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EKCHHEPUMEHTAJIBHI TOC/IIKEHHSI BOTHECTIMKOCTI JEPEB’STHUX
BYAIBEJIBHUX KOHCTPYKUIHU, IOKPUTUX HAITIOBHEHUMUA
CANINIMOPT AHIYMHUMHA CIIOJTYKAMHU

[IpoBeneHo excrepuMeHTalbHI BUMTPOOYBaHHS €(EKTUBHOCTI BOTHE3aXHUCTy BHPOOIB 3 Jie-
peBuHH, iKi 00pobieni Boraesaxucaumu pedosruHamu KCJ[ ta KOP/I, a Takox po3pobieHnMu Bo-
IHE3aXMCHUMHU PEYOBHHAMH Ha OCHOBI HAallOBHEHUX KapOopaHCHIIOKCaHIB. BcTaHOBIEHO, 10 poO3-
poOIieHi pedoBHH 3AaTHI 30epiraTi BOrHE3axXHCHY €(eKTHBHICTD ITICJI HAHECEHHS iX Ha MOBEPXHIO
nepeB’sHUX BUPOOiB. EkcriepuMeHTaIbHO JOBENEHO, o 00pobieHi 3pa3ku aepesunu B3P Ha oc-
HOB1 HaIlTOBHEHOTO KapOOpaHCHUIIOKCaHy MOXKYTh BUKOPHCTOBYBaTHCs B OyaiBnsax IV crynens Bor-
HECTIMKOCTI. 3pa3ku JiepeBuHM, siki 00pobieHi BoraesaxucHuM 3acobom KCJI ta KOPJI, moxxHa
BUKOpUCTOBYBaTH B OyaiBisax [Va ta V cTyneHst BOTHECTIHKOCTI.

Knwuosi cnoea: BorHe3aXucCT, BOTHE3aXHCHI PEUOBHHHU, KapOOpaHCUIIOKCAH, AEpeB’sHi
KOHCTPYKIIii.

10.B. I'yyynak, A.M. Kosanw, B.b. /loux, C.A. Boex

3KCNEPUMEHTAJIBHBIE UCCJIEJJOBAHUS OTHECTOMKOCTH JEPEBSIHHBIX
CTPOUTEJIBHBIX ISOHCTPYKI.[PIFI, IHHOKPBIThIX HAITOJIHEHHBIMHA
CWJIMIIMNOPTAHNYECKUMU COEJJUHEHUAMMU

[TpoBeneHbl 3KCIIEPUMEHTAIBHBIE HCIBITAHUS Y(PPEKTUBHOCTH OTHE3AIIUTHI U3JCIUN U3
JPEBECUHBI, KOTOpbIe ObUTH 00paboTansl orHe3amuTHEIME BeniectBamu — KCJI; u KOP/, a takxke
OTHE3AIIUTHBIX BEIIECTB HA OCHOBE HAIOJHEHHBIX KapOOPAHCHUIIOKCAHOB. YCTAHOBIIEHO, YTO Pa3-
paboTaHHBIE BEIECTBA CIIOCOOHBI COXPAHSITH OTHE3AIHUTHYIO YP(GEKTUBHOCTD MOCIIC HAHECCHUS UX
Ha TIOBEPXHOCTh JICPEBSHHBIX U3Jenuid. [10TydeHbl 3KCTIepUMEHTAIbHBIE JTI0KAa3aTelbCTBA, YTO 00-
paboTtanHbie 00pa3ikl apeBecuHbl AOJ] Ha OCHOBE HAIMOJHEHHOTO KapOOpaHCUIIOKCaHA UMEIOT 00-
JBIIYIO OTHECTOMKOCTh M MOTYT MCIOJIB30BaThCs B 3aHuAX [V crenenn oruectoiikoctu. OOpasiisl
npeBecuHbl, 00paboTanHble orHe3ammTHeIM cpenctBoM KCJI u KOPJl umerot Gosee HU3KHE OTHe-
3alIUTHBIE CBOMCTBA U UX MOYKHO MCIIOJb30BaTh B 30aHUsIX [V 1 V cTeneHneil OrHeCTOMKOCTH.

Knwouesvie cnoea: ornezanyra, OTHE3alUTHBIE BEIIECTBA, KapOOPaHCHIIOKCAH, TEpPEBSH-
HbIE€ KOHCTPYKIIMH.

