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HAXOAWTHhCA HE HAa M30IMHHM M MX aOCHUCCHI MOTYT
OBITb HECHMMETPUYHBIMH OTHOCHUTEIBHO aOCIIHCCHI
sKcTpeMyMa) [2], TO MOKHO YIIPOCTHTH 33434y TOJb-
3oBaremo. HoOXoaMMo 1Sl TOCTPOEHHUS MOAENIN CUT-
Hajla CQOPMHPOBAaTH MATPHIY pa3MEpHOCTH 3 XN,
CTPOKH KOTOPOW COJEPKAT TPHUILIETHI, COCTOALINE M3
CIEIYIOUINX 3JIEMEHTOB:

— @j CO 3HaYCHUEM PABHBIM HYJIO, €CIIH AJIEMEHT
— OTpE30K, U CO 3HAYCHHUEM OPJHUHATHI SKCTpEMyMa
napaboJIbl, €CIIN JIEMEHT — Mapadoia;

— KOHEYHasi KOOPAUHATA i-T0 meMeHTa (Xi+1, Yi+1),
T.e. KOHEUHass KOOpPAMHATa TEKYIIEero JIEMEHTa SIBJIf-
eTCSI MCXOMHOM KOOPIMHATON CIIEAYIOIMIero (Hadaib-
HOU TOYKOH oTcdera OyZeM CUMTaTh TOYKY C KOOPIH-
naramu (0; 0)).

[ocne GopmupoBaHUS TPHUILIETA, KOTOPHIA OIIH-
CBIBacT MapabOIMIECKUH 3JIEMEHT, HEOOXO0ANMO HAalTH
napamertp bj . 71 3TOro He0OXOAUMO PEIIUTh ypaBHE-
HHE OTHOCHTEIBHO Dj , IPUHAB Y = Yi+1 U X = Xj+1. B
pe3ynbTaTe B O0LIEM Cllydae I0JIy4aeTcsi MHOXKECTBO
peutenwuii { by, b2}

Takum 00pa3oM, BBHIYHCICHHE NapaMeTpOB dIIe-
meHToB DKC cnocobom TUHEHHO KBaJpaTUIHOW HH-
TEPIOJIILUY BKIIIOYAET B ce0sl TPH dTara:

— 3aJIaHUE HKEJIACMBIX HCXOJHBIX U KOHEYHBIX KO-
OpIMHAT JJIEMEHTOB, 3HAUCHUIT OPIHAT SKCTPEMYMOB
mapabox u GpopMHUpOBaHHE TOCIEAOBATSIFHOCTH TPHU-
TUICTOB;

— BBIYHMCIIEHHE ISl KaXKI0TO SJIEMEHTa IapaloJibl
abcrucchl e€ SKCTpeMyMa;

— (hopMHpOBaHHE MHOXECTBA TOYEK DJIEMEHTOB
3KC.
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AHHoOTaNMsA

