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3axucTy YKpainu, Xapkis, 2020 p.

Hucepramiiina po0OoTa HpHUCBAYEHA PO3B’SA3aHHIO AKTYaJbHOI HAYKOBOI
3a/1a4l — MABUIIEHHS €()EKTUBHOCTI CUCTEMHU EKCILTyaTallli TeIIOBUX MOXKEKHUX
cnoBinyBauiB. OCHOBHa yBara MpujijieHa MeToJaM Ta 3acobaM BHUIPOOYBaHb
TEIUIOBUX TMOXEKHUX CIIOBINIYBayiB, II0 OCHOBaHI Ha BUKOPUCTaHHI MHOTO
JTUHAMIYHUX BJIACTUBOCTEH.

Cucrema ekciutyaTallii TeIUIOBUX TMOXKEKHUX CIOBINIYBaYiB € KOMILIEKCOM
3aX0/1iB, HAIPaBJIEHUX HA MIATPUMAHHS iX €(PEeKTUBHOIO (PYHKLIOHYBAaHHSA, OJHUM
3 KUX € iX BuUnpoOyBaHHs. [IpoBeaeHO aHaNI3 METOMIB BUIPOOYBaHb TETIOBUX
MOKEKHUX CIOBIIIYBayiB Ta BU3HAYEHO, 1110 iX OCHOBHUMH HEOJIIKAMU € 3HAYHUN
9yac MPOBEJEHHSI BUIPOOYBaHb, HEMOXJIMBICTh iX 3MIMCHEHHA y aBTOMAaTHYHOMY
peXuMi Ta Te, 10 MPU MPOBENCHHI 00’ €KTOBUX BUIPOOYBaHb HE BU3HAYAIOTHCS
JMHAMIYH1 XapaKTEePUCTUKH iX UyTIMBUX €JIEMEHTIB, a pe3yJIbTaT iX BUMPOOYBaHb
BU3HAYAETHCS 32 JOMYCTOBUM KPHUTEPIEM «CIIPAIIOBaB-HE CIIPAIIOBAB», IO
00yMOBIIIOE HU3bKY €(DEKTHUBHICTh TAKMX BUIIPOOYBaHb. [loganbiinl JOCHIIKEHHS Y
poOOTI HAaNpaBJIEHI HA YCYHEHHS IIUX HEJOJIIKIB.

Po3pobiieno y3arajibHeHy MaTeMaTHUHY MOJENb TEIUIOBOTO IMOXKEKHOIO
CHOBIIIyBaya (YyTJIMBHUMA €JIEMEHT SIKOrO MOXe OyTH MpEeNCTaBICHUN y BUIIISAL
IJIACTUHKY, IWTHAPY a0 Iapy), 10 OMHCY€E TEIUIOBI MPOIECH B HHOMY TpHU
CTBOPEHHI Ha HBOTO CTAI[lOHAPHOTO TEIUIOBOTO BIUIMBY. Bu3HayeHo, 1m0 yac
CTpallbOBYBaHHs TEIUIOBUX IOXKEKHUX CIOBIIIyBaviB 3aJ€KUTh BiJ BEIUYUHH
HOTO MOCTIHHOT Yacy, sika B CBOIO Yepry, 3aJIeKHUTh BiJl XapaKTEPUCTUK Uy TIHBOTO

€JIEMEHTa, CepelOBHUIla Ta YMOB IPOBEJICHHS BUIPOOYBaHb. Y 3B’SI3Ky 3 IHM,



IPOBEICHO OOYMCITIOBAIILHUI EKCIEpPUMEHT Ta MOOyJOoBaHA perpeciiiHa MoJenb
JUIsL TIOCTIMHOI Yacy TEIUIOBOTO IOXKEKHOTO CIOBIillyBada. 3a LI€I0 MOJEIUIIO
MO’KHA OI[IHUTH Bary BIUIMBY XapaKTEPHOTO pO3Mipy UyTIMBOTO enemeHTta R,

IMIBUAKOCTI PyXy TEILUIOBOro MOTOKy V Ta Jiamerpy Tpyou dTp, 1o sIKi BiH

PYXa€ThCs, HA BEJTMYUHY MOCTIMHOT Yacy TEIIOBOTO TOKEKHOTO CIOBIITyBaya.
Busnadeno, 1o BennyrMHA MOCTIHHOI Yacy B OUTBIIN Mipi Oyje 3anexaTu

BiJl XapaKTepHOT0 PO3MIPY UyTJIUBOTO €JIEMEHTa, MPUIOMY MPSMO MPOMOPIIITHO.

