JEPXKABHA CJYKBA YKPAIHU 3 HAJIBBUYAVMHUX CUTY AL

HAIIOHAJIbHUM YHIBEPCUTET IUBLJILHOI'O 3AXHUCTY YKPATHHA
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YIK 614.8

Peoakuiiitna xonezis

Irop TOJIOK, kaHauaaT neaaroriyHuX Hayk, JOLEHT, jJaypeaT dep:kaBHoi npemii YKpaiHu B rajysi
ocBiTH, 3ac/Ty:KeHHnii NpaniBHUK OcBiTH YKpaiHu, pekTop HanioHaaibHOro yHiBepeuTeTy HUBIJILHOTO 3aXHCTY
Ykpainu (Ykpaina).

€sreniii PUBKA, noktop TexHiuyHMX Hayk, npodecop, HalioHanbHU# YHIBEpPCUTET IMBIIBHOTO 3aXHCTY
Vkpaiuu (Ykpaina).

Bosomumup AHJAPOHOB, noktop TexHiYHMX Hayk, npodecop, 3aciaykeHWid Hisid HAyKd i TeXHiKH
Vkpaiuu, HauionanbHa akagemis HauioHanbHoT reapii Ykpainu (YkpaiHa);

Biktop BAHAX, nokTop TexHi4YHUX Hayk, npodecop, 3anopi3bkuil HallioHaNbHWI yHiBepcuTeT (YKpaiHa);

Amnapiit BAMBYPA, noxrop TexHiqHNX Hayk, npodecop, JI1 «HaykoBo-nocninnuii iHCTUTYT OyIiBeIbHUX
KOHCTpYKLii» (YkpaiHa);

Bacuas 'OJIIHBKO, nokrop TexHiuHUX Hayk, npodecop, HTY «/IHinpoBchka nmomitexHika» (YkpaiHa);

Ounexcangp T'OJIOJHOB, nokrop TexHidvHMX Hayk, npogecop, TOB «CranbnpoeKTKOHCTPYKLis
im. B.M. lllumanoBcbkoroy (YkpaiHa);

KOais JAHUYEHKO, noktop TexHiUHMX Hayk, mpodecop, Hamionanbsna akagemiss HauionansHOT rBapuii
Vkpainu (YkpaiHa);

Onekcanap JKYJIAM, xkanaupat TeXHiYHUX Hayk, IOUEHT, HalioHanbHuii yHiBepCUTET IHMBiIBHOrO
3axucty Ykpainu (Ykpaina);

Oxcana KUPUYEHKO, noktop TexHiuHMX Hayk, npodecop, UepkachbKuil iHCTUTYT MOXKeKHOI Oe3mnekn
imMeHi I'epoiB HopHoOuns HalioHaJIbHOTO YHIBEpCUTETY UUBIIBHOTO 3aXUCTy YKpainu (Ykpaina);

Awnapiii KOHAPATDBEB, noktop TexHiYHMX Hayk, npodecop, XapkiBchbKnil HalliOHALHUN YHIBEPCUTET
Mickkoro rocromapceTsa iMm. O.M. BeketoBa (Ykpaina);

Ouexcanap JIATIEHKO, nokrop TexHidYHNX Hayk, npodecop, HaBuanbHO-HAYKOBHI iHCTUTYT aeporopTiB
HamionansHoro asiatiiiHoro yHiBepcutety (YKpaiHa);

Bagum HI’KHUK, noxTtop TexHIUHMX Hayk, mpodecop, [HCTUTYT Aep’kaBHOTO YMpaBIiHHS Ta HAYKOBUX
TOCITiHKeHb 3 MABITbHOTO 3axucTy (YKpaiHa);

KOpiii OTPOLL, noxTop TexHIYHWX Hayk, mpodecop, HarioHanbHUil yHIBEpCHTET LMBIIBHOTO 3aXHUCTY
Vkpainu (Ykpaina);

Bacusnb TIETPYK, nokTop TeXHIYHMX Hayk, mpodecop, BiHHMIbKWI HaliOHATBLHUN TeXHIYHMI
yHiBepcuteT (Ykpaina);

Banentnn MEJIbBHUK, kanaunar TeXHiYHMX HayK, NONEHT, HallioHanbHWII yHIBEpPCUTET IMBIIBHOTO
3axucty Ykpainu (Ykpaina);

Muxona CYP’SIHIHOB, nokrop TexHiuHUX Hayk, npogecop, Onecbka nepkaBHa akaaeMist OymiBHUITBA
Ta apxitektypu (Ykpaina);

