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EKCIIEPUMEHTAJIBHE JTOCJILJIZKEHHS ITOKA3HHUKIB
BOTHE3AXHCHOI EOEKTUBHOCTI JJEPEB’STHUX BY/IIBEJIbHUX
KOHCTPYKIIIN ITPA 3AMIHI BOTHE3AXHCHOTI'O 3ACOBY

Borne3axnicHe 00poOIAHHSA € OHHM i3 e(DeKTHBHHX CITOCOO0IB 3a0e3MeueHHs HaJIeKHOTO PiBHA MOKeKHOL
Oe3nekH. BIMOTH 10 IHOTO MpOLeCY peryIrorThea [IpaBiiIamMi 3 BOTHE3aXHCTY, JepKaBHIMH CTaHJapTaMH,
pernaMeHTaMH I IIle YIHHIMH cTaH1apTaMi. Hallo1IbIl IOoNMHpeHNM € BOTHe3aXHCHe 00poOIIAHHA lepeB’ THIX
KOHCTPYKIIiil, OCKITBKH JepeBHHA € JOCTYIHHM, e(DeKTHBHHM Ta eKOJOTiUHHM MaTepiaJoM, IpoTe 3 BHCO-
KHMIH [TOKa3HHKAaMH TOPKYOCTI, 3aiIMHCTOCTI, IOMHpPeHH: IOIyM’d Ta JIMOYTBOPIOBAIBHOI 3MaTHOCTI. [
BOTHe3aXHCTY JepeBHHI HallJacTillle 3aCTOCOBYIOTh BOTHE3aXIHCHI 3aco0N I IPOCOYYBaHHA. AHAII3 IIpo-
Llecy IepeBipKH e()eKTHBHOCTI BOTHE3aXICTy CTBOPHB IlepelyMOBH CTBepIKYBaTH, III0 BOTHE3aXIHCHI 3aco00H
MOXKYThb OyTH He CYMiCHI Mi c000F0, 1[0 MPH3BOINTH [0 3HIDKEeHHA MOKAa3HIKIB BOTHe3aXICHOI edeKTHB-
HOCTI. 3 OIJIAAY Ha BUINIEOMHICAaHUII (PAaKT 3 ypaXyBaHHAM UHHHHX i HOBOIIPHITHATHX CTaHIAPTIB, JOCITiKeHHA
TIOKa3HIKIB BOTHE3aXHCHOI e(DeKTHBHOCTI JiepeB’AHNX OVyIiBeIbHIX KOHCTPYKIIII MicIs BUKOHAHHS TTOBTOP-
HIX po0iT i3 BOrHe3aXHCHOTO 00pOoOISHHA i3 3aMiHOI BOTHE3aXIICHOTO 3ac00y € aKTyaThbHIM 3aBIaHHAM.

MeTor poboTH € JOCHiKeHHsS MOKAa3HNKIB BOTHEe3aXMCHOI e()eKTHBHOCTI [lepeB’sHIX OyiBelIbHHX KOH-
CTPYKIIiil IMiC/I BUKOHAHHS TIOBTOPHIUX POOIT i3 BOTHE3aXICHOTO 00pOOIISHHSA i3 3aMiHO0 BOTHE3aXHCHOTO 3aC00Y.

Jlna BH3HaUeHHS NMOKA3HHKIB BOTHe3aXIHCHOI e()eKTHBHOCTI JepeB’sSHHX OyIiBelIbHHX KOHCTPYKINH mpH
3aMiHI BOTHE3aXHCHOTO 3aco0y IIapajellbHO 3aCTOCOBAHO YHHHI MeTOAH Il MeTOAH, 1o HaOyoyTh YHHHOCTI
3 Oepe3na 2025 poky. [Ina IpoBeleHHA eKCIepHMeHTAIbHIX J0CHiKeHb BHKOPHCTAHO METO IUIf BH3Ha-
YeHH: IPYI BOTHE3aXHCHOI e()eKTHBHOCTI JepeB’ sHHX KOHCTPYKIIH, MeTOI KOHTPOIIOBAHHSA 3a TeMIlepaTy-
poro 3aiiMaHHA i MeTOJ KOHTPOTIOBAHHSA 3a 03HAKOK CaMOCTIITHOTO TOPiHHS.

JIns mpoBeleHHA eKCIlepIMeHTaIBHIX JOCIIiKeHb BHTOTOBICHO 3pa3KH i3 COCHH, IO IIPOCOYeH] BOTHe3a-
xucHnMH 3acobamu JICA-1, Biodmeiim, Ecosept 450-1, @aep-of okpeMo KoXKHIM 3ac000M i Ha/lalli IOBTOPHO
TIPOCOUeHi B pi3HUX KOMOIHAISX 3aMiHH BOTHE3aXIICHOTO 3aco0y.

BunpoOyBaHHA 3 BH3HAYEeHH: BTPaTH MacH JepeBHHH BIABHIH, 10 BTPAaTH MacH UL 3pa3KiB i3 3aMiHO0
BOTHE3aXHCHOT'0 3aco0y MO0 BTPaTH MAacH 3pa3KiB, 00poOIeHNX OJHHM BOTHE3aXIICHIM 3aco00M, 301IbII-
mmcs B Aiana3oHi Bix 0,5% 1o 4,6%, 110 IPI3BeI0 /10 3HHKeHHA TPYIIH BOTHe3aXHCcHOI eekTiBHOCTI 3 I 10 1T,
CBIIYHTE IIPO HeTaTHBHHIL BILIHB 3aMiHH BOIHE3aXHCHOTO 3aco0y.

3a pe3yIbTaTaMI BUIIPOOYBAaHE 3 KOHTPOIIIO 33 03HAKOK CAMOCTIHHOTO TOPIHHA, HEIIPHIATHO [UIA II0JaTh-
01 eKCIUTyaTallii BBaKaeThCA HI3KA 3pa3kKiB, OCKUIBKH BiICOTOK 3pi3iB, M0 MigaBalncsAd BHIPOOYBAHHAM,
M ATPHMYBAIIH caMOCTiliHe IMoTyMeHeBe TOpiHHA ii (abo) TIiHHA B Aiama3oHi Bif 20% 10 50%.

3a JOIIOMOTOO [TOPiBHAHHA BH3HAYEHIX TeMIlepaTyp 3ailMaHHA 3 TeMIIepaTypolo 3aiiMaHHA COCHH, AKa He
miaaBanacs oOpoOIeHHI0 3aco0aMi BOTHe3axXICTy, BUABIEHO, IO I BCiX 3pa3KiB TeMIepaTypa 3aiiMaHHA
migeunmiacs. [TigBummeHHs BigOyIocs B ianma3oHi Bif 5 o 85 °C.

