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CPABHUTEJIBHBIN AHAJIN3 CUCTEM JIYUYUCTOI'O OTOILIEHUSI
HNPOU3BOJACTBEHHBIX OBBEKTOB

IHAPAMOHOBA Oxkcana HukosnaeBHa
KaHJIUJAT TEXHUYECKUX HAYK, JOLEHT
EJIMCTPATOBA Mapus IlerpoBHa
CTYIEHT
OI'bOY BO «J/loHCKO# TOCYJapCTBEHHBIN TEXHUYECKUN YHUBEPCUTET»
r. Pocros-Ha-Jlony, Poccus

B 0annoii cmamve npogooumcs ananuz 6udo Jyuucmo20 OmonieHus 8 NPOUu300CMBEHHBIX NOMEWEHUAX, C Ye-
JIbl0 blAGNEHUA Hauboee PHekmuUHO20 U IKON02UUHO20 chocoba obozpesa. Paccmampusaromes maxue munsl
OMONUMENbHBIX CUCeEM KAK UHQPAKPACHble NaHenu, 2a308ble Uy4ament U 00sAHble JIyHUCHble cucmemsl. B
pe3yivmame aHanU3a A8MOpbl NPUX00sm K bl600y, umo Haubonee dPHeKmusHol u IKOIOSUYHOU CUCEMOU
OMONAeHUsL AGNAIOMCS 8O0sHbIE UHPPAKPACHbLIEe usTyuamenu. Takum oopazom, cmamvs noouepKueaem 3Hadu-
MOCIMb AHATU3A BCEX BOZMOICHBIX U008 TIYHUCIO20 OMONNEHUA OJiA 8b100PA ONMUMATLHOLL CUCeMbl 0002pesa.

KiroueBble ci10Ba: OTOIUICHHE, JYYHCTOE OTOIUIEHHE, MH(paKpacHble M3IydaTend, MUKPOKINMAT, mapa-

METPBI, TEIIJIOTa, MIPOU3BOJACTBEHHOC ITOMCUICHUE.

B Benenue. TemioBoe W3IydeHHE SIBISIETCS
OJTHUM M3 CIOCOOOB pacnpoCTpaHEHUs
terua. OHO TpencTaBisieT coOoil nmeKTpomar-
HUTHOE W3JIydeHUEe B HH(PAKpaCHOM JaMaria-
3oHe. [Ipu 3TOM TEmIIO Tepemaercs HENmocpen-
CTBEHHO OT MCTOYHHUKA K OOBEKTY, HE HarpeBas
BO3AYyX. DTO IMO3BOJISIET COXPAaHUTHh YHEPTUIO H
co3ziaTh 6ojiee KOM(pOPTHBIE YCIOBHUS.

WudpakpacHble Ty4H JIETKO MPOXOAAT Yepes3
BO3AYX U JOCTHTAIOT MOBEPXHOCTEH, Ha KOTO-
pBIe OHU TIOMAAAl0T. MOJIEKYIIBI ATHX MOBEPX-
HOCTEH HAYMHAIOT KosiebaThcs, MOTJIONas YHEp-
THIO JIy4eid. DTOT TPOIECC MPOIOIHKACTCS [0
TeX IMOop, MOKa KojeOaHUs MOJIEKYJl He JOCTHTI-
HYT YaCTOTHI HHPPAKPACHOTO HIITyUEHHUS, TTOCTIe
4ero HaYMHAETCsl OTpakeHUe u3aydeHus. Yeno-
BEK BOCIIPHHUMAET 3TO KaK TOBBIIICHUE TeMITe-
patypsl 00bekTa [4].

Takum 00pa3oM, JTy4HCTOE OTOTUICHHUE SIBIISI-
erca 3(pPEeKTUBHBIM U KOM(POPTHBIM CHOCOOOM
oborpeBa nmomenieHus. OHO MO3BOJISAET CO3/IATh
paBHOMEpPHOE pacrpesie]ieHue TeIla U COKOHO-
MHTH SHEpruto. OQHAKO, TaKON BHJ OTOIUICHHS
MOJKET OBbITh 60Jiee JOPOrOCTOSIINM B YCTAaHOB-
K€ M MCIIOJIb30BaHUH TI0 CPABHEHUIO C APYTUMH
METOAaMHU.