Yu.V. Hutsulyak, O.M. Koval, V.B. Loik, S.Ya. Vovk

EXPERIMENTAL TESTS FOR DEFINING THE FIRE RESISTANCE OF WOOD
PRODUCTS TREATED WITH FLAME RETARDANT SUBSTANCES BASED ON
FILLED CARBORANSYLOXANES

Experimental tests for defining the fire resistance of wood products treated with flame
retardants were held. Also the efficiency of flame retardant substances based on filled
carboransyloxanes was examined. Established results showed that the flame retardant substances
are able to maintain their effectiveness after application to the surface of wood products. It was
proved that the treated wood samples covered with filled carboransyloxanes have better fire
resistance and can be used in buildings of the IV degree of fire resistance. Samples of wood that are
covered with special substances have lower properties and can be used in buildings of the IV and V
degree of fire resistance.

Keywords: fire protection, fire-retardant substance karboransyloksan, wooden structures.
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Beryn. Peanizanisi nep>kaBHOT TOJITHKH, CHPSMOBAHOI Ha O€3IMeKy Ta 3aXHCT HAceNeHHS 1
TEPUTOPIil, MaTepiaTbHUX IIIHHOCTEH Ta JOBKULIS BiJ HETaTUBHUX HACHIAKIB HA/J3BHUAHHUX CHTYya-
il y MEpHUI1 Yac Ta B 0OCOOIMBUIA TEepioj, € OCHOBHOIO METOIO IIMBLILHOTO 3aXUCTY HAIIOI KpaiHu.

ByniBenbHI KOHCTPYKINIi y 3BUYAHUX YMOBaX €KCIUTyarTallii MOXyTh 30epiraTé HeoOXimgHi
(GyHKIIOHATBHI BIACTUBOCTI MPOTATOM TpUBajoro 4yacy. OJHaK B yMOBax MOK€Xi BOHU IIBHJKO
BTPAvyarOTh CBOT €KCIUTyaTalliliHi IKOCTi, pyHHYIOTBCSI 200 HE MEPENIKOHKAIOTh MOITUPEHHIO BOTHIO.

[Tpu mpOMY HIMPOKO BUKOPHCTOBYIOTHCS AEPEB’siHI Ta KOMOIHOBaH1 METaJoIepeB’ siHI KOHC-
Tpykuii. HaiiOinpm HeOe3MeYyHUMH i1 Yac MoXkKexi B OYIIBIAX 3 TAKUX KOHCTPYKIIIH € 3MEHIICHHS
PO3MIpiB MOMEPEYHUX TMEpepi3iB eNeMEeHTIB KOHCTPYKIIA BHACIIZOK MOJYMEHEBOTO TOPIHHS, IO
MPU3BOJUTH IO 3HIKEHHSA iX MIIHOCTI Ta pylHyBaHHs. JIfoau Ha 1MokeXi TMHHYTh B OCHOBHOMY Bijl
TpaBM, MOB’SI3aHUX 3 PYHHYBaHHSIM OYAiBeNTbHUX KOHCTPYKIIIH, Ta BiJl OTPYEHHS TOKCHYHUMU TPO-
JTYKTaMH 3TOPSHHSI.

B ymoBax peanbHOT MoXexi TeMIeparypa B 30HI TOpIHHS Moxe nepeBunryBata 1273 K, mo
MIPU3BOIUTH JI0 TIOJTYMEHEBOTO TOPIHHS JIepeB’ SIHUX KOHCTPYKIIIH, K1 3aiiMarOThCs TPH T1ABHUIIEH-
HI TeMIiepatypH ix mosepxHi monaxa 573 K.

3Bakarour Ha BUIIE3rajaHe 0aunMo, o € moTpeda y po3pooOili HOBUX eEKTUBHUX BOTHE3a-
xucHUX pedoBuH (B3P) s BorHeszaxucTy nepeB’ssHUX OyIiBEIBHUX KOHCTPYKIiH, IIIO CBOEIO Yep-
TOIO MIJBUIIUTD X HECYUY 3AaTHICTH 1 30eperke JIIOACHKI )KUTTA Ta MiHIMI3ye MaTepiaibHi 30UTKH.

