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Czasopismo ,,Bezpieczenstwo i Technika Pozarnicza/ Safety & Fire Technique” jest pismem kierowanym do kadr kierowniczych ochrony przeciwpozarowej, pracownikowjednostek administracji panstwowe;j i
samorzadowej zajmujacych si¢ problematyka zarzadzania kryzysowego, pracownikéw naukowych i dydaktycznych uczelni i instytutow badawczych zainteresowanych ta problematyka. Artykuty publikowane
w Kwartalniku przechodza proces recenzyjny.

Kwartalnik ,,BiTP. Bezpieczenstwo i Technika Pozarnicza™ jest publikowany w darmowym i otwartym dostepie tzn. kazdy uzytkownik ma prawo czyta¢, kopiowaé, drukowaé, rozpowszechniaé¢, cytowac i
przeszukiwac¢ zasoby otwarte, w tym pelne teksty artykutow, z zachowaniem praw autorskich ich twércow.
Uzytkownik korzysta z zamieszczonych w Kwartalniku artykutéw zgodnie z obowiazujacymi przepisami o dozwolonym uzytku, podajac na kopii utworu informacje 0 Zrédle i autorze/ach.

N Ministerstwo Nauki IC Journals Master List
i Szkolnictwa Wyzszego

13 pkt 7,26 pkt

Na podstawie decyzji Ministra Nauki i Szkolnictwa Wyzszego (Komunikat z dnia 18 grudnia 2015 roku) za artykuty naukowe opublikowane na tamach czasopisma przyzna- wane jest 13 punktéw do dorobku
naukowego.
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HccnenoBanue TOUHOCTH ONpeeIeHUs apaMeTPOB
OTHE3AIMTHBIX MOKPBITHH MeTAIMYeCKUX KOHCTPYKIuii

Testing the Accuracy of Designating the Parameters of Intumescent Coatings
of Metal Constructions

Badanie dokladnos$ci okreslenia parametrow powlok ogniochronnych
konstrukcji metalowych

AHHO TA U

Heab: Ompenenuth BIUSHHAE KOJIMYECTBA M MECTOPACIOJOXKEHHE TepMomap ¢ HeoOOrpeBaeMoOil MOBEPXHOCTH CTalbHOM IJIaCTHHBI
C MCCIIelyeMbIM OTHE3alM THBIM ITOKPBITHEM Ha BOJHOM OCHOBE Ha TOYHOCTD OIPEIeNeHHs TeMIO(GU3NYECKUX M OTHE3AIUTHBIX XapaKTePUCTHK
9TOT'0 HOKPBITHUSI.

MeTtoanl: [l onpezneneHus npezena OrHECTONKOCTH CTalbHBIX IUIACTHUH C OTHE3AIMTHBIM MOKPHITHEM Ha BOJHONW OCHOBE MCIIOJIL30BAHBI
IKCIEPUMEHTAIbHBIC METO/IbI UCCIICOBAHMUS MMOBEICHUS 00pa3LoB NPH HArpeBaHMH, perinameHTupoBanusie Tpedboanusmu JICTY b B.1.1-
4-98 u JICTY-H-II b B.1.1-29:2010; #crons30BaHO MaTeMaTHYECKOE W KOMITBIOTEPHOE MOCIMPOBAHUE MPOLECCOB HECTAIIMOHAPHOTO
TEIUI000MEHA B CHCTEME «CTaJIbHAasl INIACTHHA — BCITYYMBAIOIIEECs OTHE3AIMTHOE IIOKPBITHEN; ONPE/IeNICHHE TEMIIOPHU3NUSCKIX XapaKTEPUCTUK
HCCIIEyeMOT0 OTHE3aIUTHOTO OKPBITHSI.

Pe3yabraTbl: [IpoBeeHbl OrHEBbIE MCIBITAHUS JABYX CTAIBHBIX IJIACTHH, MOKPBHITHIX BCHYYMBAIOIIMMCS NPH HArpeBaHUM OTHE3ALIUTHBIM
COCTaBOM Ha BOJHOHW OCHOBE, B YCIOBHSX CTaHIApTHOTO TEMIICPATYPHOrO peXMMa Hokapa. IlomydeHbl 3aBUCHMOCTH 3({EKTHBHOTO
k03 hUIMEHTA TeMIONPOBOJHOCTH OTHE3AIMTHOTO MOKPHITHS OT TEMIIEPaTyphl NPH €¢ U3MEPEHUH B Pa3HBIX TOUKAX CTAIbHOM IJIACTHHBI
1 B pa3HBIX KOMOUHAIHSIX (TI0 TOKA3aHUSIM OHOM, ABYX U TPEX TEPMOIap).

