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CymecTByomue MeToIbl KOHTpPOJISL paboTOCIIOCOOHOCTH MYJIBTUKPHUTEPUAIBHBIX MOXKAPHBIX H3-
BelIaTeNel He MpeaycMaTpuBalOT MPOBEPKY MX XapaKTEPUCTHK B YCIOBMSAX MEpexoja TICHHs B IUIaMEH-
Hoe ropenue. Llenpto paboThl sBisIack pa3paboTKa METOAUKH MCCICAOBAHMS MapaMeTPOB OKPYKaIoLIeH
Cpeabl PH Mepexo/ie OT TAeHHUs (MMPOIn3a) B IIIAMEHHOE TOPEHUE JUTSI MOJICIMPOBAaHMS TECTOBOTO MOKapa
IIPU TIPOBEPKE KayecTBa pabOThl MyJIbTHKPUTEPHAIBHBIX TOKAPHBIX M3BELIAaTENICH.

Pazpaborana MeTouKa MPOBEJCHUS UCCIIEIOBAHMI TapaMeTPOB OKPY KaroIlleil cpe/ibl B yCIOBUSIX Ha-
rpeBa 00pa3LOB JPEBECHHBI PAa3HOTO pa3Mepa OO0 TeMIepaTypbl CaMOBOCIUIAMEHEHUS] U TOPEHHUE JIHCTOB
MSTOH M TTIaIKoi Oymaru.

BrniepBrie nccienoBaHbl H3MEHEHUST KOHLIEHTPAIMK YTapHOTO T'a3a, YAeJIbHOW ONTHYECKOH MIOTHOCTH,
pacceuBaroleil CHoCOOHOCTH MPH Nepexo/ie OT TIIeHH (MMPOJIN3a) B INIaMEHHOE TOPEHUE MTOJITOTOBICHHBIX
00pa3LoB JPEBECHHBI U MATOW OymarH.

[ToxazaHo, YTO KOHTPOIMPYEMBIE TApaMETPhl OKPYKAIOIIEH Cpeabl IPU IEPEeXoe OT TIAEHUS MUPOIHU3a
B TUIAMEHHOE TOPEHNE U3MEHSIOTCS OJTHOBPEMEHHO. Y CTAaHOBJIEHO, UTO MPH MEPEX0e OT MUPOIM3a K IJia-
MEHHOMY TOPEHHIO IPEBECHHBI HAOMI01aeTCsl YMEHbBIICHKE B 2,4 pa3a CKOPOCTH POCTa PACCEUBAIOMICH CIIO-
COOHOCTH JIpIMa, CKOPOCTh YBEIMYECHHUS y/ICIIbHON ONTHYECKON IUIOTHOCTH M KOHIEHTPALUHU YTapHOTO Ta3a
YBEJIMUMBAIOTCS B 2 U B 5,3 paza COOTBETCTBEHHO.

KioueBble ciioBa: MyJIbTUKPHTEPUATBHBIC TTOKapHBIC W3BEIIATENN, METOABI KOHTPOJIS, pabOTOCTIOCO0-
HOCTb, TIepeXxo/ TICHNS B IUIAMEHHOE TOpPEHHE.
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Abstract

The existing methods for monitoring the performance of multi-criteria fire detectors do not provide
for verification of their characteristics in the conditions of transition from smoldering to flame burning.
The aim of the work is the development of the research methods of the environmental parameters during
the transition from smoldering (pyrolysis) to flame combustion for simulation a test fire while checking
the quality of multi-criteria fire detectors.

A technique to conduct research of environmental parameters under conditions of heating wood samples
of different sizes to a temperature of selfignition and burning crumpled and smooth paper has been developed.

Changes in the concentration of carbon monoxide, specific optical density, and scattering ability during
the transition from smoldering (pyrolysis) to flame burning of prepared wood and crumpled paper were
studied for the first time.

It is shown that the controlled environmental parameters during the transition from smoldering pyrolysis
to flame burning change together. Conclusion: the speed of growth of the scattering ability of smoke decreases
by 2.4 times, the speed of increase in the specific optical density and concentration of carbon monoxide
increases by 2 and 5.3 times (respec-tively), during the transition from pyrolysis to flame burning of wood.

Keywords: multicriteria fire detectors, control methods, operability, transition of smoldering to flame

burning.
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BBenenue

W3BecTHO, YTO MyJIBTHKPUTEPHATIbHBIC TOXKAP-
HbIC M3BEIATENHN YCIEHIHO BHEAPSIOTCS BO BCEM
MHUpE, TaK KakK CHOCOOHBI OOHApyKUBaTh MOXKap
C BBICOKOH JJOCTOBEPHOCTHIO. OTINYNE MYJIbTUKPH-
TEpUAILHOTO H3BelIaTesisi OT KOMOMHHPOBAHHOTO
3aKIII0YAeTCs B HAJTMUUH Y HEro CJI0KHOTO alrOpHT-
Ma 00paboTkK MH(OPMAIIUU 110 CPABHEHUIO C TIPO-
ctoit torukoit «MJIN» y KoMOMHUPOBaHHBIX MOKap-
HBIX u3BemaTenei [1].