OTxe, eKCIlepHMeHTAalbHI JOCTiIKeHHS MOKa3HIKIB BOTHE3aXIICHOI e()eKTHBHOCTI JIepeB’THIX Oy/IiBelb-
HUX KOHCTPYKLIIl IIPH 3aMiHi BOTHEe3aXHCHOIO 3aco0y IIOKa3all, [0 3aMiHa BOIHe3aXHCHOTO 3aco0y BILII-
Ba€ Ha BTpary MacH (30imbmeHHs BTpaTu Bif 0,5 10 4,6%), 03HAKH CaMOCTIIHOTO TOPiHHA (MiATpHMAaHHA
ropinHa Oinemte Hik 20%) 1 Temmepatypy 3aiiMaHHs. I1pH 3acTOCOBaHHX KOMOIHAIISX BOTHe3aXICHIX 3aC00iB

18 IMoxe:xHa 0e3mera, Ne 45, 2024



IlepeBa’kKHO BiI0Y/IOCS 3HIDKeHHS TOKA3HHKIB e()eKTHBHOCTI BOTHe3aXHCTy. B OKpeMHX BHIAaJKaxX MOKa3HHKH
3aJIHIIIIIHCS Ha He3MiHHOMY piBHI a00 mokpanncs. J{ocTiKeHHS Jal0Th IIiICTaBH CTBepIXKYBaTH, [0 BOT-
He3axIICHi 3aco0H MOXYTh OyTH He CYMICHHMH TIpH IIPOBe/leHi MOBTOPHOTO BOTHE3aXHCHOTO 0OpOOISHHS,
OCKLUIBKH IIPH3BOIATH 0 3HIKEHHA BOTHE3aXHCHOI e(eKTHBHOCTI. ITofanbIi JOCTiKeHHA JOUUIBHO CIIps-
MYBaTH Ha po3po0IeHHsA BOTHe3aXHCHOro 3aco0y UIA JIepeBHHI, 0 Oye MpHUIaTHIM I/ 3aMiHH i He Oye
IIPH3BOIUTH JI0 3HIDKEeHHs IIOKa3HHKIB BOTHe3aXHCHOI e(heKTHBHOCTI.

K11090Bi ¢;10Ba: TOKA3HIKH BOTHe3aXHCHOI e(DeKTHBHOCTI, 3aMiHa BOTHEe3aXHCHOTO 3aco0y, BOTHe3aXHCHe
00poOIAHHS, BOTHE3aXHCT, IPOCOTyBaHHS.
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EXPERIMENTAL STUDY OF FIRE PROTECTION EFFICIENCY INDICATORS
OF WOODEN BUILDING STRUCTURES WHEN REPLACING FIRE RETARDANT

Fire protection treatment is one of the effective ways to ensure the proper level of fire safety. The
requirements for this process are regulated by the Fire Protection Rules, state standards, regulations and still
valid standards of the category. The most common is fire protection treatment of wooden structures, since
wood is an affordable, effective and environmentally friendly material, but with high rates of combustibility,
flammability, flame spread and smoke generation. Fire protection agents for impregnation are most often used
for fire protection of wood. Analysis of the process of checking the effectiveness of fire protection created
the prerequisites to state that fire protection agents may not be compatible with each other, which leads to a
decrease in fire protection efficiency. Considering the fact described above, taking into account current and
newly adopted standards, the study of fire protection efficiency indicators of wooden building structures after
repeated fire protection treatment with replacement of the fire protection agent is an urgent task.

The purpose of the work is to study the fire protection efficiency indicators of wooden building structures
after repeated fire protection treatment with replacement of the fire protection agent.

To determine the fire protection efficiency indicators of wooden building structures when replacing a fire
retardant, current methods and methods that will come into force from March 2025 were used in parallel.
For experimental research, the following methods were used: “Method for determining the fire protection
efficiency group of wooden structures”, “Method of controlling by ignition temperature” and “Method of
controlling by the sign of spontaneous combustion”.

For experimental research, samples were made of pine that were impregnated with fire retardants DSA-
1, Bioflame, Ecosept 450-1, Fire-of separately with each agent and subsequently re-impregnated in various
combinations of replacing the fire retardant.

Tests to determine the mass loss of wood showed that the mass loss indicators for samples with the
replacement of the fire retardant in relation to the mass loss indicators of samples treated with one fire retardant
increased in the range from 0.5% to 4.6%, which led to a decrease in the fire retardant efficiency group from I
to IT and indicates the negative impact of replacing the fire retardant.

According to the results of tests according to the “Method of control by the sign of spontaneous combustion”,
a number of samples are considered unsuitable for further operation, since the percentage of sections that were
tested supported spontaneous flame combustion and (or) smoldering in the range from 20% to 50%.

A comparison of the determined ignition temperature indicators with the ignition temperature of pine that
was not treated with fire retardants revealed that the ignition temperature increased for all samples. The increase
occurred in the range from 5 to 85 °C.

Experimental studies of the fire protection efficiency of wooden building structures when replacing the fire
retardant have shown that replacing the fire retardant affects the mass loss indicators (increase in loss from
0.5 to 4.6%), signs of spontaneous combustion (maintenance of combustion of more than 20%), and ignition
temperature. With the used combinations of fire retardants, a decrease in fire protection efficiency indicators
mainly occurred. In some cases, the indicators remained at the same level or improved. The conducted studies
give grounds to argue that fire retardants may not be compatible when performing repeated fire retardant
treatment, since they lead to a decrease in fire protection efficiency. Further research should be directed to the
development of a fire retardant for wood that will be suitable for replacement and will not lead to a decrease in
fire protection efficiency indicators.

Key words: fire protection efficiency indicators, replacement of a fire retardant, fire retardant treatment,
fire protection, impregnation.
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IToctaHoBKa mpodjeMH. [[epeBHHA € e(eKTHB-
HIM Ta eKOJIOTIUHIM MaTepialoM, IO MaE€ BHIIPaB-
JaHi mepeBard. OIHAK 3a HEHAJIeXKHHX YMOB alo
B YMOBaX IIOJKeXi KOHCTPYKIIi 3 [epeBa IIBHIKO
BTPauarOTh HeCydy 3JaTHICTh. Uepe3 BHCOKI IIOKa3-
HHKH TOPKOYOCTI, 3aiiMHCTOCTi, JANMOYTBOPHOBAIIb-
HOI 3[aTHOCTI II TOIMHpPeHHA MOIYM’ s 3aCTOCYBaHHA
JepeBIHHH OOMeXYyeTbcAd HOpPMaMH Ta IIpaBHIaMH
OO0 TIOKEKHOI Oe3leKH, a caMe 3acTOCYBaHHA
MOJKIIHBE 3a YMOBH 3[ilICHEHHSA BOTHE3aXHCHOIO
00pobnsHHA. YIpoaoBk OaraTboX POKIB po3podis-
IOTECS HOBI PEYOBHHH Ta METONH U1 BOTHE3aXHCTY
il yIOCKOHATIOIOTHECS HasABHI. JInA 30epekeHHA Ta
TIOKpaIaHHA XapaKTepHCTHK JepeBHHH 3acTOCOBY-
10Th pi3Hi NpOcoUyBalmbHI 3aco0H, 30KpeMa I BOT-
He3axHcHi (BorHe0io3axuicHi) 3acobn. IIpaBIUIbHHIT
miadip i 3aCTOCYBaHHA MIPOCOUYBAILHUX BOTHE3aXIIC-
HIX 3ac00iB 3a0e3meuye miIBUINeHHS BOTHECTIIKOCTI
a0o 3HIDKGHHS IIOKAa3HHKIB IOKeXKHOI HeOe3leKn
JepeBHHH. E(QeKTHBHICTE BOTHE3aXHCTY 3aJIeKHTh
Bin Oarathox (hakTopiB, a caMe: XIMIUHOTO CKIaay
BOTHE3aXHCHOTO 3aco0y, crocoly Horo HaHeceHH,
3IaTHOCTI 3aco0y 70 e(deKTHBHOTO TIPOHHKHEHHS
B JIepeBHHY, BOJIOTOCTI JepeBHHH, PO3NOALTY 3aco0y
10 JepeBHHI Ta INIHOHHI INIPOCOYYBaHHA, a TaKOXK
BiJ TepeBipKH BiIIIOBITHOCTI BOTHe3aXIICTy if dacy
eKcIuTyaTallii BorHezaxucty [l; 2]. Koxken i3 cep-
TH(hiKOBaHHIX BOTHE3aXHCHHX 3ac00iB YCTaHOBIIOE
TIPOTHO30BaHHIL CTPOK IIPHIATHOCTI BOTHE3aXHCHOIO
IIPOCOYYBaHHA — IIe CTPOK, YIPOJOBXK AKOIO BOTHe-
3aXHCHHII 3aci0 micis iioro 3acTocyBaHHS 30epirae
CBOIO BOTHE3aXHCHY e()eKTHBHICTb. B yMOBax BHCO-
KOl KOHKYpeHIIii BOTHE3aXHCHHX 3aco0iB Cy0’eKTH
TOCIIOJITapIOBaHHA BCe UacTillle 3/IiIICHIOITH 3aMiHy
BOTHE3aXHCHOTO 3aco0y IIpH IOBTOPHHX poOOoTax
13 BOTHe3axXHCTy, IO IPH3BOIHTH 10 HETaTHBHHX
pe3yiBTaTIiB Mij uac IpoBe[leHHS IepeBipKH edek-
THBHOCTI BOTHE3aXIICTy KOMICi€10, IKA YTBOPIOETHCS
TIicTIs 3aBepIlleHHs BUKOHAHHSA poOIT i3 BOTHe3axIic-
HOro oOpoOmAHHA. J[OCIiIKeHHA BHIIEOIIHCAHOIO
(hakTy 3 ypaxyBaHHAM UYHHHHX 1 HOBOIPHITHATHX
CTaHIapTiB € MOTEeHIIITHOW IpobIeMoro, 10 MOTpe-
Oye BHpiIlIeHHS.

