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OCOBJIMBOCTI BOI'HE3AXNCHOI'O OBPOBJIEHHSA AEPEB’IHUX
BYAIBEJIbHUX KOHCTPYKIIA IHTYMECHEHTHUM MMOKPUTTAM

Anomauia. Hageoeno 00cnioxnceHHs no CmeopeHHI0 802HE3AXUCHUX THMYMECY eHMHUX NOKPUMINIG, AKI 30amHi
3a0e3neyumu WUPOKULl CHEKMP 802HE3AXUCHUX A eKCHAyamayiiHux eracmusocmei oepesunu. Ilicas eunpobysans
3paskis, 06poOIeHUX THMYMECYSHIMHUM NOKPUMMAM, 3a Oii NOYM Sl NATLHUKA OMPUMAHO 6MPaAmy MAcl 3pa3Ka He
oinvue 6% ma memnepamypy oumosux cazie ne euuje 184°C, wjo nepegodumv 06pobneny Oepeguny 00 zpynu

BAIICKOCOPIOYUX MAMEPIATIE.
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ITocTanoBka npoodJiemu

JepeBuHa  IIUPOKO  BUKOPHCTOBYETHCS  JUIS
3BEleHHs  JaXiB Ta € OCHOBHHM  JDKEpEJIOM
PO3MOBCIO/PKEHHS TOJyM’sl TOBEPXHEI0 H MOTpedye
BOTHE3aXHUCTy. BUMOTM 10 SKOCTI BOTHE3aXUCTY
JiepeB’sSTHUX KOHCTPYKIiH periamenrtoBadi [1, 2]. Icaye
YUMaJ0 CIOCOOIB BOTHE3aXHUCHOI OOpOOKM JEepPEBUHU
agTunipeHamMu. Cepen HUX TMPOCOYYBAHHS [IEPEBUHU
HEOpraHIYHUMH COJISIMH Ta HAHECEHHS IOKPUTTIB Ha
OpraHiyHiii OCHOBi. 3a3HaueHi CIOCOO0M  MaroTh
HENOJIKM TMiJi 4Yac HaHeceHHA Ta eKCIUTyaTaiii
JIepeB’sIHUX KOHCTPYKIIH: TpW BIUIMBI BOJIOTH Ha
JIEpeBUHY TMiJ  [Ji€l0  30BHIMIHIX  (aKTOpiB  coti
PO3UYHMHSIOTECS Ta TIOCTYIIOBO BHMMBAIOTHCS, MArOTh
MiJBUIIEHE  JWMOYTBOPIOBAaHHS  Ta  BHUJIUICHHA
TOKCUYHHUX TMPOAYKTIB MPH TOPiHHI, M aTMochepHUM
BIUIMBOM BTpPAdaloTh ajre3idHy BiacTusicTh [3]. Tomy
aKTyaJIbHUM € HPOBEIEHHs JOCTIDKeHb Ta CTBOPCHHS
BOTHE3aXHCHOTO IHTYMECIIEHTHOTO MOKPHTTS, sKe Oyne
3a0e3neuyBaTd LIMPOKUHA CHEKTP BOTHE3aXHUCHUX Ta
eKCIUTyaTallifHNX BIIACTHBOCTEH, BUTPUMYBATH MifO
HaBKOJMIIHBOTO  CepeloBUINAa  0e3  IOpYIIEHHS
LUTICHOCTI  MOKpHUTTA. lle 3yMOBUTH  IiJBUIIECHHS
JIOBrOBIYHOCTI BHPOOIB 13 ypaxyBaHHSIM Cy4acHHX
BUMOT 1010 OXOPOHH HAaBKOJIMIIHBEOTO CEPEIOBHIIA.