CormacHo JaHHBIM, TpPUBEAEHHBIM B pabo-
tax [2] u [3] cylIecTByIOLIME AITOPUTMbI PaOOThI
MYJbTHKPUTEPHAIBHOTO — W3BEIIATENs] OCHOBAHBI
Ha Jyioruke «M», mpu KOTOPOH TakXkKe OLEHUBAETCS
JUHAMHUKa U3MEHEHUS] OJTHOTO U3 KOHTPOIUPYEMBIX
(akTOpoB TOXapa M YCHIUBACTCS YyBCTBHTEIIb-
HOCTB OCTaJIbHBIX CEHCOPOB.

Omnpenenenue MyJIbTHKPUTEPHAIBHOTO JETEK-
topa o NFPA 72 [4] BkiitouaeT B ceOst TpeOOBaHME
0 HAJIMYUHU CJIOXKHOTO aIroputMa 0oOpabOTKH WH-
(dbopmanuu M, KpOME TOTO, BBIACISAECTCS OCHOBHOM
00HapyXHBaeMbIl (PaKToP.

Takum 06pa3oM, B alroputMe paboTbl MyJIbTH-
KPUTEPHAIBHOTO H3BELIATeNs MpelycMaTpUBaeTCs
BbIJJaua OJHOTO CUTHAJIA O TOXKape NpH CTaOUIBHOM
pa3BUTHU OJHOTO THIIA TOPEHHUSI, HAIIPUMED, TICHHE
WK TIaMeHHoe ropeHune. OHAaKo HEe YYHUTHIBAIOT-
Csl HECTaHJAPTHBIE CHUTyallud pa3BUTHA IOXKapa,
a MUMEHHO CJIy4auh TOPEHHUS C MEepEeXOJIOM OJHOTO
TUIA TOPEHUS B IPYTOM.

ITepexoaHoii mpo1ecc OT TJICHHUS K IJIAMEHHOMY
TOPEHHIO UCClieaoBaics B padore [5]. ABTOpBI UC-
CJIEIOBAJIN TIEPEXOJHOM Mpolece OT TISHHS K Iuia-
MEHHOMY TOpeHUIo nrcyel Oymaru. J{ist ykazaHHoO-
ro MepexoJIHOro IMpolecca XapaKTepHbl pe3Kue H3-
MEHEHHSI TapaMeTPOB OKPYIKAIOIIEH CpPe/IbL:

— pe3KOe yBEIWYCHUE TEMIIEPATyPbl Ha TIOTOJIKE
UCTBITaTEILHOW KaMephl PH BOCIUIAMEHEHUH OyMa-
T'H;

— pe3K0oe CHMKEHUE 3HAUYeHHI MHTEHCHBHOCTH
PacCestHHOTO CBETa;
— pe3koe yBenuueHue koddduimeHTa CBeTo-

MIPOIYCKaHHSL.
VYKa3aHHBIM [EPEXOAHOW IPOLECC  MOXKET
OBITDH HEBEPHO WACHTHQULIUPOBAH  MYJIb-

TUKPUTCPUAJIbHBIMHA IIOXXAapPHBIMU HU3BCUIATCIISIMUA.
K nmpumepy, npu moskape mocie CHUXXKEHHS IUIOT-
HOCTH JbIMa MOXCET BO3HUKHYTH INIAMEHHOEC IOpe-
HHUEC, YTO MOXKET HC YYUTBIBATHCA U3BCIIATCIIEM U OH
MOKET CUTHAJIM3UPOBATL O MNPEKPAUICHUU T'OPCHUA
(JToxkanu3anuy U 3aTyXaHuu).

HcnpiTanus mo TECTOBOMY IOXKapy, UMUTHPY-
IOIIEMY TaKOM CJIOKHBIN Mpoliecc epexo/ia TICHUs
B IUIAaMEHHOE TOpeHHe, HeoOXOAMMO 00s3aTeThHO
MPEyCMOTPETh IS OLIEHKH KadyecTBa MYIbTHKPH-
TepUAJIbHBIX U3BELIATENICH.

B ucnplTaHusX NOXKapHBIX HW3BEIIATENEH ILH-
POKO HCIIONB3YIOTCSl CTaHNAPTHBIE TECTOBBIE TIO-
kapel [6-9, *]. Bo Bcex ciydasx KaKIbI TECTO-
BBII TTOJKap MOJENUPYET OJWH M3 THIIOB TOPEHHS U
HE MpeyCMaTpUBaeT MPOBEPKY PaOOTHI M3BEIIaTeeH
MIPY TIEPEXOJIE OT TICHHUS K IIAMEHHOMY TOPEHHIO.

XOpomio HW3BECTHO, YTO IUIAMEHHOE TOpEeHHe
TBEPIBIX TOPIOYMX MATEpPUAIIOB HAYWHAETCS C Tep-
MHYECKOTO Pa3JIOKEHHUs, B PE3YIBTaTe KOTOPOTO 00-
pa3yroTcs Toprovre rasbl, KOTOpBIE IPH HarpeBe BOC-
raMenstores. [porece TepMudIecKoro paznoKeHus
Marepuaiia MOXET COIMPOBOXKAATHCS TOCTAaTOYHO
OOJIBIITM TETUIOBBIJEIIEHUEM, YTO MOXET TPUBECTH
K TIeHuto. TieHwe npu ONpeneséHHBIX YCIOBHUIX
MOJKET TIEPEUTH B I1aMeHHoe ropenue [10].