I]ens. PazpaboTka cocTaBa IS 3aIIUTHI CTPOUTEIBHBIX KOHCTPYKITHI TIPH JEHCTBUN BRICOKUX TeMIeparyp. Me-
moOsl. 11py BBINONHEHUN UCCIIENOBAHUN ITPOBOAMIICS aHAMTUUECKUM aHAJIM3 OCHOBHBIX PYIII 3alUTHBIX CPEICTB,
CHIDKAIOINX TOPHOYECTh ACPEBIHHBIX CTPOUTEIBHBIX KOHCTPYKHHﬁ, JaHa OLCHKA NX TEXHUYECCKUX XapPAKTEPHUCTHUK.
Pa33paboran HOBBII 3()(EKTUBHBIN OTHE3AITUTHEIN COCTAB Ha OCHOBE KOMIIOHEHTOB, KOTOPBIE TIPOM3BOASATCS B YKpa-
uHe. OnpeieNieHp! OTHE3AIUTHRIC H CAHUTAPHO-TEXHUIECKUE TIOKAa3aTe! pa3pab0TaHHOTO 3aIUTHOTO OKPHITHS. Pe-
3ynemamet. PazpaboTaH coCTaB 3alllUTHOTO BCITYYMBAFOLIETOCs IOKPBITHS, KOTOPBIH 00pa3yeT Ha 3alMIIaeMoi Imo-
BEPXHOCTH TOHKUI Her03pa‘{HI>II71 CJIOI>‘I, HpeHHTCTByIOHII/Iﬁ BOCILUTAMCHCHUIO U paCIPpOCTPAHCHUIO TIAMCHU I10 ACpe-
BSIHHOM KOHCTPYKIIMH, CIIOCOOHBIN BCITY4YUBATBCA C 06pa30BaHI/IeM TMOPU30BAHHOI'O CJIOSA  C BBICOKOM
TETUIOU30JIMpYIOLIeH criocoOHOCTEI0. [To100p cocTaBa OrHE3aNMTHON KOMITO3ULIMH IIPOBOUIICS C IPUMEHEHHUEM PO~
rpammMHoro nakera Statistica SPSS V 7.0 u StatGraphics V 2.1. «Bsbky1iee - BCITy4nBaromascst J00aBKa - HaloJIHHU-
Tenby. I1o pe3yjibTaTaM NPOBEACHHBIX HUCIIBITAHUI: TOKPBITUE MO3BOJISICT 00eCIeunTh NepeBO] APEBECUHBI B I'PYyIITY
TPYJHOTOPIOYHX, IT0 TOKCHYHOCTH HMPOAYKTOB TOPEHUS — OOBEKT MCIBITAHWI OTHOCHTCS K KJIACCy Majlo OMAcHBIX.
Hayunaa nosusna. C y4eTOM TEOPETHIECKUX IPEAIIOCEUIOK pa3padoTaH HOBBIN 3aIIUTHEIN cocTas. IIpakmuue-
cKas 3nauumocms. Pa3zpaboTaH HOBBIM HETOPIOYHMA BCITYIHUBAIOIINICS COCTAaB, KOTOPBIH ITO3BOJISIET IIEPEBECTH TOPIO-
yye MaTepuaibl B TPYHILy TPYAHOTOPIOUMX U MOBBICUTD 3aLIUTY CTPOUTENBHBIX KOHCTPYKLMI OT AEHCTBUS BBICOKHUX
Temrieparyp. Ha pa3zpaboTaHHyo 3aIIMTHYIO KOMITO3UIIHIO ITOTYYCH MAaTeHT Y KPauHBI Ha ITOJIC3HYI0 MOJICTIb.

Abstract

Development of the composition for the protection of building structures under the action of high tempera-
tures. Methods. In carrying out the research, an analytical analysis of the main groups of protective agents that
reduce the flammability of wooden building structures was carried out, and their technical characteristics were
evaluated. A new effective flame retardant based on the components that are manufactured in Ukraine has been
developed. Fire retardant and sanitary-technical indicators of the developed protective coating were determined.
Results. The composition of the protective intumescent coating has been developed, which forms a thin opaque
layer on the surface to be protected, which prevents ignition and flame spreading over the wooden structure, is
able to swell with the formation of a porous layer with a high thermal insulating ability. The selection of the
composition of the flame retardant composition was carried out using the software package Statistica SPSSV 7.0
and StatGraphics V 2.1. "Astringent - intumescent additive - filler". According to the results of the tests: the coating
allows to ensure the transfer of wood into the group of slow-burning, according to the toxicity of combustion
products - the object of the test belongs to the class of a little dangerous. Scientific novelty. Taking into account
the heoretical assumptions, a new protective composition has been developed. Practical significance. A new non-
combustible intumescent composition has been developed, which allows to transfer combustible materials to the
group of hard-burning and to increase the protection of building structures against high temperatures. A patent of
Ukraine for a utility model was obtained for the developed protective composition.

KiroueBblie cioBa: ToXKap, BCOIYYUBAIOIIHUECA OTHE3AIMTHBIC COCTABbI, OrHE3alINTa APCBECUHDBI, TTOTEP
MacCChbl, TOKCU4YHOCTb.

Keywords: fire, intumescent flame retardants, wood fire protection, mass loss, toxicity.

Hns pazpabotkn HOBOTO 3(h()EKTUBHOTO 3aIUT-
HOTO COCTaBa OBLI MPOBEACH OTOOP IENOTO psifa KOM-
MTOHEHTOB, KOTOPBIE B KOMITICKCE ITOCTIC OTBEPIKICHHS
MO3BOJISIFOT TOJIYYUTh MOKPBITHE CIIOCOOHOE BCIY4H-
BaThCS IIPH BO3JICHCTBUU BHICOKUX TEMIIEPATYD.