BbIBO/IbI: Ha OCHOBE IPOBEICHHBIX OTHEBBIX HCIBITAHUI CTATBHOM ITACTHHBI (TOMIIHHA 5 MM), TIOKPBITO# C OIHON CTOPOHBI BCITYYHBAOIIHMCS
OTHE3AIUTHBIM COCTaBOM Ha BOJHOW OCHOBE, TOMIUHON 0,51 MM B yCIIOBHSIX HarpeBa B OTHEBOH €YU NMPH CTAHAAPTHOM TEMIIEPATypHOM
pexuMe IorXkapa, HCCIENOBAHO BIMSHHE KOJMYECTBA M MECTOPACHOJIOKEHUS TepMOoIlap Ha TOYHOCTb ONpPEIeNeHHs TeIIoQU3MIeCKHX
XapaKTEePUCTHK OTHE3AIUTHOTO MOKPBITHS.

VY CTaHOBIICHO, YTO KOJMYECTBO M MECTOPACIOJIOKEHHE TEPMOIAp ¢ HEOOOrpeBaeMoil MOBEPXHOCTH METAIINUECKON IIACTHHBI, BIMSET Ha
TOYHOCTHONPE/IeTCHUATSINIOPU3NUECKUX XaPaKTePUCTUKOTHE3aUTHOT ONTOKPBITHS. Han0 0J1b Iag TOUHOCTHOITP € ACICHUA TENIIIOP U3HYESCKIX
XapaKTEePUCTHK OTHE3AIIMTHOTO MOKPBITHS HAOIIOAeTCs IPH UCIIOJIb30BAaHUH JTAHHBIX TEMIIEPATypHBIX M3MEPEHUH 110 MOKa3aTelsIM TPpex
Tepmonap (KpUTepHii CpeAHEKBAIPATUIHOTO OTKIOHEeH!s cocTaBmi 5,8 °C). JlanpHeiiee yBennyeHne KOJINIECTBA TEPMOIIap, YCTAHOBJICHHBIX
¢ He00OrpeBaeMoii MOBEPXHOCTHU CTAJILHON IIACTHHBI, HE IIPUBEJIO K YMEHBIICHUIO KPUTEPHUS CPEIHEKBAPATHYHOIO OTKJIOHCHUSL.

KiroueBbie ciioBa: TEpMoOIIapa, OrHE3alUTHOC ITOKPBITUE, TGHHOCI)I/ISI/I‘ICCKI/IC XapaKTEPUCTUKU, XapaKTEPUCTUKA OI‘HG3aIIIHTHOfI CHOCO6HOCTI/I,
OTHEBBIC UCIIBITAHUA
Bl/lﬂ CTaTbH: OpUTHHAJTIbHAS HaY4YHAs CTAThA

ABSTRACT

Goal: Determine the effect of the number and distribution of thermal couples on the cool-touch surface of a steel plate with a tested water film
on the accuracy of designating thermophysical and fire protection characteristics of this coating.

Methods: In order to determine fire resistance class of the steel plates with fire protection water film, experimental methods were used to
observe the reaction of the samples during heating, regulated by the requirements of B.V. 1.1.-4-98 and NPBV 1.1-29:2010. Mathematical and
computer modelling of processes of unsteady heat transfer in the system “steel plate — intumescent coating” were used. Thermal properties of
tested intumescent coating were determined.

Results: Fire tests of two steel plates coated with a water film, which swells during heating, were carried out under standard temperature
conditions occuring during a fire. The dependences of the effective heat conductivity coefficient of intumescent coating were obtained during
its changes at different points of the steel plate and in various combinations (according to indications of one, two and three thermal couples).

2 YepkaCCKHil HHCTHTYT MOXapHOii 6e3omacHoctn nmenu ['epoes Uepuoosunst, Yepkaccst / Cherkassy Institute of Fire Safety named after Chernobyl
Heroes, Cherkassy; naucovec@ukr.net;
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Conclusions: On the basis of the conducted fire tests of a steel plate (5 mm in thickness), coated on one side by intumescent water -based
composition, of 0,52 mm in thickness, consisting of heating the plate in an ovenat temperatures which are characteristic for fires, the effect of
the number and location of thermal couples on the accuracy of thermophysical properties of intumescent coating was tested.

It was determined that the number and location of thermal couples on the cool-touch surface of a plate affect the accuracy of determining
thermophysical properties of intumescent coating. The highest accuracy in determining thermophysical properties of intumescent coating is
observed while using data from temperature changes according to the indications of the three thermal couples (criterion of standard deviation
was 5.8°C). Increasing the number of thermal couples, placed on the unheated surface of steel plate did not result in the decrease of the deviation
criterion.

