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(JIvsigcorutl OeparcagHull yHisepcumenm Oe3neKu HeUmmeoisibHOCMI)

BU3HAYEHHSI TEMIIEPATYPU HAT'PIBAHHSI IIOBEPXHI 3AJII3OBETOH-
HUX KOHCTPYKUIM TPU NOXKEXI B ITPUMILIEHHI

[IpoanainizoBaHO pe3yabTaTH PO3PAXyHKY TEMIIEpaTypH IMOBEPXHI 3a1i300€TOHHUX KOHCTPYKIIH,
sIKa HarpiBaeThCsl, MPH MOKEKI B IPUMIIICHHI, 3 BUKOPUCTAHHIM METOJIB PO3PaxXyHKY TEII000MiHY. 30-
KpeMa, TIpH pO3B’si3aHHI 3aJ]iadi TEeIUIONPOBIAHOCTI 3 BUKOPUCTAHHSIM TPaHUYHHX YMOB IIEPIIOTO POIY,
JUISL pO3pPaxyHKY TEMIIEpaTypy MOBEPXHI BPaxOByBaJIaCs KiNbKICTh TEIUIA, IO BUALISETHCS MPH TTOXKEXKI,
Ta 3MiHa KoediieHTta TeruioooMiny. Takox Ipy BUpilIeHH] i€l MPoOiIeMu po3MIIIHYTO KPUTEpil Mozio-
HocTi ['pacroda, sikuit nae 3Mory onmcatu nporec nepenadi Teria Ha MOBEPXHIO, 3 KO 3/1HCHIOEThCS
Ter1ooOMiH. J{aHi po3paXxyHKiB MOPIBHSHI 3 EKCIIEPUMEHTAILHUMH JAHUMH Ta BCTAHOBJIEHO IIOXUOKY.

Knwowuosi cnosa: moxexa, Iuomnia moxexi, TeMIepaTypa, TeMIepaTypHi Mojsl, TpaHUYHI YMOBH,
BOTHECTIHKICTb.

Bcemyn. Tlpu noxexi B MPUMIIIEHH] BUAUBIETCS 3HAYHA KUTBKICTh TEIUIA, YACTHHA SKOTO TIe-
PEXOUTH B OTrOPOKYBaJIbH1 KOHCTPYKILIi, SIK1 BJ] LILOTO IPH HarpiBaHH1 BTPa4yaloTh CBOIO HECYUy 3/ia-
THICTh. [lepenaya Temia Bi ocepeaKy MoKexXi 0 NOBEPXHI KOHCTPYKIIHA 3a7I€KUTh B1Jl pI3HUX YHHHU-
KiB, 5Kl HEOOXIJJTHO BPaXOBYBATH. 3HAIOUM TEMIIEPATYPHI MOJISI B KOHCTPYKUISX MPH MEPeOIry Moxkexi,
MO’KHA BU3HAUYUTH iX MEXKY BOIHECTIMKOCTIL. /{1 po3B’si3aHHs 337a4i TEIJIONPOBIIHOCTI HEOOXIHO BU-
3HAUUTH TEMIIEpaTypy MOBEPXH1 OrOPOLKYBAJIbHUX KOHCTPYKIIHA, aje BU3HAUCHHS BEJIMUMHU III€T Te-
MIIepaTypH 3/1€01IbII0T0 BUKOHYIOTh 3 BUKOPUCTaHHAM rpaHnyHuX yMoB Il poxy. B neskux Bunaakax
PO3B’S3aTU TaKe PIBHSAHHA € JJOCUTh BaXKKO a00 HEMOKJIMBO. ToMy HEOOXITHO BU3HAUUTH IapamMeTpu
TEII00OMIHY MK CEpEZIOBUIIEM Ta TIOBEPXHEIO 3aJ11300€TOHHOT KOHCTPYKIIII.

[Ipy po3B’si3aHHI TEIUIOTEXHIYHOI YAaCTUHHM PO3PAXYHKY HA BOTHECTIMKICThH 3aJ11300€TOHHOTO
MEPEKPUTTSI PO3IJISIAI0Th Horo sk HamiBoOMexkeHe Tiio. [Ipu npomy po3B’s3yroTh IudepeHiiaibHe
PIBHSHHS TEIUIONPOBIIHOCTI JUIs OAHOBUMIPHOT 3a/1a4l, 3aJ[at0ul TpaHU4H1 YMOBH TpeThoro poay. Ko-
ediIieHT TeTUI00OMIHY MDK CEPEIOBHINEM Ta KOHCTPYKITIEIO 3a/IA€ThCS CTAJIMM 1 IS 3113006 TOHHUX
KOHCTPYKL{if {foro 3Ha4enHs npuitmarots 29 Br/m*-°C [1]. Hanpukiaz, B poGoti [2] HaBeneHo croci6
pO3paxyHKy KoedilieHTa TeII000MIHY 3aI€KHO Bl KoeillieHTa TeTUIOTPOBITHOCTI TUMOBHX Ta3iB i
4ac MoXKeX1, BUAKOCTI pyXy IIUX ra3iB, KIHEMaTHYHOI B’A3KOCTI1 Ta IHIIUX YUHHUKIB.