3a ymoB, mo d, =03 M, a V=08 wm/c mocrilina uacy mnpu 3pocTaHHi

XapakTepHoro po3mipy uytiusoro enementa R Big 0,1 mm mo 1 mm 3pocte Ha

0,98 c¢. Bim mBUIKOCTI TEIUIOBOTO MOTOKY Ta JlaMeTpy TpyOM TOCTiiHa yacy
YyTJIMBOIO €JIEMEHTa TEIIOBOTO IOKEKHOI'O CIIOBIIIyBaya 3aJIeXUTh OOEpPHEHO
MPOIOPIIIIHO, ajie HE TaK BaroMo, sIK Bl XapakTepHOro po3mipy. ITpu 301abpmeHH1

dTp 3 0,1 M 10 0,3 M BenMuKHa MOCTIHHOT Yacy 3MEHIIUThCs juiine Ha 0,35 ¢, a mpu

s0imemrenni V 3 0,6 m/c mo 1,0 m/c 3menmmThes numie Ha 0,31 c.

CraHOBaHO E€KCHEPUMEHT Ta MPOBENEHI €KCIIEPUMEHTANbHI JOCHIKEHHS
10 BHU3HAYEHHIO MapameTpiB (OpMyBaHHS TEIUIOBOTO MOTOKY, C(POPMOBAHOIO Y
KOHCTPYKLIi  TEIUIOBOTO  MOXEXKHOro  crosimyBaua. Jlnsg  mpoBeneHHs
EKCIIEPUMEHTY CKOHCTPYHOBAHO MaKeT Y BUTJISI ekpaHa (25x25x65) MM, B TKOMY
yctanoBieHo BeHTHsiTop DC BRUSHLESS FUN Ta HarpiBanbHHMI €IEeMEHT, 110
BUKOHAHHM 3 HIXPOMOBOI MTPOBOJIOKU JOBXHHOIO 293 MM Ta miamerpoM 0,3 MM i
3aKkpiruieHoi Ha TekctoniToBl muactuHu (30x10x2) mm. [loOynmoBaHi perpeciiiHi
MOJIeJ 3aJIeKHOCTEN MIBUAKOCTI TEMJIOBOIO MOTOKY BIJ €JIEKTPUYHOI HAIpYTH,
MO/IAaHOI HAa BEHTWIATOP, BIJCTAaHI JO HArpiBaJIbHOTO €JIEMEHTa Ta TeMIIepaTypu
TEIJIOBOTO MOTOKY BiJ] €JIEKTPUYHOI HAMPYTH MOAAHOI HAa HArpiBaJIbHUM €IEMEHT,
Ta BIJCTaHI O YYTJIMBOrO €JeMEHTa. byno BU3HAaueHO, L0 ANl CTBOPEHHS
TEIJIOBOTO MOTOKY 3 Temreparyporo 54 °C, ska € MIHIMAJIbHOIO TEMIIEpaTypOIO
CTpallbOBYBaHHsI TETUIOBUX TOXKEKHHUX CITOBIIIyBauiB kiacy Al, Ha HarpiBaabHUMA
eJIEeMEHT HEeOOX1/THO TOJIaTH eJIEKTpUUHy Hanpyry 23,4 B, a BijcTaHb BiJy HbOTO J10

YyTJIMBOrO €JIEMEHTA TOBUHHA CTAHOBUTH 3,4 MM.