[Tpumeps! MaTepuanoB, CKIOHHBIX K TICIONIEMY
TOPEHHUIO, YCIIOBHUS, HEOOXOIMMBIE TSI BO3HUKHO-
BEHUS TICIOIIETO TOPEHUs, a TaKKe YCIIOBHS Tepe-
X0Jla OT TJICHUS K TUIAMEHHOMY TOPEHHIO OIHCAHBI
B[11,12].

N3yuenne mnporecca TIEHUS U YCJIOBHUH,
P KOTOPBIX BO3MOYKEH MPOIIECC TICHUS, TIPOBOIH-
mock B [13].

B pabote [11] mpoaHamu3upoBaHO pacmpocTpa-
HEHUE TJIEHHUS BAOJNb IIEJUTIOJIO3HBIX MAaTepHalioB.
Brigenenst 3 o0macTé BOJTHBI TOPEHHS TPH TICHUU:

— 30Ha MHPOJIN3a, XapaKTEPU3YIOMIAsICT PE3KUM
MOIBEMOM TEMIIePaTyphl, TJe MPOUCXOIAUT UCTEUe-
HUE BHUJIUMBIX JIETYYHX HPOAYKTOB H3 HCXOIHOTO
MaTepuana;

—30Ha YIIUCTOTO OCTaTKa, IIe TeMIleparypa
JIOCTHTAeT MaKCUMyMa, ¥ MPEKPaIaeTCs BOTFOIIHS
BUJIUMBIX TPOIYKTOB MHPOJIH3a, U HAYMHAETCS Ha-
KaJMBaHHE;

—30Ha CHJIBHOIIOPUCTOTO YTIUCTOTO OCTAaTKa,
IJIe OCTaTOK OOJIbIIIe HE HArPEeBAeTCs M TeMIepaTypa
najaer.

Tompko  moOpuCTBIE  MaTepuaibl, KOTOPBIC
IIPH  HAarpeBaHUH OOpa3yIoT TBEPIBIA YIIIMCTHIN
OCTaTOK, MOTYT IPETEePIEeBaTh CAMOCTOSTEIIHO TIOA-
nIep KuBaeMoe TiIeroriee roperue [12].

[ImamMeHHOE TOpEeHHE MOXKET YCTAHOBHUTHCS
Ha TIOBEPXHOCTH TBEPIOTO BEUIECTBA JIUIIb B TOM

* —TOCT P 57552-2017 «Texuuka nmoxkapHas. l13Be-
IIATeIIN TIOXKapHBIE MYJIBTHKpUTEpUanbHbe. O0mme Tex-
HUYECKUE TPEOOBAHUS ¥ METOJIBI HCIIBITAaHUI.
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CiIy4ae, €ClM CKOPOCTh BBIACNEHHS JIETy4UX IIPO-
JIYKTOB TIPEB3OUIET ONPEAENEHHYI0 KPUTUYECKYIO
cKopocTh. [l1a mocTmkeHHus TemmepaTtyp, HeoOXo-
JIUMBIX JJISL 9TOTO, TpeOyeTcst O0IBII0e KOTUIECTBO
BpeMenu [12].

OpHaKo BO BCeX yKa3aHHBIX PaboTax M3ydanch
TOJIBKO TeMIIepaTypa U CKOPOCTh Mepexoia OT Tiie-
HUS K TUIaMeHHOMY TopeHuto. [Ipu sTom ocrammch
HE W3yYEHHBIMH TaKue TapaMeTphl OKpYKaromien
CpeIlbl, KaK: ONTHYeCKas MIIOTHOCTh, PACCEHBAOIIIAs
CIOCOOHOCTP, KOHIICHTPAIIHS YTapHOTO Ta3a.

Ilenpro HacTOsIICH PAaOOTHI ABISAIACH pa3padoT-
Ka METOJWKH WCCIEOBAHUS IMAapaMeTpPoOB OKpYyXkKa-
fOIeH Ccpenbl TIPH TepexoAe OT TICHUS (ITUPOJII3a)
B TNIAMEHHOE TOpPEHHE JJIsi MOJEIMPOBAHUS TECTO-
BOTO ITOJKapa JJIsl POBEPKU Ka4eCTBA MYJIbTUKPUTE-
pUAIIbHBIX U3BEIIaTENEH.