AHaJII3 0CTAaHHIX J0CJHiIZKeHb Ta MyOiKauin

B poGoti [4] BcTraHOBNEHO, IO Cy4acHi 3aco0u
BOTHE3aXHUCTY SIBISIOTH COOOK0 CYMimli, SIK OpTaHIdHHX
TaK 1 HEOPTaHIYHMX PEYOBHH, IIO XapaKTEPU3YIOThCS
3MATHICTIO YTBOPIOBAaTH HA TIOBEPXHI  ITiUIOXKKH
CIIyYCHHUIl TIap MIHOKOKCY. AJie, HE BCTaHOBJICHO, 5K
JaHi

MMOKPUTTA CKCIITYaTyHOTbLCA Ta qu €

aTMOChepOCTIHKUMU.
BOTHE3aXHUCHUX

EdekruBnicts il
3ac00iB  Ha  OCHOBI

TaKUX
OpraHo-
HEOPTaHIYHMX KOMITO3HUINH MoKa3aHa B po6oTi [5]. Tak,
3a paxyHOK pO3KJIaJy aHTHIIpeHiB 3 momidochopHUX
KHCIOT 1  CIIHIOBaYiB  MOJMIIMBO  PEryIIOBaTH
(opMyBaHHs 3axXMCHOTO HIapy miHOKOKcy. IIpote, Taki
KOMITO3MIII{ ITiJT 9ac eKCIUTyaTalii BAMHBAIOTHCS, TaK K
BUTOTOBJIEH] HA BOJHII OCHOBI.

Omnuc poOOTH CITy4yrouuX MOKPHUTTIB € OJHIEI0 13
3aBIaHb, IO MOTpeOye YB’SI3KH EKCHEPUMEHTAIBHUX
JIAaHUX 3 HAasBHUMH TEOPETHYHHMH 3aJICKHOCTSIMH, IO

mokazano B poborti [6]. TIpore, 3amummmmucs
HEBHpIIIEHHMMH  mpoOmemu,  sKi  ToB'i3aHi 3
aTMoc(epoCTIHKICTIO JIAHUX HOKPHTTIB pu

KOJIMBaHHSX B 30BHIIIHIX yMOBaX.

B po6oTti [7] po3risHYyTO MaTeMaTHYHY MOJEb
Ipu  3MiHI  TEMIIEpaTypHO-BOJIOTICHMX  KOJIMBaHb
BOTHE3aXHUCHOTO MOKPHUTTS, IO PO3po0diieHa Ha 3aKOHAX
30epexenHst Matepiany i eHeprii. Ty nependavdaeTbes
MEBHUH BUJL (yHKIIIOHATTBHUX 3aJIeKHOCTEN
Teroi3uIHUX XapaKTEPUCTUK 3 Habopom
HEBCTAHOBJICHUX KOC(DIII€HTIB 1 3amada 3BOIUTHCS [0
YUCENbHOTO BH3HAYEHHS IIMX KOE(III€HTIB, IO
OB 5I3aHO 3 BUCOKOIO HETOYHICTIO.

EdexTuBHICTh 3aCTOCYBaHHS PEYOBHH IOKPUTTS,
OCHOBOIO SIKMX € OpraHi4HI pPEYOBMHH IOKa3aHO B
poboTi [8], ae 3a paxyHOK TepMi4HOTI JIii Ha aHTHITIPEHH
MOXJIMBO BIUIMBAaTH Ha CIYYCHHS 3aXHCHOTO IIapy

nmiHokokcy.  Ilpote, BHHMKae  HEOOXimHICTD Y
OCTI/DKCHHI YMOB  CTBOPEHHS  TEPEIIKOIW IS
TEIUIOMPOBIIHOCTI Ta BCTAHOBJICHHS E(EKTHBHOCTI

MOKPUTTS 100 YTBOPEHHSI 3aXMCHOTO LIApY.
3HaYHUN PiBEHB CTIHKOCTI, MIUTBHOCTI Ta MIITHOCTI
CIIYYEHOTO MIapy KOKCY JOCSraeThcs MpH (HopMyBaHHI
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MOKPUTTS Ta BBEACHHI J00ABOK, SKi YTBOPIOIOTHCS
3aBISKM BUCOKOTEMIIEpaTypHUM croiiykam [9]. Aue,
JUIA OKa3y ObOro (hakTy He MpeACcTaBJIeHI BiOIOBiTHI
(i3uKo-XiMi4HI pe3yJibTaTd, IO MAalOTh Micue Npu
eKCIUTyaTartii.

