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JOCJIIIKEHHSA CKIIAAY PEHOBUH JIS1 BOI'HE3AXUCTY
AEPEB'SSHUX BYAIBEJIbHUX KOHCTPYKIIA ITPU 3AMIHI
BOI'HE3AXNWCHHUX 3ACOBIB

IToctanoBka mpodsemun. Ha 00’ekrax pi3HHX (pOpM BIACHOCTI, Ha SKMX 3[IHCHIOIOTHCS 3aXOAU JIEPIKABHOTO
Harysiay (KOHTpOmo) y cdepi TeXHOreHHOI Ta MOXKEeKHOI Oe3MeKH, HMIOPOKY BHHHUKAIOTH TUCSYI TOXKEK. Y 3HAUHIN
KIJIBKOCTI BUIAJIKIB TOXKEXI BUHHKAIOTh Y OYAIBISX, B SKMX, BiANOBiAHO 1o [IpaBun noxexHoi Oe3neku B YKpaiHi,
JepeB’siHi  OyJiBenbHI KOHCTPYKIIT MiJJISTalOTh BOTHE3aXUcTy. Bornesaxucr 3a0e3nedyye 3HIKEHHsS IOKa3HHKIB
MIOXKEXHOI HeOe3MeKH, 30KpeMa roprvoCTi, 3aiMHUCTOCTI, TIOIIUPEHHS MTOJIYM s Ta iH.

Binnosigao no [IpaBui 3 BOrHe3axucTy sl IpEBUHU BU3HAUEHO, 1110 OCHOBHUM KPHTEPIEM OLIIHIOBAHHS € TpyIa
BOTHE3aXUCHOI e(EeKTHBHOCTI, SKa XapaKTepPH3YEThCs BU3HAUEHHSM BIJCOTKA BTPAaTH Macu JIEPEBHHH, ITiAJaHOl
BOIHE3aXHUCTY, MICNsl MPOBEJICHHs BUNPOOYyBaHb. [ nepeB’siHMX OyHiBelIbHMX KOHCTPYKLIM XapakTepHi Crocoou
BOIHE3aXHUCTY, TaKi SIK BOTHE3aXHCHE MMPOCOYYBaHHS Ta 0OPOOIISIHHSL.

B Vkpaini mupokoro 3acrocyBaHHs Ha0ylo caMe BOTHE3aXHCHe NpocodyBaHHs. [IpoaHanizyBaBHIM SKIiCTh
BOIHE3aXUCTy LUISIXOM MPOCOYYBaHHS Oyj0 BHSIBJICHO, 110 MPU BUKOHAHHI MOBTOPHHUX POOIT 3 BOTrHE3aXHUCTy i3
3aCTOCYBAaHHSIM 3aco0y, BIJMIHHOTO BiJi TOrO, HIO BHUKOPHCTOBYBaBCS IIiJl 4Yac IOMEPEAHbOrO IPOCOYYBAHHS,
BiZIOyBaeThCsS BTpaTa BOrHEe3aXUCHOi edekTHBHOCTI. [IpoBeleHi eKCIepUMEHTH IIATBEpPJWIN 1[I0 TiNoTe3y Ta
CIIOHYKaJI BUOKPEMJIEHHS IbOI'0 HANIPSAMKY JUIS TOAAJIBIINX JIOCIIDKEHb.

Meta po6oTH — PO3KPHUTTSA 3aKOHOMIPHOCTEH BIUIMBY CIIiBBIJHOIICHHS CKJIAJy BOTHE3aXHCHOI PEYOBHHU HA
3a0e3MeueHHs] BOTHE3aXUCTY JAepeB’STHUX OYAiBeNbHUX KOHCTPYKIIH TP 3aMiHI BOTHE3aXHCHHUX 3aCO01B.

MeTtoau nociimkenHs. Y pamMKax HayKoBOI pPOOOTH IPOBEIACHO AHANITHYHI JOCIIKEHHs KOMIIOHEHTIB
MPOCOYYBAIBHUX BOrHE0103aXUCHUX peuoBHH. OKpeMi PEYOBHHH JIOCHI/HKEHO 13 3aCTOCYBaHHIM METOJIIB XIMIYHOIO Ta
peHTreHoduyopeciieHTHOro aHamnizy. Ha ocHOBI ieHTH(]IKOBaHMX KOMIIOHEHTIB, a TAKOXK 3 YPaxyBaHHSIM Pe3yJbTaTiB
MoNepeHIX JOCHiPKEHb, CIUTAHOBAHO Ta Peali30BaHO TOBHO(PAKTOPHUIT EKCIIEPHMEHT.

OcHOBHi pe3yabTaTH A0CTifKeHHs. [IpoBeneHO MOBHO(AKTOPHMII €KCIIEPHMEHT, y MeXaxX SKOro BH3HAUCHO
KJIouoBi (pakTopu Ta piBHI iX BapitoBaHHsI, 10 3a0e3neynsio o0y 0By MaTeMaTHdHOi Mojeii. Ha mincrasi wiei Mmopeni
mo0yJ0BaHO MATPHIIFO eKCIepuMeHTy. PeamizoBaHO BiciM eKCIIEpUMEHTAIBHUAX MOCTIAIB 32 BU3HAUYCHHIMH METONAMH,
OTPHMAHO YHCIIOBI 3HAYEHHS BTPAaTH MAacH Ta TeMIIEpaTypH 3alMaHHSA, IO A0 3MOTy PO3paxyBaTh KoeQillieHTH
perpecii.

