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Ecodevelopment is the process of creating and improving the urban or rural environment, taking into account the
principles of sustainable development and environmental protection. It involves the development and implementa-
tion of construction projects that promote environmental sustainability, energy efficiency, improved air and water
quality, biodiversity conservation and other aspects of the environment. Landscaping is one of the most important
points of green construction. But not always in a metropolis with an already formed layout, developed infrastruc-
ture and transport network there is a place for park areas and full-fledged ecological spaces for recreation. The
solution to the problem can be landscaping the roofs and walls of residential or office buildings.
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CPABHUTEJBHBIN AHAJIN3 CUCTEM JIYUUCTOI'O OTOIJIEHUS
HPOU3BOACTBEHHbBIX OBBEKTOB

ITAPAMOHOBA Oxcana Huxo/1aesHa
KAaHJU/1AaT TEXHUYECKUX HAYK, JOLCHT
EJIMCTPATOBA Mapus IlerpoBna
CTYJEHT
JIOHCKOM roCcy1apCTBEHHBIM TEXHUYECKUN YHUBEPCUTET
r. Pocros-na-/lony, Poccus

B Oannou cmamve nposooumcs ananu3z 6U008 yHUCmMo20 OMONIeHUs. 8 NPOU3B0OCMBEHHbIX NOMEWEHUAX, C Ye-
JIbl0 BblAGNEeHUA Hauboee IPHEeKMUBHO20 U IKONO2UUHO20 chocoba obozpesa. Paccmampueaiomes makue munsi
OMONUMENLHBIX CUCEM KAK UHBPAKPACHbIe NAHEN, 2a308ble U3Tyuamen U 600sHble Jyyucmolie cucmemol. B
pe3yivmame aHAnU3a A8MOPbl NPUXO0SIM K bl600Y, Umo Haubonee dPHeKmusHol U IKOIOSUYHOU CUCEMOU
OMONAeHUsL AGNAIOMCS 800sIHbIE UHPPAKpACHLIe u3Tyuamenu. Takum oopazom, cmamvs noouepKusaem 3Havu-
MOCIMb AHATU3A BCEX BOZMOICHBIX U008 TIYHUUCHIO20 OMONAEHUA OJi 8b100PA ONMUMATLHOLL CUCEMbL 0002pesa.
KiroueBble ci1oBa: OTOIUICHHE, JIYYUCTOE OTOIUICHHWE, WH(PPAKpPACHBIE M3ITy4YaTeld, MHUKPOKIUMAT, rapa-
METpBI, TEIIOTa, TPOU3BOACTBEHHOE MTOMEIIEHHE.

B Befenre. TemioBoe H3JIydeHHe SIBJISAETCS
OJTHAM U3 CIIOCOOOB PacHpOCTPAHEHHUS TeIl-
na. OHO TIpeACTaBIseT COOOM AIIEKTPOMArHUTHOE
u3IydeHue B HMHQPpPaKpacHOM auamna3one. [lpu
ATOM TEIUIO MEPEeIaeTCss HEMOCPEICTBEHHO OT HC-
TOYHUKA K OOBEKTY, HEe HarpeBas BO3AyX. OTO
MO3BOJISIET COXPAHHUTh SHEPTHIO U CO37aTh Oosee
KOM(DOPTHBIE YCIIOBHSI.

HNudpakpacHbie Tyqn JIETKO MPOXOIAT depes
BO3/lyX U JOCTUTAlOT TOBEPXHOCTEH, Ha KO-
TOPBIC OHHM MOMIAJAArOT. MOJ'IeKy.]'II)I 3THUX IIO-
BEPXHOCTEH HA4YMHAIOT KOJeOaThCsl, MOTJIOIIas
SHEPTUI0 Jydeil. DTOT MpOLEecC MPOIOHKAETCS
70 TeX TOop, MOKa KojeOaHUs MOJEKynd He J0-
CTUTHYT YacTOTbl MHQPAKPACHOTO H3IIy4eHUS,
MOCJI€ YEro HAaYMHAETCA OTPAKEHUE U3ITyUEHUSI.
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YenoBeKk BOCIHPUHUMAET 3TO KaK IOBBIIICHHUE
TemIeparypsl 00bekTa [4].

