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1. Pa6uysn P.C. EHEproTexHooriuyHi 0CO6IMBOCTi BUKOPUCTAHHS BOJHEBUX TEXHOJIOTIN B TEXHOJIOTTYHUX YCTAaHOBKAx
- KBamnigikauifiHa HaykoBa ITpaljsl Ha IpaBax pyKkonucy. Jlucepratiisi Ha 3000yTTsI HAYKOBOTO CTYIIE€HS JOKTOPa
dinocodii 3a cnenianpHicTIO 142 «EHepreTnyHeMammnHOOYAyBaHHS». — HallioHaNbHUI TEXHIYHUN YHIBEDCUTET
Ykpainu «KuiBcbkuii nositexHiuaui iHctutyT imeni Irops Cikopebkoro», Kuis, 2025. ITinrotoska 3nificHIOBanacs Ha
Kadenpi aTOMHUX Ta eJIEKTPUYHMX CTaHLii HallioHasbHOrO TeXHIYHOTO YHiBepcuTeTy YKpainu «KuiBcbkuit
NoJIiTeXHIYHMM IHCTUTYT imMeHi Irops Cikopcbkoro» MiHicTepcTBa OCBIiTH 1 HayKu YKpaiHu. Kito4oBi c10Ba: BOJHEBA
€HepreTuka, MeTaHo-BogHeBi cymimi, CFD MmozneoBaHHs, OKMCIU a30Ty, IIPOLLECH TOPiHHS, IIKIIJIMBI BUKUAIY,

IIPOMMUCJIOBI NaJIbHUKMY, pafialliiHNi Ta KOHBEKTUBHUI TEIJIOOOMiH, KOTeJIbHA YCTaHOBKA. 3aMiHa NPUPOJHOTO rasy