I3 BHKOpPHCTaHHSM PEHTICHO(DIYOPECIEHTHOrO aHaji3y Ta METOMIB XIMIYHOrO aHaiidy BCTAHOBJICHO, IO
Halyacriiie 70 CKiaay BOrHe0I03aXHMCHHX PEUOBMH BXOISTh Taki KOMIOHEHTH: HiaMoHid(ocdat, oprodocdopHa
kucnora Ta kapbamin. Ha ocHOBI BH3HAaYeHHX KOMIOHEHTIB METOZOM MOBHO(AKTOPHOI'O EKCIIEPUMEHTY PO3POOICHO
ONITUMAJIBHE CITiBBiTHOIIEHHS CKJIAy BOTHE3aXHCHOI PEYOBHHH, III0 320€31euye BOTHE3aXHCT IepeB’ THIX OymiBEThHUX
KOHCTPYKIIH TpH 3aMiHI BOTHE3aXHCHHX 3ac00iB. BCTaHOBIEHO 3aKOHOMIpHICTh BIUIUBY BiJICOTKOBOI'O MAaCOBOTO
3HaueHHs (ocdaTHOi KHCTmOTH, KapOamimy Ta miamoHiidochaTy Ha BOTHE3aXHCT MIepeB’SIHUX OyIiBEThHHUX
KOHCTPYKIi#f — 30KpeMa, Ha TeMIIepaTypy 3aiiMaHHs Ta BTPaTy MacH.

BucnoBku. Ha mincraBi aHamizy JaHWX EKCIEPUMEHTANBHHUX JOCITIIKEHb, PIBHSHb perpecii Ta rpadivgamx
3aJI©KHOCTe BW3HAYEHO CITIBBIJIHOMICHHS MAacOBOTO CKJIaJy BOTHE3aXHCHOI PEYOBHHH, LIO 3JaTHA 3a0e3NECUUTH
BOTHE3aXHCT JepeB’ THUX OyIiBEIbHUX KOHCTPYKIIiH NpH 3aMiHi BOTHE3aXHCHUX 3ac00iB, a came: miamoHiidochar —
4%, xapbamix — 6%, pocharna kuciaora — 12%, Boga — 78%.

Kiro4oBi cioBa: TOKa3HUKH BOTHE3aXWCHOI €(PEKTHBHOCTI, 3aMiHA BOTHE3aXHCHOTO 3aco0y, BOTHE3aXHCHE
00pOOJIeHHs1, BOTHE3aXKCT, IPOCOYYBAHHSI, TOBHO(PAKTOPHUH EKCIICPUMEHT.
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STUDY OF THE COMPOSITION OF SUBSTANCES FOR FIRE PROTECTION OF
WOODEN BUILDING STRUCTURES IN THE CONTEXT OF REPLACING FIRE-
RETARDANT AGENTS

Introduction. Thousands of fires occur every year at facilities of various forms of ownership, where state
supervision (control) measures are carried out in the field of technogenic and fire safety. In a significant number of
cases, fires occur in buildings in which, according to the Fire Safety Rules in Ukraine, wooden building structures are
subject to fire protection. Fire protection ensures a reduction in fire hazard indicators, in particular combustibility,
flammability, flame spread, etc.

According to the Fire Protection Rules for Wood, it is determined that the main criterion is the fire protection
efficiency group, which is characterized by determining the percentage of mass loss of wood subjected to fire protection
after testing. Fire protection methods such as fire protection impregnation and treatment are characteristic of wooden
building structures.

Fire protection impregnation itself has become widely used in Ukraine. When analyzing the quality of fire
protection by impregnation, it was found that when performing repeated fire protection work using a product different
from that used during the previous impregnation, there is a loss of fire protection efficiency. The experiments conducted
confirmed this hypothesis and prompted the isolation of this direction for further research.

The purpose of the work is to reveal the patterns of the influence of the ratio of the composition of the fire
retardant on ensuring fire protection of wooden building structures when replacing fire retardants.

Methods. As part of the scientific work, analytical studies of the components of impregnating fire and
bioprotective substances were conducted. Individual substances were studied using chemical and X-ray fluorescence
analysis methods. Based on the identified components, as well as taking into account the results of previous studies, a
full-factorial experiment was planned and implemented.

Results. A full-factorial experiment was conducted, within the framework of which key factors and their levels of
variation were determined, which ensured the construction of a mathematical model. Based on this model, an
experimental matrix was constructed. Eight experimental studies were carried out according to the specified methods,
numerical values of mass loss and ignition temperature were obtained, which made it possible to calculate regression
coefficients.

Using X-ray fluorescence analysis and chemical analysis methods, it was established that the most common
components of fire-retardant substances are diammonium phosphate, orthophosphoric acid and urea. Based on the
specified components, the optimal ratio of the composition of the fire-retardant substance was developed using the full-
factorial experiment method, which ensures fire protection of wooden building structures when replacing fire-retardant
agents. The pattern of the influence of the percentage mass value of phosphoric acid, urea and diammonium phosphate
on the fire protection of wooden building structures - in particular, on the ignition temperature and mass loss - was
established.

Conclusion. Based on the analysis of experimental research data, regression equations and graphical
dependencies, the ratio of the mass composition of the fire retardant substance that is capable of providing fire
protection of wooden building structures when replacing fire retardants was determined, namely: diammonium
phosphate — 4%, urea — 6%, phosphoric acid — 12%, water — 78%.

Keywords: fire retardant efficiency indicators, fire retardant replacement, fire retardant treatment, fire protection,
impregnation, full-factor experiment.