Takum 00pa3omM, JIy4HCTOE OTOIUICHHE SBIISI-
ercst 3G (HEKTUBHBIM U KOM(OPTHBIM CITOCOOOM
oborpesa nomerieHus. OHO MO3BOJISIET CO3/1aTh
paBHOMEpHOE paclpeeliecHHe Tella M CIKO-
HOMUTH 3Hepruto. OHAKO, TaKOW BHUJ OTOILIE-
HUSL MOXET OBITh 0oJiee JOPOrOCTOSIIUM B
YCTAHOBKE M HCIHOJB30BAaHUH 1O CPABHEHHUIO C
JIPYTUMH METOJIaMH.

Kak mnpaBuio, Hambonee BocTpeOOBaHHBIE
CHCTEMBI JIy4HCTOTO OTOIUICHUS KIIACCH(HIIN-
PYIOT CIEIYIOIIUM 00pa3oMm:

— uH(paKpacHbIC TAHEIIH,

— ra30BbIC U3TyYaTEIIN;

— BOJISIHBIC JIYYUCTBIC CUCTEMBI.

PaccmoTpu mepedncieHHbIE BUIBI
JeTaIbHO.

Hngppaxpacnvie nanenu. ngpakpacuoe (1K)
OTOIUICHUE OCYIIECTBISCTCS TPH TOMOIIN HH-
(dpakpacHbIX HW3Iydarenei. M3mydarens reHepu-
pyer, GopMHpYeT B MPOCTPAHCTBE W HAIPABIISCT
TEIUIOBOE M3IIydeHHEe B 30HY oOorpeBa. OHO
MOMAJaeT Ha TI0J, CTEHBI, TEXHOJIOTMYECKOE
00OpyZOBaHKE M JIOCH, HAXOISIIUXCS B 30HE
JeUCTBUSI MH(PPAKPACHOTO W3JIYYEHUs, IOTJI0-
IIaeTcsi MU U HarpesaeT ux [1].

[penmymiecrBamu MK-oTorIeHNS SIBISTFOTCS:

1. DueproappexruBHocTs.  HezaBucumo ot
pa3mMepoB, 00IacTH NPUMEHEHHS M KOHCTPYK-
THBHBIX OCOOEHHOCTEH, CHCTEMbI HH(PAKPaCHOTO
o0orpeBa NOTPEOIIAIOT OUYEHb MAJIO JIEKTPOIHEP-
rud. /{5 cpaBHeHUs: OBITOBOW TETIOBEHTHIISTOP
pacxomyer mpumepro 2500 BarT B wac, camas
mornHas Hactennasg MK-mmanens — 700 BaTT B uac.

2. YuuepcanbHOCTh. MIK-000TrpeBarenn Mox-
HO HCIOJB30BAaTh «TOYEYHOY», T. €. OTAIUIMBATh
OTJEJIbHYIO 30HY (HampuMmep, psijioM ¢ pabounm
MectoM). W o0beTMHUTh HECKOJBbKO TeIulo-
MaHeJel B €IMHYI0 CUCTEMY U YCTaHOBHTH BMe-
CTO MapoOBOTO OTOIJICHUSI.

Bricokas Teroormada. Temo omryrmaercs
cpa3y Iociie BKIIOYEHHus, pabodas Temmepary-
pa nocruraercs 3a 20 MuHYT, 000OTpEB MOMe-
meHus npojaoinkaercs eme 1,5-2 waca mocne
BBIKJTFOYCHUS.

3. bezonacHocTtb.  ChywaiiHble — BO3rOpaHus,
OXOTH, yIapbl TOKOM WCKIIOUeHbl. Harpesa-
TENBHBIA AJIEMEHT HAJEKHO 3aU30JIUPOBaH CIie-
[IMATEHBIM HATIOJHUTENIEM W JIOTIOJHUTEIBFHO 3a-

Ooitee

[IMIIEH BHEIIHUM KOPITYCOM.

4. JIerkocth MOHTaxa. KoTibl, TpyObl, Tpya0-
eMKHe paboThl ONPOCTY HE HYXHbI. CranoHap-
HbIe 000rpeBaTey KPEersaTcs C MOMOIIbI0 KPOH-
LUTEMHOB U BKIIOYAIOTCS B PO3ETKY.