BruiuB MiHepadbHUX pPEYOBUH Ha BIIACTUBOCTI
BOJHOI'O BOTHE3aXUCHOTO TOKPUTTS TOKA3aJ0 CBOIO
edpektuBHicTh [10], omHak, MexaHi3M B3aeMOIii HpU
CIy4eHH] MOKPUTTS TPH TEPMiuHIN Iil He 3a3HaYeHUIt
Ta HE BCTAHOBJICHI YMOBH #Oro ekciuryararii. B pobori
MPHUBEJICHA MOJICITh, SIK BOTHECTIMKOCTI TaK i TEpPMIYHOT
Jlerpaarnii MiHOKOKCY, sIKa BPaXxOBYE CTPYKTYpPY IOp,
ajle JlaHa MOJieNib HE JIOBOJAWTH, SIKI IEPETBOPEHHS Yy
Bi10yBarOTHCA
MiBHUINEHiH BoiorocTi cepemopmma [11].

MOKPUTTI Npu  eKcIulyatauii  mpu

B po6oTi [12] BuCyHyTO MareMaTH4Hy OCHOBY Ta
METOJMKY YHCEIBHOTO BU3HAUYEHHS KIHETUKH CTaHy, K
TeIUIa TaK 1 BOJIOTOCTI CITy4E€HOro MIapy IMiHOKOKCY Ta
MJI0KKK, 110 1Mo0OyJoBaHA HAa BUPILICHHI PIBHSAHHS
TEIUIOTPOBIMHOCTI Ta Tepenadi Boyoru. Ilpore, maHi
JIOCITIJDKEHHST TIPUTAMaHHI TUTBKUA JUISL HEOPraHIYHOTO
Marepiaiy i 3acToCyBaTH IX JJIsl IEPEBUHI HEMOXKIIHNBO.

Takum YUHOM, B pe3yabTaTi aHANi3y JIiTepaTypHUX
JDKepeNn BCTAHOBJICHO, IO BOTHE3aXMCHI MOKPHUTTSA
3IaTHI JerparyBaTd 3 IIOBEPXHi JepeB’SHUX BHPOOIB
mpu ekciuryaramii. [lapamerpm, mo 3abe3medyroTh
CTIHKICTh /70 BTpaTH e(EeKTHBHOCTI BOTHE3aXHCTy He
BCTaHOBIEHI. ToMy,  BCTaHOBICHHS IapaMeTpiB
rajbMyBaHHS BHXOJY BOTHE3aXHUCHUX KOMIIO3UIIH 3
JICPEeBHMHU Ta BIUIMBY DPEYOBHH, SKi BXOAATH JO IX
KOMIIO3MIIiH, 1 00YMOBMIJIO HEOOXIJHICTh MPOBEACHHS

JIOCITI/KEHb Y TAHOMY HalpsIMKY.
Meta po6otu

P0o3po0HTH IHTYMECIIEHTHE MTOKPUTTS JUIS 3aXUCTY
JICPEBUHHU BiJl BOTHEBOTO BIUIMBY Ta Ha OCHOBI
BOTHE3aXMCHOI ~ ©()eKTUBHOTI  BCTAHOBUTH  HOTO
ONTUMAaJIbHUN CKIIAI.

Bukiiag ocHoOBHOro martepiany

[[lo6  oTpumar  CIydyBalbHY  3IaTHICTbH
IHTYMECIIEHTHOTO MTOKPUTTS, MOTpiGHO
eKCIIePHMEHTATBHO BH3HAYUTH BEJIMYMHY CIIyYECHHS
(BHCOTY CIIHEHOTO IIapy TOKPHTTS), BOTHE3aXHCHOI
e(peKTUBHOCTI, a TAKOXK MEXaHI3My 3aXHCTy IMOKPHTTS
BiJl BHCOKOTEMIIEpAaTypHOTO BIUTUBY. st mocimimkeHs
BUKOPHCTOBYBAJIM XIMidHI KOMIOHEHTH (B’ sDKydi,
CHUCTEMY aHTHIIIPCHIB, IITMEHTH, HAIOBHIOBAYi Ta
(yHKIIIOHANBHI J00ABKH), SIKI € CKIaI0BUMU TTOKPUTTS,
a TaKoXX BCTaHOBJIOBAIM BJACTUBOCTI OKPHTTS,
BU3HAYaIM MEXaHIYHY Ta TEPMIUHY CTIHKICTh CITIHEHOTO
[Iapy IOKPUTTS 1O TEIUIOBOIO BIUIMBY 33 PaxyHOK
BBEJICHHS  TYroIUIaBKUX  okcuziB.  CrnyuyBayibHY
3IATHICTh IHTYMECIICHTHOTO TOKPUTTS BHU3HAYAIH 32
JIOTIOMOT OO0 npuiamy BU3HAYECHHS KiHETHUKH
CIy4yBaHHSI BOTHE3aXHCHOTO MOKPUTTS. BoruesaxucHy