Kak mnpaBuno, Hambonee BocTpeOOBaHHBIE
CHCTEMBbl JYYMCTOTO OTOIUICHHs KJlacCH(ULU-
PYIOT CJIETYIOIUM 00pa3oM:

— nH(pakpacHble TaHeNu;

— ra3oBbI€ U3ITyYaTellH;

— BOJISTHBIC JTYYHCTBIE CUCTEMBI.

PaccmoTpu mepeuncieHHbIE BUIBI
JeTaIbHO.

Hnghpaxpacnvie nanenu. Uadpakpacuoe (UK)
OTOIUIEHHE OCYUIECTBIIIETCA MPU MOMOIIM HH-
¢bpakpacHbix usny4ateneid. Msmydarensb reHe-
pupyert, popMupyeT B IPOCTPAHCTBE M HAIPaB-
JSeT TeIJIOBOE H3IydeHHe B 30HY 00Orpesa.
OHo momazaer Ha IOJI, CTEHbI, TEXHOJIOTUYe-
CKO€ 000pyZOBaHUE U JIOEH, HAXOASIIMXCS B
30HE JIeHCTBUS UHPPAKPACHOTO U3ITyYEHUs], MO-
TJIONIAETCS UMH U HarpesaeT ux [1].

[IpenmymectBamu MK-otoruienus sBisrores:

1. DueproaddexruBHocTs. HezaBucumo ot
pa3MepoB, 00IaCTH MPUMEHEHUS! U KOHCTPYKTHB-
HBIX OCOOEHHOCTEH, cucTeMbl HH(PaKpPaCHOrO
o0orpeBa NOTPeOISIFOT OYEHb MaJIo 3JIEKTPOIHEP-
rud. [{ns cpaBHEeHUs: OBITOBOW TETUIOBEHTHIISTOP
pacxonyer mpumepHo 2500 BarT B uac, camas
MotHas HactenHas UK-nanens — 700 BaTT B yac.

2. YauBepcabHOCTh. VIK-000TrpeBarenm Mox-
HO HCTOJB30BaTh «TOYEUHO», T. €. OTAIUIMBAThH
OTJIETIbHYIO 30HY (HAmpuMep, psiioM ¢ pabounm
MecToM). Mnu o0beIMHUTh HECKOJIBKO TEeIIo-
MaHeJel B eIMHYI0 CUCTEMY U YCTAaHOBUTH BMe-
CTO MAapOBOT0 OTOIUICHHUSI.

3. Beicokas Termootnava. Teruto omrymiaert-
csl cpa3y Iociie BKJIIOUeHus, paboyas Temrepa-
Typa pocturaercs 3a 20 MHUHYT, 060rpeB mome-
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uieHusl mpojoikaercs eme 1,5-2 yaca mocie
BBIKJTIOUCHHUS.

4. bezonacHocth.  CorydaiiHble  BO3TOpaHUs,
OKOT'H, yAapbl TOKOM HCKIto4YeHbl. HarpeBarens-
HBIIl 2JIEMEHT HAJISKHO 3aW30JMPOBAH CIICIUAIb-
HBIM HAIOJIHUTEJEM U JIOTIOTHUTENIFHO 3allUIIEH
BHEITHUM KOPITYCOM.

5. Jlerkocts MoHTaxka. Kotibl, TpyObl, Tpy-
JI0eMKHue paboThl MOMPOCTY He HyXHBI. Craru-
OHapHbIe 000rpeBaTeNl KPEnAaTcs C MOMOIIBIO
KPOHIIITEHHOB M BKJIFOUAIOTCS B PO3ETKY.