Ilocmanoeka 3ae0annsa. Metoto 11i€l poOOTH € po3poOJIECHHS METOIUKH BU3HAYCHHS TEM-
nepatypu HarpiBaHHs OOIpIBHOI MOBEpPXHI HECyuux OyAiBENIbHUX 3a711300€TOHHUX KOHCTPYKIIIH
MIPH TIOKEXK1 B 3aKPUTOMY MTPOCTOPL.

Jlyig BU3HAYEHHS TEMIIEpAaTypy HarpiBaHHs NOBEPXHI1 3a711300€TOHHUX KOHCTPYKI[IM po3riis-
HEMO TaKi TPH METO/IH:

1. BusnauanHs TeMnepaTypu HarpiBaHHs NOBEPXHI 3aJ11300€TOHHUX KOHCTPYKIIIHA 3aJIe’KHO
Bil KUIBKOCTI TeIla, IO BHAUISETHCS TMPHU TOXKEXKI, 3 ypaxyBaHHSIM 3MIHH KoedimieHTa
TEII000MIHY Ha 111l TOBEPXHI B/l TEMIIEPATYPH CEPEIOBHUIIIA.

2. BusHayaHHs TeMIlepaTypy HarpiBaHHs IOBEPXHI 3a11300€TOHHUX KOHCTPYKIIIM 3 ypaxy-
BaHHSAM KpuTepito noaidHocti ['pacroda 3anexxHo Bl TeMIEpaTypu CEPEJOBUILA MTPH MOXKEKI.

3. BusnauaHHg TemmepaTypud HarpiBaHHS HOBEpPXHI 3aJ11300€TOHHUX KOHCTPYKLIN mpu
PO3B’s13aHHI PIBHSIHHS TEIUIONPOBIIHOCTI 3 TPAHUYHUMH YMOBAMH TPETHOTO POIY.

PosrisiHemMo Meroau BHM3HAUEHHS TEMIIEpaTypu HarpiBaHHS IOBEPXHI 3alli300€TOHHUX
KOHCTPYKI[IA 3 BUKOPUCTAHHIM HABEJACHUX METOIB 1 HA MIACTaBI X aHATI3y MPUUMEMO TOH, SIKUN
Jla€ HaiMEHITY TOXUOKY BIIMOBIAHO IO PE3YJIbTAaTIB €KCIIEPUMEHTAIBHUX JOCIIIKEHb.

1. Bu3nauenns memnepamypu HazpieaHHsa NOGEPXHI 3a1i300eMOHHUX KOHCMPYKUIU 3a-
JIEHCHO 8I0 KIIbKOCHI Mena, wio 6UOLIACMbCA NPU HOHCEHCI

KinpkicTh Temia, 1m0 BUAUISETbCS IPU MOXKEXK] 38 OJUHUIIIO Yacy, BU3HAYa€MO 3a TAaKOIO 3a-
JIeKHICTIO [3]

QL‘[EI]—I = nlﬁrﬂ QESHDH‘I (1)
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ne: O,F — nutoma Terutora sropanns, JLx/kr [3], npuiimaemo 13500 kJ[/Kr, OCKUTBKH BOHA 3MIHIO-
eThest B Mexax Big 13000 1o 14000 kJ[K/KT; W, — MATOMA MBHAKICTS BUTOPAHHS, KI/(M>C); Spoye —
TLIONIA TIOXKEXK], M #§ — KOe(illieHT TOBHOTH 3ropanms [3].

KinpkicTh Temia, mio NOTJIMHAETHCS TOBEPXHEI0 OTOPOIXKYBAIbHOT KOHCTPYKILIH

Q‘h‘..‘ = QHD]—:‘C : qj-' (2)
ne: ¢ — KoeIIEHT TETJIONOTIMHAHHS. 3TiHO 3 peKoMeHarieto [3], ioro 3Ha4eHHs mpuiiMaroTh 0,5.
G, =" F- (tc - t‘wj’ (3)

ne: F — mimomia moBepxHi, 3 KOO 3/IIHCHIOETHCS TEIJI000MIH, M t. — TemIieparypa cepeoBHIIA,
°C; t,, — TemmepaTypa MOBEepXHi KOHCTPYKLIi (rpaHu4Ha Temiieparypa), °C.

Temneparypa cepenoBuiia Moxke OyTH 3aJaHa, HANpPUKIIAJ, CTAHIAPTHUM TEMIIEpaTypHUM
pexxumoM. Ilpu 11boMy T B cTaHJapTHOMY TEMIEPAaTypHOMY PEXUMI IMOJaHO B XBUIMHaX. J{is me-
pexoay 3 XBWIMH B CEKyHIU HE0OX1AHO noautuTy T Ha 60. To/l B KIHIEBOMY BUIJISI/II OTPUMAEMO

t, :345~lg(%~r+lj+t0 =345-1g(0,133- 7 + 1) +1,, (4)

1€ T — TPUBAJICTH MOXKEXK], C; fy) — MOYATKOBA TeMriepaTypa cepeaopuiia, °C.
.. . . . 2
KoediienT TemnooOMiHy o Ha MOBEpXHI, 1110 HarpiBaeThes, Br/(M™-°C), [2] Bu3HaAUaeTHCS 3
TaKoi 3aJIeKHOCTI

a-
N’Lt.: = T, (5)
ne: A — KoeQilieHT TermIonpoBiAHOCTI AUMOBHX ra3iB, B1/(m-°C); / — niHiiHUN po3MIp MOBEPXHI,
110 HArpiBa€THCSA, M.
Uwucno Hycenbra BU3Ha4a€eTHCA 3 TAKO1 3a7I€KHOCTI
_ ==
Nu,= 0,66- /Re,- JPr (6)
— 17151 JTaMIHAPHOTO PEeXHUMY PyXy IMMOBHUX ra3iB 1
Pry,

0,25
Nu,= 0,037 - Re,*® - Pr®* - (2) (7)

Pry,

— 17151 TYpOYJIEHTHOTO PEXUMY.
Yucno [pannatis ans TMMOBUX ras3iB HEICTOTHO 3aJI€KUTh Bl TEMIIEpATypH, TOMY MpHiima-

Pr, o .

