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EnexTpoMarHiTHI BUIPOMIHIOBaHHS € BarOMUM YMHHHUKOM BIUIMBY Ha JIIOJEH 1
TEeXHIYHI 3acoOu. EnekTpoMarHiTHE BUIIPOMIHIOBAHHS 1H(GPAUYEpPBOHOTO JIaMa3oHy €
TEIUIOBUM, TOMY MOT0O OJIOKYBaHHSl € Ba)KJIMBUM acCIEKTOM LUBLIbHOI O€3MeKu. uepes
HEOOXIJTHICTh 3aXMCTY JIIOJIMHUA Bl TEPMIYHMX BIUIMBIB, BUTOKY TEIUIOBOI €HEprii i
MIIBHUINCHHS  CHEpProe(eKTUBHOCTI  OymiBedb 1 crnopyd.  Po3moBcromkeHHs
1H()payepBOHUX BUIPOMIHIOBAHb MA€ EKUIbKA (PI3MYHUX MEXaHI3MiB, TOMY CTBOPEHHS
e(EeKTUBHOI TeII0130/111i 00’ €KTIB € CKIAQJHOK TEXHIYHOI 3a1ayeto. buIblmcTh
ICHYIOUMX TE€PMOI30JIIOI0YMX MaTepiaiiB MalOTh BEJIMKI MacorabapuTHi mapameTpu abo
CKJIQJIHY CTPYKTYPY ¥ XapakTepu3yroThCs BUCOKOIO BapTicTIO. OCOOIMBO 11€ CTOCYEThCS
3ac00iB 3aXMCTy JIIOJMHM BiJI TEPMIYHMX BIUIMBIB HHU3BKUX TEMIIEpaTyp Ta
iH(ppayepBoHOro Kamy(usbky. TomMy mocTae 3agada CTBOPEHHS 1HHOBALIMHUX
MarepiaiiB 1OCTaTHbOI €(EeKTUBHOCTI W MPUWHATHOI BApTOCTI JJIsl 3aXMCTY JIIOJEU Ta
M1JBHUIICHHS eHeProe(peKTUBHOCTI 00’ €KTIB Oy 1IBHUIITBA.

VY nepomy po3/iiii po3rIsiHYTO 010JI0T14HY 110 iH()payepBOHUX BUIIPOMIHIOBAHb
Ta MPOAHATI30BAHO YMHHY HOPMATHBHY 0a3y 3 OJOKYBaHHS €JIEKTPOMAarHiTHUX
BUIIPOMIHIOBaHb Ta TEPMO130JIs111i 00’ €KTiB. JOCTIHKEHO CydyacHUM CTaH MTUTAHHS 1100
OJIOKYBaHHSI €JIEKTPOMArHiTHUX BUIIPOMIHIOBaHb 1H(QPAUYEPBOHOrO J1aMa30Hy i
MPAKTUKU PO3POOJICHHS 1 BIPOBAHKCHHS 3aXMCHHX MaTepiayiiB. Bu3zHaueHO HU3KY
HEBUPIIEHUX W HENOCTATHHO BUPIMICHUX NUTaHb. HalOmpll BaXXJIMBUMHU 3 HHUX €
HEOOX1/IHICTh BIOCKOHAJIEHHS 3aC001B MOJENIOBAHHS TEIUIONEPEHOCY Kpi3b IIapyBarti
CTPYKTYpH ¥ PO3pOOJICHHS TEOPETUYHUX 3aCaj 3aCTOCYBaHHS MEBHUX MaTepialliB s

BUTOTOBJICHHS 3aXMCHMX KOHCTPYKIIM. BiJcyTHI HampalfoBaHHsI II[0JI0 3aXMCHOTO



MaTepially Majioi TOBIIWHU ¥ MPUHHATHUX €(hEeKTUBHOCTI Ta BaApTOCTI.

Y apyroMmy po3auti po3po0JeHO METOAM 1 METOJIWKH BH3HAYCHHS €(EKTUBHOCTI
MartepialliB Jig OJIOKYBaHHS €JIEKTPOMAarHiTHUX BHUIIPOMIHIOBaHb 1H(GPAYEPBOHOTO
JianasoHy.