ITpu sTrom UK-otomnenue 061ana0T U HEO-
CTaTKaMH TaKMMH, KaK:

1. HeoOxonuMocCTh MperBapUTENIbHOTO IPO-
extupoBanusa. Jns sddexruBHOrO 00OTpEBaA
J0Ma, KBapTUPBI WK opuca HeOOXOIUMO y4u-
THIBaTh HE TOJILKO IUIOUIA[b M BBICOTY MOTOJI-
KOB, HO U CTETICHb TEIION30JISILIMY [TOMEILIEHUS

2. Ommbku B pacyere momHoctu. [Ipm 3a-
BBIIIEHHON MOIIHOCTU OyNET CIHMIIKOM >KapKo,
MIPU 3aHMKEHHON — CIIMIIKOM XOJIO/IHO.

3. IInanoBble 1 aBapUiiHbIC OTKIIIOYEHUSI CBETA.
XoTs WH(ppaKpaCHBIC PaauaTOPbl 3alIUIICHBI OT
CKQuKOB HAMpSHKEHHSI, «II0r0/Ia B JIOME) 3aBHCUT
OT LEHTPAITM30BAHHOTO 3JIEKTPOCHAOKEHHS.

T'azosvie uznyuamenu. I'a30Bble HHPPAKPACHBIC
M3ITydaTeNn MPEACTABISIIOT CO00W cucTeMy, B KO-
TOPOM TEIIO BBIPAOATHIBACTCS MPU CTOPAHUM Ta-
30BO3YIIHON cMecH B M3ily4aromux Tpyodax. Cu-
cTeMa COCTOUT W3 TOPEJKH, BEHTWJIATOPA, U3IY-
yaomux Tpyo u peduexropa. McrouHMKOM Ter-
JIOTBl B CUCTEME SIBIISIETCSI MOYIMPOBAHO YIIPaB-
JsieMasi Ta30Basi TOpelika 3aKpBITOrO THIA, yCTa-
HaBIMBaeMasi Ha KOHIIe M3Tydaroriel Tpyosl. Bo
BpeMst pabOThI TOpeITKa IaeT TiamMsi, KOTOpoe pac-
MIPOCTpaHsETCs MO JUTMHE TIEPBOT0 ydyacTka Tpy-
Obl, a BAKYYMHBII BEHTWISTOP CO3/IACT TATY JUIS
MIPOJIyKTOB TOPEHHUs, KOTOPbIE 3aTeM, TPOUIS 1O
BCEH JUIMHE YCTPOMCTBA, OXJIAXKAAOTCS, IPU ITOM
TpyOBI UCITyCKaIOT JTyurcToe Terio. [loBepxHOCTh
Tpy0 HarpeBaercs B cpeaHem ot 350 go 750 °C u
OT/Ia€T CBOE TEIUIO B ITOMEIIEHHE B OCHOBHOM I10-
cpenctBoM m3mydeHus. Ham tpyOamu kperwrcs
pednexkTop U3 MONMPOBAHHOMN CTalIM, U BCS KOH-
CTPYKITHSI TTOJIBEIIMBACTCS TIOJ KpBIIIeH WM Ha
cTeHe 3/1aHus. Mertaumdeckuii pedaekrop orpa-
aeT WHQpaKpacHOe M3TydeHHE, HAIPaBIssl €ro
BHU3, B 30HBI MpeObiBaHus mrojeil. TpyOsl mepe-
natoT 55-75% TemnoTsl U3NIy4eHHEM B PabOUyio
30HY IOMEIeHUs], o0orpeBasi Jio/ei, HarpeBas

