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1. Ineeto gucepraniiiHOl pOOOTH € BCTAHOBJIEHHS 3aJI€5KHOCTI Bifj 3aKOHOMIPHOCTEN 3MiHN T€OMETPUYHUX
IlapaMeTpiB 30HU OOBYIJIIOBaHHSI Ta 3 YPaxyBaHHSIM BILJIMBY CTAHJAPTHOT'O TEMIIEPATYPHOT'O PEKMUMY MOXKEXI, SIK
HAyKOBOTO MiAIPYHTS [ JOIIOBHEHHS iCHYI040i HOpMAaTUBHO] 633U 11010 BUBHAUEHHS MEXi BOTHECTIMKOCTI
IepeB’sTHUX 6aJIOK 3 BOrHE3aXUCHUM OOJIMIIIOBaHHSIM Ha OCHOBI IIPOCOYEHOi aHepH, 10 B CBOIO YEPTY JO3BOJUTh
320€31eYnTH BUMOTH TI0KEKHOI 6e3IeKku 10 OyiBesib Ta CIIOpY], i3 lepeB’sTHUMHU 06ajlkaMy JaHOTO TUILY
BOTHE3aXUCTY. B x0fi po60TH NPOBEAEHO PsiJl EKCIIEPUMEHTAJILHUX JOCIIiI)KEHb HA BUSIBJIEHHS 3aKOHOMIPHOCTEN