IlocranoBka mpodaemu. Ha 00’ektax pizHHX
(opM BIACHOCTI, Ha SKUX 3IIHCHIOIOTHCS 3aXOIH
JIep)KaBHOTO  Harmimy  (KOHTpoio) v cdepi
TEXHOTeHHOI Ta MoXexHoi Oesnekn B mepionm 2020-
2024 pokis Bunukm 14211 noxex. [1]. 3 aux y 330
BUNAJKaX MiICIIEM BHMHHKHEHHS TMOXEKI CTauu
TOpHILIE, TIEPEKPUTTS a00 MOKPIBIA. BuThII AeTambsHIM
aHAI30M NPUYMH HOXEeX Oysio BusBieHo, mo y 11%
MOXKeX1 BUHUKAIK B OyIUHKAaX, JIepeB’siHI eleMEHTH
TOPHIIHUX TOKPHUTTIB (KPOKBH, JaTH) SIKMX ITOBHHHI
00po0iATHCS 3ac00aMH BOrHE3aXHCTy (KpiM Oy/IMHKIB
V crynenst BorHecriiikocti). Ha omny moxexy Ha
3a3HayeHWX O0’eKTax TMpumagae He MeHIe 5

MUTBHOHIB TPUBEHB MPSMUAX 30UTKIB, IO MATBEPIKYE
HEOOXIHICTD JOCIKEHHS TIOXKEK TaKOrO POAY.
Hepes’stHi  OymiBenmbHI  KOHCTPYKII  MarOTh
3HAYHy KUIBKICTh TIOKa3HWKIB TOXEKHOI HeOe3neku
[2], 30Kpema: roprodicTh, 3aHMHCTICTh, JUMOYTBOPIO-
BaJIbHA 3/1aTHICTb, IOLIMPEHHS HOJyM’s Ta iH.
Butpiiicte 3 HMX BHM3HAYaOTh 32 PE3YJIbTATAMU
nmabopaTtopHux nocmimkens [3]. BimmoeimHo mo [4],
JUTsl BOTHE3aXUCTy JIEPEBUHH OCHOBHHMM KPHUTEPIEM €
rpyna BOIHE3aXUCHOI e(eKTUBHOCTI, 10
XapaKTepU3YeThCs BHU3HAUCHHSAM BiJICOTKA BTPATH
MacH JEpeBMHH, IiIJaHOi BOTHE3AXHUCTY, Micis
NpOBEJIeHHsT BUIPO-OyBaHb. B wminomy knacugikaris
BOTHE3aXUCHUX 3ac0o0i BusHaueHa y [2]. [ua
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JiepeB’sTHUX OyHIiBeNbHUX KOHCTPYKILIH XapakTepHi
CrocoOM  BOTHE3aXHCTY, TaKi K BOTHE3aXHCHE
MIPOCOYYBAHHS Ta 0OPOOIICHHSI.

B Vkpaini mmpokoro 3actocyBaHHs HaOylo came
BOTHE3aXHCHE mpocouyBaHHA. Lle 3ymoBieHo OanaH-
COM BHCOKOI e(eKTHBHOCTiI Ta EKOHOMIYHOI JOCTYII-
HOCTI BOTHE3aXMCHHX 3aC00IB, a TaKOK MOKJIMBICTIO
0e3rmocepeTHHOr0 KOHTPOMIO 3 OOKYy NpEACTaBHHKIB
TEpUTOpIANIbHUX  Mimpo3ainiB  JlepskaBHoi — cimyxOu
VYkpaiHu 3 HaI3BUYAHHUX CUTYyaIlli 3a SKICTIO
BHUKOHAHHX POOIT 3 BOTHE3aXMCHOT'0O IIPOCOYYBaHHSI.

V nepion 3 2020 poky o 2024 pik npaniBHUKaMA
JICHC mnpoBeneHO TepeBipKy SIKOCTI BOIHE3aXHCHOI
00po0ku Ha 6693 00’exTax 10 Ykpaiui [5-9]. 3rigHo 3
AHAJIITUYHUMU JIAHUMH CIIOCTEPIraeThCsl TCHACHIIISA 10
3alydeHHs] TIPEJCTABHUKIB TEPHTOPIAIbHUX Miapo3-
nitiB JlepxkaBHOi City)xOM YKpaiHu 3 HaJI3BHUYAMHNX
curyariin  (JICHC) nmo kowmiciii 3  mepeBipok
BOIHE3aXHUCTY JACPEB’IHUX OYIIBEIIbHUX KOHCTPYKIIIH.

Taka TeHAEHINS CBIQUATH, NP0 3OUILIIEHHS
KUTBKOCTI BUKOHAHUX POOIT 3 BOTHE3aXHCTY, & TAKOXK
Mpo  3alliKaBJICHHS 3aMOBHHKIB  BOTHE3aXHCHOT'O
[IPOCOYYBAHHS y SKICHOMY BHKOHAHHI poOiT, 1m0 y
CBOIO 4epry 3abe3neuye edeKTUBHY OKESKHY Oe3meKy
00’ekTa. MOXJIMBICTh Y4acTi NMPEACTABHUKIB TEPUTO-
pianpaux miapo3avtis JJCHC y mporeci nepeBipku
BOTHE3aXWCTy HE JHIIe 3a0e3ledye KOHTPOIb 3a
SKICHUIM BHKOHAHHSM pOOIT 3 BOTHE3aXHCHOIO
MIPOCOYYBaHHA, a ¥ HAJA€E MOXIIMBICTH BUSBHUTH Ta
TIPOAHAJII3yBaTH ICHYIOTI TIPOOIeMH Y ik cdepi.

3a pe3yapTaTaMy OHOTO 3 TAKWX aHAII3IB OYII0
BHSIBJICHO, IO TIPW BUKOHAHHI IOBTOPHUX pPOOIT 3
BOTHE3aXHCTy 3 3aCTOCYBaHHSM BOTHE3aXHCHOIO
3aco0y BiIMIHHOTO BiJI TOTO, IIIO0 3aCTOCOBYBABCS IIPU
MIOTIEPETHHOMY ~ BOTHE3aXHCHOMY  NPOCOYYBaHHI,
BiIOyBa€ThCA BTpaTa BOTHE3aXHCHOI e(EeKTHBHOCTI.
st OUThIT AeTambHOTO BUBYEHHS LIHOTO (PaKTy Oyimm
mpoBeneHi pociimkennas [10-11]. Pesymbratu mocai-
JDKEHB TTIATBEPIVIIN, 10 TIPH MTPOBEICHI TTOBTOPHOTO
BOTHE3aXHCHOTO TPOCOYYBAHHS IHIINMHA  BOTHE-
3aXMCHAMH pPEUYOBMHAMHU BiIOYBA€ThCS 3HM)KECHHS
MOKA3HUKIB ~ BOTHE3aXWCHOI  e(PEeKTHUBHOCTI,  MIO
JO3BOJIsIE  cpopMyBaTH IF0 TEMATHKY, SK OKpPEMY
3a7a4y JUTs MTOJANBIIHNX JOCITIKEHb.