Po3pobnenuii  MeTos BU3HAYEHHS mepexigHoi  (PYyHKIII  TerioBOro
MOXKEKHOTO CIOBIllyBaya MpH BIUIMBI HAa HBOTO TECT-CUTHAJIOM Yy BUTJISAII
JiHIIHO-3pocTatouoi QyHkIii. [loOyaoBaHi rpadivni 3aNeKHOCTI I MOXUOKH, 10
BUHMKAE TPHU BU3HAYCHHI TMeEpexigHOl (PYHKIII TEMIOBOTO  IMOXKEKHOTO
crioBilyBaya 3 TOCTiiHOIO 4yacy T=20 c¢ Bix iHTepBally AUCKPETHOCTI T, Ta
IIOKa3aHo, 110 JJIs TAKOTO CIOBILTyBaya BiH NOBUHEH OyTH T, <1,05 c.

Po3po6neni Meronu BU3HAYEHHS aMILIITYJHO-4acTOTHOI Ta (a3oBo-
YaCTOTHOI XapaKTEePUCTHUK TEIUIOBUX TOKE)KHUX CITOBINyBa4iB Ha OCHOBI
iHdopmarii npo ix mepeximHy @GyHkimio. [ToOygoBaHO 3a€KHOCTI BETUYHHU
NOXMOKM TPH BU3HAYEHI YACTOTHUX XapaKTEPUCTUK TEIUIOBOTO TOXKEKHOTO
CHOBIIyBaya BiJ] MOCTIMHOI yacy mpujiaay Tt,, 10 GOpMy€e TEIJIOBUI BIUIUB, Ta
IHTepBaly JUCKPETHOCTI T,. lloka3aHo, 10 Npu BU3HAYEHHI aMILIITYAHO-
YaCTOTHOI XapaKTEPUCTUKU TEIJIOBOTO TMOXKEXKHOTO CIOBIIIyBaya 3 MOCTIHHOIO
yacy t=5 ¢ JOUUIbHO oOpaTu 1HTepBajl JUCKPETHOCTI T, =0,225 ¢ Ta mocTiiiHy
yacy npuiany, mo (popmye tect-BmiuB, t;=0,1 ¢ 115 crnosinryBada 3 NOCTIHHOIO
yacy t=10 ¢ — iHTepBai JUCKpETHOCTI T, =0,26 ¢ Ta MOCTIMHY Yacy npuiaay, 1o
dopmye tect-BILMB, T,=0,1 ¢, a ;I cnoBinyBaya 3 MocTiiHOO yacy t=20 ¢ —
1HTepBaJl AUCKpeTHOCTI T, =0,68 c¢. Ilpu Bu3HaueHHI (a30BO-YaCTOTHOI
XapaKTePUCTUKU LIUM METOJOM JIOLJIbHO 00paTH 1HTepBal JUCKPETHOCTI T, =2 C
Ta MOCTIWHY Yacy npuiiay, mo (Gpopmye TecT-BIUTUB t,=0,073 c. Taknii meTox
BU3HAYCHHS YAaCTOTHUX XapAaKTEPUCTHK JO3BOJISIE 3MEHIIUTH 4Yac iX BU3HAYEHHS
npu6au3Ho y 50-60 pasiB, y NOPIBHAHHI 3 KJTACUYHUM METOJIOM.

Po3po6iieni MeToau BH3HAUEHHS MOCTIMHOI 4Yacy TEIIOBUX MOMKEKHHUX
CHOBIIIYBayiB MPU BIUIMBI HA HUX TECT-BIUIMBOM Yy BUIJISII TEMIEpaTypH, IIO
3MIHIOETBCS 32 KBaJIpaTUYHUM Ta JIHIWHUM 3aKkoHamMu. OTpUMaHO MaTeMaTHYHE
OTHMCAHHS PEAKIlli TEPMOPE3UCTUBHUX UYyTIIMBUX €JIEMEHTIB TEIUIOBHX IMOKESKHHUX

CHOBIIIYBayiB Ha TEIUIOBY [0 MOCTIHHOTO Ta CHUHYCOiNaJbHOTO EJIEKTPUYHOTO

CTPyMY, a TaKOXK BUPA3H JJIS X MOCTIHHUX Yacy.



