O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI
Jep>kaBHHH 00J1iIKOBHI HOMep: 0823U101014
Oco06J1uBi TO3HAYKH: BinKkpura

JaTa peectpaunii: 27-10-2023

Craryc: Haka3 npo Bugady gumnioma

PexBi3utu Haka3y MOH / Haka3y 3aKjazy: Hakas JIbBiBCbKOTO €PKaBHOTO
yHiBepCUTETY 6e3eKu XUTTeHisinbHOoCcTi N2 21 0 /¢ Bin 10.01.2024

I1. BimomocrTi nipo 3400yBaya

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. Kosaxk fIpocnas fIpocnaBoBruy

2. Yaroslav Y. Kozak

KBasigikamis:

InenTudikarop ORCHID ID: 0000-0003-1283-2536

Bupa, pucepranii: nokrop dinocodii

IITu¢p HayKoOBOi creiaIbHOCTI: 261

HasBa HayKoBOi creniaJIbHOCTI: TloxkexHa Gesneka

T'anmy3sp / ranysi 3HaHB!

OcBiTHBO-HayKOBa porpama 3i creniaJbHOCTI: [ToxexHa Ge3neka
Jlara 3axucTy: 27-12-2023

CnenianbHICTB 32 OCBITOIO: ITokexHa Geanexa

Micue po6oTu 3no6yBaqa: JIbBIBCbKUI [lep>KaBHUI YHIBEPCUTET O€3M1€KU XKUTTENisSIBHOCTI
Kopg 3a €IPIIOY: 08571340

Micue3HaxoO KeHHS: sy/. Kinenapischka, 6y1. 35, JIbsis, 79007, Ykpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBiriHHS: [lepkaBHa ciyx6a YKpaiHy 3 Ha3BUYaNHUX CUTYALLii
InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI



I11. BizomMocTi mIpo aucepraiiiro
IIIudp cnenianizoBaHoi BYUEHOI pagH (Pa30Boi Cleliagi3oBaHOi BY€HOI pagu). [1d 35.874.008

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: JIbBiBCHKMIT IEpPKaBHUI yHIBEPCUTET 6E3MEKH

KUTTENISIIBHOCTI

Kopg 3a €IPIIOY: 08571340

Micue3HaxoaKeHHS: ByJ1. KnenapiBceka, 6ya. 35, JIbBiB, 79007, Vkpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: [lepkaBHa cyx6a YKpaiHy 3 HaI3BUYANHNX CUTYaLiil
InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI

IV. BizomocTi n1po nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMeHYBaHHSI IOPUAHUYHOI OCOOH: JIbBiBCHKMIT IepPKaBHUI yHIBEPCUTET GE3MeEKH

KUTTENiISIIBHOCTI

Kopg 3a €IPIIOY: 08571340

Micue3HaxoaKeHHS: ByJ1. KnenapiBceka, 6ya. 35, JIbBiB, 79007, Vkpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHS: [lepkaBHa cyx6a YKpaiHy 3 HaI3BUYANHNUX CUTYaLii
InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI

V. BimoMocTi npo gucepraniio
MoBga guceprTaliii: Vkpaincbka
Koau TemaTHYHHX PYOPHK: 81.92

Tema gucepranii:
1. O6rpyHTYBaHHS iMITyJIbCHOTO METOJly BU3HAUYE€HHS YaCOBUX [1aPAMETPiB IIOXKEXKHUX CIIOBIllyBayiB i3

TEPMOPE3NCTUBHUM 9YTJIHNBUM €JIEMEHTOM.

2. Substantiation of the impulse method for determining fire detectors' time parameters with a thermal resist
sensitive element.

Pedepar:

1. Incepranifina po60Ta IPUCBIY€HA BUPIIEHHIO aKTyaJIbHOTO HAYKOBOTO 3aBJaHHS OOI'PYHTYBAHHIO iMITyJIbCHOTO
METOAY BU3HAYEHHS YaCOBUX NTApAMETPIB — MIOCTIMHOI YacCy Ta 4acy CIpalbOBYBaHHS — IIOKEKHUX CIIOBIIIyBaviB i3
TEPMOPE3UCTUBHYM YYTJIMBUM €JIeMEHTOM. HecBoedacHe BUSABIEHHS MOXKEXKi Ha [IOYATKOBIN CTaAii
CYIIPOBOMKY€ETbCSI 3HAYHUM PO3IOBCIOIPKEHHSIM Hebe3leuHUX PaKTOPiB [10XKeXi, 10 MOXKE IIPU3BECTU 1O
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IJIOWI], 10, B CBOIO Y€Pry, NPU3BOAUTS 4O YCKJIAIHEHD IIif yac ii siksiganii. [lepBUHHUM €J1IeMEHTOM BUSIBJIEHHS
MOXKEXI € IMOKEe>XKHUH CIOBIllyBay, 3 IEBHUMU TEXHIYHMMU XapaKTEPUCTUKAMMU Ta [IApaMeTPaMHU, SIKUU € He
BiI'€MHOIO CKJIa[I0BOIO OYb-sIKOI CUCTEMHU aBTOMATUYHOI II0JKEXKHOI cUrHai3alii Ta CuCTeMU ONOBIlll€HHS.
[MoxexxHUI CNOBilyBay 3aJIEXKHO Bifl IPU3HAUYEHHS BUSIBIIsIE HeOe3MevHi (paKTopU MOXKEXKi Ta 3AiICHIOE
iHpOpMyBaHHS KOHTPOJIbHO — IPUKIMAaJILHOTO IIPUJIAAY, SIKUM B CBOIO YEpry Iepeae CUrHajl Ha ITyJIbT
11i710;060BOTO CIIOCTEPESXKEHHS 3 NOAAIBIINM ITOBiIOMJIEHHSIM I10XEXXHO-PATYBAJIbHUX T PO3iliB Ta 3ilICHIOE
OIOBIILIEHHS JIOJEN PO BUHMKHEHHS IIOKEXI, 0 CIIPUSE CBOEYACHIN eBaKyallii JIIofei 3 IPUMILIEHb Ta
MOYKJIMBOCTI JIiKBimanii moskeski Ha MOYATKOBIl CTaAii 1O IPUOYTTA MOKEKHO- PATYBAJIbHUX MifIPO3TiiB, a 1ie
CyTT€BO 3MEHIIye MaTepiasibHi 30UTKU. HanesxxHe QyHKLIOHYBaHHSI aBTOMaTUYHUX CUCTEM IOXKeXHOI cUrHaisarii,
30KpeMa JaTYMKiB IEPBUHHOI iHpopMallii — MOXKeXXHUX CIOBillyBayiB, BUBHAYEHHS iXHiX OCHOBHUX TEXHIYHUX
XapaKTEPUCTHK Ta iX BHOCKOHAJIEHHS € HeBillEMHOIO CKJIaZIOBOIO TIOSKEKHOI 6e31eKy 06'€KTiB pi3BHOTO
npusHayeHHs. ToMy, METOI0 POOOTH € BIOCKOHAJIMTU BU3HAYEHHS TEXHIUHNX XapaKTEPUCTHUK TTOKEKHUX
CIIOBilllyBayiB i3 TEpMOPE3UCTUBHUM €JIEMEHTOM, sIKi OpieHTOBaHi Ha ix peasizallito Ipu 06’eKTOBUX
BUIIpOOYyBaHHX. [1ifl Yac BUKOHAHHS AOCIIiIPKEHb BUKOPUCTOBYBABCS KOMIIJIEKCHUN METOJ, SIKUI 10O0YI0BaHUM Ha
aHaJli3i Ta y3araJbHEHH] BilOMMX Ha CbOTOJIHi CIIOCO0iB BUNIPOOYBaHb MOXKEXHUX CIIOBilllyBayiB i3
TEPMOPE3UCTUBHUM YYTJIMBUM €JIEMEHTOM, BUSIBJIEHHS iX HeIOJIKiB Ta po3p06JIeHHS METOIIB iX MOKpaIleHHSI.
Yacosi napameTpy TEIJIOBUX IIOXKEXHUX CIIOBilllyBayiB [IOB’sI3aHi MK c00010. BinHoLeHHs nocTiliHOi yacy
ITO>KEKHOTO CIIOBillyBaya [0 4acy MOro CIpanbOBYBaHHA MOXKE CTAaHOBUTH A0 20 % npu WBUAKOCTI 3MiHU
TeMIepaTypH HaBKoJUIIHbOro cepenosuia 0,5 COc-1. [l BU3HAYEHHS 4aCOBUX I1apaMeTPiB MOKEKHUX
CIIOBilllyBayiB BUKOPUCTOBYIOTbCSI BUIIPOOYBAHHS, SIKi pPO3/iJIIOIOTHCS Ha CTal[ioHapHi 200 aBTOHOMHI Ta OIlepaTHBHI
