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Hucepramiitna poboTa MPHUCBSIYEHA BHUPIMIEHHIO BAXKJIMBOTO HAYKOBO-
NPaKTUYHOTO 3aBJaHHS y Taly3i TMOXKEXKHOI Oe3MeKH — po3podIl peakTHBHHUX
BOTHE3aXMCHHUX IMOKPHUTTIB 3 MOKPAINEHUMHU EKCIUTyaTal[iiHUMH BJIACTUBOCTSIMH,
IO CHYYYIOTHCS MiJ A0 BUCOKUX TeMmepaTryp (IHTyMECHEHTHUX MOKPUTTIB) s
OyI1BENTbHUX METAJIEBUX KOHCTPYKIIIH.

Y BCTVIII nogaHo 3aranbHy XapakTepUCTUKY JUCEPTALIHOT pOOOTH.

OOGrpyHTOBaHa aKTyaJIbHICTh TEMU JIUCEpTallii, COPMyITLOBAHO METY POOOTH
Ta OCHOBHI 3aBJaHHS JOCIHIJKEHHS, MOKa3aHO 3B’SI30K pPOOOTHM 3 HAYKOBUMH
nporpamamu. HaBelneHo naHi mpo oOcoOMCTHH BHECOK 3J00yBaua, ampoodarlito
po6oTH Ta MmyOTiKaIii.

V nepromy posaini CYYACHUM CTAH ITPOBJIEMU BOTHE3AXUCTY
BYJIIBEJIbBHUX KOHCTPYKIIIM mnpoBenenuii ananis HaykoBOi iTepaTypH
VYkpaiHn Ta CBITY 3 MNHWTaHb 3aCTOCYBAHHS I1HTYMECIEHTHUX BOTHE3aXHCHHX
MOKPUTTIB JUIsl BOTHE3aXHCTYy METAJIeBUX OyIiBENbHUX KOHCTpPYKIii. BusHaueHi
HAWOUIBII ~ TEPCTIEeKTHUBHI  CKIAJOBlI  BOTHE3aXHMCHUX  IOKPUTTIB, IO
BUKOPHCTOBYIOTBCSI B CYYaCHUX BITUM3HSIHHMX Ta €BPONEHCHKUX PEaKTUBHUX
nokpuTTsX. [IpoananizoBaHi HETOMIKU €KCILTyaTallfHUX BIACTUBOCTEH 1CHYIOUHMX
BOTHE3aXMCHUX MOKPUTTIB. BHUKOHAHO aHANITUYHUNA OIJISA CY4YacHOTO CTaHy
poOJIeMH po3pOOOK IHTYMECIICHTHIUX BOTHE3aXHUCHUX MTOKPUTTIB HA OCHOBI Pi3HHUX
TUTIBKOYTBOPIOBAYiB, 30KpeMa Ha OCHOBI €MTOKCHUTIONIMEPIB.

Y apyromy posmini MATEPIAJIM TA METOAU HOCIIJKEHHA

BU3HA4YCHO MaTepiaJm Ta MCTOAHM I IIPOBCACHHA HAYKOBHUX I[OCJ'IiI[)KeHB



CIOpPSAMOBAaHUX Ha PpO3POOKYy IHTYMECHEHTHOTO TIOKPUTTS 3 TOKpaIleHUMHU
eKCIUTyaTallliHUMU ~ BJIACTUBOCTAMM. Y  SIKOCTI KPUTEPIl0  BOTHE3aXUCHOI
€(EeKTUBHOCTI TOKPUTTIB 0OpaHo JiHIMHUKA KoediuieHT cmydeHHs Ky, 110
BumiptoBasin 3rigHo metonuku JCTY-H-IT b B.1.1-29:2010. [Ins nopiBHSIBHOT
OLIIHKM BOTHE3aXUCHOI €(QEeKTUBHOCTI 3alpONOHOBAHO BUKOPUCTOBYBATH Yac
nporpiBaHHs 10 kputuuHoi Temneparypu (500°C) 3pa3ka MeTalieBOi MIaCTUHHU, IO
3axUIIeHa JOCTIKyBAaHIM BOTHE3aXUCHUM MOKPUTTSIM.