Po3po6ieno meTon BUMpoOyBaHb TEIUIOBUX MOXKEKHHUX CIIOBIIIYBadiB, 1110

MoJIsira€ 'y BU3HAYEHHI HOTO mepexiiHoi (YHKINT Ta MOPIBHAHHI 11 3 MepexiTHOI0
¢dyHKIiI0, SiKa OyJa BU3HAUYCHA y JTAOOPAaTOPHUX YMOBAax Ha 3aBOJI BUPOOHHKY, y
MOMEHTH 4Yacy, 1110 BU3HAYAIOThCS 32 TeopeMoro KoTelbHUKOBA.
[ToxazaHo, IO BHUKOPUCTaHHS IHOTO METOAY [O3BOJIUTH 3MEHIIUTH Yac
NPOBEJCHHS BUIIPOOYBaHb TEIUIOBUX TIOKEKHHUX CIOBIIIyBadiB y 4 pasu,
MOPIBHSIHO 3 BUIIPOOYBAHHSIM TECTOBUM ocepeskoM moxkexi TF-5, ta y 16 pa3is,
MOPIBHSHO 3 BUIIPOOYBAHHSAMHU y TEIIJIOBOMY KaHaJl.

Po3pobiieni Mmetoau BUIIpoOyBaHb TEIJIOBUX MOMXKEKHUX CIIOBINYBayiB, 110
HOJIATAIOTh Y BU3HAUEHHI HOro YaCTHMX JAMHAMIYHUX XapaKTEPUCTHK Ha OCHOBI
BUKOPHUCTaHHA 1H(POpMalIli Ipo HOTO 3arajibHl YaCTOTHI XapakTepucTuku. [lepmmit
MeTOJl Tnependavae BU3HAYEHHS MOCTIMHOI Yacy CIOBIIlyBaua Ha OCHOBI
BUKOPUCTaHHA I1H(OpMaLli Mpo HOro amIuIiTyJHO-4YaCTOTHY XapaKTEPUCTHUKY.
Peanmizamist 1mporo Merony mnependadae BUMIPIOBAHHS AaMIUTITYIM BUX1JHOTO
CUTHAJIY YyTJIMBOTO €JIEMEHTA JIMIIIE Ha JBOX YaCTOTAaX, L0 3HAYHO CKOPOUYE yac
BUNPOOYBAHHS 1 3MEHIIy€ 4Yac HOro NpOBENEHHS y 8 pa3iB y MOPIBHAHHI 3
BUNPOOYBAHHIMH Y TEIIJIOBOMY KaHAJII.

Hpyruii meton BUNpOOyBaHb MOJSATa€E y BU3HAYEHHI MOCTIMHOI yYacy
TEIJIOBOTO TOKEKHOTO CIOBIIyBaya HAa OCHOBI BUKOPUCTaHHS 1H(pOpMALli Tpo
1oro (a30BO-4aCTOTHY XapaKTEPHUCTHUKY, 1110 TTOKA3aHO HA MPUKIIAJII CIIOBIIyBaYiB
3 TEPMOPE3UCTUBHUM UYTIUBUM €JIEMEHTOM, OJIHIEI0 3 OCOOJMBOCTEH SKUX € Te,
10 3riAHO 3 3aKkoHOM J[>koyns-Jlenna termnoBuit BB Ha ix YE mMokHa cTBOpUTH
OPOMYCKaHHSAM 4Yepe3 HbOTO eJIeKTpuuHOoro crpymy. Ilokazano, mio uyac
MIPOBEJICHHS BUIIPOOYBaHbh TAKUM METOAOM JOPIBHIOE Yacy MEPEexiTHOTO MPOoIIecy,
110 It crioBinTyBaviB kinacy Al mopisatoe (60 +80) c.