IOTh P—"— = 1. Uucno PeliHonbaca 00UUCIIOETHCS 32 TAKOKO 3aJIEKHICTIO

m

Re: = E’ (8)
'|_.|

Je: W — MBUIKICTh TUMOBHUX MOTOKIB, npuiiMaemo 0,4, 3rigHo 3 manumu pobdotu [8], M/c; v — kKoe-
(bilieHT KIHEMaTUYHOT B’ SI3KOCTI, M/c.

[Ticns mpoBeeHHS PO3paxyHKIB 3a 3aJIEKHOCTIMU (5-8) oTpuMaeMo 3HaYeHHsI Koe(ilieHTa Ter-

J000MIHY JUIs IOCIKYBAHO1 3a11300€TOHHOT KOHCTPYKIIi, TMHAMIKa SKOTO HaBeJleHa Ha puc. 1.
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Puc. 1. 3anesxcnicms 3nauenus Koeghiyienma menioooMiHy 6i0 memnepamypu OUMOBUX 2a3ieé
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3 YpaxyBaHHSAM BU3HAYCHHUX JAHUX, OTPUMAEMO

MYQ:Saen® = - F - (£, —1,), )
3BIIKH
Y@L T ®
by Lo —— (10)
Sxmo TpuBamicTs noxexi <10 xB, ii IOy BU3HAYAIOTh 3a TAKOIO 3aJIEKHICTIO [3]
Spow = 0,125y - V2 - 77 (11)

1e: y — KyT Moxexi, pan, y=6,28 (kpyrosa noxexa 360°); y=3,14 (kyroBa noxexa 180°); y=1,57
(xyroBa noxesxa 90°); R — paaiyc noxexi, M; V, — niHiiiHa MBUAKICTb PO3MOBCIOJKEHHS TOJIyM 4,
M/C; T — TPUBAJIICTh MOXKEXI, C.
Sxmo TpuBanicTs noxexi ™10 X8, 1i 101y BU3HAYAIOTh 32 3aJIEKHICTIO
Shom = 0,5-}*-1{5'[’:—5]2_ (12)

PosrnsiHeMo MeToIMKy BU3HAYSHHSI TEMIIEpaTypy IOBEPXHi #,, HA TIPUKITAT.

Hpuxaan 1. Posrisinemo npumiiieHHs po3MipoM 6x4 M Ta BucoToro 2,5 M [6]. OTxe mioma
TIOBEPXHi, 3 KOO 3iHCHIOETHCA TETIOOOMIH JOPIBHIOE TUIONT CTeNi Sy = 24 M7,

Hexaii mo>xe)xHe HaBaHTaxeHHs 50 Kr/M> CTAaHOBIBITH MeOu1i Ta oGyToBi Bupo6u [6], Temiora
sropanHs skux 13800 x/[x/kr [3]. JliniitHa mBuakicts nomuperHs moxym’s 0,0108 m/c [3]. [epe-
KpUTTS 3ai1i300eToHHe. /{151 Toro, 1106 NOpIBHATH AaH1 pO3paxyHKY 3 €KCIIEPUMEHTaIbHUMU, BUKO-
PUCTAaEMO 3AJIEKHICTh Ul BU3HAUEHHS 3MIHM TEMIIEpaTypH CEpe/lOBUINA f. MPU MOXKEXI MiA Yac
eKCIepUMEHTY [6], sika Oysia oTpuMaHa Ha IijcTaBl 0OpoOJIEHHS pe3yNbTaTiB eKCIIEPUMEHTY METO-
JaMH MaTEeMaTUIHOT CTATHCTUKHU.

0,27
t,=4631-(Z) . (13)
Ha 35 ¢ excnepumenTy Temmneparypa cepenoBuiia cranosmia 400 °C.
5
t = 463,1- {%}D’J = 400 °C.

Koedimient Termmoodminy mpn temmeparypi 400°C cranosuts 138 Br/(m*-°C) (puc. 1).

Busznagaemo temmieparypy moBepxHi 3ai1i300€TOHHOTO TIepeKpuTTs. [1noma moxexi Syp=1 M
3T1IHO 3 JAHUMHU EKCTICPUMEHTY [6].

mbQES___o 097:0,0145+13,8:10°:1:0,5

Tk TR e 138 24

AHaOr14H1 po3paxyHKH 3A1MCHIOEMO JUIsl PI3HOT TPUBAJIOCTI MOXkex1, a came 227 1 1038 ¢ ta
3aHOCHMO PE3YJIbTaTH PO3paxyHKIB B Ta0. 1.

JJis IOpIBHSIHHS Pe3YNbTaTIB PO3paXyHKIB 32 HABEJAECHOI METOJUKOI BUKOPUCTOBYEMO JaHi
€KCIEPUMEHTY IHILIUX JOCIIJHUKIB, & caMe pe3ysbTatu pobotu [7].