Y  tperbomy pozaimi  JOCIIJDKEHHA  BIUIMBY  CKIIAAY
IHTYMECLIEHTHOI'O TTOKPUTTS HA MOT'O BJIACTHMBOCTI Ha OCHOBI
€KCIIEpPUMEHTY 3/11MICHEHO MOPIBHIHHS €KCIUTyaTamiiHux xapakrepuctuk IBII, mo
BIJIPI3HAIOTHCS MIPUPOAOIO IITIBKOYTBOPIOBAYA.

[IpoBeneHO ekcriepuMeHTa bHI JOCIIIKEHHS 3aI€KHOCTI XapaKTEPUCTUK Ta
CTPYKTYpPH CITIHEHOTO KOKCOBOTO Iapy BiJ CKJIaay IHTYMECIIEHTHOI KOMIIO3HIII.
BuzHaueHo psiji KOMIIOHEHTIB, 110 3a0€3IMeUy0Th CTIMKICTh MIHOKOKCOBOTO IIapy,
HOro IHTYMECIEHTHY 3/JaTHICTh Ta 3aJIeKHICTh KPATHOCTI CITy4yBaHHS, BTPATH MAacH
BiJl BMICTy KOMITOHEHTIB IHTYMECIIEHTHOI CUCTEMHU Ta TEMIIEPaTypH BUIMPOOYBaHb.

[ToOynoBaHO pO3MIMPEHY MATPUIIO I[IJIAHYBaHHS EKCIIEPUMEHTY s
peanizaiii OpPTOrOHAJIBHOTO IIEHTPAJIBLHOTO KOMIIO3MIIIHOTO TUTaHY JPYroro
MOPSIIKY Ta HAa MOT0 OCHOBI IICIIS TPOBEACHHS KCIIEPUMEHTY OTPUMAHO PIBHSIHHS
perpecii, 10 OMUCYIOTh 3aJCKHICTh JIHIAHOTO KoedimieHTy cnydeHHs K Bin
BMICTY KOMIIOHCHTIB 1HTYMECIICHTHOI KOMIIO3HUIlli Ha OCHOBI EMOKCHIHOTO
OJIITOMEpPY JUIsl CHCTEM 13 PI3HHUMH HAMOBHIOBauYaMU. 3a PIBHSHHAMH perpecii
noOy10BaH1 MOBEPXHI BIATYKY, IO OMUCYIOTh 3aJICXKHICTh JIIHIMHOTO KoedimieHTa
cinyudeHHs Kj; IHTyMECHIEHTHUX KOMTMO3UIIINA 3 PI3HUMHU cucTeMamu — momidocdar
aMOHII0: meHTaepuTpuT: Tepmop3muproBanuii rpadit ([IOA: I1E: TT') (kommo3uiris
[I1I"), momidocdar aMOHIO: TIAPOKCHA ATIOMIHIIO: TEPMOP3IIUPIOBAHUN TpadiT
(ITdA: Al(OH);: TI) (kommoswmmisi ITAIY), momidocdar amoHir0: TiAPOKCHT
amroMiHito: Konoinaui aiokcua kpemHito ([IDPA: AI(OH)s: aepocuin) (koMmo3uiris

TIAA).



VY uerBepromy pozaini PO3POBKA CKIIAAY IHTYMECHEHTHOI'O
BOI'HE3AXUCHOI'O TIOKPUTTA mnpoBeneHo oONTHMI3alil0 BOTHE3aXHCHHUX
cknagiB cuctem IIIII, ITAI' Ta ITAA 3a niHIAHUM KOe(IIIEHTOM CITy4€HHS.
Bu3znaueHO onTUMaThHHUI BMICT KOMITOHEHTIB YKa3aHUX CHCTEM.