Keywords: thermal couple, fire-retardant coating, thermophysical properties, the property of fireproof capability, fire tests
Type of article: original scientific article

ABSTR AKT

Cel: Okreslenie wptywu liczby i rozmieszczenia termopar na nienagrzewajacej si¢ powierzchni plytki stalowej z badang wodna powloka
ogniochronng na doktadno$¢ wyznaczenia termofizycznych i ogniochronnych cech tej powtoki.

Metody: W celu okreslenia klasy odpornos$ci ogniowej ptytek stalowych z wodng powtokg ogniochronng wykorzystano metody eksperymentalne
zachowania si¢ probek podczas nagrzewania, regulowane wymaganiami standardow DSTU B V.1.1.1-4-98 i DSTU-N-P B V1.1.-29:2010.
Wykorzystano matematyczne i komputerowe modelowanie proceséw niestacjonarnej wymiany ciepta w systemie ptytka stalowa — peczniejaca
powtoka ogniochronna. Okreslono termofizyczne wlasciwosci badanej powltoki ogniochronnej.

Wyniki: Badania ogniowe dwoch ptytek stalowych pokrytych wodna powtoka, peczniejaca podczas nagrzewania, przeprowadzone zostaty
w warunkach standardowych temperatur wystgpujacych podczas pozaru. Otrzymano zalezno$ci efektywnego wspotczynnika przewodnictwa
cieplnego powtoki ogniochronnej i temperatury podczas jej pomiaréw w réznych punktach ptytki stalowej i w réznych kombinacjach (wedtug
wskazan jednej, dwoch i trzech termopar).

Whioski: Na podstawie przeprowadzonych badan ogniowych stalowej ptytki (o grubo$ci 5 mm), pokrytej z jednej strony peczniejaca wodng
powloka ogniochronng o grubosci 0,52 mm, polegajacych na nagrzewaniu ptytki w piecu w temperaturach charakterystycznych dla p ozarow,
zbadano wplyw liczby i lokalizacji termopar na doktadnos¢ okreslenia termofizycznych wiasciwosci powltoki ogniochronnej.

Stwierdzono, ze liczba i lokalizacja termopar na nienagrzewanej powierzchni ptytki wptywa na doktadno$¢ okre$lenia wiasciwosci
termofizycznych powtoki ogniochronnej. Najwigksza dokiadno$¢ przy okresleniu termofizycznych wilasciwosci powtoki ogniochronne;j
obserwuje si¢ przy wykorzystaniu danych z pomiardéw temperatury wedhug wskazan trzech termopar (kryterium odchylenia standardowego
wynosito 5,8°C). Zwigkszenie liczy termopar, umieszczanych w nienagrzewanej powierzchni stalowej ptytki, nie prowadzito do zmniejszenia
kryterium odchylenia.

Stowa kluczowe: termopara, powloka ogniochronna, wlasciwosci termofizyczne, wiasciwosci ogniochronne, badania ogniowe
Typ artykulu: oryginalny artykut naukowy

1. Beenenue

Kak u3BecTHO, MeTa/uibl 00J1a/Ial0T BBICOKOW YYBCTBH-
TEJNBHOCTBIO K BBICOKUM Temreparypam. OHH ObICTpO Harpe-
BAKOTCA M CHIDKAIOT MPOYHOCTHBIE cBoiicTBa [1]. TTosTomy 500
JUISL IIMPOKOr0 NPUMEHEHHsI TaKMX KOHCTPYKLMH HYKHO
WCIIONIb30BAaTh OTHE3AIUTY, KOTOpas MpeAcTaBiseT coOOoit
OONMIIOBKY, OLITyKaTypuUBaHWE, MCIONb30BaHHE OrHe3a-
LIMTHBIX MOKPLITUH 1 MHOTOE Apyroe. VcnbITaHus MeTasliu-
YECKMX KOHCTPYKIMH ¢ CUCTEMOW OTHE3aIUTHI IPOBOSTCS 0.46 0.49 0,55
COTJIacHo [2], CyTh KOTOPOTO COCTOUT B CO3/IaHUU TEMIIepa- ) ® )
TYPHOTO peXHMa B TEUYH, PeriiaMeHTHpoBaHHOro [3], mpu
TEIUIOBOM BO3/ICHCTBUM Ha ONBITHBIN 0Opa3ell u omnpeerne-
HHUM BPEMEHHU OT Hayaja TEIJIOBOr'O BO3IEHCTBHS 0 HACTY- 0.46 0.46 047
IUICHUSI TIPEACIBHOrO COCTOSIHUS ISl OMBITHOTO 00pasia, . : ¢ . 500
KOTZia IOCTUTAeTCsl KpUTHUYECKasl TeMIIepaTypa ¢ Heoborpe-
BaeMoH MmoBepxXHOCTH (B HateM ciydae npuaumManu 500°C).

