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Pedepar:

1. Imeeto pucepTalifiHoi po60TU € BCTAaHOBJIEHHS 3aJ1€5KHOCTI Bifj 3aKOHOMIpHOCTE 3MiHY T€OMETPUYHUX
IapaMeTpiB 30HU OOBYIJIIOBAHHS TA 3 YPAXyBaHHSIM BIJIMBY CTAHIAPTHOTO TEMIIEPATYPHOTO PEXUMY MOXKEXI, SIK
HAyKOBOT'O MiAIPYHTS 11711 JOIIOBHEHHS iCHYI040i HOpMAaTUBHOI 6a3u 11010 BUBHAYEHHS MeXXi BOTHECTIKOCTi
IlepeB’sTHUX 6aJI0K 3 BOTHE3aXUCHUM OOJIMIIIOBAaHHSIM Ha OCHOBI IIPOCOYEHOI paHepH, 110 B CBOIO YEPTY JO3BOJIUTD
3a6€311eYnTy BUMOTHY TI0XKEXKHOI 6e3MeKu A0 OyAiBesb Ta CIIOPY/, i3 Jepep’ssHUMHU 6ajikaMu JaHOTO TUITY
BOTHE3axXUCTy. B X01i po60TU MPOBENIEHO Psll €KCIIEPUMEHTAIbHUX JJOCIIIIPKEHb Ha BUSBJIEHHS 3aKOHOMIpHOCTEN
3MiHM TOpLEBOi Ta 60OKOBOI MIMOMHY OOBYIJIIOBAaHHS €KCIIEPUMEHTAIbHUX 3pa3KiB y 3aJIEXKHOCTI Bif dacy ix
ekcronyBaHHs (15, 30, 60 xB.) 32 CTaHJAPTHUM TEMIIEPATYPHUM PEXUMOM MOKeXi Ta BCTAHOBJIEHO BiJOBiH]
perpeciiHi 3a71eXHOCTI, 0 OINMUCYIOTHCA 3a JONOMOro0 KoedilieHTiB perpecii. lle gano 3Mory BCTaHOBUTH

IIBUJIKOCTI OOBYIJIIOBAHHS 6i4HO] i TOP1EBOI CTOPiH repepi3y 3paskiB-¢pparmeHTiB fepeB’stHOi 6aiky 3