BusnayeHo paiioHanbHUM 3a JIIHIMHUM KOE(IIEHTOM CIYyYEHHS BMICT
koMmnoHeHTIB [IDA, AI(OH); ta TT y enokcunosnimepi cuctemu [1AT, 1o no3Bosisie
OTpUMATH IHTYMECIICHTHE BOTHE3aXUCHE MOKPUTTS [TAT -2 3 BUCOKUM MTOKA3HHKOM
kpatHocTi ciyueHHs1 (Kj = 64), 3Hmwkenum piBHem roprouocTti (KI = 33 %) Ta
MOKPAIICHUMH EKCIUTyaTalliiHUMH BJIACTHBOCTSAMH — aJIr€31HHOI0 MIIHICTIO [0
ctai Mapku Ct.3 (Ouigp. = 6,7 MIla), BopocTiiikicTio (Am; = 4,1 %), CTIHMKICTIO 10
nii 10%-ro pozunny HoSOs (Amg = 4,7 %) ta criiikictio 10 aii 10%-ro po3unny
NaOH (Am; = 4,4 %), —mo B 16,7, 2, 2,8 Ta 2,5 pa3u OiIbIIIE 3a TaKi K MOKA3HUKH
BIJIMOB1THO 7151 cepTU(IKOBaHOI BOTHE3aXxUCHO1 (hapOu Ha BOJIHIM OCHOBI.

BcraHoBIEHO, 10 BUKOPUCTaHHS 3 METOIO BOTHE3aXHCTY PO3pOOJIEHOTO
nokputts [IAIl-2 no3Bossie 3a0e3MeYUTH 3aXMCT BiJl NMPOTPIBAHHS METaJIEBOl
miactuau 10 Temreparypu 500 °C Brpogox 36,4 xB. EGeKTHBHICTS BOTHE3aXUCTY
MeTajay TMOKPUTTSAM Ha enoKcHaHiN ocHOBI [TAI'-2, oliHeHa NUISXOM TOPIBHSHHS
Yyacy NpOrpiBaHHS METaJeBOl IUIACTUHHU, Y 1,3 pa3u Bullle 3a BiJIOMI aHAJIOTH Ha
eMOKCH/IHIM OCHOBI Ta B 1,6 pa3iB Buiie 3a IBII Ha BogHIH OCHOBI.

Po3pobneno MIPUHIIUTIOBY TEXHOJIOT1UHY CXeMy BUPOOHUIITBA
IHTYMECIIEHTHOTO BOTHE3aXUCHOTO MOKpUTTS [TAT-2.

[IpoBeneHo po3paxyHOK COOIBapTOCTI BHTOTOBJICHHS 1 T TOKPHUTTS.
Bcranosneno, mo nokputts [TAI'-2 mae Ha 8,5 % MeHmry po3npiOHy BapTicTh y
MOPIBHIHHI 13 3aKOPIOHHUM aHAJIOTOM.

HaykoBa HOBH3HA OTPUMAHMX pe3yJbTAaTiB.

JlocmipKeHo 3aleKHICTh KPaTHOCTI CITydeHHs (3a JIHIHHUM KOe(illieHTOM
CIIyYeHHs) €MOKCUIIONIMEPIB, HaOBHEHUX Tonidocdarom amMoHI0 Ta OiIHAPHUMH
cymimamu Tmomidochary aMoHIIO 3 TIIPOKCHIOM aTIOMIiHIIO, JIECATHBOJIHUM

TeTpaboparoM HaTpiro, okcuaoMm tutany (IV), meHTtaepuTpuTroM, aepocwioMm i



TEpMOpO3UINpPIOBaHUM TpaditoM 3a Temmeparyp BumnpoOyBaHHA 350°C, 400°C
450°C.