3MiHM TOPLEBOi Ta O0OKOBOI IMIMOMHYU OOBYIJIIOBAHHS €KCIIEPUMEHTAIbHUX 3Pa3KiB y 3aJIEXKHOCTI Bif 4acy ix



ekcronyBaHHs (15, 30, 60 xB.) 3a CTaHIAPTHUM TEMIIEPATYPHUM PEXUMOM MOKEXi Ta BCTAHOBJIEHO BiJIOBiHI
perpeciiiHi 3a7eXHOCTi, 110 OIUCYIOTHCS 32 JOIIOMOro0 KoedilieHTiB perpecii. lle mano 3Mory BCTaHOBUTU
LIBUJIKOCTi OOBYIJIIOBAHHS 6i4HOI i TOpLEBOI CTOPiH Iepepi3y 3paskiB-¢pparmMeHTiB fepeB’stHOi 6aiKy 3
O0JIMIIOBAHHSM BOTHE3aXMCHOIO (PaHEPOIO 3aJIE5KHO BiJl 4acy iX €KCIIOHYBaHHS B yMOBAaX CTaHAAPTHOTO
TEMIIEPATYPHOTO PEKUMY IOXKEXi, IO BiANOBiAHO cTaHOBIATh 0,31 MM /XxB Ta 0,96 MM /xB. TakoK BCTAaHOBJIEHO Yac
3aTPUMKU IIOYATKy OOBYIJIIOBAHHS IE€PEB’STHOI 6aJIKi 3 BOTHE3aXMCHUM OOJIMLIIOBAaHHSIM, 10 CKJIAJA€, B 3aJI€5KHOCTI
Bifl TOBIIMHYM 06/IMIIIOBAaHHS, Bif 11 XB 10 20 XB 3 TOPLIEBOi CTOPOHU Nepepisy Ta Bif 15 XB 10 25 xB 3 6i4HOI CTOPOHU
nepepisy. [IpoanasnizoBaHi pe3ysbTaTi €KCIIEPUMEHTIB 010 IIPOLIECY HATrPiBaHHS Ta OOBYIJIIOBAHHS 3aXUIIEHUX
IlepeB’sTHNX 6AJIOK NISIXOM OBJINIIFOBAaHHS BOTHE3aXMCHOIO (paHEePOIo Ta He 3aXUIEeHUX JePeB’sTHUX 6ajIoK, 0
BM3HAYa€ aJleKBaTHICTb OTPUMAHUX pe3ysbTaTiB. ONMCaHO MaTEMATU4YHY MOZEJIb IIPOTHO3YBAHHS F€OMETPUYHOI
(opmMu nepepisy BOrHE3AXUILEHUX IEePEB'STHUX 0AJIOK B YMOBaX IMOXeXi. BUKOpUCTOBYI0UM pO3p00IeHUI
MaTeMaTU4HMII anapar, Mo6y[oBaHi KOHTYPU OOBYIJIEHOI 30HMU /1J1s Pi3HUX [I€PEB’sSIHUX 0aJIOK 6€3 BOTHEe3aXUCTY Ta 3
BOTHE3aXMCHUM OOJIMITIOBAHHSIM Pi3HOI TOBIIMHY. BifiMOBiTHO BU3HAYEHUX NTapaMeTpPiB, BUBHAYEHO YacC 3aTPUMKU
npoliecy o6BYIJIIOBaHHS Ha GiyHil Ta TOpLEBil CTOPOHI Nepepisy fepeB’siHoi 6anku. Yac 3aTpUMKHU ITPOLIECY
0OBYIJIIOBAaHHS HA CTOPOHAX Iepepidy 6aJKu BU3HAYAETHCS 32 y3araJbHeHUMU eKCIIepUMEeHTaIbHUMU JaHUMU. JlaHi
PO3paxyHKU IIpOoBefeHi 115 Bu3HaueHHs KoHdirypauii jiHill bes’e, 0 BU3HaYeHi 3a JONIOMOTr0I0 5-TU XapaKTepHUX
TOYOK, sKi 3aikCoBaHi Ha i30TepMax i3 KpUTUYHOIO TeMIleparyporo. [TapameTrpusauis QyHKLUiN KpuBux bes'e
0a3yeTbCs Ha IPUIYLIEHH], IO IapaMeTP I' BU3HAYAETLCS 33 HANOiIbIIMM rabapUTHUM PO3MipOM Iepepisy 6anku y
6€3p0o3MipHOMY BiTHOCHOMY IIPE/CTaBJI€HHi y Burisizi napametpuyHoi ¢yHkuii r = f(Yc /h). Takuit 3anuc notpi6Huit
L7151 OTIUCY IepepisiB 3 iHMMY rabapUTHUMU pO3MipamHu, Ta Pi3HUMHU iX CHiBBifHOIIEHHSIMU. []7151 TOTO, 1106
[IpOaHasli3yBaTy BEJIMYMHY iIMOBIpHOI I1I0XUOKY IIPU MOJI€JII0BaHHI OOBYIJIEHOI 30HU NIepepi3y JepeB’ssHUuX 0aJoK i3
BOTHE3aXWCHUM OOJIUIIOBAHHSIM Ha OCHOBI TPpOCOYeHOi (paHepy 3a 3alIpOIIOHOBAHMM METOA0M, BUKOPUCTaHUN
MeToJ, 30ypeHb. Pe3yabTaTy IPOBeeHNX PO3PaxyHKIB 3a JaHUMU I1apaMeTpaMu i3 «36ypeHHSIM» TIOPiBHIOIOThCS i3
pesyJabTaTamMu, OTPUMaHMMU 3a [10YaTKOBUMU JAHUMU Ta 6€3 HbOTO «30ypeHHs». Takuil NOpPiBHSIbHUI aHali3
IO3BOJISIE OLIHUTU JJOCTOBIPHICTb METOAY 3 OIJISIAY HA YYTJIMBICTb HOTO MOXUOKYU [0 €KCIIEPUMEHTAIBHOI IOXUOKU
[IPOBEEHUX JOCIiIiB, IO CKIIazae He Ginbuie 14 % Ta BKIaAA€ThCS Y iepapxiyHy CXeMy METOIiB pEKOMEHI0BaHUX
HOPMaTUBHUMU JOKYMEHTaMU. 3aCTOCYBaBILIM METO/I TPOTHO3YBAHHS HECYYO] 31laTHOCTI JlepeB'sIHUX 6aJIOK
IIPSIMOKYTHOTO IIepepi3y i3 BOrHE3aXxUCHUM OOJIMIIOBAaHHSM Ha OCHOBI IIpOCOY€HOi (paHepU B yMOBax MOXeXi. 3
ypaxyBaHHSM PE3YJbTaTiB, 3alIPONIOHOBAHO MOCIiTOBHICTb MPOLEAYP 111 PO3PaXyHKOBOTO METOY TPOrHO3yBaHHS
HECY40i 3aTHOCTI iepeB’sSTHUX 6aJIOK ITPSIMOKYTHOI'O Ilepepi3y i3 BOTHe3aX1CHUM OOJIUIIOBAaHHSM Ha OCHOBI
IIpocoyeHOi paHepy B YMOBAX IIOXKEXI i3 CTaHIAPTHUM TEMIIEPATYPHUM PEXXUMOM, SIKUM IPYHTYETHCS Ha
CIIpOlIEHUX anroputMax. OgHUM i3 TaKUX aJTOPUTMIB € BUKOPUCTAHHS CleliaJbHUX Homorpam. Homorpamu
nobyi0BaHi Ha OCHOBI OTPMMAaHOI perpecii HasIBHUX AAaHUX 10/10 TOBLIMH BOIHE3aXHUCHOI'O IIOKPUTTSI HA OCHOBI
npocoyeHoi ¢paHepu 11l AepeB’sTHUX 6aJIoK IIPSIMOKYTHOTO Ilepepisy Mpy 3abe3ledyeHHi cTaHlapTHUX KJlaciB
BOTHECTIMKOCTI. TaKuM 4MHOM, OTPHMMAaHI Pe3ysbTaTy JO3BOJISIIOTh BUSHAYMTH NOCIiLOBHICTb NPOLENYp LIS
pearnisalii METOMKY IPOrHO3yBaHHS HECY4oi 30aTHOCTI JepeB’sTHUX 6aloK PSIMOKYTHOTO Nepepisy i3
BOTHE3aXVCHUM OOJIMIIOBAaHHSM Ha OCHOBI IpocoYeHoi paHepu B yMOBax MOXKEXi i3 CTaHZAPTHUM TeMIIepaTypHUM
pexXnMOM. TaKoXK 3alpOIIOHOBAHO MOCJIiIOBHICTh IPOLEAYP IIPU 3aCTOCYBAHHI JAHOTO METOLY. 3aBISKU
[IPOBEIEHNUM JOCJIIKEHSIM OOIPYHTOBAHO Ta 3alIPONIOHOBAHO PO3PaXyHKOBUM METO/] OLIiHIOBaHHSI BOTHE3aXHCHOI
3IATHOCTI BOTHECTIHKOI ¢aHepu 115 AepeB'sHux 6asok. [I1sxomM MaTeMaTUYHOrO MOJeJII0BaHHSI, HOMOTPaM Ta
TabJIMLb OJ1s1 OLiHKY KJIACy BOTHECTIMKOCTI iepeB’ssHUX 6ajloK 3 BOTHE3axUCHUM OOJIMIIOBAHHSIM Ha OCHOBI
IIpocoueHoi ¢paHepy MOOYI0BAHO iepapXil0 METOZIB, SIKi 03BOJISIIOTh CIIPOTHO3YBaTU TOUHY FEOMETPUYHY