AHamiz ocTaHHIX JOCATHeHb Ta MyOTiKamii.
@aKTOpH, 110 BILIHBAIOThH HA e()eKTHBHICTE BOTHE3a-
XHCTY, JOCTiIKyBala HH3Ka HAyKOBIIIB, IO BiZOHTO
B OaraTpox myOmikarifax. 30Kkpema, y HayKoBiil poOoTi
[3] aBTOp OIICY€ 3aKOHOMIPHOCTI BILTHBY SIKICHOTO
il KiTBKICHOTO CKJIagy BOJHHX BOTHe0i103aXICHHX
PEYOBHH Ha IpOIeCH 3aliMaHHA, PO3IOBCIOIKEHHA
Ta MPHIIHHEHHA TOPIiHHA ILIeTHI030BMICHHX MaTepi-
aJliB IepeBHHH, TKaHUH, [Iallepy, odepery.

3a JIOIIOMOTOK MEeTOIUKH, fKa OIICAaHAa B IIpalli
[4], HAYKOBIi BHABILTH, IO ICTOTHII OXOJOIKY-
BaNBHIIL e(eKT BiJl BUKOPIICTaHHS aHTHIIipeHIB IS

BOTHEe3aXHCTy JIepeBHHIL, OCKLUIBKH iHTepBal dacy
BiJI IOUaTKy TeIUIOBOTO BIUIHBY IO MOMEHTY I10YaTKy
IIOJIYM’STHOTO TOpPIHHS JUIA BOTHEe3aXHIIEeHOi Jepe-
BHHH y JIBa 3 MOJOBHHOI pa3H OLIBIIMIL, HIK I
HeBOTHe3axHIIeHOi.

Aptopn YepHyxa A. A. i iHmi [5] mocmimimn
BILTHB OCOOIHBOCTell JepeBHHH pi3HHX IOpiJ Ha
e(eKTHBHICTh  BOTHE3aXHCHHX IMPOCOYYBaJbHHX
3aco0iB Ha MpHKIaji Ayoda if 3acody JICA. V pe3ynb-
TaTi JOCIiKeHb BOHH BCTAHOBHIIH, IO CTaHAAapTHHIT
MeTO JOCIiIKeHb BOTHEe3aXHCHOI e(eKTHBHOCTI
3 BUKOPHCTaHHAM BHKJIIOYHO COCHH He MOJKe HaJlaTH
CIIpaBe/UINBI JaHi MIOI0 e(eKTHBHOCTI 3acody 0
IHIMIX TOPiJ JepeBUHI.

V poboti [6] HaykoRHi po3podmmH I JOCIi-
Tl eeKTHBHICTh BOTHe3aXHCHHX ITOKPHTTIB 1A
JlepeB’ THIX KOHCTPYKIIill HA OCHOBI CIUTIKAaTy HAaTpito,
OeKCTPHHY I OKCHJIB MeTaliB MarHilo 1 THTaHY,
y pe3yibTaTi 4oro OTpHMaHO BHCHOBKH, IO TeMIIe-
paTypoCTiliKi OKCHJN MeTaliB, JeKCTPHH i CHIIKAT
HaTpil0 B CKIaji MOKPUTTS IiIBUIIYIOTh BOTHECTIil-
KiCTB — IIiJT Uac Jii BOTHIO, a CIUTIKAT HAaTPiko 301IbIIyE
iioro aTMoc(epoCTiiiKicTh y MPHPOJHIX YMOBAX.

Jocmigankn BeceniBebkuil P. 5. 1 Cymomak 1. B.
[7] obrpyHTYBamm, 10 KaTeropisd BUKOPHCTaHHS BOT-
He3axIICHHX MaTepialiB Mae OOHpaTHCS 3aleKHO
BiJl YMOB HaBKOJIHIIHROTO Cepe/OBHINA (ycepeHHi
TIPHUMillleHb, YaCTKOBO 3aXHIIeHi IPOCTOpH I IpHMi-
IeHHA 9H BiAKPUTHII mpocTip). [IpeacTarieHo dak-
TOpH, 110 BIUTHBAIOTH Ha TePMiH IIPHAATHOCTI Ta eKc-
IUTyaTaliiiHy HaJiilHiCTh BOTHE3aXHCHHUX MOKPHTTIB.

ApTopn B mpami [8] po3poOlII KOMIO3HIIIO
BOTHE3aXHCHOTO IIOKPHTTS, IO CIYyUyeThCs, SKe
YTBOPIOE HAa MOBEpPXHI IO «3aXHINAETHCI», TOHKHI
HeTIpo30pHil map, SKHIl MepelIko[Kae 3alaleHHI0
Il TOMHpeHHIO TOMYM’S MO JepeB’sHiil KOHCTPYK-
mii. 3a OCHOBY IIOKPHTTA B3fTO piike CKIO, TOMY
0 BOHO Ma€ TaKi NMO3HTHBHI XapaKTepHCTHKH, SK
JIOCTYIIHICTh, IIOB’S3aHO 3 IPOSBOM PIIKHM CKIOM
B’SKYUHX BIACTHBOCTEH — 3JaTHOCTI 10 MHMOBLTb-
HOTO TBepiHHA 3 YTBOPeHHAM IITYYHOTO CHIIIKaT-
HOTO KaMeHIO.