CTPBIU MPOTPEB CTAILHBIX KOHCTPYKIUH B Teuenue 0,75 vaca
1 OoJiee B 3aBHCHMOCTH OT TOJIIIUHBI HAHECEHHOT'O CIIOSL.

A 4

2. MeTtoabl 0,58 0,55 0,54

ITo BeImeynmomMsinyTOM Meroauke [2] assi ompeneneHus ® 9 ®
OTHE3AIIUTHOW CIOCOOHOCTH TOKPBITHSA OBLJIO CIUIAHHPO-
BaHO U NPOBEACHO OTHEBBIC UCIBITAHUS JABYX IUIACTUH U3
cramu Crt. 3, pazmepamu 500 mm % 500 MM X 5 MM ¢ HaHe- 5
CeHHBIM OTHE3aIIUTHBIM COCTaBOM, BCITYYHMBAIOIIErOCs

Puc. 1. Cxema HU3MEPCHUSA TOJIIHUHBI OTHE3AINUTHOT'O MMTOKPBITUA

thna «Amotherm Steel Wb» Ha BOAHOH OCHOBe, cpeHel Fig. 1. Scheme of thickness measurement of fire retardant coating
tommuuHou 0,51 MM, u3MepeHHoit B 9 Toukax (puc. 1). Me- HMcrounuk: CobcTBeHHAs pa3paboTka.

XaHU3M JICHCTBHS TaKMX BEIICCTB 3aKIIFOYACTCS B TOM, YTO Source: Own elaboration.

IIPU BBICOKOTEMITEpAaTYPHOM BO3JIEUCTBUH 32 CUET (Pa30BBIX

(H3UKO-XHMHUECKUX TIPOIIECCOB B CTPYKTYPE MOKPBHITHS Ha o6orpeBaeMyro IOBEPXHOCTb CTAIBHON ILIACTHHBI
TOJIIMHA BCITIMBAIOMICIOCA CIIOA YBCIMTHBACTCA B NCCAT- IHepe]] HAHECEHHEM OTHE3AIIMTHOTO BENIECTBA ObII HaHEeCEH
KH{ Pa3oB, T.e. o0pa3yercs «irybda» ¢ HUI3KUM 3HaYeHHEM KO- cioit rpyrToBkn T'd-021, Tonummuoit 0,065 MM. Bemectso

d(uumenta TeNIONPOBOAHOCTH, KOTOPAs 3aMe/UIseT Obl- HAHOCHJIACH MEXaHH3HPOBAHHBIM CIIOCOOOM arperaToM 0e3-
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BO3/lyIIHOI'O PACIBUICHUS B COOTBETCTBUM C PErIaAMEHTOM
paboT 110 OrHe3alTHTe.

J1s u3MepeHus cpeiHel 1 MaKCUMalIbHOM TeMIiepaTyphl
¢ HeoOOrpeBaeMOH MOBEPXHOCTH METAIITHIECKON TITACTHHBI
ObIIH ycTaHOBIICHBI 3 TepMonapsl Tia TXA (puc. 2) ¢ aua-
MmetpoM mpoBoitokn 0,5 mm (T1-T3), omna tepmomnapa (T2)
B nieHTpe obpasua u 1se (T1, T3) na paccrosaun 100 MM ot
KpaeB CTaJbHOH IuracTuHbl. Chanm TepMonap ObUIM 3adeka-
HEHBI B METaJUT Ha TITYOHHY 2 MM U IIPUKPEIUICHBI TEIUION30-
JISIIIMOHHBIM MatepuanoMm. C HeoOOorpeBaeMoi OBEPXHOCTH
IUTaCTHHA OBbITa 3alMIIeHA JBYMS CIOSIMH MYJIUTOKpEMHE-
3eMoBoro hetpa, TommuHol 20 MM, ¥ TUNTUTOW MUHEPaIbHON
BaTHI, INIOTHOCTHIO 75 Kr/M® 1 TomuHoi 50 MM.

