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[linroroBka 3aiiicHIOBaNacs Ha kKadeapl aTOMHUX Ta €JIEKTPUYHUX
cTaHiii HamioHaabHOrO TEXHIYHOTO YyHiBepcuTeTy Ykpainu «KuiBchkuii
MOMITEeXHIYHUHM 1HCTUTYT iMeH1 Iropst Cikopcbkoro» MiHICTEpCTBa OCBITH 1
HayKH YKpaiHH.

KuarouoBi cioBa: BojHEBa €HEpPreTHKa, METAHO-BOJAHEBI CYMIIII,
CFD mopentoBaHHS, OKUCIU a30Ty, MPOIECH TOPIHHS, IIKIJJIUBI BUKHUJIH,
MPOMUCIIOBl MaJbHUKH, paJiallliHUN Ta KOHBEKTUBHUN TEMJIOOOMIH,
KOTEJbHA YCTaHOBKA.

3amiHa MPUPOTHOTO Ta3y BOJHEM, OKpPIM OYEBMIIHUX IepeBar y
smeHmenHl BukuaiB CO: 1 gekapOoHizaiii atMocdepu, CpuuuHsIE 3MIHA
BOTHETEXHIYHUX Ta EMICIHHUX XapaKTEPUCTHK MNaJIMBHO-OKHCIIIOBAIbHUX
cymimeid. 30kpeMa, 1e Belae 10 30UIbIIeHHS aOCOIIOTHOTO CIOKHBAaHHS
NAJIMBHOTO Ta3y 4Yepe3 HIKYY TEIUIOTY 3TOpsIHHS BOJHIO, a TaKOX JI0
3pocTaHHsl YTBOpeHHs okcuAiB a30oTy (NOX) dyepe3 BHILY TeMIEpaTrypy
TOPIHHS BOJHIO.

3aBaHHS 3MEHIIICHHS BHUKHUIB MAapHUKOBUX Ta3iB HaOyBae neai
OUTBIIIOT aKTyaJdbHOCTI, IO CTUMYJIOE BIPOBAHKCHHS 1HHOBAIIMHHUX

BOJHEBUX TEXHOJIOTIN y cepl €eHEpreTuKH, 30KpemMa 3aMiHy MPUPOIHOTO



rady BOJHEM. 3MIlIIyBaHHS BOJHIO 3 TPUPOJHUM Ta30M CIPHUSE
MOJIIMIIIEHHIO €KOJIOTTYHUX MOKA3HMKIB 1 3MEHIIeHHIO yTBOpeHHs COs.

VY Beryni OOrpyHTOBAaHO AaKTYallbHICTh JOCIIIXKEHHS, BU3HAYEHO
HOro MeTy Ta OCHOBHI 3aBJaHHSA, a TaKOXX BU3HAYEHO O0’€KT 1 MpeamMer
nocimikeHHsl. PO3KpUTO HAayKOBY HOBHU3HY Ta NPAKTUYHY IIHHICTh
OTPUMAaHUX PE3YyJIbTaTIB, OKPECICHO OCOOMCTHH BHECOK 3100yBaua 1
3po0JeHO KII04OBI BUCHOBKH. HaBemeHo iHgopmarmio mpo ampodariiro
pe3yNnbTaTiB  JOCHIDKEHHS Ta MOXJIMBI HANpsSMKH iX MPaAKTUYHOTO
3aCTOCYBaHHA. TaKoXX ONHUCAaHO 3arajibHUii o0csAr Ta  CTPYKTYpPY
JTUcepTalifHOT poOOTH.

B nmepmomy po3agiai mpoaHanizoBaHi BiIOMI HayKoBl poOOTH
CTOCOBHO BUKOPHUCTaHHSI BOJICHbMICTKUX TAJMB sl MPOMUCIOBUX 00’ €KTIB
Ta MOOYTOBUX MPHUCTPOIB, TAKOXK PO3TISTHYTO OCOOJIMBOCTI BUPOOHUIITBA
BOJHIO, Ta TMEPCIEKTHUBU BOJHEBOI eHepereTuku. OrmpaloBaHi HayKOBI
CTaTTl IIOAO0 KUIBKOCTI BUKOPUCTAHHS MPUPOJHBOIO ra3zy Ta MEepPeCeKTUBU
BUPOOHUIITBA 3€JICHOr0 BOAHIO. OCOONMBY yBary mpuJIiJIEHO €KOJOTIYHUM
acrmeKkTaM 3aMileHHs] TPUPOHOTO Ta3y Ha cyMiiil 3 BogHeM. Ha mpukinii
MepIIOTO PO3AiTYy CPOpMYTHLOBAHO METY Ta 3aBJaHHS pOOOTH.

B  apyromy po3amisi  npoBeleHI  TEOPETUYHO-PO3PAXYHKOBI
JIOCITIJIEHHSI BOTHETEXHIYHUX Ta €KOJIOTTYHUX BJIACTUBOCTEH ra30BUX MAJIUB,
CKJIQZICHUX 13 CyMIllled METaHy Ta BOJHIO, a CaM€ IIBHJIKOCTEH TOPIHHS,
3MIHU aJ1a0aTUYHOI TeMIEpaTypu TOPIHHA CyMillled NpH 301IbIIEHH] 10
BOJHIO y MaJIMB1, OL[IHII YTBOPEHHS OKCHIIB a30Ty, Ta BUkuaiB CO».

BukopuctanHs BOJHIO TpW 3aMilIEHH] MTPUPOJHOTO Ta3zy KpiMm
OUYEBHJIHUX TepeBar 3 jaekapOoHizallii arMocdepu (3MEHIIEHHS BUKHUIIB
CO) npu3BOAUTH 0 3MIHM BOTHETEXHIYHUX Ta €MICIMHUX BUKOPUCTAHHS
XapaKTEPUCTUK TAIMBO-OKHUCIIOBAIBHUX CyMIIed, 30KpeMa 301IbIIeHHS

aOCOIOTHOI BUTPATH MAaJUBHOTO Ta3y Yepe3 MEHIIY TEIJIOTY 3TOPSHHS



BOJHIO, 30UIbIIEHHS YTBOpEHHs OKcuIiB a3ory NOy uepe3 OuIbILy
TEeMIIepaTypy rOpiHHS BOJHIO Ta 1H.

B Tperbomy po3aiii mpoBeneHO eKCIepUMEHTANbHI JOCIKEHHS
CHAIOBaHHS METAaHO-BOJHEBUX CyMIIIE Ha MPOMHUCIOBOMY MaJbHHUKY
SUEMAX mnotyxsictio 10 30 xBT. [oJist 3aMillieHHs BOJIHEM ITPUPOIHOTO
raszy ckiagana BianoBigHo [Hz] = 30 % 06. Ta 50 % 06. Takox B MajqbHUKY
Oyno cnaneno uuctuii BomeHb ([Hz] =100 % 006.). Merta mocmimkeHHS
noJisAirajia y BU3HAYCHHI €HEPTrOCKOJOTIYHUX XapaKTEPUCTUK CHATIOBAHHS
METaHO-BOJIHEBHX CyMIIIEd B MPOMUCIOBOMY Ta30BOMY MaJIbHUKY 3
Bu3HaueHHsAM eMicii NOy, CO Ta TeMiiepaTypHHX XapakTEpUCTUK (akeny 3
MOPIBHSHHAM 3 BHUMAQJAKOM CIAMIOBAHHA YHCTOTO MPHUPOJHOTO Tra3y
(MeTany).

Ha ocHoBI aHaii3y pe3yJibTaTiB eKCIEPUMEHTIB BUZHAYEHO, IO MPHU
CHAJIOBaHHI METaHO-BOJHEBOI cyMiml 3MeHmytoThes: Bukugu CO Ta
30UTBLIYIOTHCS TEMIIEPATYPU BUKUAHKX Ta3iB 1 emicist NOy.

BcranoBneno, mo emicis okcuaiB azoty NOy 3pocrae B ~1,5...2,0
pasu Ta ckianae [NOy] = 89 — 50 ppm ans criajroBaHHST YHCTOrO BOAHIO. B
TOM e 4Yac BIAMIYA€TbCA CYTTeBE 3HMKEHHS yTBOpeHHs1 CO, ~20 pa3iB npu
cnamoBanHi cymimii [CHa] / [Hz] = 50 / 50, % 06., pieenb yrBopenus CO
cknagae [CO] =1 -2 ppm.

HaBeneHni  XapakTepuCTUKH  TOKa3ylOTh  CYTTEBUH  BIUIMB
KOHCTPYKLIi cTabuizaTopy, Tak i nanbHuka SUEMAX nosxuna (akery
B HaBeJIEHOMY pobouyomy pexumi kopotia Ha 20 % y nopiBusauni 3 CHC.

B d4erBepTrOoOMy po3aiili OCHOBHOIO METOI JIOCTIDKEHHS €
BHU3HAUEHHS BIUIMBY IPOLIEHTHOTO BMICTY BOJHIO B MajHMBHIN cymili 3
METaHOM Ha yTBOpeHHs OkcuaiB a3oTy (NOyx), mpu BHUKOPHCTaHHI B
MITATHUX OCHOBUX MNaJIbHMKAX BojorpiitHoro kotna tumy JIKBP-10-13.
Takox B poOOTI cTaBWIACh 3a7a4a BU3HAYUTH CEPEHI XapaKTEPUCTHKU

TEMJI000MIHY B TONKOBIM KaMepl 3raJaHoro KOTEJIbHOTO arperaty 3a



AI0moMororo Bizomoro nakety nporpam CFD-monenroBanast ANSY S-Fluent,
0 J03BOJISIE MICJS TMOMEpeIHbOi Bepudikaili 3 eKCrIepuMeHTaTIbHUMHU
JaHUMH B3ATUMU 3 POOIT 1HIIUX aBTOPIB, PO3IIMPHUTH J1alla30HU PEKUMHUX
mapameTpiB, IO MOXYTh BINIMBAaTH Ha POOOTY KOTEIBHOTO arperary B
1JIOMY.

MeToau, 00’€KT Ta peAMeT JT0CTiIZKeHH .

O0’ekT AOCTIIKEHHA — MPOLECH CHATIOBAHHS METaHO-BOJIHEBUX
CyMilIeH y TEXHOJOTIYHUX YCTaHOBKAX.

Ilpeamer  fJocCHigKeHHA —  CHEPreTUYHI Ta  EKOJIOTIYHi
XapaKkeTpUCTUKU (YTBOPEHHS IIKIIAJIUBUX PEUYOBHUH) IMPOIIECY TOPIHHS MpU
CHAJIOBaHI METAHO-BOJHEBUX CYMIILIEH.

Metoau AOCHiIKEHHS — Yy JOCITI/DKCHHI 3aCTOCOBYBAIIMCS SIK
EKCIIEpUMEHTAJIbHI, TaK 1 pPO3PaxXyHKOBO-TEOPETHYHI METOAM aHaJI3y
npoleciB ropiHHsa. EkciepuMeHTH 31 cCialltoBaHHS CyMIII MPUPOJIHOTO razy
Ta BO/JTHIO MIPOBOIUIIUCS Ha creniaibHO o0naHaHOMY
EKCIIepUMEHTAILHOMY CcTeHAl. OTpumaHi pe3yiabTaTu o0poOssuMcs ¥
y3araJIbHIOBAJIUCA 13 ~ BUKOPUCTAHHAM  CyYaCHOTO  IIPOTPAMHOTO

3a0€e3MeYeHHS.
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Replacing natural gas with hydrogen, in addition to the obvious
advantages in reducing CO: 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 (NOy) due to the
higher combustion temperature of hydrogen.

The task of reducing greenhouse gas emissions is becoming
increasingly urgent, which stimulates the implementation of innovative
hydrogen technologies in the energy sector, in particular the replacement of
natural gas with hydrogen. Mixing hydrogen with natural gas contributes to

improving environmental performance and reducing CO. formation.



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. Information is provided on the testing of the
research results and possible directions for their practical application. The
general scope and structure of the dissertation work are also described.

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. Scientific articles on the amount of
natural gas used and the prospects for the production of green hydrogen are
reviewed. Special attention is paid to the environmental aspects of replacing
natural gas with a mixture of hydrogen. At the end of the first section, the
goal and objectives of the work are formulated.

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 CO, emissions.

The use of hydrogen to replace natural gas, in addition to the
obvious advantages of decarbonizing the atmosphere (reducing CO.
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 NOy 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).

Based on the analysis of the experimental results, it was determined
that when burning a methane-hydrogen mixture, CO emissions decrease and
exhaust gas temperatures and NOy emissions increase.

It was found that the emission of nitrogen oxides NOjy increases by
~1.5...2.0 times and amounts to [NOy] = 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.

The above characteristics show a significant influence of the
stabilizer design, so for the SUEMAX burner the torch length in the given
operating mode is 20% shorter compared to the SNS.

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 (NOy), 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 mixtures.

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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HEPEJIIK YMOBHHUX CKOPOYEHD TA ITIO3HAYEHb

OCHOBHI CKOpPOYeHHS:

AKM - agiabaTtuyHa KOHBEPCisi METaHY;

MBC — meraHo-BOJHEBA CyMIII,

I'TY - raso-typOiHHA yCTaHOBKA,;

MEA — Mi>kHapOoHOTO €HepreTUYHOTO areHTCTRA,;
AEC — AToMHa eJIeKTpOCTaHIIIS;

BEC - BiTpoBa ejeKTpocTaHIlis;

CEC — coHsiuHa eJIeKTpOCTaHIIIs;

[1I" — mapHUKOBI rasu;

CHC — cTtpymeHeBoO-HIIlIeBa CUCTEMA;

JIB3 — nBUTYH BHYTPIITHBOTO 3rOPSHHS;

JNKBP — nBox06apabGaHHMil KOTET BOAOTPYOHUI PEKOHCTPYHOBAHMUIA;

CFD - (Computational Fluid Dynamics) wMeTog KOMIT IOTEpPHOTO
MOJEJIFOBAHHS;

KIIl im. Irops Cikopcbkoro — HarioHanbHUl TEXHIYHUNA YHIBEPCHUTET

VYkpainu «KuiBcbkuii moniTexHiynuii iIHCTUTYT iMeH1 [ropst CikopcbKoroy.
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BCTYII

Boxe Garato pokiB BHKOITHE IMMajMBO 3a0e3Meuye eIeKTPOSHEPTIEI0
Ta TEIUIOM TMPOMUCIOBICTb, TpPaHCIOPT 1 MoOyToBuii cektop. I[Ipote
BUKOPUCTAaHHSI BUKOMHUX BHJIB NajuBa Npoaykye B armocdepy 73% Bif
yCiX BUKH/IIB MAPHUKOBUX Tra3iB y cBITl. 3a 150 pokiB 1€ 3HaYHO MOCHIIIIIO
NapHUKOBUN €(PEeKT 1 MPU3BENO M0 KIIMATUYHOI Kpu3u. Jjisi oM’ aKIIeHHS
HACJIIKIB Ta ajanTaiii J0 3MiHM KIIMaTy Jep’KaBH CTBOPIOIOTH BJIACHI
CTpaTerii «HyJIbOBUX» BUKHIB, 1110 CIIMPAIOTHCA HA BUKOPUCTAHHS HOBITHIX
eHeproe()eKTUBHUX TEXHOJIOTIM, 3aCTOCYBAaHHIO MPAKTHK BIJHOBJICHHS
€KOCHCTEM Ta PO3BUTKY BIJIHOBIIIOBAHUX JIKEpEN eHeprii. 3a Taky aMmOITHY
iIb B3smucs kpainu Big IliBgenHoi Adpuku Ta BenmkoOputanii 110
Himeyunnu ta SInowii, a BiHeAaBHA — 1 YKpaiHa, sika 3asBUJIa MPO CBOIO
JOBFOCTPOKOBY METY JOCSATTH HYJIBOBUX BUKUIIB 10 2060-T0 poky [1].

Ha cydacHoMy eTami pO3BUTKY €HEPreTUKH JJisi BUPOOHMIITBA
BOJHIO BHUKOPHCTOBYIOTBCSI SIK €JEKTPOJi3 (BUPOOHHUIITBO «3€JIEHOTO
BOJHIO») TaK 1 TEXHOJOrII KOHBEpCli MPUPOJHOro rasy Ta rasugikaii
ByruLisi. OcoOMMBOI yBaru 3aciyroBy€e caMe «3€JICHUN BOJEHBY, K MIPOTYKT
BUKOpHUCTaHHS Hi4HO1 MOTy>kHOCTI AEC Ta yTumizarii 3aiiBoi eJIeKTPUYHO1
eHeprii. Jlami, oTpuMaHuUid BOJCHH MOXKE BHKOPHCTYBABTHUCS SK B
KOMYHaJIbHO-IOOYTOBOMY TaK 1 B MPOMMCIIOBO-€HEPIE€TUYHOMY CEKTpI1 SIK
ra3ono/ii0OHe TMaauBO TPU 3aMilllEHHI TMPUPOJHOTO Tra3y Ha BXKe
MpaIordoMy obJagaHHl Ta TEXHOJOTIsIX. TakoX, BUKOPUCTAHHS BOJIHIO B
SKOCTI ~ YaCTKOBOI  3aMiHU TpaJAUIIAHOTO MIPUPOIHOTO razy
NaJIMBOCTIAIOIOYAM YCTAaTKyBaHHIM MOXKE OYTH MEPIIUM KPOKOM Ha HUIAXY
3a0e3MeyeHHs N1I0UrX Ta MalOYTHIX €KOJOTTYHUX HOPM.

Tomy, mpencraBieHa poOOTa MPUCBSIYCHA aHANIZY MOMJIMBOCTI

3aCTOCYBaHHS BOJIHIO B TEXHOJIOTISIX CIHAIOBAHHS Y SIKOCTI JOMIIIKH 10
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OCHOBHOTO TMajuBa 3 METOK YacTKOBOIO 3aMIIEHHS TpPaguIlifHOTO
OPUPOAHOrO razy o0’ekTaMu MOOYTOBOTO Ta MPOMMCIOBOTO MPU3HAUYECHHS
[Ipu mochimKeHHI MOXJIMBOCTI BUKOPUCTAHHS BOJHIO B SKOCTI YaCTKOBOT
3aMiHU TPaJAUIIITHOTO MPUPOTHOTO raszy NaJUBOCTATIOIOYNM
YCTaTKyBaHHSM, OCHOBHUM MHUTAHHSAM € BH3HAYE€HHA MOXIMUBOI 1
JOIYCTUMO1 YaCTKW BOJHIO y TaKUX FOPIOYMX cymimiax. BupimieHHs nporo
MUTaHHS € KOMIIPOMICOM MK HamMaraHHsM, 3 OJHI€] CTOPOHHU, 30UIBLIUTH
YaCTKy BOJHIO, SIK 3aMiHHUKa MPUPOIHOTO Ta3y, a 3 1HIIOI — 3a0e3meunTu
OCHOBHI NMPUHIMIHN O€3MEeKU 1 €()eKTUBHOCT1 BUKOPUCTAHHS TaKUX CyMIIIIEH,
a TaKoX MiHIMI3amil 1HBECTHINM, SKI HEOOXITHI JUIS  TEPEeXOay
ra30CMagioBabHUX 1 TOMKOBUX MPUCTPOIB 3 YUCTOTO MPUPOJHOTO Tazy, IS
SKOTO BOHU OyJIM IPU3HAYEHI, HA TOPIOYY CYMIII IPUPOJAHOTO T'a3y 1 BOJHIO.

AKTyalbHICTL TeMH. Bimomo, mo TpaauiliiiHa €HEpreThkKa €
rajay3s3io, 110 B MEPIIy Yepry BIJIMOBIAAE 3a TEHEpallil0 MapHUKOBUX Ta3iB.
3a 150 pokiB ii ICHyBaHHS 3HA4YHO IIJICUJIMBCA MAapHUKOBHHA €(EKT, 110
npu3BeNo A0 KiIiMaTU4HOI Kpu3u. Ha choroadimHiil aeHs mpobiema
3MEHILIEHHS! BUKOPHUCTAHHS BHUKOIHUX BYTJIEBOJHIB, 30KpeMa MPHUPOJIHOTO
ra3y BU3HaHa B OLIBIIOCTI KpaiH CBITY SIK IpoOiemMa HalllOHAIbHOI Oe3MeKH.
JUist ii BUpILIEHHS BTUIIOIOTh PI3HOMAaHITHI 3aXOJM, SIKI TOB’S3aHl 3
e(hEeKTUBHUM  BHKOPHUCTAHHSIM  QJIbTEPHATUBHUX BHJIB TaJIUB  Ta
1IBHIICHHSAM €HEproeeKTUBHOCTI 00’ EKTIB TEIIJIOBOT CHEPTCTHKH.

Jnst BUPILIEHHS 3rajilaHoi npobiemMu BCE OlsIbIIe
BUKOPHUCTOBYIOThCS BOJHEBI TexHojorii. Bimomo, 10 BOJEHb BXKe
JIOCTaTHHO IMHUPOKO BUKOPUCTOBYIOTH SIK aBTOMOOUTEHE mayuBo [2]. Pobotu
aBTOpiB [3] cBiAYaTh, 110 BUKOPUCTAHHSA BOJHIO y JBUTYHAX 3 1CKPOBUM
3aMaglOBaHHSAM Ja€ MOXJIMBICTh TOKPAIIUTH SKICTh 3TOPSIHHS TMalWBa Ta
MOKPAIIUTH iX E€KOJIOTIYHI MOKa3HWKH. [le B CBOIO dHepry CHOHYKalo 0

BUKOPUCTAHHA BOJHIO B €HEPreTUIll 1 KOMYHaJbHO-IOOYTOBOMY CEKTOpi
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IpU 3aMillleHH] TPUPOJHOTO ra3y LUIIXOM JIOMIIIYBaHHS BOJHIO B ra3oBi
mepexi [4,5].

JlocnmixeHHsT Ta po3p0OKH, IO MOB’3aH1 3 BUKOPUCTAHHSIM BOIHIO
y SIKOCTI TMajuBa Ha CHOTOJIHINIHIN JEHb € HaJI3BHYAlHO aKTyaJbHUMHU.
Hait6151p111 MOMMUPEHOI0 € 17181 BUKOPUCTAHHS CIIAIFOBAHHS BOJIHIO Y CYMIIII
3 TPUPOJHUM Ta3oM sl 3abes3leueHHs aekapOoHizalii atMocdepu Ta
3MEHILEHHS BIUIMBY HA IJ00albHI KIIMAaTUYHI 3MIHHM IIJISIXOM CKOPOYCHHS
BUKH/IIB BYIJICKUCIIOTO Ta3y 3 MPOAYKTaMH 3TOpaHHS BYTJIIEBOJHEBOTO
najauBa.

Ha crorogHimHiii IeHb akTyaldbHOIO € TpoOiemMa jaexapOoHizarlii
aTMoc(epH, 3HWKEHHA BUKHUIIB IMAPHUKOBUX Ta3lB B IMPOMHCIOBOCTI,
€HEepreTulll, TPAHCHOPTI Ta 1H., IO 3YMOBIIIOE HEOOXIJHICTh 1CTOTHOTO
yIOCKOHAJIEHHSI TPOLIECIB MEPETBOPEHHSI €HEPTii 1 MiJBUILEHHS TEXHIKO-
€KOHOMIYHUX XapaKTEPUCTHUK CHUCTEM EHEpProrocTayaHHs Ha I1X OCHOBI.
Bupimmtu 1o npobnemy 34aTHI 1HHOBAIIMHI BOJIHEBI TEXHOJIOTII, fKI
MOBUHHI 3IrpaTu BAXKJIUBY pOJb B AuBepcu(ikallii MOTOKIB €HEProOHOCIIB,
10 Ma€ 1ICTOTHO 3MEHIIIUTH CIIOKUBAHHSI BYTJICBOJTHEBUX MMAJIMB 1 I03BOJIUTH
MOJIIIIINTH CTaH HABKOJIMITHHOTO CEPETOBHIIA.

JocnimkeHHs: Ta po3poOKH, 10 OB’ sA3aH1 3 BUKOPUCTAHHSIM BOJIHIO
y SIKOCTI MaJiiBa Ha CHOTOJHINIHIN JI€Hb € HaJA3BUYAWHO aKkTyanbHUMHU. Ha
CHOTOJHI MOMIMPEHOIO € 17Iesl CMAFOBAHHS BOJHIO B CYMIIIl 3 TPUPOIHUM
ra3oM Juisl 3a0e3neueHHs 1ekapOoHizallii aTMocepH Ta 3MEHILIEHHS BIUIUBY
Ha TJIOOAJdbHI KJIIMATHUYHI 3MIHM [UIIXOM CKOPOYCHHS  BHUKHJIIB
BYTJIGKHCJIOTO Ta3y 3 MPOJAYKTaMH 3TOpaHHS BYIJICBOJIHEBOTO IIaJiMBa,
npencraBiieHa  Hanpukiax — B.  llpore,  HeoOXimHO — 3’sicyBaTH
E€HEProTeXHOJIOTIUHI OCOOJIMBOCTI 3aMIIIEHHS] MPUPOJHOTO Ta3y BOJHEM
OJI0 TEXHIYHUX OCOOMMBOCTEH poOOTHM TPOIECIB Ta arperaris.
Buxopucrtanas BOJHIO SK JOJAaTKOBOTO KOMIIOHEHTa JO OpraHI4YHOTO

najguBa, 30KpeMa MNPUPOIHOTO Traszy, € OJAHUM 31 HUIAXIB JekapOoHi3arii
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enepretukn. OcHOBHa MeTa Tonsrae B 3HWKeHHI BukuaiB CO: mpu
CHAJIOBAHHI MMajKBa IUIIXOM YaCTKOBOI 3aMIiHU BYTJIEIIEBUX KOMIIOHEHTIB
Ha BOJICHb, SIKUW TIPU 3TOPSHHI YTBOPIOE JIUIIIE BOY.

OnHi€l0 3 TOJIOBHUX TMEPEIIKOJ JJIsi HIMPOKOTO BUKOPUCTAHHS
BOJHIO € HOro BHCOKAa BapTICTh BUPOOHUIITBA. BapTicTh BHUpPOOHUIITBA
«4YUCTOTO» BOAHIO, cTaHOM Ha 2024 pik, cKiiaJiae, B 3aJI€KHOCTI BiJl METO/I,
Bin €1,7 /xr no €10,2/xr [6]. IIpore B MailOyTHROMY, NP 3HIDKEHHI
BapTOCTI EJEKTPOCHEPrii, BUPOOHHIITBO «3E€JICHOTO0» BOJTHIO MOXXE CTaTH
OLIBIII BUT1JHUM.

Jlo OCHOBHHUX METOJ/IB BUPOOHMIITBA METAHO-BOJAHEBUX CYMIIIEH
MOYKHa BIJIHECTH:

1. 3wmimyBaHHS TOPUPOAHOrO Tra3y 3 BOJHEM, OTPUMaHUM
esniexTpoiizoM Boau. Lleit Meron mo3Bosisie oTpuMatu "3eleHui" BOJEHB 13
BUKOPUCTAHHSM BIJTHOBJIIOBAHUX JIXKEPEJl €HEprii, TakKuX SIK COHsAYHA Ta
BiTpoBa eHeprisi. OCHOBHUI HENONIK LBOTO MIIXOIYy — BHCOKa BapTICTh
BUPOOHHUIITBA BOJHIO IUISIXOM €JIEKTPOII3y, 10 POOUTh HOTO €KOHOMIYHO
HEBUT1JTHUM Ha CHOTOJIHI Y€pe3 BUCOKY I[IHY €JIEKTPOEHEPTIi.

2. AniabatuuHa koHBepcis Metany. Lleit MmeTon 103BoJIs€ OTpUMATH
METaHO-BOJHEBY cCyMilml 0e3 3adyyeHHs 30BHIIIHIX JDKEpeNd €Heprii.
CHUpOBHHOIO BUCTYIMA€E MPUPOJHHM Ta3, a JHKEPEJIOM €HEprii € MpOoayKTH
Horo 3ropsiHHsA. Xoda IIeM mporec He BUPoOJsse '"3emeHoro" BOAHIO, BiH
MOke OyTH €(pEeKTUBHIIIUM JJIs1 IEBHUX TPOMHUCIIOBUX 3aCTOCYBaHb.

Merta i 3aBJaHHS TOCTiIKEeHH.

Meta po0OTHM — BH3HAYCHHS CHEPreTUYHUX Ta EKOJOTIYHUX
XapaKTEPUCTHK TIPOIECIB TOPIHHS Ta30BOr0 TMajWBa TMPH 3aMillleHHI
OpUPOJHOTO Ta3zy Ha BoaeHb. OTpuMaHi pe3ynbTaTd MalOTh CTaTH
TEOPETUYHUM Ta TMPAKTHYHUM MIAIPYHTSAM JUIS ITHPOKOTO BHUKOPUCTAHHS
BOJIHIO B €HEPreTHlli, IPOMUCIOBOCTI Ta KOMYHAJIbHO-TIOOYTOBOMY CEKTOP1

IPU YaCTKOMOY (@ B MEPCHEKTHUBI 1 TOBHOMY) 3aMIILEHHI IPUPOTHOTO Ta3y.
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JInst  TOCSATHEHHS TOCTaBJIEHOT METH TMOTPIOHO BHUKOHATH TaKi
3aBIaHHA:

- BU3HAYCHHS BOTHETEXHIYHMX Ta €KOJOTIYHUX BJIACTHBOCTEU
ra3oBUX MajWB, CKJIAJEHUX 13 CyMilled MeTaHy Ta BOJHIO, a came
IIBUJIKOCTEH TOPIHHS, 3MIHU aJ1a0aTUYHOI TeMrepaTypyu TOpiHHS CyMIIIeH
IpH 30UIBIICHH] IO BOJAHIO Y MMAJIMBI, OIIHII YTBOPEHHS OKCHIIB a30Ty, Ta
Bukuais COy;

- MiATOTOBKA BUMIPIOBAJIIBHOI YCTAaHOBKU JUIsl TIPOBEICHHS
€KCIIEpUMEHTAIIbHUX JTOCTIIKEHbD;

- BU3HAYCHHS €HEPTrOCKOJIOTTYHUX XapaKTEPUCTUK CHATIOBAHHSA
METaHO-BOJHEBUX CYMIIIeH B IPOMHCIOBOMY Ta30BOMY TaJIbHHUKY 3
Bu3HaueHHsIM eMicii NOy, CO Ta TemrepaTypHuX XapakTepHUCTHK (akeny 3
MOPIBHSHHSAM 3 BUIAJKOM CHAJIIOBAHHA YHCTOrO MPUPOJHOTO Trazy
(MeTany).