3amiHa BOTHE3aXHCHOTO 3aco0y € IOIHpeHHM
SBHIIEM, IO CIHpHYHHeHe eKOHOMIUHHMH YHHHH-
KaMH, 30iIbIIeHHSIM KOHKYpPeHIIli BOTHEe3aXHCHHX
3aco0iB i HeOOXiJHICTIO MepioIITIHOTO MpPOBeIeHHA
poOiT i3 MOBTOPHOTO BOTHE3axXHCTy. 3TiIHO 3 Mpa-
neto [2], B VkpaiHi 3acTocoByeThcs moHaA 30 pi3-
HIX cepTH(]iKOBaHIX BOTHe3aXHCHHX 3aco0iB. Koxk-
HIII i3 IHX 3ac00iB Ma€ yHIKaNIbHY QOpMYITY Ta CBIll
MeXaHi3M BOTHe3aXHUCTy. J[OCHi’KeHHS CYTi MeToay
BUIIPOOYBaHb BI3HAUeHHS BOTHE3aXHCHOI e(eKTHB-
HOCTI, MeTOIy BU3HAUeHHs IPYIIH TOPIOYOCTi PeIOBHH
i MaTepialiB, a TAKOXK PO3MIAI BUMOT III0JI0 BHIIPOOY-
BaHb BOTHE3aXHCHHX 3ac00iB, sKi BHKOPHCTOBYIOTh
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y KpaiHax €Bpomneiicbkoro Cor3y, OMIICaHO B MPaIix
[9; 10]. V ICTY 9291:2024 «3axmCT BiJ MOXKeXKi.
Borne3zaxmncTt OyiBeTbHHX KOHCTPYKIIiH. 3araibHi
BHMOTH T2 METOH KOHTPOJIFOBAHHA IIiJ 4ac eKCILTY-
aTarlii 00’€KTiB BOTHe3aXICTy» BCTAHOBIEHO BUMOTH
IO MeTO[IiB KOHTPOIIOBAHHA BOIHE3axXIICHIX 3ac00iB
(TIOKpHBIB i MPOCOUEHE ), HAHECeHIX Ha 00’ €KT BOTHe-
3axXICTy (ZepeB’sHi, MeTaleBi i OeTOHHI KOHCTPYK-
11i1), 71 TOJaIBIIOrO IXHBOTO eKCILTYaTyBaHHA.

AHali3 JaHHX JiTepaTypHHX [Kepes Ja€ MOKIIN-
BICTh CTBepIKYBaTH, IO HAYKOBII 30CepelKYIOTh
IOCTIKeHHA Ha OKpeMIX BOTHe3aXHCHHX 3aco0ax,
BIUIHBI HaBKOJHIIHBOTO CepelOoBHINA Ha BOTHe3a-
XIICHY e(eKTHBHICTh 3ac00iB, BILUIHBY BOTHe3aXHC-
HHX 3ac00iB Ha IIOKAa3HHKH IIOKEXKHOI Hede3leKH
IepeBuHN. [IpoTe 11i poGOTH He MICTATEH JOCTiTKeHb
0710 BILTHBY MTOBTOPHHX POOIT i3 BOTHe3aXICTy Ha
BOTHE3aXHCHY e(eKTHBHICTh 3 ypaxyBaHHAM 3aMiHI
BOTHE3aXHCHOIO 3aco0y, TaK 3alHINAKOUH Ieil (pakT
0e3 10CTaTHBOI YBary.

Meta cTaTTi (IOCTAHOBKA 3aBJAHHA) IIOJIATAE
y BISIBIIeHI TOKa3HIKIB BOTHe3aXHNCHOI e(DeKTHBHOCTI
JepeB’SHITX Oy/IiBeThbHIX KOHCTPYKIIiil, IO 3a3HAI0Th
BILTIBY MiCJI BUKOHAHHS MOBTOPHUX POOIT i3 BOTHe-
3aXHCHOIO 0OpOOIAHHA i3 3aMiHOK BOIHE3aXHCHOTO

3aco0y.
Jl11s iboro HeoOXiHO po3B’sA3aTH TaKi 3aBJaHH:
— TIpOBeCTH eKCIlepIMeHTaTbHI OCIIi-

IUKeHHA IIOKa3HHKIB BOTHE3aXHCHOI e(eKTHBHOCTI
JepeB’SHITX Oy/IiBeThbHIX KOHCTPYKIIiil, IO 3a3HAI0Th
BILTIBY MiCJI BUKOHAHHS MOBTOPHUX POOIT i3 BOTHe-
3aXHCHOIO 0OpOOIAHHA i3 3aMiHOK BOIHE3aXHCHOTO
3aco0y.

— BHJBUTH JHHAMIKY 3MiHH IIOKA3HIKIB BOTHe-
3axICHOI e(eKTHBHOCTI [epeB’sHHX Oy/iBelbHHX
KOHCTPYKIIiil, 110 3a3HAI0TH BILTHBY IIC/Is BHKOHAHHS
TIOBTOPHUX POOIT i3 BOTHE3aXIICHOTO 00pOOIAHHA i3
3aMIHOI BOTHE3aXICHOIO 3aco0y.

Metoan paociaigxeHHs. CTaHOM Ha JIHCTONA
2024 poky BOTHe3aXlCHa e(eKTHBHICTh BOTHe3a-
XHCHOTO 3aco0y [UI1 IIPOCOYYBAHHA BI3HAYAETHCA
OIIAXOM BH3HAUEHHS BTPaTH MacH JepeBHHH IIpo-
COYeHOI BOTHEe3aXHCHIM 3aco00M IIPH BOTHEBOMY
BHUIIPOOYBaHHI B YMOBaX, IO CIPHAIOTH aKyMYJIAIil
Terna. Ilell MeTox 3acTOCOBYIOTH U1 BH3HAUeHHA
TpYNH BOTHe3axXHCHOI e(eKTHBHOCTI iI Mif 9ac mpo-
BelleHHA cepTH(ikamiiiHnxX BumpoOyBans [11]. Jlms
TiepeBipKH BiANOBITHOCTI BOTHE3aXHCTY IIICIA BHKO-
HaHHA Po0IT Ha JiF0UNX 00’ €KTaX KIFOUOBHM € 3aCTO-
CYBaHHA eKcIpec-MeTony [12; 13]. I1i MeToan MaroTh
CYTTERI HeJIOMIKI, IPOTe BOHH € UMHHIMIL B 0CHOBI
IIMX MeTOiB JIeKITh yTpaTa MacH 3pa3KiB, o0poliie-
HUX BOTHE3aXHCHHM pO3UHHOM, 1 HagBHICTb CaMo-
CTiITHOTO TOpiHHA a00 TIiHHS Mic/IA BHOATeHHA JKe-
pena BorHto. 3 Oepe3ns 2025 poky HaOyBa€ UMHHOCTI

HarioHanpHHIT cTagaapT JICTY 9291:2024 «3axmuct
Bin mokeki. BorHeszaxmct OyIiBelbHHX KOHCTPYK-
11ifl. 3araabHi BUMOTH Ta MeTO/II KOHTPOIIOBAaHHSA Mif
gac eKcIUTyaTallii 00’€KTiB BOTHE3aXHCTy». ¥ IEOMY
CTaHIAapTi BCTAHOBIEHO BIOCKOHAJIeHI MeToaH
KOHTPOJIFOBaHHA BOTHE3aXHCHIX 3ac00iB, HAHECEHHX
Ha 00’€KT BOTHE3aXHCTY, AKi Jar0Th 3MOTY BHABHTH
HelIpHIATHICTh BOTHE3aXHCHHX 3aco0iB, HAaHECEHHX
Ha 00’€KT BOTHE3axXHCTY, U1 II0JaNIbIIOr0 eKCInTya-
TYBaHHA.