CyTh HUCHBITaHMS 3aKIoyajlach B CO3JaHUU CTaHIApT-
HOI'0 TEMIIEPaTypHOro pexuma B 1eud [3], Bo BpeMs TeIio-
BOIO BO3JeIiCTBUS Ha OINBITHBIM O0Opasel] U OIpeneNeHun
BPEMEHHU OT Hadajia TEIJIOBOIO BO3JIEHCTBUS O JTOCTHXKE-
Hus Temreparypsl 500°C ¢ HeoOOrpeBaeMoil MOBEPXHOCTH
CTaJIbHOH TUIACTHHBL.

T1 100
e

100

DOI:10.12845/bitp.43.3.2016.4

3. llean paboTsl

HGHLIO pa6OTI)I OBLIO ONpeACIINTb BJIUAHUC KOJINYCCTBA
U MCCTOPACHOJIOKECHUE TEpMoIap ¢ Heo60rpeBaeM0171 Io-
BCPXHOCTH CTaJILHOM IUIACTHHBI C HCCICAYCMBbIM OrHE3alluT-
HBIM ITOKPBITUEM Ha TOYHOCTbH OIIPCACICHUA TeHJ'IO(l)I/I3I/I‘ie'
CKHUX U OTHE3AIUTHBIX XapPaKTCPUCTHUK 3TOI'O IIOKPBITHSA.

4. PesyabTaTsl

B pesynbTaTe MpoBeIeHHBIX HCIBITAHHI ONYYEHb] TEM-
HepaTypsl ¢ HeOOOTPEeBaeMOil MOBEPXHOCTH CTAIBHOMN IIa-
CTHHBI C OIHE3AlIUTHBIM IIOKPHITHEM Ha BOJHON OCHOBE,
KOTOpBIE JlaJiee HCIONb30BAINCH I ONPEAENCHHS TEIUIO-
¢mnueckux xapakrepuctuk (TOX) wmcciaeayeMoro mokpel-
THSI, pellleHHeM 00paTHBIX 3a/1au TemionposoaHocty (O3T)

(puc. 3).

Puc. 2. Cxema pa3mernieHust TepMornap ¢ Heo0OTrpeBaeMoil MOBEPXHOCTH CTATbHOMN IJIACTHHBI
Fig. 2. Scheme of distribution of thermal couples on the cool-touch surface of steel plate
Hcrounnk: CobcTBeHHas pa3paboTKa.

Source: Own elaboration.

0 5 10

15 20 25 T, MiH

Puc. 3. 3aBucumocTs TeMIepaTypsl OT BpEMEHU OIHEBOI'O BOSﬂeﬁCTBHH Ha Heo60rpeBaeM0171 TOBEPXHOCTHU CTaJbHOM IJIACTHHEI C
OrHE3alIUTHBIM HOKpbITHeM: T1 — TepMomnapa, ycranoBieHHas Ha paccrosHud 100 MM OT BepXHero kpas Ii1acTuHsl; T2 — TepMornapa,
YCTaHOBJICHHAs 110 LIEHTPY IJIACTHHBI; T3 - TepMoOIIapa, yCTaHOBJICHHAs Ha paCCTOSHUU 100 MM OT HHXKHETO Kpas 1JIaCTUHBL.

Fig. 3. Temperature-time relationship of fire influence on the cool-touch surface of steel plate with the fire retardant coating: T1 — the thermal
couple, set in the distance of 100 mm from the upper edge of a plate; T2 — the thermal couple on the center of a plate; T3 — the thermal couple
set in the distance of 100 mm from the lower edge of a plate
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Ha ocHoBe pa3paboraHHOH paHee (u3mdecKkoil Moxeny,
MPECTABIIONTYI0 OO0 CHCTEMY U3 IBYX CIIOEB: METaJUT U
OTHE3alINTHOE TOKpHITHE, onpexenwn TAX mokpeITHs 1Mo
1 Tepmonape B kaxaoM Mecre pacnonoxenus (T1, T2, T3)
(puc. 4).

Kax BuaHO u3 puc. 4, 3HaueHNEe 3 PEKTHBHOTO K03 hH-
IIEHTA TEIUIONPOBOJHOCTH NMOKPBITHA OT HAYAIBHOH TeM-
niepatypsbl 70 S500°C CHIIBHO OTIMYAIOTCA APYT OT APYra, YTO
ABTOPBI OOBSCHSIOT ABYMs (paKTOpaMH: HEOTHOPOTHOCTHIO
TEIUIOBOrO ITIOTOKA, BO3JCHCTBYIONIETO HA CTAJBHYIO ILIa-
CTHHY, ¥ B CBSI3U C 9THM, HEOHOPOIHOCTHIO MIPOTrpeBa pas-
HBIX YacTed CTAIbHOH MIACTUHBI, THOO HEOTHOPOIHOCTHIO
TOJIIIMHBI TTOKPBITHSA B Pa3sHBIX MECTaX M3MEPEHHsS TeMIle-
patypsl. Bce 3T0 yka3bIBaeT Ha HEBO3MOXKHOCTb ONpeJierie-
Hus. TOX NOKPBITHS TOJIBKO MO MOKA3aTEN0 ONHOW TEPMO-
TIapbl, BCICACTBHIE OONBIINX MTOrPEITHOCTEH B 3HAUCHHUH (-
(bexTuBHOro K03(hGULUUEHTa TEIIONPOBOJHOCTH, KOTOPOE
MPUBOJMT K IOTPEIIHOCTSAM IIPU ONPEICICHUH XapaKTepH-
CTHKHM OTHe3aIuTHO criocobHoctn (XOC) mccnenyemMoro
TIOKPBITHSL.