1oa u obopynosanue. Ocranpable 45-25% Teruio-
Thl KOMIIEHCUPYIOT TEIUIONOTEPH KPOBIU U BEPX-
HETO T0sICA CTEH, a OCTBIBIIME TMPOAYKTBI Cropa-
HUSI OTBOJUITCSL B aTMoc(epy 4epe3 CUCTEMY JIbl-
MoyJaneHus. Bo3MOXKHBI JBa BapHaHTa OpraHH-
3alMu AbIMOYyJaIeHus — oOIasi cucreMa JbIMo-
yaaieHus (OT Tpymmbl oborpeBaTeseil mpu moMo-
LM OTJEJBHO PACIOIOKEHHOIO IPYIIIOBOIO BEH-
THJISITOPA) U UHIMBHUAYaTbHAs CUCTEMA JIBIMOYIa-
JeHust (0T OJHOrO WM JIBYX oOorpeareneil mpu
MOMOII BEHTHJISITOPOB, BCTPOCHHBIX 00OOrpeBa-
tenu). Jlonst oTBoaquMoOl B atMocepy ¢ MpoayK-
TaAMH CTOpaHus TEIIOThl coctaBisieT 8-10% o006-
LIEro KOJIMYECTBAa TEIUIA, MOJy4eHHOrO IPU Cro-
panuu rasza [5].

K ocnoBHbIM npenmymiectBam cuctem ['J10
MO>KHO OTHECTH:

— OTCYTCTBHE NPOMEKYTOYHOTO TEIJIOHOCH-
TeJIs, CHKEHHE U3JEpKEK Ha €ro MOJAr0TOBKY,
nepeKkayrBaHue 10 TPyOOIpoBOJaM, a TaKxkKe
00CITy’)KUBaHHE U PEMOHT TEIJIOTPACC;

— BO3MOXKHOCTh 000TpeBa OTIENBHBIX 30H,
B TOM YHCJIE PACIIOJOKEHHBIX Ha OTKPBITOM
BO3JlyX€;

— Oe3MHEepPIOHHOE BBIOJHEHUE (PYHKLUI
JIe)KypHOT'O OTOIUIEHUS B HOUHOE BpeMsi, Ipa3]i-
HUYHBIC ¥ BBIXOJHBIC JHH, NMPH BHIHY>KICHHOM
IIPOCTOE;

— BO3MOYKHOCTh ~ CHIDKEHHS — TeMIepaTypbl
BO37yXa B paboueil 30He NpU COXPAHEHHUH
YCIIOBUH TEIJIOBOr0 KoMdopra.

Munycs! I'JIO-oTomnenus:

— HEOOXOAMMOCTh €T0 TMOJIKIIOUYEHUS K ra30-
BOM CETH. DTO OTPaHUYHBAET BO3MOXKHOCTHU UC-
M0JIb30BaHMs JAaHHOTO 00orpeBatess B TeX Me-
CTax, IJie HeT JOCTyIa K ra3y WiH OTCYTCTBYET
BO3MOYKHOCTbH TTO/IKITFOYCHUSI.

— MOKET OBITh CBSI3aHO C MOTEHIHAIHLHBIMU
ornacHocTsiMH. B cimydyae HempaBHIBHOM 3KcC-
IUTyaTallud WM YCTAaHOBKM OOOpYIOBaHUS MO-
KET BO3HUKHYTh PUCK YTEYKH Tra3a, YTO MOXKET
MIPUBECTH K B3PBIBY MIIM OTPABIICHHIO JIFOJICH.

— TpeOyeT MOCTOSTHHOTO KOHTPOJISI U TE€XHHU-
4ecKoro oOcCiyXuBaHus. PerynspHas mpoBepka
U YUCTKA CHUCTEMbI I03BOJIAT MPEAOTBPATUTH
BO3MOJKHBIE TIOJIOMKH W CHU3UTH BEPOSTHOCTH
AaBapUNHBIX CUTyalUH.