Hpuxnan 2. J{ng NOpiBHAHHS PO3TJISHEMO HPUMILIEHHS po3MipoM 2,74%3,34 M Ta BUCOTOIO
2,79 M [7]. OTxe mionia moBEpxHi, 3 KOO 3/IIHCHIOETHCS TEIUIOOOMIH, CTAHOBUTH 9,15 M.

ToXeKHe HABAHTAKCHHS y TIPUMIIICHH] 3/ICHIOBATH 3 po3paxyHKy 50 Kr/M> IUIOIi miuTor
3a JIOOMOT010 JIepeB’sHUX OpycKiB J0BxkuHOI0 600 MM, nepepizom 50 x 50 MM, TemyoTa 3ropaHHs
skux 13800 x/[x/kr [3]. Jliniitna mBuakicte nommpenns noaym’st 0,0108 m/c [3]. Tlepexpurts 3a-
nizo0eronne. Temneparypa B IpUMIIIEHH] 3pOCTajia 3a TAKOK0 3aJIEKHICTIO

t, =288+ 16. (14)

Ha 800 ¢ ekciepumenty Temmneparypa csarayia 400 °C.

t, = 28822+ 16 = 400°C.

Koedimient Termmoodminy mpn temmeparypi 400 °C gopisrioe 138 Br/(mM>°C) (puc. 1).
Buznauaemo temmepaTypy moBepXHi 3aii300€TOHHOTO mepekputTs. [Ipuitmaemo S,,=1 M*,
3TiJHO 3 JaHUMU €KCIEPUMEHTY [ 7], 3BiIKH
R MY QESuen® _ . 097-00145-138-10°-1-05 __ .
o F 138 -9,15
AHaoriuHi po3paxyHKH 311HCHIOEMO HA MOMEHTH Yacy =368 ¢ ta =1200 c.

= 370,1°C
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Taonuys 1
Pezynomamu pospaxynxis t,, 3a (10) ma 6i0onosioni excnepumenmanvui 0aui

Yac, Temneparypa Temneparypa noBepxHi, 110 HaniBaCTI)CSI,' °C Bixutenns,
o CepeOBHUILA, PezynLTam po3pa- EKcnepHMegTaan Ja- %
°C XYHKIB HI
[TopiBHsiHHS 3 MaHuMU [6]

35 400 370 310 16,2
227 700 666 610 8,4
1038 1000 966 960 0,6

Cepenne 3HaYCHHS MTOXHOKHN 8,4
[TopiBHsiHHS 3 qaHuMU [7]
368 200 134 150 11,9
800 400 323 350 8,4
1200 600 590 560 5,1
Cepenne 3Ha4eHHS TOXHUOKH 8.5

[Toxubka 16 % mpu Temnepatypi cepenosuiia 400 °C Ha 35 ¢ ekcnepumeHTy [6] Moxke OyTh
00yMOBJIEHA TEPMIUYHOKO 1HEPIIIE0 CcraiB TepMorepeTBOpioBayiB. [|yisi BUSHAYCHHS ITIE] TOXUOKH
BUKOPHUCTOBYETbCA OalaHCOBE PIBHSAHHS, SIKE ONMCYE 3aJE€KHICTh TEMIEpAaTypu CEpeloBHIA Bij
TEeMIIepaTypH CIaro, HOro TeIIo(PI3UNUHUX XapaKTEePUCTUK Ta dacy [6].

dt
<=1, (r) - 1] (15)
dr
a-S . ) ..
ne: t — Temneparypa cmaro, °C, m :W; o — Koe(ilieHT TerUIoBiAAadl Bix rasy 10 craro,
. . p

2 . 2 . .

Br/(M*°C); S — muIomma moBepxHi crao, M ¥ — 06’eM craro, M*; C — TeIIIOEMHICTD Matepially craio,

Jlx/(xr-°C); p — TyCTHHA MaTepiany craio, Kr/M’. 3TiHO 3 TaHIMHU eKcriepuMenty, m~107 [6].
P03B’430K pIBHSAHHS 3alHCYETHCS B TAKOMY BUTJISAL

t=e™" [C+mjtc(r)eMTdr]’ (16)

ne: t.(t) — 3MiHa TeMmIepaTypH Iia 4yac eKCnepuMeHTy [6], mo omnucyerbes 3anexHicTio (13), C —
KOHCTaHTa, SIKa BU3HAYAETHCS 3 TOYaTKOBUX YMOB (7 = 0, 7. = #y).

[Ticnst mimcTanoBku 3anexxkHocTi (13) B 3anexHicTh (15) Ta po3paxyHKy npu =35 C OTPUMYEMO
3Ha4YeHHs TemMIieparyp crato ¢ = 378 °C nopiBHsHO 3 Temmneparypoto cepenonuiia 400 °C. Omxke, moxu-
OKa, 3yMOBJICHA TEPMIYHOIO THEPITIEIO CIaiB HA MOMEHT 4acy 35 ¢ ctaHoBHTH 5,5%. Tomy Ha MOMEHT Ya-
cy 35 ¢ moxubka 3menIyetbes 10 10,7%, a cepeHs moxuoka B IbOMY BHITAAKY CTAaHOBUTHME 6,6%.
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TemnepaTtypa cepegosvwa, “C
TemnepaTtypa cepeaosHwa, °C
a) 0)
Puc. 2. 3anesxcnicmv memnepamypu HazpieanHsa NOBEPXHi 3a1i300eMOHHO20 NePeKpummsi
npu menioooMmiuni: 1 — pezyrbmamu excnepumenmy, 2 — pe3yivmamu po3pPaxyHKie 3a 3a1eHCHICIIo
(10); a — pezynomamu excnepumenmy 3a oanumu [6]; 6 — 3a oanumu [7]