— BU3HAUYECHHS CEPEeIHIX XapaKTEPUCTHUK TEIJIOOOMIHY B
TOIKOBIMA KaMmepi 3rajaHoTo KOTEJBHOIO arperaTy 3a JOMOMOTOI0 BiJJOMOTO
nakety nporpam CFD-monemoBanus ANSY S-Fluent

- BU3HAYCHHS BIUIMBY MPOIEHTHOTO BMICTY BOJHIO B TAJUBHIN
CyMillll 3 METaHOM Ha yTBOpeHHS OKCUIiB a30Ty (NOy), Tpu BUKOPUCTAHHI B
MITATHUX OCHOBUX MaJbHUKaX BojorpiiiHoro kotia tumy JJKBP-10-13.

O0’eKkT I0CHIIKEHHsI — TPOILIECHU CIAIOBAHHA METaHO-BOJHEBUX
cyMmiliel y TEXHOJIOTTYHUX YCTaHOBKAX.

Ilpeamer  fgocCHigkKeHHA —  CHEPreTUYHI Ta  €KOJIOTIYHI
XapaKeTPUCTUKU (YTBOPEHHS IIKIAJIUBUX PEUYOBHUH) MPOIIECY TOPIHHS TPU
CHaJIIOBaH1 METaHO-BOJHEBUX CYMIIIEH.

MeToau aoCHiIKeHHI — Yy JOCIIPKEHHI 3aCTOCOBYBAJIMCS SIK
€KCIIEpUMEHTAJIbHI, TaK 1 TEOPETHUYHI METOAM aHaJ3y MIpoLecy TOpiHHS.
ExcriepuMenT 31 CHadroBaHHS CyMIIIl TMPUPOJHOTO Ta3y Ta BOJHIO

MIPOBOJIMJIUCS Ha CHEIiaTbHO 00JIaJHAHOMY EKCTIEPUMEHTAIILHOMY CTEH]I.
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OTtpumMaHi pe3yabTaTH 00pOOIIAIUCS Il y3araabHIOBAIKCS 13 BUKOPUCTAHHAM
CY4acCHOTO ITPOrPaMHOT0 3a0€3MEYEHHS.

HaykoBa HOBH3HA OTPUMAaHHX pe3yJbTaTiB.

1. TIpoBeaeHO eKCIEpUMEHTANIbHI JOCIIIKEHHS B JIA0OPAaTOPHUX
YMOBaX IMiATBEPAMIA MOKIIUBICTh 3a0€3MEUYEHHST TPOIECY HOPMAIBHOTO
CHAJIIOBaHHS CyMIlIeBOro ra3y i3 BMicrom BojHio [CHa] / [H2] = 50 / 50, %
00.; 3 BUKOPUCTAHHSM ICHYIOUHUX MPOMHCIOBUX MaJIbHHUKIB.

2. Brepiie mocmiKeHl XapakTepUCTUKU (akenly MpH CHaTioBaHHI
METaHO-BOJHEBUX CyMIIIe B TMOPIBHSAHHI 3 BHUIAJKOM CIIAJIOBAHHSA
OpUpoHOro rasy. BusHaueHi Temmneparypu MpOIYyKTIB 3TOPSHHS Ha OCl Ta
JUIsl METAHOBOJHEBUX CyMIIIEH B MOPIBHAHHI 3 BUIAJAKOM CIAIOBAHHS
IPUPOJHOTO Trasy.

3. Ha ocHOBi aHamizy pe3yibTaTiB €KCIEPUMEHTIB BU3HAUEHO, IO
IpU CHAJTIOBAHHI METaHO-BOJHEBOI cyMilll 3MeHIIyroThess Bukuan CO Ta
30UTBIIYIOTHCS TEMITEPATYPU BUKUAHKX Ta3iB 1 emicist NOy.

4. BcraHoBIEeHO, 110 eMicis okcuaiB a3oTy NOy3pocrae B ~1,5...2,0
pasu Ta ckianae [NOy] = 89 — 50 ppm as1 criajiroBaHHST YMCTOrO BOAHIO. B
TOM € Yyac BIAMIYA€TbCA CYTTeBE 3HMKEHHS yTBOpeHHs CO, ~20 pasiB npu
cnamtoBanHi cymimn [CHy] / [Hz] = 50 / 50, % 06., piBenb yrBopenns CO
cknagae [CO] =1 -2 ppm.

5. BuHBUEHO XapakTepUCTUKU Ta CTPYKTypy (akeny mpu
CHAJTIOBAaHHI METAaHOBOJHEBUX CyMillIell, MOKa3aHo, 1110 TeMIiepaTypa Ha oci
daxeny Oiibiia Hixk Ha nepudepii Ha ~100 C mst cymimni [CHa] / [H2] =50/
50, % 00. Y mopiBHSIHHI 3 TPUPOTHUM Ta30M.

6. Bnepme mpoeneno komm’iorepue CFD  monentoBanHsS
CHAJIOBAHHS METAHO-BOJAHEBUX CyMIIIEH B MapoBOMY KOTJI (Ha MPUKIIAI]

naposoro kotia JJKBP-10/ 13.
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7. TlokazaHa aJeKBaTHICTh BUPHU(PIKOBAHUX PO3PAXYHKOBUX
MOJIele 70 pe3yibTaTiB BIACHUX EKCIEPEMEHTaIbHUX JOCHIIKEHb MO0
eMICIHHIX Ta BOTHETEXHIUHUX XapaKTePUCTUK poboTu
MAJTMBOBUKOPUCTOBYIOYOTO 001 JHAHHS.

OOrpyHTOBaHICTL Ta [JOCTOBIPHICTH HAyKOBUX PE3yJIbTATIB
HiATBEP/DKYIOTHCS TPABIIBHUM (HDOPMYIIIOBAaHHSIM 3aBIaHb TEOPETUIHOTO
Ta eKCTIEPUMEHTAIILHOTO JOCIIHKEHB, TITHOOKNM aHaIi30M, YIO0CKOHAICHOIO
TEIUIOBOI0  MOJAEIUII0  cTalumizamii mpoiuecy TOpiHHS, €(QEeKTUBHUM
IJIaHYBAaHHSIM E€KCIIEPUMEHTIB Ha JOCIIIHIN J1abopaTOpHIM YCTaHOBII,
OTPUMaHUMH  JaHUMHU  MOJICJIOBaHHS, a  TaKOX  BIATOBIAHICTIO

PO3pPaxXyHKOBHX JAHUX.

IIpakTH4yHe 3HAYEHHSA Ta peaJii3allisi pe3y/JbTaTIB J0CIiIKEHb.

1. OTpumaHi TpakTUYHI PE3yJbTaTH € HAYKOBUM MIATPYHTIM IS
IITUPOKOTO BHKOPHUCTAHHS BOJHIO B CyMillIax 3 TPHUPOAHIM Ta30M B
MIPOMHMCIIOBOCTI Ta KOMYHaJIbHO-TIOOYTOBOMY CEKTOPI.

2. Tloka3aHo MOXJIMBOCTI BHUKOPHUCTAHHS METAaHO-BOJIHEBUX
CyMilllel mpu 3aMIMIEHH] MPUPOJHOTO Ta3y Ha BOJAEHB, SK MEPCIEKTUBHE
€KOJIOTIYHO YKMCTE MaIUBO JUIsl pOOOTH Ha ICHYHOYOMY BUKOPUCTOBYIOUOMY
oOnagHaHHI 0€e3 3MIHM HOro KOHCTPYKI[I Ta TEIUIOBHX XapaKTEPHCTHUK
pobotu.  IIpogeMOHCTPOBAaHO MOXJIMBICT POOOTH TAJBHUKIB SK Ha
yrctoMy MeTaHi Tak i cymimi [CH4] / [Hz] =50/ 50, % 00.

3. Ilokazano, moO mpW 3aMmilieHHI NPUPOJHOTO Ta3y BOJHEM
ouikyBaHuii piBeHb eMmicii CO; He BIJINOBIa€ BHECEHIM 101 BOAHIO B
nanusi, Tak i mamuBa [CHa] / [Hz] = 50 / 50 %, 00. BigmivaeTscs
ckopoueHHs1 BUKUIB CO; mute Ha 23,34 %, 1110 HE € CYTTEBUM.

4. OuiHeHi emiciiiHl XapaktepucTtuku yrBopeHHd NOyx ta CO — sx
OCHOBHMX TOKCHYHHMX KOMIIOHEHTIB TIPOJYKTIB 3TOPSIHHS TMajuBa MJis

MaJbHUKIB PI3HUX KOHCTPYKIIIH.
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OcoOucTuii BHecok 3100yBaya. ABTOp MpoaHalli3yBaB HAYyKOBY
JiTeparypy, IPUCBSIYCHY MPpoOIeMaM TOPIHHS CYMIIlll IPUPOIHBOTO Ta3y i3
BOJHEM, €HEProe(eKTUBHOCTI BUKOPUCTAHHS MAJMBHUX CYMIIIECH, a TaKOXK
3MEHIIEHHS BUKHJIB MApHUKOBUX Ta3iB Ta PI3HHUX CHOCOOIB AOOYBaHHS
BOJHIO. BiH OpaB y4yacTh y IpOBEJEHHI €KCIIEPUMEHTAIbHUX JOCIIIKCHb
eMICITHUX XapaKTEPUCTHUK II1JT Yac CITAJIFOBAHHS CYMIIll MPUPOTHOTO Ta3y 3
BogHeM, CFD wmopnemioBanHi, a Takox y oOpoOjieHHI Ta OOTOBOpPEHHI
oTpuMaHuX pe3ynpTaTiB. OcoOnuBa yBara MPHUAUISIACS OLIHII BIUTUBY
CHEProTEIUIOTEXHIYHUX,  BOTHETEXHIYHUX  XapaKTEPUCTUK  MPOIIEeCy
CHAIOBAHHSI CYMIIII1 BOJHIO 13 PUPOITHUM Ta30M.

Anpo0auis pe3yJabTaTiB AucepTamil.

PesynbpraTn gocnixenb Oynu npexacrasieHl Ha XVIII mixuapoaHii
HAyKOBO-TIPAKTUYHIN KOH(PEPEHI[IT MOJIOJUX BUCHHUX Ta CTYy/IeHTIB «CydyacHi
npoOJjieMr HayKOBOTO 3abe3leueHHs] eHepreTuku», KuiB, 23 — 26 KBITHS
2020 p., XIX mixHapOgHIA HAYKOBO-NPAKTUYHIN KOH(EpEHIlT MOJOIUX
BUeHUX Ta CTyJeHTIB «CyyacHl mnpoOjJeMHu HayKOBOTro 3abe3nedyeHHs
enepretukn», Kuis, 20-23 xBitas 2021 p., XVIII MixuapoaHiii HayKOBO-
npakTU4yHid KoH(pepeHuii «TemjgoBa eHepreTuka: MUIAXM pPEHOBalli Ta
pO3BUTKY», *kOBTeHb 2022 p., XVIII MixHapoaHiii HayKOBO-IPAaKTHUYHIMI
koH(pepentli «TemmoBa eHepreTvka: MIUISXH PEHOBAIll Ta PO3BUTKYY,
#O0BTeHb 2023 p.

IMyoaikanii. OCHOBHUI 3MICT AMcepTalli BUKIAIEHO yV 4 CTaTTAX,
onmyO0IIKOBaHUX Y (DaXOBUX MEPIOJUYHUX KypHaJaX.

Kongepenuii. B3saro yuacts y 4 HayKOBUX KOH(PEPEHIIISX.

Crpykrypa i o0car aucepramii. [lucepramiiina pobota
CKJIQJAEThC 31 BCTYIy, UYOTUPHOX PO3AUNB, BUCHOBKIB, CIHCKY
BUKOPHUCTAHUX JKEpE 1 I0JaTKIB. 3arajibHuil 0ocsar podotu ckiagae — 110
CTOPIHOK, y TOMY 4ucli 32 — pUCyHKa, 2 — TaOJNHIll, CIIMCOK BUKOPUCTAHOI

JiTEpaTypH, 110 BKItoUae 42 HalilMeHyBaHHs, 2 10JaTKa Ha 2 CTOPIHKaXx.
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3B's130K po00TH 3 HAYKOBHMH NPOTrPaMaMHM, IJIAHAMHA, TEMAMH,
rpaHTaMu:

PoGoTa BuKOHAHA y BIJIMOBIAHOCTI 3 IEPCIIEKTUBHUMH HaNpPSIMKaMHU
PO3BUTKY HAayKH 1 TEXHIKM 31 CTBOPECHHsS Ta BIIPOBAKCHHS HOBUX
eHepro30epiraroyux TEXHOJOTIH Ta KOHIIEIIIl PO3BUTKY BOJHEBOI CTpaTerii

VYkpainu 1o 2050 poky.
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PO3/11 1. OTJISII CYUACHUX TEXHOJOTTi OO0
3AMILLIEHHS IIPUPOTHOTO T'A3Y BOAHEM TA
BUKOPUCTAHHS BOJIEHbMICTKUX MMAJIAB

1.1 3araabHi BitomocrTi

Ha croroguimHiii aeHb ICHYe TOCTpa HEOOXIJAHICTh EKOHOMIi
Ne(IIUTHUX €HEPropecypciB 1 B MEPILY YEPry, 1€ TBEPKEHHS CTOCYEThCS
BUIIAJIKy CHAIIOBAHHS MPUPOIHOTO razy. ToMy /10 MaJbHUKIB BUCYBAIOTHCS
MJBUIIEHI BUMOTH CTOCOBHO PO3IIMPEHHS MEX MOTYKHOCTI 32 PaxXyHOK
3HUKEHHS MYCKOBUX TUCKIB MaJuBa, 30UIBIICHHS OJWHUYHOI MOTYKHOCTI
P HOPMATUBHUX IMOKA3HWKAX MO €MICIHHMM XapaKTEPUCTHKaM, a TaKOXK
€(EeKTUBHOCTI BUTOPSIHHS MajvBa. TakuM YMHOM, PO3YMIHHA MEXaHI3MiB
YTBOPEHHS IIKIIJMBUX PEUYOBUH 1 MOKJIMBICTh NMPOTHO3YBAaHHS iX eMicii Ha
KUIBKICHOMY PIBHI MpH 3MiHI CHIBBIJHOIICHHS NalvBa 1 OKHCIIOBaya B
CyMillll € OJHMMH 3 OCHOBHUX IIMTaHb 3a0€3MEUYEHHS HOPM OXOPOHHU
HABKOJIMIIHBOTO CEPEIOBUIIA.

OmuuM 13 cnocoOiB  JTOCATHEHHS HU3BKUX PIBHIB IIKIIJIUBUX
PEUYOBHMH € JOJaBaHHS JI0 MaJMBO-TIOBITPSHOI CyMIIl Ta30Mo10HOTO
BOAHIO. B eBpomeiichkux KpaiHax, mependavyacTbcsi BUKOPUCTAHHS BOIHIO
K KOMIIOHEHTA, IO JOJA€THCS O OPTraHIYHOTO TaJrBa, HacaMIlepea —
OPUPOAHOTO Ta3y, 3 METOI 3abe3nedyeHHs aekapOoHi3alii aTMocdepu Ta
3MEHIIECHHS BIUIMBY Ha I100aibHI KIIMATH4YHI 3MIHU IIJISXOM CKOPOYEHHS
BukuaiB CO; 3 mpoaykramu 3ropsiHHS. 3 oriisiay Ha me Hy posrmsimaerbes
caMe€ SIK «3€JICHUM BOJEHBb», SKUW OJEPKYIOTb 3 BUKOPUCTAHHSIM

«EKOJIOTIYHO 4HuCTOI» (green, renewable) eHeprii (COHSYHOI, BITPSIHOL).
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[Ipote, BUPOOHUIITBO «3€JIEHOTO» BOJHIO ILISIXOM EJEKTPOJI3Y € IyKe
ButpatHuM. [lepenbavaeTnes, mo BapTicTh 1 kBT roa y micii BUpoOHUIITBA
H; y 2030 p. ctanoButume 0,1 eBpo [7].

3 iHmoro OOKy, OCTaHHIM YacOM 3HAYHUU 1HTEpeC BHSBJICHO [0
CTBOpEHHs HOBOTro nanuBa — «hythaney. Ile metano-BonneBa cymim (MBC)
i3 BmictoM [Hy] Big 20 no 44-48%. BUKOPHCTOBYIOTHCS JBa IIPHHIIUIIOBO
PI3HI TUIIM TEXHOJIOT1H OJIep>KaHHs I[bOTO MaINBa;

— [OUBSIXOM  3MINTYyBaHHS TMPUPOJHOTO Ta3dy 3 BOJHEM, IO
BUPOOJISETHCS €JIEKTPOIII30M BOJIH;

— 3 3aCTOCYBAaHHSIM TEXHOJOrIi ajiadaTUYHOI KOHBEpCii MeTaHy
(AKM), mo peam3yerbcsi 0€3 CTOPOHHIX EHEPrOHOCIIB; CHUPOBHHA IpHU
IbOMY — MPUPOJHUM Ta3, EHEPTOHOCIH — MPOJYKTU 3TOPSHHS MPUPOTHOTO
rasy.

[lepenbavaethcs Bukopuctanus MBC B I'TY, enepreru,
TPAHCTIOPTI Ta B MPOMUCIIOBUX TEXHOJIOTISX.

ABTOpu poOOTH [7] BHKOHAIM EKCIIEPUMEHTAIbHI JOCIHIKEHHS
HampaBJeHl Ha BHU3HAYCHHS EHEPreTUYHOi e(EeKTUBHOCTI Ta BUKHUIB
IIKIJJIMBUX PEYOBHUH IMiJI 4Yac CHATIOBAaHHS METAHO-BOJHEBOI CyMilll B
nobyroBoMy JBOKOHTypHOMY KOoTiIl «MICRA DUO CS 24» dipmu
«RODAY. BusHaueHO BIUIMB CKJIajy NaluBa Ha YTBOPEHHs MIKiJUTMBHX
BUKHU/IIB, IO HarIsAHO TmpeacTaBiieHo Ha puc. 1.1. CriBBigHOIICHHS
[H2]/[CH4] B manuBHi# cymimni Bka3aHO Ha Tpadiky.

ABTOpU pOOJIATH BUCHOBOK, 10 BUKUAM NOy 30UTBIIYIOTBCS 13
3pOCTaHHSM BUTpAT mayimBa. BogHouac 30epira€ThCsi TCHEHIIISI CYTTEBOTO
3MEHIICHHS BUKHU/IIB B YChOMY Jliania30H1 BapilOBaHHS TEIJIOBOI MOTYKHOCTI
(mayMBOCTIOKUBAaHHA) 13 30UIbIIEHHSM BMicTy Hp, B ToMy uymcmi — ais
BUIAJIKy MaKCUMaJIbHO BUMPoOyBaHoro Bmicty [Hz] B manusi ([Hz] = 50%).
Jiis Takoro manuBa konmentpamist [NOx] 3%0, 3pocrae Big 20 (11/ xB) 10

[NOx] 3%0; = 80 ppm (1ripu 6 J1/XB).
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nanusa, M>/rox [7].

Cmix 3a3Ha4yuTH, IO BHU3HAYAJBHHM (aKTOPOM IIOJO eMicii
IIKIJIMBUX PEYOBUH € TEXHOJIOTISl cnaitoBaHHsA. B poboti [8] po3risiHyTO
rojioBHl eranu noOyaoBu CFD-moxeni mpouecy 3ropsiHHs CyMilll MajiuB
MeTaH-BOZIeHb B cTpymeHeBo-HimeBid cuctemu (CHC) craGimizamii Ta
CHAJIIOBaHHs NanuBa. ABTOPH 3a3HAYaIOTh, IO SIK JUIsl YUCTOTO METaHy, TaK
1 JUisl CyMilll METaH-BOJAEHb, MpPU 30UIbLIECHI KOEPIUIEHTY HAJIULIKY
MOBITPSL BIAOYBAETHCS MIJIBUILECHHS JIOKAJbHUX TEMIIEpAaTyp TOPIHHSA B
o0’emMi Hilll, a OT)Ke W 3MEHLICHHS NOBXHHHU (pakely pearyrouoi CyMilii.
JIOMIIIKK BOAHIO 30LIBIIYIOTh IIBUAKICTh BUTIKAHHS CTPYMEHIB MajiiBa Ta
ix panexkoOIliiHICTh B cepenHboMy Ha 18%, mpu 3abesneueHHi poOOYOro
peXUMy TMalbHUKA. Tak, MPW CHATIOBAHHI CYMIIIl JEHi0 30UTBITYEThCS
riIpOJMHAMIYHMM TOKAa3HUK, TOMY cTa0um3amiss Ta TOpiHHS (akery

B1IOYBa€ThCS HE TIIBKM O€3MOocepeHbO HaJ Hilel (K JJIsi BUMAIKY 3
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YUCTUM METAaHOM), a ¥ YacTKOBO 3MIIIYEThCS Jajli y MOTOLI pearyrouoi
cyminii. 3 po3paxyHKiB BCTAHOBJICHO, IO J0/IaBaHHS BOJHIO B 00’ €M1 Bif Y4
10 2 301nbirye emicito NOy Ha 27 %.

Ananiz poOiT, HampaBiIeHHMX Ha OOIPYHTYBaHHS e€()EeKTHUBHOCTI
BUKOPUCTaHHSI BOJIHEBMICHOTO Ta3y y JABUTYHAaX BHYTPIIIHBOTO 3TOPSIHHS
CBIJTYUTH, 110 AojaBaHHs 10% BOJHIO 0 AM3EIBHOTO MaJUBa JI03BOJISE HA
30% ckopoTHTH HOTO BHUTpaTy, L0 y CBOIO HYEpry 3MEHIIye TOKCHYHI
Bukuau [10]. B miarBep/pKeHHS BOTO TBEPKEHHS aBTOPH, CBITYATh, IO
J0JIaBaHHsI BOJIHIO CYTTEBO BIUIMBA€ Ha TMOJINIICHHS EKOJOTTYHHUX
[I0OKa3HUKIB BIJINMpaIlbOBaHUX rasis. B X011 MIPOBEACHUX
€KCIIEPUMEHTAIIbHUX JOCIIKEHb aBTOpaMu OyJI0 BHUSIBJIEHO, IO KUIBKICTh
BUkuAiB ByrneBogHiB (CnHn) 3Hm3mmacs wa 40-50 %, MoOHOOKCHAY
Byriento (CO) — Ha 15...25 %. Tlopsn 3 muM 3a3HA4a€ThCs, IO BUKHIH
okcuaiB a30Ty NOy 301nbmmnucs Ha 3...7 %.

[lincymoByrOUM MpPOBEACHUI aHali3, MOXXHa KOHCTAaTyBaTH, IO
3aCTOCYBaHHS BOJHIO Y SKOCTI JOMIIIKK IO OCHOBHOTO TaJMBa 3 LLLIIO
YaCTKOBOTO 3aMIIIEHHS TPAAUIIIHHOTO TMPUPOJHOTO Ta3zy o0 eKTaMu
MoOyTOBOTO TIPU3HAYEHHS € OJHUM 3 TMIEPCICKTHUBHUX HANpPsSIMIB €
BUKOPHUCTAHHS HOTO B TEXHOJIOTISAX CriaitoBaHH [9].

Po3BuTok 1uBLIi3aAIl MPU3BOAUTH IO HEBINUHHOTO CHOKWBAHHS
eHeprii. BHacmiaok 1bOr0 3HAYHO  30UIBIIYETHCS  AHTPOTIOTCHHE
3a0pyJHEHHSI JOBKULIS, 3HAYHA 4YacTUHA SKOTO B’s3aHa 13 BUKHUIAAMU
MPOMHCIIOBUX 1 EHEPreTUYHUX MIANPUEMCTB, TPAHCIOPTY, >KUTIOBO-
KOMYHAJIbHUX TOCIIOIAPCTB ¥ 1HIINX rany3eid eKOHOMIKH.

OmauM 13 cnocoOiB  JTOCATHEHHS HU3BKUX PIBHIB IIKIIJIUBUX
PEUOBHMH € JOJaBaHHs JIO0 MaJWBO-TIOBITPSHOI CyMIIl Ta30Mo10HOTO
BoaHIO. JImsi Kjmacu4HOi Teopii 1 MPaKTUKH CHATIOBAHHS TOPIOYOrO Trasy
MUATAaHHSA B3a€EMO3aMIHHOCTI JIBOX PI3HUX TOPIOYMX Tra3iB HE € HOBUM. Y

PI3HMX KpaiHax [0 LbOr0 NUTAaHHS NPUXOAWIM TOJl, KOJM BUHHUKAIA
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aNbTEpPHATHBA BHUKOPHUCTAHHS OCHOBHOTO TOPIOYOTO Ta3y, HaMPUKIAL
npupoIHOTO. Takorw aabTepHATUBHOIO MIT OyTH 0ioras, reHepaTOpHHUH Tas,
HaTO 3aBOACHKMI Ta3, CKpaluieHWd TMpomnaH-OyTaH, CKparuieHuil
NPUPOIHUHN Ta3 1 1HII TOpIoYl ra3u Ta ix cywmimn. Takoro anbTepHATHBOIO
MOke OyTH TaKOXK BOJICHb, a00 TOPIOU1 CYMIIIll BOJHIO 13 1HIIMMU razamu. B
HiATBEP/KEHHST 1bOro TBepmkeHHa y cepnHi 2020 poky B VYkpaini
cTapTyBaB BoaHeBuii npoekT PerioHanbHOT ra30Boi KOMMaHii 1 po3movanucs
BUMPOOYBAaHHS CyMIIIEH MPUPOTHOTO ra3y Ta BOIHIO JIJII BUKOPUCTAHHS Y
ra3opo3noJiIbHUX Mepexax. SIK BUCHOBOK MPEICTaBICHO TBEPHKCHHS —
SKITO BUKOpHUCTAaTU cyMmimn 3 20% BOJHIO, TO MOXKHA 3a0IIaUTH Ha PIK 6
MJIpJI KyOOMETpIB MPUPOJHOro raszy, a gxkuio y cymimn 50% BogHIO, TO
eKkoHoMis — 15 mupj KyOiB.

[Ipote, ciix BpaxoByBaTH, MO0 METaH (J0JS SIKOTO B MPUPOTHOMY
ra3i CTaHOBUTH OuIbie 85 %) 1 BOJEHb MalOTh HAJ3BUYANHO BEIIUKY
BIIMIHHICTh y TOPIOYHMX XapakTEPUCTHKAX, W0 CHOPUYMHSAE TOBHY
BIJICYTHICTh 1X B3a€MO3aMiHHOCTI. BUTpaTu moBiTpst JUisi MOBHOTO 3rOpaHHs
1 00’eM TPOJYKTIB 3rOpaHHsA BIAPI3HAIOTHCS y 4 pasu, MIBHIKICTh
PO3MOBCIOJIKEHHS MOJAYM sl — Yy 7 pa3iB, KUIbKICTh IIEPBUHHOIO MOBITPS, sIKa
rapaHtye ropiHHs 0e3 MPOCKOKY BIApI3HsSETbcs y 4 pa3u. llopiBHSHHSA
1HJIeKCiB B3aeMo3aMiHHOCTI BoOOe s MeTaHy 1 BOJAHIO IMIATBEPKYE (PaKT
HEMOXKJIMBOCTI TIEPEBEACHHS MaJbHUKIB Ha MPUPOJAHOMY a3l Ha BOJEHb —
BIIMIHHICTh 1HAEKCY BoOOe mis mux rasiB ctaHoButh 15%, 1o y 3 pasu
MEepPEeBUIIyE HOPMOBaHy BenuuuHy 5%. 3abe3nedynTH mepexin podoTu
nMajJbHUKA 3 TPUPOIHOTO Ta3y Ha BOJIEHb 0€3 3MiH y KOHCTPYKIIIT NaTbHUKA 1
0e3 BTpaTH TEIJIOBOI MOTY)KHOCTI YCTAaHOBKM HEMOXIIMBO. Taki BHCHOBKHU
3po0JIeHI aBTOPOM IUIAXOM JOCTIKEHHS, 1110 MPOBEACHI MpU CHaTIOBaHH1
HadTo-3aBojickKOTO razy Ha Kpemenuyrskomy HadronepepobHomy 3aBoi
13 3MIHHOIO CKJ1a10BOI0 BOJHIO Bix 20% 1m0 54% 00., cBiguath mpo Te, II0

CMAJIOBAHHS Ta3iB 13 3HAYHOIO KUIBKICTIO BOJHIO MPU3BOJIUTH JI0
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KapAMHAJIBHUX 3MIH y poOOTI ra3onaJlbHUKOBUX HPUCTPOIB 1 MacoBOMY
nepexoay ix poOOTH y PEeXUM MNPOCKOKY MOIyM’sl. 3MIHIOETHCS TaKOXK
eMiciiiHa TerioBiaava (pakeniB 1 KOHBEKTUBHUH TETJIOOOMIH Ha MOBEPXHSX
HarpiBaHHS.

