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Pedepar:

1. Inceprauifina po60Ta IpUCBIY€HA BUPIIEHHIO aKTyaJIbHOTO HAYKOBOTO 3aBJjaHHS OOI'PYHTYBAHHIO iMITyJIbCHOTO
METOAY BU3HAYEHHS YaCOBMX [TapaMETPIB — IIOCTIMHOI YacCy Ta 4acy CIpalbOBYBAaHHS — IIOKEKHUX CIIOBIIyBayviB i3
TEPMOPE3UCTUBHUM YYTJIUBUM €JIEMEHTOM. HecBoedacHe BUSIBIIEHHS IIOXKEXI HA [TIOYATKOBIN CTafil
CYIIPOBOMKY€ETHCSI 3HAYHMM PO3MOBCIOIPKEHHSIM Hebe3rnedHnX PaKkToPiB [OXKeXi, 0 MOXKe IIPU3BeCTU 10
BUHUKHEHHS 3arpo3 [J1s1 >KUTTS Ta 300POB’S JIIoflel, 3HaYHUX MaTepiaJlbHUX 30UTKiB, TOIMMPEHHS BOTHIO HA BEJIMKi
IJIOIL, 1110, B CBOIO Y€pry, IPU3BOIUTD [0 YCKIAAHEHb Iif Yac ii jikBiganii. [lepBUHHUM €J1eMEHTOM BUSBJIEHHS
MIOXKEXKI € MMOKEKHUI CIOBIlllyBay, 3 IEBHMMU TEXHIYHMMU XapaKTePUCTUKAMU Ta [IapaMeTPaMU, SIKUAN € He

BiI'éMHOIO CKJIa[I0BOIO OYZb-sIKOI CUCTEMHU aBTOMATHUYHOI II0KEKHOI cUrHai3anii Ta CUCTeMU OMNOBIlleHHS.