Ha ocHoBi MaremaTu4HOI MOJieJli TEIMJIOBOTO TMOXKEKHOTO CIOBIIIyBaya 3
y3arajlbHeHUM Yy TJIMBHM €JIEMEHTOM PO3pOOICHHI METOI BUIPOOYBaHb TETLIOBUX
MOKEXKHHUX CIOBIIIYBayiB, SKUH MOJSITa€ y CTBOPEHHI Ha HHOTO 30BHILIHBOTO
TEIJIOBOTO TMOTOKY, BHM3HAYEHHS MHOro IMOCTIMHOI Yacy Ta MOpIBHSHHS ii 3

HOPMATUBHOIO BEIWYMHOI0. Takuii MeToj € YyHiBepcaldbHHM 1 MoOXe OyTu



BUKOPUCTAHUW SAK i1 TPOBEACHHS CTAlllOHAPHMUX, Tak 1 JJs 00’ €KTOBHX
BUMPOOYBAaHb TEIUIOBUX TIOKEKHUX CIOBIIIYBaYiB 3 OyAb-SIKUM YYTJIMBUM
eJleMeHTOM. BUKOpHCTaHHS IIbOTO METOY BUIIPOOYBAaHb JO3BOJISIE 3MEHILIUTH Yac
ix mpoBedeHHs y 1,8 pasiB y MOPIBHSAHHI 3 ICHYIOYHM METOJOM 00’ €KTOBHUX
BUIMIPOOYBaHb, a 3 ypaxyBaHHAM JOJATKOBOTO 4Yacy, SKUA HEOOXIMHUN mIJis
IPOBEJCHHS BUIMPOOYBaHb 1 CKIAAEThCA 3 MIATOTOBKM MPHIATY 10 poOOTH Ta
MEepEMIIIICHHS oIeparopa Jijis MPOBEACHHS BUMPOOYBaHb CIIOBIIIYBadiB y Pi3HHUX
MPUMIIICHHSIX Ta HA PI3HUX TIOBEpXax, y 3,3 pasu.

Ha mnpuknaai TemioBHX MOXKEKHUX CIOBIIIYBadyiB 3 TEPMOPE3UCTUBHUM
€JIEMEHTOM  pO3pOOJIeHUI  METOoA  BUIPOOYBaHb  TEIUIOBUX  MOXKEKHUX
CHOBIIIYBayiB, 1[0 OCHOBAaHWI Ha BUMIPIOBaHHI MapaMeTpIB BUXIIHUX CUTHAJIB B
YMOBax TEIUIOBOI il Ha iX YyTJUBI €JIEMEHTU EJIEKTPUYHOIO CTPYyMY Yy BHIJISI
KOCUHYCOild, IO JO03BOJIIE TPOBOAUTH BHUIPOOYBAaHHSA CIHOBIL[YBadiB Yy
aBTOMATHUYHOMY PEXKUMI O0€3M0CEPEeHBO Ha 00’ €KTI, 1110 OXOPOHSIETHCA.

Po3pobneni  mpuctpoi  nmns BUOPOOYBaHb  TEIUIOBUX — MOMXKEKHHUX
CHOBIIIYBayiB, 10 NPEICTABIIECH] Yy BUIIISIAI CTPYKTYPHUX CXEM, SIK1 JI03BOJISIOThH
3MICHIOBATA  BUMPOOYBaHHS  CIOBINIyBa4iB Yy aBTOMAaTUYHOMY  PEXUMI
OesnocepeIHbO Ha O0’€KTi, IO 3MEHIIYE 4Yac IiX MPOBEJAEHHS Ta BUKIIOYAE
MOXJIMBICTh TOSIBU CYyO’€KTUBHUX MOXHOOK. Po3poOieHi pekomeHaalii 1010
MIPOBEICHHS BUIIPOOYBaHb TEIUIOBUX MOKEKHUX CIOBIIIYBaYiB.

BusHnaueHo, 110 MEpIOAUYHICTh MPOBEAEHHS BUIPOOYBaHb TEIJIOBUX
MOKEKHUX CIOBIIIYBayiB, SIKa YCTAHOBJIEHA JII0YUM HOPMATUBHHUM JIOKYMEHTOM,
HISK HE OOTpyHTOBaHa. Y 3B’S3Ky 3 UM, Oyjla po3paxoBaHa PEKOMEHIOBaHa
NEePIOJINYHICTh MPOBEAEHHS BUNPOOYBaHb TEIJIOBUX IOXKEKHUX CIOBIL[YBayiB,
ska ckianae 1,44 poku.