Boosnvie nyyucmoie cucmemolr. CUCTEMBI TTy-
YHCTOTO OTOIICHHUS HAa OCHOBE BOJBI HCIOJb-
3ytoTcst yxke 6onee 70 ner. B mocnennue rofsl
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OHHU CTaJH emie Oosiee MOMYISIPHBIMHU, TaK Kak
JIOJIA CTaJIA OOJIbIIE 3a00TUTHCS O KoMbopTe 1
3¢ (HEeKTHBHOCTU HCIIOJIb30BaHUS dHEpPruu. Bo-
ISTHBIE M3ITy4aTel COCTOST U3 CTAbHBIX TPYO,
NaHeJe, N30SI U MOHTAXHBIX 3JIEMEHTOB.
TpyOsl, uepe3 KOTOpbIe MPOXOAUT ropsidasi BO-
71a, HarpeBaloT MaHeNb, a OHA, B CBOIO OYEpe/Ib,
nepefaeT TeIUIo OKPYXKAIIIUM IpeIMeTaM |
JFOJIIM B BUjIe MH(paKpacHbIX Jydeld [2].

HcTouHUKOM TOpsYei BOABI MOTYT OBIThH
KOTJIBI HA Pa3HOM TOIUIMBE, TEIJIOBBIE HACOCHI
WK yTHIu3aTopbl. Bona HarpeBaercs B reHepa-
TOpe W Mepeaaercs mo Tpydam K MaHessM, KO-
TOpBIC YCTAHOBJICHBI HA TOTOJIKE MOMEIICHUSI.
[Tocne Toro, Kak Boja mepeaia cBoe TEIUIO Ma-
HEJIM, OHA BO3BpallaeTcss 00paTHO B TeHEpaToOp
IUIs1 TOBTOPHOTO HAarpeBa.

B KkayecTBe MPEUMYIECTB BOJSHBIX OTOIH-
TEJILHBIX CHCTEM MOYKHO BBIJICIUTH CIICAYIOIINE:

— ofecrieynBaeT paBHOMEPHOE pacIpeserne-
HUE TEMIIePaTypBhI;

— HE CO3/]aeT IIOTOKA BO3/yXa,;

— He TpeOyeT 3aTpaT Ha TEXHUYECKOE U cep-
BHCHOE 00CITy)KUBAHHE;

— MOXET paboTaTh C BO30OHOBISICMBIMH U
0TpabOTaHHBIMU HCTOYHHUKAMH YHEPTHU;

— o0namaer BBICOKOW 3HEProd3¢p¢HeKTUBHO-
cThi0 (3pPexTUBHOCTD M3ITyueHus 10 79%);

— HET HEOOXOJMMOCTH HCIOIb30BaTh MPH-
POMHBIN Ta3 (MOXKHO HCIIONB30BATH YTOJb, OIHJI-
KU, TEJUIEThI/TOTIMBHBIC TPAHYIIBI U T. 11.);

— OKpYXKAIOIU BO3[yX YHCTBIM, TaK Kak
MPOJYKTHI CTOPAaHUs HE BBIIEISIIOTCS B OKpY-

YKAOUIUH BO3IYX.

Ho umeroTcst u HeIoCTaTKU TaKue, KaK 6blCo-
Kas Cmoumocms 8 OMaUYUY Om KOHBEKMUBHO20
OMONnJIeHUsl.

[IpoBeneHHBIN CpaBHUTENBHBIA AHAIU3 JIaH-
HBIX TIOKa3zareyed He (GOpMUPYET TOCTATOYHYIO
KapTUHY JJIsI OCYIIECTBIICHHSI BHIOOpPAa TOTO WU
WHOTO OTOMMTELHOTO TMpHUOOpa, MoToMy, 00pa-
tuBIIMCh K Marpuie Jleomosnpaa [3], ocHoBHas
ujess KOTOPOW OITMCHIBACT €€ KaK KOHTPOJIBHBIN
CIHCOK, COACPKAIUA I[EHHYI0 HH(OpMAIUIO O
B3aMMOOTHOIIICHUSIX THIIA «IIPUYNHA-CIICICTBUEY,
Y OJJHOBPEMEHHO SIBJISIOLIUICS UCTOYHUKOM JIaH-
HBIX O pe3yJIbTaTax, HaMH MPEIIPUHSAITA TOMBITKA
CPaBHHUTH TICPCUYKCIICHHBIC BHIBI OTOMUTEIBHBIX
prOopoB 1o kputepusiM «Termoornaya — s dex-
THBHOCTH OTOIUICHMS IIOMEIISHHUS TOM WM HMHOMU
CHUCTEM OTOIUICHUS», «be30macHOCTh — HameK-
HOCTh B JKCIUTyaTallii», «OMAaCHOCTh B CIIydae
pHCKa — YPOBEHb YIllepOa HAHECEHHOTO CUCTEMOM
B CITy4ae €€ MOJIOMKI.