Jl11 KOHTPONIOBAaHHA IIPHIOATHOCTI IIPOCOYEHO]
NepeBHHH VI IIOJAJBIIOTO eKCIUTyaTyBaHHA OyIyTh
3aCTOCOBYBaTHCA MeTOJ KOHTPOIIOBAHHA 3a TeMIle-
patyporo 3aiimMaHHA (MeTox 5.1.1) i MeTon KOHTpoO-
JIFOBAaHHSA 3a 03HAKOK CaMOCTIITHOTO TOpiHHS (MeTo
5.1.2). BiAmoBigHO 10 IHX MeTO[iB, OyAiBeIbHI KOH-
CTPYKLIi 3 JepeBHHH, IPOCOUYEHi IIeBHHM BOTHe3a-
XHCHHM 3ac000M, YBaKarOTbCH HENPHIATHOMH JUIA
IIOAJIBINOI eKCILTyaTallii, SKII0 BHKOHYETHCHA OIHA
3 TAKHX YMOB:

— 3HaueHHs TeMIlepaTypl 3aiiMaHH:A, OTPHMaHe 3a
MeTozioM 5.1.1, € MeHIIIIIM 3a BelNYIHY, AKa JOpPiB-
HI0€ 85% TeMmmepaTypH 3aliMaHHS, IO HaBeJeHa
MiATPHEMCTBOM-BHPOOHIKOM V periiaMeHTi poOiT
i3 BOTHe3aXHCTy, TeXHIYHIHX yMOBaX abo pe3ynbTa-
TaxX BHIIPOOYBaHHS Ha BiMOBITHITI BOTHe3aXHCHIII
3acid, abo meHmmM Hixk 355 °C (y pa3i BiICYTHOCTI
3HAueHHA TeMIlepaTypH 3ailMaHHA B penIaMeHTi
3 BOTHE3aXHCTY, TeXHIUHHX yMOBaxX a0 pe3yibTa-
TaxX BHIIPOOYBaHHS Ha BiMOBITHITI BOTHe3aXHCHIII
3aci0d);

— Oimpmie HiK 10% 3pa3kiB, sSKi BUIPoOyBaHO 3a
MeTozioM 5.1.2, MiATPHMYIOTH CaMOCTiiiHe MOTyMe-
HeBe ropiHHA ii (a00) TIiHHA.

VpaxoByr4dHll MeTOAH BHIPOOyBaHb, BH3HAueHIi
B UHHHHX HOPMAaTHBHHX JOKYMeHTax 1 THX, IO
OyIyTh UHHHHMH, 71 eKCIIepHMeHTalbHOTO JOCIi-
JUKeHHA IIOKa3HHKIB BOTHE3axICHOI e(eKTHBHOCTI
IepeB’sHIIX OyIiBelbHNX KOHCTPYKINII TpH 3MiHi
BOTHE3axICHOIO 3aco0y 3acTOCOBaHI Ii MeToaH
IapaJenbHoO.

O3HaKH CYTTEBOTO BIUIHBY HA IOKa3HHKH e(ek-
THBHOCTI BOTHE3aXHCTy IIPH 3aMiHi BOTHe3aXIICHOTO
3aco0y BHepIle BHABICHO IPH eKCIlepHMeHTalIbHHX
nochimkeHHAX v 2021 pori [14]. 3 MeTor moAaik-
X JociikeHb y 2021 pomi migidpaHo BorHesa-
XIICHI 3aco0H 3 ypaxyBaHHAM IIPOBeeHOTO aHali3y
HaOITBII YacTOTO 3aCTOCYBaHHA Pi3HOBHIIB cep-
TH(IKOBaHIX BOTHe3aXHCHHX 3acobiB mo VYKpaiHi.
BinTak Ui mpoBeeHHA eKCIIepHMeHTaIbHIX JOCIi-
IkeHs y 2021 polli BUTOTOBIEHI 3pa3Kd i3 COCHH,
o TpocodeHi BorHe3axucHHMH 3acobamu JICA-1,
Biodmeiim, Ecosept 450-1, ®aep-of okpeMO KOXK-
HUM. IIpOrHO30BaHHII CTPOK IPHIATHOCTI BOTHe3a-
XHCHOTO NPOCOYYBaHHA JUIA KOKHOTO i3 X 3ac00iB
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CTAHOBHTH 3 POKH. 3pa3Ki 30epiraimncs B 3aKPHTOMY,
OIMaTIOBATBHOMY II J00pe MPOBITPIHOBAaHOMY IIPHMi-
IIeHi BIPOAOBK 3 pokiB. ¥V mictomasi 2024 poky i
3pa3KH MijIaHi TOBTOPHOMY BOTHE3aXICTY B Pi3HIX
KOMOIHAIISX 3aMiHH BOTHe3axXHCHOro 3acoly. Jlms
KOJKHOTO BapiaHTa 3aMiHH BOTHe3aXHCHOTO 3acody
BHTOTOBIIEHO TIO TPH 3pa3KH Ta IPHCBOEHO BifIIIO-

BiIHY HyMeparlito (Tadmmms 1, prcyHok 1).

V-
221242

Puc. 1. 48 3pa3kiB, Mo npocoveHi BOrHe3aAXHCHAMHA
3acodamu [ICA-1, Biogeiim, Ecosept 450-1, ®aep-
off okpeMo KO:KHEM 3acofoM i Hagai B pisHEX
KOMOIHAIIAX 3aMiHH BOTHE3AXHCHOTO 3aC00Y

ExcnepnMeHTanbHI  JOCTIKeHHA  TIpOBeleHi
B aTeCTORaHill AOCTiTHO-BHIIPOOYBANbHINl Tabopa-
Topii ABapilfHO-PATYBAJIBHOTO 3aTOHY CIIeIiaJbHOTO
npmzHaueHHa ['Y JICHC Vikpainn y XMeTsHHIIBKII
o0nacTi.

Bu3HaueHHs BTpaTH MacH JepeBHHH, 00pobi1eHo]
BOTHEe3aXHCHHM 3ac0o00M, IIpH BOTHEBOMY BHIIPOOY-
BaHHI B YMOBaX, IO CHPHAIOTH aKyMYIIAIil Tellna,

TIpOBeJIeHO BiImoBiAHO 10 [11], 3 BHKOpHCTaHHAM
YCTaHOBKH JUIA BU3HAUeHHs BOTHE3aXHCHOI e(peKTHB-
HOCTI IOKPHTTIB i IPOCOYeHb (PHCYHOK 2).