500
100 -
300 -
200

100
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INosTomy manpHeimme wccaeOBaHMS OBUTH HaIpaBie-
HBl Ha omnpexneneHne TMX MOKPHITHSA MO 3HAYCHHUSAM ABYX
TepMomap B pa3HbIX komOuHamusx: T1-T2, T2-T3, T1-T3.

B pesynbTaTe OBUTH TOITYYCHBI 3aBUCHMOCTH 3((eKTHBHO-
ro K03(h(pHIMECHTA TEIUIONPOBOIHOCTH HCCIIEAYEeMOTO TIOKPHI-
THSI OT TEMIIEPATYPBI [UTs YKa3aHHbIX KOMOHHAIWIA (puc. 5).

Kaxk BugHO M3 puc. 5, kpuBas 3¢ ¢GekTHBHOro K03 hu-
IIUEHTa TEIJIONPOBOJHOCTH IIOKPBITUSI, HaliICHHOrO pelle-
HueM O3T no nokaszarensaM aByx tepmonap T2-T3 u T1-T3
HPaKTUYECKH COBIAJAIOT, a 110 HOKa3arensM Tepmomnap T2-
T1 or HavanbHOI Temnepatypsl 10 100°C orinuuaercs, 4To
MOXKET OOBACHATHCA OONBIIMM IPOIPEBOM BEPXHEH 4acTu
METAUIMYECKOH IUTACTHHBI W3-32 3(QQEeKTa «CIOoI3aHUsD»
TOKPBITHSI B XOJIe UCIBITAHUS U MOSBIICHHS OTOJICHHOH MO-
BEpXHOCTH MeTasuia [4].

Ha puc. 6 npezncraBieHbI pacueTHBIC U SKCIIEPUMEHTAb-
HBIE TEMIIEPATYPhI ¢ HEOOOrpeBaeMoi MOBEPXHOCTH ILIACTH-
HBI, T/I€ HAOIIOaeTCs yAOBIETBOPUTEIILHOE UX COBIIAJICHUE U
JULSL KOTOPBIX KPUTEPHI CPEJHEKBAIPATUIECKOIO OTKJIOHEHUS
cocrasui: g T2-T3 — 6,3°C, T1-T3 - 6,7°C, T2-T1 — 14,3°C.

0 f i i ; |
0 5 10 1 20 25 %, MItH

wn

Puc. 4. 3aBucumocth 3G PpekTHBHOro K03 GHIneHTa TEMIONPOBOTHOCTH UCCIIEAYEMOTO MOKPBITHS OT TEMITEPATYPhl, HaAlACHHOTO

pemearem O3T: T1 — mo moka3areno TepMOIapsl, pacolIoKeHHOH Ha paccTosHUH 100 MM OT BepXHEro Kpas IUNIAaCTHHBL, T2 — 1Mo

MOKa3aTeJ 0 TEPMOIMAPHI, PACHOIOKEHHON B IIEHTPE IUIACTHHBI; T3 — Mo MOKa3aTeNo TepMOIaphl, pacIoI0KeHHOH Ha PacCTOSHUI
100 MM OT HI)KHETO Kpasi IUIaCTHHEL.