Bnepme orpumaHo MaTeMaTH4HI MOJEN, [0 OMNHUCYIOTh 3aJIEKHICTh
JIHIAHOTO KOe(QIli€HTa CIYy4YeHHS BOTHE3aXHCHHUX IIOKPHUTTIB Ha OCHOBI
€MOKCHUIIONIMEPIB HAallOBHEHUX cUcTeMaMu nojidochar amMOHIIO: MEHTAEPUTPHUT:
tepmop3iupioBanuii rpadit (IIDOA: TIE: TT'), nomidocdar aMoHIIO: TiIPOKCUI
amoMiHito: TepmopsmuproBanuid  rpadgit (IIPA: AI(OH)z: TI), nomidocdar
aMOHIO: TIAPOKCHI alroMiHit0: Konoiguui miokcua kpemuio (ITDOA: Al(OH)s:
aepocui).

Bnepme nns cuctemu mnomigochar amoHIO: TIAPOKCHJ — AJTIOMIHIIO:
TEPMOP3LIMPIOBAHUM rpadiT BCTAHOBICHHUM pallloHAIbHUI BMICT KOMIIOHEHTIB, 1110
J03BOJISIE  OTPUMATH IHTYMECIIEHTHE BOTHE3aXHUCHE TIOKPUTTS 3 BHCOKUM
noka3sHuKoM kpatHocTi ciydeHHs (K = 64), 3Hmkenum pisaeM roprovocti (KI = 33
%) Ta MOKpaIlleHUMHU Y TTOPIBHSIHHI 3 cepTHU(HIKOBAHUMHU B Y KpaiHi BOTHE3aXHUCHUMU
HOKPUTTSAMH €KCIUTyaTalliiHUMU BIACTUBOCTSIIMHU.

[lomanpmioro  po3BUTKY OTPUMAJM  EKCIIEPUMEHTATbHI  JOCIIIKEHHS
CIIPSIMOBaHi1 Ha PO3pOOKY 1HTYMECIIEHTHUX BOTHE3aXHCHHMX IMOKPUTTIB Ha OCHOBI
€MOKCHUIIOJNIIMEPIB.

IIpakTuyHe 3HAYEHHS O €P:KAHUX Pe3YJIbTATIB:

o OTpUMaH1 MaTeMaTH4HI MOJEII, JO3BOJISAIOTH MPOTHO3YBAaTH KPATHICTh
CIIy4CHHS TOKPHUTTIB HAa OCHOBI CIOKCHIIONIMEPIB B  3aJEKHOCTI  BiJ
CIiBBITHOIIEHHS MK KOMITOHEHTaMU CUCTEM: noiidocdaT aMOHi0: IEHTAEPUTPHUT:
tepmopamupioBanuii rpadit ([IDA: TIE: TI'), nmomibocdar amonito: Tiapokcu
amoMiHifo: TepMopsmupioBanuii rpadir (IIPA: Al(OH);: TI'), nomdocdar
aMOHIIO: TLIPOKCH] aIfoMiHiIO: Konmoinuuii miokcun kpemuio (ITOA: Al(OH):
aepocuin);

o po3pobiieHe I1HTYMECIIGHTHE BoOrHe3axucHe TokputTTsa I[IAI-2 3a

e(eKTHBHICTIO BOTHE3aXHUCTy MeTany y 1,3 pa3u Buie 3a BijjoMi aHajoru 1a B 1,6

paziB Buie 3a IBIl Ha BoaHI OCHOBI Ta Ma€ MOKpalleHl eKCIUTyaTalliiiHi



BIIACTUBOCTI — ajAre3idHy MIIHICTh A0 ctam mapku Cr.3 (GBmp = 6,7 Mlla),
BOIOCTINKICTH (AmB =4,1 %), criiikicts A0 aii 10%-ro po3unny H280 . (AmK =47
%) Ta criiikicTh 10 Aii 10%-ro po3unny NaOH (AmH =4,4%),—mo B 16,7,2, 2,8