Temneparypa nosepxHi, °C
8
(=]

TewneparypanosepxHi, °C
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2. Buznauanus memnepamypu Ha2pianHa NOGEPXHI 3a1i300emOHHOT KOHCMPYKYill 3 ypa-
XyeanHuam Kpumepiro noodionocmi I paczogha

Yucno I'pacroda — xpurepiit moai0HOCTI, IO BU3HAYAE MTPOIIEC TEMIIOMACOOOMIHY NP BJIb-
HOMY pyci B I0JI1 I'paBitalii 1 IKUM € MIpOIO BIIHOIIEHHS apXIMEJ0BOi CHJIM, 0OYMOBJIEHOI HEPiB-
HOMIPHUM pPO3IOJUIOM I'yCTUHU B HEOJHOPIIHOMY TEMIIEPATYpHOMY IIOJII, 1 CHJIAMH MDKMOJIEKY-
JISIPHOTO TEPTS
Gr = g_,[?l:t'__—r“_]xs'

=t !

(17)

Jie: ¢ — IPUILIBUJIIIEHHS BUIBHOTO MaliHHSA, M/c?; f — TeMinepaTypHuil koediieHT 006’€MHOTO po-
SIIMPEHHS TEIUOHOCIH, urs ras3iB °C ' f. — TeMmeparypa cepenosuiia, °C; £, — TeMIepaTypa mo-
BEpPXH1 KOHCTPYKLIi, HA SIKI IPOXOIUTH TeIIo00MiH, °C; x — HaWOUIbIIUHN JIHIHHUN pO3MIp TO-
BEpXHI, 10 HAIPIBAETHCSI, M.

AY
RN \\\\\»\'; \\_\\:\\ N e \\\\\\\ NN \\f\\\ o RN RN
AN S ) SN, O SRR NN A N NN
SN T NN, \\\ NN \-\\\\ N \ NN N N \\\ N
RN N N N, W, SN N NN R N, X
§
tw ¢
W
L/2 .72
& e
tc tox

Puc. 3. [losepxns, wo nazpisacmucsi, 3 MHIUHUM PO3MIpOM L

Ockuibkd 00’€M MNpPUMIIIEHHS HE 3MIHIOETbCS F=const, TemmepaTypHUH KOEQIIEHT
00’€eMHOI0 PO3IIKMPEHHS TEMJIOHOCIS (MOBITPs) IpUiMaeMO
1
p==. (18)

KoediienT KiHEMaTUYHOI B’S3KOCT1 AUMOBHUX T'a3iB MpU HarpiBaHHI OMHUCYETHCS JIIHIHHOIO
3QJICKHICTIO, SIKa OTPUMaHa B pe3yjbTaTl 0OpOOKH METOJIaMU MaTEeMaTUYHOI CTATUCTUKHU TaOInd-
HUX JaHuX [4], AK1 HaBeJeH1 B Ta0I. 2.

v =0,1225¢_+ 11,367, (19)
Ta6nuus 2
3anescnicmo Koeghiyienma Kinemamuunoi 8 s1I3xocmi OumMosux 2azis 6i0 memnepamypu [4]
Temneparypa, °C 20 100 200 300 400
Kinematnyna B’s3kicts, M/c-10° | 15,11 23,06 |34,63 |47,85 [62,53

[Ticnst cratuctuyHOi OOPOOKU Pe3yabTaTiB €KCIIEPUMEHTY [6] 3 BUKOPUCTAHHSAM 3aJI€KHOCTI
(13) Ta rpadiyHuX 3aJIeKHOCTEN TeMIepaTyp CepeloBHUIlla Ta MOBEPXHI KOHCTPYKLIT BiJ 4yacy Mmpo-
BEJICHHSI €KCIIEPUMEHTY [ 6], 1aHi IKOTO HaBeIeH1 B Ta0J. 3, OTPUMAHO 3aJIeKHICTh

Gr = 19,4- 1010 - 70005,

(20)

Tab6nuus 3
3anexcnicmo memnepamypu cepeoosuwa ma NOGEPXHi KOHCMPYKYIL, Wo Hazpieacmscs, 10 uacy
nposedeHus excnepumermy [6]

Yac, c Temmneparypa cepenosuiia, °C Temmepatypa nmoBepxui KOHCTpyKirii, °C
35 400 310
230 700 610
700 900 780
1040 1000 960

3 ypaxyBaHHSIM BHM3HAQUECHUX JAHMX 3alMIIEMO 3aJI€KHICTh Uil PO3pPaxyHKy TemIepaTypu
MOBEPXHI 3a11300€TOHHOT KOHCTPYKIIIT BiJ 11 JIIHIHHUX PO3MIPIB Ta TEMIIEpATypy CEpeI0BUIIA
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2 I - -— 1
to134-10°0 27002 te.((0,1225 to+ 11,367)-10 E'}

t, =t,— g : (21)
VY Tabn. 4 Ta puc. 4 HaBeJIeHO BiIOMI JlaH1 €KCIIEPUMEHTAIIbHUX BUMIPIOBaHb [0, 7] Ta pe3yiib-
TaTH PO3PaXyHKY BEIWYNHH t,,,.