IMocTanoBka npodsiemu. JlepeBrHa MUPOKO 3aCTOCOBYETHCS y OyIBHUIITBI, 3aBISKU MOPi-
BHSIHO BHCOKMM MEXaHIYHHM XapaKTEPUCTHKAM Ta MPOCTOTI 00poOku. OmHaK Mij Ai€r0 arpecCUBHUX
(baxTOpiB HABKOJIMIITHBOTO CEPEOBHUINA BOHA 3 YaCOM 3MIHIOE CBOi (Di3MKO-MeXaHIuHI XapaKTepuc-
TUKH 1 BHACITIJIOK 3MEHIIIEHHS TIJIOMII TIOTIEPEYHOTO Mepepi3y 3HIKYEThCS MeKa BOTHECTIHKOCTI Jie-
peB’HUX OyaiBeTbHUX KOHCTPYKIiH. OKpiM TOTO JIepeBHHA € TOPIOYNM MaTepiajioM 3 MEXE0 IMo-
IIUPEHHSI BOTHIO M2, 1110 00MeXye BUKOPUCTAHHS JIepeB’ STHUX OyiBEIbHUX KOHCTPYKIIii B OyliB-
JSIX, 31 CTYIIEHEeM BOTHECTIHKOCTI, BUIMM 3a [Va [1].

TpaauuiiHuM METOIOM BOTHE3aXHCTy BUPOOIB 3 IEPEBUHU € MPOCOYYBAHHS aHTHUITIPEHAMH,
3aCTOCYBAaHHS BOTHE3aXMCHHUX DPEUYOBHH, €KpaHYBaHHS Ta KOHCTPYKTHUBHI 3aXonu (30iTbIICHHS
TUTOIIII MTOTIEPEYHUX Tepepi3iB MOPIBHSIHO 3 PO3PaXyHKOBUMHU. ACOPTUMEHT BOTHE3aXUCHHUX MPOCO-
qyBaJIbHUX po3unHiB Ta B3P 3a ocTanHi poku 3Ha4HO 3pic, 3p0cia TaKoX aKTyalbHICTh OTPUMAHHS
JOCTOBIPHHUX JaHUX IOJI0 BH3HAUEHHsS €(PEKTUBHOCTI iX BOTHE3aXMCHHUX BJIACTUBOCTEH Ta TpHUBa-
JIOCT1 3aXUCHOT Jii.

[Tpaktuunoro 3actocyBanHs HaOynu po3unHu KCJI ra KOPJI, mpoTe iX He MOXHa BUKOPHC-
TOBYBAaTH B Oy/iBiax Buile [V cTyneHs BOTHECTIHKOCTI.

Tomy po3poOIeHHsS HOBUX BOTHE3aXHCHUX PEUOBHUH JIJIsl BOTHE3AXUCTY BUPOOIB 3 IEpEeBUHU
13 3HAYHUM 9acOM X BOTHE3aXUCHOI il € aKTyaIbHUM 3aBIaHHSIIM.

Meta po6oTu. O1iHKa BIACTUBOCTEH BOTHE3aXUCHUX PEUOBHH Ta iX BIUTHB HA MiJBUIICHHS
BOTHECTIHKOCTI JiepeB’THUX OyiBeTbHUX KOHCTPYKITIH.

Pe3yabTaTn pociaigxkeHb. BusHaueHHS BOTHe3aXMCHOI €(DEKTHBHOCTI BOTHE3aXHCHUX pe-
gyopuH 1poBoivtH 3rigHo 3 'OCT 16363-98 «CpencTBa 3aIuThl VIS IPEeBECHHBI. MeTO bl ompe/ie-
JICHUS OTHE3aIUTHUX CBOMCTBY [3], 3TiAHO 3 AKOIO 3a B3ipili MOTPiOHO OpaTh MPsIMOKYTHI COCHOBI1
OpyCKH TOTepedHoro nepepizy po3mipamu - 150 x 60 x 30 mm.

JInst poBeAEeHHST MOCHTIDKEHHS B3IpIli MOMEpeTHhO OOpOOISIIN TaKMMH BOTHE3aXHUCHUMU
pEUOBHHAMMU:

— 3arpoNOHOBAaHUM MOKPHUTTSIM Ha OCHOBI KapOOpaHCHUIIOKCaHY;

— ceprudikoBanuM nokputtsiMm KCJI;

— ceprudikoBanum nokputtsim KOP/I.