[Ipu stom UK-orormienune obnamaroT u He-
JOCTaTKaMHu TaKUMH, KaK:

1. HeoGxomumMoCTh MpeaBapUTENbHOIO MPOEK-
tupoBanus. s s dexTuBHOro odborpesa aoma,
KBapTUPbI WK Orica HEOOXOAUMO YUUTHIBATh HE
TOJIBKO IUIOLIA/Ib ¥ BBICOTY IOTOJIKOB, HO U CTE-
MIE€Hb TETIOM30JISILIUU TOMEIICHUSI.

2. Ommbku B pacyere MouHOCTH. [lpm
3aBBIIICHHON MOIIHOCTH OYyJeT CIMIIKOM Xap-
KO, NPU 3aHM>KEHHOW — CJIMIIKOM XOJIOJIHO.

3. [ImaHoBbIe 1 aBapuiiHbIE OTKIIIOUECHHUS CBETA.
XoTs MH(ppaKpacHbIE paguaTopbl 3aILUIIEHBI OT
CKAuKOB HAMPSHKEHUSI, «TI0T0f[a B JIOME» 3aBHCUT
OT LIEHTPAJIM30BaHHOTO AIEKTPOCHAOKEHHUS.

T'azoevie uznyuamenu. I'azoBbie HHPpPAKpacHbIE
M3ITy4aTend TPEACTABISIIOT COOOM CUCTEMy, B
KOTOpOIi TEIUI0 BbIpabaThIBaeTCsi MPU CrOpaHUU
ra30BO3YIIHOW CMECHM B M3JIy4YaloIIUX Tpyoax.
Cucrema COCTOUT U3 TOpENKH, BEHTHJIATOPA,
W3Tydaronmx Tpyo u peduexropa. Mcrounnkom
TEIJIOTHl B CHCTEME SIBIISIETCS MOAYJIHpPOBAHO
yIpaBisieMas ra3oBasi ropejika 3aKpbITOro THIIA,
yCTaHaBIIMBaeMas Ha KOHIE W3Iy4alolled Tpy-
Ob1. Bo Bpemsi paboThl Topenka AaeT miaams, Ko-
TOPOE pacHpOCTPaHsETCs MO JUIMHE IEPBOTrO
yyacTka TpyObl, @ BaKyyMHbI BEHTWJIATOP CO-
3MaeT TATY JUId HPOJYKTOB TOPEHHUs, KOTOpbIE
3areM, MpoOHAs 10 BCEH JJIMHE YCTPOWCTBA,
OXJIQXKTAFOTCS, TIPU 3TOM TPYOBI UCITYCKAalOT JIy-
yuctoe Terio. [loBepxHOCT TpyO HarpeBaercs B
cpennem ot 350 1o 750°C u oTmaer cBoe TEIIo B
MOMEIlIEHNEe B OCHOBHOM IIOCPEICTBOM H3ITyde-
Hust. Hag tpyGamu kpenmtcst pediekrop U3 mo-
JIMPOBAaHHOM CTaJM, U BCA KOHCTPYKIMS IOJIBE-
IIMBAeTCsl TMOJ KPBINIeH WM Ha CTEHE 3/aHMA.
Mertamumdeckuii  pedaekTop oTpakaer wuHpa-
KpacHOE W3Jy4eHHe, Hampapisii €ro BHU3, B
30HBI TpeObIBaHMs JroAed. TpyObl mepenaroT
55-75% TemnoThl U3NIy4eHHEM B pabOdyi0 30HY
roMelteHus, odorpesast JItoJiel, HarpeBas Moyl U
obopynoBanue. Ocrtanbhbie 45-25%  TerioTs
KOMITEHCHPYIOT TEIIONOTEPH KPOBJIU U BEPXHETO
MosicCa CTeH, a OCTBIBIIME MPOAYKTHI CTOpaHHUs
OTBOJATCS B arMocdepy 4Yepe3 CHCTEMY IbIMO-
ynaneHus. Bo3MOXKHBI /1Ba BapHaHTa OpraHu3a-
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MK JbIMOYJAJeHHs — oOIas CHCTeMa JbIMO-
yaaneHust (0T rpynmnsl oborpeBareneid mpu Io-
MOIIM OTJEIBHO PACIOJIOKEHHOTO TPYIIIOBOTO
BEHTWIATOPA) M HMHAWBHIYyaJbHas CHUCTEMa Ibl-
MoyziaieHusi (OT OJHOTO WM JIByX OOorpeBate-
Jeil MpU TMOMOLIM BEHTUIATOPOB, BCTPOEHHBIX
oborpearemu). Jloyss 0TBOIUMOI B arMocdepy ¢
HNPOJYKTaMM CTOpaHMsl TEIUIOThl COCTaBiseT 8-
10% obmero KomuyecTBa TeIUIa, MOTYYEHHOTO
Ipy Cropaxuu rasa [5].