Taonuys 4
Pezynomamu pozpaxynxis t,, 3a (21) ma 8i0nosioni excnepumenmanvui 0aui
Temmeparypa ce- Temneparypa nmoBepxHi, mo HarpiBaerbcs, °C BixueHH,
Yac,c ° PesynbTatu pospa- . . )
penosuia, °C . ExcriepuMmenTanbHi 1aHi %
XYHKIB
[TopiBHsIHHS 3 TaHUMU [6]

35 400 270,6 310 12,9
227 700 597,2 610 2,1
1038 1000 972,8 960 1,3

Cepenne 3HaYEHHS TOXHUOKHU 5,4
[TopiBusiHHS 3 nanumu [7]

368 200 178,5 150 19
800 400 369,2 350 5,4
1200 600 556,6 560 8,3

CepeHe 3HaYCHHS TTOXUOKH 10,9

1200 600

1000 & 500

: 5 1,
% 800 a
: 7 g w00 /
% 600 1\ / E 300 // 2
g 400 //’A__, 2 % 200
E) 200 ﬁ” E) 100

0 ‘{ o I/T
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TemnepaTypa cepeosuila, °C

0 100 200 300 400 500 600
TemnepaTypa cepenosmwa, °C

a) 6)
Puc. 4. 3anexcuicmo memnepamypu no8epxti 3aniz00emoHH020 NepeKpumms, Wo Hazpieacmvcs,
npu menioooMmini: 1 — pe3yiomamu ekcnepumenmy, 2 — pe3yibmamu po3paxyHKi6 3a 3a1eHCHICI0
(21),; a — pezynomamu excnepumenmy 3a oanumu (6], 6 — 3a danumu 7]

Ha ocHoBi ganux T1a0i. 4 BU3BHAYEHO BIIXWUJIEHHS OTPUMAHUX PE3YyJbTaTIB PO3PaxyHKY Bij
€KCIIEPUMEHTAJIbHUX JIAaHUX. 30KpeMa, BCTAHOBJICHO, [0 TEOPETUYHI 3HAYEHHS BEITUYUHHU 1, BIAPi-
3HSIOTHCS Bil €KCIIEPUMEHTAIBHUX naHux [6, 7] Ha 5,4% 1 10,9% BiamoBigHO.

3. Busnauennn memnepamypu HaAcpi6aHHA NOGEPXHI 3ANi300eMOHHOI KOHCMPYKUiil 3a
MAMEMAMUYHOI0 MOOENI0
Mopaens Mae TaKUil BUTIISLT:

a at
5.Pc(t) = A1) 75 (22)
3 IOYaTKOBUMHU YMOBaMU
0t(y,0) = ty; (23)
Ta rPaHUYHUMHA YMOBaMU
gt 0,1)
—.al[n:jraT = alt, — t,]; (24)

JocmiguMo TeMriepaTypy TOBEpPXH1 3ali300€TOHHOI IIUTH TMEPEeKPUTTS TpHU 3MIHI
TeMITepaTypu cepeaoBHia y yaci — t. = (). Po3B’s130k Takoi 3a1aui (22) 3uaiinenuii B po6oTi [5].
Temneparypa BU3Hauanach Ha HOBEPXH1 KOHCTPYKIii, ToOTO mpu y=0
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tely =0,2) = [ B {345 - 19[0,133 - ( —v) + 1] + £} dv, (25)

| 2 2 2 .
Ae B= ﬁﬂl%gx? (_ 4c-:ﬂdu) T Ored (rl:‘.) e (ﬁ_‘}’ + Oreg (ﬁ) 1.') erfe (:‘_:ﬁ + ﬁ*{lmja
Je: v — 3MIHHA, sIKa MPHU IHTEerpyBaHH1 Ha0yBa€e 3Ha4eHHS Bin T 10 0; a,.; - KoeillieHT TeMIepary-
pompoBiHOCTI [ 1], BU3HAYAETHCS 32 TAKOIO 3aJICKHICTIO
i)

Qrea — (elt)+0.012-Wy 1 o4 (26)
ne: A(t)=1,2-0,00035-¢ — xoediuieHT TeronposigHocTi 6erony [1], Br/(M:°C); pgr — LIbHICTH O€-
TOHY B CyXOMy cTaHli, Kr/M’; W), — BoJorictb 6etony (2-4%), mpu po3paxyHKax HOpUMMAaIOTh
Wy=3,5% [1]; ¢(t)=0,71+0,00083-¢ — muToMa TemioeMHICTh MaTepiary, K x/(kr-°C) [1];

— _P
= 2
Par 14- DEE,' ( 7)
1€ P, — UILIBHICTE GeTOHY (TabI. 5), KI/M’.
Tab6nuus 5
Uinvnicmo 6emony [1]
Bun Getony [lineHIiCTH OETOHY P4y, KT/M
Baxkuii Ha rpaHITHOMY 3alI0BHIOBaul 2350
Baxkuii Ha BalTHIKOBOMY 3allOBHIOBayl 2350
KoHcTpykuiiiHuii kepam3uTo0eTOH 1400-1600