Fig. 4. Relationship between the effective heat conductivity coefficient of the researched coating and the temperature, determined by solving
the inverse heat conduction problem, T1 — according to the index of the thermal couple, located at a distance of 200 mm from the upper edge
of a plate; T2 — according to the index of the thermal couple located in the center of plate; T3 — according to the index of the thermal couple

located at a distance of 100 mm from the lower edge of plate
Hcrounnk: CobcTBeHHas pa3paboTka.
Source: Own elaboration.
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Puc. 5. 3aBucumocts 3¢ exTrBHOrO K03hQUIEHTa TEIIONPOBOAHOCTH HOKPBITUS OT TeMITepaTypsl, HalinenHoro pemenuem O3T mo
MoKas3aTeJIAM ABYX TEpMOIIap B pa3HbIX KOM6I/IHaHI/I$IX
Fig. 5. Relationship between the effective heat conductivity coefficient of a coating and the temperature, determined by solving the inverse
heat conduction problem according to the indexes of two thermal couples in different combinations
HUctounnk: CoOcTBeHHAs pa3padoTKa.
Source: Own elaboration.
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Puc. 6. 3aBucuMOCTb TeMIIepaTyphl OT BpEMEHH OTHEBOT'O BO3ICHCTBHS Ha HEOOOTpeBaeMoil IIOBEPXHOCTH 00pasua ¢ HOKphITHEM (a —
Juist komOuHauuit repmonap T2-T3 u T1-T3; 6 — nis komOunauuit Tepmonap T2-T1): 1 — nomydenHas 1o pe3ysabTaTaM UCIBITAHUI HA
OrHECTOMKOCTb 2 — pacyeTHast KpuBasi, nosryuexsas pemeauem O3T.

Fig. 6. Temperature-time relationship of fire influence on the cool-touch surface of steel plate with the fire retardant coating: (a — for
combinations of thermal couples of T2-T3 and T1-T3; b — for combinations of thermal couples of T2-T1): 1 — obtained by the results of fire-
resistance tests, 2 — is a calculated curve, determined by the solving inverse heat conduction problem
Hcrounnk: CobcTBeHHas pa3paboTKa.

Source: Own elaboration.

Ilpu 5TOM MaKCHMAlbHOE PACXOXKICHHE PacyeTHBIX U
SKCIEPUMEHTAIILHBIX 3HAYEHUH TeMnepaTypsl (puc. 6,a) co-
cTaBmIo okoio 3 %, a Ha puc. 6, 6 — 8 %.

IlosTomy B nanbHeimem s onpenenenus TOX nokpsel-
TUSL MCIOJNB30BAIM TIOKa3aTeld TPeX TepMoIap, YCTaHOB-
JICHHBIX C HE00OTPEeBaeMOii MOBEPXHOCTH CTAIBHOMW TUIACTH-
ubl (puc. 7).

Kak BunHO M3 puc. 7, B AMana3zoHe TeMIlepaTyp OT Ha-
YanpHOM TeMnepaTypsl 10 npumepHo 500°C 3HaueHue Kodd-
(uLMeHTa TeIUIONPOBOAHOCTH MOKPHITHS JIMHEHHO NajaeT U
npoxoauT uepe3 munnmaiisHoe 3Hauenue 0,003 Br/m-K (npu
temmneparype 500°C), 4To MOKHO OOBSCHUTH (PUIUKO-XUMH-
YeCKMMH NPOLECcCcaMHt, IPOTEKAIOUIMMH B IMOKPBITHU: BCITY-
YMBaHHE MOKPBITUS M YBEIMUEHHE €ro IIOpUCTOCTU. PocT Ko-
a¢¢uIKeHTa TEITONPOBOIHOCTH B JHAINA30HE TEMIIEPATyp
ot 500°C nmo 800°C, BeposiTHE# BCero, 00bsICHSETCS TIOSIBIIC-
HUEM PaJMallMOHHON COCTAaBIISIOLIEH B MOpax MOKPHITHUA B
COYETAaHHH C €r0 BHICOKOTEMIIEPATYPHOU YCalKOi U 00yTin-
BaHueM. [1oCTOsIHHOE 3HAYEHUE YeNbHONH 00bEMHOM TEII0-
emrocti coctaBmio C, = 1x10° IHx/m*xK.

P
Briwk)
0.1
008
0.06

0,04

0,02

0 150 300

ITpu sTOoM HabmoAanace HauOONbIIAS CXOAUMOCTh JKC-
MEPUMEHTABHBIX W PACUCTHBIX TEMIIEpPaTyp, a KPUTEpPHi
CpEIHEKBaPATHYHOT O OTKJIOHEHHs cocTaBui 5,8°C.

JlanbHeiilee yBelHueHNE KOIMYECTBA TEPMOIap, ycra-
HOBJICHHBIX C HEO0OrpeBaeMoOil MOBEPXHOCTH METaJLIH-
YeCKOH IUIACTUHBI, HE NPHUBENO K YMEHBIIECHHIO KPUTEpUs
CpeIHEKBAIPATUIHOTO OTKJIOHEHHSI.