K ocnoBHbIM nmpeumymiectBam cuctem ['JIO
MO’KHO OTHECTH:

— OTCYTCTBHE TPOMEKYTOYHOTO TEIIOHOCH-
TeJsA, CHIDKEHHE M3JIEPKEK Ha €ro MOATOTOBKY,
NepeKkayuBaHue 10 TpyOOmpoBoJaM, a TaKKe
00CITy)KMBaHHE M PEMOHT TEIJIOTPAcC;

— BO3MOXHOCTh 000TrpeBa OTIENbHBIX 30H,
B TOM YHCJE PACHOJIOKEHHBIX Ha OTKPBITOM
BO3/1yXE€;

— Oe3MHEPLUOHHOE BBINOJIHEHUE (YHKUUI
JISKYPHOTO OTOIUIGHUSI B HOYHOE BpeMs,
IIPa3HUYHbIE U BBIXOJHBIC JTHU, NPH BBIHYX-
JICHHOM TIPOCTOE;

— BO3MOXKHOCTb ~ CHIDKEHMSI  TeMIIepaTypbl
BO3AyXa B palOoueil 30He IpHU COXpaHEHUHU
YCIIOBHH TETIJIOBOTO KOM(OpTA.

Munycel I'JIO-oromnenus:

— HEOOXOJIMMOCTh €r0 TOAKIIOYEHUSI K Ta-
30BOM CETH. DTO OTPAaHMYMBAET BO3MO>KHOCTH
UCIOJb30BaHUs JAHHOTO oOorpeBareist B TeX
MecTax, I/Ie HeT JOCTyNa K ra3y WM OTCYT-
CTBYET BO3MOXKHOCTb MOAKIIIOYEHUSI.

— MOXXET OBITh CBSI3aHO C TTOTEHIUAIHHBIMHU
OMACHOCTSAMU. B cinyyae HenmpaBUIbHOW AKCILTya-
Tallud WM YCTAaHOBKM OOOPYIOBAaHHMS MOXKET
BO3HUKHYTH PHCK YTE€UKH Ta3a, YTO MOXKET IpH-
BECTH K B3pPbIBY WJIM OTPABJIEHUIO JIFOEH.

— TpeOyeT TOCTOSHHOTO KOHTPOJIS M TeX-
HUYECKOro oOciyxuBaHus. PerymspHas mpo-
BEpKa M YHUCTKA CUCTEMBI MO3BOJAT MpPeroT-
BpPAaTUTh BO3MOXKHBIE TOJIOMKH W CHH3HTH Be-
POSITHOCTb aBapUMHBIX CUTYaLUN.

Boosaunvie myyucmole cucmemvl. CUCTEMBI
JYYUCTOTO OTOIUIEHUS Ha OCHOBE BOJBI HC-
nonp3yroTes yxxe 6onee 70 mer. B mocnemnme
rofbl OHU CTalu eme Oojee MOMyJsIPHBIMH,
TaKk Kak JIIOJW CTaiu Oonblie 3a00TUTHCS O
koMpopTe U A(P(HEKTUBHOCTH HCHOIL30BAHUS
dHepruu. BopsHBIE W3TydaTeNd COCTOST W3
CTaJbHBIX TPYyO, MaHeJeW, W30JSAIUM U MOH-

TaXHBIX 3JE€MEHTOB. TpyObl, uepe3 KOTOpbIe
MPOXOAUT Tropsiyasi BOZAA, HArpEBAIOT IaHENb, a
OHAa, B CBOIO OYEpElb, INEPENACT TEIJIO OKpPY-
KAIOMIMM TpeIMeTaM U JIIOASIM B BHIE MH(pa-
KpacHbIX Jty4end [2].