AHani3 ocTaHHIX [JOCATHeHb i myOsiKaniii.
JlocnimkeHHAM BOTHE3aXHCTY JEpeB’SIHUX OYIIBEIb-
HUX KOHCTPYKUiH, B YKpaiHi, BIPOAOBX OCTaHHIX
pokiB 3aiimatoreest: FO. [anko, O. Ianxo, B. Jlomara,
C. XKaproscekuii, O., Jloopocran, B. Koamnenko, P.
BeceniBebkuid, O. [Tasen, A. Yepuyxa [12-15].

3okpema pocnigauku 0. [amko Ta A. Ilanko B
po6ori [16] BcTaHOBWIIH, III0 BOTHE3aXHCHA 00pOOKa
MEPEBOINTH JCPEBUHY y BaXKKOTOPIOUHMI MaTepial,
SIKUI HE TONIMPIOE IONyM sl TIO TIOBEPXHI Ta Mae
MIOMIpHY TUMOYTBOPIOBAJIbHY 31aTHICTb.

B naykoBiii mpami [17] aBTOpM mHpencTaBHIH
KOMIUIEKCHUH MiAXiJA 10 OLIHIOBAaHHS €EeKTUBHOCTI
BOTHE3aXMCHUX MOKPHUTTIB AJIsl IEPEBUHU.

B pobGori [18] HaykoBUi mpencTaBHIM
IHHOBaI[ifHUH HAHOKOMITO3UT [UIsi JEPEBUHHU 3
OaraToyHKI[IOHATPHUMH BJIACTUBOCTSMHU: BOTHE-
3aXHCTOM, AHTUMIKPOOHICTIO, MEXaHIYHOIO
MIIHICTIO Ta 3[IaTHICTIO 3ar100iraTi rOPIHHIO.

Hocmiguuns  O. IlinueBchka B mpari  [19]
npoaHastizyBajia e(heKTHBHICTh BOTHE3aXUCHUX
3ac00iB Ha OCHOBI HEOPraHIYHUX B'SDKYYHX MaTepiajliB
Ta iX BIUIMB HA 3HMKEHHS TOPIOYOCTI JIEPEBUHU.

B  mnaykoeiii  crarri [20]  mpoBeneHi
JOCHI/PKEHHST CYYacHHX JOCSTHEHb Yy pPo3pooii
BOTHE3aXMCHUX J00aBOK Ha OCHOBI OioMacu st
noixiMepHuX MatepianiB. OcHOBHA yBara mpuJijieHa
€KOJIOr'iYHO 0e3meyHnM aIbTepHATHBAM
TPaJUIIHHUM TaJOreHO-BMICHUM aHTHUIIIpEeHaM, SKi
HETaTHBHO BIUIMBAIOTh Ha 3[0pPOB’S JIIOJWHU Ta
JTIOBKIJIISL.

3a pe3ysbTaTaMy aHal3y JTepaTypHHUX JKEpe
BCTaHOBJICHO, [0 HAYKOBIIl JOCTI/PKYIOTh TTOKa3HUKH
MMOXKEeKHOI HeOe3lekn BOrHe0I03aXHUCHUX — 3acCO0iB,
OLIIHIOIOTh €()EeKTUBHICTh BOTHE3aXUCHHUX IIOKPUTTIB,
BITPOBA/PKYIOTh IHHOBAIIHHI MiIXOAU 0 PO3POOIICHHS
BOTHE3aXUCHUX 3acO0IB 13 3aCTOCYBaHHSM HEOpra-
HIYHUX B’sDKYYHX Ta JOCIIKYIOTh BIUIUB aHTUITIPCHIB
Ha JOBKULIA 1 jromuHy. Ilopyd 3 1ium abcomroTHO He
MIPOBOIATHCS JOCTIDKEHHS €()EeKTHBHOCTI BOrHE010-
3aXUCHHX 3aC00IB B YMOBax iX 3aMiHH IpH MPOBEACHI
MMOBTOPHHUX POOIT 3 BOTHE3aXHCHOI'O IPOCOYYBAHHS.
Takox Tpu  po3poOIli HOBUX  PEYOBHH IS
BOTHE0103aXMCHOTO TMPOCOYYBAHHS HE BPAXOBYETHCS
MOXKJIMBICTB iX HECYMICHOCTI.

Mera i 3ajmaui jgocimimkenns.  Mera
JOCITDKEHHST — PO3KPUTTS 3aKOHOMIPHOCTEH BILTUBY
CIIBBiZ-HOIIEHHS CKJIQTy BOTHE3aXHCHOI PEYOBHHU Ha
3a0e3IeueHHs] BOTHE3aXHUCTY JIepeB'sHIX OyIiBeNbHUX
KOHCTPYKITii TIPY 3aMiHi BOTHE3aXHUCHUX 3aC00iB.

s boro HeoOXiMHO PO3B’A3aTH TaKi 3a/1a4i:

— JIOCHIZIATH KOMIIOHEHTH TPOCOYYBAITBHUX
BOTHE0103aXMCHUX PEYOBHMH, IO HaidacTimie
BUKOPHCTOBYIOTBCS B YKpaiHi, mns QopMmyBaHHS
0a30BOr0 CKJIAMy pEHenTyph KOMITO3UINI, sKa
3a0e3neunTh e(hEeKTUBHUN BOTHE3aXWCT TPU 3aMiHi
BOTHE3aCXHCHUX 3aCO0IB;