KOH(Iirypariilo HeO6BYIJI€HOI YaCTUHHU NIEPEPI3y IePeB’sTHOI 6AJIKK Ta BUBHAYUTH ii peasibHy Hecydy 3/1aTHICTb.

2. In the course of the work, a number of experimental studies were conducted to identify patterns of changes in
the end and side charring depth of the experimental samples depending on their exposure time (15, 30, 60 min.)
under the standard temperature regime of the fire, and the corresponding regression dependencies were
established, which are described with the help of coefficients regressions. This made it possible to establish the
rates of carbonization of the lateral and end sides of the cross-section of samples-fragments of a wooden beam,



which are 0.31 mm/min and 0.96 mm /min, respectively. The delay time for the beginning of charring of a wooden
beam is also established, which is, depending on the thickness of the cladding, from 11 min to 20 min on the end
side of the cross-section and from 15 min to 25 min on the side of the cross-section. We have described a
mathematical model for predicting the geometric cross-section of fire-resistant wooden beams under fire
conditions. Using the developed mathematical apparatus, contours of the charred zone were constructed for
different wooden beams of different thicknesses. The delay time of the charring process on the sides of the beam
cross-section is determined based on the generalized experimental data given in the previous section of this
paper. These calculations were carried out to determine the configuration of Bézier lines, which can be
determined using 5 characteristic points, which are fixed on isotherms with a critical temperature. The
parameterization of the Bézier curve functions is based on the assumption that the parameter r is determined by
the largest overall size of the beam section in a dimensionless relative representation in the form of a parametric
function r = f(yc/h). Such a record is necessary for the description of cross-sections with other overall dimensions
and their different ratios. In order to analyze the magnitude of the probable error in modeling the charred cross-
sectional area of wooden beams with fire-resistant cladding based on impregnated plywood according to our
proposed method, the perturbation method was used. The results of calculations based on these parameters with
"disturbance" are compared with the results obtained from the initial data without and without "disturbance". Such
a comparative analysis makes it possible to assess the reliability of the method in view of the sensitivity of its error
to the experimental error of the conducted experiments, which is no more than 14% and is included in the
hierarchical scheme of methods recommended by regulatory documents. Thanks to the conducted research, a
calculation method for evaluating the fire-resistant ability of fire-resistant plywood for wooden beams was
substantiated and proposed. By means of mathematical modeling, nomograms and tables for assessing the fire
resistance class of wooden beams with fire-resistant cladding based on impregnated plywood, a hierarchy of
methods was built that allow predicting the exact geometric configuration of the non-charred section of the
wooden beam and determining its real load-bearing capacity. Applying the method of predicting the load-bearing
capacity of wooden beams of rectangular section with fire-resistant cladding based on impregnated plywood
under fire conditions. Taking into account the results obtained in the previous section, a sequence of procedures
was proposed for the calculation method of predicting the load-bearing capacity of wooden beams of rectangular
section with fire-resistant cladding based on impregnated plywood in fire conditions with a standard temperature
regime, which is based on simplified algorithms. One of such algorithms is the use of special nomograms. The
indicated nomograms can be constructed on the basis of the obtained regression of the available data on the
thicknesses of the fire-resistant coating based on impregnated plywood for wooden beams of rectangular cross-
section when providing standard classes of fire resistance. A sequence of procedures when applying this method is
also proposed.
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InenTudikarop ROR:

CeKTOp HayKH: ['anyseBuit

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. BenikoB AHaTomiu CepadimoBuy

2. Anatoliy S. Belikov

KBasidikamis: n.1.1., mpodecop

Imentudikarop ORCHID ID: 0000-0001-5822-9682
JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: Jlep>kaBHMII BULIMIT HAaBYaIbHUI 3aKsaj "TIPUIHITPOBChKa

IepkKaBHa aKafieMis Oy[iBHMLITBA Ta apXiTeKTypu"

Kopg 3a €IPIIOY: 02070772

Micuesnaxo,r.perHﬂ: ByJI. YepHuUlIeBChKOro, 0yA. 24-a, [IHinpo, [JHinpoBcbKkuil p-H., 49600, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCHTETChKUI

PeuenseHTu

Bsiacue IlpizBuuie Im's I1o-6aThKOBI:
1. Hysansin OsekcaHgp MuxaniaioBuy

2. Oleksandr Nuianzin

KBasigikanis: k. t. u., gouent

InenTudikarop ORCHID ID: 0000-0003-2527-6073
JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI OCOOHM: UepKachkuii iHCTUTYT MOXKEXKHOI 6e3neku imeHi Tepois

YopHoobuns HanioHambHOrO yHiBEpCUTETY UBLIBHOTO 3aXUCTY YKpaiHU
Kopg 3a €IPIIOY: 39117736
Micue3Haxoa>KeHHs: Bys. OHompieHKa, 6y71. 8, Yepkacu, Yepkachkuii p-H., 18034, Vkpaina

dopma ByacHOCTI: [lepxasna



C(l)epa yIIpaBJIiHHﬂ: JepxaBHa cayx6a YKpaiHu 3 HaI3BU4aHMX CUTYalill
InenTudikarop ROR:

CeKTOop HayKH: YHIBEPCUTETCHKUI

Baacwue IlpizBume Im's Ilo-6aTbKOBI:
1. bepe3oBcbkuil AHIPiN IBaHOBUY

2. Andrii Berezovskyi

KBasyigikanis: k. 1. u., nouent

Inentudikarop ORCHID ID: 0000-0002-4043-1206
JoparkoBa indpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: UepKachKuii iHCTUTYT TOXKEKHOT 6eaneku imeni Fepois

YopHobusns HauioHasibHOTO YHIBEPCUTETY LIMBIIBHOTO 3aXUCTy YKpaiHu

Kopg, 3a €IPIIOY: 39117736

Micuesnaxomxennﬂ: ByJl. OHOIIpieHKa, 6yx. 8, Yepkacu, UepKkacbkuil p-H., 18034, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂZ JepkaBHa ciay>x6a YKpaiHy 3 HaI3BU4aHUX CUTYaLill
InenTudikarop ROR:

CeKTop HayKH: YHiBepCUTETChKUI

VIII. 3aKkJII04Hi BiZoMOCTi
BaacHe IlpizBume Im's I10-6aTbKOBI Kupuuenko Okcana B'suecriasisna

TOJIOBH paju

Biacue IpizBume Im's I1o-6aThKOBI Kupuyenko Okcana B'sueciasisHa

rOJIOBYIOYOrO Ha 3acigaHHi

Bi,ZIHOBi,I[aJIbHHfI 3a Hi,qI‘OTOBKy BuuyeHko Cepl‘lﬁ MukoJsarioB1Y4

00JIIKOBHX JOKYMEHTIB

Peectparop VYkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 3a peecTpallilo HayKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