Ha ocHOBaHuM I©IpOBEACHHBIX MCCIEAOBAHUN
OBUTH IPUHSTHI CIIEYIONIME KOMIOHEHTBI: [UIs 3aI1T-
HOW KOMIIO3WIIMH: YKHIKOE CTEKIO (COIO0BOE), DIOK-
CHJIHAsl CMOJIa, YeHIyW4aThli rpaduT, MepInT U 301a-
yHoc. [Ipu 3TOM, IpOBOIMIIACH OLIEHKA BIIMSHUS KaX-
JIOTO BXOJISIIIETO KOMIIOHEHTA Ha TPYIMITy FOPIOYECTH
JpeBecuHbl (rmotepto mMaccol). C y4eToM yCTaHOBIICH-
HBIX 3aKOHOMEPHOCTEH BIIMSHMBIS COAEPXKAaHUS OT-
JIETIbHO BXO/SIINX KOMIIOHEHTOB BO3HUKJIA HEOOX0IH-
MOCTb B U3y4E€HHH KOMILIEKCHOTO BIMSHUS KOMIOHEH-
TOB Ha 3aIUTHYIO CIIOCOOHOCTH MOKPBITHSI.

PanyonansHOe COOTHOIIEHHE MEXKy KOMIIOHEH-
TaMy MOAOHPAIH ¢ TIOMOIIBIO MPOTPAMMHOT0 odecte-
YEHHS] Ha CHMIIIEKC — peIleT4aThIX AHarpaMmax «Co-
CTaB—CBOMCTBa». MaTpuua IJIaHUPOBaHUS 3KCIEpU-
MEHTa Ha AMarpaMMax «COCTaB—CBOWCTBA) NMpHUBEIEHA
Ha puc. 1. B xauecTBe mepeMeHHBIX CITYXIIN KHUIKOE
crexio (K) - X1, samokcuanas cmona (3) — X, u rpadur
(I') — Xa. [NapameTpamMu ONTHMHU3AIMH CITYKHIIH: TI0-
tepst Macchl (P).

Jns pacuera KOI(QHUIMEHTOB BIMSHHUS CHM-
TUIEKC-PENIeTYaTHIM METO/I0M, OBIIIM NPUHATHI CIEeIy-
IOIMe BXOJIIUE KOMIIOHEHTHI (IIpEACTaBlICHHBIE B
Tabum. 1).
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Tabm. 1
CopepxaHrie KOMIIOHEHTOB
ConeprkaHre KOMIOHEHTOB B HarypanbHoe conepskanue
o Jlo6aBku
KOAWPOBAaHHOM MacITabe KOMITOHEHTOB, % 110 Macce
=
Touxka © % = = < 0

S 2 5 s = = = P, %

aHa X4 X, X E( % 5 3 < g, Z‘

= z = [} Q

¥ © c o = = s

C% %)
1 1 0 0 76 13 5 4 2 5,47
2 0 1 0 75 15 7 2 1 6,04
3 0 0 1 75 14 8 2 1 7,71
4 0,5 0,5 0 75,5 15 6 2,5 1 8,31
5 0,5 0 0,5 74,5 14 7 3 15 9,11
6 0 0,5 0,5 74 15,5 7 2 15 7,48
7 0,333 0,333 0,333 74 14 6 3 3 8,73

Ilo pe3ysibTaTtaM IUIAaHUPOBAHHSA W TPOBCACHUS
OKCIICPUMCHTA TIOJydUC€Ha MAaTEMaTH4YCCKass MOACIIb,
AJICKBATHO OIMCBIBAIOIIAasA 3aBUCUMOCTD NOTCPU MACChI
Ipyu UIBMEHCHNU COACPIKAHUA KOMIIOHCHTOB.

P=547X1+6,04 X + 7,71 X3+ 10,22 X1.X; +

10,08 X1.X3 + 2,42 XoX3 - 5,43 X1.XoX3. (1.0)
HpeHCTaBHCH rpa(bI/IK BIIMAHUA BXOOALIIUX KOMIIO-
HCHTOB Ha 3aIlH/ITHyIO CHOCO6HOCTB HOKpLITI/IH Ha pI/IC.

3nokcmnaHasa cmona

X, , %

2

15

KXungkoe crekno

X,, %

Puc. 1. Cumnaexc-pewemyamulii nian "cocmag-nomeps Maccol”’ 3auumuol KOMROUYUL HA OCHOBE ICUOKO20
cmeKa, SNOKCUOHOU CMObl, epaguma u 000aABOK.