5. BeiBoabl

1. Ha ocHOBe NpOBE/ICHHBIX OTHEBBIX UCIBITAHUH CTaJIb-
HOM TUIACTHHBI (TOJIIMHA 5 MM), TIOKPBITOH C OZHOH CTOPO-
HBI BCITy4HBAIOIIMMCS OTHE3AIUTHBIM COCTABOM Ha BOAHOH
ocHoBe, TonUHOM 0,51 MM B yCIIOBUSIX HarpeBa B OTHEBOM
MeYd IpH CTaHAAPTHOM TEMIIEPATYpHOM PEXHME MoXapa,
MCCIIEZIOBAHO BIIMSIHUE KOMMYECTBA M MECTOPACHONOKEHUS
TepMOTIap Ha TOYHOCTh OIpPEAENeHHs TeIIOPU3NIECKIX Xa-
PaKTEPUCTHK OTHE3AIIUTHOTO MOKPBITHSL.

2. YCTaHOBIIEHO, YTO KOJIMYECTBO U MECTOPACIIOIOKEHHE
TepMoIap ¢ HeoOOrpeBaeMol MOBEPXHOCTH METAINIECKON
IUIACTHHBI, BIMSAET HA TOYHOCTH ONpPEAENEHUS TeTIopH3U-

450 600 750 ,°C

Puc. 7. 3aBucumocth 3pPeKTHBHOTO KO PUIHEHTA TETIIONPOBOAHOCTH IMMOKPHITHS OT TEMITepaTyphl, HaiineHHoro pemenuemM O3T, o
oKasaTeJIsIM TpEX Te€pMomap.
Fig. 7. Relationship between effective heat conductivity coefficient of the coating and the temperature determined by solving the inverse heat
conduction problem, according to the indexes of three thermal couples
HUctounnk: CoOcTBeHHAs pa3padoTKa.
Source: Own elaboration.
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YECKUX XapaKTEPHCTHK OTHE3allUTHOrO MOKphITHs. Hau-
GoJIbIIasl TOYHOCTH ONPENEICHHS TEIUIOPHU3UUCCKUX Xa-
PaKTEPUCTHK OTHE3AIMTHOTO MOKPBITHS HAOIIONACTCS TIPH
HCIIOJIB30BAHUM JIAHHBIX TEMIIEPATYPHBIX HM3MEPCHHMN 110
MOKa3aTeNsiM TPeX TepMorap (KpUTEpHid CpeHEeKBa[paTHy-
HOT'0 OTKJIOHEeHUs coctaBui 5,8°C).

3. JlokazaHa 3G (pEKTHBHOCTh BCIYYHBAIOIIETOCS OTHE-
3aIIUTHOTO TIOKPHITHS HA BOJHOM OCHOBE M YCTAHOBJICHA
3aBUCHUMOCTh KO3()(HIMEHTa €ro TEIUIONPOBOAHOCTH OT
TEMIIEPATyphl B YCIOBHSX HArpeBa B MCIBITATEIBHON IEUYM
CTAJILHOM IUIACTHHBI C 3THM IOKPBITHEM IPH CTaHIaPTHOM
TEMIIEPAaTYPHOM PEXUME HIOKapa.

6. [lepcnekTUBHI AaJdbHEHIINX HCCAETOBAHUI

JanbHelimuye paboTel OyAyT HallpaBiIeHbI HA UCCIIEN0BA-
HHUE OCOOEHHOCTEH BIMSHUS TEMIIEPaTypHBIX PEKUMOB I10-
xKapa U TEIUIOU3UUECKUX XapPaKTEPUCTUK OTHE3ALIUTHBIX
MOKPBITUM Ha 3HauUEHUE Npeiesla OTHECTOMKOCTH METaJlIN-
YECKUX KOHCTPYKLUH C OTHE3aIUTHBIMU IOKPBITHAMU.
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KoBanes Anpapeii UBanosnuy — B 2002 romy 3axoHumn UepkacCKuMii MHCTHUTYT ITOXKApHOH
OesomacHocTn mMeHH ['epoeB Uepno- Obmit MBJ] VYxpamnel. Paboran Ha pa3simH4HBIX
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IperofaBarTelib, JOLEHT, BEAYIIMH HAy4HBIA COTPYJHUK, HAa4albHUK OT/eNa, HadaJbHHK
¢dakynpreta. C 2012 roga kaHIMJAT TEXHMYECKUX HAyK II0 CHELUAIbHOCTH IOXapHas
0e30macHOCTh. YUeHoe 3BaHHE — CTapmmii HaydHelii cotpyanuk ¢ 2013 roma. Bomee 60
HaY4YHBIX TPY/JIOB B OTPaCiIN MOXKapHOH OE30MaCHOCTH.
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