abo o6'exToBi. Hemosikom cTallioHapHUX BUIIPOOYBaHb 3a IOIIOMOTOI0 TEIJIOBHX KAMEDP € HECUMETPUYHICTb
PO3IIOZiNy MOBITPSIHOTO MTOTOKY i TEMIIEPATYPH, 2 HELOJIIKOM TaKMX BUIIPOOYBaHb 32 JOTIOMOTOI0 CTAHAAPTHUX
OCepeIKiB rOPiHHA € Te, IO TapaMETPH TEIJIOBOTO BIIMBY Ha YyTJIMBUI €JIEMEHT IOKEKHOTO CIOBilllyBaya He
HOpMYIOTbC. [ToKa3aHo, 10 B IEPIIOMY BUNAJKY BEJIMYMHA [TOCTIMHOI 4aCy MIOKEXKHUX CIIOBILYBaviB HE
BM3HAYAETHCS, A B IPYTOMY BUMNAKY 3LiICHIOETCS JIMIIE€ KOHTPOJIb 4aCy CIIPAllbOBYBaHHS 32 JOIYyCKOBUM
Kkputepiem. IIpu npoBeneHHi 06’'€eKTOBUX BUIIPOOYBaHb B OCHOBHOMY 3[IilICHIOETbCSI TEIJIOBUIL BILJIMB HA Yy TIUBUI
€JIEMEHT ITOXKeXXHUX CIIOBIlyBaviB 3a JOTIOMOTOI0 HEBEJIMKUX TEIJIOBUX KaMep i METOI0 TaKUX BUIIPOOYBaHb €
IepeBipKa Mpane3faTHOCTI II0JKEKHUX CIIOBillyBayiB 6€3 OL[iHIOBaHHS iXHIiX YacoBUX napaMeTpis. [loka3aHo, 1110
TEIJIOBUM BIUIMB HA YYTJIMBUN €JIEMEHT ITOKEXKHUX CIIOBIlYBayiB MOXE 3[11ICHIOBATUCH 3a JOIIOMOTOIO SIK
30BHIIIIHIX, TaK i BHYTPIlIHIX IpKepesi Tera. JIpyruil BapiaHT XapaKTe€pHUM 11715 TOKEKHUX CIOBIIlyBayiB i3
TEPMOPE3UCTHMBHUM €JIEMEHTOM i [PYHTYETbCSI HAa BUKOPUCTaHHI edekTy [Ixoyssi- Jlenna. Y 1boMy BUNALIKY
BiIKPMBAIOTbCSI HOBi MOXKJIMBOCTI IJ1s1 iIBULEHHS €(PEKTUBHOCTI CUCTEMU €KCITyaTallii IOKeXXHUX CIOBIlyBaviB
Takoro Tuiy. Tersosi IPOLECH B TEPMOPE3UCTUBHOMY YYTIMBOMY €JIEMEHTI IIOKEXKHUX CIIOBIlyBaYiB [IPU
IIPOTiKaHHI Yepe3 HbOTO €JIeKTPUYHOI0 CTPYMY ONMCYIOThCSI HEOHOPIIHUM PiBHSIHHSIM MaTeMaTU4YHOI Pi3uKy i3
IrPaHUYHMMY YMOBaMU TPETHOTO popy. [17s BUPilleHHs TaKoro AudepeHIiiHOro piBHSIHHS BUKOPUCTOBYETbCS
iHTerpasbHe NepeTBOPEHHS XaHKes. |3 BUKOpUCTaHHSIM (OPMYJIU 3BE€IE€HHS OJlep>KaHo 3arajlbHUI BUpa3 IJis
TEMIIEPATypPU TEPMOPE3UCTUBHOTO YYTJIMBOrO €JIEMEHTA TIOSKEXKHUX CIIOBIlyBayiB 32 YMOBU IIPOTIKaHHS Yepe3
HBOTO €JIEKTPUYHOI'0 CTPyMY 6€3 o6MesKeHb Ha 1oro napaMmeTpu. Lleil Bupas nnpecTaBieHo Y BUTIISI psaay
dyHKUi Beccesst, sKUI WBUOKO CXOIUTHCS i € OCHOBOIO [1J1s TePEXO0y [0 iHIMNX MaTeMaTUYHUX MOJieslel
TEPMOPE3UCTUBHOTO YyTJIUBOTO €JIEMEHTA. |3 BUKOPUCTAHHSM iHTETPaJbHOTO NIEPETBOPEHHS Jlamiaca ofep>XxaHo
BUpa3 15l IepeaTOuyHOoI PYHKIii TaKoro 4yT/INBOrO eJIeMEeHTA i I0Ka3aHo, 110 3 TOXMOKOI0, BEeJIMYMHA SIKOi He
nepesullye 4,6 %, BOHa ONIMCY€ETHCS IEPEJATOYHOIO PYHKIIi€lo anepioanyHoi jadku. KoedilieHT nepenayi
TEPMOPE3UCTUBHOTO YyTJIUBOTO €JIEMEHTA [NOKEKHUX CIIOBIllyBayiB BKJIIOYAE IBi MyJIbTUILNIIKATUBHI CKJIATIOBI,