C uenbro MpOBEPKHU aleKBaTHOCTH MOJIY4E€HHOMH
MOJIeTH OBIIO MPOBEJECHO IIECTh MapaJlIENbHBIX OITbI-
TOB B TIPOBEPOYHOI TOUKE, PACHOIOKEHHON B LIEHTpE
CUMILIEKCA.

AJIEKBaTHOCTH B MPOBEPOYHBIX TOYKAX IPOBEPSI-
nack 1o kpureputo CTeI0feHTa (I — KPUTEPHH).

[MonyueHHbIE JaHHBIE BIMSHUS BXOSIIMX KOMIIO-
HEHTOB 110ciie 00padoTkn Ha O9BM (mporpaMMHBIM Ta-
keroM Statistica SPSS V 7.0 u StatGraphics V 2.1.) u
TIOKa3aHbI Ha pHC. 2.
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9.5
o
8,5

8,06

| B
<9
<85
<3
[l <75
<7
B <65
<6
<55

Puc. 2 I'paghux enuanus 6xo0auux KOMNOHEHMO8 (HCUOKOE CIEKI0, INOKCUOHAS CMOd, epagum) Ha epynny 2o-
prouecmu (HOMepro Maccol).

P,%

MoTtepa maccobl

3ona-yHoc, %

Nepnut, %

m 8-10
H6-8
m4-6
m2-4
m (-2

Puc. 3. Pazsepmra énusnus 6xo05uux KOMROHEHMOS (Nepaum, 301a-yYHOC) Ha NOMePI0 MACChl.

BrIBOI: HAa OCHOBE IPOBEICHHBIX UCCIICIOBAHHI C
NPUMEHEHUEM CHMILIEKC-PEIeTYaThIX IUIAaHOB ObLI
MpPOBEJICH BHIOOP ONTHMAIBHOTO COCTAaBa 3alUTHOMN
KOMITO3HIMH C [IEPEBOIOM JPEBECHHBI B TPYIIILY TPY/I-
HOTOPIOYHX MaTepHajoB. Y CTaHOBICHO, YTO NPH CO-
JIep)KaHUM KOMITOHEHOB KOMITIO3HMI[MH B CIIEIYIOLIEM
COOTHOIIIEHUH: JKHUIKOE CTEKIIO — 75-76% Mac., 3TOK-
cunaHas cmona — 13-15% wmac., rpapur — 5-8% wmac.,
nepaut — 2-4% wmac., 3oma-ynoc — 1-2% mac., moteps
MAacChl He MpEeBbIaeT 7%, 4TO COOTBETCTBYET TpeOo-
BanusM ['OCT 12.1.044-89 «CCBT. IloxapoB3pbIBo-
OIAaCHOCTH BEIIECTB U MAaTEPHAIIOBY.
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AHHOTaNMs

BriepBrie Ha OCHOBE MOJICIIMPOBAHUS NTPOLIECCOB PAa30OPKU pa3pylIeHU 31aHni pa3paboTaHa CTPyKTypHas
MOJIETIb TPHUHATHS PELICHUH MpH pa300pKe pa3pyLIeHUH ¢ yU4eTOM: XapakTepa paspylIeHHH 3JaHusl, HaJIHIHs
TPaHCIIOPTHBIX ceTer u CpCACTB MCXaHU3allUU. HpOBeI[GHO TCOPETUYCCKOC 00ocHOBaHHUE MNPUMEHCHUSA KPYIHO-
Fa6apI/ITHOI71 TEXHHUKHU NPH BBITOJTHECHUU JIMKBUAAIUU 3aBaJIOB Ha JOPOrax U MpUJICTaromnuX TEPpUTOPUAX K 00b-
€KTYy Ype3BbIUaiiHOM CUTYyalUH.

Abstract

For the first time, based on modeling the processes of demolishing buildings, a structural decision-making
model has been developed for dismantling damage, taking into account: the nature of the building damage, the
availability of transport networks and means of mechanization. A theoretical substantiation of the use of large -
sized equipment in the implementation of the elimination of debris on the roads and adjacent areas to the object of
an emergency situation.

KutioueBblie ciioBa: pa30op 3aBajoB, UYpe3BbIUAiHASI CUTYAIHsI pa3pylIeHHbIE 3JaHus, ONlacHas 30Ha, TPaHC-
MopTHasd C€Th, CPEACTBA MEXaHU3AIUN

Keywords: debris handling, emergency situation, destroyed buildings, danger zone, transport network, means
of mechanization
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