Laura COCHRANE, Emergent Countermeasures International Limited Company (UK);

Jeng-Renn CHEN, PhD, Professor, National Kaohsiung University of Science and Technology (Taiwan);

Andy DUNCAN, International Committee of the Red Cross (Switzerland);

Augusto GEROLIN, PhD, University of Ottawa (Canada);

Wolfgang Karl-Heinz REICH, Joint Chemical, Biological, Radiological and Nuclear Defence Centre of
Excellence (Czech Republic);

Luca ROMANO, Avvocato dell’Atomo (Italy);

Dieter ROTHBACHER, CBRN Protection GmbH (Austria);

Leonid SKATKOYV, PhD, Ben Gurion University of Negev (Israel);

Erika SUZUKI, Gamma Reality Inc. (USA);

Oksana TELAK, DSc, Main School of Fire Service (Poland);

Oleh TURUTANOYV, PhD, Comenius University (Slovakia);

Rajnai ZOLTAN, DSc, Professor, Obuda University (Hungary).

Bionosioanvnuit cekpemap: PAILIKEBUY Hina, PhD, HauioHanbHuli yHIBEpCUTET LMBLILHOTO 3aXHUCTY
Vkpainu (Ykpaina).

HaujionanbHuii yHiBepcUTeT LUBIIBHOTO 3aXucTy YKpainu, 2025. 468 c.

VYV 30ipHUKY BKJIIOYEHO Marepiaii MiKHApOJHOT HAayKOBO-NPAaKTUUHOI KoH(epeHuii «Problems of
Emergency Situations», sika BimOymnacs Ha 6a3i HamioHanbHOTO yHIBepCHTETY IMBITBHOTO 3aXUCTy YKpaiHu, 3a
TaKUMM TEMaTUYHMMU HalpsMaMM: 3arno0iraHHsA HaJ3BHYAWHMM CUTYallisiM; MOHITOPUHI Ta yNpaBiiHHA y cdepi
LMBIJILHOTO 3aXMCTY; pearyBaHHs HAa HaA3BMUaiiHi cuTyauii Ta JIKBigamis X HAcHiaKiB; XiMiuHI TexHoJsoril Ta
IHKeHepid, paxialiifHuii Ta XiMIYHMIA 3aXKCT; exosoriuHa 6e3nexka Ta OXOpOoHa Mpatli.

Pexomenoosano 00 Opyky euenorw padow HABYATBHO-HAYKOBO2O [HCMUNYMY NONCEHCHOI Oe3nexu
(npomoxkon Ne 4 6io 25.04.2025 p.).

© HauioHanbHUI YHIBEPCUTET LIMBIIBHOTO 3aXUCTy Y KpaiHu
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Ilanoeni ko1ecu ma koaexcauxku!

Bimaro ecix 3 siokpummsam MixcHapoonoi naykoeo-npakmuyuHoi KoHgepeHyii
«Problems of Emergency Situations.

L[v020 poky meHi enepuie unana Hazooa npugimamu 8i0 IMeHI HAYKO8UX md
HayKkogo-nedazociunux npayisHuxie Hayionanonoco yHieepcumemy yusiibHO2O
3axucmy YKpainu 6cix yuacHukie Haykoeoeo gopymy, axuil edxce 6-1i pik NOCHilb
NpoBOOUMbCA 8 CMIHAX HAUWO20 3aK1A0y 8UUOT OCBIMU.

Habnusxcenicmo cxionux kopooris doepoicasu i, 30kpema, m. Xapkoea 00 niHii
botiosux Oitl, 3yMOBUNA NIOBUWEHHSA HABAHMANCEHHS HA DPAMYEANbHI NiOpOo30inu
ma po3uluUpeHHs pi3HOMaHIimms HaozeuuauHux cumyayiu. Ileped niopozdinamu
JICHC 6 ymoeax cvo2c00eHHs cmoamb CKIAOHI ma 0OazamocpanHi 3a80aHHS,
Nno8’A3aMi, HAdXCalb, 3 GENUKUM PUSUKOM O dcumms. Jloknadaiouu makcumym
3yCUb, PAMYBANLHUKU HA YCIX (DPOHMAX He COBOM, d CNPABOI 00800AMb, WO
JIIOOCLKE HCUMMSL € HAUBUWOTO YIHHICMIO, 0CODNUBO 8 Hac, KONU A2pecop HeujaoHo
HUWum» yce.