Ta 2,5 pa3u OulblIe 3a Takl X IMOKAa3HUKHU BIANOBIAHO JUJIsi CEPTHU(IKOBAHOI
BOTHE3aXHUCHOI (papOu Ha BOJIHIN OCHOBI;

o pe3ynbratid poOoTu BhpoBakeHo Ha mignpuemctsi TOB «HBII
«bionik Xayc» (M. KuiB Ta y HaBuanbHOMY niporiect HalioHanbHOTo yHIBEpCUTETY
UBLILHOTO 3aXUCTy YKpaiHM MpH BUBYEHHI AUCHMIUIIHUA «CTIHKICTH OyIiBemb 1
cnopyn npu mnoxexi» (tema 1.3. «HopmyBaHHsS BOTHECTIMKOCTI OyIiBETbHUX
KOHCTPYKI[iH») UKy MnpodeciiHol MAroTOBKM 3a mepimuM (0akaaBpChKHUM)
piBHEM BHUIIOi OCBITU Tany3b 3HaHb 26 «l{uBinbHA Oe3mnekay, crnemianbHIicTh — 261
«Iloxexxna Oesneka» 3a OCBITHbO-TIpodeciiiHuMu nporpamamu: «lloxexHa
Oesrekay, «AyIUT TMOXKEKHOT Ta TEXHOTeHHOI Oesmekmy», «lloxkexoraciHHs Ta
aBapiMHO-PATYBaIbHI POOOTHY.

KiarouoBi cjoBa: enokcunoigiMep, BOTHE3aXHUCT, KPATHICTh CIyYEHHS,
MareMaTH4yHa  Mojenb,  mnomidochar  amMoOHIIO,  TIAPOKCHI  AJIOMIHIIO,
TEPMOPO3IINPIOBaHUHN TpadiT, aare3is.

Cnmcok onmy0/1iKOBaHUX NMpalb 32 TEMOIO JUCePTaNii:

CrarTi y HaykoBuX (axoBHX BHIAHHAX YKpaiHW, IO BXOIATH /10
Mi’)KHAPOXHUX HAYKOMETPUYHMX 0a3:

1. 3onkina  €.C.  JlocnmimkeHHS ~ CIOy4YyBaHHS  BOTHE3aXUCHHUX
€MOKCUAMIHHUX TIOKPHUTTIB, MOJIU(IKOBaHUX MeTanoBMicHUMU jaobaBkamu / O.M.
['puropenko, €.C. 3onkina // Ilpo6iemsl moxkapHoit 6e3omacHoct. — 2018. — Byim.
43. - C. 31-37.

2. 3onkina €.C. JlocmipkeHHS BIUTMBY 3MIHH TEPMOMEXaHIYHUX
BJIACTUBOCTEH Ha CITyYyBaHHS BOTHE3aXHCHUX €MOKCHaMIHHUX MOKPUTTIB / O.M.
I'puropenko, O.I1. Muxaiimok, €.C. 3onkina // IIpobiaembl moXapHOI

oesomacuoctu. — 2018. — Beir. 44. — C. 15-109.



3. 3onkina €.C. JlOCHIKEHHS 3alleKHOCTI KPaTHOCTI  CIyYEHHS
€NOKCUIIONIMEpPY Bl BMICTy mnodidochary amMoHIIO, M[EHTACPUTPUTY Ta
iHTepkanboBaHoro rpadity / O.M. I'puropenko, €.C. 3onkina // IIpobGiemsl
noxkapHoit 06e3onacuoctu. — 2020. — Beimn. 48. — C. 30-36.

4, Hryhorenko, O., & Zolkina, Y. (2021). Development and optimization
of fire-protective coating composition based on epoxypolymers. Technology Audit
and Production Reserves, 4(3(60), 18—20.

CrarTi y HayKOBHX KypHaJax KpaiH €Bpocoio3y, 10 BXOAUTH 10 0a3u
JaHUX Scopus:

5. O Hryhorenko, Ye Zolkina, N Saienko, Y Popovand R Bikov.
Investigation of adhesive-strength characteristics of fire-retardant epoxy polymers
modified with metal-containing additives. IOP Conference Series: Materials Science
and Engineering, Volume 907, Innovative Technology in Architecture and Design
(ITAD 2020) 21-22 May 2020, Kharkiv, Ukraine.

6. O Hryhorenko, Ye Zolkina, N Saienko, Yu Popov. Investigation of the
Effect of Fillers on the Properties of the Expanded Coke Layer of Epoxyamine
Compositions. 10P Conference Series: Problems of Emergency Situations:
Materials and Technologies 11 , ISSN: 1662-9752, Vol. 1038, pp 539-546.