— HA OCHOBI E€KCIEPHUMEHTAIBHUX JOCIIIKCHb
BIUIMBY 3aMiHM  BOTHE3aXMCHHX 3aco0iB  Ha
MOKA3HUKH  MOXEKHOT HeOEe3MeKu  JepeB’sIHUX
OymiBeIbHMX  KOHCTPYKIIA 1  KOMIUIEKTHOCTI
KOMITOHEHTIB BOTHE-0103aXHCHUX PEUYOBHH METOJIOM
MOBHO(AKTOPHOTO EKCIIEPUMEHTY BU3HAYUTH
3aJIOKHOCTI  BIUTUBY ~ OCHOBHHMX  KOMIIOHCHTIB
BOTHE3aXMCHUX 3ac00iB Ha IOKAa3HUKH MOXKEKHOI
HeOe3MeKH JiepeB’ THUX OyAiBeIbHUX KOHCTPYKIIIH.
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MOKA3HHKIB BOTHE-3aXHCHOL eeKTUBHOCTI
nepeB’siHUX OyiBeNbHUX KOHCTPYKLIM IMpu 3amiHi
BOTHE3aXUCHOro 3aco0y [11] Oyno BUsIBIEHO, IIO
BTpaTa Macu 30UIbIIyeThes B aianazoni 0,5% — 4,6%,
TeMImeparypa 3aiiMaHHs 30imbinyethes Bix 5°C 10
25°C, a KiTBKICT 3paskiB, MI0 MiATPHUMYIOTH
camocTiiine ropinss, 3pocrae Big 20% mo 50%.

Bukaan ocHoBHOT0o Martepiany. [lociimkeHHs
MPOBOJIMIIMCE 3 PI3HUMH KOMOIHAIlISIMM  3aMiHU
BoruesaxucHux 3aco0iB J[ICA-1, Biodneiim, Ecosept
450-1, ®aep-of, sKi 3rigHO 31 CTATHCTHYHUMHU
JTAHUMH, 3aCTOCOBYBAJIMCh HAN4YACTIIIE B MPOIOBK
ocTaHHiX 5 pokiB. Bapiantu komOiHamii 3amiHu
BOTHE3aXHUCHUX 3ac00iB HaBeneHi B Tabmumi 1.

Taomauns 1

3pasky, o OyJIM BUTOTOBJICHI ISl €KCIIEPUMEHTAIBHOTO JIOCITIHKCHHS TOKa3HUKIB BOTHE3aXUCHOI eheKT -
BHOCTI JiepeB’ sSIHUX OyJiBETbHUX KOHCTPYKLIN MPHU 3MiHI BOTHE3aXHCHOTO 3aC00y

Hasga Borue3axmcHoro Ha3ea BormezaxucHoro
Nes/nt HOMeP MPHUCBOE- 3ac00y, AKAM IIPOBEICHO 3ac00y, IKMM NPOBEIEHO
HWH 3pa3Ky nepie BOrHe3axucHe mpo- IMOBTOPHE BOTHE3aXMCHE
COYYBAHHSA MPOCOYYBAHHSA
1 1 JICA-1 JICA-1
2 1,1 JCA-1 biodneiim
3 1,2 JICA-1 Ecosept 450-1
4 1,3 JACA-1 Daep-off
5 2 biodueiim biodneiim
6 2,1 Bioeiiv JICA-1
7 2,2 Bioduteiim Ecosept 450-1
8 2,3 Biogueiim Daep-off
9 3 Ecosept 450-1 Ecosept 450-1
10 3,1 Ecosept 450-1 JICA-1
11 3,2 Ecosept 450-1 Biodueiim
12 3,3 Ecosept 450-1 Ddaep-off
13 4 Daep-off Daep-off
14 41 Daep-off JICA-1
15 4,2 Daep-off Biogureiim
16 4,3 Daep-off Ecosept 450-1
JleranbHIM aHaJTI30M pe3yibTaTiB  pe3yiabTaTaMHd BUIIPOOYBaHB 3pa3KiB, JIe ITOBTOPHE
eKCIepUMEH-TAIbHUX JIOCTI/KEHh BHUSABJICHO, IO IPOCOYYBAHHS BHUKOHYBAJIOCHh TIEIO X PEYOBHHOIO,
Mpy  3aMiHI  BOTHE3aXHMCHHX  3aco0iB TNpH IO 1 MEPBHHHE MPOCOYYBaHHS, TOOTO Oe3 3aMiHU
MTOBTOPHOMY BOTHE3aXWCTi, MOKA3HUKM TOXEKHOI BOrHE3aXMCHOro 3aco0y. HailimeHme 3HIKEHHS
HeOEe3IMeKn 3MIHIOIOTHCS 3aJ1EKHO Bim  BigcoTka BTpaTu MacH Ha piHi 0,6% 3adikcoBane B
BOrHE0i103aXHCHUX PEYOBHMH, SAKi 3aCTOCOBaHI. KOMOIHAIisIX 3aMiHM 3 BOTHE3aXHCHUM 3aco00M
Pesynmpratn  mocmimkens Oymo mopiBHAHO 3 biodmeiim (pucyHok 1).
10 94 94 9,6 9,9 9.9
8.8 -
S g 179 W55 -
5, —
g
26
&
2.
a4
2 -
1 1,1 1,2 13 2 212223 3 3,1 32 33 4 4,1 42 43
Homep 3paska
Pucynok 1 — Haiimenma BrpaTa Mmacu B KOMOiHaIIi{ 3 BOrHE3aXHCHUM 3acoboM biodureiim
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3a 03HAaKOI0 CaMOCTIHHOTO TOPiHHS B 3-X 3 5-TH
BHIIAJKIB CTaOUIbHO SKICHI MOKAa3HUKH (HE OLIbIIe
10% minTpuMyBanu camocTiiiHe TOPIHHS/TIIHHS) B

koMOiHaIlii 3 BOrHe3axucHUM 3acobom Ecosept 450-
1 (pucyHok 2).