VY TperboMy po31isli OOrPYHTOBaHO OOMpAHHS KOMIIOHEHTIB JJI PO3pOOJICHHS
MaTepialiB 1 KOHCTPYKIIIH AJist OJI0KyBaHHs iHQpadyepBOHUX BUMIPOMiHIOBaHb. [lokazana
NPUMHATHICTD 3aCTOCYBaHHsS i OJOKyBaHHS 1H(pPauepBOHOTO BHUIPOMIHIOBAHHS
CKJIOTKAaHMHM Ta 0a3ajJbTOBOI TKaHMHU. BH3HaueHO 3acaiM pO3MUTTS TEIJIOBOI
CUTHATypH 3axUCHUMH MaTepiagaMu. Po3pobneHo ¥ BumpoOyBaHO MatTepian st
OJIHOYACHOTO 3aXHMCTy OO’€KTIB BIJ BIUIUBY €JIEKTPOMArHiTHUX BUIPOMIHIOBAHb
1H(paYepBOHOTO Jiana3oHy Ta pajioyacToT.

VY derBepTOMy po3.1l HajaHi 0a30B1 3acau NPOEKTYBAHHS 3aXHUCHUX MaTeplaiiB
METOJaMHU MOJEJIIOBaHHSI MOIIMPEHHS TEIUIOBUX MOTOKIB KpPi3b IIapyBaTi CTPYKTYpH H
MpoBe/eHO  BepuQiKallilo pe3yJbTaTiB MNPOEKTyBaHHA. HaBeneHo pe3ynbTaTu
BIIPOBAXKEHHS JTOCIIJDKEHb Y MpakTU4HY AisuibHICTH komnaHii TOB HBII «Tanan-
[Toxxtex» mix Yac TPOEKTYBaHHS Ta BHUIOTOBJIEHHS CyYaCHUX TIpPYHOBHX Ta
IHIUBITyaIbHUX 3aCO01IB 3aXHCTY 3 OOIPYHTOBAaHUMHU TEXHIYHMMH XapaKTEPUCTUKAMH,
SIK1 BUTOTOBJISIFOTHCS JUTSI TOKEKHO-pATYBabHUX Tiapo3auiiB JJCHC Ykpainu ta iHmmx
00’€KTIB KpUTUYHOI 1H(GpacTpyKTypu. Pe3ynbTaT [MOCHIKEHb BIPOBAKEHO Y
HaBuyaJgbHUM Tmporec KHIBCHKOro HAIlOHAIBHOIO YHIBEPCUTETY OydiBHUUTBA 1
apXITeKTYypH.

HaykoBa HOBM3HA OTpUMaHUX Pe3yJIbTaTIiB MOJSTAE Y HACTYITHOMY:

Bnepue:

— TEOPETUYHO OOTPYHTOBAHO 3aCTOCYBaHHS CKJIOBOJIOKHA JUIsi OJOKYBaHHS
BUIIPOMIHIOBaHb  yChOTO  1H(PpayepBOHOrO  Jiama3oHy LUISXOM  BpaxXyBaHHS
MOTJIMHAJIBHUX BJIACTUBOCTEN CKJIOBOJIOKHA Y Jl1ara30H1 JOBXKUH XBUJIb 8—10 MKM;

— €KCIIEpUMEHTAJIbHO BU3HAUYECHO €(DEeKTUBHICTh 3aCTOCYBaHHS MaTepiajiiB Ha
OCHOBI CKJIOTKQHUHU JJIsI TETUIO130JISI11iT 00’ €KTIB Ta 1HPPAYePBOHOTO KaMy(IIsiKy, 1110

AO3BOJIMJIO BUKOPUCTOBYBATHU 3aXUCHUM map 3aBTOBIIKH I-2mMm 3 ITOBCPXHEBOIO



rycturor 200 r/M? Ui OBHOTO OJIOKYBaHHs iH()PauepBOHOIO BUIIPOMIHIOBAHHS 3a
rpazgientiB TemmnepaTtypu 20-30 K.
Boockonaneno:

— METOJIMYHI 3aCa]Ii IPOEKTYBAHHS OJISATY JIJISl 3aXUCTY JIIOJEH Bl TEPMIYHUX
BIUTMBIB Ta MiATPUMAHHS TEIJIOBOTO PEXKUMY LUISIXOM BH3HAUYECHHS TEMIEpaTypHUX
napaMmeTpiB OKpEMHUX IIAPIiB OJATY Ta 3aXMCHOIO Iapy, 110 J03BOJSE pallioHaIi3yBaTH
oOpaHHs MaTepialiB JUIs iX BUTOTOBIICHHSI.

Habynu nooanvuiozo pozsumky:

- METOAMYHI M1JX01 10 MOJEIIOBAHHS MOIUPEHHS TEIIOBOIO OTOKY KPi3b
mapyBaTy CTPYKTYpPY Y MPOCTOPi 1 Yaci 3a paxyHOK BpaxXyBaHHSI HasIBHOCTI MOBITPSTHUX
OPOIIAPKIB MK OKPEMHMMHM IIapaMy KOHCTPYKLIi, 110 J03BOJISIE 3HU3UTU MOXUOKH Y
nmpoliecax MPOEKTYBAHHS IIapyBaTUX MaTepiaiiB sl OJIOKyBaHHS 1H(pauepBOHUX
BUIIPOMIHIOBaHb.

IpakTu4YHe 3HAYEHHS OJleP:KAHUX Pe3yJIbTATIB MMOJIATAE Y HACTYITHOMY:

Po3pobnienunii matepian NpuUAATHUN I8 BUTOTOBJICHHS 3aXHCHOTO OJSTY IS

MIATPUMAHHS TEIJIOBOIO PEXKUMY TUIA JTIOAUHU;

— Mana ToBIIMHA ¥ NMHMTOMa Bara martepiaily 3a0e3rnedye eproHOMIYHICTh OJAry,
BUT'OTOBJICHOTO 3 TAKOTO MaTepiaiy.

— Bucoki mornMHambHI BJIACTHBOCTI Yy 1H(QpPauyepBOHOMY Jiama3oHi JI03BOJISIOTH
BUKOPHUCTATH HOT0 JJI1 CTBOPEHHS 3aC001B HEIOMITHOCTI JIFOEH 1 TEXHIYHUX 3aC001B
JEeTEKTOpaMu 1HGPAYEPBOHOTO BUITPOMIHIOBAHHS.

— Po3poOnennst Mozaeneit momupeHHs TeII0BOro MOTOKY Kpi3b MIAPOBI CTPYKTYpH y 2D
ta 3D dopmaTi J03BOJISIE CIIPOCTUTH MPOILIECH MPOEKTYBAHHS 3aC001B OJIOKYBaHHS
iH(padepBOHUX BUIIPOMIHIOBAHb HA MPHUHIUIIAX PO3YMHOI MocTaTHOCTI. OTpumaHi
MOJIEJIl CKOPOUYIOTh Yac 1 MaTepialibHl BUTPATU HA PO3POOJIEHHS 3aCO0IB 3aXUCTY.

Kiaw4yoBi ciaoBa:  eleKTpoMarHiTHE  BHIPOMIHIOBaHHS, i1H(padepBoHE

BUIIPOMIHIOBaHHS, TEPMO130JIS1114, MOJEJIFOBaHHS, TEIJIOMaCOIIEPEHOC,

eHeproe(peKTUBHICTb.



ABSTRACT

Dovhanovskyi, M.O. Shielding of infrared electromagnetic radiation to ensure
thermal insulation of structures. — Qualification thesis in the form of a manuscript.

Thesis for the degree of Doctor of Philosophy in the field of knowledge 26 — ‘Civil
Safety’, specialisation 263 — ‘Civil Safety’ — Kyiv National University of Construction
and Architecture, Ministry of Education and Science of Ukraine, Kyiv, 2026.