VY Ttabn. 6 Ta puc. 5 HaBeIEHO BiIOMI JIaH1 €KCIIEPUMEHTAIIbHUX BUMIPIOBaHb [0, 7] Ta pe3yiib-
TaTH PO3PaXyHKY BEJIMYNHH t,,,.
Taonuys 6
Pezynomamu poszpaxynxis t,, 3a (25) ma 6i0nosioni excnepumenmanvui Oaui

Uac, | Yac, | Temmeparypa ce- Temneparypa noBepxHi, 1110 HarpiBaeTbes, °C Bixutens,
o Pesynpraru pos- . . o
c XB penosuma, °C . ExcnepumenTanbHi qaHi %o
paxyHKIB
[TopiBHsiHHS 3 MaHuMU [6]

35 10,58 400 309,1 310 0,3
227 | 3,78 700 640,2 610 4,9
1038 | 17,3 1000 956,4 960 0,4
Cepenne 3HaYCHHS TOXHOKH 1,9

[TopiBHsiHHS 3 naHuMU [7]

368 | 6,13 200 177,9 150 18,6
800 | 13,3 400 370,0 350 5,7
1200 | 20,0 600 556,6 560 0,6
Cepenne 3HaYEHHS TOXHUOKH 8,3

1200 600
< 1000 2 ¥ s00 %
Eﬁ' 800 N\ - :E,-ztoo v
£ 600 / 1 g 300 \ ,/
E 400 // gzou ) -
> 200 5 100
2 ./r ’

0 200 400 600 800 1000 0 100 200 300 400 500 60O
Temnepatypa cepeposunwa, °C Temneparypa cepegoenwa, °C

a) 0)
Puc. 5. 3anexcuicmo memnepamypu HacpieanHs NOGEPXHI 3a1i300€MOHHO20 NEPEeKPUMMSL
npu mennoooMmini: 1 — pe3yiomamu ekcnepumenmy, 2 — pe3yibmamu po3paAxyHKi6 3a 3a1eHCHICII0
(25),; a — pezynomamu excnepumenmy 3a oanumu (6], 6 — 3a danumu 7]
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31 30UIBIIEHHSM TEMIEPAaTypu BIAXWICHHS 3MEHUIYeThCs. Pe3ynabTatu po3paxyHKy BiIXu-
JIEHb, 3AJIEKHO BiJl METOy BU3HAUEHHS TeMIIepaTypy HarpiBaHHsS MOBEPXHI 3a1300€TOHHOT KOHC-
TPYKIIi1, TOKa3YyIOTh, 110 CEPEIHE BIIXUICHHS JUIsl BU3HAUEHHS TEMIIEpaTypH MOBEPXHI 3 BUKOPHUC-
TaHHSM PIBHSHHS TEIUIONPOBIAHOCTI Ta rpaHuyHux ymoB III pony 3HaxXoAuTbCS B MeKax
1,9...8,3%. ToMy npezacTaBieHuil METOl BUSHAUEHHS TPAHUYHO1 TEMIIEPATYpPH ,, 3 BAKOPUCTAHHSAM
PIBHSIHHS TEIUIONPOBIAHOCTI Ta rpaHnYHUX yMOB III poay MokHA pekoMeHAyBaTH Ui pO3paxyHKY
TEeMIIepaTypy BOTHECTIMKOCTI 3113006 TOHHUX KOHCTPYKIIIH.

Anzopumm npedcmaenenozo menoody maxkuii:

1. HeoOxinHo 3amucaTH 3ajIeXkKHICTh, 32 SIKOIO 3MIHIOEThCS TeMIlepaTypa CepeoBHINA i
yac MoXKexi 3 yacoM. Hampukian, MO)KHa BUKOPUCTATH CTaHAAPTHUN TEMIIEPATypHUU PEXKHUM, IO
OMHCYETHCS 3AJIEKHICTIO

t, =3451g(0,133- (r —v) + 1) +¢,. (28)

2. 3anucyemMo 3aJIeKHICTh 3MIHU 3HaU€HHS Koe(ilieHTa TeIJIONPOBIAHOCTI (HAPUKIAd, JUIs
3ani300eTOHHUX KOHCTpyKLid A(£)=1,2-0,00035-%;) Ta TUTOMOI TEMJIOEMHOCTI (HallpUKIal, JUIs 3a-
ni300eTOHHUX KOHCTPYKIii ¢(1)=0,71+0,00083-¢;) Big TeMnepaTypH.

3. 3anucyeMo 3alIeXkKHICTh 3MIHU 3HAYEHHS KOEQIIEHTA TEMIIEPATYPOIPOBIAHOCTI dreq (26).
[Ipu Bu3HAuYEeHHI a,.q HEOOX1AHO nepeBecTH A(?) 3 Bt/(Mm:°C) B k[ x/(roa-m-°C) (Hanpuknaj, s 3a-
N1300eTOHHUX KOHCTPYKIiK A(7)=4,32-0,00126-¢., xJ[>x/(roa-m-°C)), 3anucyemo 3Ha4eHHS KoediIli-
€HTa TETUIOOOMIHY 0. Ha TTIOBEPXHI, 110 HarpiBaeTbes (puc. 1).