MeToanka npoBeeHus1 UCCIeI0BAHUI

B pabote nccieqoBaHO H3MEHEHHE XapaKTepH-
CTHK OKpY>Kalolllel cpefibl B YCIOBHUSIX HarpeBa 00-
Pa3LoB JIpeBECUHBI pa3HOTO pa3Mepa A0 TeMIlepary-
PBI CAMOBOCIJIAMEHEHUSI U TOPEHUE JIUCTOB MATON U
riajKoi Oymaru. M3amMepsiiuch KOHIICHTPALUS yrap-
Horo raza (CQO), yaenbHasl ONTUYECKAs IJIOTHOCTh
MU TIOTOK OINTHYECKOTO MW3JIyYeHUs, pPacCesHHBINA
Ha yriael oT 11 mo 15°, a Takke TemmepaTypa Ha Ha-
IpeBaTEJIbHOM MOBEPXHOCTH JIEKTPOIUINTKH, HA TO-
TOJIKE UCTIBITAaTEIbHON KaMephl M Ha BXOJI€ B BBITSXK-
HoM kaHain. MccnenoBanust mpoBOAMINCH B UCTIBITA-
TETHHOM KamMepe pazMepoM 2 X 2 X 2.5 M ¢ BBITSHKHBIM
kaHajgoM ceueHuem 600 x 380 MM (pucyHOK 1).
B BBHITS)KHOM KaHalle yCTaHaBIMBAIOTCS JaTUYUKU
yTapHOI'o ra3a U U3MEpUTENIbHAs CHUCTEMA JIJIs U3Me-
pPEeHHs ONTUYECKUX XapaKTEPUCTHK ra30BO3/1YIIHOM
cpensl. Ha nosy ucnbITaTeNIbHON KaMephl yCTaHaB-
JIUBAJACh AJIEKTPOILIUTA, MOIIHOCThIO 2 KBT, nua-
MeTpoM 220 MM C BOCbMbIO KOHLIEHTPUYECKUMHU Ka-
HaJlaMH TJIyOMHON 2 MM W ILIUPUHON 5 MM Kaxkaas.
[ToBepxHOCTh MIUTH Harpesanack 10 600 °C.

B kauectBe TOmIMBA A TECTOBBIX I0KAPOB
WCTIOJIB30BAIUCH  00pas3lbl JAPEBECHHBI, a TaKKe
JUCTBI MSATOM M THaJKOM Oymarum c mapameTrpamu,
NpUBeACHHBIMY B Tabiuue 1.

B kauectBe cpeicTB M3MepeHMs MapaMeTpoB
OKpYXKaIOIeH Cpe/ibl TPU TOPEHNH TECTOBBIX IT0XKAPOB
WCIIOJIb30BAJIMCh: TA30aHAIU3aTOP JBIMOBBIX Ta30B
Multilyzer NG (c norpeHocTbio 5 % 0T H3MEpEeHHOM
BEJIMYUHBI); YyCTAaHOBKA «JIBIMOBOI KaHaI», TIO3BOJISI-
Iol1asg MOJIETIMPOBATh MOXKAphl B YCIOBUSIX, MPHOIH-
KEHHBIX K PEabHBIM MOXKapaM B OBITOBBIX ITOMeIlle-

HusAx [14]. YcranoBka «JIpIMOBOM KaHam» BKIIIO-
yaeT B cebs m3Mmepurenb-perynsarop «CocHa-004»
cTepModekTpudeckum mpeoopaszosareeM T XA(K)-
1199, umeronum nuanaszon uaMmepenus ot — 50 °C no
+ 500 °C 1 u3MepuTeNbHbIN y3€] YCTAHOBKH JJIs U3-
MEpEHHS OTITUYECKUX XapaKTEPHUCTHK JIbIMa (Y 1eITb-
HOW ONTHUYECKOW MJIOTHOCTH M BEIUYMHBI MTOTOKA
OTITUYECKOTO W3IyUYeHHsI, PACCESTHHOTO YacCTHIIAMU
JIbIMA).

AT
A

Pucynok 1 — VcnsiTaTenpHas KaMepa U MECTa pacriolio-
JKeHHs 000pYIOBAaHUS M CPEICTB M3MepeHuil: 1 — Harpe-
BaTeJbHAs TUINTKA; 2 — UCHBITATENIbHAS KaMepa; 3 — BbI-
TSDKHOW KaHal; 4 —MECTO YCTaHOBKM Ta30aHAIM3ATOPA;
5 — onTUYecKuil U3MEPUTEIbHBIA Y3ell; 6 — U3MEPUTEIb
TEeMITePaTypBbI

Figure 1 — Test chamber with equipment locations
and measuring instruments: 1 — heating plate; 2 — test
chamber; 3 — exhaust duct; 4 — gas analyzer installation
site; 5 — optical measuring unit; 6 — temperature meter

Tabnuya 1/ Table 1
XapakTepuCcTUKH TOIUIMBA JJIsi TECTOBBIX MO-
JKAPOB

Characteristics of fuel for test fires

Howmep
obOpasnia Bwung tommmBa  Pasmepsi, MM Macca, r
Sample  Type of fuel  Sizes, mm  Mass, g
Number
1 enb/spruce 2x10x75 14
2 ocrHa/aspen 3,5x10x75 13,7
3 ocHHa/aspen 6x10x75 13,5
4 ocHHa/aspen 20x20x75 11,5
5 ncyas Oymara (bopmar A4
MsTas 4.5
wrinkled paper A4 format
6 nycyas Oymara
TIajKas tdopmat A4
smooth writing A4 format 20