Puc. 2. 3oBHiMHAIA BAIIA YCTAHOBKA 118 BH3HAYeHHA
BOTHEe3AXHCHOI e(DeKTHBHOCTI MOKPHATTIB i IpocovYeHb:
1 - IIBI-111AK IlepeTBOprOBaY BAMipIOBAIBHHAINR
iHTeTeKTYAIBHAT 3 0JI0KOM KOMYTAIIl Ta HocieM
iadopmanii micro SD; 2 — MeTa1eBa miACTABKA;

3 — razoBHH NAJbHHAK; 4 — IPHCTPIill 115 pery1oBaHHA
mogavi rasy; 5 — kepaMigHm# Kopod; 6 — TpEMAY
3pa3KAa [0 BHOPOOYEThCs; 7 — 30HT i3 TepMONAp 010

KepamiuHnii kopob mepeBoIATh Y TOPH30HTAIEHE
IIOJIO’KeHHA Ta 3aIlajIIOKTh Ia30BHII NMAJbHUK, yCTa-
HOBIIOKOTE BHCOTY momyM’st 15-25 cu. Ilicma mporo
KepaMiuHHil KopoO YCTaHOBIOIOTE BepPTHKATBHO Ha
IIiICTaBKY, IIepeBOIATE N1apacoiIbKy B podode IoJIo-
JKeHH:A HaJ KOpoOOM 1 perymolTh BHTpATy rasy
Tak, o0 TemIlepaTypa NpOTATOM 5 XB JOpiBHIOBaja
(200+5)°C, micas goro (piKCyrOTh 3HAUeHHS BUTPATH
rasy 3a IOKa3aHHAMH poTaMeTpa. IIpH JocATHeHHi

Tabmmg 1

3pa3KH, 0 BATOTOBJIEHI VI eKCIePHMEHTAILHOr0 JOCIIPKeHHA IOKA3HAKIB BOrHe3aXHCHOT
e()eKTHBHOCTI IepeR’AAHAX OyAiBeILHAX KOHCTPYKIiii npH 3MiHi BOTHe3aXHCHOTO 3aC00Y

Ha3Ba BOrHe3aXHCHOTO Ha3Ba BOrHe3aXHCHOTO A
" i KinbkicTs
Homep, npHCBOEHH | 3aco0y, AKHM OPOBeIeHO 3aco0y, IKHM IPOBeJeH0
Ne 3/m . BHIOTOBJIeHHX
3pasKy nmepiIe BOTHe3AXHCHE JApyTe BOTHe3aXHCHe .
- 3pa3KiB
00poOITHAS 00podIAHAS
1 1 JICA-1 JICA-1 3
2 1.1 IICA-1 Biodmeiim 3
3 1,2 JICA-1 Ecosept 450-1 3
4 1.3 IICA-1 Daep-off 3
5 2 Biodmeiim Biodmeiim 3
6 2.1 Biodmeiim IICA-1 3
7 2,2 Biodmeiim Ecosept 450-1 3
8 2.3 Biodmeiim Daep-off 3
9 3 Ecosept 450-1 Ecosept 450-1 3
10 3.1 Ecosept 450-1 JICA-1 3
11 3.2 Ecosept 450-1 Biodmeiim 3
12 33 Ecosept 450-1 Daep-off 3
13 4 @aep-off Daep-off 3
14 4.1 Daep-off IICA-1 3
15 4.2 @aep-off Biodmeiim 3
16 43 Daep-off Ecosept 450-1 3
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Temneparypu (200+5)°C mapacolbKy BiIBOIATH
i BHIpOOyBaHIII 3pa30K, 3aKpillIeHHil y TpHMaui,
OITyCKAaOTh y KepaMidHHII KopoO i BOJHOUAC BKITO-
9arTh CeKyHIoMip. IToTiM mapacolbKy IIOBepTaroTh
y poboue monokeHHS. 3pa30K TPHMAKOTh ¥ MOTYM’1
IIaIbHHKA INPOTATOM 2 XB. Y XOIi BHIIPOOYBaHb
KOHTPOIIOKOTH 3a IOKa3aHHAMI poTameTpa BHTPATy
ra3y, KUl TOBHHEH /I0piBHIOBAaTH paHimte (ikcoBa-
HOMY. Uepe3 2 XB mofady rasy B NaJbHUK IIPHITHHA-
I0Th 1 3aJIMNIAI0TH 3pa30K y IpIIIafi U1 OCTHTaHHA
IO KiMHATHOI TeMIlepaTypH, HaJalll y3arajJbHIOKTh
pe3yiIbTarh.

HoBmil MeTo[ KOHTPOITIOBAHHS 3a 03HAKOI CaMo-
cTillHOTO TOpiHHA (MeTonm 5.1.2), BiAmOBigHO M0
JCTV 9291:2024 «3axucT Big moxexi. Bormesa-
XICT OyIiBelbHHX KOHCTPYKIIiil. 3arajJpHi BHMOTH
Ta MeTOOH KOHTPOIIOBAHHA IIiJ 4ac eKCIUTyaTalii
00’€KTIB BOTHe3aXHCTy», (DaKTHIHO € BIOCKOHA-
JeHHM eKCIIpec-MeTO[OM BiAmoriaHo mo [13]. Jlms
BHTOTOBIICHHA 3pa3KiB, IPH3HAUeHHX [I1 BHIIPO-
OyBaHH:, i3 IIOBEPXHEBOTO Iapy AepeBHHH, IIPOCO-
9YeHOI IIeBHIM BOTHE3aXIICHHM 3aC000M, 33 JOIIOMO-
TOI0 CTaMecKH ado iHIIOro pi3adbHOTO IHCTpYMeHTa
Bim0HparoTs MpoOH 3aBTOBIIKH He MeHIIe HiK 1 MM.
I3 BimiOpaHNX mpod CTBOPIOIOTH 3pa3KH I BHIIPO-
OyBaHHs 3aBTOBMIKH (0,9 + 0,1) MM i 3aBIOBKKH He
MeHmIe HiK 30 Mm. Yci 3pa3kn mo ogHOMY B IIpH-
MillleHHi 0e3 HpOTATiB MpHBeleHi B TOPH30HTAIbHE
IIONOKeHHA, IIONATh BIUINBY IIOIYM’d CipHHKA
npotsroM 15 c. Ilicas 3aBepiieHHS BIUTHBY JKepela
BOTHIO J7f1 KOKHOTO 3pa3ka (DiKCYyIOTh HasBHICTH
CaMOCTIITHOTO TTOTyMeHeBOTr0 TOpiHHA i1/a00 TIiHHA.

MeToq KOHTPONIOBaHHA 3a  TeMIepaTyporo
3aiiMaHHA (MeTon 5.1.1) mepeadadae 3acToCyBaHHS
BHIIPOOYBaJIIEHOTO 00Ia/HAHHSA, AKe HaBeJeHo B 7.8
[15] (pucyHOK 3).

1A BHTOTOBIEHHS 3pa3KiB, INPH3HAYEHNIX A
BHIIPOOYBaHHA, i3 IIOBEPXHEBOIO INapy IepeBHHH,
IIPOCOYEHOI IeBHHM BOTHE3aXICHHM  3aco0O0M,
3a JOIIOMOTOK CTaMecKH a0 IHIIOro pizalbHOTO
IHCTpyMeHTa BigOHparoTh IpoOH 33aBTOBIIKH He
MeHmIe HiK 1 MM. I3 BimiOpaHIX mpoO, 3aBTOBIIKH
(0,9 = 0,1) MM KOXKHa, CTBOPIOIOTH 3pa3Ki i
BUTIpOOyBaHHA Macoro (3,0 £ 0,1) T y KiTBKOCTI Bif
10 mo 15. Ilepexn BumpoOyBaHHAM 3pa3KH KOHMIII-
I0I0Th V BeHTILTbOBAHIIl CYIIIUIBHIIN madi IpoTarom
(60 + 5) xB 3a Temmepatypi (60 = 5) °C. HarpiBatoTs
pobouy kamepy 10 Temmepatypu 500 °C. BuiiMaroTh
i3 KaMepH TpHMau i3 KoHTeilHepoM. Y KOHTeilHep
TIOMIIIAFOTh 3Pa30K 3a MPOMIKOK Jacy He OilblIle Hik
15 ¢ i BBOAATH iloro B podouy Kamepy. IIpH msoMy
3pa3o0K Ma€ OYTH BCTAHOBIEHO TakK, MO0 TEeIUIOBHI
BILTIIB Ha HBOTO 3/IiliCHIOBABCS 3 OOKY, AKHIl MiIAaHO
BOTHe3aXHCHOMY 00poOnsHHI. CrHocTepiraroTs 3a
3pa3koM y poOodiil kKamepi 3a JOMIOMOTO0 J3epKaia.