4. BuzHauaemMo TemIiepaTypy MOBEpXHI 3a11300€TOHHOT IUIUTH 3a 3aleXHICTIO (25). HeobxinHO
3amnmcaTy 3aJeXHICTh (25) B cepenonuie MathCad i 3amicTh f(r — v) BUKOPHCTOBYBAaTH 3aJI€XKHICTD, 32
SIKOIO 3MIHIOEThCS TEMIIEpATypa CepeIOBUILA MiJ] Yac MOKex1 3 yacoM. Hanpukiiaz B HalioMy BUNAAKY
OyJ1a BpaxOBaHUi CTaHIAPTHUN TEMIIEPATYPHHUI PEKUM 3a 3AIEKHICTIO (28), TOOTO

tyly = 0.7) = J- B-{345-1g[0,133 -z — v) + 1] + £;} dv.
o

Bucnoeku:

1. Po3paxyHok koedirieHTa TEIIO00OMIHY MDK CEPEIOBHINEM Ta TTOBEPXHEIO TOCIHKYBAHOT
3a11300€TOHHOT KOHCTPYKITIi MMOKa3aB, 110 HOTo 3HAYEHHS 17| Yac MOXKeX1 3MIHIOEThCS B Mexa 115
— 179 Br/(m*-°C).

2. Ilpu BU3HAUEHHI TeMIepaTypu HarpiBaHHS MOBEPXHI 3aJ1300€TOHHUX KOHCTPYKLIN 3
BpaxyBaHHSAM KUIbKOCTI TeIlJIa, IO BHUIUISIETbCA IPHU IMOXKEXK1, CEpeIHE BIIXUIEHHS CTaHOBUTH
8,5%. [lpu BU3HAUEHH] TeMIepaTypu MOBEPXHI 3a711300€TOHHIX KOHCTPYKIIIHA 3 ypaXyBaHHSAM Kpu-
Tepito nmoaioHoCcTi ['pacroda cepenHe BigxuneHHs CTaHOBUTH §,15 %.

3. AHaii3 METOIB PO3paxyHKY I'PaHUYHOI TeMIIepaTypy Ha MOBEPXH1 KOHCTPYKLIN P HO-
XKEX1 B MPUMIIICHH] 110Ka3aB, 110 HallMeHIle BIIXWJIEHHS 3HaueHb Temreparypu B Mexax 5,1 %
B1I0YBa€ThCS MPU PO3B’A3aHH] PIBHSAHHS TEIJIONPOBIAHOCTI 3 TPAHUYHUMHU YMOBaMU TPETHOTO PO-
ny. Tomy muig po3paxyHKy TeMmIiepaTypy HarpiBaHHs IOBEPXHI 3aJ11300€TOHHUX KOHCTPYKIIH mpu
MOKEXK1 PEKOMEHYEThCSI OOMpPaTH Lied METO/.
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3.H. I'ynuoa, A.A. Penkac

ONIPEAEJIEHUE TEMIIEPATYPbI HATPEBAHUSI IOBEPXHOCTH
KEJIE3OBETOHHBIX KOHCTPYKI MU ITPHU ITOKAPE B IIOMEILLIEHUN

[Ipoananu3upoBaHbl pe3yabTaThl pacyeTa TeMIepaTypbl MOBEPXHOCTHU KEJIe300€TOHHBIX
KOHCTPYKLUH, KOTOpasi HarpeBaeTcs, Mpy MoKape B MOMEIIEHNH, C UCII0JIb30BaHUEM METO/IOB pac-
yera TeriooOMeHa. B wacTHOCTH, IpU pellieHuH 3a7add TEIUIONPOBOJHOCTH C HCIOJIb30BAaHUEM
MIpe/iebHBIX YCIOBUM MEPBOTO pojia JIJsl pacuera TeMIIepaTypbl IOBEPXHOCTU YUYUTHIBAIOCH KOJIHU-
YECTBO TeIUIa, BBIACIsEMOE MPHU ToKape, U u3MeHeHue koddduimenta termmooomena. Takxke npu
pelIeHUH 3TOM MpoOIeMbl paccMOTPEH KpurTepuid mnoaobus ['pacroda, mo3BOJISIOUIMN ONMUCATh
IIpOLIECC Mepelayy Terla Ha IOBEPXHOCTh, C KOTOPOIl OCYIIECTBIsETCS TeII000MeH. [laHHbIe pac-
YETOB CPaBHEHBI C IKCIIEPUMEHTAIbHBIMU JAHHBIMHU U YCTaHOBJIEHA ITOTPEIIHOCTb.

Knrouesvie cnosa: noxap, miomaab noxapa, Temneparypa, TemrnepaTypHble MOJisl, mpesae-
JIbHBIE YCIIOBUS, OTHECTOMKOCTD.

E.M. Gulida, A.A. Rencas

DETERMINATION OF TEMPERATURE OF HEATING OF SURFACE
OF REINFORCE-CONCRETE CONSTRUCTIONS AT FIRE IN APARTMENT

The results of calculation of temperature of surface of reinforce-concrete constructions,
which is heated, are analysed, at a fire in an apartment, with the use of methods of calculation of
heat exchange. In particular, at the decision of task of heat-conducting with the use of boundary
conditions of the first kind for the calculation of temperature of surface an amount was taken into
account warm, that distinguished at a fire, and change of coefficient of heat exchange. Also at the
decision of this problem the criterion of similarity of Grashof is considered, which allows to
describe the process of transmission of heat on a surface which a heat exchange is carried out with.
Data of calculations are compared to experimental data and an error is set.

Key words: fire, area of fire, temperature, temperature fields, maximum terms, fire-resistance.
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