paper
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Ji1st n3MepeHnst pacCessHHOTO M3ITyYEHHS HCTIOJb-
30BaJlaCch YCTAHOBKA JUISl U3MEPEHUsI PACCESIHHOTO U3-
mydenns no Merony Ludpuna [15]. Yceranoska peru-
CTPHUPYET M3IIyUEHUE, PACCETHHOE IOJ] yIiaMHu OT 3°
1o 11°, a Takke U3TydeHHE TPOLIEALIee Yepe3 Uccie-
nyeMyto cpeny 0e3 paccesiusl. MimeeTcs BO3MOKHOCTh
(OKyCHpOBAaTh ONTHYECKOE HW3IIyUYCHHE, PACCESIHHOE
nox yrinamu ot 3° o 11° Ha doronpuémunke, pacro-
JIO)KEHHOM 3a (poKycoM oObekTHBa. Takum o0pazom,
M3MepsieTCs] MHTerpajibHas XapaKTepHCTHKA ONTHYe-
CKOTO W3JTy4eHUSI, PACCESITHHOTO Ha YIIbl oT 3 g0 11°.
N3mepenne WHTEHCHBHOCTH TPOIIEAIIETO 4Yepe3 HC-
CIIeTlyeMyIO Cpely ONTUYECKOTO M3Ty9IeHHS ITO3BOJISET
OTIPEIENATh ONTHYECKYIO THIOTHOCTH Ta30BO3/YIITHON
CpeJIbl, CoieprKalllelt a3p030Jib Pa3HON MPUPOJIbI.

Jns wm3mepeHuss TemmepaTypbl Ha IMOTOJIKE,
Ha BXO/€ B BBITSDKHOW KaHaJI M Ha IUIMTKE yCTa-
HaBJIMBAJIUCH TEPMOTIAPBI, KOTOPHIE MOIKIIOUATHCH
K u3Mepurento-perynsaropy «Cocua-004».

DNEeKTPOIUINTKA TpPH BKJIIOYEHUH TOCTEIeH-
HO HarpeBajlach J0 MaKCHMaJbHOM TemIeparypsl
(oxomo 600 °C).

Jnst MotenpoBaHus pekuMa repexoia ot Tiie-
HUS K [JIAMEHHOMY T'OpPEHHUI0 00pasiibl IPEeBECUHBI
Y JTUCTBI MATOM OyMaru pacrojaraiuch paBHOMEPHO
Ha JJIEKTPOIUTUTKE, TEMIepaTypa KOTOpPOH He Tpe-
BBIIIAJIa TEMIIEPATYPY OKpy:karoien cpessl. [Tocne
9TOr0 BKJIIOYANACh 3JIEKTPOIUIUTKA, TEeMIleparypa
Ha KOTOPOH MOCTOSIHHO MoBbIIIasiack. PocT Ttemrie-
patypsl 3a 14 mun cocraBui 480 °C.

W3meHenune reMnepaTypbl PUKCHPOBAIOCH KaXkK-
npeie 30 ¢ TepMonapoil, yI0KeHHOM B OJIMH U3 KOH-
LEHTPUYECKNX KaHAJIOB Ha 3JIEeKTporuuTke. OnHO-
BPEMEHHO (PUKCUPOBAINCH TeMIIepaTypa Ha BXOJE
B BBITSDKHOW KaHANl W TEMIEpaTypa MOJ IMOTOIKOM
HCIIBITATENIbHOM Kamephl (BbIcOTa MOTOJKa 2,4 M)
Ha OCH Tokapa. TemmepaTypa BO3Ayxa B Hauaie
JKcIepuMeHTa coctasisina 18 °C.

Ha paccrossann 4 M 0T ocu moXxapa B JBIMO-
BOM KaHaje MpPOBOJWINCh H3MEPEHMs YIEIbHOU
ONTUYECKON TNIOTHOCTU M PACCEIHHOTO U3IYUCHHUS.
PaccrosHrEe, KOTOpPOE MPOXOTMIIO 30HANPYIOIIEE H3-
JlydeHHe TONepeK IBIMOBOIO KaHaja, COCTaBISIIO
600 mm. CKOPOCTH BO3IYITHOTO MTOTOKA U3MEPSIach
Ha BXOZ€ B KaHal u Oblia paBHa npumepHo 0,2 m/c.
M3Mepenne ynenbHOW ONTUYECKON IJIOTHOCTH U
PACCEeSTHHOTO M3IyYeHHS C MOMOIIBI0 M3MEPHUTEIh-
HOTO y3J1a YCTAHOBKH JJIi U3MEPEHUS] ONTHYECKUX
XapaKTEepPUCTUK JbIMa TPOBOIMIOCH TaKXKe dYepes
kaxnpie 30 ¢ B TeueHue 14 MUH ¢ MOMEHTa Havasa
Harpesa 3JIeKTPOTUTUTKH.

Hccienopanue XxapakTepuCTHK

W3MeHeHHsT KOHIEHTpAalMu YrapHOTO Tasa,
YAECIBHOW ONTUYECKOHN IIJIOTHOCTH, PACCEUBAIOLLEH
CIIOCOOHOCTH IPH Harpese o00pasia, H3rOTOBJIEHHO-
T'O U3 €N TOJIIUHOK 2 MM (0Opasen Ne 1), mpusene-
HBI Ha PUCYHKE 2.
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Pucynok 2 — I3MeHeHusi  paccessHHOTO  W3JIyYeHUs,

YAEIbHOU ONTUYECKOH IJIOTHOCTH, KOHLEHTPALUU yrap-
HOTO Ta3a IIPU HarpeBe JAEePEeBsIHHBIX OPYCOUYKOB pa3mepa-
MH 2 X 10X 75 Mmm

Figure 2 — Changes of scattered radiation, specific optical
density, carbon monoxide concentration when heating
wooden blocks with dimensions of 2 X 10 x 75 mm

[Ipu HarpeBaHWM TJIMTKHU, HAUYWHAS C 5 MUHYTHI
Ipy TeMIiepatype Ha Heit 275 °C 1 BbIIie, HAaOII0IAI0Ch
TIOCTETIEHHOE YBEITMYEHHE TTOTOKA PACCEeTHHOTO W3-
YEHHUs ¥ 3HAUEHUN YJIeTbHON ONTUYECKOM TUIOTHOCTH.