[Ipy sToM Hamu mnpoBencHA MOAU(DUKAIUSL
MaTpuilsl Jleononbaa ¢ enbio COKpaIeHust KOIu-
YecTBa CTPOK M CTOJIOIOB J0 HEOOXOIMMOIo HX
3HAYCHUS.

MHTEHCHMBHOCTH BO3JICHCTBHUS HAMH IPEIJIO-
’KEHO OLIEHUBAThH 110 3-0aJUILHOM IIKAaJIE, IIE:

— 0 6anIoB — HET BO3ACHUCTBHS;

— 1 6amn — cmaboe BO3AEHCTBHE;

— 2 Gayna — cpeliHee BO3/eicTBYE;

— 3 Oayta — CHIIbHOE BO3JICHCTBHE.

ChopmupoBanHas TakuM oOpa3oM HaMHu
Martpuna Jleononpaa npuBeaeHa B Tabiuma 1.
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Tabnuya 1
MATPUIA JIEOITIOJIBJA
=
Obwexr: g OnacHocTh B
HNudpaxpacHoe = Temnmootnava | bezomacHOCTh Uror
=4 CIIyJae prcKa
naHelu 2

aa)
MOoHTaX CUCTEMBI 2 3 1 6
DHepro3arparsl 2 1 1 4
CtoumMocTh 1 2 0 3
OOBeKT:
["a3oBble H3MyvYaTenu
MOHTaX CHCTEMBI 2 3 3 8
DHepros3arparsl 1 2 2 5
CtonmocTh 2 3 3 8
OOvbexT: BonsiHble myuyucTbie
U3Iy4daTenu
MOoOHTaX CUCTEMBI 2 2 2 6
DHepros3arparsl 1 1 1 3
CroumMocTh 1 1 1 3

Takum 00pa3oM, HAMH MPOU3BEICHO PAHKH-
pOBaHUE KaXKJIOW CHUCTEMBI JIyYUCTOTO OTOILIE-
HMSA IO cuile Bo3aeiicTBusg. KoanuecTBo 6ainoB
YKa3bIBa€T Ha CUJIy HETaTUBHOTO BO3IEHCTBHS
TOM WM MHON CHCTEMBI OTOmJIeHUSA. B Takom
ciydae, Hanbosee 3¢p(HEeKTUBHON OKa3anach CH-
cTeMa BOJAHBIX H3nydatenei. CpegHee Bo3aeii-

CTBUE OKa3bIBaeT cuctema MH}pakpacHbIX ma-
Hesel. W 3aBepiiaeT peduTHUHT CUCTEMA ra30BbIX
u3nyyateneid ¢ HauOounbleli cymMmmon OaiioB B
JTAHHOM CpaBHUTEIbHOM aHaiuze. [IpoBeneH-
HBIA CPaBHUTENBHBIM aHATH3 MO3BOJISIET BHIOPATh
00OCHOBaHO CHCTEMY OTOIUIEHHs], ONHUPAsACh Ha
MIpeJICTaBJICHHbIE B MaTpulle KpUTEPHUH.
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This article analyzes the types of radiant heating in industrial premises in order to identify the most effective and
environmentally friendly heating method. Such types of heating systems as infrared panels, gas radiators and wa-
ter radiant systems are considered. As a result of the analysis, the authors come to the conclusion that the most
efficient and environmentally friendly heating system is water infrared emitters. Thus, the article emphasizes the
importance of analyzing all possible types of radiant heating to select the optimal heating system.