Te3u nonoBigei, siki 3acBiguy0Th anpoodanio MarepiajiB 1ucepraumii:

1. 3onkina €.C. Meroau miaBUIeHHS €()EKTUBHOCTI MPOTUIIOKEKHOTO
3axucTy MetaneBux KoHCTpykiik / O.M. I'puropenko, €.C. 3onkina // 30ipHUK T3
nomoBiner  BceykpaiHcbkoi  HayKoBO-TIpakTU4HOiI  KoH(epenmii «lloxexHa
Oesreka: mpobieMu Ta MEPCIEKTUBMY», M. XapkiB, 1-2 6epesnst 2018 p. — Xapkis,
2018. — C.163-164.

8. 3onkina €.C. JlocmimkeHHS  BIUTUBY TPUPOAM Ta  BMICTY
METAJIOBMICHUX J100AaBOK Ha CIY4YyBaHHS BOTHE3aXUCHUX EMOKCHUaMIHHHUX
nokpuTTiB / O.M. I'puropenko, €.C. 3onkina // Matepianu 20-i BeceykpaiHchkoi
HAyKOBO-TIPAKTHYHO1 KoH(epeHini «CydacHui CTaH MUBUTLHOTO 3aXHUCTy Y KpaiHu

Ta MEPCHNEKTUBU PO3BUTKY». M. KuiB,9-10 xoBTHs1 2018 poky. — Kuis, 2018. — C.

144-145.



Q. 3onkina €.C. [ocnimkeHHS BIUIMBY METAJOBMICHMX J00aBOK Ha
CITy4yBaHHs BOrHe3axucHux enokcumnonimepis / O.M. I'puropenko, €.C. 3onkina //
Marepiasn IX MikHapogHOi HayKoOBO-TIpakTU4YHOI KoH(epeHuii «Teopis 1
MpaKTUKa FACIHHS TOXKEXK Ta JIKBIJaIlll HaA3BUYaHUX cUTyalliin», M. Yepkacu, 18-
19 tpaBus 2018 p. — Uepkacu, 2018. — C.160-162.

10. T'puropenko O.M., 3onkina €.C. JlocmikeHHsS B3a€MO3aJIeKHOCTI
KPaTHOCTI CITy4yBaHHS Ta TEPMOMEXaHIYHUX BJIACTUBOCTEH BOTHE3aXHWCHUX
€MOKCUAMIHHUX MOKPUTTIB. 3an00iraHHs HaA3BUYAMHUM CUTYAIliSIM 1 1X JIIKBI1JAIlIS:
Marepiaau Hayk.-mpakT. ceminapy, 21 motr. 2019 p. Xapkis: Hamonanbauit
YHIBEPCUTET LIMBUIBHOTO 3axucTy YKpainu, 2019. C. 46—48.

11. Caenko H.B., [TonoB [0.B., bukos P.O., I'puropenko O.M., 3onkiHna
€.C. JlocnipkeHHS — aare3iMHO-MIIHICHUX — XapaKTePUCTHUK  BOTHE3aXUCHUX
EMOKCUTIONIMEPIB MOJU(PIKOBAaHUX METAJIOBMICHUMH J00aBKamMu. [HHOBaIliliHi
TEXHOJIOT1i B apXITEKTypl 1 Au3aiiHi: Te3u aomnoBifel IV MixHapoaHOT HayKOBO-
npakTuuHoi KoHbepenii, 21-22 TpaBus 2020 p. XapkiB: XapKiBChKHI
HaIllOHAJLHUM YHIBEPCUTET Oy MIBHUIITBA Ta apxitekTypu, 2020. C. 173-175.