Puc. 3. YcTaHoBKA 1/151 BA3ZHAUEHHS TeMIepATYPH
3aliMAHHSA PeY0BHH i MaTepiaais: 1 — Kepamiuni
NATIHAPH; 2 — cOipaabHi eleKTpoHATPiBAYi;

3 — TemioizoasaniiiaAH MaTepia; 4 — cTaeBHH eKpaH;
5 — TpEMaY 3pa3ka; 6 — KoHTelHep; 7 — rA30BHi
NAJbHHK; 8 — eJIeKTPONPHBO]

SIkmmo 3a TeMIepaTypH BHIIPOOYBaHHS BiI0yBaeThCSA
3allMaHHA 3pa3ka, TO BHIIPOOYBAHHA IPHIIHHSIOTH,
KOHTellHep 3i 3pa3KoM BHIIMAlOTh i3 KaMepu. Pee-
CTPYIOTh TeMIlepaTypy BHIIpOOYBaHHA il HACTYIIHe
BHIIPOOYBaHHA IIPOBOJATE 13 HOBHM 3pa3KoM 3a MeH-
moi TemmepaTypu (Hampukiaa, Ha 20 °C MeHIe).
Sxmo mpotaroM 10 XB He BigOyBaeThCA 3aiiMaHHSA
3pa3ka abo paHillle IFOTO MPOMIKKY Jacy MOBHICTIO
IPUIHHAETECA TIMOBHIATEHHA, TO BHIPOOYBaHHA
3YIHHAIOTE 1 BiMiUalOTh BiIMOBY. 3a TeMIlepaTypy
3ailiMaHHS OepyTh cepelHE apHpMeTHUHe JBOX TeM-
nepatyp, sKi BiIPi3HAIOTLCA He OinbIre Hixk Ha 10 °C,
TIPH OJIHI 13 SIKHX CIIOCTepiraeThcs 3aliMaHHS TPHOX
3pasKiB, a 3a iHMIOoi — TPH BiAMOBH.

Bukian ocHoBHoro Marepiaixy. ExcmepumeH-
TallbHI JOCHIKeHHA IIOKa3HHKIB BOTHE3aXHCHOI
e(heKTHBHOCTI JepeB’SHIX OyiBeIbHHX KOHCTPYK-
Iifi mpH 3aMiHi BOTHe3aXHCHOTO 3aco0y BHABILIH,
110 3aMiHa BOTHE3aXHCHOI'O 3aco0y BINBAE Ha IIOKA3-
HHKH BTpaTH MacH, O3HaKH CaMOCTIHHOTO TOpiHHA
I TeMIlepaTypH 3aiiMaHHA.

30UIpIIeHHA BTpATH MAacH 3pa3ka IIPH3BOAUTE 10
3HIDKEHHA TPYIIH BOTHE3aXHCHOI epeKTHBHOCTI. [l
I rpynu BorHe3axHCcHOI e()eKTHBHOCTI JIOITyCKAEThCA
BTpaTa MacH 3pa3KiB 10 9%. IIpu BTparti Macu Bifg 9
10 25% BOTHe3axXHCHHII 3aci0 BH3HAYAETLCA TAKHM,
mo 3abe3meuye numie I rpyIry BorHe3aXHCHOI edek-
THBHOCTI.

BumnpoOyBaHHA 3 BH3HaUeHHs BTpaTH Macl Jepe-
BUHH TI0KAa3allH, 110 BTPAaTH MacH i 3pa3kiB Ne 1,2;
1,3; 2.2; 3,1; 3,3; 4,1; 4,3 moxo BTpaTd MacH 3pas-
KiB, sIKi 00po0IeHHI O/THIIM BOTHE3aXICHIM 3ac000M,
30inpmInInCA B Aiana3oHi Bix 0,5% 10 4.6%, 1o mpu-
3BeJI0 10 3HIDKECHHA IPYIIH BOTHE3aXHCHOI e(eKTHB-
HocTi 3 I mo II rpymn Ta CBiAUNTH MPO HETaTHBHIIL
BIUIHB 3aMiHH BOTHE3aXHCHOTO 3aC00Y.
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VYTparta Macu 17 3pa3ka mig Ne 1,1 30impmmnacs
Ha 1,4%. 3araibHa BTpara MacH He MepeBHIa 9%,
mo 3a0e3nedrnio 30epeskeHHA | Ipymn BOrHe3axHcC-
HOI e()eKTHBHOCTI. 30iIbIIeHHs BTpaTH MacH TaKOXK
CBIIYHTH IIPO HEraTHBHHII BIUIHB 3aMiHH BOTHe3a-
XICHOTO 3aco0y.

YTpartn Macu A1 3pa3kiB mig Ne 2,1; 2,3; 3,2; 4,2
3MEHIIIINCA B aianazoHi Bix 0,2% 1o 0,6%. 3MeH-
IIeHHA BTpaTH MAacH CBiIUHTh IIPO IOKpaIleHHA
TIOKa3HNKIB BOTHe3axHcHOI edekTHBHOCTI. JInHa-
MiKy 3MiHH BTpaTH MacH II0JIaHO Ha PUCYHKY 4, (poTo
3pa3KiB Mmicisi BUIIPOOYBaHb — HA PHCYHKY 5.

3rinHo 3 BUIIPOoOYBaHHAMH 3 KOHTPOIO 3@ 03HAKO0
CaMOCTIITHOTO TOPiHHSA, 3pa3KH JIepeBHHM, IPOCOoUeHi
TIeBHHM BOTHE3aXICHHM 3aco00M, YBaKAKOTh HElIpH-
JATHHUMH JUI TTOJANTBINO] eKCIUTyaTallii, K0 OiThie
HiK 10% 3pa3kiB, AKi BHIPOOYBaHO, MiATPHMYKOTH
caMOCTillHe TTOTyMeHeBe TOPiHHA if (a00) TIiHHA.

[u—
(8]

3a pe3yneTaTaMH BHIIPOOYBaHb, HENPHIAaTHHMH
IUIA TONATBIIOi eKCILTyaTallii BBaXKArOTBhCA 3pa3KH
Ne 1,2; 1,3; 2,1; 2,2; 2,3; 3,1; 4,2, OCKLUIBKH BiJICOTOK
3piziB, Mo miAjaBamics BUIPOOYBaHHAM, MiATPHIMY-
BaIIll cCaMOCTiiTHe MOTyMeHeBe TOpiHHA I (a00) TIiHHA
B Jiama3oHi Big 20% no 50%. 3aralbHII BHIVIAN
3pa3KiB micid BUIpoOyBaHb MOJaHO Ha PHCYHKY 6.