Haw 3axio 6e3cymuieno 6ionogioae euxiukam uacy. Acnekmu, sKi
3anponoHosani 00 002080peHHA )y Npayax KoH@epenyii, € axmyanbHUMu,
NpiopumemHuMuU, 3HAUYWUMU [  mMpaouyiiHo po32ensdaomscsi nio  0e8izom
«3anobiemu. Bpamysamu. J[onomoemuy.

Maro Haoim, wo Hawa xoughepenyia 3pobume 6a2omuil 6HeCOK ) PO3BUNOK
npiopumemnoi 01 Yxpainu psamyeanoHoi cnpasi.

Boice  mpaouyitimumu  cmanu  0onosidi, AKI  NpuceayeHi - NUMAHHAM
3anobicaHHI0  HAO38UYAUHUM — CUMYAYIAM, HAYKOBO-NPAKMUYHUM — ACNEKMAam
MOHIMOpUH2Y ma YNpaeniHHa ) cghepi YugiibHO20 3axucmy, peazy8aHH!O Ha
Hao3eu4auHi cumyayii ma Jnikeioayis ix HACHIOKI8, XIMIYHUM MEXHON02IAM ma
iHoiceHepil, padiayiiinoco ma XiMIiYHO20 3aXUcmy, eKoNo2iuHOl Oe3neku ma
OXOpoHU npayi, addce 6azamvoOX HAO3BUUANHUX CUMyayil ModcHa O0yro 6
VHUKHYMU a00 3MeHuumu ix Haciioku, Maroyu Ha 030POEHHI CYUacHi Memoou ma
3acobu ona ix 3anobieanns.

Ipuemno ioznawumu yuacmo y koH@epenyii ma ecebiuny niOmpumKy Hauiux
Konee  —mpakmukie,  Haykosyie  Jlumoecvkoi  Pecnyonixu,  Cnonyuenozo
Koponiecmea Benuxoi bpumanii, Kumaiicexoi Pecnybnixu, [llsetiyapcokoi
Kongeoepayii, Kanaou, Yecvkoi Pecnybnixu, Imaniiicoxoi Pecnyonixu,
Pecnybnixu Aecmpii, I3painio, Cnonyuenux [llmamie Amepuxu, Pecnybnixu
lonvwa, Cnosayvkoi Pecnybniku, ¥Yzopuwunu.

Oxpim yvo2o 6 KOHQepenyii 831U Yyyacmv NPeOCMABHUKU NPAKMUYHUX
nioposoinie: [lenapmamenmy 3anobicanua Haozeuuatnum cumyayiam JJCHC
Ykpainu, epoicasrozo yenmpy cepmugpixayii  [JCHC Ykpainu,
Midcpecionanbnoco  yenmpy 2yMAaHIMAapHO20  PO3MIHYBAHHA MA  UBUOKO20
peazyeannsn JJCHC Vkpainu, [enapmamenmy 3ax00i6 npomuminHoi OifslbHOCMI
anapamy [lepacaenoi cayocou Yxpainu 3 naozsuyaiinux cumyayiu, 1Y JJCHC
Vipainu y Jloneyoxiti oonacmi, I'Y JCHC VYkpainu y [{ninponempogcokiii
oonacmi, I'Y JICHC Vkpainu y Kumomupcoxiti oonacmi, I'Y JJCHC Vxpainu y
3anopizexiii oonacmi, I'Y JJCHC Ykpainu y Kuiscokiii obnacmi, I'Y JJCHC
Yrpainu y Jlyeancokin obnacmi, I'Y JJCHC Ykpainu y Pienencoxiti oonacmi, I'Y
JICHC Yxpainu y Ilonmascexiii oonacmi, I'Y JICHC Ykpainu y Xapkiecokiti
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oonacmi, I'Y JICHC Vkpainu y Xepcowncokiii obnacmi, Ynpaeninusa 3 numars
HAO38UYAUHUX Ccumyayiti. ma yueilbHo2o 3axucmy HacenewHs Muxonaiecvkoi
MicbKoi paou.

baowcaro ecim yuacnuxam Miscnapoonoi nHaykoeo-npakmuyHoi KoHgepeHyii
«Problems of Emergency Situations» miyno2o 300po8’si, pOOUHHO2O 3AMUUIKY,
mMeopuoil HaACHA2U ma HenepeciuHux ycnixie y npogheciiiniii dianvrocmi. Hosux eam
BIOKpUMMIB, HenepesepuleHUx 386epuieHb 3a0is 000pobymy YKpPaiHCbKo2co HApooy,
8 iM 51 npoygimanHs YKpainu.