BpaxoByroun peakiiiiiHy 31aTHICTh BUX{JIHUX KOMIOHEHTIB Ta MOKJIMBICTH 1X B3a€MO/II1 IPH
HarpiBaHHI i3 YTBOPEHHSIM HOBUX BOTHECTIMKHX (ha3, sk BUXiJHI MaTepiaar BUKOPUCTAHO KapOopa-
Hemnokcan K-2104, okcuiHi 1 CHITIKaTHI HATOBHIOBAY1 Ta MOU(IKYIOUi JTOIaTKH.
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HaroBHIOBaui € aKTUBHOIO CKJIaJJOBOIO KOMITO3MITIN ISl 3aXHCHUX TIOKPUTTIB, TOMY BPaXOBYIO-
4y X BHCOKY CTIHKICTB J0 il BUCOKMX TeMIIEpaTyp, BOTHIO Ta B3a€MO/III0 MDK KOMIIOHEHTaMH, BUOIp
OCHOBHHMX KOMITOHEHTIB BH3HAYA€THCS MPOIIECAMH B3a€MO/Iii PU HarpiBaHH1 YTBOPEHHSIM CTIHKHX (has3.

OCHOBHOIO XapaKTEPUCTHKOIO HAMOBHIOBAYIB € iX XIMIYHHWM CKJIAJ, KU 37eOUTBIIIOTO BH-
3Ha4Ya€ MOKJIMBOCTI 1X BUKOpUCTaHHs. HalOpII mupoke 3aCTOCYBaHHS cepe/l MiHepaIbHUX HaIo-
BHIOBAYiB MAlOTh CHIIIKATH, HaWBAXIIMBIIIOK CTPYKTYPHOIO OJMHHIICIO SIKMX € CHITIIIAKHCHEBUN
terpaenp. Sk 3B'I3Ky BuKopucTaHO KapOopancuiokcad K-2104, xapakTepucTrKa SIKOTO TOJaHa y
Tab6mn.1, a nomimkwu: kaoxiH [IpocsuiBebkuii (TOCT 21286-82), amoMmiHio OKcu, 60pHA KUCIOTA.

Taonuys 1
Xapaxmepucmuka kapoopancunioxcanosoi 36'szku K-2104
.. Bwmict, mac. %
XiMIYHHAN CKJIaJ CTPYKTYPHOT OTMHUII CHIBBIHHO.IHGHHH
R/Si B C H Si
[(CH3)2 SiO (C6H5) SiO1,5]n
| 1,5 143 | 49,2 | 8,2 | 27,3
B4H10

AHai3M pe3ynbTaTiB JOCIHKEHh KIHETHKH IMPOLECY TEPMIYHOTO PO3KIAAY MOKPHUTTIB, Y
TOMY YHCIIi 1 BOTHE3aXHCHUX, CBIiYaTh, 10 MaKCHUMaJbHA IIBHJIKICTh BTPAaTH Macu B 00OpOOICHUX
3pa3Kkax 3CyHyTa B HH3BKOTEMIIEpATypHY 00JIaCTh, IPHU [IbOMY BTpaTa MacH 3pa3KiB BiOYBa€ThCs
3HA4YHO TIOBUIBHIIIE, B JBAa €TAlM 1 HA MEHIIY BEJIMYHHY, MOPIBHAHO 3 MaTepialioM 0e3 MOKPUTTS.
Enepris axTuBarii moKpUTOro MaTepialy MOPIBHSHO 3 BUXiTHOIO 30imbmiyersest 10 7200-8400
JI>K/MOJTb, 10 3HWXKYE aKTHBHICTh OKHCIIOBAJIFHUX MPOLIECIB 3aBJISKM B3AEMOJII KHCHIO HE 3 MaTe-
plaJioM TiIKJIAIKH, @ 3 KOMIOHEHTaMH 3aXHCHOTO II1apy.

Takum 4MHOM, 3aXMCHE MOKPHUTTS HAa OCHOBI HAIIOBHEHOTO MiHEPAJbHUMH HAINlOBHIOBAYaMH
KapOOPaHCUIIOKCAHy CIIOBUTBLHIOE TIPOIIECH TEPMOOKHCHEHHS MMIIKIIAIKH, TIBUIIYyE SHEPTiI0 aKTHUBA-
I1ii Ta 3HWKYE TX AaKTUBHICTb.

[TpoBeneHUMU NOCIIDKCHHSIMU BCTAHOBJICHO, IO 13 IMiJBUIICHHSAM €PEKTy TEIUIO3aXUCTY
TOBIIMHA YTBOPEHHS OKCHJIHOTO IIApy HA MOBEPXHI IMIIKIAIKH 3MEHIIYEThCs y 2-4,5 pasn.

BuropsiHHST MaTepiany MOKPUTTS XapaKTEPU3YETHCS MapaMeTPOM ), 13 HOTro 3pOCTaHHSIM Yac
MOYaTKy OKMCHEHHSI MK KN 30UTbIIyeThes y 8-12 pasiB, 3aIeKHO BiJl TEMITEpaTypH eKCILTyaTallii.