e(EeKTUBHICTh IOKPUTTS BH3HA4YaJIM 3a JOIIOMOIOIO
ycraHoBku OTM.

B mporeci mocnimkeHp BU3HAYAIN parliOHATBHUH
CKJIaz OpraHiqHO1 CKJIaJIOBOI1 KOMIIO3HITi
IHTYMECIIEHTHOTO OpPTraHO-MiHEPaIbHOTO MOKPUTTA. by
3aCTOCOBAHUN TPbOX(aKTOPHUIH CHUMILIIEKC-
LHEHTPAJIbHUIA  METOJ IUIaHYBaHHS  EKCIEPUMEHTY.
BusHaueHi palioHanbHI OpraHiyHi CKJIaJIOBi 3a BUTPATH
OCHOBHOTO B’SKYYOrO areHTy — IOJMiBiHJIaleTaTHOL
mucnepcii y kimpkocTi 14, 16 1 18 mac. %. Bynu Bubpani
HacTymnHi (haKTOpH BapiloBaHHS: KUIBKICTh nomidocdary
amoHito (IIdPA), % (daktop Xi); KiNbKicTh
nentaepitputy (I1), % (dakrop X2) 1 KiNBKiCTH
menaminy (M), % (daktop Xs3). 3a BUXigauii mapamerp
oOpamu  Koe(illieHT CIOy4eHHS, 3HA4YCHHS SKOro
¢bikcyBanm Ha  3pa3kax  JIepeBUHH, sKi  Oynu
TepMooOpobieni 3a Ttemmeparypu 500°C. ®Dakropu
BapitoBaHHs HaBezeHi y Tabmuui 1.

AHaii3 oTpUMaHMX piBHSIHB Perpecii rmokasas, 1o
BapiiioBaHi (akTopu B3aEMOIOB’si3aHI Ta JOCHTH
3HaunMi. CyTTeBHH BIUIMB Ha KOEQIIi€HT CIydeHHS 3a
BUTpAaTH TIOMIBiHIJANETaTHOI Juchepcii y KiJIbKOCTI
14% wmae B3aemna mis QaktopiB XoXsz i X1XoXs; 3a
BUTpaTH TIONIBIHLTANETaTHOI Jucnepcii y KiJIbKOCTI
16% — B3aemua fist pakropiB X1Xs, XoX3 Ta X1X2X3; 32
BUTpaTH TOJNIBiHITANETaTHOI Jucnepcii y KiJbKOCTI
18% — B3aemHa fist haktopiB X1X3 Ta XoXs.

Taomns 1
®dakTopH BapilOBaHHS CKJIAJI0BHUX IMMOKPUTTS
daxropn BMGPaHi piBHI
BapilOBaHHs InTepBan
Hatypans- | KogoBa- |Hmxkwniit | BepxHi#i| Bapito-
HUU HUUI piBeHb piBeHb | BaHHSA
BUTIIS BUTJISA 0 1
MDA, % X1 15,0 20,0 5
I1, % X2 8,0 14,0 6
M, % X3 10,0 16,0 6
BusnayeHo, @m0 npu BBEACHHI MiHEpaJIbHUX

HalOBHIOBAaYiB 10  CKJaJy  OpraHo-MiHepaibHOI
koMmo3umii B KimbkocTi 10% crpusie ImiIBUIICHHIO
koedimienra crydenns Bix 30 no 36,7, mo B 1,5...1,84
pa3u Ounbliie BiJ 3HAa4YeHHs KoedillieHTa CITy4eHHs
OpraHoO-MiHEpaTbHOT KOMIIO3UIIiT ONTUMAIBHOTO CKIIAIy
0e3 HamoBHIOBauiB. Y pe3ynbTaTi MOJICTIOBAHHS
OTpHMaHi piBHSHHS perpecii Ta moOymoBaHI TepHapHi
MMOBEPXHI 3MiH BHXIJHOTO MapaMeTpy B 3aJ€XKHOCTI Bij
3MiH (akTopiB BapitoBaHHs (pHc. 1).