Hammaue yrapuoro raza CO Ttaxke (purcupo-
BaJIOCh, HaYWHASA C 7,5 MHHYTHI, 9TO OOYCJIOBIICHO
HEKOTOPOH MHEPIIHOHHOCTHIO (110 60 ¢ cormacHo ma-
CIIopTy) B GUKCHPOBAHNHT 3HAUCHIH Tra30aHAIN3aTO-
pOM IBIMOBBIX Ta30B Multilyzer NG.

N3 pucynka 2 BUJIHO, UTO:

1. TIpoucxoinno paBHOMEPHOE yBEIUUYECHHE ClIe-
JTYFOIIIUX TIApaMeTPOB A0 OMPEIeNEHHOTO BPEMEHU:

— U3MEHEHHE YJIeIIbHOM ONTUYECKOH IIIIOTHOCTH
(ot 0 1o 0,68 n1b/M) 10 8 MUHYTHI,
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— U3MEHEHHE IMOTOKA PACCETHHOTO H3ITyYeHUs
(ot 0,5 1o 0,85 oTH. ex.) 10 7,5 MUHYTHL;

— U3MEHEHHE KOHIICHTPAIUU yTapHOTO
3a (CO) (mo 19 ppm) 10 9,5 MUHYTEIL.

2. I3MeHeHNsI KOHTPOJIMPYEMBIX IapaMeTpOB
VMMeJH WHOMU, O0JIee TUIAaBHBIM BO BpEMEHH, XapaKTep:

—HauuHas ¢ 8 ¥ 70 9,5 MUHYTHI ISl yIEIbHON
ONTHYECKOW IUIOTHOCTH (u3MeHeHus ot 0,68 1o
0,88 nb/m);

—HaunHasg ¢ 7,5 muHyTel A0 10,5 MUHYTBHI
IUISL pacCeIHHOTO u3nyueHus (u3menenus ot 0,85 1o
1 oTH.ex.).

IIpu sTOoM C 8,5 MUHYTHI BILIOTH A0 9 MUHYTHI
(nepuon okono 30 c) ynenbHas onThyeckas IJIOT-
HOCTh (okoji0 0,75 nb/M) U paccessHHOE U3JIy4YCHUE
(0,95 oTH. ex.) cyIIeCTBEHHO HE U3MEHSIINCH.

3. Bo3oOHOBIIEHNE PE3KOTO W3MEHEHUS yJIeib-
HOH ONTHYECKOU MIIOTHOCTU HAYaI0Ch € 9,5 MUHYTHI
BILUIOTH A0 10,5 MunyTHI (630 ¢) (M3MEHEHUs ONTH-
yeckoit wioTHocTH ¢ 0,88 n1b/m no 1,23 nb/m).

M3menenuns TeMiepaTypsl Ha TUTUTKE, HA TIOTOJI-
K€ UCTIBITATeTbHOIW KaMephl M Ha BXOJI€ B BHITSHIKHOU
KaHaJ MPEJICTABJICHBI Ha PHCYHKE 3.

Bocmnamenenune o0pasiia, W3rOTOBJICHHOTO W3
emu TonmuHON 2 MM (oOpaser; Ne 1) HaOmromanoch
[IpU TEMIIEPATYPE MOBEPXHOCTH ITUTHI 0K0J10 400 °C.

VienbHas onTuUdeckas IUIOTHOCTb — IOCIE
10,5 MUHYTBI Hauaja CHUXKATbCs. B OTHOIIEHUU JU-
HAMUKU W3MEHEHUs 3HaueHui yrapHoro raza (CO)
OTMETHUM, YTO HauuHasi ¢ 9,5 MUHYTHI 10 12 MUHYTHI
KOHIIeHTpalust yrapHoro raza (CO) yBenn4uBaercs
o JTuHeiHoM 3aBucuMocTH (¢ 19 10 94 ppm). [Tocne
12 MUHYTBl HAYMHAETCS YMEHBIICHHE KOHIICHTpA-
un yrapHoro raza (CO).

IIpu HarpeBaHuu 00pa3IOB TOJIIMHOHN Oojee
2-x MM ¥ 00pa3ioB mstoit Oymaru (Ne 2—5) ux Boc-
IJIaMEHEHUS He HabII0Mamock, HO IIPH TOM O0HApY-
JKeHa 3aBHCUMOCTh KOHIIGHTPAIIUX YTapHOTO Ta3a OT
MCXOIHOU ToNmuHbI 00pa3ua. Yem tomme oOpaser,
TEM TIO37]HEeE W TpW OOoNblLIel TemrepaType Ha Mo-
BEPXHOCTH IITUTHI TTOSIBISUICS YTapHBIH ra3.