I3 30inpImeHHsM y (puc.]l) TepMiH MOYATKy OKMCHEHHS IMIKIAAKU 3Mimyerbes. Onepkani
pe3ybTaTH MIATBEPPKEHI TAKOXK EKCTIEPUMEHTATBHUMHU TaHUMHU, TIPOBEJICHUMHU 3 BUKOPHCTAHHIM
nigknaaku (puc. 2). OTpumani pe3yiabTaTH BKa3yloTh, IO 3a TEMIIEpPAaTypyu HarpiBaHHS BUIIE BiX
475 K mpoXodsTh MPOIECH TEPMOOKHCHOI JECTPYKIlii KapOOpaHCHUIIOKCaHy 3 YTBOPEHHSM KapOo-
HOBOTO 3aJIMINKY, KA 3aXUIICHUH IIapoM OOPOCHITIKATHOTO CKJIA i HASBHICTH SIKOTO MO3UTHBHO
BILJIMBA€E HA 3aXMCHI BIIACTMBOCTI MOKPHUTTS B YMOBaX Jii BUCOKOI TeMIiepaTypH. 30UIbIIECHHS TOB-
IIMHUA TIOKPUTTS HETATHBHO BIUIMBAE HA MPOLIECH TEPMOAECTPYKIIl MOKPUTTS. TaKuM YMHOM TIpO-
BEJICHUMH E€KCIIEPUMEHTAIBHUMHU JOCITIIPKEHHSIMH BCTAHOBIJICHO 3aJISKHICTh IMapaMeTpa OKUCHEHHS
MOBEPXHI 3aXHUILIEHOTO 3pa3Ka Bifl (i3UKO-XIMIYHUX BIACTHBOCTEH MOKpUTTA. HasBHICTH Ha mOBep-
XHI MaTepialy TOKPUTTS 13 HAallOBHEHOTO KapOOpaHCHIIOKCAHY 3MIHIOE TPOIEC Teruionepenadi i
mdy3ii OKCUTEeHY BHACTIIOK YTBOPEHHS OIJIABJIEHOI TUTIBKH 13 3HAYHUM BMICTOM KapOOHY, KUK
MOTJIMHAE OCHOBHY YacCTKY TETlIa.
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Puc. 1. 3anexcricmo uacy nowamxy oKUCHeHHsl NIOKIAOKU 8I0 napamempa 3axucmy nOKpummis.
P50 1- KBEC; Pso 2 — KC/]; P50 3 — KOP/]; Pso 4 — 6e3 nokpummsi.
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Puc. 2. 3anexcnicms npoyecie mepmodecmpykyii nokpumms 6i0 memnepamypu (nokpummsi: Pso 1
— po3pobaene nokpumms a ochogi KbC; Pso 2 - KJ[C; Pao 3 - KOPJ]).

Jlnst BU3HAUeHHS €(peKTUBHOCTI BOTHE3aXUCHHUX IMOKPUTTIB BUKOPHCTAHO EKCTIEPUMEHTAb-
Hy ycranoBky OTM, sika ga€ MOXKIUBICTh BU3HAYUTH TEIUIO(MI3WYHI BIACTHMBOCTI BOTHE3aXUCHHUX
CKJIaJiB. 3arajJbHUNA BUTIISA 3pa3KiB IMICIIs MPOBEACHHS BOTHEBUX BUIPOOYBaHb MOKA3aHO Ha PUC. 3.

Puc. 3. B3ipyi 6ocnezaxucnux peuosun nicis eunpooysanms nokpumux B3P: 1 — na ocnosi
kapbopancunokcanis; 2 — KCJ/{; 3 — KOP/[
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BucnoBok. ExciepuMeHTaIbHO JOBECHO, IO 3pa3ku aepeBuHU 00poobiieHi B3P Ha ocHOBI
HAINlOBHEHOTO KapOOpaHCUIIOKCAaHYy MOXYTh BUKOpHUCTOBYBaTHCs B OyniBisx IV crymenst Borhec-
TiKOCTI. 3pa3Ku JepeBHUHH, sIKi 00poOeHi BoraezaxucHuM 3acobom KCJ[ abo KOP/I, moxHa Bu-
KopucToByBaTH B OyxiBisix [Va ta V cryneHst BOTHECTIHKOCTI.
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