Electromagnetic radiation is a significant factor affecting people and technical
equipment. Electromagnetic radiation in the infrared range is thermal in nature, so its
blocking is an important aspect of civil safety due to the need to protect people from
thermal effects, heat loss and to improve the energy efficiency of buildings and structures.
The propagation of infrared radiation involves several physical mechanisms, making the
creation of effective thermal insulation for structures a complex technical challenge. Most
existing thermal insulation materials are bulky or have a complex structure and are
characterised by high cost. This is particularly true for means of protecting people from
the thermal effects of low temperatures and infrared camouflage. Therefore, the task
arises of creating innovative materials of sufficient effectiveness and acceptable cost to
protect people and improve the energy efficiency of buildings.

The first chapter examines the biological effects of infrared radiation and analyses
the current regulatory framework for blocking electromagnetic radiation and the thermal
insulation of structures. The current state of the art regarding the blocking of infrared
electromagnetic radiation and the practice of developing and implementing protective
materials has been investigated. A number of unresolved and insufficiently resolved
issues have been identified. The most important of these are the need to improve methods
for modelling heat transfer through layered structures and the development of theoretical
foundations for the application of specific materials in the manufacture of protective
structures. There is a lack of research on protective materials of small thickness with
acceptable efficiency and cost.

The second chapter develops methods and techniques for determining the

effectiveness of materials for blocking electromagnetic radiation in the infrared range.



The third chapter justifies the selection of components for the development of
materials and structures for blocking infrared radiation. The suitability of glass fabric and
basalt fabric for blocking infrared radiation is demonstrated. The principles of thermal
signature blurring using protective materials are established. A material has been
developed and tested for the simultaneous protection of objects from the effects of
electromagnetic radiation in the infrared range and radio frequencies.

The fourth chapter presents the basic principles of designing protective materials
using methods for modelling the propagation of heat fluxes through layered structures,
and the design results have been verified. The results of applying the research to the
practical activities of the company LLC Scientific and Technological Enterprise "Talan-
Pozhtech" during the design and manufacture of modern group and individual protective
equipment with substantiated technical characteristics, which is produced for the fire and
rescue units of the State Emergency Service of Ukraine and other critical infrastructure
facilities, are presented. The research results have been incorporated into the teaching
programme at the Kyiv National University of Construction and Architecture.

The scientific novelty of the results obtained lies in the following:

For the first time:

— the use of glass fibre to block radiation across the entire infrared spectrum has been
theoretically substantiated by taking into account the absorption properties of glass
fibre in the 8—10 um wavelength range;

— the effectiveness of using glass fabric-based materials for thermal insulation of
objects and infrared camouflage has been experimentally determined, enabling the
use of a protective layer 1-2 mm thick with a surface density of 200 g/m? to
completely block infrared radiation across temperature gradients of 20-30 K.

The following have been improved:

— methodological principles for designing clothing to protect people from thermal
effects and maintain thermal conditions by determining the temperature parameters
of individual layers of clothing and the protective layer, which allows for the

rational selection of materials for their manufacture.



The following have been further developed:

— methodological approaches to modelling the propagation of heat flux through a
layered structure in space and time by taking into account the presence of air gaps
between individual layers of the structure, which allows for a reduction in errors in
the design processes of layered materials for blocking infrared radiation.

The practical significance of the results obtained lies in the following:

— The developed material is suitable for the manufacture of protective clothing to
maintain the human body’s thermal regime;

— The material’s low thickness and specific weight ensure the ergonomics of clothing
made from it.

— High absorption properties in the infrared range allow it to be used for creating
means of rendering people and technical equipment invisible to infrared radiation
detectors.

— The development of models for heat flux propagation through layered structures in
2D and 3D formats simplifies the design of infrared radiation blocking devices based
on the principle of reasonable sufficiency. The resulting models reduce the time and
material costs involved in developing protective equipment.

Keywords: clectromagnetic radiation, infrared radiation, thermal insulation,

modelling, heat and mass transfer, energy efficiency.
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