Keywords: heating, radiant heating, infrared emitters, microclimate, parameters, heat, production premises.

ntroduction. Thermal radiation is one of the
ways heat spreads. It is electromagnetic radi-
ation in the infrared range. In this case, heat is
transferred directly from the source to the object
without heating the air. This saves energy and
creates more comfortable conditions.

Infrared rays travel easily through the air and
reach the surfaces they hit. The molecules of these
surfaces begin to vibrate, absorbing the energy of
the rays. This process continues until the vibra-
tions of the molecules reach the frequency of in-
frared radiation, after which the radiation begins
to be reflected. A person perceives this as an in-
crease in the temperature of the object [1].

Thus, radiant heating is an effective and
comfortable way to heat a room. It allows you
to create an even distribution of heat and save
energy. However, this type of heating can be
more expensive to install and use compared to
other methods.

Typically, the most popular radiant heating
systems are classified as follows:

— infrared panels;

— gas emitters;

— water radiant systems.

Consider the listed types in more detail.

Infrared panels. Infrared (IR) heating is car-
ried out using infrared emitters. The emitter
generates, shapes in space and directs thermal
radiation into the heating zone. It falls on the
floor, walls, technological equipment and peo-

ple located in the area of infrared radiation, is
absorbed by them and heats them [2].

The advantages of IR heating are:

1. Energy efficiency. Regardless of size, ap-
plication and design features, infrared heating
systems consume very little electricity. For
comparison: a household fan heater consumes
approximately 2500 watts per hour, the most
powerful wall-mounted IR panel consumes 700
watts per hour.

2. Versatility. IR heaters can be used «spot-
wisey, i. e. heat a separate area (for example,
next to the workplace). Or combine several
heating panels into a single system and install
instead of steam heating.

3. High heat transfer. Heat is felt immediately
after switching on, operating temperature is
reached in 20 minutes, heating of the room con-
tinues for another 1.5-2 hours after switching off.

4. Safety. Accidental fires, burns, and electric
shocks are excluded. The heating element is re-
liably insulated with a special filler and addi-
tionally protected by an external casing.

5. Ease of installation. Boilers, pipes, and la-
bor-intensive work are simply not needed. Sta-
tionary heaters are mounted using brackets and
plugged into an outlet.

At the same time, IR heating also has disad-
vantages such as:

1. Necessity of preliminary design. To effec-
tively heat a house, apartment or office, it is
necessary to take into account not only the area
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and height of the ceilings, but also the degree of
thermal insulation of the room.

2. Errors in power calculations. If the power
is too high, it will be too hot; if the power is too
low, it will be too cold.

3. Planned and emergency power outages.
Although infrared radiators are protected from
power surges, the «weather in the house» de-
pends on the centralized power supply.

Gas emitters. Gas infrared emitters are a sys-
tem in which heat is generated by combustion of
a gas-air mixture in radiant pipes. The system
consists of a burner, a fan, radiant pipes and a
reflector. The heat source in the system is a
modulated, controlled, closed-type gas burner
installed at the end of the radiant pipe. During
operation, the burner produces a flame that
spreads along the length of the first section of
the pipe, and the vacuum fan creates draft for
the combustion products, which then, after pass-
ing along the entire length of the device, are
cooled, while the pipes emit radiant heat. The
surface of the pipes heats up on average from
350 to 750 °C and transfers its heat to the room
mainly through radiation. A polished steel re-
flector is mounted above the pipes, and the en-
tire structure is suspended under the roof or on
the wall of the building. A metal reflector re-
flects infrared radiation, directing it down into
areas where people are present. The pipes
transmit 55 — 75% of the heat by radiation to the
working area of the room, warming people,
heating the floor and equipment. The remaining
45 — 25% of the heat compensates for the heat
loss of the roof and the upper zone of the walls,
and the cooled combustion products are dis-
charged into the atmosphere through the smoke
removal system. There are two options for or-
ganizing smoke removal — a general smoke re-
moval system (from a group of heaters using a
separately located group fan) and an individual
smoke removal system (from one or two heaters
using fans built-in heaters). The share of heat
released into the atmosphere with combustion
products is 8-10% of the total amount of heat
obtained during gas combustion [3].