BOJHEM, OKPIiM OYEBUJIHUX [IepeBar y 3MeHIIeHHi BukuiiB COn i jekap6oHisalii atMocdepu, CIpUYnHsE 3MiHN
BOTHETEXHIYHMX Ta €MICIHMX XapaKTEPUCTUK MaJNBHO-OKUCIIOBATIbHUX CyMilIel. 30KpeMa, 1ie Bele 10
301/1bIIIEHHS aOCOJIIOTHOTO CIIO’KMBaHHS IAJIMBHOTO ra3y Yepes HUKUy TEMNJIOTY 3TOPSIHHS BOAHIO, @ TAKOX [10
3POCTaHHS YyTBOPEHHS okcuzis a3oty (NOx) 4yepes Bullly TeMIIepaTypy TOPiHHS BOJHIO. Y BCTYIIi OOI'PYHTOBAHO
aKTyaJIbHICTb AOCIIKEHHS, BU3BHAaYEHO Oro METy Ta OCHOBHI 3aBIAHHS, a TAKOXK BU3HAYEHO OO'EKT i mpesmMeT
IoCimKeHHs. PO3KpUTO HayKOBY HOBU3HY Ta NPAaKTUYHY L[iHHICTb OTPMMaHUX PE3YJIbTaTiB, OKPECIEHO OCOOUCTUN
BHECOK 37100yBaya i 3po6s1eHO K/II0YOBi BUCHOBKU. B nepmomy po3aiji npoaHasnizoBaHi BiloMi HAyKOBi po60oTH
CTOCOBHO BUKOPHMCTAHHS BOJEHbMICTKUX MAJIUB [1JIs1 IPOMUCIIOBUX 00'€KTIB Ta MOOYTOBUX MPUCTPOIB, TAKOXK
POBIJISIHYTO OCOOJIMBOCTI BUPOOHUIITBA BOJHIO, Ta IIEPCIIEKTUBY BOJIHEBOi eHepereTUku. B npyromy posmini
[IPOBENIEHI TEOPETUYHO-PO3PAXYHKOBI JOCIiEHHS BOTHETEXHIYHNUX Ta €KOJIOTIYHUX BJIACTUBOCTEN ra30BUX I1AJINB,
CKJIa[IEHUX i3 CyMilllell MeTaHy Ta BOJHIO, a CaMe LIBUAKOCTEN TOPiHHS, 3MiHU afiiabaTU4YHOI TeEMIIEpPATypy FOPiHHS
cyMiliel npu 36ibLIeHH] 101 BOGHIO y MaynBi, OL[iHIIi yTBOPEHHS OKCHUIB a30Ty, Ta BukuiB CO2. BUKOpucTaHHS
BOJIHIO I1pY 3aMillleHHi IPUPOJHOTO razy KpiM oueBUIHUX [lepeBar 3 AekapOoHisallii aTMmocdepu (3MeHIIeHHS
BUKUiB CO2) Npru3BOAUTD 0O 3MiHM BOTHETEXHIYHUX Ta €MiCITHUX BUKOPUCTAHHS XapaKTEPUCTUK [IaJIMBO-
OKMCJIIOBAJIbHUX CyMillleli, 30Kpema 30i/blIeHHs abCOIIOTHOI BUTPATU MAJUBHOTO a3y 4epe3 MEeHIIY TeIoTy
3TOPSIHHS BOLHIO, 301/IbIIeHHS YTBOPEHHS OKCUTiB a30Ty NOX yepes 6isblly TeMrepaTypy ropiHHS BOJHIO Ta iH. B
TPETbOMY PO31iJii IPOBEAEHO €KCIIEPUMEHTAJIbHI JOCIIIJIKEHHS CIIIIOBAHHS METAaHO-BOJHEBUX CyMillIel Ha
IpOMHUCI0BOMY NanbHUKYy SUEMAX noTtyskHicTio 110 30 KBT. [loig 3aMillleHHS BOOHEM IIPUPOIHOTO ra3dy CKiaagasa
BignosinHo [H2] = 30 % 06. Ta 50 % 06. TakoX B nasbHUKY OyJI0 criasieHo yucTuil BogeHs ([H2] =100 % 06.). Meta
IOCIIiIPKEHHS T10JISITajla Y BU3HAYE€HHI €HEProeKOJIOTiYHUX XapaKTePUCTHUK CIAJII0BAHHS METAHO-BOIHEBUX
cyMmilen B IPOMUCIIOBOMY Ia30BOMY I1aJIbHUKY 3 BU3Ha4YeHHAM emicii NOx, CO Ta TeMnepaTypHUX XapaKTEPUCTUK
(paxesry 3 NOPiBHSIHHSM 3 BUNAJIKOM CIIQJIIOBAHHS YMCTOTO IPUPOJHOTO rasy (Merany). Ha ocHOBi aHanizy
PEe3yJIbTATiB €KCIIEPUMEHTIB BU3HAYEHO, 1O [IPU CHATI0BaHHI METAHO-BOJHEBOI CyMillli 3MEHITYIOThCS BUKUau CO
Ta 30iJIbIIYIOTHCS TEMIIEPATYPU BUKUIHUX rasis i emicis NOX. BcTaHoBseHo, 1o eMicis okeupis azoty NOX 3pocTae
B ~1,5...2,0 pa3u ta cknazgae [NOx] = 89 - 50 ppm A1 criajioBaHHS YUCTOrO BOAHIO. B TO1 ke yac BiAMidaeTbCs
cyTTeBe 3HIKeHHs yTBopeHHst CO, ~20 pasis npu cnianoBanHi cymimi [CH4] / [H2] = 50 / 50, % 06., piBeHb
yrBopeHHst CO cknagae [CO] =1 - 2 ppm. HaBeieHi XxapakTepUCTUKY 10Ka3ylOTb CYTTEBUII BIIJIMB KOHCTPYKLIi
crabinizaropy, Tak aJs naasHuka SUEMAX nosxuHa ¢akesy B HaBeIeHOMY poO04OMy peskuMi KopoTiia Ha 20 % y
nopiBHaHHI 3 CHC. B yeTBepTOMY PO31ijli OCHOBHOIO METOIO LOCIIIPKEHHS € BUSHAYEHHS BIUIMBY IIPOLIEHTHOTO
BMICTy BOJIHIO B [IaJIMBHill CyMillli 3 METAHOM Ha YTBOPEHHS oKcuiB a30Ty (NOX), Ipy BUKOPUCTAHHI B INTAaTHUX
OCbOBMX IaJIbHUKAaX BOAOrpiiHOro Kotia tuny JKBP-10-13. Takoxx B po6OTi cTaBUach 3a7ja4a BU3HAUUTU CepelHi
XapaKTEPUCTUKHU TEMJIOOOMIHY B TOIIKOBill KaMepi 3ralaHoro KOTEJIbHOTO arperaTy 3a JOIOMOIOI0 BilOMOro NakeTy
nporpam CFD-mopemnoBanHsg ANSYS-Fluent, mo 103BoJisie micyis nonepenHboi Bepudikarii 3
eKCIIepUMEHTAJIbHUMU JAHUMU B3SITUMU 3 POOIT iHIIMX aBTOPIB, pO3UIMPUTHU [ialla30HU PEKMMHUX MapaMeTpiB, 110
MOXYTb BIUIUBATU HAa POOOTY KOTEJIBHOTO arperary B LiisioMy. MeTonu, 06’eKT Ta IpeAMET NOCifiKeHHs. O6'eKT
IOOCJIiIKEHHS — IPOLECH CIaI0BaHHSI METAaHO-BOJHEBUX CyMilllell y TEXHOJIOTIYHUX yCTaHOBKax. [Ipegmer
IOCJIiI)KeHHS — €HepreTHU4Hi Ta eKOJIOTiYHI XapaKeTPUCTUKY (YTBOPEHHS IIKiJJINBUX PEYOBUH) IIPOLIECY FOPiHHS
IIpY CIIAJII0OBaHi METAaHO-BOJHEBUX CyMilllel. MeTOM LOCIIIPKEHHS — Y NOCJIIIKEHH] 3aCTOCOBYBAJINACS SIK
€KCIIEPUMEHTAJIbHI, TaK i PO3PaxyHKOBO-TEOPETUYHI METOAM aHAaIi3y NPOLECiB rOpiHHA. EKCliIepUMEeHTH 3i
CIIAJII0OBAHHS CyMillli IPUPOJHOTO ra3y Ta BOGHIO TPOBOAMIINCS HA CIELjalbHO 06J1alHAHOMY €KCIIEPUMEHTAIbHOMY
creHpi. OTpuMaHi pe3ysibTaTy 06pOOJISINCS 1 y3arajbHIOBAJINCS i3 BUKOPUCTaHHSIM Cy4aCHOTO IIPOrPaMHOro