ABTOpH poOOTH [7], IO BUKOHAIN €KCIIEPUMEHTAIbH1 JTOCIIIIKEHHS
HalpaBJICHI Ha BHU3HAYCHHS CHEPreTUYHOi €(QEeKTUBHOCTI Ta BUKH/IIB
IIKIJIMBAX PEYOBHUH 1T/ Yac CIATIOBAHHS METAHO-BOJIHEBOI CyMIIll B
mobyroBomy nBokoHTypHOMY KOTIi «MICRA DUO CS 24» dipmu
«RODAY poOJISITE BHUCHOBOK, 110 BHUKHAM NOy 30UIBIIYIOTBCS 13
3pOCTaHHSM BUTpaT nanuBa. BomHouac 30epiraerbcsi TEHACHIISI CYTTEBOTO
3MEHIIECHHS BUKHU/IIB B YChOMY Jl1alla30H1 BapitOBaHHS TEIJIOBOI MOTY>KHOCTI
(mayMBOCTIOKUBAaHHA) 13 30UIblIEHHAM BMicTy Hp, B ToMy wymcm — ais
BUIAJIKy MaKCUMaJIbHO BUIpoOyBanoro Bmicty [Hz] B mamusi ([Hz] = 50%).

ABTtop 3ayBaxye [10], o 3a0e3neuntu nepexiy podoTy MajibHUKA 3
MPUPOIHOTO Ta3y Ha TOpIOYy CyMill 3 yMICTOM BOAHIO Ouibiie 3a 20-25%
0e3 BHECEHHsI 3MIH B KOHCTPYKIIIIO MaJlbHUKA 1 PEeXUM HOro podortu, a
TAKOX KOHCTPYKIIIIO 1 pEeXUM poOOOTH TATO-AYTTHOBUX MPHUCTPOIB
YCTAHOBKM HEMOXKJIMBO 3 MIPKyBaHb 3a0€3Me4YeHHsI CTaJOCTI TEII0BO1
MOTY>KHOCTI 1 ONTHUMAJIbHUX IapaMeTpiB poOOTH YCTaHOBKH. Ajie, KpiM
bOT0, € IIe OJHa cKiagoBa Lporo mnuraHHsA. lle 3MiHa XxapakTtepy
TEMJI000MIHY Y TONKOBUX MPUCTPOSIX, SIKI OyAyTh MpAllOBATH Ha ra3ax —
3aMIHHUKAX 3 MIJBUILEHUM YMICTOM BOJHIO. Tak HampukKia, Mpu Mepexoil
Ha CIAaJIOBaHHS cywimi 3 ymictoM BoaHio 70 30% 006. 00’eM mpOayKTiB
sropanHs 3MeHmyerbes 3 11,95 m3M® mo 7,59 m3/mM° 3 omHouacHMM
3MeHIeHHsM ymicty CO2 y cknaail npoayktiB 3ropanss. i nBa daxropu
OpU3BEIYTh J0 TMOTIPUIEHHS TEMJIOOOMIHY Y TONKaX TEIIOr€HEPYIOUnX
arperaris.

OTxe, TWTaHHA 3aCTOCYBaHHS BOJHIO Yy SKOCTI JOMIIIKH [0

OCHOBHOTO MajJKBa 3 METOK YaCTKOBOTO 3aMIIICHHS TPaauIlIHHOTO
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OPUPOIHOTO Tra3zy oO0’ekTaMH MOOYTOBOTO TMPHU3HAYEHHS € OJHUM 3

MEPCIEKTUBHUM 1 JUCKYCIHHUM.

1.2. JlociqilKeHHI BHUKOPHUCTAHHSI MAaJMBa Ta CTPYKTYpa

CIOKMBAHHSA MPUPOJTHOIO rasy B YKpaiHi.

[IpoGiema  ekoHOMIi  MPUPOAHOTO  Tazy  LUIAXOM  HOTO
paIioHaATPHOTO BUKOPUCTAHHS Ta TOBHOI YM YacTKOBOi 3aMiHH
albTEPHATUBHUMHU BUJIAMH TMaJIMBA MICTUTh 0araTo HEBUPIIICHUX
BUPOOHUYMX 1 HAYKOBUX aCIEKTIB, SKI TOTPeOyIOTh MOJAIBIIOrO
JIOCIIKEHHS.

[IpoGiema  e€KOHOMIi  HPUPOAHOTO Tazy  HUIIXOM  HOro
paIioHAJIbHOTO BUKOPUCTAaHHS Ta TIOBHOI YM YacTKOBOI 3aMiHU
ATbTEPHATUBHUMHU BHJIAMHM TAJMBa MICTUTh 0arato HEBUPIIMICHUX
BUPOOHMYMX 1 HAYKOBHUX AacIeKTiB, SKI MNOTPEOYIOTh OJHOYACHOIO
BUBYEHHS IS 3a0€3MEUYeHHS IPOMUCIIOBOTO BIPOBAIKEHHS METOIIB
eHepro3oepexxeHHs. [IpoTarom ocTaHHIX TECATHIITh 3yCHIIISL 0aratbox
ydeHHUX OyJiM CIpsiMOBaHI Ha PO3POOKY MPOIIECiB 1 0OJaTHAHHS K JJIs
MIJBUILIEHHS €(PEKTUBHOCTI BUKOPUCTAHHSA Ta30BOr0 MajMBa, TaK 1 AJs
BUPOOHUIITBA OTO allbTEPHATHUB.

3a  gpganumu  Jlepxkomcraty — YKpaiHuw, 3arajgbHuUM = 00cCsT
CHIOKMBaHHSI MPUPOJHOTO Trazy B Ykpaini y 2023 poui cranoBunl9,8
miapa M3, 3okpema, Ha MOTpeOu HaceleHHs Oysjo BUTpadeHo 8,24 mupn
M?, a MYHIIIMNAJIbHA EHEPreTHKa (TEIUIONEHTPall) Ta MPOMHCIIOBICTh
cnioxxuiu 11,56 mpa m® (58,3 %).

Po3ymMHO yacTuHy BUTpAT Ha NMPUPOJHHUMN Ta3 i 3a0e3neyeHHs
TETJIONOCTAaYaHHS TTOKPUBATH 32 PAXYHOK MICIIEBUX BHUJIIB ITAJINBA, TAKUX

AK CHHTE3- Ta Oiorasu. Benuki TEpCHeKTUBH BIIKPUBAIOTHCA TIPH
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MOETHAHHI TIPUPOJTHOTO Ta3y 3 MIPOJII3HUM ra3oM a00 YaCTKOBIW 3aMiHI
OIHOTO BHWJAY TajguBa IHIIMM. B Mexax cTparerii 3MEHIIEHHS
CTHIOKMBAHHS OPTaHIYHOTO MaMBa, €PEKTUBHUM PIICHHSAM JJIsi HOKPUTTS
MIPOMHUCIIOBUX MOTpeO € MOoBHE a00 YAaCTKOBE 3aMIIEHHS MPHPOJIHOTO
ra3y TEXHOJOTIYHUMHU Ta3aMHd, 30KpeMa B METalyprii — KOKCOBHM,
JIOMEHHUM, KOHBEPTEPHUM Ta3aMU Ta iX CyMilllaMH, a TAaKOX CyMIIIIIIIO 3
MPUPOTHUM Ta30M.

[Tonmpy 0ocoOAMBOCTI CHOXHUBAHHS €HEPrii Ta 3HAYHI PI3HUII B
CTPYKTypax JKepesl NEPBUHHOI €Heprii Ta majuBa B PI3HUX KpaiHax,
NUTAHHS 3aMIMIEHHS TMPUPOJHOTO Ta3y albTePHATUBHUMH Ta3aMu
010JIOTTYHOTO Ta TEXHOJOTIYHOTO MOXOKEHHS Ma€ BUPILIYBAaTHUCh 32
JOTIOMOTOI0  CYYaCHHMX  YHIBEpPCAIBHUX  MIAXOMIB J1O  €KOHOMIl
BYTJICBOJIHEBUX MAJIUB.

VY KOHTEKCTI MOTEHIIIWHUX MOXJIUBOCTEU 3aMIILIEHHS TPUPOTHOTO
razy, PpO3TJISIHEMO OCHOBHI THIH aJlbTEPHATUBHUX Ta30BUX MAJIUB,
kinacudikaiia skux HaBeieHa B [11] 1 O6a3yeTbcs Ha ICHYIOUMX THIax
nanuBa Jis razoBux nBuUryHiB (JIB3). 3aznaueno, mo 3 mux razis 80%
CKJIa/Ia€ IPUPOIHUH Ta3. [HIIll BiTHOCITHCS 0 OMOCEPEIKOBAHO KOMATUH
MaJInB, TAKUX K CHHTE3-Ta3, Ta 1HIIMX aJIbTEPHATUBHUX Ta3iB. 3arajiom,
pO3MOMT Ta30BUX NaJIMB HA JBI OCHOBHI TPYNU 3IIMCHIOETHCS 32
HASBHICTIO BYIJICIIO: TIepIa TpyIMa BKIIOYAE Ta3u, M0 MICTATh BYTJICIh
(C), a opyra — rasm, B skux Byriens (C) BiacytHii. [lepma rpymna
OXOILITIOE MPSMi KOITAJIMHH, OITOCEPEIKOBAHO BUKOIIHI Ta BIJIHOBHI T'a3H, a
Jpyra rpyra npejcrasieHa BogHeM (H2).

VY pob6orti [11] HaBegeHO HACTYMHUM y3arajJbHEHHUM OMHUC ra30BUX
TIAJINB:

biorasu (BG) — me 3aranpHa Ha3Ba JJis MAJIUB, 10 YTBOPIOIOTHCS
B pe3ynbTari depmeHTarii opraHiyHUX MarepianiB. (OCHOBHUMH

KoMmroHeHTamu Oiora3siB € metaH (CHy) Ta Byriiekuciuii ra3 (COp).
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Cunres-ra3u (SG) — rasu, 10 MICTATh BOJACHb (f12) 1 € MPOTYKTaMH
CyXOi TIEperoHKM BYTuUUIA (KOKCOBUM, BYTruUIbHMH ra3). BoHu
ckianarTbesa 3 Metany (CHa), Bognio (Hz), Monookcuny Byrieiio (CO)
ta Byriekucioro rasy (COy).

BuxopucTtanHs cMHTE3-Ta3iB y ABUTYHaX BHYTPIITHBOTO 3TOPSHHS
(IB3) € cxmagHuMm yepe3 3MIHHUW CKJaj] 1 HAsABHICTh IIKIIJIMBUX IS
oOJasiHaHHSI KOMIIOHEHTIB, TAKUX K CMOJH, TapadiHu, cipka TOUIO.

Takoxx 1CHYIOTb HHU3BKOKAJOpIHHI Tra3omojiOHI mManuBa, SKi

Ha3UBAaIOTLCA «6iIlHI/IMI/I ra3damMm», HaIlIpukjiai, ra3u CTIYHUX BOJ.

1.3 locBix BUKOPUCTAHHS 3€JI€HOT0 BOJHIO.

[TocTawanHs BOJHIO HAa JaHWA MOMEHT TPAKTUYHO TOBHICTIO
3aJIeKUTh BiJI KOHBEPCIi MPUPOJIHOTO a3y Ta razudikarii Byruuis, sKi €
BHCOKOBYTJICLIEBUMU IPOIIECaMH, 1[0 CIPUUUHSAIOTH oHay 1 I'T BUKUIIB
CO2 mopiuno. IToTeHItian 4ucTOro BOAHIO JJis JeKapOOHi3allii iCHYIOUUX
MOCTauyaHb 1 PO3BUTKY HOBHUX KIHIIEBUX 3aCTOCYBaHb Ha BEIUKOMY
MaciTabl € cpaBXxHIM NpopuBoM Y I1i cdepi. Ha cboromui «3eneHuii»
BOJICHb, 110  BUPOOJSETHCS  3a  JIONOMOIOK  €JEKTPOJizy 3
BIIHOBJIIOBJIBHOI ~ €JIEKTPOEHEPrii, € HaWOlIbIl NEPCIEKTUBHOIO Ta
CTaJIOI0 TEXHOJIOTi€. «bIakuTHUII BOJEHBY», IO BUTOTOBISETHCA 3
OPUPOAHOTO Ta3y 3 BUKOPUCTAHHSM TEXHOJIOT1M YJIOBJIIOBAaHHA Ta
30epiraHHs BYTJICIIO, TAKOX MOXKE OYTH BU3HAHUN «UUCTUM», SKIIO BiH
BIJIMOBIAAE JKOPCTKUM  CTaHJAapTaM II0JI0 BHUKH/IB METaHy Ta
€(EeKTUBHOCTI BJIIOBIIIOBaHHS BYTJICITIO.

[Mporuo3 kommanii Deloitte [12], ska nmocmimKye CTBOpEHHS
BYIJICIICBO-HEUTPATIbHOT €KOHOMIKM 3a JOMOMOIOK YHCTOTO BOJIHIO,
BKa3y€ Ha TIOCTIMHE 3POCTaHHS PUHKY 3€JIEHOTO BOJHIO. 3a MOJCILIIO

Deloitte Hydrogen Pathway Explorer (HyPE), noxoau Bim mporo puHky
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3pocTyTh 3 642 Mapa mon. CIIA mopiuno y 2030 pomi g0 1,4 TpiH mod.
CHIA Ha pik y 2050 porti, 110 cTaHE Ba)XJIMBUM €TalloM Ha HUIAXY 0
JTOCATHEHHS KITIMAaTUYHOI HEHTPaTbHOCTI.

100 gocArTH YUCTHX HYJIBOBHX BUKUIIB Byriemio 10 2050 poky,
HEO0OX1THO PO3BUHYTHU PUHOK YMCTOro BoaHIO A0 170 MTH2ekB no 2030
poOKy, 1 30uTbIUTH Horo jno maitxke 600 MtH2ekB mo 2050 poky. Lle
€KBIBaJICHTHO OLIbIIE HI3K 85% CBITOBOTO CIIOKMBAHHS €JIEKTPOCHEPTIi B
2019 poui (22 850 TBr-rox) [13].

[ixaBo, mo 30 yepBHsa 2023 poky B Kurai Oys10 BIAKpUTO MepHIuii
y CBITI 3aBOJI 3 BUPOOHHMIITBA 3€JICHOTO BOAHIO TOTYKHICTIO 20 000 ToHH
Ha piK. 3aBojA «SINOpec» OXOIUIIOE BHUPOOHUIITBO COHSYHOI €HEPrii
notyxHicTio 300 MBT, nepenauy enekTpoeHeprii, eJIeKTpoJIi3 BOJHIO Ta
Mae €eMHOCTI g 30epiranHs BojaHio oO0'eMoM 210 000 Hwm3, a Takox
TPYOONIPOBII JUIS TPaHCTIOPTYBaHHS BOHIO [14].

B €Bponi nepmmii KOMEpUIHHAN 3aBOJI 3 BUPOOHMIITBA 3E€JIEHOTO
BOAHIO Oyne moOymoBanuii y HiMeudwHi Ta po3moyHE CBOIO poOOTY B
npyrii monoBuHi 2024 poky. 3aBoJ 3M0OKe BUPOOJISITH 4 TOHHU 3€JICHOTO
BOJIHIO Ha JIEHb, 1110 CTaHOBUTH 0113bKO 1000 ToHH Ha pik. [lei mpoekT €
yactuHoto iHiuiatueu HyFIVE (Boaens A iHHOBaLIHMX aBTOMOO1IIB),
mo (¢iHaHCYyeThCs E€BPONEHCHKUM (POHIIOM PETIOHATBHOTO PO3BUTKY
(E®PP) nHa cymy 6,4 w™MiaH e€Bpo. BupoOnenuii BojeHb Oyje
BUKOPUCTOBYBATHUCS B IHAyCTpiaibHOMY napky «H2-Aspen» Ta BogHEBI
3ampaBHIN CTaHINT B paMKax yroau MiK kKommaniero Lhyfe i crminbauM
mignpuemctsom JET H2 [15].

301IbIIeHHST BUPOOHMIITBA OE3BYIJICIIEBOIO «3€JIEHOT0» BOIHIO
CYTT€BO cpusiTUMe 3MeHIIeHHI0 BUKUIIB CO, B atmocdepy. OqHak s
JIOCSITHEHHSI 3HAYHUX PE3YJIbTaTiB BAXJIMBO 3HIKYBATU BAPTICTh BOJHIO,
BUKOPUCTOBYIOYM TEXHOJIOT1i ytwmizamii Byriemio. Ile motpebye

BIIPOBA/XKCHHSI BUCOKOMNPOAYKTUBHUX TEXHOJOTIH EJNEeKTPOizy, SKi
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MpAaIiOI0Th Ha HEAOPOTHX BIAHOBIIOBAIBHUX JDKepenax eHeprii. Tomy
1t €(peKTUBHOTO TPOMHUCIOBOTO BHUPOOHHUIITBA BOJHIO HEOOXITHO
30UTBITYBaTH KUIBKICTh €JIEKTPOITI3EPiB, IO JO3BOJUTH 3HAYHO 3HU3ZHUTH
BUTPATH 1 JOCATTH €KOHOMII.

3BakaloyM Ha Cy4acHl TEHJIEHLIi Ta TMepexiJi J0 BOJHEBOI
€KOHOMIKHM, Ha PHUHKY BHUPOOHHUKIB €JIEKTPOII3EpPIB CIOCTEPIracThCs
KOHKYPEHIIII MK 3aXiTHUMH Ta KHTaWChKUMHU KOMIaHisMH. Kutaichki
BUPOOHUKHU €NEKTPOII3epiB aKTUBHO HIYKAIOTh HOBI O13HEC-MOKJIMBOCTI
Ha MDKHApPOJHHUX PUHKAX, 30KpeMa B KOHTEKCTI I100adbHOTO MEPeXoay
no  3emenoro  BomHio.  Cepen  HauOuibin  eeKTHBHUX 1
KOHKYPEHTOCHPOMOXXHHMX Yy CBITI € enektpodizepu ALK Big xomnanii
CPU Hydrogen Power Technology (Suzhou). Ixus Bapricts Ha 70%
HIDKYA 3a 3aX1JH1 aHaJIoTH, a IiHa BapitoeTbes Big 200 mo 230 momapis
CIIIA 3a kBt [16]. Y uepsni 2023 poky kommnaniss CPU Hydrogen Power
Technology yknana yrony 3 DCH Group (HimeuunHa) Ha mocTtadyaHHs
oOnagHaHHs JUIsl BUpOOHHUIITBA BOAHIO HAa puHku Himeuunnu, [1IBeiinapii
Ta ABCTpIi.

BukopuctanHs eneKkTpodi3epiB i BUPOOHUIITBA YUCTOTO BOJHIO
y TIOE€THAHHI 3 CYJaCHHUMH pe3epByapaMu JJIsl HOro 30epiranHs J03BOJISIE
peanizyBaTd  TEXHOJOTII0  CE30HHOTO  HAKOMMYEHHS  MEPiOJMYHO
BUPOOJIEHOT BIJHOBIIOBAJIBHOI €HEprii, IO CYTT€BO MiABUILYE ii
epexkTuBHICTE. OkpiM  30epiraHHss €Heprii 'y BHUIVISAI  BOJHIO,
MEePCIEKTUBHIUM € TaKOXX METOJl «CHEpris B Ta3y», KW mependadae
BIPOBAHKEHHS YUCTOTO BOJHIO B Ta30B1 MEpexki a00 HOro mepeTBOPECHHS
B CHUHTETHYHUU MeTaH depe3 3'egHanHs 3 CO2. Bigomo, 110
BITHOBJIIOBAJIbHI JDKEpesla €Heprii, Taki $SK COHAYHA Ta BITPOBA,
TeHEPYIOTh €HEPTii0 3a MEBHUMU ITUKJIaMu. Hampukian, COHsIUHI CTaHITI
BUPOOJISIIOTh €HEPTiI0 TUIBKU BJI€Hb, a BIITKY ii BHPOOJISIETHCS 3HAYHO

Oinbiie, HDK B3UMKY. [0 eHeprito MOKHA HaKONMUYyBaTH IS
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BUKODUCTAaHHA Yy TEpIioAM 3HIDKEHOI reHepamii. Taka TexXHOJOTIsA
HAKOIMMYEHHS €Heprii Moke OyTH 31CHEHA 3a JIOOMOTOI0 BOJHIO Yepe3
enektponiz. Ili MeTomm 0COOJMBO BaXMHMBI A BaKKOJOCTYITHHX
TEPUTOPIH, e HeMae TPAAUIIIHOI enekTpudikailii, 1 BOACHb MOXe OyTu
BUKOPHUCTAaHUN SIK €JIeMEHT 30epiraHHs Ta MIATPUMKH CTaOlIbHOCTI B
EJIEKTPOMEpEkKaX.

AKTUBHUN PO3BUTOK BOJHEBHX TEXHOJIOTIM Yy CBITI, 30KpeMa
BUPOOHMIITBA 3€JICHOTO BOJHIO, EJEKTPOJI3EpiB MJIs OTPUMAHHS
JOCTYITHOTO BOJHIO Ta pe3epByapiB g Horo 30epiraHHs, CHpUsE
MOIIUPEHHIO BOJHEBUX TEXHOJOTIH y TPaHCHOPTHOMY CEKTOpl, IO, Y
CBOIO YEPTy, O3BOJIUTH 3HAYHO 3HU3UTU BUKuIU CO?2.

B octaHHI poOKHM NOCATHYTO MOMITHOTO MPOTPECY Y PO3BUTKY
TPaHCIIOPTY Ha BOJHEBUX MNAJIMBHUX €JIEMEHTax y BCiX cdepax
TpaHCHOpPTHO1 1H(pacTpykTypu. Jlizepamu y po3poOLl JErKOBUX
BoJHeBUX aBTOMOOWUIIB € kommanii: Hyundai (IliBnenna Kopest), Honda
(Smonis), Mercedes-Benz, BMW, Audi (Himewumna), Peugeot
(Dpanmis); BantaxiBok — Nikola Motor Company (CIIIA), Mercedes-
Benz (Himewunna); y 3amizHu4HOMY TpaHcmopti — Alstom (DpaHniris),
Porterbrook (BenukoOputanisi), Central Japan Railway (SAnownis); y
cynHoOyayBanHi — Energy Observer Development (®panmis), Kawasaki
Heavy Industries (fmonis), Fincantieri (Itamist), Yanmar Holdings
(Amonis); y asiarii — Universal Hydrogen (CIIIA), H2Fly (Himeuuuna),
ZeroAvia, Airbus (CIIIA) Ta i1,

BukopucraHHs BOJHEBHX NAJIMBHUX €JIEMCHTIB 1 Oaraped s
30epiraHHs BOJHIO Ha TPAHCHOPTHHUX 3ac00ax NPUHOCUTH YMCIICHHI
nepeBaru s TPaHCIOPTHOI rary3i, 30KpeMa 3 TOUKH 30py 30UIbIICHHS
3amacy XOay, UIBHUJKOI Tepe3apsiKd, 3MEHIICHHS 3a0py/THCHHS

HABKOJIUIITHLOTO CEPEIOBHUIIA B MICTaX 1 3HWIKEHHS PIBHA ITyMY.
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Jlia miaBUIIEHHS €(EeKTUBHOCTI poOOTH TPAHCIOPTHUX 3aco0iB,
0 TNpAalIOIOTh HA BOJHEBOMY IMaJiMBl, BaXKJIMBO BHUKOPHUCTOBYBATHU
J0/IaTKOB1 Oatapei y BHUTIISAI pe3epByapiB s BoaHIO. [IpobiemMu gacTo
BUHHMKAIOTh CaMe€ 3 ITUMH pe3epByapamu IIiJ 4Yac MPOCKTYBaHHS Ta
BUNPOOYBaHb. BojeHb, 10 30epiraeTbcsi B CTUCHYTOMY BHUIJISMII, €
JDKEpeNioM  JIOJIAaTKOBOi €HEeprii i BaHTAXHUX Ta EJIEKTPUYHUX
TPaHCIIOPTHUX 3aco0iB. Uepe3 BUKOPHCTAaHHS MAJWBHOTO €JIEMEHTa
BOJICHb TIEPETBOPIOETHCS HA EIEKTPUYHY CHEPrilo, siKa JKUBUTH
CJIEKTPOJBUTYH 1 3a0e3neuye omnajeHHs cajoHy. Po0OoTa mamuBHOIO
eJIeMEeHTa JIJIsl TPAHCTIOPTY MoAI0HA 10 GYHKIIIOHYBAaHHS aKyMYJISITOpPA.

OCKUIBKM Ha CbOrOJHI OUIBIIICTh aBTOMOOUIBHUX TMapKiB
CKJIQJIAIOThCAd 3 TPAHCHOPTHUX 3acO00IB 13 JABUTYHAMH BHYTPIIIHBOTO
3TOpsIHHS, @ YacTKa BOJHEBUX aBTOMOOLIIB 3aJIUIIAETHCS HEBEIUKOIO,
coOIBapTICTh MEPEBE3CHb MOKU IO 3aJMIIAEThCS BHUCOKOWO. [Ipore B
MaiiOyTHbOMY, 3aBASKM HOBHM TEXHOJOTIAM 1 3HAYHOMY 3HUKEHHIO
BapTOCTI EJEKTPOJi3y, IliHAa BOJHIO Ha 3alpaBHUX CTaHISAX Mae
cTtaHoBUTH juie 1,5 €/Kkr, mo BiANOBIAATUME BapTOCTI €HEpPrii, SKY
reHepy€e OU3eIbHUM NBUTYH. Benukuii oOCSr CHOXXUBaHHS BOJHIO B
aBTOMOOUIbHOMY TPAHCIOPTi, 0COOJMBO Ha (OHI MOTIPIICHHS CTaHy
HABKOJIMIITHLOTO CEPENIOBUINA, MAa€ CTaTH PYIIHHOK CWJIOK s
PO3BUTKY BOJHEBHUX TEXHOJIOTIM 1 CTBOPEHHSI €KOHOMIYHO BHI1JIHUX
BOJTHEBHUX 3allpaBHUX CTAHITIH.

JUist  cTUMYJTIOBaHHST TIPOLIECY PO3POOKKM Ta  BIPOBAKCHHS
3€JIEHOTO BOJIHIO Y BCiX cdepax MPOMHUCIOBOCTI, OCOOJMBO B HAWOLIBII
MIKIJIMBUX IS JIOBKUUISL, HEOOXIAHO 3a0e3MeduTH TMIATPUMKY Ha
Jep>KaBHOMY, MI>KHapOJHOMY Ta rjo0albHOMY pIBHSX. Taka MiATpUMKa
3HAYHO MPUCKOPHUTH TIEPEXiJ 10 BOJHEBOI CKOHOMIKH.

JIiist eheKTUBHOTO BUKOPUCTAHHS BOJHIO SIK €HEPTOHOCISI BAXKJIMBO

peanizoByBaTH  CTparTerii ~ JOBTOCTPOKOBOI  MEPCHEKTHBH, IO

37



CIIYXKUTUMYTh JIOPOKHIMH KapTaMu JJii CTBOPEHHS I1HTETPOBAHUX
CHUCTEM, BKJIFOYAIOUX BITHOBIIIOBAJIBHI JKEpeia €Heprii, BUPOOHUIITBO Ta
30epiraHHss BOJHIO, a TaKOX PO3BUTOK 1HQPACTPYKTYpH  AJIs
BUKOPHUCTAHHS BOJHIO SIK MAJIHBA.

3okpema, B €Bpormeiicbkomy Coro3i Oylio yXBaJleHO HHU3KY
HOPMATUBHUX aKTiB, SKI BHU3HA4YalOTh OCHOBU HHU3BKOBYTJIEIIEBOIO
PO3BUTKY Ta BOJHEBOI TpaHcopmalii B yciXx cdepax CyCHUIbHOTO
KUTTS: €Bponeiickka 3enena Yronma (2020), Crpateris iHTerparii
enepretuyHux cucteM (2019), BoagneBa ctpateris s KIIMaTHYHO
HenTpanbHoi €Bponu (2020) ta Fit for 55 (2021) [17]. OcHOBHOIO METOO
LIUX JIOKYMEHTIB € CTBOPEHHS €KOJOTIYHO CTIMKOI Ta EHEepreTUYHO
e(EeKTUBHOI CHUCTEMH Ha OCHOBI BOJHIO Ta CKOPOYEHHS BHUKHUJIIB
NapHUKOBUX ra3iB y €Bpomni. BoHu (axTtuyHO BHU3HAYAIOTH Kypc Ha
KJIIMaTUYHY CTajiCTh Ta BOJHEBY €KOHOMIKY B €Bpori 4epe3
BIIPOBAKEHHS 0€3BYTJICIIEBUX BOIHEBUX TEXHOJOTIH.

B Vkpaini nampukiami 2021 poky Takox Oyrna po3pobliieHa Ta
[oJlaHa Ha TPOMAJChbKEe OOrOBOpEHHs YKpaiHCbKa BOJHEBA CTpaTeris
[18], ocHOBHUMHM HampsiMamu SIKOi €: PO3IIMPEHHS BHUPOOHHYUX
MOTY>KHOCTEH Jisi BUPOOHUIITBA BOJIHIO, PO3pOOKa PEryiasTopHoi 0a3u,
MOIIUPEHHS BUKOPUCTAHHS BOJHEBOTO MAJIMBA B TPAHCTIOPTHOMY CEKTOPI
Ta TI0YaTOK EKCTIOPTHUX MPOJaXKiB YKPATHCHKOTO BOIHIO.