Takum umHOM, Oylla BHpIllIEHa aKTyallbHa HayKoBa 3ajaya MiJBUILEHHS
€(EeKTUBHOCTI CUCTEMH E€KCIUTyaTallli TeIJIOBUX MOXKEKHUX CIIOBIIYyBaYiB.

Kuro4uoBi ciioBa: TeruioBuii MOXKEKHHUM CIOBINIyBay, MepexigHa (yHKIIs,
YaCTOTHI XapaKTEPUCTHUKH, METOAM BUIMPOOYBAHHS, MaTeMaTHYHAa MOJEIb,

cUCTeMa eKCILTyaTallii, HOoCTiiHa Yacy, 4yac CIpalbOBYBaHHS.
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SUMMARY
Kalchenko Y.Y. Improvement the operation system of heat detectors by
organization and technical implementation of their tests.
Thesis for a PhD in speciality 261 «Fire Safety». National University of
Civil Defence of Ukraine, State Emergency Service of Ukraine, Kharkiv, 2020.

Dissertation work is devoted to solving the current scientific problem -
improvement of the system of operation of heat detectors. The focus is on methods
and means of testing heat detectors based on the use of its dynamic properties.

The system of operation of heat detectors is a set of measures aimed at
maintaining their effective functioning, one of which is their testing. Analysis of
test methods of heat detectors was carried out and it was determined that their main
disadvantages are considerable time for carrying out tests, impossibility of their
implementation in automatic mode and that during carrying out of "design tests
dynamic characteristics of their sensitive elements are not determined, and the
result of their tests is determined by additional criterion "worked or did not work",
which causes low efficiency of such tests. Further research in the work aims to
address these shortcomings.

A generalized mathematical model of a heat detector (the sensitive element
of which can be presented in the form of a plate, cylinder or ball) has been
developed, describing thermal processes in it when creating a stationary thermal
influence on it. It has been determined that the response time of heat detectors
depends on the value of its time constant, which in turn depends on the
characteristics of the sensor, the medium and the test conditions. In this regard, a
computational experiment was conducted and a regression model for the time
constant of the heat detector was constructed. From this model, it is possible to
estimate the weight of the effect of the characteristic size of the sensor R, the

velocity of the heat flow V and the diameter of the pipe d ., along which it travels

by the value of the time constant of the heat detector.



It is determined that the magnitude of the time constant will depend to a
greater extent on the characteristic size of the sensor element, directly proportional.

Under conditions that dm:O,B m, and V=0,8 m/s the time constant as the

characteristic size of the sensor R from 0,1 mm to 1 mm will increase by 0.98 s.
The rate of heat flow and the diameter of the pipe, the time constant of the heat
detector sensor, is inversely proportional, but not as heavy as the characteristic

size. At increase dm from 0.1 m to 0.3 m the value of time constant will decrease

only by 0.35 s, and at increase V' from 0.6 m/s to 1.0 m/s it will decrease only by
0.31s.

The experiment was planned and experimental studies were carried out to
determine the parameters of heat flow formation formed in the structure of the heat
detector. For the experiment, a screen-like layout (25x25x65) mm is constructed,
in which a «kDC BRUSHLESS FUN» fan and a heating element are installed,
which is made of nichromic wire with a length of 293 mm and a diameter of 0.3
mm and fixed on textilite plates (30x10x2) mm. Regression models of heat flow
rate dependencies from electric voltage supplied to fan, distance to heating element
and temperature of heat flow from electric voltage supplied to heating element, and
distance to sensitive element are constructed. It has been determined that in order
to produce a heat flux of 54 °C, which is the minimum operating temperature of
Class Al heat detectors, 23.4 V must be applied to the heating element and the
distance from it to the sensor must be 3.4 mm.

The method of definition of the transitional thermal fire announcer of
function at impact on it the test by a signal in the form of linearly growing function
is developed. Graphic dependences for an error are constructed that arises when
determining the transitional heat detector of function from time constant t=20 s

from an interval of discretization t, and it is shown that for such announcer it has
to be 7, <1,05 s.