60
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, SIK1 TTITPAMYIOTH CAMOCTIMHE

10

MOJIyMEHeBe TOPIHHA 1 (ab0) TIIIHHS

% 3pa3KiB

ng

1 111,213 2 21 22 23 3 3,1 32 33 4 41 42 43

Homep 3paska

PucyHok 2 — 3a 03HaKOI caMOCTIHHOTO rOpiHHA B 3-X 3 5-TW BHIIQ/IKIB CTa0LILHO XOPOIIIi NOKA3HUKH B KOMOIHAIlT 3
BOTHe3aXxUCHUM 3acoboM Ecosept 450-1

JlocsArHEeHHsT HaWBUIIOl TEMIIepaTypH 3aiiMaHHs ~ BorHesaxucHuM 3acobom JICA-1. Pesynbratu
345°C ta 315°C Oyno 3adikcoBaHe y KOMOIHALl 3  JOCIHIIKEHD HaBeNeHi Ha PHUCYHKY 3.
400
345
g) 350 315
2 300 265 275 285 275273
= 245 245 235 245
)E 250 230— — —
8
s 200 +— — — —
=
5150 1 — — ——
)
g 100 +— — — ——
5
= 50 4+ — — —
O 1 1 1 1 1 1 1 1 1
(_,Q:b k¢ f\:\\’ r\,')’ ry?’ v q,l\\' q}’ q::’ % M o,()’ n,?’ ke b‘l\\' 5:\1’ u?’

®

Homep 3paska

Pucynok 3 — HaiiGinbIma Temnepatypa 3aiiMaHHs B KOMOIHaIIi1 3 BorHe3axucHuM 3acobom JJCA-1

Ha ocHOBI oTpumMaHWX pe3ynbTaTiB Uit
MOJAJIBIIOr0  JIOCIIDKEHHST OCHOBHHX — CKJIaJ0BHX
KOMITOHEHTiB oOpaHi KpuTepii BTpaTH Macu 1
TEMIlepaTypH 3aiiMaHHS Ta BOTHE3aXHCHI 3aco0u
Biodneiim, Ecosept 450-1 ta JICA-1.

B pesynpraTi aHamiTHYHMX JOCTDKEHh Ta
3aCTOCYBAaHHsI METOAIB PEHTTeHO(IIyOPECIEHTHOrO Ta
XIMIYHOTO  aHalli3y BAAIOCh BH3HAYUTH  CKJIAJ
JOCITIIKYBaHUX PEUOBHH.

OCHOBHMMH KOMITOHEHTaMH BOIHEOI0XaXMCHUX
pEeYOBMH, IO AOCTIDKYBaNHCh, € iaMmoHiidocdar,
kapOamiz, oprodochopHa KUCIOTA, CYIb(aT aMOHilo,
a TakoK 3MOYyBad 1 (YHTIIUAM Ta IHCEKTHUIIMIH.
Hiadoniiipocdar, xkapbaming Ta oprodochopHa
KUCIIOTa MAalOTh HAHOUIBIIN MacoBi KOHIIEHTpAIIii, [0
CTaJIO MiACTaBOK 00paTH Ii KOMIIOHEHTH, SIK (haKTopH
JUTsl IPOBEZIEHHSI TOBHO(AKTOPHOTO €KCIEPUMEHTY 3
PO3pOOJIEHHS ONTHMAJIBHOI PELENTYPH BOTHE3aXHUCHOT
PEYOBHHH, 1O 3a0€3MEUUTh BOTHE3AXUCT JEPEB'SIHUX
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OyaiBelIbHUX KOHCTPYKIIH MPH 3aMiHi BOTHE3aXUCHUX

KOXHOI'o Ha KiHHCBi BJIACTUBOCTI PO3YUHY. 3HaueHHS

3aco0iB. iHTEpBaiB ~ MapaMerpiB  o0paHi Ha  OCHOBI
BapitoBanns daxropis 3ailicHeHo y 3 iHTepBajlax  JITEpaTypHOro aHajizy BIZIOMHUX CKJIaJiB
— MiHIMaJIbHOMY, CEpPEeIHbOMY Ta MaKCHMalbHOMY. BOTHE3aXHCHHX 3aC00iB, a TAKOXK 3 OISy Ha BIAcHi
Cepenniii piBeHb 00paHO BUKIIOYHO JUIS BU3HAUCHHS  ITOTEPEIHI JOCITIDKEHHS Ta pe3yabTaTi
iHTEpBaNiB BapifoBaHHs. Lle /J03BONMMIO BHBYATH  EKCIIEPHMEHTIB (Tabmuis 2).
B33a€MO3B’SI3KM  MDK [WUMH  (akTopamu 1 BIUTUB
Tadoaunsa 2
IHTepBany napamMeTpiB B EKCIIEPUMEHTI, 1110 BUOPaHi B SIKOCTI (aKTopiB
OptodocdopHa kucnora, f % Kap6awmin, k % Hiammoniitdocdar, d %
= - - = - s~ s =8 55
5% | 2E i S | 28| E% o) 2 2
1
2 16 30 2 1 20 2 6 10
BpaxoByroun oOpaHi QakTopu Ta PpiBHI, @, @1, P2, P3 P4 P, P O 7 — KOSPIIEHTH
HeNiHIHAa 3aJIOKHICT TINOTEe3W, 1 MareMaTuyHa  perpecii;
MOJIeTlb  BUpa)xaeTbcs  (OPMOIO  perpeciiHoro X1, Xz, X3 — TapaMerp, WI0 BPaxOBYIOTh
PIBHSHHS 2-TO MOPSIKY: BuOpani dakropu (oprodochopHoi, Kapbaminy,

T=@o+@1X1+ QX2+ @3Xs+ P aXiXo + @5X1X3 +
+ P eXoXat @ 7X1X2X3 1

pi (S
T — remmeparypa 3aitmanns, C abo BTpara
macH, %;

JiaMoHiK-(ochaTy BiIIOBIIHO).