Hcrounukom ropsiueit BOABI MOTYT OBIThH
KOTJIbl HAa pPasHOM TOIUIMBE, TEIUIOBBIE HACOCHI
WM yTunu3artopsl. Bona HarpeBaercs B renepa-
TOpe M Iepenaercss mo TpydaM K IaHEeNsM,
KOTOpBIE YCTAHOBJICHbI HA IIOTOJIKE IOMeEIle-
Hus. [locne Toro, kak Boja mnepeaana cBOe Tel-
JIO TaHeNH, OHAa BO3BpalllaeTcsi 0OpaTHO B Te-
Heparop i1 HOBTOPHOTO Harpena.

B kauectBe mnpeMMyIECTB BOJASHBIX OTOIH-
TEJIbHBIX CUCTEM MOKHO BBIIEIUTH CIIEAYIOLIHUE:

— obecrieyrBaeT paBHOMEPHOE pacrpesaene-
HUE TEMIIEpaTyphl;

— HE CO3/1a€T IOTOKA BO3/1yXa;

— He TpebdyeT 3aTpaT Ha TEXHUYECKOE U
CEpBHUCHOE 00CITy>KHBaHUE;

— MOXeT paboTaTh C BO30OHOBJISIEMBIMH H
O0TpabOTaHHBIMU UCTOYHUKAMH SHEPTUH;

— o0namaer BBICOKOH 2HEpProd3eKkTHuBHO-
cThIO (3G GEeKTUBHOCTD M3MydeHust 10 79%);

— HET HEOOXOAMMOCTH HCIOJIb30BaTh IPH-
poAHbIM Ta3 (MOXKHO HCHOJIB30BATh  YIOJb,
OIWJIKY, TIEJUICTHI/TOIIIMBHBIC TPAHYIIbI U T. 1.);

— OKPYKAIOIIMKA BO3JyX YHCTBIM, TaKk Kak
MPOJYKTHI CrOpaHUsl HE BBIJCIAIOTCA B OKpPY-
YKAIOIIUM BO3yX.

Ho umeroTcst 1 HeocTaTku Takue, KaK 6bl-
COKAsl CMOUMOCMb 8 OMIAUYUU OM KOHBEKMUB-
HO20 OMONJIEHUAL.

[IpoBeneHHBI CPABHUTENBHBIM aHAINU3 JIaH-
HBIX TOKa3areseil He (OpMUpPYET TOCTATOUHYIO
KapTUHY 7151 OCYIIECTBIICHHSI BHIOOpa TOTO HIIU
WHOTO OTOMHTEIBHOTO TpUOOpa, MoToMy, 0oOpa-
TuBIIMCh, K Martpurie Jleononsaa [3], ocHoBHas
nes KOTOPOW OIMCHIBAET €€ KaK KOHTPOJIbHBIN
CIIUCOK, COZAEpXaIluil LEHHYI0 HH(OpMaIHo o
B3aMMOOTHOIIECHUSX TUIA «(IPUYMHA-CIIEICTBHE,
Y OIHOBPEMEHHO SBJISIOLIUIICS HICTOUHUKOM JIaH-
HBIX O pe3yJbTaTrax, HaMU MPEIIPUHSTA TOMBITKA
CPaBHUTh TEPEUUCIICHHBIE BUJbI OTOIMUTEIBHBIX
npubopoB 1o kputepusMm «Temnoornaua — 3¢-
(DEeKTHBHOCTh OTOIJICHUS TIOMEIICHHUS TOW WU
WHOM cHucTeM oToruleHus», «be3omacHocTh —
HAJIGKHOCTh B OKCIUIyaTalluM», «OMAacHOCTb B
cllydae pHCKa — YpOBeHb yiiepOa HaHECEeHHOIo
CHCTEMOH B CITy4ae €€ MOJIOMKHNY.
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[Ipu >TOM Hamu TpoBeACHA MOIUPHKAIUSL
Matpuilbl Jleononbaa ¢ 1EIbI0 COKpAIICHUS KO-
JIMYEeCTBA CTPOK U CTOJOIOB 10 HEOOXOAMMOTO
HUX 3HAUYCHHA.