00JINIIIOBAaHHSIM BOTHE3aXUCHOIO (PaHEPOIO 3aJIEXKHO Bifl 4aCy iX €KCIIOHYBAHHS B YMOBaX CTaHJIApTHOTO
TEeMIIEPaTypPHOTrO PeKUMY IOXKeXi, 10 BinnosigHo cranosnats 0,31 MM /xB Ta 0,96 MM /xB. TaK0X BCTAaHOBJIEHO 4ac
3aTPUMKU IIOYATKy OOBYIJIIOBAHHS IEPEB’SIHOI 6aJIKM 3 BOTHE3aXUCHUM OOJIMLIIOBaHHSIM, 10 CKJIAJA€, B 3aJI€5KHOCTI
Bifl TOBIIMHYU 06G/IMLIIOBAHHS, Bif 11 XB 10 20 XB 3 TOPLIEBOi CTOPOHU Nepepisy Ta Bif 15 XB 10 25 xB 3 6i4HOI CTOPOHU
nepepisy. [IpoanasnizoBaHi pe3ysibTaTi €KCIIEPUMEHTIB 1010 IPOLIeCY HArpiBaHHS Ta OOBYIJIIOBAHHS 3aXUIIEHUX
IlepeB’sTHUX 6aJIoK NISIXOM OBJINIIIOBAaHHS BOTHE3axMCHOM0 (paHepOoIo Ta He 3aXUIEeHUX JepPeB’sTHUX 6ajloK, 10
BM3HayYa€ aJleKBaTHICTb OTPUMAHUX pe3ysbTaTiB. ONUCaHO MaTeMaTUYHy MOJEJlb IPOrHO3YBAaHHS [€OMETPUYHOI
(opmu nepepizy BOrHe3axXUIeHUX AEPEB'THUX 0AJIOK B YMOBAX IMOXKEXi. BUKOPHUCTOBYIOUM pO3pObIeHUN
MaTeMaTU4YHUI anapar, nobymoBaHi KOHTYPH OOBYIJIEHOI 30HU [1J1s Pi3HUX JepeB’ssHUX 6aJIoK 6e3 BOTHEe3axUCTy Ta 3
BOTHE3aXVMCHUM OOJIMITIOBAHHSIM Pi3HOI TOBIIMHY. BifiOBiTHO BU3HAYE€HUX NTapaMeTpPiB, BUBHAUYEHO YacC 3aTPUMKU
nmpolecy o6BYIJIIOBaHHS Ha OiYHil Ta TOPLEBil CTOPOHI Nepepi3dy HepeB’siHoi 6aiku. Hac 3aTPUMKHU [TPOLIECY
OOBYIJIIOBaHHS HA CTOPOHAX Iepepidy 6aJKu BU3HAYAETHCS 32 y3araJbHEHUMU eKCIIepUMEeHTaJIbHUMU JaHUMU. [laHi
PO3paxyHKu IIpOoBefieHi 1715 BusHaueHHs KoHdirypauii jiHill be3’e, 0 BU3HaUeHi 3a JONIOMOTr00 5-TU XapaKTepPHUX
TOYOK, sKi 3a(iKCOBaHi Ha i30TepMax i3 KpUTUYHOIO TeMIleparyporo. [lapameTrpusauis QyHKUiNA KpuBux bes'e
6a3yeThCsl HA IPUITYIIEHH], 1[0 TapaMeTp I BU3HAYAEThCS 3a HANOIIbIIMM rabapuTHUM PO3MipOM Iepepidy 6ajku y
6e3p03MipHOMY BiTHOCHOMY IpefCTaBjeHHi y BUrsai napametrpruyHoi GyHkuii r = f(Yc /h). Takuii 3anmc notpioHui
L7151 OTIUCY Nepepi3iB 3 iHIMMU rabapUTHUMU pO3MipamH, Ta Pi3HUMHU iX CHiBBiIHOIEHHSIMU. [I7151 TOTO, 1106
[IpOaHaJli3yBaTy BEJIMYMHY iIMOBIPHOI IIOXUOKYU IIPU MOJIEJII0BaHHI OOBYIJIEHOI 30HU Nlepepi3y JepeB’ssHUX 6aJIoK i3
BOTHE3aXVCHUM OOJIMIIIOBAaHHSIM Ha OCHOBI ITpocoyeHoi ¢paHepu 3a 3alIpOIIOHOBAHUM METO/IOM, BUKOPUCTaHUHN
MeToJ, 30ypeHb. PedynbTaTy NpoBefeHUK PO3paxyHKiB 3a JaHUMU ITapaMeTpaMHu i3 «30ypeHHsIM» ITOPiBHIOIOTHCS i3
pesyabTaTamMu, OTPUMaHMMU 3a [104aTKOBUMU JAHUMU Ta 6€3 HbOTO «30ypeHHs». Takuil NOPiBHSIBHUI aHali3
IIO3BOJISIE OL[iHUTH JOCTOBIPHICTh METOMY 3 OIJISINY Ha UYTJIMBICTh HOT0 MOXUOKU IO €EKCIIEPUMEHTAJIBHOI TOXUOKU
IIPOBEeHUX JOCIiiB, 10 CKIazae He Ginbuie 14 % Ta BKIa[A€ThCS Y iepapxiyHy CXeMy METOIiB peKOMEHI0BaHUX
HOPMaTUBHUMMU JJOKYMEHTaMu. 3aCTOCYBaBILIM METO/L TPOTHO3YyBAHHS HECYYO] 3laTHOCTI JlepeB'sIHUX 610K
IIPSIMOKYTHOTO IIepepi3y i3 BOTHE3aXUCHUM OOJIMIIOBAaHHSM Ha OCHOBI IIPOCOYEHOi (paHeEPH B yMOBAX MOXEXi. 3
ypaxyBaHHSM PE3yJbTaTiB, 3alIPONIOHOBAHO MOCIiTOBHICTb MPOLEAYP [ PO3PaXyHKOBOTO METOY TPOrHO3yBaHHS
HECY40i 3aTHOCTI iepeB’sSIHUX 0aJIOK ITPSIMOKYTHOI'O Ilepepi3y i3 BOTHe3aXx1CHUM OOJIUIIOBAaHHSM Ha OCHOBI
IIPOCOYEHOI (paHepU B YMOBAX IIOXKEXKI i3 CTAaHIAPTHUM TEMIIEPATYPHUM PEXUMOM, SIKUH [PYHTYETHCS Ha
CIIPOLIEHUX aNropuTMax. OgHUM i3 TaKUX aJITOPUTMIB € BUKOPUCTAHHS CleliaJbHUX Homorpam. Homorpamu
no0byj0BaHi Ha OCHOBI OTPMMAaHOI perpecii HasIBHUX AAaHUX 10/I0 TOBLIMH BOIHE3aXHNCHOI'O IIOKPUTTSI HA OCHOBI
IIpocoyeHoi ¢paHepu sl AepeB’sSTHUX 0aJIOK IIPSIMOKYTHOTO Ilepepisy Ipy 3abe3ledyeHHi CTaHIapTHUX KJIaciB
BOTHECTIMKOCTI. TaKuM 4MHOM, OTPHMMAaHI Pe3yJbTaTy JO3BOJISIIOT BUSHAYUTH NOCIiLOBHICTb MPOLEAyp LIS
pearnisalii METOMKY IPOrHO3yBaHHS HECY4O0i 30aTHOCTI JepeB’sTHUX 6alloK IPSIMOKYTHOTO Iepepisy i3
BOTHE3aXMCHUM OOJIMIIOBAaHHSM Ha OCHOBI IIpocoyeHoi paHepu B yMOBax MOXeXi i3 CTaHZAPTHUM TeMIlepaTypHUM
pexxuMmoM. TakosX 3allpONIOHOBAHO MOCIiOBHICTb IPOLIEAYP MIPY 3aCTOCYBaHHI JaHOTO METONY. 3aBASIKU
MIPOBEIEHNUM JIOCJIiT)KEHSIM OOI'PYHTOBAHO Ta 3alIPOIIOHOBAHO PO3PaxyHKOBUI METOJ, OLiHIOBaHHS BOTHE3aXUCHOI
3IATHOCTI BOTHECTINKOI ¢haHepu 115 AepeB'sHux 6asok. [nsxom MaTeMaTUYHOrO MOJeJII0BaHHSI, HOMOTPam Ta
TabJIALb 1J1s1 OLiHKY KJIACy BOTHECTIMKOCTI JepeB’ssHUX 6ajI0K 3 BOTHE3axUCHUM OOJIMIIOBAHHSIM Ha OCHOBI
IIpocoYeHOi paHepU NMOOYIOBAHO i€epapXil0 METOIB, SIKi 103BOJISIIOTh CIIPOTHO3YBaTU TOUHY FEOMETPUYHY
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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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C(l)epa yIIpaBJIiHHﬂ: JepxaBHa cayx6a YKpaiHu 3 HaI3BU4aHMX CUTYalill