Hapnami My noOyayBajii MaTPHUIlIO IIJIAHYBaHHS
EKCIIEPUMEHTY 32 CTAHJAPTOM KOJIyBaHHS (haKTODiB:
«+t» — BepxHil piBeHb (MaKCHUMaJIbHE 3HAYCHHS);
«» — HWKHIA piBeHb (MiHIMaTbHE 3HAYCHHS)
(Tabmutis 3).

Tabnuus 3
Marpuris ruiaHyBaHHS HOBHOTO (PaKTOPHOT'O EKCIIEPUMEHTY IS
o0yI0BH MaTeMaTUIHOT MOJIEN1
Howep X1 X2 X3 X1X2 X1X3 XoX3 X1X2X3
EKCIIEPUMEHTY

1 + + + + + + +

2 - + + - - + -

3 + - + - + - -

4 - - + + - - +

5 + + - + - - -

6 - + - - + - +

7 + - - - - + +

8 - - - + + + -
Bapitoroun Tppoma (pakTopaMu Ta BpaxOBYIOUHM ~ TEMIIEpaTypd 3aiiMaHHS, B pe3yibTaTi dYoro

MJIaH-MaTpPUIll TOBHO(AKTOPHOTO €KCIIEPUMEHTY MU
NIPOBENTM 8 EKCIIEPUMEHTIB Ul BU3HAYCHHS BTPATH

OTpPUMAII YUCIIOBI 3HAYCHHS TEMIIEPAaTypy 1 MacH y
JOCTIKYBaHUX B3ipIsax (Tabmuis 4).

Mach Ta 8§ eKCHepUMEHTIB Uil BHU3HAYEHHS
Taoauus 4
Pe3ynpraTi eKCriepuMeHTIB 3 BU3HAYEHHS TeMIIepaTypy 3aiiMaHHsI Ta BTPATH MacH
Haspa moka3Huka 1 2 3 4 5 6 7 8
Tewneparypa ca- |, 5 | 35, 224 333 | 264 | 319 | 255 339
mozaiimanHs, C
Brpara macu, % 10,5 10,9 7.5 12,4 5,5 12,4 5,9 11,4
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Hns oOumcneHHst KoedilieHTIB perpecii s
TpbOX (aKTOPiB y 2 PIBHSAX BUKOPUCTAHO (HOpMYIH

1S (2)
(PO = NZTi )
i=1
1 3)
¢ = NZ X1Ti
i=1
1 4
Q2 = NZ X2T ,
i=1
1 )
Q3 = = X3Tj ,

ne N = 8 — KiNbKiCTh eKCIepUMEHTAILHUX CUTYAIH
3Ti/IHO 13 TUTAHOM €KCIIEPUMEHTY;

X; — 3HAYCHHS MapaMeTpa 3TiJHO 13 MaTPHIICIO
miany (+1);

T, — 3Ha4YeHHS ( TemrepaTypu abo BTpaTa MacH).

2-9.
1S (6)
Qs = NZ X1X2T ,
i=1
1 )
Ps = Nz X1X3Tj ,
i=1
1S 8
Pe = NZX2X3T1 )
i=1
1S ©
Q7 = N X1X2X3Tj ,
i=1
Ha ocHOBI jaHMX, OTpUMaHuX B  XOji

MPOBEJICHHST eKCIIEPUMEHTIB Ta 00YHCIIEHB, 3TiTHO 3
dhopmynamu 2-9 orpuMaHo Koedilli€eHTH perpecii
IUIE BTpath Macu (Tabmums 5) Ta TeMmmepaTypu
3aiiManHs (tabmuis 6). Lli koedilieHTH TOAaHO B

HaTypalb-HOMY BHTJISLIIL
Ta6auus 5
Koedimientun perpecii aiist BTpatu Macu
Koedimient ®o, @1, @, @3, @ 4, @ s, Qs @7
% 499 -60 -312 83 47 -27 -40 22
Tabaunus 6
Koedirientu perpecii i1 TemMreparypu 3aiiMaHHs
Koeoiuient @ o, @1, (OF) @3, (0N Ps, Ps, (04
T 499 -60 -312 83 47 -27 -40 22

BpaxoByroun orpumani KoeQillieHTH perpecii,
3aNWIIeMO  3aJeKHICTh  BIUIUBY  BiJICOTKOBOTO
MacoBoro 3Ha4eHHs (hopmymna 1) docharHoi KucIoTH
(), xapbamimy (k) Ta miamoniiidocdary (d) Ha
TeMIIepaTypy 3aiiMaHHs y BHIISIL:

T=291,1+ 37,2X; — 3,4X2 + 3,1X3 + 11,2X1X, —

— 2,4%X1X3 + 6,1XoX3 — 3,9%1X2X3. 10

3aleXHICTh BIUIMBY BiJICOTKOBOTO MAacCOBOTO
3HadeHHs (popmyna 1) docdarnoi kucmoru (f),
kapbaminy (k) ta miamorilidpocdary (d) Ha BTpary
Macu MaTuMe BUIJISI

m=9,56 + 2,21x; — 0,26X, — 0,76X3 + 0,39%1X, +
+0,89x1X3 + 0,11X,X3 — 0,74X1XX3. 11

Koedimient nerepminamii it OTpUMaHHX
perpeciiiHux 3anexkHoctedd craHoBuUTH 0,98, 110
no0pe BIATBOPIOE Bapiallifo K 3a 3HAYCHHSIM
TEeMIIepaTypu 3aiiMaHHS, TaK 1 3a BiJCOTKOBOIO
BTPATOI0 MacH JAOCITiIHUX B3ipIIiB.