NHTEHCUBHOCTh BO3ACHCTBHUS HaMU Npex-
JIOJKEHO OLIEHMBATh MO 3-0aJILHOMN IIKaJIe, Te:

— 0 6amIoB — HET BO3JECHCTBHS;

— 1 6amn — cimaboe BO3IENCTBHE;

— 2 bGayia — cpeiHee BO3/ICHCTBHUCE;

— 3 Oaja — CHIIBHOE BO3CHCTBHE.

ChopmupoBaHHass TakuM 00pa3oM HaMH
Matpuna Jleononbsaa npuBeaeHa B taduuie 1.

Tabnuya 1
MATPUIA JEOIIOJIbIA
=
OOBeKT: &
WudpakpacHbie = Tennoorgava | be3zonacHOCTh Onacuocts B Hror
2 clly4ae puckKa
MaHeJH 2

m
MoHTaX CHCTEMBI 2 3 1 6
DHepros3arparsl 2 1 1 4
CtoumocTh 1 2 0 3
OOBeKT:
I'a30BbIC M3IyYaTENIN
MOHTaX CHCTEMBbI 2 3 3 8
DHepros3arparsl 1 2 2 5
CtoumocTh 2 3 3 8
OOnbexT: BonsiHbIe JTydnucThie
U3ITydaTeln
MOoHTaX CHCTEMBI 2 2 2 6
DHepro3arparsl 1 1 1 3
CtouMocCTh 1 1 1 3

Takum 00pa3om, HamH TPOU3BEACHO PaHKU-
POBaHME KaX/10M CUCTEMBI JIyYHCTOrO OTOIJICHUS
no cuie BozaeicTBus. KommuectBo 6amioB yka-
3bIBAECT HA CWJIy HETaTUBHOTO BO3JCHCTBHUS TOM
WM UHOM CHUCTEMBI OTOIUIeHUs. B Takom ciydae,
Haubosee YPQPEKTUBHON OKa3ajlach CHCTEMa BO-
JSHBIX n3nydareneid. CpeqHee BO3IEHCTBUE OKa-

CIIMCOK JIMTEPATYPBI

3pIBaeT cucreMa MuppakpacHbix naneneid. 1 3a-
BEPILIACT PEUTUHI CHCTEMA T'a30BbIX M3JIydaTernei
¢ HaumOomblIeH cyMMON OalIoOB B JJAHHOM CpaB-
HUTENIBHOM aHaym3e. 1IpoBeneHHbIil CpaBHUTENb-
HBII aHaJIN3 MO3BOJISIET BHIOpAaTh 0OOCHOBAHO CH-
CTEMY OTOIUIEHUS, ONUPAsICh HA NPEICTABICHHBIE
B Marpuriie kpurepuu.
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COMPARATIVE ANALYSIS OF RADIANT HEATING SYSTEMS
FOR PRODUCTION FACILITIES
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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
infrared radiation, after which the radiation be-
gins to be reflected. A person perceives this as
an increase 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. In-
frared panels. Infrared (IR) heating is carried
out using infrared emitters. The emitter gener-
ates, shapes in space and directs thermal ra-
diation into the heating zone. It falls on the
floor, walls, technological equipment and
people located in the area of infrared radia-
tion, is absorbed by them and heats them [2].

The advantages of IR heating are:

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

2. Versatility. IR heaters can be used «spot-
wise», 1. e. heat a separate area (for example,
next to the workplace). Or combine several
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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
reliably insulated with a special filler and
additionally protected by an external casing.

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

At the same time, IR heating also has dis-
advantages 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
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»
depends 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 reflec-
tor is mounted above the pipes, and the entire
structure is suspended under the roof or on the
wall of the building. A metal reflector reflects in-
frared 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 combus-
tion products are discharged into the atmosphere
through the smoke removal system. There are two
options for organizing smoke removal — a general
smoke removal system (from a group of heaters
using a separately located group fan) and an indi-
vidual 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 ob-
tained 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,
including 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
concerned about comfort and energy efficiency.
Water emitters consist of steel pipes, panels, insu-
lation and mounting elements. The pipes through
which hot water passes heat the panel, and it, in
turn, transfers heat to surrounding objects and
people in the form of infrared rays [4]. The
source of hot water can be boilers using differ-
ent fuels, heat pumps or heat exchangers. The
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water is heated in a generator and transmitted
through pipes to panels that are installed on the
ceiling of the room. After the water has trans-
ferred 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 ef-
ficiency up to 79%);