I3 puc. 1 BuaHO, Mo 30iNBIIEHHS KOedimieHTa
coydeHHs Big 14,3 mo 25,1 BinOyBaeTbcs OmHOYACHO i3
30UIBIIEHHSIM Yy CKJIaAi KoMmo3uiii moumidocdary
amoHir Bix 16,5 mo 20% (X1) Ta memaminy Bix 10,5 no
15,5% (X3) npu 3MeHIIeHHi neHTaepiTputy Bia 11,5 1o

8,0% (Xs).
Hdns  BunpoOyBaHb 3  BH3HAYEHHS  TPYyIH
BOTHE3aXUCHOI  e(eKTHBHOCTI  TOTYBaJM  3pa3Ku

po3mipom 150x60x30 MM 3 AEpeBHHH COCHH. 3pa3Ku
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MiJaBaTuCs  KOHAWIFOBAHHIO TPH  TeMIIeparypi
20+2°C. Bcro moBepxHIO 3pasKiB y BIANOBITHOCTI i3
periaMeHToM poOIT 3 BOTHE3aXUCTy  O0pOOIsIH
IHTYMECIIEHTHUM TIOKPHUTTSIM Y JIBa IIapy 3 MIPOMIKHIM
CYIIIHHIM 4epe3 3 TOIUHH.

S aa NN
WAO~NO =N

Ao AAhAY

A2 aNNN
N~O0=2Wh

AAAAAY

Puc. 1. 3miHa koediuienTiB crydents Ko, opraniuHoi
CKJIaZI0BOi BOTHE3aXMCHOI KOMITO3HIIii TIPH BUTpaTi
[IB A-pucnepcii, %: a—14; 6 — 16; 8 —18.

MaremariuHa peaizailis MaTpHIll eKCIIEPUMEHTY
HaBezeHa y Tabmumi 2.

Tabmuig 2
MaremaTryHa peajtizailis MaTpulli eKCepUMEHTY
Toukn| Kogosani Harypansni OyHKIIsA
IUIaHy| 3HA4YeHHT 3HaYEeHHS BIATYKY
erenier DA, T, |M,
Mléi;y X1| Xo| X3 % |9 | % Ken [Ken |Ken
1 /001000150 [14,110,0 10,4 15,8 14,4
2 /03(03|0,3|16,8 10,0 12,2 18,7 |24,2 20,2
3 /10(00]00/|20,1 (8,0 10,0 27,8 26,7 [22,4
4 105/05|00]|17,6 11,0(10,0(18,3 (17,8 16,7
5 /00(00]|1,0/|150 (8,0 (16,2 14,8 16,4 (15,5
6 |05/00|05(17,6 |8,0 13,0 21,7 23,3 22,8
7 100/05|05|150 (11,0 13,0 24,7 27,4 25,2
Bwicr [IBA-mucnepcii, % 14 | 16 | 18

[Ticast moBHOTO BHCHXaHHS 3pa3KiB MPOTITOM HE
MEHIIe OJHOTO TIDKHA 1X TWiAJaBald BOTHEBUM
BUTIpOOyBaHHsIM 3rimHO 3 [2] Ha ycranoBui OTM.
Crioci® kpiruleHHS 3pa3Ka B YCTaHOBIN TOKa3aHWH Ha

PUCYHKY 2.

Puc. 2. Crioci6 xpirutenns 3paszka B ycranosui OTM.
BoraeBuit BB Ha  00pOONCHHMH  3pa3ok
IPOBOJWIM MPOTATOM [BOX XBHWIMH TaJbHUKOM B
ycranoBmi. Ilicis BUmpoOyBaHb 30BHIIIHIM BHTIIS
3pa3Kka Ta CTaH IHTYMECIEHTHOTO IMOKPUTTS MOKa3aHi Ha

PHUCYHKY 3.