IlepeBipKy afeKkBaTHOCTI MOJENi, IO BIATIOBIAAE
PIBHSHHIO perpecii BHKOHAHO 3a  JIOITOMOT'OIO
kpurepito Pimepa. [IpoBemeHwid aHami3 BiTHOCHHX
BIIXHJICHB pe3yIbTaTIB eKCITepUMEHTAIBHUX
JIOCITI/DKEHB TIOKa3aB, 110 CepeiHs BiMHOCHA MOXHOKa
JUTSl TIOKA3HUKA BTPAaTH Macu cTaHoBUTH 1,81 %, a
temnepatypu 3aiimanas — 0,49 %. Lle cBigun gg@
BHUCOKY TOYHICTb 1 TOBTOPIOBaHICTh pesyn?'?aTiB.
Jucnepciitauii aHai3, IPOBENEeHUH 3 BUKOPUCTAHHIM
kputepiro  ®Dimepa, TOKa3zaB, MO0 PO3PaxoOBaHi
3HaueHHs F i1 BTpatm Macu Ta TeMIepaTypu
3aiiMaHHA y  OUIBIIOCTI  EKCHEpHMEHTIB  HE
TIEPEBUIIYIOTH KpuTHuHOro 3HaveHHs (Fxp = 3,47 npu
o = 0,05). Lle cBigunuTh PO BiFICYTHICTH CTATUCTHYHO
3HAYYIIUX BiIMIHHOCTEH MK JTCIIEPCISMHU.

BukopucToBytoun OTpUMaHi perpeciiiHi 3aiex-
HOCTI MU TTOOY/TyBaJl BiTIOBi/IHI MIOBEPXHi AMCIIEPCii
TeMIepaTypH 3aliMaHHs NpH Bapialii CKIaxy TPbOX
OCHOBHHUX KOMITOHEHTIB: oOpTodochopHOi KHCIOTH,
kapbamigy Ta niamoHifidocdary, ski NokasaHi Ha
PUCYHKY 4.

18
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Pucynok 4 — Jlucniepcist TemnepaTypy 3aiiMaHHs JOCIITHOTO 3pa3Ka MpH:
a) cepeHbOMY 3HaueHi niamoHinpochaty (pakrop d) Ta Bapiamii iHmmMX GakTopis; 0) cepenHBLOMY 3HAYCHI KapOamiay
(daxrop k) inmmx dakropi; B) cepeqHboMy 3HaueHi opTodocdopHoi (pakrop f) kuciaoru Ta Bapiauii iHIUX paxTopiB

Pesynbrati BkasylTh Ha Te, IO 3a IEBHUX
CIIBBIAHOIIEHh IUX KOMIIOHEHTIB JOCSATA€ThCA
MIJBUIIECHHS TEMIIEpaTypy 3aiiMaHHs, 10 CBIAYUTH
PO TIOCUJICHHST BOTHE3aXUCHOrO e eKTy.

BTpatu macu, %

Ha pucyHky 5 300paeHi BiJIIOBiIHI TOBEPXHI
JCTIepcii BTpaTH Macu IMpH Bapialii CKiIaxy TpboxX
OCHOBHHUX KOMIIOHEHTIB: opTodochopHoi KHCIOTH,
kapbaminy Ta niamoniiidocdary.

o
o oo

BTpatu macu, %

o P
wogg
RTnaTu s

Pucynoxk 5 — Jlucriepcist BTpaT MacH JOCIITHOTO 3pa3Ka Ipu:
a) cepeqHbOMY 3HaueHi niamonilidocdary (pakrop d) Ta Bapiamii iHmmx ¢akropis; 0) cepeAHFOMY 3HaUEHI KapOaMiay
(daxrop k) Ta Bapiauii iHmMx GakTopiB; B) cepeqHbOMY 3HadeH1 opTodocdopHoi (pakrop f) kucmoTu ta Bapiarii
IHIIUX (aKTopiB.

[IpoBenenrmM aHaIi3oM chOPMOBAHHUX ITOBEPXOHB
BUSIBIICHO, IO HalMEHIa BTpaTa MAacH JOCSTAEThCS
pd  TapMOHIHHOMY  TIO€AHAHHI  KHCIOTH  Ta
miamoHiidocdary.

BucnoBku. Pe3synbraté MonmenmoBaHHS MiITBEp-
JDKYIOTh ~HAsBHICTh SIK CHHEPreTHYHHX, TaK 1
AHTATrOHICTUYHHX e(eKTiB MDK KOMIOHEHTAMH BOTHE-
0iozaxucHOro posunHy. CuHepretnyHi  eeKTu
JEMOHTCTPYIOTh ~ pO3YMHH 3 KapOoMimoMm i
JiaMOHicyb(aToM, a aHTOrOHICTUYHI — 3 CYJIb(aToOM
amoHito i oprodochoproro kucioror. [IpaBumbHO
miiOpaHe  CIIBBiIHOIIEHHS  JO3BOJSE  JOCATTH
MIJBUILICHHST TEMIIEpaTypH 3aiiMaHHSA Ta 3HWOKCHHS
BTpaTH MacH, w0 Oe3NOocepe/]HO BIUIMBAE Ha
MOKpAILEHHs] BOTHE3aXMCHOI e(eKTUBHOCTI JepeB’s-
HUX OyHiBEIIEHUX KOHCTPYKIII.

Ha mincraBi anaimizy AaHMX eKCIEPUMEHTATLHIX
JOCTiKeHb, PIBHAHHA  perpecii 1 rpadiuHux
3aJIEKHOCTEH BH3HAUEHO CIIiBBIJHOLIEHHS MAacOBOrO
CKJIaJy BOTHE3aXHCHOI pPEYOBMHM, IO 3JaTHa

3a0e3MeunT BOTHE3aXUCT JEPEB'STHUX OyIiBEeNbHUX
KOHCTPYKI[If TIpM 3aMiHI BOTHE3aXHCHHX 3aco0iB, a
came: miamoHiidochar — 4%, xapbamiz — 6%,
¢ocatra kucnora 12%, Bona 78%.
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