BonHouac BapTo 3a3Ha4yMTH, 110 HOPMOTBOpYA MIsUIbHICTE ¥y €C
010 TIATPUMKHK Ta BIPOBAKCHHS BOJHEBUX TEXHOJOTIH Ta PO3BUTKY
BOJIHEBO1 1H(PpaCTPyKTypu TpuBa€ MOCTiHHO. 30kpema, 8§ rpymnas 2023
poky €Bporelicbka komicis, Paga MiHicTpiB 1 €BponeichbKUil mapiaMeHT
JOCATIIM OCTAaTOYHOI YTrOAM IOJI0 TMAKETy BOIHIO Ta JeKapOOHI30BaHOTO
ra3y, KU BKIJIIOYA€ PETJIaMEHT Ta IUPEKTUBY, 110 BU3HAYAIOTH PHHOK
TPaHCIIOPTYBaHHs, po3moiny Ta 30epiranHs BomHio [19]. Lls yroma

KOHKpeTu3ye BoaHeBy crparerito €C Bim 2020 poky Ta € BaKJIMBUM
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KPOKOM Y PO3BUTKY BOAHEBOI 1H(pacTpykTypu B €Bpormneiicbkomy Coro3i.
[le 3aKOHOMABCTBO CHPUSITHUME MPOHUKHEHHIO B €HEPreTUYHY CHCTEMY
BIIHOBITIOBAJIbHMX Ta HU3BKOBYTJICIIEBUX Ta3iB, 30KpeMa BOJHIO Ta
O0ioMeTaHy, Ta JO3BOJIUTH JEKapOOHI3yBaTH PHHOK BOAHIO, 3MEHILIUTH
BUKOPUCTAHHSI BUKOITHOTO TMaJKMBa Ta 3HU3UTH 3AJICKHICTh BiJl IMIIOPTY
BUKOITHOTO majuBa [19].

BigHoBmoBaHU BOJIEHB BiAIrpa€e KIFOUYOBY POJIb Y MallOYTHHOMY
eHepreTHyHOMY OajaHci €BpoId, 30KpeMa i JekapOoHi3amii BaXKoi
IIPOMHUCIIOBOCTI Ta JIEIKUX TPAHCIOPTHUX CEKTOPIB, 3aMIHIOIOYM BUKOITHE
NaJIUBO Ta JOTIOMAralouu CTBOPUTH YUCTY BOJIHEBY EKOHOMIKY.

Hanpukiami 2022 poky B IpoMoBI Ipo cTaH €BpONEHCHKOIo
Coro3y OyJio OrojomieHO MNpO CTBOPEHHS €BpONENWCHKOrO0 BOJHEBOIO
6anky (Hydrogen Bank) anga miaTpumMku BHYTPIIIHBOTO BUPOOHHUIITBA
BojgHIO B €C Ta IMIOPTY BIJHOBIIIOBAHOTO BOAHIO BiJ] MIXKHAPOIHUX
naptHepiB. OCHOBHOIO METOIO ILOTO OaHKy € CHOPUSHHSA 3ay4EHHIO
IPUBATHUX 1HBECTHIIIH, TTOAO0JIAHHS MTOYATKOBHUX 1HBECTHIIINHUX Oap'epis,
YCYHEHHsI 1HBECTHIIIWHOTO PO3PUBY Ta MiJKIIOYECHHS CIIOXKHBAYiB 0
Mai0yTHIX MOCTAaBOK B1IHOBIIFOBAHOTO BOJIHIO.

VY 2023 poui €BpokoMicisl 3amycTuia NepInid ayKIioH B paMKax
€BpONencrKOro BOJHEBOrO0 0OaHKy, MO0 MIATPUMATH BUPOOHHUIITBO
BIIHOBJIFOBAaHOTO BOJIHIO B €Bpori. [loyaTkoBi 800 MJTH €BpO JOXOI1B BiJ
TOPriBJII BUKHAAMH OyIyTh cHpsiMOBaHl uepe3 [HHOBauiitHuil (o,
BupoOHMKM BiIHOBIIOBAHOTO BOJHIO MOXYTh TMPETEHAYBAaTH Ha
MIATPUMKY y  BHUTJSAI  (PIKCOBaHOI mpemMii 3a KOXKEH KiTorpam
BUpOOJIeHOr0 BoAHIO. Ll mpemiss Mae Ha MeTI MOJOJIAHHS PO3PUBY MIXK
[{IHOIO BUPOOHUIITBA 1 IIHOIO, AKY CIO>KMBa4l FOTOBI MJIATUTH HA PUHKY,
7ie BUPOOHMIITBO HEBITHOBIIIOBAHOTO BOJIHIO Bee Inie jaerienine [20].

Hydrogen Bank Takoxx po3poOuB iHIIIl i1HCTPYMEHTH MOJTITUKH IS

CTBOPEHHS PUHKY B1JIHOBJIFOBAHOTO BOJIHIO, CTUMYJIFOBAHHS 1HBECTHUIIIHN Y
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BUPOOHUYI  TMOTYXKHOCTI ~ Ta  MacmTaOyBaHHS  BHUPOOHMIITBA.
3a0e3neuyoun IIBUJKE BIPOBA/KEHHS I1HHOBAIlIMHUX  BOJHEBHUX
TEXHOJIOT1H, MIJIOTHUN ayKI[IOH Ma€ CIPHUITH JOCATHEHHIO METH IUIaHy
REPowerEU moao Bupobuunrsa 10 MiH ToHH BoaHIO Beepeauni €C o

2030 poky.

1.4 TlepcneKTHUBY MPOMHCI0BOI0 BUPOOHNITBA BOIHIO

SnepHa eHepreTvka Ha CbOTOJIHI € OJTHUM 13 OCHOBHMX €KOHOMIYHO
BUT1THUX JIPKEPEJ BUPOOHUIITBA €JIEKTPOCHEPTii Ta TeIjia 3 HU3bKUM PIBHEM
BUKUAIB Byrientoo. [{opiuHO BOHA CIpusie YHUKHEHHIO TOHAJ MUIbsipia
ToHH BHUKuAIB CO,, 3a0e3nedyroud CTaOUIBHICTb  €HEPrOCHCTEM,
CHEpreTHUHY Oe3IeKy Ta MPOTH/III0 KIIIMaTHIHUM 3MiHam [11].

OpnHak, MONpW 3HAYHUN BHECOK SJEPHOI EHEPreTUKH Ta I1HIIUX
HU3BKOBYTJIEIEBUX JUKepeN, o0ciIrd riao0albHUX MapHUKOBUX BUKHJIIB
3QIMIIAIOTHCS HA PIBHSIX, 10 MEPEBUILYIOTh HEOOXIIHI JIS JTOCATHEHHS
uinedt [lapuspkoi yroau. s yrpuManss riao0anbHOTO NOTEIUIIHHS B MEXKaxX
1,5 °C a6o 2 °C cBiTOBa eHepreTuka MOBUHHA JOCATTH HYJIbOBUX BUKHUJIIB
CO; 10 2050 poxy (mis 1,5 °C) abo HeBaos3i micis 1poro (ais 2 °C).

3riHo 3 OUIBLIICTIO CLEHapiiB, 30KpeMa THUX, SIKI MepeadadaroTh
CyTTEBE CKOPOUYCHHS BUKHIB BIAMOBIAHO 10 e I[lapusbkoi yromwm,
OUIKY€ThCS 3HAUHE 301IBIICHHS poJii sijepHoi eHepreTuku 10 2050 poky. Y
noHaz 80% cuenapiiB, e piBeHb BUKUAIB CO2 y 2050 poili 3HKYETBCS 10
20 riratoH (1110 BiAmoBigae 0OMEXKEHHIO TJI00AaJIBHOTO MOTEIUIIHHS HIDKUYE 2
°C), mepenbayaeThCsi PO3IMIUPEHHS BUKOPHUCTAHHS SIEPHOI  EHEprii.
30kpemMa, y OUTBINI HiX TMOJOBHHI CIIEHAPIiB MPOTHO3YETHCS 11 IK MIHIMYyM
JBOpa3oBe 3pocTaHHs, a B mnpubauzHo 30% — TpupazoBe abo Ouibliie

nopiBHsiHO 3 piBHeM 2020 poky. 3rigHo 31 cueHapiem MiXHapOIHOTO
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eHepretuuHoro areHTcTBa (MEA) «Hucti HynboBi Bukuau a0 2050 poky»,
BUPOOHUIITBO SACPHOT €HEpril Mae 3poCcTH OiibIle HiK yaBiui [12].

Eneprernunuii cekTop, BKIIOYAIOYM BUPOOHUIITBO €JIEKTPOCHEPTIi,
TEIJIONIOCTAYaHHs, TPAHCIOPT, OY/iBII, MPOMHUCIOBICTh, CHATIOBAHHS
najuBa Ta HEOPraHi3oBaHI BUKHWJIM, € BIANMOBIJAJbHUM 3a Maibke 75%
ro0anbHuX BUKUAIB TapHukoBux raziB (IIIN). Jlns ckopodeHHsS 1ux
BUKHJIB HEOOXITHO peani3yBaTh JBa KIIOYOBI 3aXOJIW: TO-TIEpIIE,
enekTpudiKyBaTH BYTJICIEBOEMHI CEKTOpH TaM, J€ 1€ TEXHIYHO Ta
€KOHOMIYHO MO>KJTUBO; I10-ZIpyTe, IeKapOOHI3yBaTH CEKTOP
esieKTpoeHepreTuku. Lle o3Hauae, 1110 B yMOBax 3pocTarouoi enekTpudikanii
€HEepreTUyH1 JpKepena IMOBHHHI IMEPEeXOJUTH BlJ BUKOIHOTO MalHMBa [0
HU3BKOBYTIICIIEBUX JKEPET, TAKUX SIK SiJepHA CHEPreTHKa Ta BiTHOBIIOBaHI
JOKepea eHeprii.

[Tonpu Te, w0 sAAepHa Ta  BIAHOBIIOBAaHAa  EHEPreTHKa
KJIacCU(IKYIOTbCA SIK HU3BKOBYIJIELEBl, piBeHb BUKUAIB CO2 mpoTsaroMm ix
KUTTEBOTO LMKy BIAPI3HAEThCSA. 30KpeMa, aTOMHAa €HEpPreTuka Ta
OULIBIIICTh TEXHOJIOTIM BITPOBOI TEHepallli MPOIYKYIOTh MEHIe Hixk 12
rpamiB CO2-ekBiBaJIeHTa Ha KUIoBaT roAuHy (kBT r01) BUp0OJIeHOT eHeprii.
CoHsluHA €eHepreTMKa Ma€ TPOXM BUIIl MOKA3HUKH — Onu3bko 27 rpamis
CO2-exBiBasieHTa Ha KBT'rom, mo moB's3aHO 374€011bIIOTO 31 CKJIAIoM 1
BUKOPHUCTAHHSM Pi1JKICHO3EMEIIbHUX €JIEMEHTIB Yy 11 TEXHOJIOTISX.

3 orisay Ha 3pOCTalOUMil 1HTEpeC 10 CKOPOUCHHS TJI00ATbHUX
BUKH/IIB BYIJICLIO Ta TPYIHOIIIB 13 €JEKTPUPIKALIEI0 OKPEMUX CEKTOPIB,
BOJICHb Jie[alli YacTillle PO3TISIIAEThCS K MEPCIEKTUBHUI €HEepreTUYHHM
HoCiil. BupoOieHuil 13 3aCTOCYBaHHSIM HU3bKOBYTJICIIEBUX JIKEPEN €Heprii,
TaKMX SIK siZIEpHA EHEePreTUKa, BOJIeHb Ma€ Maiixke HyJ1boB1 BUKUIU CO2 sK y
MpoIiieci BUKOPUCTAHHS, TaK 1 mij yac BupoOHuiTBa. lle BUrimHO Biapi3HAE
HOro BiJ BOJAHIO, OTPUMAHOIO 13 3aCTOCYBAaHHSIM BHMKOITHOTO MajHBa, IO

CYIPOBOIXKYETHCA 3HAYHNMHU BUKHUJAaMU BYTJICIIO.
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3ycuiisi 3 BIPOBAKEHHSI BOAHIO B MPOMHUCIOBICTh, TPAHCIOPT Ta
€HEepPreTMYHUN  CEeKTOp  MaloTh  MOTEHLIaNl  CHOPUSTH  CTBOPEHHIO
HU3BKOBYTJICIIEBOTO MailOyTHROTO. SIK yHIBEpCaIbHUI €HEPrOHOCIH, BOJACHD
MOXE BIJIrpaTd KIIOYOBY poOJdb Yy JeKapOoHi3amii BaKKOJIOCTYITHUX
CEeKTOpIB, Ji¢ mpsMa eneKTpudikaiis € TEXHOJOTIYHO YW EKOHOMIYHO
CKJIQJTHOIO.

Mixnaponne enepreruune areHTcTBo (MEA) Bu3Hamo BoneHb Ta
BOJHEBI BHUJM MaJliBa OJHUM 13 KIFOUOBUX EJIEMEHTIB JeKapOOHi3aIllii.
Kowmicis 3 eneprermunux mnepexoiiB (ETC), rimobanpHa koamitis JijepiB
EHepreTUYHOI raiysi, 3a3Hadae, 110 BOJAECHb MOXE BIAIrpaBaTH BaXKJIUBY
poJib 'y CKODOYEHHI BHKHUJIB TApPHUKOBUX Ta3iB. BiH Moxe
BUKOPHUCTOBYBAaTUCSA SIK y YUCTOMY BHUIJISIAL, Tak 1 y (opmi MOXiZHOTO
HajyuBa B CEKTOpax, J€ Mpsima eleKTpUu(ikaiis € TEXHOJOTIYHO CKIIAIHOIO
a00 CKOHOMIYHO HEJOUIIBHOO [22].

Nucleareurope (panime FORATOM) narosonrye Ha Ba)KJIMBOCTI
BUKOPHUCTAHHS BCIX 3pUINX HU3bKOBYTJICLIEBUX JKEPET €HEPTii, BKIIOYAI0UU
SJICpHY CHEPreTHKY, fKa Ma€ TOTEHIal JUisi BUPOOHMIITBA BOIHIO [23].
3aBASKA MOKJIIMBOCTI L17101000BO 3a0€3MeUyBaTH SIK €JIEKTPOCHEPTito, TakK 1
TEIJIO0, AaTOMHI EJEeKTPOCTaHLli MOXYTh €(QEKTUBHO MIATPUMYBATU
BUPOOHUIITBO BOJIHIO 32 JIOMIOMOTOI0 PI3HMX TEXHOJIOTTYHUX MPOIIECIB. Y
CydyaCHUX YMOBax 3pOCTaHHS 4YacTKU 3MIHHOI BIJHOBJIFOBAHOI €HEprii
AJlepHa €HEPreTukKa CTHUKAEThCSA 3 BUKJIMKOM IHTErpallii B Taki €HepreTH4HI
cucteMu. BoneHb Moke BIIIrpaBaTH KIIOYOBY pOJIb Yy MiABUIIEHHI
THYYKOCTI MHUX TIOPUAHUX CHUCTEM, BHUCTYMAIOUM SIK 3aCi0 HaKOIMMYEHHS
eneprii. Kpim Toro, BojieHb, BUPOOJICHH 1151 30BHIIITHBOTO MPOJIAXKY, MOXKE
CTaTH JOJaTKOBUM JpKepenioMm noxoay anst AEC 3 HaamuIKoM reHepartii.

ATOMHI  €NeKTpOCTaHIlli 3a0e3NeuyyloTh BHCOKHM Koe]ilieHT
MOTYXKHOCTI, IO JO3BOJSIE M BUPOOJSITH €IEKTPOCHEPTII0 I11JI01000BO,

HE3aJIeKHO BIJl MOTOJHMX YMOB 4YM CHUTyallii Ha puHKy. Lle pobuts ix
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ONTHUMAJIBHAM JDKEPEJIOM €Heprii 1jisi BOJHEBOTO BHUPOOHUIITBA Yepe3
eJNeKTpOJi3,  3albe3neuyroud  e(peKTUBHE  BHUKOPUCTAHHA  JOPOTHX
EJIIEKTPOJII3EepIB MPOTITOM yChOTO TEPMiHY iX ekcruryarailii. CtabiipHe Ta
HaJiiHE EHEPrONOCTaYaHHSI € KIIOYOBUM (DaKTOpoM JIsi MacmITabHOTO
BUPOOHUIITBA BOJIHIO.

[HBecTuili 'y  CTBOPEHHS  €IEKTPOJI3HUX  YCTAHOBOK  JUIs
BUPOOHMIITBA HHU3BKOBYTJICIICBOTO BOJHIO € 3HAYHUMH, TOMY IS
3a0e3nedeHHs IXHBOI peHTAa0eTHbHOCTI HEOOX1THO MaKCUMAIbHO 301IBIIATH
TPUBAIICTh 1XHBOI poOoTH (MiHIMYM 5000 roauH Ha piK, ONTHUMAIBHO — JI0
8000 roaun). I[IpoTre mepepuBUYACTICTH BIJHOBIIOBAHHMX JKEpPEN EHEprii,
TaKMX SK COHSYHA Ta BITPOBA C€HEPreTHKA, OOMEXKYye 4Yac BHUKOPHUCTAHHS
enektpoiizepiB 10 20004000 roauH Ha pik. Y IbOMY KOHTEKCTI siiepHa
€HEepreTrKa Ta ripoeeKTPOCHEPreTUKA MAIOTh KIIIOUOBY MEepeBary 3aBlIsaKu
CBOi KEPOBAHOCTI Ta CTaOLIBHOCTI, IO JO3BOJISIE 3a0€3MEUUTH
MIPOTHO30BaHE EHEPTOMOCTAYaHHS POTATOM YChOTO POKY.

Ha ocHoBI aHanizy BapTOCTI €NEKTPUYHOI eHeprii B YKpaiHi cTaHOM
Ha 2024 pik, OTpUMaHOi 3 BIJHOBIIOBAHHX JKEpeN eHeprii (COHsSYHa Ta
BITPOBA €HEPreTHKa, 32 yMOBaMHU YMHHOrO '"3eieHoro tapudy'), a Takox
BApTOCTI BUPOOHUIITBA EJIEKTPOCHEPTIl Ha MPAIIOIYMX OJOKaX aTOMHUX
CJeKTPOCTaHIlli, OyJ0  MPOBEAEHO  TMOPIBHAHHSA  TEXHOJIOT1YHHUX,
€KOJIOTTYHUX Ta €KOHOMIYHUX IMOKa3HUKIB BUPOOHUIITBA
HU3BKOBYTJIELIEBOIO  BOJAHIO. AHANI3 BHUKOHAaHO JJIA  EJEKTPOJI3HOI
yCTaHOBKU TMOTYxHIcTI0O 1 I'BT. PesymbpTaTé noCHiIKeHHS HaBEICHO Y

tabmum 1.1
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Tadomurs

1.1 TlopiBHsSHHS

TEXHOJIOTTYHUX,

EeKOJIOTIYHMUX Ta

€KOHOMIYHHMX TOKa3HHUKIB BI/Ip06HI/IHTBa HHU3BKOBYTJICICBOI'O BOAHIO Ha

CJICKTPOJTI3HIM YCTaHOBINI €JICKTPHYHOO MOTYKHicTIo 1 T'BT [24].

Ixepeno  |Bapricte  |Koedinient |BupoO6uunroH, | Heobxigna|Bmict CO2  Bapricth

€IIEKTPO- | BUPOOJEHOI BiAHOCHOI  |piK, THC. KT /pik | tuomara |[lpu BOJTHIO

eHeprii €JIEKTPUYHOI TOTY>KHOCTI BUPOOHUIITBI |eBpo/KrH2
eHeprii, H2 exs/xrH2
eBpo/MBT.

CEC 40,50 13 -16% 21466 12686 1,404 6,02

BEC 88,20 33 -38% 52556 34495 0,572 °© 6,85

AEC 39,21 77-81%° 116955 337 0,624 ° 3,12

Ak noka3ye ananiz, 3,38 kr CO 2 exs/kr H2 (motounwuii nopir), uro6
nocsarta 3 kr (3a3HaueHo B TtakcoHomii €C) go 2030 poky, 2 kr mo 2040
poky 1a 1 kr 10 2050 poky.

3rijiHo 3 PEICTaBICHUMHU JTAHUMH, BUPOOHUIITBO
HU3BKOBYTJIEIIEBOTO BOJHIO Ha 0a3l ejexTpoeHeprii 3 airounx 010kiB AEC
JEMOHCTPY€E HaMKpaIll pe3yJbTaTH 3a KUIbKOMa KJIIOUOBUMU MapamMeTpaMHu.
3okpema:

TexHONOT1YH1 MepeBaru: NPOAyKTUBHICTh €JIEKTPOIII3HOT YCTAHOBKHU
npu BukopuctanHi eneprii 3 AEC BBiYl BUIlla MOPIBHSHO 3 €HEPTIEI0 BIJ
BEC 1 B ’sTh pa3iB nepeBepllye MOKa3HUKU MPU BUKOPUCTAHHI €HEprii 3
CEC.

Exonoriuni nepeBaru: BUpOOHUIITBO BOJHIO 3 enekTpoeHeprii AEC
CYNPOBOIKYEThCSI HaliMEHITMM BUKHUIOM mapHukoBux rasiB (I1I") ma 1 kr
H: cepen ycix po3risiHyTHX JKEepesa eHeprii.

ExoHomiuna edeKTUBHICTb: BUKOpUCTaHHS enekTtpoeHeprii AEC

JI03BOJISIE TOCATTH HaHWKYO1 ycepeaneHoi BapTocti Boaaio (LCOH), sika €

BOKJIMBUM TOKa3HUKOM KOHKYPEHTOCIPOMOXKHOCTI. YuM HIDK4Ya IliHa
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LCOH, tum Bumumii mpuOyTOK MOKHAa OTPUMATH BiJ MPOAaXKy BOJHIO Ha
PUHKY.

Takum unHOM, enektpoeHepria 3 AEC € onTtuManbHUM BUOOpPOM
U1 BUPOOHUIITBA HU3HKOBYTJICIIEBOTO BOJHIO 3aB/ASIKM TTOE€THAHHIO BUCOKOT
IMPOJYKTUBHOCTI, MIHIMQJIBHOTO BIUIMBY Ha JOBKULIS Ta EKOHOMIYHOL
BUT'1THOCTI.

OTxe, HM3BKOBYTJICLIEBUI BOJECHb, BUPOOJIEHUI 3a JOMOMOTOI0
enekTpoeHeprii 3 gitounx OnokiB AEC, mae od4eBuAHI TiepeBaru Haj
BOJHEM, OTPUMAHUM 13 BUKOPUCTAHHSIM €JIEKTPOCHEPTil B1J] BITHOBIIOBAHUX
JKEpes — COHSTYHOT Ta BITPOBOT €HEprii.

[IpoBeneHuii aHami3 peHTAOENBHOCTI POOOTH A10UOro OJIOKY
aTOMHO1 eyiekTpocTaHIi notyxHictio 1000 MBT(e) 103BOIMB MOPiBHATH
MUTOMI €KOHOMIYHI TTOKa3HUKHU JOXITHOCTI MPU BUPOOHHUIITBI €IEKTPUUHOT
eHeprii (3a MOTOYHMX YMOB) Ta NpPH BUPOOHUIITBI HHU3BKOBYIJICIIEBOTO
BOJIHIO.

AHani3 1aHuXx 3a 8 pokiB poOOTH YOTUPHOX YKPATHCBKUX aTOMHHX
EJIEKTPOCTaHIII 13 3arajbHOI0 BCTAHOBJIEHOIO MOTYXHicTio 13,8 I'Br
(ctanom Ha 2020 p.) 103BOJIMB BU3HAUYUTH €KOHOMIYHI MOKA3HUKU POOOTH
TUIIOBOTO  €HEpProosioky 3 peakTopoM mnoryxHicTio 1000 MBT(e).
CepenupopiuHuid  00CSIT BHPOOJIGHOT EJIEKTPOCHEPrii 'y T'POIIOBOMY
€KBIBaJICHTI Ji1 OJHOTO €HEeproOJIOKYy CTaHOBUTH 155 MuH nonapi, a
CepelHIi YMCTUI 0X1A BIJ peani3auii enekTpoeHeprii — 127 MaH ponapis
[24].

VY pasi peanizainii npoekTy OyAIBHUITBA €JIEKTPOII3HOI yCTaHOBKU
notyxHictTio 1 I'BT noGmm3y icHyr4YOro eHeprooOjioKy aHaJori4HOl
NOTYXHOCTI, CEpe/iHIi 00CAT BHUPOOHHIITBA HU3BKOBYIJICLIEBOTO BOAHIO Y
IPOIIOBOMY €KBIBAJIEHTI CTAHOBUTUME 655 MIIH J10J1apiB, a CepeAHIN YucTUid

JOX1J1 BiJ Moro peam3atii — 345 MIIH J101apiB.
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1.5 JocaigxeHHs] BUKOPUCTAHHS BOJAHIO SIK NAJTHUBA

Bonenb po3risnaroTh  SIK  €HEpProHoci, 37aTHUM  30epiraTu
HaJJIMIIIOK €Heprii, BUpOOIEHOT 3 BITHOBIIOBAILHUX Jkepen eHeprii (B/AE),
1 mepeaBaty ii B IEpi0H, KOJU B €HEPrOCUCTEMI CIIOCTEPITAEThCS Ae(PIUT
eHeprii. «3eleHui» BOJEHb, OTPUMAHUN 3a JOMOMOTOI0 BITPOBOI abo
COHSIYHOI €Heprii yepe3 eJIeKTPOJIi3 BOAW, B MallOYTHHOMY BiJirpaBaTUME
BAXJIMBY pPOJb y CBITOBIA €KOHOMIIl. BiH MOXe CTaTH albTepPHATUBOIO
MPUPOJHOMY Tra3y HE TUIBKM B E€HEPreTUYHOMY CEKTOpi, ajge H y
IPOMHUCIIOBOCTI Ta TPAHCIIOPTI.

OnHak a8 OTpUMaHHS €HEPrOHACUYEHOr0 BOJHIO 33 JOIOMOTON0
€JIEKTPOJII3Y BOJAM HEOOXI1JIHA BEJIHMKA KUIBKICTh EJIEKTPUYHOI €HEeprii, 1110
Hapa3l MPU3BOJUTH JO BHILIOI BapTOCTI HOTO BUPOOHHUITBA MOPIBHSHO 3
TPaAUIIITHUMHU BUKOITHUMHU JKEpEIaMH NaiuBa. 3a TaHUMHU €BPONENCHKOT
koMicii 3a 2020 pik, miHa "ciporo" BOJHIO, BUPOOJIEHOTO 3 BUKOPUCTAHHSIM
BUKOITHOTO TajuBa, ckjangae Onu3bko 1,50 €Bpo 3a KuIorpam; BapTiCTh
"cHHBOrO" BOJHIO, OTPUMAHOrO 3 MPUPOJHOrO Trazy 3 YJOBIKOBAHHSAM
BYTJICIIO, OLIHIOETHCS B 2 €BPO 3a KIJOrpam, TOHI sIK '"3eleHui" BOJEHB
komtye Big 2,50 10 5,50 €Bpo 3a Kijorpam.

3apa3 cBIT nepe0yBae B CUTYaIllil, CXOX1iA Ha Ty, 0 OyJa y mepioj
nommperass BJIE B 20002005 pokax. 3a HACTYIHI JIeCSITh-II ITHAALSATH
pPOKIB, MMOBIPHO, BOJICHb CTaHe OUIBII KOHKYPEHTOCIPOMOKHUM
eHepreTuuHuM pecypcom. [IporHosu BkazyroThs Ha Te, mo a0 2050 poky y
O1IBIIIOCTI PET1OHIB CBITY "3€J€HUN" BOJICHD, 3aB/ISIKU 3HAYHOMY 3HMKEHHIO
BapTOCTI BUpoOHMIITBa enekTpoeneprii 3 BJIE, moxe komyBatu Bix 0,8 10

1,6 momapa CIIA 3a ximorpam. TpaHcnopTyBaHHS BOJHIO TPyOOTIpOBOIaMU
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3 IliBHiunoi Adpuku no Himeuunnu mosxe OyTH 3aiiicHene 3a 1miHowo 0,5
nonapa CIIIA 3a kinorpam.

[lepcieKTUBHUM HANPSAMKOM Y €HEPreTHUIll € BUKOPUCTAHHS BOJIHIO
SK TIAJIMBA JJIs Ta30BUX TypOiH, 3JaTHUX MPAIfOBAaTH Ha YUCTOMY BOJIHI 5K
3a MOCTIMHOTO HABAHTAXKEHHS, TaK 1 B MAHEBPOBUX a00 MIKOBUX PEKUMAX,
10 HEOOX1IHO JIJIs1 OalaHCYBAHHS EHEPTETUYHUX CUCTEM 3 BUCOKHM PiBHEM
BUKOPHUCTAHHS BIJHOBIIOBAJILHUX JpKepen eHeprii. ['a3omomiOHuil BOACHb
(mpu Tucky 350 Oap) TakoXk MOKe€ OyTHM 3aCTOCOBAaHUM Il Ba)KKHX
TPAHCIIOPTHUX 3acO0IB, TaKUX SK BaHTaXIBKH, MOi3Au abo OyjiBelbHA
TEXHIKa.