Puc. 3. 30BHIHIN BATTIAA 3pa3ka Ta iIHTYMECLIEHTHOTO
MOKPUTTS IiCIIsI BUITPOOYBaHb.

B pesymerari BUIpoOyBaHh BCTAHOBIICHO, IO Tij
TEMIIEpaTypHUM  BIUIMBOM  TOJyM’Sl  TaJbHUKA
BifOymocst crydeHHs HOKPHUTTS (TOBIIMHA CITyYEHHS
ckimanana 27 mMm). Ilpm mpomy BTpara macu 3paska
ckinana MeHme 6%. Temmeparypa AMMOBHX Ta3iB mij
yac BunpoOyBaHb He nepesuiiyBaia 184°C.

Takum  9uMHOM,  IHTYMECHEHTHE  TOKPHTTS
3a0e3neuye Mepiry rpyimy BOTHE3aXHCHOI e(heKTHBHOCTI
3rigmo 3 [2].

BucHoBxku

3ampoIoOHOBaHO CKJIaIOBI YaCTUHHU
IHTYMECIIEHTHOTO  IOKPUTTS Ta  BHM3HAYCHO  iX
e(DeKTHBHICTP I[00 BOTHE3AXUCTY JAEPEBUHHU. 3aJI€KHO
Bim Bmicty ITIBA-mucrmepcii  BH3HAUu€HO  3MiHY
KOe(iLI€HTY CIOYYEHHS, L0 3HAXOAUTHCSI B MEXKaX Bij
14,3 nmo 25,1. Ilicns BunpoOyBaHb 3pa3kiB, 00poOICHUX
IHTYMECLEHTHHUM MOKPHUTTAM, 3a Jii MOIyM’s MaabHUKA
OTPMMAaHO BTpaTy Mach 3pa3ka He Oimbire 6% Ta
TeMIepaTypy AMMOBUX ra3iB He Buie 184°C, o
MepeBOTUTh  O0OpoONeHy  JepeBHHY 10  TpylH
B)KKOTOPIOYNX MaTepialib.
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FEATURES OF FIRE PROTECTION TREATMENT OF LOAD-BEARING BUILDING STRUCTURES
Yu. Tsapko?, O. Tsapko'?, O. Bondarenko?, Z. Sirko?, K. Kaverin?, D. Semigran?
tUkrainian State Research Institute "Resurs”, Ukraine,
2Kyiv National University of Construction and Architecture, Ukraine

The article emphasizes that wood is a flammable material, flames spread quickly, which poses a threat to
building structures. Therefore, it must be protected by effective means of fire protection. Regulatory and technical
documentation is presented, which establishes requirements for the quality of fire protection of wooden structures.
Using the example of state reserve enterprises, it is shown that there are many methods of fire-resistant treatment of
wooden structures with flame retardants. Among them are the impregnation of wood with inorganic salts and the
application of coatings on an organic basis. These include impregnation of wood with inorganic salts and
application of coatings on an organic basis. It is shown that the specified methods of processing have disadvantages
during application and operation, which include the moistening of wood under the influence of external natural
factors, which leads to the dissolution and leaching of salts, increased smoke formation, and the formation of toxic
combustion products. The constituent parts of the intumescent coating are proposed and their effectiveness in
relation to fire protection of wood is determined. Depending on the content of PVA-dispersion, a change in the
coefficient of swelling was determined, which is in the range from 14.3 to 25.1. Thus, it was determined that when
mineral fillers are added to the composition of the organo-mineral composition in the amount of 10%, it helps to
increase the coefficient of swelling from 30 to 36.7, which is 1.5...1.84 times greater than the value of the coefficient
of swelling of the optimal composition of the organo-mineral composition without fillers. The article presents
research on the creation of fire-resistant intumescent coatings capable of providing a wide range of fire-resistant
and operational properties. After testing samples treated with an intumescent coating, under the action of a burner
flame, a sample weight loss of no more than 6% was obtained, and the temperature of flue gases did not exceed
184°C, which refers the treated wood to the group of non-combustible materials. Thus, the intumescent coating
provides the first group of fire protection efficiency.

Keywords: building structures, fire-resistant treatment, state reserve enterprises, intumescent coatings, fire-
resistant properties, efficiency.
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