12.  3onkina €.C. JlochimkeHHs BIUIMBY HANOBHIOBAYiB Ha BIIACTHUBOCTI
CIIy4€HOTO KOKCOBOT'O IIapy enokcuaMiHHuX komrmo3utiii /O.M. I'puropenko, €.C.
3onkina, FO.B. Ilomos, H.B. Caenxo // Matepianu MixHapoaHOi HAyKOBO-
npakTuuHoi KoHpepeniii «I[IpobiemMu Haa3BHUAHUX CUTyalii». M.XapkiB , 20

tpaBHs 2021 poky — Xapkis, 2021 — C. 28-30.



SUMMARY

Zolkina Ye.S. Improving the effectiveness of fire protection of metal
structures with fire-retardant intumescent coatings.

Thesis for a PhD in speciality 261 «Fire Safety». National University of Civil
Defence of Ukraine, Kharkiv, 2021.

The dissertation is devoted to the solution of an important scientific and
practical task in the field of fire safety - the development of reactive fire-retardant
coatings with improved performance properties that swell under the action of high
temperatures (intumescent coatings) for building metal structures.

The INTRODUCTION presents a general description of the dissertation.

The relevance of the dissertation topic is substantiated, the purpose of the
work and the main tasks of the research are formulated, the connection of work with
scientific programs is shown. Data on the applicant's personal contribution,
approbation of work and publication are given.

In the first section THE CURRENT STATE OF THE PROBLEM OF FIRE
PROTECTION OF BUILDING STRUCTURES the analysis of scientific literary
sources of Ukraine and the world concerning application of intumescent fire-
retardant coverings for fire-protection of metal building constructions is carried out.
The most promising components of fire-retardant coatings used in modern domestic
and European jet coatings are identified. The shortcomings of the operational
properties of the existing fire-retardant coatings are analyzed. An analytical review
of the current state of the problem of development of intumescent fire-retardant
coatings based on various film formers, in particular on the basis of epoxy polymers.

The second section, MATERIALS AND RESEARCH METHODS, identifies
materials and methods for conducting research aimed at developing an intumescent
coating with improved performance properties. As a criterion of fire-retardant
efficiency of coatings the linear coefficient of swelling of K which was measured
according to a technique DSTU-N-P B B.1.1-29: 2010 is chosen. For comparative

evaluation of fire protection efficiency, it is proposed to use the heating time to the



critical temperature (500 ° C) of the sample of the metal plate, which is protected by
the investigated fire protection coating.

In the third section INVESTIGATION OF THE INFLUENCE OF THE
COMPOSITION OF INTUMESCENT COATING ON ITS PROPERTIES of the
product on the basis of experiment the comparison of operational characteristics of
the IFPC is carried out.

Experimental studies of the dependence of the characteristics and structure of
the foamed coke layer on the composition of the intumescent composition. A number
of components that ensure the stability of the foam coke layer, its intumescent ability
and the dependence of the swelling ratio, weight loss on the content of components
of the intumescent system and the test temperature are determined.

An extended planning matrix of the experiment for the implementation of an
orthogonal central composite plan of the second order is constructed and on its basis
after the experiment regression equations are obtained describing the dependence of
the linear coefficient of K swelling on the content of epoxy oligomer-based
intumescent composition for systems with different fillers. According to the
regression equations, the response surfaces describing the dependence of the linear
coefficient of swelling of Kr intumescent compositions with different systems are
constructed - ammonium polyphosphate: pentaerythritol: thermally expandable
graphite (APP: PE: EG) (PPG composition), ammonium hydrophosate: aluminum
hydroxide: thermally expandable graphite (APP: A1(OH);: EG) (PAG composition),
ammonium polyphosphate: aluminum hydroxide: colloidal silicon dioxide (APP: Al
(OH);: aerosil) (PAA composition).

In the fourth section DEVELOPMENT OF THE COMPOSITION OF
INTUMESCENT FIRE PROTECTION COATING optimization of fire protection
compositions of PPG, PAG and PAA systems according to the linear coefficient of
swelling is carried out. The optimal content of components of the specified systems
is defined.