B cmydae mieHums maakod Oymard  ymenb-
Has ONTHYECKas IUIOTHOCTh JOCTHTANA 3HAYCHUS
4 nb/m uepe3 520 c. B mepssie 260 ¢, moka Temre-
parypa Oymarn HE AOCTHIVIAa 3HAYCHHS TeMIIepa-
TYypBl TIICHUS, TPOUCXOAUT MEIJICHHOC W3MCHCHUE
ONTHYECKUX XaPAKTEPUCTUK CPEIBI TIOJ] ITOTOIKOM,
yaenpHas ONTHYECKas IUIOTHOCTh IMPH ITOM JO-
cruraetr 3HadeHus 0,2 nb/m. JlocturayB temmepa-
Typbl TICHHS, 3a mociemyrone 260 ¢, ymempHas
ONTHYECKAsT TUIOTHOCTHh yBEIWMUHMBAaeTCS 10 4 ab/M.
MenieHHBI HE3HAYUTENBHBIM POCT TeMIEparypbl

ra-

JI0 MOMEHTa CaMOBOCIIJIAMEHEHHUsI OyMaru B OCHOB-
HOM ONpEAEISIETCS TEIUIOBBIACICHHEM 3JIEKTPO-
wimThl. OZHOBPEMEHHO OBICTPO HapacTaeT WHTEH-
CHUBHOCTb paccessHHoro uziyudenus. Ilocie camo-
BOCIJIAMEHEHHs OyMarm HauuHaeTcsi OBICTpPBIH
POCT TeMIeparypsl ¥ OHOBPEMEHHO YMEHbLIAETCS
yAebHasl ONTHYECKasl IVIOTHOCTh U MHTEHCUBHOCTh
paccessHHOTO u3ay4yeHus [5].
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Pucynox 3 — I3mMenenust TemmepaTypsl Ha IIMTKeE,
BOJIM3H MTOTOJIKA KaMEPBI M Ha BXOJIC B BBITSDKHOW KaHAJ

Figure 3 — Temperature changes on the plate, near the
ceiling of the chamber and at the entrance to the exhaust
duct

AHanmM3upysl PUCYHOK 4, JienaeM BBIBOJ, UTO
MEPEXOTHON MPOIIECC OT TICHUS K IIIAMEHHOMY TO-
PEHUIO IIJIKON OyMard OIUChIBACTCS CIIEYIONIMMHU
3aBUCUMOCTSIMU:

— pe3Koe YBENUUCHUE TeMIIePaTyphl Ha MOTOJKE
UCTIBITATENLHOM KaMephl P BOCIIAMEHEHUH OyMarw;

— pe3KOE CHMKCHUE 3HAYCHHH MHTCHCHBHOCTH
paccestHHOTO CBETa;

— pe3koe yBeluueHHe KOX(P(UIMEHTa CBETO-
MPOMYCKaHHUS.

KonnvecTBeHHbIC 3HAYCHUS] JTUHAMUKHA H3Me-
HCHHsI KOHTPOJIMPYEMBIX MapamMeTpoB BO BPEMEHH
NpU HArpeBaHUH O0PAa3IOB JPEBECHHBI TONIIHHON
2 MM JIJIsl 3TAIOB MUPOJIN3a U MJIAMEHHOTO TOPEHHUS
TIPUBEACHBI B TaOIAIIEC 2.
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Tabnuya 2 / Table 2

CKOpOCTb U3MECHCHHUSI IMOTOKAa PacCCeAHHOro M3JIy4YeHUs, yZ[eJIBHOﬁ ONTHYECKOH IVIOTHOCTH,
KOHICHTPAIlUU YrapHoOro rasa Oprmammeﬁ Cpeabl B INOMCINEHHMHM Ha J3Tanmax MNDUHPoOJHU3a MU
NJIAMEHHOI'0 TOPECHUA

Speed of change of scattered radiation flux, specific optical density, carbon monoxide concentration
the environmental parameters in the room at the stages of pyrolysis and flame combustion

KouTponupyembie mapaMmeTpbl Ckopoctb u3mMeHeHus napamMerpa  CKOpOCTh U3MEHEHHUS MTapaMeTpa
OKpPYXaroIleH cpebl Ha JTare MUPoJIn3a Ha JTare MIaMEHHOTO TOPEHUs
Controlled environmental The rate of change The rate of change
parameters of the parameter at the stage of the parameter at the stage
of pyrolysis of flame combustion
IToTok paccessHHOTO U3ITy4YeHUs A, .l A, .l
o 0,140 mun" /min 0,058 mun" /min

Scattered radiation flux
VY enpHas onTu4eckas MiOTHOCTh 1 . 1 .

. . 0,204 (nb/m) mun"/(dB/m) min 0,416 (nb/m) mun"/(dB/m) min
Specific gravity
Konnenrpamus yrapHoro raza ) )

P yrap 6,5 ppm Mun"/min’! 34,5 ppm mus'/ppm min!