V3araapHeHI pe3ylbTaTH eKCIepHMeHTallbHHX
OOCTILKEHb 3 BHKOPHCTaHHAM MeTONy KOHTPOJIO-
BaHHA 33 03HAKOK CaMOCTIIIHOTO FOpiHHA II0JaHO Ha
PHCYHKY 7.

BunpoOyBaHHS 3a TeMIlepaTypor 3allMaHHA
nependadae BH3HAUeHHA TeMIlepaTypH 3allMaHHA
Ta Iojajbllle ii IIOPIBHIOBAaHHA 3 BeIHUHHOI,
sgKa JopiBHIOE 85% TemmepaTypH 3aliMaHHS, IO
HaBelleHa IIiANPHEMCTBOM-BHPOOHHKOM Y pelvia-
MeHTi poOIT i3 BOTHe3axHCTy, TeXHITHHX YMOBax
abo pe3ynsraTax BHOpPOOYBaHHSA Ha BiAMOBiTHHIT

11

—_
(=

5]

(=)
]

Vrpara macu, %

.

1.2 1.3

T T T T

1 1.1

2 212223
Homep 3paska

3 3,1 32 33

4 41 42 43

Puc. 4. JlaaaMika 3MiHA DOKA3HHKIB YTPATH MACH 3pa3KiB

Puc. 5. ®oto 3pa3KiB micj1s ekcnepEMeHTAJIbHHEX J0CTiIAKeHb i3 BASHAYeHHSA BTPATH MACH
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Puc. 6. PoTo 3pa3KiB micad eKcnepHMeHTAIbHAX
JOCTiI:KeHb 3 BHKOPHCTAHHAM MeTOaY
KOHTPO.TIOBAHHS 32 03HAKOK CAMOCTIHHOTO ropiHEA
HA NpHKJIagi 3pa3kie Ne 1-1,3

BOTHe3axXICHHII 3acib, abo MeHmow Hik 355 °C (y
pa3i BiIcyTHOCTI 3HaUeHH TeMIlepaTypH 3aiiMaHHA
B perlaMeHTi 3 BOTHe3axHCTy, TeXHIUHIX yMOBax
abo pe3ynpraTax BHOpPOOYBaHHS Ha BiAMOBiTHIIT
BOTHe3aXICHHII 3aci0).

V pe3ymbTaTi aHANi3y perllaMeHTIiB i BiIKPHTIX
IoKepenl iH(opMarii Mmogo BOTHEe3aXIICHHX 3acobiB
JICA-1, Biodumeiim, Ecosept 450-1, ®aep-of HaBe-
JIeHHX TeMIlepaTyp 3aiiMaHHA He 3HailneHo. Bapto
Bi[I3HAUNTH, IO IIi TeMIepaTypH MOXYTh OYTH BKa-
33aHi B TeXHIYHHX yMoOBaX ado pe3ylasTaTrax BHIIPO-
OyBaHHA Ha BiAMOBIAHMHII BOTHe3aXHCHHII 3acil,
SKi BIOCTYIHI y BiTBHOMY JOCTymi. BiACYTHICTB
JOCTYyIy 10 IHX TeMIepaTyp YHeMOXIINBIIOE 3.iii-
CHeHHA 00 ’€KTHBHHX BHCHOBKIB 3a pe3yJlbTaTaMi

60

50

IIPOBEJIeHNX JOCIiLKeHb. [IpoTe B HayKOBO-IOCIiA-
Hill po6oTi [16] mocaiTkeHO TeMIlepaTypy 3aiiMaHHI
NlepeBHHH COCHH, fKa He IiJJaBajiach 00pOOIeHHIO
3aco0aMH BOTHEe3axHCTY,i BH3HAUEHO, [0 [ TeMIle-
parypa craHoBuTh 230 °C. 3 ommany Ha L0 TeMIle-
patypy, MOeMO TpOaHaTi3yBaTH IHAMIKy 3MiHH
TeMIlepaTyp 3 ypaxyBaHHAM 3aMiHH BOTHe3aXIICHOTO
3aco0y. Pe3ynbTaTH eKCIIepHMEHTalTbHUX JOCIHi-
IKeHb 13 BH3HAUeHHs TeMIlepaTypH 3allMaHHA HaBe-
IIeHO Ha PICYHKY 8.

ITopiBHAHHAM BH3HAUEHHX TeMIIepaTyp 3aiiMaHHA
3 TeMIlepaTypolo 3ailMaHHA COCHH, fKa He IIiJJaBa-
1ack 0OpOOIEeHHIO 3aco0aMH BOTHE3axHCTY, BIAB-
JIeHO, IO A7 BCiX 3pa3KiB TeMIepaTypa 3ailMaHHS
IIiIBHITIIIACA B Jiala3oHi Bix 5 mo 85 °C.

ExcnepuMeHTalNbHI [JOCHIKEHHA 3 BHIOTOB-
JIeHHSAM 3pa3KiB, SKi IiJaHi MOBTOPHOMY BOTHe-
3axXIICHOMY OOpOOIAHHIO i3 3aMiHOK BOTHe3aXHC-
HOTrO 3aco0y, JaroTh IiJACTAaBH CTBEpKYBATH, IO
3aMiHa BOTHE3aXHCHOTO 3aco0y BIUINBAE Ha OCHOBHI
IIOKA3HUKH BOTHE3aXHCHOI e(eKTHBHOCTI: yTpaTty
Maci, O3HaKy CaMOCTIITHOTO TOpiHHS Il TeMImepa-
Typy 3ailiMaHHS. 3arajoM JHHaMiKa 3MiHI OCHOBHHX
MIOKa3HIKIB JeMOHCTPYE iX MOTipIIeHHs.

BucHoBKH. Ha OCHOBI OTpHMaHHX pe3ylbTa-
TiB MOXHA IPHITYCKAaTH, II0 BOTHE3axXICHI 3aco0n
MOXKYTh OYTH He CYMiCHHMI IIPH IpOBe/ieHi MOBTOP-
HOTO BOTHE3axXIICHOTO OOpOOJIAHHA, OCKITBKH IpH-
3BOJIATH 10 3HIKEHHS BOTHE3aXHCHOI e(peKTHBHOCTI.
IMomanpmii JOCTiMKeHHA IOILUIBHO CIPAMYBAaTH Ha
po3po0ileHHsT BOTHE3aXHCHOIO 3acoly IiIsd Jepe-
BHHI, 110 Oy/le MPHIaTHUM A7 3aMiHH i He TIPH3BO-
IUTHMe JI0 3HIDKeHHsA II0Ka3HHKIB BOTHE3aXHCHOI
e(heKTHBHOCTI.

40

30

20

, AKi IJTPIMYIOTE CaMOCTIlHe

10 -~

MoIyMeHeBe TOpiHHA i1 (a00) TIiHHS

% 3pa3KiB

1 111213 2 212223 3 3,13233 4 4142 43

Homep 3paska

Prc. 7. Pe3y1bTaTH eKcHePAMEHTAJIBHHAX J0CTiI:KeHb i3 BAKOPHCTAHHSIM MeTOIY KOHTPOIIBAHHS
3A 03HAKOIO CAMOCTIHHOT0 ropiHAS
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Puc. 8. Pe3y/IbTATH eKCHepHAMeHTAJIBHHAX J0CTiI:KeHb i3 BH3HAYEeHHS TeMIepATYPH 3aiMaHHSA
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