The rational content of APP, Al (OH); and EG components in the epoxy

polymer of the PAG system was determined by the linear coefficient of swelling,



which allows to obtain an intumescent fire-retardant coating PAG-2 with a high rate
of swelling (Kp = 64), low flammability (Ol = 33%). performance properties -
adhesive strength to steel grade St.3 (o, = 6.7 MPa), water resistance (Amy, = 4.1%),
resistance to 10% H,SO4 solution (Am,. = 4.7%) and resistance to 10% NaOH
solution (Amgy = 4.4%), which is 16.7, 2, 2.8 and 2.5 times more than the same
indicators, respectively, for certified water-based flame retardant paint.

It is established that the use of the developed coating PAG-2 for fire protection
allows to provide protection against heating of the metal plate to a temperature of
500 ° C for 36.4 minutes. The efficiency of fire protection of metal with epoxy-based
coating PAG-2, evaluated by comparing the heating time of the metal plate, is 1.3
times higher than known epoxy-based analogues and 1.6 times higher than water-
based IVP.

The basic technological scheme of production of intumescent fire-retardant
coating PAG-2 is developed.

The calculation of the cost of manufacturing 1 ton of coating. It was found
that the coating of PAG-2 has an 8.5% lower retail cost compared to its foreign
counterpart.

Scientific novelty of the obtained results.

The dependence of the multiplicity of swelling (by the linear coefficient of
swelling) of epoxy polymers filled with ammonium polyphosphate and binary
mixtures of ammonium polyphosphate with aluminum hydroxide, sodium
tetraborate, titanium oxide (IV), pentaerythritol, and thermally expanded graphite at
test temperatures of 350 © C, 400 ° C and 450 ° C.

For the first time, mathematical models were obtained describing the
dependence of the linear coefficient of swelling of fire-retardant coatings based on
epoxy polymers filled with systems — ammonium polyphosphate : pentaerythritol:
thermally expandable graphite (APP: PE: EG), ammonium polyphosphate:
aluminum hydroxide: thermally expandable graphite (APP: Al (OH)s: EG),
ammonium polyphosphate: aluminum hydroxide: colloidal silicon dioxide (APP: Al

(OH)s: Aerosil).



For the first time for the system ammonium polyphosphate: aluminum
hydroxide: thermoexpandable graphite installed a rational content of components,
which allows to obtain an intumescent fire-retardant coating with a high rate of
swelling (Kp = 64), low flammability (OI = 33%) and improved in comparison with
fire-retardant coatings performance properties.

Experimental studies aimed at developing intumescent fire-retardant coatings
based on epoxy polymers were further developed.

Practical significance of the obtained results:

* the obtained mathematical models allow to predict the multiplicity of
swelling of epoxypolymer-based coatings depending on the ratio between the
components of the systems— ammonium polyphosphate : pentaerythritol: thermally
expandable graphite (APP: PE: EG), ammonium polyphosphate: aluminum
hydroxide: thermally expandable graphite (APP: Al (OH);: EG), ammonium
polyphosphate: aluminum hydroxide: colloidal silicon dioxide (APP: Al (OH)s:
Aerosil);

* developed intumescent fire-retardant coating PAG-2 on the efficiency of
metal fire protection 1.3 times higher than known analogues and 1.6 times higher
than water-based IFPC and has improved performance properties - adhesive strength
to steel grade St.3 (o, = 6.7 MPa), water resistance (Am,, = 4.1%)), resistance to 10%
H,SOj4 solution (Am,. = 4.7%) and resistance to 10% NaOH solution (Amg = 4.4%),
which is 16.7, 2, 2.8 and 2.5 times more than the same indicators, respectively, for
certified water-based fire retardant paint;

* the results of the work were implemented at the enterprise LLC «RPE
«Bionic House» (Kyiv) and in the educational process of the National University of
Civil Defense of Ukraine in the study of the discipline «Stability of buildings and
structures in case of fire») (topic 1.3. training at the first (bachelor's) level of higher
education field of knowledge 26 «Civil Safety», specialty - 261 «Fire Safety» for
educational and professional programs: «Fire Safety», «Audit of fire and

technogenic safety», «Firefighting and rescue operations.
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