OCHOBHOIO TEXHOJIOTIEIO JUIsl BUPOOHUITBA CTall 3 3ali30pyAHOL
CUPOBMHHU CTaHE NPOIEC NPSIMOTO BiIHOBJICHHS 3aji3a 3a JIOMOMOTOIO
BogHO. Jlo 2050 poky cTpykTypa CIOXHBaHMX €HEPropecypciB y
METayprii  3a3Ha€  KapJWHAJIbHUX 3MIH: BUKOPHUCTAHHS  BYTLUIA
3MeHIuThes Ha 40%, a motpeda B eneKkTpoeHeprii noaBoitbes. [Ipu mpomy
omuspko  30% 1iei  enextpoeneprii  (6mmszpko 700 TBt'ronm) Oyne
CHpPSMOBAHO Ha BUPOOHMIITBO BOJHIO Y€pe3 €JEKTPOIi3, 110 BUMaraTume
0sm3pK0 165 I'BT MOTYXKHOCTI AJ1 €1EKTPOIII3EPIB.

Hopsespka kommaniss Nel Hydrogen po3nouana OyniBHHULITBO
HAWOUIBIIIOTO Yy CBITI MOBHICTIO aBTOMATHU30BAHOTO 3aBOJy 3 BUPOOHUIITBA
eneKkTpomizepiB  moTyxkHicTio 360 MBT Ha pik, sSKuUii IOcTavyaTuMe
e(eKTUBHI Ta JTOCTYIIHI 3a LIHOIO eJIeKTpoaizepu. OgHUM 13 TEPCIEKTUBHUX
HaIpsMIB JJIs MacIITabOBaHOTO CE30HHOTO TJ36MHOTO 30epiraHHs BOJHIO
€ 0ro HaKOMMYEHHS Y T€0JOTYHUX CTPYKTypax.

3rimHo 3 mporHo3zamu, a0 2050 poky BojeHb 3abe3neunTh 24%
r00aNbHUX EHEPTreTHYHUX TMOTpeO, M0 JO3BOJUTH 3HU3UTH BUKUIU Bij
BUKOITHOTO TNaJIiBa Ha oAHY Tpetuny. Kpim toro, g0 2030 poky monut Ha

«3eJIeHHI BOJIEHb 3pOCTe /10 8,7 MIIbIIOHA TOHH Ha PIK.
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€Bporelicbkka BOJHEBAa CTpaTeris nependadyae TpU OCHOBHI €Tamu
po3Butky. Ilepmmit eran, no 2024 poky, mojArae y CTBOPEHHI
EIEKTPOJI3EepIB 1T BUPOOHUIITBA «3EJICHOTO» BOAHIO, SKHH Oyne
BUKOPHUCTOBYBAaTUCS B TaKWX Taly3sX, SK CTajeluBapHa, XiMIidHA Ta
HadTonmepepoObHa nmpomucioBicTs. Hactymaum kpokom 1o 2030 poky craHe
PO3BUTOK JIOKAJbHUX BUPOOHUIITB BOJHIO, SIKI 3 €QHAIOTHCA B €AUHY
€BPOIECUCHKY BOAHEBY iH(MpacTpykTypy. 3 2030 mo 2050 pik OUiKyeThCS
IIMPOKE BIPOBAIKEHHS BOJHEBUX TEXHOJIOTIM y BaXKKiid MPOMMCIOBOCTI.
Ceponeiicekuit  Coro3z mmanye a0 2024 poky BcraHoButu 6 I'Bt
MOTYXXHOCTEH €JNEKTPOIII3EPiB JJII BUPOOHHIITBA «3EJICHOT0» BOJHIO, IO
JI03BOJIUTH BUPOOJISATU 10 1 MiTH TOHH BoAHIO, a 10 2030 poky — 40 I'BT, mo
3a0e3neunTh BUPOOHUIITBO 10 MJIH TOHH BOJHIO, a TaKOX HEOOXIIHY
KUIBKICTh BITPOBHX 1 COHSUHMX enekTpocrtanuii (120 I'Bt). 3aranbuuit
o0cAr iHBecTUllN y «3enennit» BoaeHb B €C 1o 2030 poky miaHyeThCcs Ha
piBHi 40 miapa. eBpo, a 1o 2050 poky BiH moxe gocsartu 180-470 muipa
€BPO.

Bonens, sk moTeHIiiiHa aqbTepHATHBA BUKOITHUM €HEpPropecypcam,
Ha0yBa€e Bce OUIbLIOI AKTYaJIbHOCTI B €HEPreTUYHUX OOTOBOPEHHSX 1 Mae
MOTEHI[ladl CTaTH OJHMM 13 TOJOBHMX  (DAaKTOpPIB  E€HEPreTU4HOI
TpaHchopMmallii, OpIEHTYIOUHCh Ha CTATUHA PO3BUTOK dYepe3 IIHPOKE
BUKOPUCTaHHS BiMHOBIIOBaNbHUX jpkepen eHeprii (BJIE). KmtouoBumu
TEXHOJIOT1SIMU, 10 MIATPUMYIOTH L0 TpaHchOpMalilo, € HaKOMU4yBayl
eHeprii Ta BoJeHb. BOoHM MOXyTh 3abe3neunTd HeoOXinHe 30epiraHHs
eHeprii, BupoOsieHoi Bix Takux 3MiHHHX BJIE, sk coHs4yHa Ta BiTpoBa
enepris. Lli TexHOI0T1i MOXYTh JOTIOBHIOBATH OJIHA OJHY y Pi3HHUX cdepax.
K110 BOJICHh BUSIBUTHCS €KOHOMIYHO BHUTITHIIIMM BapiaHTOM JJIs TaKUX
rajy3ei, SK HAKOMWYEHHS EHeprii, BHCOKOTEMIIEPATypHI MPOMHCIIOBI
MPOIIECH, BAYKKOBArOBUI TPaHCIIOPT, MOPCHhKI MEPEBE3CHHS Ta aBiailisi, BiH

MOK€ CTaTM OCHOBHHMM pilIeHHSM. BogHouac BOAEHb OTPUMYE BaKIUBUN
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MOJIITUYHUIA TPIOPUTET HA MDKHApOAHIM apeHi: Ounmbme 30 kpaiH Bxe
PO3pOOMIIH BIaCHI CTpaTerii pO3BUTKY BOJAHEBUX TEXHOJIOTIH.

[lepcnexkTBa €KOHOMIYHO BHTIJHOTO BUPOOHHUIITBA «3EJIEHOTO»
BOJHIO 3 HYJIbOBUMHU BHKHIAMH CTAa€ PEATbHICTIO 3aBISKH IIHPOKOMY
BIIPOBAPKCHHIO BIIHOBJIIOBAIBHUX JiKepes eHeprii. HalO1abI eKOHOMIKH
CBITY aKTUBHO (OPMYIOTh «3€JICHI» 1HBECTHIli [JI1 CTUMYJIIOBAHHSI
pPO3BUTKY IIi€i TexHosorii. MixHapogHe eHeprermuHe areHTCTBO (MEA)
3a3HAUMIIO, IO TEXHOJIOTISl «3€JIEHOT0» BOJHIO TOTOBA JI0 MacHITaOHOTO
BIIPOBA/KCHHSI 1 3aKJIMKalo YpsAaud KpaiH HanpaBUTH 1HBECTHINI Ha
PO3BUTOK BOJHEBOI €EKOHOMIKHU.

[IpoBigHI KOMIIaHIi AKTUBHO MpAIIOIOTh HaJ BIPOBAIKEHHIM
BOJHIO SIK MajuBa JJiA ejekTporeHepaiii. Haildouipimi BUpOOHUKHN Tra30BHX
TypOiH, cepen skux Mitsubishi Hitachi Power Systems, GE Power, Siemens
Energy Ta Ansaldo Energia, po3po0istoTs Mojeni, 3/1aTHI €(pEeKTHUBHO
MpamoBaTH HAa YUCTOMY BOJHI B pEXHMax IMOCTIHHOTO, MAaHEBPEHOTO Ta
MIKOBOT'O HaBaHTAKECHHSI.

Siemens Energy, Hanpukiazn, MojepHi3ye ra3oBy TypOiny SGT-400
JUISl BAKOPUCTAHHS YUCTOIO BOJHIO, SIKY IUIAHY€ThCSl BCTaHOBUTH Ha TEL] y
Opannii ta Himeuuuni. Y Snonii B 2020 pomi posnouana poOOTy
ra3oTypOinHa enekrpocTaHilis «Migzye» noryxHicTio 80 MBT, 1m0 npairtoe
Ha BomHeBoMy mnanuBi (kommanis Tao Oil). Acormiamis TEXHOJOTIYHOTO
po3BUTKY BOJHEBOI eHepreTuku Anonii (AHEAD) no 2030 poky miaHye
mopiuHo mocradatd 350 THUC. TOHH BOJHIO IS JKUBJICHHS TiraBaTHOI
CJICKTPOCTAHIII].

Kpim Toro, Mitsubishi Hitachi Power Systems orpumana
3aMOBJICHHSI Ha BOJIHEB1 TYpOiHM aJisi TphOX Tra3oBux mpoekTiB y CIIIA
3aranbHOI0 moTyXHICTI0O 3300 MBT. Ha mouatkoBomy etami (micmst 2022—
2023 pokiB) Ta30B1 TypOIHU MPAIIOBATUMYTh Ha Cyminri, 1mo MicTuTh 30%

BOHIO Ta 70% mpupoHoro razy. OJuH 13 TPOEKTIB, MOTyxkHicTIO 840 MBT,
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nepenbavae mepeobiagHaHHsI BYTUTBHOT €JIEKTPOCTAHINT 13 3aCTOCYBaHHSIM
TypOiH Mitsubishi Hitachi Power Systems, siki MocTymoBo nepeuayTh Ha
BukopuctanHa 100% exoyoriyHO YucTOro BOAHIO. [[is BUPOOHHUIITBA
BOAHIO B IHUX TMPOEKTAX BUKOPHUCTOBYBATUMETHCA  HAIMIIKOBA
CJIIEKTPOCHEPIisl, OTPUMaHa 3 BiIHOBIOBaIbHUX mKepen eneprii (BJIE) [25,
26].

Y cdepi aBTOMOOUIBHOTO TPAHCHOPTY MPOTHO3YETHCS MOCTYMOBA
3aMiHa aBTOOYCIB 13 JAM3EIbHUMHU JIBUTYHAMHU Ha BOJAHEBI. ['a3omomiOHMit
BojeHb (mpu THCKy 350 Oap) MOXe TaKoX BHUKOPUCTOBYBATUCS IS
BOXKOBAHTA)KHUX  TPAHCIOPTHHUX  3ac00iB, TaKUX SK BaHTaXIBKH,
JOKOMOTHBM Ta OyaiBenbHa TexHika. Kowmmanii Daimler 1 Volvo Bxe
OTOJIOCHJIH TUTAHHM IIIOJI0 BIPOBAKECHHSI MPOTATOM HACTYITHOTO JACCITHPITUS
BaXKOBAHTAXKHUX aBTOMOOWIIB, IO MPAIlOIOTh Ha BOJHEBUX MaJTMBHUX
eneMeHTax. [lopiBHSHO 3  €JEKTpOMOOUISIMH, BOJHEBI aBTOMOOLNTI
B1/I3HAYAIOTHCS 3HAYHO BHUILOI0 €HEPIeTUYHOIO HIIIBHICTIO Ta IIBUAKICTIO
3alpaBKH, SKa 3aiMae JIMIIe KUIbKa XBWJIMH, IO POOUTH iX OLIBII
e(DEKTHBHUMH Ta €KOJIOTTYHO BUT1IHUMHU.

BupoOHuntBo BogHio. Y cydacHuMX yMoBax 99,6% BoOJHIO
BUPOOJISETHCA 3 BUKOITHOTO TMajyBa 4epe3 MapoBy KOHBEPCIIO METaHy abo
razuikaiiro Byruuis, IO CYMPOBOKYEThCS 3HauHUMU BUKugamu CO2.
Takuii BOJIEHb TOAUISAETHCA Ha «Cipuil» (0e3 yJIOBIIOBaHHS BYTJICIIO) Ta
«cuHii» (3 ynosmoBaHHAM CO2). AnbTepHATUBHUM I1JIXOJIOM € OTPUMaHHS
«3€JIEHOTO0» BOJHIO MUISXOM EJIEKTPOJi3y BOAM 3 BHUKOPUCTAHHSIM
€JICKTPOCHEPTii 3 BIIHOBIIOBAHUX Jpkepen. Llelh meTon € eneproeMHuM, ase
Oe3ByrieneBuM 1 BignoBigae amOITHUM 1uUisM €C 11040 JOCATHEHHS
KJIIMaTHYHOI HeHTpanbHOCTI 10 2050 poky.

Hapasi «cipuii» 1 «CuHI» BOACHb 3aJMINAIOTHCS JEHMICBITUMHU 32
«3eJIEHU», IPOTE OUIKYETHCS, 1110 TEXHIYH] IHHOBAL[IT Ta 3pOCTAHHS MOMUTY

COPUSATUMYTh 3HM)KEHHIO BapTOCTI BHUPOOHMIITBA «3€JIEHOTO» BOIHIO.
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KimtouoBumu ¢akTopamMu 3MEHIICHHS BUTpPAT € TOCTIMHE 3/EMIeBICHHS
enexktpoeneprii 3 BJIE Ta migBuiieHHs e(QEKTMBHOCTI BUKOPUCTAHHS
EJIIEKTPOJII3epiB, SIK€ Hae B HOTY 31 3pOCTaHHSAM IIOMUTY HAa E€KOJOTIYHO
YUCTHUH BOJICHbD.

3HIDKEHHST BapTOCTI BUPOOHMIITBA BOAHIO 34  JOIMOMOIOIO
€JICKTPOJII3EepIB 3HAYHOIO MIPOI0 OOYMOBJICHO PO3pPOOKOI0 ajdbTEepHATHB
IUIATUHOBUM  KaTaiizaTopaM. Xoua IUIaTUHA € HaleeKTUBHIIINM
MarepianaoM, il HEMOXIJIHBO 3aCTOCOBYBATH JIJISl €IEKTPOIII3y MOPCHKOT BOMIH.
VY BiAMOBiIb HA 1€ OyJIM CTBOPEHI €KOHOMIUHI KaTajli3aTOpPH Ha OCHOBI Mifi
3 JO0JaBaHHSIM Hikemo Ta xpomy. Lli HOBI Marepiaau J03BOJISIOTH
e(eKTUBHO TCHEPYBAaTH BOJIHEBE MAJIMBO, BUKOPHUCTOBYIOUH MOPCHKY BOIY
0e3 HeoOX1JHOCTI MOMEPEAHBOTO OMPICHEHHS, IO CYTTEBO 3HUKY€E BUTPATH.

3a manumu kommanii Wood Mackenzie, B €Bponeiicbkkomy Corosi
Hapa3l ¢yHKIIOHYe O0n3bko 135 MBT MOTY>KHOCTI €lIeKTposti3epiB, ajie B
paMKax 3arulaHOBAaHUX MPOEKTIB sl udpa moxke 3poctu ao 5,2 I'Bt. ¥V
2019 poui B cBITI ekcrutyaTyBanocs moHan 500  enexTpolizepis.
HaiiGinpmmii enexTpoizep y CBITI Ha ChOTOAHI — 1€ OaraToMojyJibHA
yCTaHOBKa MOTYyXkHIcTI0O 10 MBT, mo oTpumye eleKTpoeHeprio Bij
COHSIYHOI cTaHLii noTyxHicTio 20 MBT, po3ramoBana mo0u3y sSnoHCHKOro
micta Dykycima.

€Bpona Ta ABCTpalisi 3aiiMaloTh MPOBIAHI MO3MILT CEpel MPOEKTIB,
o nependayaroTh eyekTposizepu notyxHictio 1 I'BT 1 Outeme. Y Kurai
Hapasi OyayeTbcsl 3aBOJ, J€ COHSYHI Ta MOPCHKI BITPOBI €JIEKTPOCTAHIIIL
3abe3neuyBatuMyTh BUpPOOHHITBO 400-500 THC. TOHH BOJHIO Ha PiK.
Hopgesbka xomnaniga Nel Hydrogen po3nodana OyaiBHUIITBO HalO1IBIIOTO
y CBITI TMOBHICTIO aBTOMATHM30BAaHOTO 3aBOAY 3  BUTOTOBJICHHS
€JIEKTPOJII3epiB, KU MaTUME piuHy MOTYyXHICTh 360 MBT, mo B kijibka

pa3iB OlJIbIIE 32 MOTOYHUN CBITOBUM PIBEHb BUPOOHUIITBA €JIEKTPOJII3EPIB.
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VY Kanani 6yna npoBezeHa oIiHKa MOTEHI1aTy BEIMKOMACIITAOHOTO
ce3oHHOro mig3emHoro 30epiranns BoaHio (UHS) B reosoriyaux
dopmarisix kpaiau. [TopiBHSIHO 3 TpagWIIHHUMU HAA3EMHUMH CXOBHUIIIAMH,
UHS mae Hu3Ky mepeBar, 30KpeMa 3/IaTHICTh JO 30epiraHHS BOJHIO TIpU
BUCOKOMY THCKYy, MEHIII BUMOTH JO IUIOIIl, BHINI CTaHIApTH O€3IeKH,
MEHIIINY BIUIMB Ha HABKOJIMIIHE CEPEIOBUINE, MOBIIMNA TEPMiH CIyXOH Ta
3HIDKEH1 BUTpaTu Ha iHBecTuii. HaiiOinpm nepenekruBaumu aiis UHS e
COJISIHI Te4YepH, TIMOOKI BOJIOHOCHI TOPU30HTH, BUCHAKEH1 Ha(DTOBI 1 ra30B1
POJIOBHUINA, a TAKOXK KaM'sHi rieyepu. CoJisiHI Iedepu BUIISIOTHCS 3aBSKU
HU3bKUM 1HBECTUIIIHHMM BUTpATaM 1 BUCOKIH TepMeTH4HOCTI [27].

Y 2021 poui kommnanis EWE B HimeuuuHl miiaHye CTBOPUTH
MeuepHe CXOBHWINE Uil BOJHIO. [[ns BumpoOyBaHb Oyae mnoOya0BaHO
cxoBuie 00'emom 500 M3, sike mpamroBatume Ha 100% BoaHi, HA TIMOWHI

1000 m. Ile mo3BONIMTE 30€piraTy OAHOYACHO BiJ 5 10 6 TOHH BoHIO [28].

1.6 JocBin cnanoBaHHsi cymimi kokcoBoro rasy 3 50-60%

BOJIHEM

KokcoBuil ras, 1mo Mae TermioTBOpHY 3AaTHicTh 14—18 MJLx/M? 1
ckiamgaeTbess Ha 50-60% 3 BOAHIO, € IIIHHUM MaJWBOM. BUKOpUCTaHHS
KOKCOBOT'O Ta3y B CyMIlll 3 MPUPOJHUM Ta JAOMEHHUM ra3zaMu, € 4YacTKa
BOOHIO He mnepeBumye 20-25%, € O0CUTh PO3NOBCIOJUKEHHM Y
METaypriiHuX HarpiBaJibHUX yctaHoBkax [29]. Ilpore nmocmijpkeHHs Ta
3aCTOCYBAaHHS BOJHIO a00 BOAHEBUX CyMillIe, 10 MICTATH OuIbLIe HIXK 50%
BOJIHIO, B IPOMUCIIOBHX N€YaX 3aTHUILIAIOTHCS OOMEKEHUMH.

3a NaHUMHM PI3HUX JTOCIIIJKEHb, TPU 3MIHI BMICTY BOJHIO B CyMIllIi 3
meranoM Big 0 10 60% 00'eMHUX YaCTOK CIOCTEPIraeThCsl 3HAYHE
30UTBIIIEHHS MBUAKOCTI PO3MOBCIODKEHHS monyM's — 3 37-40 cm/c 1o 75—

82 cm/c, ipu koedimienTi HaamUKy moBitps o = 0,87-0,9 [30]. Lle Bumarae
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0COOMMBOi yBaru A0 KOHCTPYKIl MaJbHUKIB, 30KpeMa 10 3a0e3medeHHs
TOMOTE@HHOI CyMIIlll Ta3y 1 MOBITPsl Mepesl HOro BUXOJOM 3 MaJlbHHUKA, a
TaKOX BUPIMICHHS MTUTAaHb OE3MIEYHOTO CIATIOBAHHS KOKCOBOTO Ta3zy.
ABTOpU  CTBOPWJIM Ta  BUTOTOBWIM  €KCIEPUMEHTAIbHUN
JIBOCOIUIOBUY TAJBHUK, Y SIKOMY COIUIa PO3TAIIOBaHi MiJ] Pi3HUMHU KyTaMH
o0 3pi3y. Taka KOHCTPYKIlisS Ja€ 3MOTy CHpPSIMOBYBATH (Dakeln OKpeMo
70 JIbOTKM Ta >K0JI00a, M0 MalTh PI3HUM KyT HaxXuily, 3a0e3medyrodu
pPIBHOMIpHUH TPOTpiB I[HMX TOBEPXOHb dYepe3 MPSIMHI TETIOO0OMIH.
BuxopucTtanHs TBOX OKPEMHX COIIET BUMAarae Tmojadi MmiJroToBJICHOT CyMili
KOKCOBOT'O Ta3y 3 MOBITPSAM [0 KOKHOTO 3 HUX. KpiM TOro, B KOHCTpYKIii

nependadeHi cTabi1i3aTopy TOPIHHS JIJIS KOJKHOTO coruta (puc. 1.2).

Pucynox 1.2 — BcTaHOBIEHHS JIBOTKH 3 5K0JI000M 31 CTOPOHU
HarpiBaJIbHOTO KOJIOJs3s1. 1 — MaJIbHHK; 2 — TbOTKA; 3 — MOHTa)KHA

wmta; 4 — %0500 [22].
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Pucynox 1.3 — Ecki3 cormia 31 crabinmizatopom ropinns [31].

CryniHp  1OporpiBy JbOTKM Ta  Ko0jloOa  OLIHIOBaBCS  3a
TeMIEepaTypor0, BUMIPSHOIO ONTHYHUM MIpOMETpoM Ta TemioBizopom Flir
T660. TlopiBHsUIbHHMI aHaMi3 pe3yNibTaTiB BUIPOOYBaHb 3a JIONMOMOTOIO
IITATHOTO Ta €KCHEPUMEHTAJIbHOIO MaJbHUKIB MOKA3aB, 110 TeMIlepaTypa
IUIAKy TOpH PoOOTI 3 EKCIEPUMEHTAJIbHUM MAJIbHUKOM, TICHS HOro
HaJalllTyBaHHS Ta PEryJiOBaHHS poOoYMX TmapameTpiB, 3abe3nedye
ONTUMAJIbHY PIIUHY IUIAKY JJIi HOpMalIbHOTO ciycky. [lomym's B Takomy
BUMAJAKy OyJI0 OUIbII PpO3TATHYTHM, a IIKOBI TeMIEepaTypu HarpiBy
KOHCTPYKIII OyJIM HUXKUYKMMHM TOPIBHSIHO 3 HArpiBOM IITATHUM MaJIbHUKOM
(puc. 1.4). lle n03BOJSUIO 3MEHIIWTH CIOXKHUBaHHS TMaluBa, YHUKHYTH
NeperpiBy OKPEMHUX YAaCTUH By3Jia CIYCKY IUIAaKy Ta MOKPAIIUTH TEPMiH
CITy>KOu 00J1aTHAHHSI.

3 TepMorpaMu po3MoAiTYy TeMIEpaTyp IO JBOTII Ta K000y MOXKHA
mobaunT ABl 00JacTi 3 MIABUIICHUMH TEMIepaTypamMu, J€ CepeHi
3HAUYEHHS TeMmmeparyp KojauBaioThcsi B Mexax 1260-1400 °C. CrabuibHe
MOJIyM'ss  CIIOCTEPIrajocsi Ha BChOMY J1ala3oHl TEIJIOBOI MOTY>KHOCTI
nMajbHUKA, 32 YMOBH MPAaBUJIBHOTO HAJAIMNTYBaHHS MOro poOodmx

xapaktepuctuk. [lomym's, ske BHUXOIWJIO 3 COINEN, MajJ0 CIPSIMOBAHY
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GopMy, IO AO3BOJSUIO JAOCSATTH PIBHOMIPHOTO TMPOTPIBY BHYTPILIHIX
MOBEPXOHB JIbOTKH Ta 0J100a 3 ONTUMAJIbHOIO HACTUIIBHICTIO.

HasBHicTh ABOX (hakeniB, CIpSIMOBAaHUX Ha IOBEPXHi, depe3 sKi
PYXa€eThCs IIIAK, JO3BOJWJIA 3HU3UTH TEMIIEpATypy HarpiBy MOHTa)KHOI
Tty Maiixke Ha 100 °C, 1mo mo3WTUBHO BIUIMHYJIO Ha 1i TEPMIH CITY>KOH.
Opnak micias moHaA TphoxX J10 poOOTH TajgbHUKA OYJI0 MOMIYEHO, IO
BHCOKAa INBUIKICTh BHUTIKaHHS ra3iB (Omu3pko 90 cm/c) copuuunHse
PO30pU3KYBaHHS PiIKOTO NIIAKY, KPaIlIl SKOTO MOTPAIUBIIOTh y coruia. Lle
OPU3BOAUTH IO TMEpPEerpiBy comel 1 TMOCTYNMOBOrO BUXOAY 3 Jaay

crabimizaropiB moaym's (puc.1.5).

Pucynox 1.4 — BumiproBaHHst TeMIepaTypH ILIIaKy IpH

BUKOPHUCTaHHI MITaTHOTO (a) Ta (0) mocmigHoro maapHuKa [31].
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Pucynok 1.5 — ®oto neperpiBy Ta 3acMiueHHs coren [31].

[licns 3aMiHM comlesl Ha HOBI, 5Kl 3MEHIIMJIM IIBUAKICTH BHUTOKY
ra3iB 70 75 cM/c, Oyiu mpoBejieH1 MOBTOPHI BUIIPOOyBaHHS. BusiBuiocs, 1o
JUIs 3a0€3IMeUeHHs HaIiHOT poOOTH NajdbHHUKA HEOOX1JHO 3BY3UTH JI1ara3oH
fioro perymtoBanHs (puc. 1.6)

['opiHHs 3anuiuanocss CTaOUIBHUM y BChOMY Jlana3oHl TEIJIOBOT
MOTY>KHOCTI TaJbHUKA, MPU LBOMY JOTpUMYBaiacs HOro peryiroBajbHa
xapaktepuctuka. Dakenu, MO BUXOAWIA 3 COMEN, Majd HaIpaBJicHY
dbopMy, CTBOPIOIOYM PIBHOMIpPHE HarpiBaHHS BHYTPIIIHIX TOBEPXOHb

JIBOTKH Ta 0J1004.
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Pucynox 1.6 — PeryntoBasibHa XapakTE€pUCTHKA AOCIITHOTO

nanbHuKa [31].

byno 3a3HaueHo, 1o mpu poOOTI JOCIITHOIO MajlbHUKA 32 YMOB,
KOJIU Moro poOodYl mapaMeTpu 3HAYHO BIAXWISIIMCS BiJI PEryJIbOBaHUX
3HAY€Hb, CIOCTEPIranocs IMepioJUYHE HArpiBaHHS COMEJ 4Yepe3 TOPIHHS
ra3omnoBITPsiHOI cyMimii B cTabimizaTopi. 30Kkpema, MpU 3HWKEHHI THUCKY
KOKCOBOTO Ta3zy nepen nanbHukoM 3 1,0 klla no 0,3-0,4 kIla 3a nmocriitHoro
TUCKY TIOBITPSI 00’ €M CyMIillll KOKCOBOTO Ta3y 3 MOBITPSIM 3MEHIITyBaBCs. Y
pe3ynbTaTi MBUAKICTh BUTIKAHHS Ta31B yepe3 corlia 3HKyBaiacs 10 5766
cM/c, 110 3 OJAHOrO OOKY BIJNOBIJIAJIO TYpOYJIEHTHOMY PYXy, a 3 IHILOIO —
OyJia MEHIIOO 3a MIBUAKICTh TOPIHHS KOKCOBOTO Tasy.

BucnoBku

[TpomucnoBi BunpoOyBaHHS MajlbHUKA Ui CHATIOBAHHS CYMIII]
KOKCOBOT'O Ta3y 3 TMOBITPSAM MIATBEPAUIN JOIIIBHICTE BUKOPHUCTAHHS
KOKCOBOTO razy fK [aiuBa JJId ONAIIOBAJbHUX YCTAaHOBOK Ta

MPOJIEMOHCTPYBAJIM TaKi pe3yIbTaTH:
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- NOpu JOTPUMAHHI PETYTIOBAIBHUX XapaKTEPUCTUK pOOOTH
najbHUKa, HOro eQeKTUBHICTh OyJia 3aJ0BLILHOIO B YCIX Jlama3oHax
TEIUIOBOT MOTYKHOCTI,

- s 3a0e3MeUeHHs HaJIeKHOI poOOTH MalbHHUKA MPH CHATIOBaHHI
CyMIIIIl KOKCOBOT'O Ta3y 3 IMOBITPSIM HEOOXIAHO MiATPUMYBATH IIBUAKICTH

BUTOKY T'a3y uepe3 NajibHUK y Mexax 75—82 cm/c.

1.7 ExcnepuMenTasibHi JOCTITKeHHSA e€KOJIOTIYHOCTI

CHIAJIIOBAHHS MAJHUBHOI CyMillli MeTAH-BO/I€Hb.

[lix yac anamizy JiTepaTypHUX JKEpes Oyl0 BUSBICHO, 110, MOMPH
3HAYHUWA 00cAT 1H(OpMaNii MPO NEPCIEKTUBH BUKOPUCTAHHS BOIHIO SIK
najuBa, Maike BIJICYTHI JaHl MO0 3aMiHH TPHPOJIHOTO Ta3y BOJIHEM 3
ypaxyBaHHSIM €HEPreTUYHUX Ta TEXHOJOTIYHUX XapaKTePUCTUK PpOOOTH
npoteciB 1 o0aaHanHs. OKpiM TOro, CIIOCTEPIraroThCs ACSIKI MPOTUPIYYSL.