OJJHa 3 IKMX € I0r0 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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IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI O0COOM: [HCTUTYT /JeP)KABHOTO YIIPABJIIHHS Ta HAYKOBUX [JOCIIKEHD 3

LIABIJILHOTO 3aXUCTY

Kopg 3a €IPIIOY: 43533709

Micue3HaxoaKeHHS: ByJI. Bumropopceka, 6yz. 21, Kuis, 04074, Ykpaina
dopma BracHOCTI: /lepxasHa

Cdepa ynpaBiiHHS: [lepkaBHa ciyx6a YKpaiHy 3 HA3BUYANHNUX CUTYaLii
InenTudikarop ROR:

CeKTop HayKH: [anyseBuii



BiacHe IIpizBuie Im'sa I1o-6aThKOBI:
1. Iiypees B'auecnas OsekcaHapoBrAY

2. Viacheslav O. Durieiev

KBasigikamis: . t. u., gouenr, 20.02.14
ImenTudikarop ORCHID ID: 0000-0002-7981-6779

HoparkoBa iHpopMmawist: https://scholar.google.com.ua/citations?hl=uk&user=uhwduaEAAAAJ;
https:/ /www.scopus.com /authid /detail.uri?authorld=57222588358

IloBHEe HaliIMeHYBaHHS IOPUAUYHOI 0COOH: HauioHanbHuMIT yHIBEPCUTET LMBINIBLHOTO 3aXUCTy YKpaiHu
Kopg, 3a €IPIIOY: 08571363

Micuesnaxomkeunﬂ: ByJ1. YepHuuieBcobKa, 6yz. 94, Xapkis, XapkiBcbKkuil p-H., 61023, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: JepxaBHa ciay>x6a YKpaiHu 3 HaI3BU4aHUX CUTYalill

InenTudikarop ROR:

CeKTop HayKH: YHiBEepCHTETChKUI

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. TaBpuiiok AHppint ®enopoBuy

2. Andrii F. Havryliuk

KBasigikanis: k. r. u., gou,., 21.06.02
InenTudikarop ORCHID ID: 0000-0002-8727-9950

JoparkoBa iHpopmamist: https://www.scopus.com/authid /detail.uri?authorld=57217202131;
https://scholar.google.com.ua/citations?hl=uk&user=6wop_jgAAAAJ;
https: / /www.webofscience.com /wos /author /record /38681102

IToBHE HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0CO0H: JIbBiBCHKUIl [IepKaBHUIT YHIBEPCUTET 6€3TEKU

KUTTENiSITIBHOCTI

Kopg 3a €IPTIOY: 08571340

Micue3HaxoaKeHHS: ByJ1. KnenapiBceka, 6ya. 35, JIbBiB, 79007, YkpaiHna
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: [lepkaBHa ciyx6a YKpaiHy 3 HAA3BUYaNHUX CUTYALLii
InenTudikarop ROR:

CeKTOop HayKH: YHIBEpPCUTETCHKUI

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Kymnip Auppiii [leTpoBuy
2. Andrii P. Kushnir

KBasigikanis: x.r.u., no,, 05.09.03



InenTudikarop ORCHID ID: 0000-0002-6946-8395

JoaparkoBa iHpopManist: https://scholar.google.com/citations?hl=uk&user=el1TKTcAAAAT;

https: / /www.webofscience.com /wos /author /record /15495734;
https: / /www.scopus.com /authid /detail.uri?authorld=57211145983

IToBHE HaﬁMeHYBaHHﬂ IOPUIHUYHOL 0CO0H: JIbBiBCHKUIl [IepKaBHUIT YHIBEPCUTET 6€3TEKU

SKUTTENiSITIBHOCTI

Kopg 3a €IPIIOY: 08571340

Micue3HaxoaKeHHS: ByJ1. KienapiBceka, 6ya. 35, JIbBiB, 79007, VkpaiHna

dopma BracHOCTI: JlepxasHa

C(l)epa yIIpaBJIiHHﬂ: JepxaBHa cayx6a YkpaiHu 3 HaI3BU4aiHUX CUTYaliil

InenTudikarop ROR:

CeKTOop HayKH: YHIBEPCUTETCHKUI

VIII. 3akr04Hi BimoMocTi
BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

TrOJIOBH pajgu

BsiacHe IIpi3Buie Im'sa I1o-6aTbKOBI

rOJIOBYIOYOTO Ha 3aCifiaHHi

BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAyKOBOi

IisIJIbHOCTI

KoBanuinx Bacunb BacunbroBud

KoBanumun Bacunp BacunbroBuy

®epniB IpuHa

VKpIHTEI

FOpuenko TetsHa AHaToiiBHA