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

— the surrounding air is clean, since combustion
products are not released into the surrounding 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 de-
scribes it as a checklist containing valuable infor-
mation 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 efficiency of heating
the room of a particular heating systemy, «Safety —
reliability in operation», «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
impact 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: Infrared & Heat Danger in
J Panel 8 dissipation Safety case 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
criteria presented in the Matrix.
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TEXHOC®EPHASA BE3OITACHOCTD

OPIAHUBALNA JUCTAHIIUOHHOI'O MEJUITUHCKOI'O KOHTPOJIA
PABOTHHUKOB INPEAITPUATUA HEO®TEI'A30BOU OTPACJIN

KAPIIEHKO HNuna EBrennesna
CTYIEHT
KY3HEHLOBA IOaus BagumoBHa
KaHIUJAaT TEXHUYECKUX HAYK, JOLEHT
Cyprytckuil rocyaapCcTBEHHBIH YHUBEPCUTET
r. Cypryrt, Poccus

Paccmompensl ocobennocmu opeanuzayuu OUCMAHYUOHHO20 MEOUYUHCKO20 KOHMPOISL 600UMENeil CO2NACHO
CYUeCmeyIouUx HAYYHO-NPABOBHIX AKMOB, PElIAMEHMUPYIOWUX Npoyecc u Heooxooumoe obopydosanue. Ilpeo-
cmasnennas cmamucmuxa [JTIT noomsepoicoaem HeobX00UMOCHb AKYEHMUPOBAHUsL BHUMAHUSL HA COCMOSIHUU
300p06bs gooumeinell 05t 6e30NACHO20 MPAHCROPIMUPOSAHUSL COMPYOHUKOS U CHEYMEXHUKU. YCMaHOBIeHO, Yno
Hauyue coOCmeeHHo20 MeOKaburnema u npuodpemenue 060pyO08aHUs NPAKMUYECKU 6 08a PA3a IKOHOMUYECKU
8blc00Hee 07151 npeonpusmust. 1lpeonoumenue 66110 OMOAHO KOMIAEKCAM 8 MOOUILHOM UCHOJIHEHUU.

KiiroueBbie ¢JI0Ba: AMCTAHIIMOHHBIA MEIUIIMHCKHUI KOHTPOJIb, 6€30MACHOCTh JOPOYKHOTO JABMKEHHS, TPY/I-
HOM3BJIEKaeMast He)Th, THIPABIHNUCCKUI Pa3phIB IIACTA, MEITYHKT.

HACTOsALLEE BPEMsI HECMOTPSI Ha pa3BUTHE

aJbTEPHATUBHBIX HCTOYHHUKOB HHEPIUH,
He()Th OCTaeTCsl IJIaBHBIM TOIUIMBHBIM pecyp-
com [2]. Poccus — omuH U3 JMAEPOB MO 100BIUE
Heth B Mupe, a XaHThI-MaHCUHCKUNA aBTOHOM-
HBII OKpYT — FOrpa BHOCHUT 3HAUNTENIbHBIA BKJIAL
B pa3BUTHE JAHHOM OTpaciu. Tak, B CBS3U C yBe-
JIMYEHUEM KOJIMYECTBA MECTOPOKIACHUN C TPYy.-
HOU3BJIEKAEMON HE(PThIO, MOSIBUINCH PA3IUYHBIE

METO/Ibl MHTEHCU(HKALIMU TIpoIiecca T00BIYN YT-
neBopoposioB. Cpeny HHUX IIUPOKYIO pacHpo-
CTPAHEHHOCTb IMOJIYYWJI THIPABIMYECKUNA Pa3phIB
miacra (I'PIT).

Jliis peanuzanuy JAHHOTO METOA UCTIOJIb3YeT-
csi OOJIBITIOE KOJMYECTBO TEXHHYECKH CIIOKHBIX
YCTPOWCTB, KOTOPhIE HEOOXOIUMO JOCTaBISTh HA
YAQICHHBIC KYCTOBBIC IIIOIIAJIKH IO TPYAHOIIPO-
XOUMBbIM MecTtaM. Kpome Toro, Juis ruapaBinye-
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