JlochmikeHHs, M0 CTOCYIOThCS BUKOPHCTAHHS METaHO-BOAHEBHUX
CyMmilied y moOyTOBHX Tra3oBHX MNpuiaaax (IJIMTax, KOTIaX), MOKa3ykoTh,
10 JI0JIaBaHHS BOJHIO 0 NMPUPOAHOIO Tazy MPU3BOAUTH JO 3MEHIICHHS
BHUKU/IIB OKCUIIB a30Ty (NOX), ajie aBTOpU HE MOSCHIOIOTH MPUYUHU I[LOTO
aBulla. BoaHodac BioOMO, 10 NpH MIJBHUILEHHI TEMIIEPAaTypu TOPIHHSA
3aBISKH JI0JlaBaHHIO BOJIHIO, emicis NOX 3a3Buyaii 3poctae. KpiMm Toro,
pobotra A. Huber [2] mpexacTaBisie pe3ynbTaTH CHUIBHOTO CHAJTIOBaHHS
METAHO-BOJHEBUX CyMIIlel y MPOMHCIOBUX NanbHMKax Marathon, ne
BUSIBIICHO 3BOpOTHUH edexT: Bukuaun NOX 301abinytoThes, a Bukuan CO
3MEHIIYIOThCS, IO CYNEPEeYUTh BUCHOBKAM JOCIIIKEHb.

Y 1bOMy KOHTEKCTI TNOCTalla HEOOXIAHICTh Yy CaMOCTIMHOMY
3’CyBaHHI HayKOBUX ACIEKTIB CHAIIOBAHHS METAHO-BOJHEBHX CYMIIIEH Y

ra3oBUX TMajJbHUKAX 1 YTBOPEHHS WIKIJUIMBUX PEYOBHUH. 30Kpema, Y
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nocmimxeHHi A. Huber [2] Oyno BUBYEHO CHUIBHE CIATIOBAaHHS METaHO-
BOJIHEBUX CYMIIIEH y MPOMUCIOBUX NaibHUKax Marathon, 1 pesynbratu
IIOTO JOCIHI/DKEHHSI Cylepedarb BHCHOBKaM pOOOTH, BHSBISIOUH, IO
Bukuau NOX 301nb11ytoThes, a CO 3MEHITYIOThCS.

Kpim Toro, B pe3ysbTaTi BIaCHUX €KCIIEPUMEHTAIBHUX JTOCITIIKEHb
aBTOpHU [7] BUSBWIM, IO IPH CIAIIOBAaHHI METaHO-BOJAHEBUX CYMIllIeH y
MPOMHCIIOBUX Ta30BUX TMaJbHUKAX BUKUAM OKcuaiB azory (NOX)
30UTBITYIOTECS B 1,5-2 pa3u mpw BUKOPHCTAHHI YUCTOTO BOJIHIO, TOMI SIK
yrBopeHHs CO 3MeHIyeThest npubau3Ho B 20 pasis.

OckiJIbKM ~ BHINE3a3HA4Y€Hl  IMyOJiKarii 3aCHOBaHI  Ha
EKCIIEPUMEHTATLHUX JTOCTIHPKCHHSIX, BOKIWBHUM 1 JOMUIBHUM €TAIlOM JIJIS
onTUMI3AIlli MOJATBIINX POOIT IMIOAO0 BUKOPHUCTAHHS METAHO-BOJHEBUX
cyMmilieid € TPOBEJEHHS IOMEPEIHHOI0 TECOPETHYHOrO aHalli3y IIPOIECiB

3aMiHIeHH$I MCTaHy BOJHCM.

1.8 BucnoBku no posaiay 1

Ha mizictaBi mpoBeieHoro oriisiay chopMyIFOEMO METY Ha 3aBIaHHS

poboTH.

Mera po0OoTM — BH3HAUYEHHS EHEPreTUYHUX Ta EKOJOTTYHUX
XapaKTepUCTUK TIPOIECIB TOPIHHA Ta30BOTO TajvMBa MpHU 3aMilICHH]
OPUPOJHOTO Trazy Ha BoAeHb. OTpuMaHi pe3yJabTaTH MalTh CTaTH
TEOPETUYHUM Ta MPAKTHUUYHUM MIAIPYHTSAM ISl UIMPOKOTO BUKOPUCTAHHS
BOJHIO B €HEPreTHlll, TPOMHUCIOBOCTI Ta KOMYHAJIbHO-IOOYTOBOMY CEKTOpI

IPY YaCTKOMOY (@ B MEPCHEKTHUBI 1 TOBHOMY) 3aMIILEHHI IPUPOTHOTO Ta3y.
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JInst  TOCSATHEHHS TOCTaBJIEHOT METH TMOTPIOHO BHUKOHATH TaKi
3aBIaHHA:

- BU3HAYCHHS BOTHETEXHIYHMX Ta €KOJOTIYHUX BJIACTHBOCTEU
ra3oBUX MaJiuB, CKJIAJCHUX 13 CyMilled MeTaHy Ta BOJHIO, a came
IIBUJIKOCTEH TOPIHHS, 3MiHU aJ1a0aTUYHOI TeMIepaTypyu TOPiHHS CyMIIIeH
IpH 30UIBIICHH] IO BOJAHIO Y MMAJIMBI, OIIHII YTBOPEHHS OKCHIIB a30Ty, Ta
Bukuais COy;

- MiATOTOBKA BUMIPIOBAJIILHOI YCTAaHOBKW JUISI TIPOBEICHHS
€KCIIEpUMEHTAIIbHUX JTOCTIIKEHbD;

- BU3HAYCHHS €HEPTrOCKOJIOTTYHUX XaPaKTEPUCTUK CIHATIOBAHHS
METaHO-BOJHEBUX CYMIIIeH B IPOMHCIOBOMY Ta30BOMY TaJIbHHUKY 3
Bu3HaueHHsIM eMicii NOy, CO Ta TemrepaTypHuX XapakTepHUCTHK (akeny 3
MOPIBHSHHSAM 3 BHUIIQJKOM CHAJIIOBAaHHA YHCTOTO MPUPOJHOTO Trazy
(MeTany).

— BU3HAUYECHHS CEPEIHIX XapaKTEPUCTHK TEIJIOOOMIHY B
TOIKOBIMA KaMmepi 3rajaHoTo KOTEJBHOIO arperaTy 3a JOMOMOTOI0 BiJJOMOTO
nakety nporpam CFD-monemoBanus ANSY S-Fluent

- BU3HAYCHHS BIUIMBY MPOIEHTHOTO BMICTY BOJHIO B TAJUBHIN
CyMillll 3 METaHOM Ha YTBOpeHHS oKcuIiB a30Ty (NOy), Tpu BUKOPUCTaHHI B

MITATHUX OCHOBUX MaJIbHUKaX BOJorpiiiHOro Komia tumy JJKBP-10-13.
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PO3/ILT 2. PO3PAXYHKOBO TEOPETUYHUI AHAJII3
OCOBJMBOCTEN BUKOPUCTAHHSA BOJEHbMICTKHUX
CYMIIIEH ITPU 3AMIIIEHHI ITIPUPOJTHOI'O TA3Y

2.1 AHani3 XapakCTepHMCTHMKHM CyMilli NPHUPOAHBOIO rasy 3

BOJHECM.

Ha cydacHoMy etami pO3BUTKY €HEPreTHKHM BCE OLIBIIOrO
PO3MOBCIO/IKEHHSI OTPUMYIOTh BOJIHEBI TEXHOJIOTii, TaK 30KpeMa, BOJIECHBb
BXE JIOCTATHHO IMUPOKO BHKOPHCTOBYIOTH SIK aBTOMOOuUThHE manmuBo [35],
BEAYTbCA POOOTHU MO MOro BUKOPUCTAHHIO B €HEPreTHIll Ta KOMYHaJIbHO-
moOyTOBOMY CEKTOpl IIpH  3aMIMICHHI MPHUPOJHOTO Ta3y MUIIXOM
JIOMIIITYBaHHS BOJHIO B Ta30B1 Mepexki [34,35].

Bigomo, mo s BOAHIO, SIK MaJiMBa, XapakTepHa OUIbII HHU3bKa
TemoTBOpHa 31atHicTh (Q,, = 10,79 MJIx/m3) Ta ryctuna (p = 0,09 xr/m3)
MOPiBHAHO 3 mpupoaHuM razoM (Q,, = 35,88 MJIx/m?, p = 0,72 kr/m®), To
Oph  3aMillleHHI OCTaHHBOTO BOJHEM 3HIDKYETHCA TEIUIOTa 3TOpaHHS
cymineBoro manusa (BimHecena mo 1 M3 cymimi) mopiBHSHO 3 MPUPOIHUM
razoM. /[ yMOBM MIATPUMKH BBEIEHOT B TOMKY KIJBKOCTI TEIJIOTH
30UTBIITY€ETHCS BUTPATA MAJUBa 1 3MIHIOIOTHCS PEKUMU POOOTH MaTbHHUKIB.

TakuM YMHOM MPU 3aMillleHH] TPUPOJHOIO ra3y Ha BIAMOBIAHI HOTo
CyMillll 3 BOJIHEM MOTPIOHO BPaXOBYBAaTH HE TUIbKU 3MIHY TEIUIOTEXHIYHUX
XapaKTEPUCTUK CYMIIlIi, 1 3MiHy BOTHETEXHIYHUX XapaKTEPUCTHK 3TOPSHHS
najavBa, YTBOPEHHS WIKIJJIMBUX PEYOBHH, 3MIHM IMPOILECIB TEIIOOOMIHY

BHACIIJOK 3MIHH CKJIaJly MPOAYKTIB 3TOPSIHHS 1 T.]I.
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2.2 TeopeTnyHi acieKTH BUKOPUCTAHHS BOACHbMICTKHUX MAJIMB.

Ha cporomHi BiJOMO YWMajo EKCIIEPUMEHTAIBHUX POOIT IIO0I0
CHIAJTFOBaHHS METaHO-BOJAHEBHMX cyMimiei. Tak, Hampukian, y poboti [7],
sKa MPUCBSIYCHA BUKOPUCTAHHIO METAHO-BOJAHEBUX CyMileH y MoOyTOBUX
ra3oBux mpmwiagax (IJIMTax, OOITPIBAIbHUX KOTJAaX), 3a3HAY€HO, IO
J0JIaBaHHS BOJHIO JIO TPUPOJHOTO Ta3y CHpPHSIE 3HIKCHHIO BHKHUJIIB
okcuiB a3oTy (NOy), Xoua aBTOPU HE MOSCHIOIOTH NMPUYMH IOTO SIBUIIA.
Bonnouac, y pocmipkenni A. Huber [2], mnpoBeaeHO dOCIIIKEHHS
CHIJTBHOTO CHAJTIOBAaHHS METaHO-BOJHEBHUX CYMIIIEH Yy MPOMHUCIOBHX
nagbHukax Marathon. Pe3ymbrath 1mporo JOCHIIKEHHS Cylepedarhb
BUCHOBKaM cT1arTi [7], memoHcTpyroud, 1o Bukuau NOy 3pocTaroTh, a
BUKUIM CO 3MEHIIYIOTHCS.

KpiMm Toro, y BIacHUX €KCIEPUMEHTAJIbHUX JIOCTII)KEHHAX aBTOPIB
[8] Oyii0 BcTaHORBIIEHO, 1110 ITiJT YaC CHATIOBAHHSI METaHO-BOJHEBUX CyMillIe
y TMPOMHUCIIOBOMY Ta30BOMY MadbHHKY eMicisi okcumiB a3oty (NOy)
30UTbLIY€ThCS MPUONKU3HO B 1,5...2 pa3u npu CHajifoBaHHI YKCTOTO BOJHIO,
aje TpH I[bOMY CIIOCTEpITAEThCA 3HAYHE 3HIWKEHHS yTBopeHHs CO
(mpubmuzno B 20 pasis).

OckinpKy BKazaHi myomikamii [2,7, 36] MaroTh eKCIiepuMeHTaIbHUI
XapakTep AOCHIKeHb, TO BAXJIWUBUM 1 JOIUJIBHUM JUIs ONTUMI3aIlii 1
pauioHamizamli  MmojajdblIuX  poOIT 3  BHU3HAUCHHS  MOXIJIMBOCTEH
BUKOPUCTAHHS METaHO-BOJHEBHUX CYMIIIEH € MPOBEACHHS IMONEPEIHBOTO
TEOPETUYHOTO aHaJi3y MPOIECIB 3aMillICHHSI METaHy — BOJTHEM.

JInst  BIAOKpEMJIEHHST HEBUPILNIEHUX paHillle YacTHUH 3arajbHOl
npoOjeMu HEOOXITHO BIJ3HAYWTH, IO MPEACTABICHI BUIE pPE3yJbTaTh
nocmmkenb [3, 8, 36] Mar0Th eKCHEpUMEHTAIbHUN XapakTep, KpiM TOTO

BIJIOM1 Pe3yJIbTaTh CTOCYIOThCS MEPEBAXKHO MUTAHb 3MIHU BOTHETEXHIUHUX
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XapaKTEPUCTHK CKJIALy CyMIIlli, Ta HE BPaXOBYIOTh 3MiHY BOTHETEXHIYHHX
XapaKTEPUCTHUK MPOLIECY TOPIHHS Ta YTBOPEHHS MIKIJIMBUX PEYOBHH.

B saxocTi Mipum Troproyux Ta peakuiHuX (AeTOHAIIHMX)
BJIACTHBOCTEH MAaJMBO-OKUCIIOBAJBHUX CYyMIIIEH pO3IISIaloTh OHY 3
OCHOBHHMX BOTHETEXHIYHMX XapaKTEPUCTUK TOPIOYMX Ta3iB — IIBUAKICTbH
JlaMiHaApHOTO TOPIHHSI.

B sKocTi SAKICHOTO KpUTEPiI0 YTBOPEHHS IIKIJIMBUX PEUYOBUH
MOXKHa BBa)KaTH PIBHOBAaXHI KOHIIEHTpamii OKcuIiB a3zoTy NOy, ki
YTBOPIOIOTHLCSA MPU MaKCUMAaJIbHIHN (aiabaTHUHINA TeMrepaTypl TOpiHHS).

Bu3HaueHHIO BKa3aHUX OCHOBHUX BOTHETEXHIYHHMX Ta €KOJOTTYHHMX
XapaKTEPUCTHK MPOLIECIB CIIATIOBAHHS METAHO-BOAHEBUX CyMIIIEH BIacHE 1
MpucBsiYeHa jgaHa pobOota. Jlis mMOBHOro po3risiy BKa3aHOi MPoOJIEeMHU
aBTOpaMu IependaueHO TaKOoX pPO3IMJISTHYTH 3MIHY BOTHETEXHIUHUX
(TemnoTH 3rOpsiHHSA, TEOPETUYHI TeMIepaTypu TOpIHHS) XapaKTEepPUCTUK
METaHO-BOJHEBHUX IallUB Ta EKOJIOTIYHI XapakTEepPUCTUKU: YTBOPCHHS

okcuaiB azoty (NO, NOy) i Byriekuciaoru COs.

2.3 Bu3HaYyeHHS BOTHETEXHIYHMX XapPAKTEPUCTUK CHAJTIOBAHHS

METAHO-BOJAHEBHUX CyMillIeid.

B skocTi Mipu TOpIOYMX Ta PEaKI[iHHUX BIACTUBOCTEH MAaTUBO-
OKHUCITIOBAJIbHUX CyMilleu BUKOPHUCTOBYIOTh byHIaMEHTAIbHY
XapaKTEPUCTUKY TOPIOYMX Ta3iB — MIBUAKICTh JAMIHAPHOTO TOPIHHS, sKa 111
MOIIMPEHA TIiJT HA3BOK «IIBHJAKICTh HOPMAJIBHOTO PO3MOBCIOKEHHS
MTOJIYM 5.

B po6oti aBTopiB Pio G., Salzano E. [37] 3ampomoHoBaHO s
BU3HAYECHHS HOPMAJIbHOI IIBHUJKOCTI MOLIMPEHHS MOJyM's NpHU TOPIHHI

CyMIIIIeH ra3iB 3 MOBITPSIM BUKOPHUCTOBYBATH MIPUHITUT aIUTUBHOCTI:
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S =Cs,+C,5,+C;8,+..= ) .Css;
i1 1)

1€ Sij — IMIBUJAKICTh TOPIHHS i KOMIIOHEHTa NaiauBHOI cymimi, Ci —
KOHIIEHTpAIIisl i TOPIOYOro KOMIIOHEHTA MaJMBHOI cyMili, 00. (MOJI.) J0Is.

BukopucToByroun BiOMi JITEpaTypHI JaHi 3 IIOJO IIBHIKOCTI
ropiHHS OKpeMux Tra3zoBux mnanuB [39, 40] Ta piBHsHHsA (1) mpoBeneHO
pO3paxyHKH IIBUAKOCTI TOPIHHSA METAaHO-BOJHEBUX CyMIIIeH  BiA
koe(irmienTy HaMIIKy MOBITPS o (puc. 2.1, a) Ta OTpUMAHO 3aJICKHICThH
MIBUAKOCTI HOPMAJIBHOTO PO3MOBCIOXKEHHS TOJMYM sl CyMIIIEH BiJ BMICTY
BoAHIO (puc. 2.1, 6).

Ax moka3ye aHami3, X04a MaKCMMajlbHa JIaMIHapHA IIBUAKICTb
TOpPIHHA BOJHEBOIO MOJYM's 1 MOXE€ NEPEBUIIYBATH IIBHJKICTh TOPIHHSA
Merany B 20 pasziB (puc. 2.1, 0), ajge npu BIIHOCHO-TIOMIPHIN g0
3aMIIICHHST METaHy BOJHEM, Harpukias s cyminn [CHa] / [Hz] = 60 / 40,
% 00., mBUIKICTH TOpiHHS Oynme ckiaamatu S ~ 50 cm/c (puc. 2.1, a), mo
muuie Ha ~ 25 % Ouiblle HDK Uil TPUPOAHOro ra3y. Pi3ke 301blIeHHS
MIBUIKOCTI TOPiHHS croctepiraeThes Ha piBHI [Hz] = 70...80 %, 00., ane
yepe3 HU3bKY TEIUIOTY 3TOPSIHHS BOJHIO BHUKOPUCTaHHS TakKOi CyMIMIl

IMPOMHUCIIOBO BUHUKAE CYMHiBI/I.
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Pucynok 2.1 — 3anexHicTh JaMiHApHOI IIBUAKOCTI TOPIHHS S|, cM/C,
METaHO-BOJIHEBUX CyMiIIeil 3 aTMOC(HEPHUM TOBITPSIM. a — 3aJISKHICTh BiJ
Koe(DIMiEHTY HAUIMIIKY TOBITPs oL ipu ropirHi cymimnri 60% CHy + 40% Hy,
® — CKCIIEpUMEHTAJIbHI TOUKH [39]; O — 3aexkHICTh Bi BMicTy BoaHIO [Ho],

% 00., mpu 3MIHHOMY KoedilieHT1 HayIIKy moBiTps o = 1,0.
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Pucynok 2.2 — 3anexHicTh Temnotu 3ropsuHs, Bummoi Q7 (1) ta
HIKk40i Q,7, (2), MeTaHO-BOHEBOT CyMillli 3 CYXHM IOBITPSIM BiJI BMICTY
[H2], % 00., B ra3oBomMy manusi: & — MacoBoi, MJIx/kr; 6 — 00’ eMHOI,

M Tox/HM3,

BoruerexHiuHa  rpyma = XapaKTEepUCTHUK  MaJMBa  BKJIKOYAE
EHEpPreTUYHl TOKa3HUKU: TEIUIOTH 3ropsHHsS mnamuB. Ha puc. 2.2

npeacTaBiieHl Ternotu 3ropsHHs Q.7, QF Ha ommHuMI0 Macu (1 kxr) Ta
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00’emy (1 am?®) mst Hopmaneaux ymoB (0 °C). Yucnosi 3nauenus Q,”, Q4

(puc. 2.2), nogaTkoBO HaBezeH1 B Ta0m. 2.1.

Tabmuns 2.1 ExepreTudHi XapakTEPUCTHKU CTEXIOMETPUUHHUX
METaHO-BOJHEBHUX CYMIIIEH Yy 3aJie)KHOCTI BiJ] YaCTKU BOAHIO B Ta30BOMY

nanuBi, % 00. Tuck po = 0,101325 MlIla).

H2, % 06. CHg4, % 00 Q.”, MIxx/x| QF, MIx/x| Qup, MJIx/N Qsp, M]I:x/V
0 100 50,23 55,51 35,88 39,65

20 80 52,37 58,12 30,86 34,25

40 60 55,66 62,15 25,84 28,85

50 50 58,08 65,10 23,34 26,16

60 40 61,38 69,13 20,83 23,46

80 20 73,77 84,27 15,81 18,06

100 0 120,85 141,7¢ 10,79 12,66

Po3paxyHKH TEOPETUYHHX TeMIIepaTyp TropiHHs (puc. 2.3) MeTaHo-
BOJHEBUX CYMIILIEH Ta YTBOPEHHS PIBHOBAXKHUX OKCHAIB a30Ty NO Tta NOy
(puc. 2.4) BUKOHYBajgu y Mporpami i po3paxyHKy XIMIYHUX piBHOBAr
TERRA (aBtop B.I'. TpycoB), sika peanizoBaHa Ha OCHOBI BiJIMOBIIHHUX

o0YKCITIOBAIbHUX MexaHi3MiB [40].

Sk moka3ye po3paxyHKOBUUM aHaI3 — J0JaBaHHS BOJHIO HE3HAYHO
30UTBIIIyE TEOPETUYHY TEMIIepaTypy TOpIHHS CyMilll, M[pU TIOBHOMY
3aMilIeHH] METaHy Ha BOJEHb 30UIbIICHHS TEOPETUYHOI TeMIlepaTypu
ropinHsa ckinangae ~155 °C (muB. puc. 2.3), 1 K HaCIIJOK — BiAOyBaeThCA

301/IbIIICHHS YTBOPEHHS OKCHIIB a30Ty (puc. 2.4).
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Pucynok 2.3. — 3ajexHiCTh TEOPETUYHOI TEMITEpaTypH TOPIHHS 17
Bia nom Hy nis crexiomerpuunoi (o0 =1,0) MeTaHO-BOAHEBO1 CyMiIIIi 3

MOBITPSIM.

2.4 BuznaueHns €HEeProeKoJOriYHNX XapPaAKTEePUCTUK

CIIAJIIOBAHHSA METAHO-BOAHEBUX CyMillIeil.

Bigomo, 1mo npu ropiHHi MaJiMBa OCHOBHUM OKCHJIOM a30Ty, KU
YTBOPIOEThCS Oe3nocepenbo y nmoiaym’i € NO (okcua a3oTy), sSIKWid MOTIM
70 TOKUCIIIOEThCS B atMocdepi a0 aiokcuny azoty NOj. Bnache miokcun
azoty NOy mijJ1 yac camoi peakiiii TopiHHS Mailke He YTBOPIOETHCS, aJie BIH €
Habarato TokcuyHimmM 3a NO. Sk TmOKa3ye TepMOIWHAMIYHUAN
PO3paxXyHOK, I CTEXIOMETPUYHOI MAIMBO-OKHUCIIOBAIBHOI CyMIIIl TIpH
3aMilEeHH]I METaHy

[CHy = 100 %, 00. Ha METaHO-BOJHEBY  CYMIIl
[CH4] / [H2] = 50 / 50 %, 06. 30inbmiennst yrBopeHHss NO ckiamae 3
2245 mr/m® no 2440 mr/m3, To6T0 Ha 8,6 %, a NIpU CHANOBAHHI YHUCTOTO

soguio [Hy] = 100 %, o6 yrsopenns NO ckmaze 2995 mr/m3, T0o6TO
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30umbmMThCd Ha 33,4% y mOpiBHSAHHI 3 4YUCTUM MeTaHOM. CTOCOBHO
yrBopeHHss NO; 0Oe3mocepenHbO0 MmiJg Yac TOpiHHSA TajguBa, TO
TEPMOJUHAMIYHUM PO3PaXyHKOM TOKa3aHO, IO AIOKCHJ a30Ty Mailke He
YTBOPIOEThCS — 30ibIeHHs cknanae 3 0,63 mr/m® qus metany 10 0,75 mr/m®

JJIA YU CTOT'O BOOHIO.
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Pucynok 2.4 —3anexuicts yrBopenas NO (a) ta NO; (6) Big momi
H, B mpomykTax 3ropsiHHs ctexiomeTpudHoi (o0 =1,0) MeTaHo-BOIHEBOT

CyMIiIIIi 3 TOBITPSIM.
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[Ipu anami3i 3ropsHHS PI3HUX MaJUB, 30KpEMa METaHO-BOJHEBHUX,
JOIIILHO TIOPiBHATH 00csaru yTBopeHHs CO, Ha OAMHUINIO €Heprii, ska
BUJUTSIETHCA TIPH 3TOPSIHHI MaJIMBa.

Bukugn CO; [0minbHO MOPIBHIOBATH B KiJorpamMax YTBOPEHHS
NapHUKOBOTO Ta3y, IO BIJHECEHO JI0 TEIUIOTU 3rOopsHHS nanuBa. Jis
BUITAJIKy CITAJIOBaHHS METAaHO-BOJHEBHX CyMIIIEH 3a3HadeHI MHUTOMI
BUKHJIU Wco2 CKIAIal0Th B1AMOBIIHO:

Weo, = Meo, /Qmix = Pco, ‘Vcoz /Qmix ) ;
Z
1€, pPeo, Voo, — BIATIOBIIHO HOPMalbHA T'yCTHHA JBOOKHCY BYJIMIIIO
(1,96 um®xr) ta 06’em CO,, WO yTBOPHBCA NpH CIAIIOBAHHI METAHO-
BOJIEBOTO ManuBa; Qmix — TEIUIoTa 3ropsHHs 1HM® METaHO-BOAEBOTO IANUBa.
Ha puc. 2.5 noka3ano piBeHb 3MEHIIICHHS TUTOMHUX BUKUAIB CO; —

Wco2 Ha OJMHUIIIO TEIJIOBOI €HEPTii NaJIMBHOI CyMIII BiJ 1011 METaHy.

Weoa, KM
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Pucynox 2.5 — 3anexHicTh muTOMUX BUKUAIB Weo2 CO2/MJIx ipu

CHaJIFOBaHHI METaHO-BOJJHEBUX CYMIIIEH.



Tak, Bukopucrtanus cymimenoro razy CHa] / [Hz] = 50 / 50 %, 00.
3abe3neuye ckopoueHHs BukuaiB CO, nume Ha 23,34 % — 3 0,055 xr/MIx

o 0,042 xr/M/Ix — BIAMOBITHO IO HAIITMX PO3PaXyHKIB

2.5 BUCHOBKH 110 po3aiay 2.

B pamkax posriasgy TEpCHeKTHBHOTO HAIpsIMy BUKOPHCTAHHS
najqvuB — 3aMIIIEHHS TPUPOAHOrO Trazy BOJHEM, PO3IJISHYTO Bl IPYIHU
XapaKTEPUCTUK METAaHO-BOJHEBUX MAJIMB: BOTHETEXHIUHI Ta eKoyorivHi. o
MEepIIOi TPYNH BIJHECEHO LIBHUJIKICTh JAMIHAPHOTO TOPIHHA Ta TEIUIOTH
sropstHHS (Buma Q/ Ta HIk4da Q,”, MacoBa i 00’eMHa), a TAKOXK TEOPETUIHA
(amiabatHa) Temneparypa ropinas (77).

B sKOCTI €KOJOTIYHUX XapaKTEPUCTUK PO3MIISIAIOCH YTBOPECHHS
okcuniB azory NO Tta NO,, a takox Bukuau COz BiAHECEHI 10 TEIUIOTH
3rOpsIHHS MAJIMBHOI CYMIIII.

[IpoBenenwnii B poOOTI aHami3 MOKa3as, M0 MPHU BITHOCHO-TIOMIPHIN
J0JIl  3aMilIeHHS  METaHy BOJAHEM, HAaNpUKIaA JUIsl  CyMIilli
[CH4] / [H2] = 60 / 40, % 006., mBUIKICTh TOpiHHA Oyae CKIagaTh
S~ 50 cm/c, mo numie Ha ~ 25 % Oinble HiX I TPUPOIHOTO Ta3y. biibiri
3HaueHHs 3aminieHHs CHs Ha Hy €eKOHOMIYHO € CYMHIBHUMU 4epe3 HU3bKY
TEIIOTBOPHY 3/aTHICTh OCTAHHBOTO.

TepMoauHaMiuHl ~ OI[IHKM  YTBOPEHHS  WIKIJJIMBUX  PEYOBUH
nokasaiw, 1o s okcuny azory NO, npu 3aminienHi merany [CHa] = 100
%, 00. Ha MeTano-BoaHEeBY cyMiin [CH4] / [H2] = 50 / 50 %, 06. 30inbieHHs
yrBopenns NO cknanae 3 2245 mr/m® 1o 2440 mr/m3, To610 Ha 8,6 %, a mpu
cnaimtoBaHH1 yuctoro BoaHio [Ha] = 100 %, o6 yrBopennst NO ckiane 2995
mr/m3, T06T0 36inbmIMTECS Ha 33,4% y NOPIBHSAHHI 3 YHCTUM METAHOM..

Pospaxynkamu  ytBOpenHs BukumiB  CO; BCTAaHOBJIEHO, W0 TpHU
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BUKOpHcTaHHI cymimeBoro rasy [CHa] / [Hz2] = 50 / 50 %, 06. ckopoueHHs
BuknaiB CO; ckmamatume mume 23,34 % — 3 0,055 xri/MJIx mo 0,042
kr/MJx.