[NoxexxHUI CroBilllyBay 3aJI€5KHO Bifl MPU3HAYEHHS BUSIBIIsIE He6e3evHi (pakTopy MOXKEXi Ta 3AiCHIOE
iHpOpMyBaHHS KOHTPOJIbHO — IPUIMAaJILHOTO IIPUJIAAY, SIKUU B CBOIO Yepry lepeiae CUTHaj Ha IyJIbT
11i710J,060BOTO CIIOCTEPESKEHHS 3 NOAAIBIINM ITOBiOMJIEHHSM I10XEXHO-PATYBIbHUX MiTPO3iliB Ta 3ilICHIOE
OIIOBILEHHS JIIOEY PO BUHUKHEHHS [TOKEXI, 110 CIIPUsie CBOE€YACHIN eBaKyallii JIIofel 3 IPUMIIEeHb Ta
MOYKJIMBOCTI JIiKBimanii moskesxi Ha IOYaTKOBIl CTaAii 1O IPUOYTTS MOKEKHO- PATYBAIbHUX MiPO3TiiB, a e
CYTT€BO 3MEHIIlye MaTepiajibHi 30UTKU. HanexxHe QyHKILIOHYBaHHSI aBTOMaTUYHUX CUCTEM IOXKeXHOI curHasisarii,
30KpEMa JATYMKiB IEPBUHHOI iHpopMallii — MOXEeXXHUX CIOBillyBayiB, BUBHAYEHHS iXHiX OCHOBHUX TEXHIYHUX
XapaKTEPUCTHUK Ta iX BHOCKOHAJIEHHS € HeBillEMHOIO CKJIaZI0BOIO IIOKEKHOI 6e31eKy 06'€KTiB pi3HOTrO
npusHayeHHs. ToMy, METOI0 POOOTH € BIOCKOHAJIMTU BU3HAYEHHS TEXHIYHUX XapaKTePUCTHUK TOKEKHUX
CIIOBilllyBayiB i3 TEpMOPE3UCTUBHUM €JIEMEHTOM, 5IKi Opi€HTOBaHi Ha ix peasizallito Ipu 06’eKTOBUX
BUIPOOYyBaHHX. [1il Yac BUKOHAHHS AOCJIiIPKEHb BUKOPUCTOBYBABCS KOMIIJIEKCHUI METOJ, SIKUI IOOYIOBaHUN Ha
aHaJi3i Ta y3arajabHEHHi BiloMUX Ha CbOTOJIHI CIIOCOOIB BUNIPOOYBaHb [10>KEKHUX CIIOBIIlyBayiB i3
TEPMOPE3UCTHMBHUM YYTJIMBUM €JIEMEHTOM, BUSIBJIEHHS iX He10JIiKiB Ta pO3p06JI€HHS METOIB iX MOKpalleHHS!.
YacoBi napameTpy TEIJIOBUX MOKEKHHUX CIOBilyBaYiB MOB'A3aHi MK c06010. BilHOIIEHH MOCTIHOI 4acy
MIOKEXKHOTO CIIOBIlyBava [0 4acy MOro CIpalnbOByBaHHS MOXe CTaHOBUTH 10 20 % npy WBUIKOCTI 3MiHU
TeMIepaTypu HaBKosuHboro cepenosua 0,5 COc-1. iy BU3HAUEHHS 4aCOBUX [1apaMeTPiB MOXKEKHUX
CIIOBilllyBayiB BUKOPUCTOBYIOTbCSI BUIIPOOYBAHHS, SIKi pO3/iJIIOIOTHCS Ha CTalliOHapHi ab0 aBTOHOMHI Ta OIlepaTHBHI
a6o o6'exToBi. Hemosikom cTalioHapHUX BUNIPOOYBaHb 3a IOIIOMOTOI0 TEIJIOBUX KAMEDP € HECUMETPUYHICTb
PO3MOIiTy MOBITPSIHOTO MOTOKY i TEMIIEPATYypPH, A HEJJ0JIIKOM TaKAX BUIIPOOYBAHb 32 JJOMIOMOTO0 CTAaHIAPTHUX
OCepeIKiB rOPiHHA € Te, IO TapaMEeTPH TEIJIOBOTO BIUIMBY Ha YyTJIMBUI €JIEMEHT I10KE€KHOTO CIIOBilllyBaya He
HOPMYIOTbCS. [oKazaHo, 10 B IEPIIOMY BUIIAAKY BEJIMYMHA IIOCTIMHOI Yacy IOXKEXKHUX CIIOBIllyBayiB HE
BU3HAYaA€ThCH, A B JPYrOMY BUIIAMIKY 3[IiICHIOETHCS JIMIlIe KOHTPOJIb 4acCy CIPalibOBYBaHHS 32 [OIYCKOBUM
KpurepieM. IIpu npoBeseHHi 06’eKTOBUX BUIIPOOYBaHb B OCHOBHOMY 3[1iICHIOETHCSI TEIIJIOBUH BIIMB Ha YyTJINBUM
€JIEMEHT IOXKEeXXHUX CIIOBIlllyBayiB 3a JJOIIOMOTOI0 HEBEJIMKUX TEIJIOBUX KaMep i METOI0 TaKUX BUNIPOOYBaHb €
nepeBipKa NMpaues3fgaTHOCTI TIOJKEKHUX CIIOBIllyBaviB 6€3 OL[iHIOBaHHS IXHIX YacOBUX napaMeTpis. [loka3aHo, 10
TEIJIOBUM BIUIMB HA YYTJIMBUN €JIEMEHT ITOKEXXKHUX CIIOBIIYBadiB MOXE 311CHIOBATUCH 32 JOIIOMOIOIO SIK
30BHIIIIHIX, TaK i BHYTPIlIHIX JpKepesi Temia. JIpyruil BapiaHT XapaKTepHUM 11715 [TOKEKHUX CIIOBIIyBayiB i3
TEPMOPE3UCTHMBHUM €JIEMEHTOM i [PYHTYETbCSI HA BUKOPUCTaHHI edekTy JIxoyssi- JleHna. Y 1boMy BUNALIKY
BiIKpMBAIOTHCSI HOBI MOSKJIMBOCTI J7151 MifiBUIIEHHS €(PEeKTUBHOCTI CUCTEMU €KCITyaTallii MO>KEXKHUX CIIOBilllyBayiB
Takoro Tumy. TernsoBi IpoLecu B TEPMOPEIUCTUBHOMY UyTIMBOMY €JIEMEHTI ITO>KEXKHUX CIIOBIilllyBaviB IPU
IIPOTiKaHHI Yepe3 HbOTO €JIEKTPUYHOIO CTPYMY ONMCYIOThCSI HEOJHOPIIHUM PiBHSIHHSIM MaTeMaTU4YHOI Pi3nKy i3
IrPaHUYHMMY YMOBaMU TPETHOrO popy. [17s1 BUPilleHHs TaKoro Au¢epeHLitHOro piBHSIHHS BUKOPUCTOBYETbCS
iHTerpasibHe repeTBOpeHHs XaHKessl. [3 BukopucTanHsaM (GOpMyIu 3BEZeHHS Ofep>KaHo 3arajibHUN BUPa3 OJIs
TEeMIIePaTypPU TEPMOPE3UCTUBHOTO YYTJIMBOrO €JIEMEHTA TIOJKEXKHUX CIIOBIlyBayiB 32 YMOBH IIPOTIKaHHS Yepe3
HBOTO €JIEKTPUYHOIO CTPYMY 6€3 06MeKeHb Ha 1oro napaMmeTpu. llei Bupas npecTaBieHo Y BUTIISI] paay
dyHK1i Beccensd, IKUil WBUIKO CXOAUTHCS i € OCHOBOIO [J151 IEPEXOAY A0 iHIMNX MaTeMaTUYHUX MOJesen
TEPMOPE3UCTUBHOTO YyTJIUBOTO €JIEMEHTA. [3 BUKOPUCTAHHSM iHTETPaJbHOTO NIEPETBOPEHHS Jlamiaca ofep>XaHo
BUpa3 15l IepeJaTOuyHOI PYHKIIii TaKoro 4yTJINBOrO eJIeMEeHTA i I0Ka3aHo, 110 3 TOXMOKOI0, BEeJIMYMHA SKOi He
nepesuinye 4,6 %, BOHa ONIUCY€ETHCS IEPEIATOYHOIO PYHKIIi€l0 anepiognydHoi adku. KoedilieHT nepenadi
TEPMOPE3UCTUBHOTIO YyTIMBOrO €JIEMEHTA [TOKEXKHUX CIIOBILYyBaYiB BKJIIOYAE [Bi MyJIbTUIJIIKATUBHI CKJIAJIOBI,