Pazom oo Ilepemocu! Cnasa Ykpaini!

Pexmop Hayionanvrnozo ynieepcumemy
YueinbHO20 3axucmy Ykpainu,
2eHepan-maiop leop TOJIOK
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INFLUENCE OF ATMOSPHERIC EFFECTS ON THE PERFORMANCE OF
STEEL STRUCTURES PROTECTED BY FIRE PROTECTION COATINGS

Nagrockiene D., PhD, Professor,
Grigonis M., PhD
Vilnius Gediminas Technical University

The effectiveness and durability of the painted fire protection coatings are not in doubt,
they are certified and comply with all fire protection requirements, but it has not been established
how they will survive when they are used in the areas of the coastal region where they may be
exposed to aggressive environments that may arise from the production, handling and storage of
various chemical substances. Under certain conditions and after six months, they may become
thermally conductive and lose their mechanical resistance, which in the event of a fire could
have a decisive impact on the safety of the buildings and the occupants of the buildings.

The technology for the production of intumescent paints has developed quite intensively
during the last decades of the 20th century. The science of intumescent coatings has also
progressed: the influence of various additives on the structure of the coating formation and the
stability of binders at high temperatures has been studied. The mechanism of action of the
coatings at elevated temperatures has been investigated and described, and the main groups of
components required for effective coating formation have been identified [1].

Intumescent coatings provide effective protection against temperature. They form a hard,
smooth surface. These paint coatings have various advantages and disadvantages. Intumescent
coatings provide effective protection against temperature effects. Fire-retardant swellable paints
can be quickly and easily applied. They form a hard, smooth surface. During a fire, three
reactions take place in fire-resistant paints as the temperature rises: plasticisation, swelling,
curing [2-3].

One of the manifestations of climatic effects is the ageing of materials. Ageing is the
process by which the physical properties of a material change under certain natural
environmental conditions, despite the fact that the original performance requirements are met.
Ageing is usually indicated by the inability of a material to perform its intended function or by
its degradation [4].

To evaluate the changes in the fire resistance of the fire plates, fire resistance tests were
carried out using a vertical fire resistance test furnace, and a standard fire curve. The panels
coated with the different intumescent coatings were subjected to fire tests after exposure to
different environments, the samples before the test are shown in Figure 1 and after the test,
where the thermo-insulating foam is visible, in Figure 2.

The specimens were not coated with a protective coating, but only with the Steelguard
FM585 intumescent coating. The temperature rise of the samples stored in the storage room and
the control samples is similar, while the temperature rise of the samples stored in the climate
chamber and on the outside of the conveyor is faster, but it can also be considered that the
temperature rise of the samples stored on the outside of the conveyor is also more even, only
starting from 760 °C the temperature rise of the sample stored on the outside of the conveyor is
slower, but it is not evaluated any more, because, as mentioned above, the relevant critical
temperature is 750 °C.
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Fig. 2. Control samples after fire resistance tests.

The control specimens in the first group reached the critical temperature of 350 °C in
about 13 min, 500 °C in about 21 min and 750 °C in about 36 min, while the artificially
maintained specimens reached the critical temperature in about 9 min, 16 min and 29 min,
respectively. The difference between the samples stored in the fertiliser storage area and the
control samples is on average about 2 min, but the fire resistance achieved is better than that
achieved with the artificially aged samples, on average about 3 min, but in general the artificially
aged samples have the lowest fire resistance.

The initial fire resistance of the control specimens is considered to be 100 %. The
specimens coated with Steelguard FM 585 and protected by an additional coating showed a
reduction in fire resistance of 10 to 24,7 % and 39,3 to 51,5 % for unprotected specimens. The
resistance of the specimens coated with Firex PPD - S2 and the protective coating Sigmadur 520
decreased by 29,9 % to 46,6 %, while the resistance of the specimens stored in different
locations and artificially aged without protective coating decreased by 21,8 % to 45,6 %.

Summarising the results of the studies, it is found that protective additional coatings
affect the thermal insulation properties of fire protection coatings, reducing the thickness of the
thermal insulation layer but protecting against environmental influences. Changes in temperature
and humidity reduce the thermal insulation properties of fire protection paints. The thermal
insulation layer formed from the fire protection coating is very brittle in the control samples and
the thickness of the resulting foam layer is 35 mm. and the thickness of the foam layer exposed
to atmospheric agents is 15 mm. or not at all. The fire performance of the weathered coatings
decreased by up to 48,5 % compared to the control and by up to 53,4 % for the additional
protective coating.
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