InenTudikarop ROR:

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. BenikoB AHaroniit CepadimoBud

2. Anatoliy S. Belikov

KBasigikamis: 1.1, npodecop, 21.06.02
Inentudikarop ORCID ID: 0000-0001-5822-9682
JoparkoBa indopmamnist:

ITIoBHe HaﬁMeHYBaHHﬂ IOpI/I,I[I/I‘{HOi 0Co0M: Jep>kaBHUY BUILMI HaBYaJIbHUM 3aKiaz "TIpyugHinpoBchbKa

IepkaBHa aKafieMisl Oy[iBHMLITBA Ta apXiTeKTypu"

Kopg 3a €APIIOY: 02070772

MicueBHaxo,ereHHﬂ: ByJI. YepHuieBchKoro, 6ya. 24-a, [Jxinpo, JHinpoBcekuit p-H., 49600, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Hysinsin Onekcangp Muxannosud

2. Oleksandr Nuianzin

KBasigikamis: . t. u., gouenrt, 21.06.02
Imentudikarop ORCID ID: 0000-0003-2527-6073
JonaTkoBa iHdopmanist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: UepKachKuii iHCTUTYT MOXKEKHOT Geaneku imeni Fepois

YopHobuns HalioHaibHOrO YHiBEDCUTETY LIMBIILHOTO 3aXUCTY YKpaiHU

Kopg 3a €IPIIOY: 39117736

Micuesnaxomxeunﬂ: ByJ. OHOIIpieHKa, 6y1. 8, Yepkacu, UepKkacbkuii p-H., 18034, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂZ JepkaBHa ciay>x6a YKpaiHy 3 HaI3BU4aHUX CUTYaLill

InenTudikarop ROR:

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. BepesoBcokuit AHAPIN IBaHOBUY
2. Andrii Berezovskyi

KBasigikamis: . r. u., gouenrt, 21.06.02

Imentudikarop ORCID ID: 0000-0002-4043-1206



JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COOH: YepKachKuii iHCTUTYT MOKEKHOI 6e3neku imeHi [epois

YopHobuss HauioHaspHOTO YHIBEPCUTETY LIMBIIBHOTO 3aXUCTy YKpaiHu

Koz 3a €JIPIIOY: 39117736

Micue3HaxoaKeHHS: Bys1. OHonpieHKa, 6y/1. 8, Yepkacu, Uepkachkuii p-H., 18034, Vkpaina

dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiiHHS: [lepkaBHa ciyx6a YKpaiHy 3 HAA3BUYaNHUX CUTYALLil

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
TOJIOBH paju

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBi
rOJIOBYIOYOTO Ha 3aCiflaHHi
BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi

OisSIIBHOCTI

Kupunyenko OkcaHa B'ayecsiaBiBHa

Kupuyenko OkcaHa B'guecsaBiBHa

Buuenko Cepriii MukonanoBmuy

VKpIHTEI

FOpuenko TeTsHa AHaTosiiBHA