Carbon monoxide concentration

B pesynbrate cpaBHEHHUs pe3ylbTaTOB, IMOJY-
YCHHBIX B JAHHOW paboTe mpu HarpeBaHuu 0Opas-
OB JIPEBECHHBI TOJIIMHON 2 MM, C pe3yJibTaraMu
paboTHI [5], menmaeM CIeayIoIHe BRIBOIBI:

i — TIEPBBIA dTal HarpeBa (MUPoJU3a) 00pasloB
JIPEBECHHBI TaK K€, Kak U 00pa3IoB IJaJKoi Oy-

o 3 :

20
40

Temmepatypa, °C
Temperature, °C

& sl ] Maru, XapakTepu3yeTcs OJHOBPEMEHHbIM HapacTa-
g E g}g 20l ] HHEM 3HAYEHHU ITI0TOKAa PACCESHHOTO H3IIy4YCHUS,
20555 f 1 YIIeIBHOM ONTHYECKOH IUIOTHOCTH, a TaK)Ke KOHIICH-
g % EEE oL ] TpaIuu YyrapHOTo Ta3a (I TIaaKou Oymaru m3me-
= 2 . ] : 5 pennst CO He TPOBOJNIINCH);

B oo 0 ' : ! 5 1 — BTOPOH 3Tan MjaMeHHOTo ropeHus (¢ 8 no
L Hor | 10,5 muH — s 00pa3noB U3 ApeBecuHsl, ¢ 520 10
5 % ,g 0s L | 570 ¢ — mnst 0OpasmoB raaaAKol Oymaru) xapakre-
SEZ ' pu3yeTcst OJHOBPEMEHHBIMH (B IIpeiesax Morpen-
2 ER 06 L i HOCTH M3MEPEHUIA) 00Jiee PE3KUMHU M3MEHEHHUAMU

: i | YJIeJIbHOM ONTHUYECKOW IJIOTHOCTHM M KOHIIEHTpa-
0 600 1200

UKW yrapHoro rasa, a TakikKe 0oJiee IUIAaBHBIMU W3-
Bpems, ¢
l?ime_.-s MCHCHUSIMU CKOPOCTU HapaCTaHUusA pPaCCCAIHHOTO

Pucynok 4 — I3MeHeHne BpeMEHHBIX 3aBUCUMOCTed — H3JIyYCHUA,

TEMITEPaTyphl 110J] TIOTOJIKOM MOMEIICHNUS, HHTECHCHBHO- — TPETHUM 3Tall 3aTyXaHUs XapaKTepU3yeTCs OJ1-
CTH PACCESHHOTO H3TYYCHHs i KOO(QDUIIMCHTA IPONYCKA-  HOBPEMEHHBIM YMEHBIIEHHEM 3HAYEHMH BCEX KOH-
HUSI Cpeibl IpH nepexoze nupoinusa (1o 520 ¢) B miaMen- TPOJIUPYEMBIX 1aPAMETPOB.

HOE TOpeHne Oymaru

Figure 4 — Change in the time dependences of the 3aKJ/I0O4YeHHE
temperature under the ceiling of the room, the intensity

of the scattered radiation and the coefficient Paspaborana MeTonrKa, ¢ MOMOIIBIO KOTOPOii
of transmittance of the medium during the transition from  BIEPBBIC BBIIIOJHECHO OJAHOBPECMEHHOE HCCIIEI0BA-
pyrolysis (up to 520 s) to flame burning of paper HUE JMHAMUKHA U3MEHEHUS KOHIIEHTPALUU YTapHOTO
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ra3a, yJeJbHOH ONTHYECKOH IUIOTHOCTH, pPacceu-
BaloOIIeH CIOCOOHOCTH B OJHOW M TOH ke 00JxacTH
OKpYKaroIllel cpesbl, CoiepKalle MpoayKThl rope-
HUSI, I TIEPEX0/i¢ MUPOJIN3a B IJIAMEHHOE TOPEHHUE
JIpeBeCHHbl U mucueld Oymaru. M3mepeHus BBIIOI-
HSUIUCH B 00JIaCTH CpeZbl, PaclojOKEeHHON Ha pac-
CTOSIHMHM OT OCH TI03Kapa, XapaKTepHOM ]IS TIOJIOKe-
HUS [TO’KapHBIX W3BEIIATEINCH.

[lokazaHo, uYro BOJM3M TMOTOJNKA TOMEIIe-
HUSl Ha yJAJICHUH OT OCH IO0XKapa, COOTBETCTBYIO-
[IEMy MAaKCHMaJbHO BO3MOKHOMY PAaCCTOSHHIO
OT OCH TOKapa [0 W3BELIaTeNsl, B HCCICIOBAHUH
OHO COCTaBISAJO 4 M, INpH Mepexoie MNHPOIU3a
B IUIAMEHHOE TOPEHHUE IPEBECUHBI U JIUCTOB MHILECH
Oymaru KOHLEHTpalMs yrapHOTo rasa, TeMIrepary-
pa, yaenpHas ONTHYECKas IIOTHOCTh M PacceHBa-
Iol1asi CIIOCOOHOCTh OKpYXKarolled cpeabl, coaep-
JKaled MpoAyKThl TOPEHHSI, U3MEHSIOTCS OAHOBpPE-
MEHHO.

Y CTaHOBIEHO, YTO MPH MEPEXOE OT MUPOIHU3a
K MJJAMEHHOMY TOPEHHUIO JPEBECHHBI HAOIIOAACTCS
yMEHbILIEHUE B 2,4 pa3za CKOPOCTH pocTa pacceuBa-
folIeld COCOOHOCTH JIbIMa, CKOPOCTH YBEIUYCHHS
YAEIBbHON ONTUYECKON MIIOTHOCTH U KOHLIEHTPALUU
yrapHOro rasza yBeJIMuuBaroTcs B 2 U B 5,3 pasza co-
OTBETCTBEHHO.
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