OJjHa 3 IKMX € JI0r0 MOCTIMHOIO Yacy.

2. The dissertation is devoted to solving an urgent scientific problem - substantiation of the pulse method for
determining fire detectors' time parameters - time constant and response time - with a thermal resist sensitive
element. Failure to detect a fire promptly at the initial stage is accompanied by a significant spread of fire hazards,
which can lead to threats to human life and health, significant material damage, and the spread of fire over large
areas, which in turn leads to complications in its elimination. The primary element of fire detection is a fire
detector, with certain technical characteristics and parameters, which is an integral part of any automatic fire
alarm system and notification system. The fire detector, depending on the purpose, detects dangerous factors of



fire and informs the control-receiving device, which in turn transmits a signal to the 24-hour monitoring panel
with further notification of fire-rescue units and notifies people about the fire occurrence, which in turn facilitates
the timely evacuation of people from the premises and the fire eliminating possibility at the initial stage before the
fire-rescue units arrival, which significantly reduces material losses. Proper functioning of automatic fire alarm
systems, in particular primary information sensors-fire detectors, determination of their main technical
characteristics and their improvement is an indispensable component in ensuring fire safety of objects of various
purposes. Therefore, the aim of the work is to improve the definition of fire detectors’ technical characteristics
with a thermal resist sensitive element, which are focused on their implementation during object tests. In the
course of the dissertation research, a comprehensive research method was used, which was based on the analysis
and generalization of the currently existing fire detectors’ testing methods with a thermal resist sensitive element,
their shortcomings, and the methods development for their improvement. The time parameters of thermal fire
detectors are interrelated. The contribution of the fire detector’s time constant to its response time can be up to
20% at an ambient temperature change rate of 0.5 °COc-1. To determine the fire detectors’ time parameters, tests
are used, which are divided into stationary or autonomous and operational or object-based. The disadvantage of
stationary tests using heat chambers is the asymmetry of airflow and temperature distribution, and the
disadvantage of such tests using standard combustion cells is that the parameters of thermal impact on the fire
detector sensitive element are not normalized. It is shown that in the first case, the fire detectors’ time constant
value is not determined, and in the second case, only the control of the response time according to the tolerance
criteria is carried out. During the object tests, the thermal effect on the fire detectors’ sensitive element is mainly
realized using small thermal chambers, and the purpose of such tests is to check the fire detectors performance
without obtaining estimates of their time parameters. It has been shown that the thermal effect on the sensitive
element of fire detectors can be carried out using both external and internal heat sources. The second option is
typical for fire detectors with a thermal resist sensitive element and is based on the Joule-Lenz effect use. In this
case, new opportunities are opened to increase the fire detectors’ operation system efficiency of this type.
Thermal processes in the thermal resist sensitive element of fire detectors when an electric current flows through
it are described by a nonhomogeneous equation of mathematical physics with boundary conditions of the third
kind. The Hankel integral transform is used to solve this differential equation. Using the reduction formula, a
general expression for the temperature of the fire detectors’ thermal resist sensitive element was obtained,
provided that an electric current flows through it without restrictions on its parameters. This expression is
presented as a series of Bessel functions, which quickly converge and are the basis for the transition to other
mathematical models of the thermal resist sensitive element. Using the integral Laplace transform, an expression
for the transfer function of such a sensitive element is obtained and it is shown that with an error not exceeding
4.6%, it is described by the transfer function of the inertial link. The transfer coefficient of the fire detectors’
thermal resist sensitive element includes two multiplicative components, one of which is its time constant.
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