Methods of determining amplitude-frequency and phase-frequency

characteristics of thermal fire detectors based on information on their transient



function have been developed. The dependence of the error value at determined
frequency characteristics of the thermal fire detector on the time constant of the

device t, that generates the thermal impact and the interval of discreteness t, are

built. It is shown that when determining the amplitude-frequency characteristic of a
thermal fire detector with a time constant t=5 s, it is advisable to select a

discreteness interval of t, =0,225 s and a time constant of the device, which forms
a thermal impact t,=0,1 s; for detector with time constant =10 s - interval of
discreteness t, =0,26 s and time constant of device, which generates thermal
impact t,=0,1 s, and for detector with time constant t=20 s - interval of
discreteness t, =0,68 s. When determining phase-frequency characteristic by this

method it is advisable to select interval of discreteness 2 s and time constant of the

device, which forms thermal impact, t,=0,073 s. Such method of determining

frequency characteristics allows to reduce time of their determination by about 50-
60 times, compared to the classical method.

Methods have been developed to determine the time constant of heat
detectors when exposed to a test in the form of temperature, which varies
according to quadratic and linear laws. Mathematical description of reaction of
thermoresistive sensitive elements of heat detectors to thermal action of direct and
sinusoidal electric current is obtained, as well as expressions for their constant
time.

A method of testing heat detectors has been developed, which consists in
determining its transient function and comparing it with the transient function,
which was determined in laboratory conditions at the manufacturer 's plant, at
times determined by Kotelnikov 's theorem.

It has been shown that the use of this method will reduce the test time of
heat detectors by 4 times, compared to the test site of fire TF 5, and by 16 times
compared to the tests in the heat channel.

Methods of testing of heat detectors have been developed, consisting in

determination of its frequency dynamic characteristics based on use of information



on its general frequency characteristics. The first method involves determining the
time constant of the detector based on the use of information on its amplitude-
frequency characteristic. The implementation of this method involves measuring
the amplitude of the output signal of the sensitive element at only two frequencies,
which significantly reduces the test time and reduces its time by 8 times compared
to the tests in the thermal channel.

The second test method is to determine the time constant of a heat detector
based on the phase-frequency response information, as illustrated by detectors with
a thermoresistive sensitive element, one of the features of which is that, according
to Joule-Lenz law, a thermal effect on their sensitive element can be created by
passing an electric current therethrough. It is shown that the time of testing by this
method is equal to the time of transient process, that for detectors of class Al is
equal to (60-80) s.

Based on a mathematical model of a heat detector with a generalized
sensitive element, a method of testing thermal fire detectors has been developed,
which consists in creating an external heat flux on it, determining its time constant
and comparing it with a standard value. Such method is universal and can be used
for both stationary and object tests of heat detectors with any sensitive element.
The use of this test method allows to reduce the time of their performance by 1.8
times compared to the existing object testing method, and taking into account the
additional time required for testing and consists of preparation of the instrument
for operation and movement of the operator for testing of detectors in different
premises and on different floors by 3.3 times.

On the example of heat detectors with a thermoresistant sensitive element, a
method of testing thermal fire detectors has been developed, which is based on
measurement of parameters of output signals under conditions of thermal influence
on their sensitive elements of electric current in the form of cosine-like, which
allows to carry out tests of detectors in automatic mode directly on the object,

which is protected.



Devices for testing of heat detectors have been developed, which are
presented in the form of structural diagrams, which allow to carry out tests of
detectors in automatic mode directly on the site, which reduces the time of their
carrying out and eliminates the possibility of occurrence of subunit-critical misses.
Recommendations for testing of heat detectors have been developed.

It has been determined that the frequency of tests of heat detectors, which is
established by the current regulatory document, is not justified in any way.
Therefore, the recommended frequency of testing of heat detectors was calculated,
which is 1.44 years.

Thus, the current scientific task of improving the system of operation of
thermal fire detectors was solved.

Keywords: Heat detector, transient function, frequency characteristics, test

methods, mathematical model, operation system, time constant, response time.
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