The main advantages of GLO systems in-
clude:

— lack of intermediate coolant, reduction in
costs for its preparation, pumping through pipe-

lines, as well as maintenance and repair of heat-
ing mains;

— possibility of heating individual zones, in-
cluding those located in the open air;

— inertia-free performance of standby heating
functions at night, holidays and weekends, dur-
ing forced downtime;

— possibility of reducing the air temperature
in the working area while maintaining thermal
comfort conditions.

Disadvantages of GLO heating:

— the need to connect it to the gas network.
This limits the use of this heater in places where
there is no access to gas or no connection.

—may involve potential hazards. If the
equipment is not used or installed correctly,
there may be a risk of gas leakage, which could
result in an explosion or poisoning of persons.

— requires constant monitoring and mainte-
nance. Regular checking and cleaning of the
system will prevent possible breakdowns and
reduce the likelihood of emergency situations.

Water radiant systems. Water-based radiant
heating systems have been in use for over 70
years. They have become even more popular in
recent years as people have become more con-
cerned about comfort and energy efficiency.
Water emitters consist of steel pipes, panels,
insulation and mounting elements. The pipes
through which hot water passes heat the panel,
and it, in turn, transfers heat to surrounding ob-
jects and people in the form of infrared rays [4].

The source of hot water can be boilers using
different fuels, heat pumps or heat exchangers.
The water is heated in a generator and transmit-
ted through pipes to panels that are installed on
the ceiling of the room. After the water has
transferred its heat to the panel, it is returned
back to the generator to be reheated.

The advantages of water heating systems in-
clude the following:

— provides uniform temperature distribution;

— does not create air flow;

—does not require costs for technical and
service maintenance;

— can work with renewable and waste energy
Sources;

— has high energy efficiency (radiation effi-
ciency up to 79%);

— there is no need to use natural gas (you can
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use coal, sawdust, pellets/fuel granules, etc.);

— the surrounding air is clean, since combus-
tion products are not released into the surround-
ing air.

But there are also disadvantages such as high
cost in contrast to convective heating.

The comparative analysis of these indicators
does not form a sufficient picture for choosing a
particular heating device, therefore, turning to
the Leopold Matrix [5], the main idea of which
describes it as a checklist containing valuable
information about relationships of the «cause-
effect» type, and simultaneously being a source
of data on the results, we have made an attempt
to compare the listed types of heating devices
according to the criteria «Heat transfer — the ef

ficiency of heating the room of a particular heat-
ing systemy, «Safety — reliability in operationy,
«danger in case of risk — the level of damage
caused by the system in the event of its break-
downy.

At the same time, we modified the Leopold
matrix in order to reduce the number of rows
and columns to their required value.

We propose to evaluate the intensity of im-
pact on a 3-point scale, where:

— 0 points — no impact;

— 1 point — weak impact;

— 2 points — average impact;

— 3 points — strong impact.

The Leopold Matrix we formed in this way is
shown in Table. 1.

Table 1
LEOPOLD MATRIX
Object: & Heat Danger in case
Infrarejd Panel E’ dissipation Safety gf risk Result
System installation 2 3 1 6
Energy costs 2 1 1 4
Price 1 2 0 3
Object: Gas emitters
System installation 2 3 3 8
Energy costs 1 2 2 5
Price 2 3 3 8
Object: Water radiant
emitters
System installation 2 2 2 6
Energy costs 1 1 1 3
Price 1 1 1 3

Thus, we have ranked each radiant heating sys-
tem according to the strength of its impact. The
number of points indicates the strength of the
negative impact of a particular heating system. In
this case, the system of water emitters turned out to
be the most effective. The infrared panel system

has an average impact. And the rating is completed
by the system of gas emitters with the highest
score in this comparative analysis.

The conducted comparative analysis allows
you to choose a heating system based on the cri-
teria presented in the Matrix.
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