TakuMm YWHOM, TPU BUKOPUCTAHHI BOJHIO SIK TAJIMBa JOIIIBHO
OIIIHIOBATH MOMUIMBUU €KOJOTIYHHM e(eKT, SKUH 30KpeMa IOB’SI3aHuM 3
pizkuM 30ublIeHHAM emicii NO mnpu JOCUTh TOMIPHOMY 3MEHIIIEHHI

yrBopeHHs CO;.
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PO31J1 3. EKCHEPEMEHTAJIBHI JOCJIIIKEHHSA
CIIAJIIOBAHHSI METAHO-BOJHEBUX CYMIIIEN

OnHiero 3 MOMMPEHUX TEHACHIIA B OCTaHHI POKH € 30UIbIICHHS
YaCTKM aJIbTEPHATUBHUX BUJIB MalHBa, 30KPEMa BIIHOBIIOBAHUX JIKEPET
eHeprii, y TIOpIBHSHHI 3 MiHEpaTbHUMH (OpPraHiYHUMHU) TaAJTHBAMH.
dopmyBaHHS PUHKIB €HEPreTUYHUX PECypcCiB Ta BHOIp BIJIMOBIIHUX BHU/IIB
najauBa, sIK MPaBUJIO, BUKOIMHOIO, a TAKOX IMOCTAa4YaHHs IMajJvMBa Ha I1HII
PUHKH, € PE3YJIbTATOM MOJITUYHUX, EKOHOMIYHUX Ta €KOJIOTTYHUX 1HI1aTHUB
ypsIIiB Ta TPOMAJChKHUX OpraHi3aliid y pi3HHX KpaiHax Ta perioHax CBITY.
CydacHuil €BpoONeCbKUI PUHOK MajJuBa CHUCTEMATUYHO IEPETBOPIOETHCA
I1]1 BIVIMBOM TEHJIEHIIIT IeKapOOHi3allil HABKOJIMUIIIHBOTO CEPEAOBUIIIA.

Benukuii  akueHT poOUTBCA Ha  PO3IMIMPEHHI BHUPOOHMIITBA
"3eeHoro" BOAHIO, SKUM OTPUMYETHCS 3a JIOMOMOTOK) BiJIHOBJIFOBAHHX
JDKEpeI1 eHeprii, TaKuX K COHIIE, BITEp, HU3bKOBYTJICIIEBE MAMBO Ta OKpPEMI
OlomanuBa. L TeHaeH1Is, B TOEIHAHHI 3 METOIO MIHIMI3allli BUKOPUCTaHHS
OpraHiyHOro najavBa (BUKOMHOI0), Ma€ Ha METI 30€pexeHHs] MIHEpaIbHHUX
NaJuB JIJI1 MaOyTHIX TTOKOJIIHb.

Ha cporoguimHii JaeHL 3aBAaHHS 3aMiHH TMPUPOAHOTO Tazy
aNbTePHATUBHUMH BUJAMH TaJHBa PEATi3y€ThCS 3a JOMOMOTOI) METaHO-

BOJIHEBUX CYMIIIICH 3 IHKEKTYBaHHSIM BOJHIO B MicIIeBi ra3onpoBou [3].

3.1 3axoau 3 MPOMMCJIOBOI0 BUKOPUATHHS BOJTHIO

Y 3B'a3ky 3 JekapOOHI3alll€l0 HABKOJMIIHBOTO CEpPEeIOBUIIA
3aCTOCOBYIOTHCSA CTalli TEIUIOBI TEXHOJIOTii, CIpPSMOBaHI Ha palfiOHaJIbHE
BUKOPUCTAaHHS CUPOBHMHM, TaJMBa Ta €HEPrii, a TaKoXX Ha MiHIMI3aLli0

BUkuAIB CO2 3a paXyHOK BUKOPHCTAHHS BITHOBJIIOBAHUX JIKEPEI EHEprii Ta
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MEePexoy JO EJICKTPOMOOLTIB IS 3MEHIICHHS MIKIJUTMBUX BHUKUIIB [4].
bararo iHxeHepHUX po3po0OOK Jisi CTaOr0 PO3BUTKY MAJTMBHOI €HEPTreTUKU
CTOCYIOTBhCSI TEIUIOBOTO OOJIAMHAHHS B PI3HUX Taly3siX MPOMHUCIOBOCTI.
dopMyBaHHS PHUHKIB €HEPTii Ta MajliiBa Ma€ CBOKO CHEMHU}IKY, OCKUIbKU
MPIOPUTETH 3MIHIOIOTHCS BIAMOBIAHO 70 EKOHOMIYHMX, CHEPreTUYHUX,
€KOJIOTTYHHMX Ta KIIIMaTUYHUX (HaKTOPIB.

JisnpHICTH  CBITOBUMX opraHizauii Ta €C cmopsmMoBaHa Ha
nexapOoHi3allito Ta 3anobiraHHs riodanrbHOMY MoTerliHHI0. [Ipukinagamu
TaKoi JISJIBHOCTI € PE3OJIIoLis MPpO 3aXHCT KiIiMaTy Oylia ImpuiiHATa Ha
camiti OOH y Bepecui 2015 poxy B Hero-Hopky [5]. Jdupekrusa
E€pponericekoro Coro3dy RED (/upexTuBa mnpo BIIHOBIIOBaHI JpKepena
eneprii) 2009/28/EC BcTaHOBWJIa MIHIMaJIbHI KUIBKICHI TIOKa3HUKH IS
BUKOPHUCTAHHS BIJTHOBJIIOBaHUX Jpkepen eHeprii mo 2020 poky, 30Kkpema,
10% na Tpancnopti Ta 20% 151 3araJIbHOTO CIIO>KMBAHHS €HEPTi.

3MIHU B €KOJIOTIYHIN CUTYyalli MPU3BENIN A0 JUBEpCU(IKAIll PUHKY
razoporo namuBa B €Bpori. OcoOnuBa yBara NPUAUIAETECI HOBUM
MOKa3HUKaM, TaKUM SK BMICT BOJHIO, OCKUIbBKHM WOTO BUKOPHCTaHHS Mae
BOKJIMBUN BIUIMB HAa XapaKTCPUCTUKH TajuBa, OCOOJMBO B KOHTEKCTI
npobsiem "3eneHoi eneprii' Ta "3ereHoro BojHK". Kpim TOro, nomimku
BOJHIO PO3IIUPIOIOTH J1ala30H XapaKTEPUCTUK TOPIHHS Ta TETUIOTEXHIUHUX
XapaKTEPUCTUK OCHOBHOTO Ta30BOTO MAJMBa, 110 BIJIITPAE€ BAXKIUBY POJb B
EHEepreTUYHIN Ta eKOJIOT1uHiH cdepa.

V¥ Himeuuuni, @enepanbHe MiHICTEPCTBO €EKOHOMIKU Ta €HEPTeTUKU
(BMWi), wnampuknan, po3pobuio tuianum Ha wmaitdytHe (mo 2030-2050
pPOKIB), CHpSIMOBaHI Ha BUKOPUCTAaHHS BOJHIO SK HaluBa AJiA
POMUCIIOBOCTi, TPAaHCIOPTY Ta EHEpPromnocTadyaHHs. 3TiIHO 3 I[UMHU
MJIaHaMU, HAI[lOHAJIBHUIA Ta IMIIOPTHUM BOJIEHb, 30KpeMa 3 YKpaiHu, MaB
3a0e3neunTH HIMEIbKY €KOHOMIKYy eHepriero 6e3 Bukuaie CO2. Bomenb

BU3HAYaABCS SK KIOYOBUN €HEPreTUYHUN KOMIIOHEHT y MailOyTHHOMY, 1 JI0
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2050 poxy miiaHyBajgoCs BUKIIOUCHHS BUKOITHOTO MayivBa (Byriuii, HadTa,

MPUPOHUM Ta3) 31 CHUCKY BUKOPUCTOBYBAHOTO NayiuBa B €BpoTi.

3.2 ExcniepeMeHTAJIbHI OCJTI/I’KEeHHS HA YCTAHOBII.

Y po6oTi IpOBEACHO EKCIIEPUMEHTATIBHE TOCTIKEHHS CIIaTIOBaHHS
METaHO-BOJHEBOI CyMIIlll Ha €KCTIEPUMEHTANIBHINA YCTAHOBII 3 MaIbHUKOM
SUEMAX (puc. 3.1) TeroBoto notysxHicTio 30 kBT.

Buxonsun 3 3aBgaHHA JOCHIDKEHHS OyJo po3poOjeHo Ta
HaJjaro/pkeHo Jiaboparopuuii creHy (puc. 3.2) 31 BCi€l0 HEOOXIIHOIO
amapatypoto [lig yac ekcriepuMeHTy (hiKCyBaluCh MapaMeTpu TeMIEpaTypu
MOBITPA B XOJIl Y BUMIPIOBAJIbHY IJSHKY, BUTpaTa MajluBa, TeMIepaTypa
MIPOJIYKTIB 3rOPSIHHSA IO JOBXKUHI (Pakeny, KOHIEHTpAIlisl OKCUJIB BYTJICIIIO
Ta a30Ty B MPOAYKTaX 3ropsiHHs nainuBa. KoHieHTpalii mKiaJIMBUX BUKUIIB

BHUMIPIOBAJIUCH 32 JOMOMOTro10 razoanainizaropa «OKCH-5My.

Pucynox 3.1 — I'azoBuii mansuuk SUEMAX
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Pucynok 3.2. — Cxema 1a0b0paTopHOTO BOTHEBOTO CTEHAY:
1 — TepMOMeTp /71 BUMIPIOBAHHA TeMIIePaTyPH MOBITPA; 2 — I0YATKOBA
IinsHKa; 3 — iHTerpanpHa Tpyoka I1iTo: 4, 5 — 610K MaHOMETPIB; 6 — Iojada
TATHBA JJO OCHOBHOTO KOIeKTOpa;: 7 — MATBHHUK; 8 — CBiUa 3aMaTHOBAHHA;
9 — mTylepH A1 BEMIPIOBAHHA TeMIIepaTypH ra3iB M0 JOBKUHI (aKerny:
10 — mudy3op: 11 — pyrepoBaHa BorHeBa AUIAHKA; 12 — iHTerpanbHUN
poGOBiIOIPHUK
JlocnikeHHsT TPOBOAUIU JUIsl YOTUPHOX TMAJUBHUX CyMIIICH:
yricroro npupoanoro rasy ([CHy] =100 % 00.), uuctoro Boguio([Hz] = 100,
% 00.), cyMimIi MpUPOAHOTO Ta3y 3 BogHeM B criBBigHOIIeHHI [CHy] / [H2]
=70 / 30, % 00., Ta cCyMmilIl OpUPOTHOTO ra3y 3 BOJHEM B CITiBBIAHOIICHH1
[CH4] / [H2] = 50/ 50, % 06.; Hns nporiecy ropinas BuzHadanu emiciro NOy
ta yrBOopeHHs CO. Ilpu mnpoBeaeH! AOCHIIIB MHIATPUMYBAIU TOCTIHHY
TEIUIOBY MOTYKHICTh MajibHUKa Ha piBHI 10 kBT.
[IpencraBiieHi 300pakeHHs hakena CBiIYaTh PO PAJUKAIbHI 3MiHU
B MOTO CTPYKTYp1 BHACIIOK JOJaBaHHs BOJHIO IO peakiliitHoi cymimi. [le
MOSICHIOETBCS 3pDOCTAHHAM 1HTEHCUBHOCTI TOPIHHS MPU HASIBHOCTI BOJHIO Y
MPUPOJHOMY Ta3l, 10 BIUIMBAE€ HA TIJPOJIMHAMIKY IOTOKY pEareHTIB.
OueBuani "Tpancdopmaiii" ¢akena ocoOIMBO MOMITHI TP 301IBIICHH]

KOHIICHTpAIlli BOHIO.
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a) 6) B) )

Pucynok 3.3. — ®oto (akeny mpu cnairoBaHHI: a) TPUPOTHOTO
rasy, ([CH4] =100 % 00.), 6) cymirri npupogHoro rasy i Bojaio ([CHal /
[H2] =70/ 30, % 006.); B) cymimti npupojiHoro rasy i Boguio ([CHa] / [Hz] =
50/ 50, % 00.);

r) rpu cnanroBanHi yuctoro BoaHio ([Hz] = 100, % 00)

Cnocrepiraerbcs 3MiHAa XapaKTEPUCTUK CBITUMOCTI (pakeny Bij
«OJAKTUHOT0» KOJBOPY A0 «KOBTOr0» MPHU 3aMILIEHHI METaHy Ha BOJEHD,
11e TIOSICHIOETHCS 3MIHOIO CKJIAAY MPOYKTIB 3ropsiHHS Ta BiACYTHICTIO CO>
y OpOAYKTaxX 3TOpsiHHS, SIK OJHOTO 3 BUIIPOMIHIOIOUYO-TIOIIMHAIOYUX Ta3iB
MPOJIYKTIB 3TrOPSTHHS.

ITix yac MIPOBEICHHS JIOCIIIKEHD Oymnu BU3HA4YEH]
€HEproeKOJIOTIYHI ~ XapaKTEepPUCTUKU  CIAJTIOBAHHA  METAaHO-BOJHEBUX
CyMillle B MPOMUCIOBOMY ra30BOMY NajibHUKY 3 BU3HAUeHHSIM emicii NOx,

CO (puc. 3.4 Ta puc.3.5) Ta TemneparypHi XxapakTepucTUku (axeny (puc.

3.6).
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Pucynox 3.4 - 3anexHicts emicii NOy BiJ kKoe(illi€eHTy HaIJIUIIKY
noBiTps o : 1) mpupoanoro razy, ([CH4] =100 % 06.) ;
2) cyminri npupoaHoro rasy 1 BogHio ([CHy] / [H2] =70/ 30, % 06.);
3) cymimi npupoanoro rasy i Boasto ([CHa] / [Hz] =50/ 50, % 06.);

4) npu cnantoBanHi ynctoro BoaHio ([Hz] = 100, % 00)
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Pucynox 3.5. — 3anexnocti yrBoperss: CO Bizx KoeillieHTy
HaJUTMIIKY TOBITPs o 1) mpupoaHoro razy, ([CHs] =100 % 00.) ;
2) cymimrn npupoHoro rasy i BogHto ([CHa] / [Hz] =70/ 30, % 006.);
3) cymimn npupogHoro rasy 1 BogHto ([CHy] / [H2] =50/ 50, % 06.)

AHami3 eKCIepUMEHTAbHUX JaHuX Ha puc. 3.4 Ta puc. 3.5
CBIJTYUTH, 1110 Y BUMAJKY 30LIBIIEHHS! BMICTY BOJHIO B CyMillll 3 TPUPOIHUM

NOy OLJIBIIIOFO

ra3oM emicis 30UIBIIY€ETHCS, IO MOSICHIOETHCA
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TEMIIEpaTypoOI0 TOPIHHS BOAHIO B TIOPIBHSHHI 3 METaHOM (MPUPOJTHUM
razoMm), a Bukuiu CO B CBOIO Yepry 3MEHIIYIOThCS, 110 BiAMOBIIA€ BIIOMUM
mpolecaM yTBOPEHHS MIKIJIMBUX PEUOBUH, KOJIH 31 3pocTaHHAM eMmicii NOy
crioctepiraethcsi 3HWKEHHS yTBOpeHHs CO. Takoxk, ekcrnepuMeHTaIbHO
MOKAa3aHo, [0 TeMIIepaTypa Ha BUXO/1 3 KAMEPH CIAIIOBAHHS 301JIbIITYE€ThCS
1pHu 301JIBIIEHH] BMICTY BOJHIO B CYMIIlll TTIOPIBHSHO 3 YUCTHUM IPUPOTHUM
razoMm (puc. 6). Bcranosneno, mo emicis okcuaiB a3oty NOy 3pocTae B
~1,5...2,0 pa3u Tta cximagae [NOy] = 89 — 50 ppm 1151 ciaJifoBaHHST YHCTOTO
BOAHIO. B Toif ske yac BigMivaeThCcsl CyTTeBE 3HMKEHHS yTBOpeHHs CO, ~20
pasiB npu cnamoBaHHi cymimn [CHg] / [Hz] = 50 / 50, % 06., piBeHb
ytBopeHHs CO ckianae [CO] =1 — 2 ppm. 3po3yMuI0, 0 MpU CHATIOBaHH1

gucroro BojH0 [Hz] = 100, % 06, CO He yTBOPIOETHCS.
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Pucynox 3.6. — 3anexHicTh TeMIepaTypy Ha BUXO/1 3 KaMepu
3ropstHHS T B1J KOe(DILIEHTY HAUIMILKY MOBITPS o 1) MpUpOIHOTO razy
([CH4] =100 % 06.);

2) cymimni npupoaroro rasy 1 BoaHto ([CHg] / [Hz] =70/ 30, % 00.);
3) cymimi npupoanoro rasy i Boanio ([CHa] / [Hz] =50/ 50, % 06.);

4) npu cnantoBanHi yucroro BoaHto ([Hz] = 100, % 00.)
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AHani3 JaHuX 100 3aJIeKHOCTI TEMIIEpaTypy MPOAYKTIB 3TOPSHHS
B1J1 JIOJI1 BOJHIO B CYMIIIIl 3 MPUPOJTHUM T'a30M MOKa3YyIOTh, III0 TeMIIepaTypa
dakery 30UTBIIYETHCS TpHW  30LIBIIICHHI JOJ1 BOJHIO, TEMIIepaTypa Ha
BUXOJIl 3 KaMepH 3ropsiHHs 3pocina Big 670 °C mpu cmnamioBaHHI METaHy
([CH4] =100 % 00.) mo 945 °C npu cniamtoBanHi unctoro BojaHto ([Hz] =100
% 00.), 1110 1 TOSICHIOE BIATMOBIIHE 301IbIIIEHHS eMicli okcuiB a30Ty NOy.

ExcriepuMeHTanpHi  JOCHIDKEHHS B J1aOOpAaTOPHUX  yMOBax
MIATBEPAWIIA ~ MOXJIMBICTH ~ 3a0€3MEUeHHS  MPOIeCy  HOPMAJIBHOTO
CHAJIIOBaHHS CyMIlIeBOro ra3y i3 BMicrom BojHio [CHa] / [H2] = 50 / 50, %
00.; 3 BAKOPUCTAHHIM ICHYIOUMX ITPOMUCIIOBUX MaJIbHHUKIB.

Ha ocHOBI aHalti3y pe3ysbTaTiB €KCIEPUMEHTIB BU3HAYEHO, 1110 MPU
CHAJIOBAHHI METAHO-BOAHEBOI CyMilll 3MeHmyroThcss Bukuaun CO Ta
30UTBIIYIOTHCS TEMITEpATypH BUKUAHKX Ta3iB 1 emicist NOy.

Bcranosneno, mo emicis okcuaiB azoty NOy 3pocrae B ~1,5...2,0
pasu Ta ckiagae [NOx] = 89 — 50 ppm s cniaroBaHHS YUCTOTO BOHIO. B
TOM e Yac B1IMIYA€ThCA CYTTeBE 3HMXKEHHs yTBOpeHHs: CO, ~20 paziB npu
cnamoBanHi cymimn [CH4] / [Hz] = 50 / 50, % 06., pieenb yrBopenns CO
ckimagae [CO] =1 -2 ppm.

PesynpraTi  gOCHIKEHHS B MNOAAJIBLIOMY  MOXYTh OyTH
BUKOPUCTAH1 JJIA TIJABUIIEHHA €()EKTUBHOCTI TIPOLeCY TOPIHHS MpHU
CHAJTFOBaHHI METAaHO-BOJHEBHUX cyminiein Ta MOJIepHi3arlii
MaJUBOCHANIOIOYMX CHUCTEM KOTJIIB Majioi MOTYKHOCTI KOMYHaJIbHOI Ta

IPOMHUCIIOBOT TETNIOEHEPTEeTUKH, 1H/IUB11yalbHO-TIO0OYTOBOI'O CEKTOpA Ta 1H.
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3.3 TlopiBHSIHHSI €HEProeKOJIOTIYHMX XAPAaKTepPUCTHK IPH
CHAJIOBAHHI METAHO-BOJHEBUX CYMillleli Yy NAJbHUKAX Pi3HHUX

KOHCTPYKILiH.

Ha cydacHomMy etami pO3BUTKY €HEPI€TUKH BOJHEBI TEXHOJOTIT
HaOyBalOTh BCe OUIBIIOIO MOUIMPEHHS. 30KpEMa, BOJEHb YXKE aKTHUBHO
BUKOPUCTOBYIOTh SIK TJMBO JJiI aBTOMOOLIIB, a TaKOX BEIyThCS
JIOCIIKEHHSI W00 MHOro 3aCTOCYBaHHS B EHEPreTUll Ta JKUTJIOBO-
KOMYHaJIbHOMY CEKTOpI LIUISIXOM JI0JAAaBaHHsI 10 IPUPOIHOTO ra3y B ra3oBUX
Mepexax. OKpIM IbOT0, YKpaiHChbKI HAYKOBII IPOBENIN AOCTIHKEHHS 11010
XapaKTepUCTHK  CHATIOBAaHHS BOJHIO B MAJbHUKOBUX IMPUCTPOSX,
OpU3HAYEHUX JUIs TOOYTOBOIO Ta IPOMHUCIOBOTO BUKOPUCTAHHS.

Y OpoaoBKEHHS MPOBEIEHUX MOCIIPKEHb BAapTO 3a3HAYMTH, IO
AeAail OUIBIIOrO MOIIMPEHHS HaOyBalOTh NaJbHUKH, SKI peani3yloTh
I y31MHO-KIHETUYHE TOPIHHS NaiauBa. OJHUM 13 TEXHIYHUX BTIJIEHb LOTO
OPUHIIMIY € MPSMOTOYHI MAJbHUKU CTaOLI3aTOPHOTO THUITYy, pOOOUYHUit
IpoIIeC SKHUX BU3HAYAETHCS CTpyMeHeBO-HimoBow cuctemoro (CHC) (puc.
3.7). Y 3B’M3Ky 3 LHUM aKTyaJbHUM € TIOPIBHSAHHA XapaKTEPUCTUK
CHAJIOBaHHs MeTaHO-BoaHEBUX cyMimed y Ttakux CHC-nanbHukax 13
KJACUYHUMHU TMPOMMCIOBUMH OJHO- a00 JABOCTAAIMHMMHM Ta30BUMHU
najgbHUKaMu. s nabopaTopHOro nopiBHSAHHA OyJI0 OOpaHO MPOMMCIIOBUN
onnocrtanitauit manbHUK SUEMAX (puc. 3.1) 3 HOMiHaJIbHOIO MOTYXHICTIO
30 kBr.

3 METOI0 BUKOHAHHS 3aBIaHHS JOCIIKEHHsS Oysio po3po0jeHo Ta
HajamToBaHO JaboparopHuit creHa (puc. 3.2), OCHAIIEHUU YCIE€H
HeoOx1Ho amapatypoto. I1ig yac exciepumeHnTy (iKCyBanucs mapaMeTpu
TEMIIepaTypyu TOBITPS Ta MalbHUX Ta3iB, BUTpATH MaliiBa 1 TMOBITPS,

TeMIlepaTypa MPOIYKTIB 3rOPSHHA B3J0BXK (akeny, a TaKOXK KOHLEHTpaIis
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OKCHJIB BYIJICIIO Ta a30Ty Yy TMPOIYKTax 3TOpsSHHA. BumiproBaHHA
KOHIIGHTpAIlI IIKIJIMBUX BUKHUAIB 3M1MCHIOBAJIOCS 3a JOMOMOTOIO
razoananizaropiB «OKCU 5M» ta Testo 3301.

Pe3ynbraTti ekciepuMeHTaTbHUX BUMIPIOBAHb HABEACHI JIJIS CTAIO1
TEIUIOBOI MOTY>KHOCTI JOCHIDKYBAaHUX TMaJbHUKOBUX CHUCTeM Ha piBHI 20
kBT. Jlani ra3oBoro anasnizy npoAyKTiB 3rOpsSiHHS MPUPOJIHOTO razy Ta oro
CyMillli 3 BOJAHEM Yy TalbHUKAX JBOX JOCTIKYBAHMX KOHCTPYKIIIH
npeacraBieni Ha puc. 4-7. lloganpmmii aHami3 IPYHTYEThCS Ha
NPUIYIICHH], 10 HaBEJIEHI XapaKTEPUCTHUKHU BIAMOBIIAIOTE pPoOOUOMY

Jiara3oHy JTOCTIHKYBAaHUX MAaJTbHUKOBUX KOHCTPYKITIH.

a) 0)

Pucynox. 3.7 — ITanbHUK CTpyMEHEBO-HIIIIOBOI CHUCTEMU
CHAJIOBAHHS: @ — OJIOK YCTAaHOBKHU €JIEMEHTIB CTPYMEHEBO-HIILIEBOTO
crabimizaropy: 1 — kopmyc 6510Ky; 2 — po301pHUI ra30BHI KOJIJIEKTOP; 3 —
CUCTEMa KPYTIUXOTBOPIB JUIsl MAJIMBOIIOAAY1; 4 — HillIeBa MOPOKHUHA; 5 —
HammiBdJIaHeb OTJISI0BOTO CKiIa; O — TOPIHHS METaHO-BOJIHEBOI CYMIIlli B

CHC.
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[TpomucnoBuii mnansHukoBUM mnpuctpii. SUEMAX aemoHcTpye
BUCOKY €(EKTHUBHICTh poOOYOro MpOoIeCy, M0 MATBEPIKYETHCS
MiHIMQJIBHAM XIMIYHAM HEJIOTIAJIOM y BUTJISII MOHOOKCHIY BYTJIEITIO (pHC.
3.8). JochimkeHHS 3acBIQUMIM, 10 TMaJIbHUK TMpAIlOe B Jiarma3oHi
koedimieHTa HamIMIIKy moBiTps o = 1,1...2,0, Tomi sk poboTra B 30HI
301IHEHUX TaJbHUX cyMmimed 1pu o > 2,0 HEeMOXiIuBa, IO

HiATBEPKYETHCS OTPUMAHUMHU 3aJICKHOCTSIMHU.

3 iHmoro 0oky, ctpyMeHeBo-HimoBa cucrema (CHC) 3abe3neuye
HaJlliHy cTa0uT3alil0 MOJMyM’s y 3HAYHO IIUPIIOMY Jlara3oHl o =
1,05...8,0. BoagHouac HaWOUIbII CHPUSTIMBI yYMOBH 1Js1 €()EKTUBHOTO
TOpPIHHA CIOCTEPIraloThes y A0 BYKUuX Mexax nopiBHsHO 3 SUEMAX 1
BiAmoBigaroTh gianazony o = 1,3...1,8. JJngs CHC Takoxx mpocTexXyeThes
MIHIMYM XapakTEPUCTUKH, SKUH BIANOBIJAE KPUTUYHOMY HAJIUIIKY
noBiTpss okp = 1,4. Bognouac nns nmansHuka SUEMAX mpakTUyHO BECh
pobounii miama3zoH 3abe3nedye MiHIMaabHI 3HauyeHHs KoHueHTpamiii CO Ta
BHCOKY 1THTEHCHUBHICTh TOPIHHS B M€XaX poOOYMX HaBaHTAXKEHbD.

Howmimka Boguio 1o [Hz] / [CH4] = 50 % / 50 % 06. Lle cyTrTreBO
1HTeHCU(IKY€E TPOIEC TOPiHHSA, BOAHOYAC PO3LIMPIOIOYHU Jiala3oH CTajloi
poOOTH TajgpbHUKa B 30HI 301THCHOTO TOPIHHS Maibke BIBIYl — 710 o = 3,8.
Jlns CHC y 11iif 30H1 TaKOXK CIIOCTEPIraeThCs 3HUKEHHS HEJIOTATy BYTJICIIIO
y 3—4 pa3u. Kpim Toro, mexa 6igHoro 3puBy noiaym’st B CHC 3MimtyeTses B
01K pO3IIMPEHHS Jlala30oHy CTajoro TOPIHHS, IO 3aJieUTh BiJ BMICTY

BOJIHIO B IMAJTMBHIN CyMIIII.
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Pucynok 3.8 — 3anexnicts konnentpamii CO Big koedimieHTy
HAJUTUIIKY TOBITPS 0 @ — pH ropiHHi npupogHoro razy ([CHa] = 100 %
00.); 6 — st metaHo-BoaHeBoi cyminri ([Hz] / [CH4] = 50 %/ 50 %).
Temnnoa nmotyxHicth 20 kBT.

ExcniepuMeHTallbHO OTpUMaH1 3aJ€KHOCTI KOHIIEHTpallli OKCHJIB
a30Ty I JOCHIKYBAaHUX MaJbHUKOBUX KOHCTPYKIIIM MpeCTaBiCHI Ha
puc. 5. Y Bumaaky cnamoBaHHs npupogHoro razy ([CHa] = 100 % 06.)
KOHIICHTpAIlisl IIKIIJIUBUX OKCUIIB Yy MPOMYKTAaX 3TOPSIHHS IS MaJbHUKA
SUEMAX BusiBuWiacs yABIYl BHIINOK TMOPIBHAHO 3  BIANOBIIHUMHU

nokazHukamu 11 CHC B ychoMy Jiana3zoHi 10ocaipkeHs (puc. 3.9, a).
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Pucynox 3.9 — 3anexnicts koHreHTpaiiii NOy Bi KOeillieHTy
HAJUTUIIKY TOBITPS 0 @ — pH ropiHHi npupogHoro razy ([CHa] = 100 %
00.); 6 — st merano-BogHeBoi cymimi ([Hz] / [CH4] = 50 %/ 50 %).