3a0e3e4YeHHs.
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processes, energy ecology, harmful emissions, industrial burners, radiation and convective heat exchange, boiler
plant. Replacing natural gas with hydrogen, in addition to the obvious advantages in reducing COn emissions and
decarbonizing the atmosphere, causes changes in the combustion and emission characteristics of fuel-oxidizer
mixtures. In particular, it leads to an increase in the absolute consumption of fuel gas due to the lower calorific
value of hydrogen, as well as to an increase in the formation of nitrogen oxides (NOx) due to the higher
combustion temperature of hydrogen.The introduction substantiates the relevance of the research, defines its
purpose and main tasks, and specifies the object and subject of the research. The scientific novelty and practical
value of the obtained results are revealed, the personal contribution of the applicant is outlined, and key
conclusions are drawn. The first chapter well-known scientific works on the use of hydrogen-containing fuels for
industrial facilities and household appliances are analyzed, the features of hydrogen production and the prospects
of hydrogen energy are also considered. Chapter 2 theoretical and computational studies of the fire-technical and
environmental properties of gaseous fuels composed of mixtures of methane and hydrogen were conducted,
namely, combustion rates, changes in the adiabatic combustion temperature of mixtures with an increase in the
proportion of hydrogen in the fuel, assessment of the formation of nitrogen oxides, and CO2 emissions. The use of
hydrogen to replace natural gas, in addition to the obvious advantages of decarbonizing the atmosphere (reducing
CO2 emissions), leads to changes in the fire-technical and emission characteristics of fuel-oxidizer mixtures, in
particular, an increase in the absolute consumption of fuel gas due to a lower heat of combustion of hydrogen, an
increase in the formation of nitrogen oxides NOx due to a higher combustion temperature of hydrogen, etc. In
Chapter 3 the experimental studies were conducted on the combustion of methane-hydrogen mixtures using an
industrial SUEMAX burner with a capacity of up to 30 kW. The proportion of hydrogen substitution of natural gas
was [H2] = 30 % by volume and 50 % by volume, respectively. The purpose of the study was to determine the
energy and environmental characteristics of combustion of methane-hydrogen mixtures in an industrial gas
burner with the determination of NOx, CO emissions and flame temperature characteristics in comparison with
the case of combustion of pure natural gas (methane). It was found that the emission of nitrogen oxides NOx
increases by ~1.5...2.0 times and amounts to [NOx] = 89 - 50 ppm for the combustion of pure hydrogen. At the
same time, a significant decrease in CO formation is noted, ~20 times when the mixture [CH4] / [H2] = 50 / 50, %
vol. is burned, the level of CO formation is [CO] = 1 - 2 ppm. Chapter 4 the main objective of the study is to
determine the influence of the percentage of hydrogen in the fuel mixture with methane on the formation of
nitrogen oxides (NOx), when used in standard axial burners of a water-heating boiler of the DKVR-10-13 type. The
work also set the task of determining the average heat transfer characteristics in the combustion chamber of the
mentioned boiler unit using the well-known CFD modeling software package ANSYS-Fluent, which allows, after
preliminary verification with experimental data taken from the works of other authors, to expand the ranges of
operating parameters that can affect the operation of the boiler unit as a whole. Methods, object and subject of
research. The object of research is the processes of combustion of methane-hydrogen mixtures in technological
installations. The subject of research is the energy and environmental characteristics (formation of harmful
substances) of the combustion process when burning methane-hydrogen mixtmixtures. Research methods - the
study used both experimental and computational and theoretical methods for analyzing combustion processes.
Experiments on the combustion of a mixture of natural gas and hydrogen were conducted on a specially equipped

experimental stand. The results were processed and summarized using modern software.
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VIII. 3aKkJII04Hi BiZOMOCTi
Bnacue IpizBume Im's I1o-6aTbKOBI Tys Banepiit OmensaHoBrY

TOJIOBH pajgu

BiacHe IlpizBuie Im's I1o-6aTbKOBI Tys Banepiit OmensHOBIY

rOJIOBYIOYOTO Ha 3acCiiaHHi



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 peECTpallil0 HAyKOBOIi

OisIIBHOCTI

Psa6uyn Pycnan CepriftoBuy

VKpIHTEI

FOpuenko TetsHa AHaToJiiBHA



