMepoB (NnacTWH) C MNPUMEHEHWEM PEeaKTUBHOIMO OrHesaluTHOro

MaTepuana «OHgoTepm 400202», 4To BCny4MBaeTcs Nof TennoBbIM
BO3JeACTBMEM MOXapa, W MNacCUMBHOIO OrHe3allMTHOro MaTtepuana
(MnTl) «3HgoTepM 210104». YcTaHOBMEHbl Anana3oHbl OTKNOHEHMWS
3HaYeHWA ANUTENBHOCTU, onpederneHHbIX 4na obpasLoB YMeHbLUEHHbIX
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pasmMepoB, NO OTHOLUEHUKO 3SKCMepPUMeHTanbHbIX AaHHbIX, NOJTyYeHHbIX
Ana ctaHfapTU3npoBaHHbIX 06p83LlOB. [TokasaHo, YTO 3HaAYEHWE 3TOro
OTKNOHEHNA 3aBUCUT OT NPMBELEHHON TOMLWMHBI CTANBHOMO NPOUns u
KpI/ITI/IHECKOVI TeMnepaTypbl cTanu. ﬂpep,CTaBJ'IEH aHanni3 nofyYeHHbIX

3aBUCUMOCTEN.
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