Temnnoa nmotyxHicTh 20 KBT.

Honasaunst Bonnto ([Hz] / [CHa] = 50 % / 50 %) npuszBoauTh 10
3pocTaHHs eMicii OKcuIiB a30Ty: as nanbHuka SUEMAX — opieHTOBHO Ha
10 %, a mna CHC — Oimemm HDK y miBTOpa pasu (y poOodiit obmacti
HajuMIIKy moBitps o — 1,0). Ilpu ropinni 301iAHEHOT CyMilT TPUPOTHOTO
ra3y 3 BOJHEM pI3HMISI MK KOHCTPYKISIMA CTa0LIi3aTopiB (HaKTUUHO

3HHMKaE y 30H1 o > 3,0 (puc. 3.9, 6).
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PesynpTaTi BUMIpIOBaHHS TEeMIEPATypH B3J0BXK OCl BOTHETPHUBKOI
TUJISTHKY JUIs1 AOCIIJDKYBAHUX TPUCTPOIB HaBeleHI Ha puc. 6. Orpumani
XapaKTEPUCTUKH  JIGMOHCTPYIOTh  CYTTE€BHM  BIUIMB  KOHCTPYKITIi
ctabimizatopa: 30Kpema, AoBxkuHa (akena y mnanpHuky SUEMAX B

oOpanomy poOodomy pexkumi BusiBuwiacs Ha 20 % KOPOTIIOW MOPIBHSIHO 3

CHC.

t,°C e | L i e
1000 F--—-+-- S __;_______ ____ E___(_I___.I_LZJ_N_":_Z_D_K_BI___,:_ ____________ ,:_ ___________
800 f-r-r------ R I e SR T I e T R
600 F-r-7=1T "+ SUEMAX T T T

—e—CHC e e e

400 SUEMAX (H2) ! ! !
"""""" -~ CHC (H2) B T T

200 ; : ) ; ;

0 200 400 600 800 1000 X, Mm !

Pucynok 3.10 — TemmepaTtypa 1o oci ¢akena B 3aJI€KHOCTI BiJ
KOHCTPYKLIi cTaburi3aropy Ta TUINy NajluMBa Al pexumy o=1,2 npu

TerI0BiM noTyx)HOCTI 20 KBT

JlonaBaHHS BOAHIO HE YHWHUTh 3HAYHOIO BIUIMBY Ha Il
xapakTepucThku.  [HTeHcu@ikamis poOOYOro  Mmpolecy  MNEepeBa)kKHO
MPOSIBJISIETHCS. HA TOYATKOBIM IUISHII (pakena, 1€ B LbOMY JTOCIHIJIKEHHI
TEMIIEpaTypHI BUMIPIOBaHHS HE TPOBOAMINCS 4Yepe3 KOHCTPYKTHUBHI
ocobmmBocTi  (yTepoBaHoi pobouyoi 30HU. OKpemi EKCIepUMEHTH 3
BIIKpUTUM (DaKeIOM 3aCBIAYMIIM MIABUIICHHS TEMIEPATYPH HA MOYATKOBIN
JUISTHIN, IO MOB’SA3aHO 3 TpaHC(OPMALII€l0 MPOLECy TOPIHHS 3a HasBHOCTI
BOJIHIO B TaJMBHINA cymimri. 3okpema, s razy 3 50% IOMIIIKOIO BOJHIO
3a(p1KCOBAHO I1BULLIEHHS TEMIIEPATYPHU Ha

100...120 °C.
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3.4 TlopiBHSAHHSI TeMIEPATYPHUX XAPAKTEPUCTHK PoOOTH
NAJIbHUKOBHUX NMPUCTPOIB NMPH CNAJTOBAHHI METAHO-BOAHEBHUX CyMillle

i mpupoaHoro razy

Ha pucynky 3.11 nmoka3zaHo 3MiHY TeMIIEpaTypHUX XapaKTEPUCTHK
dakeny mnampamka SUEMAX. ExcnepuMeHTaNbHUMH JOCTIIKCHHIMU
BCTaHOBJICHO, IO TIPY CHAJTFOBaHHI MeTaHoBoiHeBO1 cymirm [CHy] / [Ha] =
50 / 50, % o06. Temneparypa Ha oci (pakera 3HAXOAMUTHCS B J1aMa30HI
1000...1150 °C, Ta na ~100 °C nepeuiye TemnepaTypy Ha oci dakena y
BHITAJIKy CHAJTIOBaHHS MPUPOAHOTO Ta3y. Temreparypa Ha mepudepii
bakeny CTaHOBUTh
~970°C ...1030 °C mns metanoBoaneBoi cymimi [CHy] / [Hz] = 50 / 50, %
00 Ta BianosigHo 870 °C ...920 °C nns npupomHoro raszy. JochipKeHHs
MPOBOAWIIMCS TIPU CTalill TEIUIOBIM MOTYKHOCTI mayibHUKa ~ 10 kBT Ta
koe(ilienTi HaMIIKy noBitps o = 1,05.

3aranpuuii Buj (axeny nanpbHuka SUEMAX mpu cnamtoBaHHI
meTtanoBosiHeBO1 cymimn [CH4] / [Hz] = 50 / 50, % 06. Ta MeTaHy moka3aHo
Ha pUCyHKy 3.12.

AHaJi3 OTpUMaHUX pe3yIbTaTiB 3 BU3HAYCHHS TEMIICPATyPHHUX
XapaKTEPUCTHK TOMYM sl Y3TOMKYETHCS 3 OTPUMAHUMHU TEOPETUUYHUMU
pe3ynbTaTaMu Tpo 3O0UIBIICHHS TEMIEpaTypu TOPIHHS METaHOBOJICHBUX

cyminiei 31 3017IbIIEHHSIM J10J11 BOJHIO Y MaJKBI.
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Pucynoxk 3.11 — 3miHa TemriepaTypu B3/I0BXK OCl (akesa najbHUKa
SUEMAX na oci ¢akena (kpuBi 1, 3) Ta Ha nepudepii (kpusi 2, 4) :
KkpuBi 1, 2 — qyis metanoBoaHeBoi cymimil [CHg] / [Hz] = 50/ 50, % 06.;

KpuBi 3, 4 — 1J11 IPUPOJAHOTO Ta3y.

l
a) 0)

Pucynok 3.12 — 3aranbHuii BUTIIST Ta30BOT0 (hakeny najibHUKa
SUEMAX: a — niist mpupoIHOTO Tazy;

6 — ny1st MetanoBoiHeBo1 cymini [CHa4] / [H2] =50/ 50, % 00.



3.5 BucHoBKH 10 po3ainy 3

ExcriepuMeHTanbHi  JOCHIMKEHHS B J1a0OpaTOpHUX  YMOBax
MIATBEPAWIA  MOXKIJIMUBICTh  3a0€3MEUCHHS  MPOIECY HOPMAIBHOTO
CIAJIIOBAaHHS CyMillleBoro rasy i3 Bmicrom BoaHio [CHy4] / [Hz] = 50 / 50,
% 00.; 3 BUKOPUCTAHHSIM ICHYIOUMX IMPOMUCIIOBUX TATHHHUKIB.

Ha ocHoBI aHami3y pe3yiabTaTiB €KCIIEPUMEHTIB BU3HAUCHO, 110 TIPH
CHAJIOBaHHI METAHO-BOJHEBOI CyMill 3MeHIIyroThcsi BUkuan CO Ta
30UIBIIYIOTHCS TEMIIEpaTypu BUKUAHUX Ta3iB 1 emicis NOx.

Bceranosneno, mo emicis okcuaiB azoty NOy 3pocrae B ~1,5...2,0
pa3u Ta ckianae [NOy] = 89 — 50 ppm miist criaaroBaHHS YKCTOTO BOHIO.

B Toli e yac BiaMidaeTbesa cyTTeBE 3HMKEHHS yTBOopeHHs CO, ~20 pa3iB
npu cnamoBanHi cymint [CHg4] / [Hz] =50/ 50, % 06., piBeHb YTBOPCHHS
CO cxmamae [CO] =1 -2 ppm.

Busnayeni Temneparypu MpoayKTiB 3rOpsSiHHS Ha oci Ta nepudepiii
dakeny. Ilokazano 30umbIIeHHS Temmepatypu Gakeny ~100 °C s
METAaHOBOJHEBUX CyMillled B TMOPIBHSAHHI 3 BHUIAJAKOM CIAJIFOBAHHS
MPUPOIHOTO Ta3zy.

ExcniepuMenTansHi  pe3yibTaTH  JOCHIDKEHb  JIEMOHCTPYIOTh
CYTT€BUI BIUIUB HE TUIbKU HAIBHOCTI BUCOKOPEAKINIHHOT JOMIIIKH BOJHIO B
CKJIaJl MaJMBHOTO Ta3y Ha EHEProeKOJIOTiYHI TOKa3HUKH poOOTH
NaJTMBOCTIAIIOIOYOT0 OOJIaJHAHHS, aJie 1 3HAYHUM BIUTMB KOHCTPYKTHUBHUX

0COOJIMBOCTEN MaTbHUKOBUX MPUCTPOIB.
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PO311J1 4. CFD MOJAEJIFOBAHHS CITAJIFOBAHHSA METAHO-
BOJHEBUX CYMIINIEHR Y KOTEJbHUX YCTAHOBKAX

4.1 Po3poOka po3paxyHKOBOI YHCEJIbHOI MOAeJi KOTeJIbHOI

YCTaAaHOBKH

OCHOBHOIO METOI0 JAHOTO JAOCTIIPKEHHS € BU3HAYCHHS BIUIMBY
IPOLIEHTHOTO BMICTY BOJIHIO B MAaJMBHIA CyMilIl 3 METAHOM Ha YTBOPEHHS
okcuaiB a30Ty (NOx) B manpHHKaxX BojaorpiiHoro xotia tumy JIKBP-10-13
Ta MOPIBHSAHHS OTPUMAHHUX PE3YJIBTATIB 3 EKCTICPUMEHTAILHUMHA JTAHUMU.

Takox B poOOTI cTaBWiach 3ajada BH3HAYUTH  CEpEIHI
XapaKTEPUCTUKU TEIJIOOOMIHY B TOIMKOBIM KaMmepl 3rajlaHOro KOTEJIbHOIO
arperaTy 3a JONOMOIOI0 BijomMoro mnakery mnporpam CFD-mopaentoBaHHs
ANSYS-Fluent, w0 no3BoJsisie Tmicis TonepenHboi Bepudikamii 3
EKCIIEpUMEHTAIbHUMU  JTaHUMU B3ATUMH 3 pOOIT 1HIIUX aBTOPIB,
PO3IIMPHUTH TIalTa30HA PESKUMHUX TapaMeTpiB, IO MOXYTh BIUIMBATH Ha
poOOTYy KOTEIILHOT'O arperaTy B LIJIOMY.

JocnimxeHHs BUKOHYBAJIOCh [UIIXOM MOJICITIOBaHHS
KOHTBEKTHUBHOTO Ta PajiallifHOTO TEIUIOOOMIHY JjIsi 0araTOKOMIIOHEHTHHX
cymimieit y cepenouiili nporpamaoro komruiekcy ANSYS-Fluent. Tlepmmm
kpokoMm cTtBOpeHHsT CFD-Mozeni € po3poOka TeOMETPUYHOI MOJEIII.
['eomerpuyna mozens BojorpiiiHoro korna tumny JJKBP-10-13, moGynoBana
3TiTHO KPECJIEHUKIB, OIMyOJIKOBaHMX Ha calTi [7] 0e3 ypaxyBaHHS

TOTNKOBUX €KpaHiB MpejcTaBieHa Ha puc. 4.1.
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Pucynok 4.1 — Bua po3paxyHKoBOi 001acTi B 130MeTpii (a) Ta BUJ B

miadi (0) e moka3aHo HAMpsSM PyXy JUMOBHX Ta3iB

Monenb MICTUTh YOTUPH IUTATHUX OCHOBUX MaJlbHUKA, IS
noOy/I0BU TE€OMETPUYHOT MOJENl SKUX BHKOPUCTaHI JaHl 3 BIAKPUTHUX
mxepen [39]. 3rigHo mpUHATOT TEOMETPUIHOT MOJIETTi, TT0/1ada MMEPBUHHOTO
MOBITPS B MAJIBHHUK 3MIMCHIOETHCS Kpi3b OiuHuid matpyook Y 159 mm (puc.
4.1, a), AKke B MaJbHUKY pearye 3 MaJUBHOI CYMILIIIIO, SKa TaKOX
MOMAEThCSI B MAJBHUK 4Yepe3 OIYHUN maTpyOOK TOro K JlaMeTpy.
["a30po3noa11 nanuBHOI CyMillll OPraHi30BaHO KPYTJIUMHU CTPYMEHSIMH, IO
MOJIAl0ThCA Y MOTIK OKUCIIOBAaYa MEPIEHIUKYISIPHOIO CUCTEMOIO CTPYMEHIB
(puc. 4.1, 6).

Jnis  MopjenmroBaHHS BUKOHAHA JWCKPETH3AIisl JAOCHIKYBaHOI

reoMeTpii 3a JIONMOMOTOI PO3paxyHKOBHX CITOK, IO TOOymOBaHa 3
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Bukopuctanasm nporeaypu CutCell meshing (puc. 4.3). Citka CutCell —
e 3arajJibHa TexXHiKa MecturpaHHoi ciTku. AnaroputMm citku CutCell
MiIXOAUTD IS HIMPOKOTO 3arajy pO3paxyHKOBUX 3a/1ay 1 3aBASKH BEJIHKIH
YacTIll MECTUTPAHHUX YAPYHOK Yy CITIIl YacTO Ja€ Kpaill pe3yabTaTH, HIXK
3BHYaAlHI TeTpaeapuyHi CciTkh. lleli MeTroa Mo)KHa BHUKOPHCTOBYBATH
3aMICTh TETpaelpiyHOi a00 WIECTUTPaHHOI CITKW, HE BHUMAralmouu IyxKe
BHUCOKOSIKICHOT TIOBEPXHEBOI CITKM SIK BiANpaBHOI TOukH. Kpim Toro, 1eit
METOJlT BUKOPHCTOBYE TMpsIMHI TMOBEpXHEBUUM 1 00’emHuMi miaxin 6Oe3
HEOOXI1THOCTI OUUILEHHS UM JIEKOMITO3HIII1, TAKUM YHHOM CKOPOYYIOUHU Yac,

HEOOX1THUHN JJIsI CTBOPEHHS CITKH.

llepepia AnA nepsHHH Oro NoBITPA

dackaHa
e TOpUAx, o6
. pobum A
KO eKTHY -
‘ CKIHYEHHO- |
AN/ eneiieHTHY CiTKy

Pucynox 4.2 — Kpecnenuk (a) i reoMeTpuyHa MOJIeIb NajgbHUKA (0)

I'™MI-4
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Pucynok 4.3 — Buj 3aranbpHuii CKIHUEHHO-€JIEMEHTHOI CITKH (a) Ta
JeTani3aiisa 300pakeHHs «3TYIICHHS» CKIHYEHUX €JIEMEHTIB MO0IHU3y

MoJieii najabHuKa (0)

CFD-Monens 6a3yeTbcss Ha YHCEIBHOMY PIlIEHHI YCEpEeAHEHHX 10
Pelinonbacy piBHsHb Hap’e-Crokca, 3aMKHYTHX 3a JIOINOMOIOIO MOJENI
TypOYJIEHTHOCTI Ha OCHOBI KOHIIEMINI BHXOPOBOI B’S3KOCTI THIy K-€
realizable [40]. ne wHaiikpama wmopaenb, 3 RANS-mopmeneid, sika Moxe
pO3paxyBaTy B3a€MOJIII0 MK MOTOKaMmH. L[ Mozenb oTpuMaHa 3 piBHSHHS
MEePEeHOCY CepeaHbOi 3aBHXOPIOBAHOCTI, IO B 3a0e3medye  OUIBII
OOIpyHTOBaHE 3 TIAPOJMHAMIYHOI TOYKHU 30pY (OPMYJIIOBAHHS PIBHSHHS
MEPEHOCY MIBUKOCTI AUCHUIIALIIT, YUM TMOSCHIOETHCS BUKOPUCTAHHS B pOOOTI
miei momenmi. Kpim Toro mo mepeBar BUKOPUCTaHHS IIi€l MOJAENI CIijJ
BITHECTH TOH (pakT, M0 NPU BUKOPHUCTAHHI €] MOJENI HEMOXKIUBO

OTPHMATH HETaTHBHI 3HAYCHHS U} @pH 3HAYHUX JedopMamlisx mous
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cepenuboi MmBUIKOCTI. ABTOopU [41] peKOMEHIYIOTh BUKOPHCTAHHS JaHOI
MOJIEII IS TeUil 3 BEJIMKOK KPUBU3HOKO JIiHINA TOKY 1 3aKpy4yBaHHSIM TeYii.
3akpydyBaHHS TOTOKY B JaHId 3agadyi MOXe BigOYyBaTHUCh BHACHIIOK
riApoAMHAMIYHOI B3aeMOAIlT MiX «(akeIom» TMOIyM’s 3 TalbHUKA 1
BUCX1JIHUM HarpiTUM MOTOKOM, III0 PyXa€ThCS B 00’ €M1 TOIKH KOTJIA.

Kepyrodi piBHSHHS MaTeMaTHYHOI MOJeIl TypOyJeHTHOI Tedii, 110
Mae Micile B Il 3a1a4i, 1 PIBHSAHHS CTaHJAPTHOI MOJENl TypOyJIeHTHOCTI
npuBefeHi B [42] 1 B IHMMX MAPyYHUKAX 3 YHCEIBHUX METOMIB B
T1POIMHAMIIII.

B HamamryBaHHI TIAPOJAMHAMIYHOT YAaCTHHH 3adadl  OKpIM
3a3HauyeHoro, BukopuctaHo Enhance Wall Treatment nmns Toro, mo0
BpaxyBaTH MNPUCTIHHI (YHKOIi 1 BianmoBigHo ommii Viscous Heating,
Correction 1 Full Buoyancy Effect (Tak 3Bani edektu miaBy4ocTi).

Jlnst MozentoBaHHsI 0araTOKOMIIOHEHTHHX CyMIIlIed BUKOPHUCTAHO
Mojienb Species Transport. 3aBIaHHs! PI3HOTO MPOIIEHTHOTO BMICTY BOJHIO B
najguBHIM cywmimi 3 Mmetanom [Hz] = 0...50 % (mo o0’eMy mnamuBo-
MOBITPSIHOI CyMIII) 3JIMCHEHO 3a JIONMOMOTON0 BIJMOBIIHMX HaJAIITyBaHb
Mixture Species (puc. 4.3), n€ BHUKOPUCTOBYBAJIUCh CTEXIOMETPUYHI

KO€(IIIEHTH 3 PIBHSAHb B3a€EMO/I1i OKHCIIIOBAY-TIAJIUBO.
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Reactions CH, + 20 (0, + 2H,0
Huture'_n'rethane-ar | Total Humber of Rea::inns'_l s
_Rea::t-:m Hams __ID . Reaction Type
|reaction-1 [[1 [+ @ volumetric ' Wal Surface | Particle Surface
Nurnber of Reactants|2 | | Nurber of Products|2 ¢
Stoich. Rate Stoich. Rate
Species Coefficient  Exponent Species Coefficient Exponent
ch4 =1 (1 co2 =1 |0
02 - |2 |1 ' h2o - |2 |0
a)
EX Reactions 09CH, + 01IH, + 1.E50, »0500, + LEH.D
Midture | midture-template | Total Nurnbar of Rucl:-:nns:l ::
Reaction Name D  Reaction Type
_real:tu:nn-l ﬂ1 :f i®) Violsmetric Wall Surface Particle Surface Flactrochemics
Number of Reactants|3 :: Mumber of Products|2 .
SEGICH. 1] Al
Stoich. Rate
sk _l:n-}ﬁ'mnt SHEOTSNS - Spacies Coafficent  Exponent
£ :u,g ! 2 * |0.9 (10
h 101 e h2o ~ 19 IE
02 v |85 |E: -
-
0)

Pucynox 4.3 — CrexiomeTpruyHi KO(DIIIEHTH Y BUTIATKY
CHaJTIOBaHHS MeTaHy (a) 1 ciamoBaHHs MeTany 3 10%-1o0

100aBKOIO BOAHIO (0)

Temnodizuuni BractuBocTi MaTepianiB B MeHto Create/Edit Material
BuOupanuch 3 BpaxyBaHHsM Kinetic Theory, To06TO BIANMOBITHO [0
MOJIEKYJIIPHO-KIHETUYHOI Teopii.

B sKkocTi rpaHMYHMX yMOB Ha BXOJAl B NAJbHHUK 3a/JaBallUCh Y
BUTJISIII MacoBOi BuUTpaTu 1 Temmneparypu (Mass flow inlet). mpudaomy y
BKJIQII1 Species 3aIUCyBaJIUCh dpakiii, 10 BIIIIOBIIAIOTH
CTEeX1OMETpUYHUM Koediuientam peakiii. [Ipu dopmyBaHHI rpaHUYHHX

YMOB BpaxoBaHa HE3MIHHICTh KUIBKOCTI TEIUIOTH, 1[0 BHOCHTHCS B TOIKY

CYMIIIIIIIO.
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[Ilo x mo rpaHMYHOi yMOBM Ha BHXOai 3 Koria (outlet) 3rimHO
METOJIMKHU PO3PAXyHKY 0araTOKOMIIOHEHTHUX cyMilei 3acobamu ANSY'S-
Fluent cning BukopuctoByBaTH jnuiie ymoBy outflow. Ll ymoBa mokasye sika
JacTKa BHUTpAT BUXOJWUTH Yepe3 JaHy MEXy. [HINI BHIM JTOCTYITHUX B
ANSY S-Fluent rpannunnx ymMoB, Hanpukiaj, Pressure outlet, MmatoTh rpady
Species y sKiii mOTpiOHO 3amucaTH MacoBl a00 MOJBHI JIOJII pearyrouux
KOMITOHEHTIB. A came iX MOTpiIOHO BU3HAUUTH 3a JOMOMOIOI0 MOJIEN1, TOMY
JOCTYIHMI OMH BUO1p — rpaHruHa ymoBa outflow.

B skocTi rigpoAuHaAMIYHHUX TPaHUYHUX YMOB Ha 30BHIIIHIX
MOBEPXHAX KOTEJBHOIO arperaty 3aJlaBajiocsi YMOBa «IIPUIUTIAHHS
MOJIEKYJIM Ta3y JI0 HEMNPOHUKHOI CTIHKM (TOOTO PIBHOCTI HYJIIO BCiX
KOMITOHEHTIB BEKTOPY LIBUJIKOCTI). A B SIKOCTI TEIJIOBUX — FPAaHUYHI YMOBH
TPETHOTO POAY, KOJIM 30BHILIHS OBEPXHsI KOTEIBHOTO arperaTy B3a€MOJIE 3
HaBKOJIUIIHIM CEPEIOBUILIEM.

OCKIJIBKA MOJEIIOETHECA 3ajiauya B3aeMOJll 0araTOKOMIIOHEHTHUX
cyMmimiei To B HaynamTyBaHHsAX MeTona pimeHHss ANSY S-Fluent Tak 3Bane
MOETHAHHA THUCKY 31 IIBUIKICTIO BHU3HAYEHO 3a JIOMOMOTOIO TMPOIEAYPHU
Couple. Ilpu iboMy 3 BpaxyBaHHSIM JOCUTh BEJIMKOI KUIBKOCTI 3aBUXPEHb
HEOOX1JHO BUKOpUCTOBYBaTH yMOBY Pseudo Transient, mo 3a0e3neduTh
cTay 301KHICTb HEB’SI30K.

[Ipu MopenroBaHHI BUKOPHUCTOBYBAJIACh CTaHJApPTHA METO/IMKA
nporao3yBanHs yTBopeHHs: NOy 3aco6amMu I[bOTO POTPAMHOTO KOMILIEKCY.
3acobamu ANSYS-Fluent, po3paxoBaHe yTBOpEHHs SIK TEIUIOBUX, TaK 1
mBuakux NOyx. Monens BpaxoBye TypOyJICHTHOMY-XIMIYHY B3a€EMOJIIIO
no3Bosisie 00unciatoBatu ocBiTy NOy 3 ypaxyBaHHSAM BIUTUBY TypOYJIEHTHHX
nyJabcaliii Ha OCepelHEeHI 3a YacoM IIBHIAKOCTI  peakmii. Jus
MPOTHO3YBaHHS KOHIEHTpatii paaukaia O, HeoOX1THOT TSl TPOTHO3yBaHHS

Ter1oBoro NOy BUKOPUCTOBYETbCA MOJIENb YaCTKOBOT pIBHOBArH.
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4.2 AHaJi3 pe3yJbTaTiB YHCEJIbLHOT0 MO/IEJTIOBAHHS

AHa3 po3MOJIIIB TeMIleparyp, IO MpuBeAeHI Ha puc. 4.4
CBITYUTH, 10 MAKCUMAaJbHI 3HAYEHHS TemmeparypH ski csraiote 1500 °C
CIIOCTEpIraeThCsl caMe€ B MiCIl B3a€EMOJIl CTPYMEHIB Ta3opo3aaul 1
OCHOBHOT'O MOBITPSHOTO MOTOKY. Lle TBepKEeHHs CHpaBesIuBE TAKOX IS
BCIX BHUIMAJKIB BUOPAHOTO Ui PO3PAXYHKIB MPOLEHTHOTO CIiBBIAHOIICHHS
BMICTYy BOJHIO /0 00’e€My NaduBO-TOBITPsiHOI cymimi. [lpore ciifg
3a3HAYUTH, [0 TPH 3aMillEHHI METaHy BOJHEM CIIOCTEPIraeThbCs
30UTBILIEHHS TEMIIEpaTypH B 00JIaCT1, 10 MEXYE 3 MajbHUKamu (puc. 4.5).

AHamni3 OTpMMaHHUX pe3yJibTaTiB CBIJYUTH IPO T€, IO PO3MOMALI
TEMIIEpaTyp AMMOBHX ra3iB B CEpeAUHI KOTEIbHOIO arperary i1 TpaekTopii
pPYyXy MOTOKY B 00jacTi po3TallyBaHHS NaJlbHHUKA I BCIX JOCHIKEHHUX
BUIIAJKIB MPOLICHTHOT'O CIIBBIIHOIIEHHS BMICTY BOJHIO /10 00’ €My MajuBO-
MOBITPSAHOI CyMilll € cXO0XuM. llpuknan oTpuMaHMX TpH poO3paxyHKax
MOJIIB TEMIIEpaTyp Ta IIBUJIKOCTEM B TOINKOBIM Kamepi KOTJa JJsl BUIMAJKY
samimends [Hz] = 10 % (mo o00’eMy NanuBO-TIOBITPSHOI CYMIIII)

MpEJICTaBICHO Ha puc. 4.4.

Temperature
Contour 1

145758 |
1372.73

% 1287.88
111818 |
1033.33

N
S
=3
°
3

P
£33
2&
28

Pucynok 4.4 — Po3noin Temneparyp i MBHIKOCTEN MOTOKIB
MPOJTYKTIB 3rOPsSIHHA B TONKOBIM kamepi koTia JIKBP-10-13 y Bunangky

ciaimoBanHs metany [CH4] =100, % 00.
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Pucynok 4.5 — Po3nozin temneparyp i IIBHAKOCTEH TOTOKIB
MPOJIYKTIB 3rOPsiHHA B TONKOBIM kamepi koTia JIKBP-10-13 y Bunaaky

cnajgroBaHHg MeTaHoBoaHeBoi cymimai [CHa] / [H2] =50/ 50, % 06.

Ha puc. 4.6 npuBeaeHO 3aleXKHICTh CEPEIHbOIHTErPATILHOI
TeMIlepaTypu B TOIIl BOAOTPiifHOrO KoTia BiA BmicTy Hy B mamuBHO-
NOBITPsHIA ~ cymimm. [{g  3amexHICTP  CBIQYUTH, 10  3HAYEHHS
CepeaHBOIHTETPAIbHOT TEMIIEPATYPH JTUMOBHX ra3iB B 00’€Mi TOMKHU KOTJIa
noctynoBo 30u1biyeTbes Big 1000 °C y BUnajgky BUKOPUCTaHHS METaHY, J10
1500 °C y Bumnaaky 3amimienns [Hz] = 50 %. Orpumani pe3ynbraTi 100pe

BepUQIKYIOTHCS 3 pe3yJbTaTaMHl €KCIIEPUMEHTAIBHUX JTOCITIIKCHb.
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Pucynok 4.6 — 3anexHiCTh CEpeIHbOIHTErPaJIbHOI TEMIIEPATYPH B

TOMI[ BOAOIPIMHOr0 KOTJa BiJ BMicTy Hy B ManMBHO-MOBITPSIHINA CyMILIi.

3 METOr0 TOPIBHSHHSA pe3yJbTaTiB MOJIEIIOBAHHS 3 BIJOMHMHU
JAHUMHM BUKHJIIB OKCHJIB a30Ty Oyja MpoBeAcHA BiAMOBIIHA BasliJallis
CFD-moneni 3 maammu pexxuMHoi kaptu kotTna tumy JIKBEP-10-13. 3a
nanuMu pexxumHoi kaptu kotia JJKBP 10-13 npu po6oTi Ha HOMIHATBHIN
noTyKHOCTI piBeHb yTBOpeHHS NOx ckmagae ~190...200 mr/m® (nani
HajaHo crniBpoOiTHUKOM [HeTuTyTy rasy HAH Vkpainu ['opoynosum O.B.),
mo Bignmosimae ~95...100 ppm. Jlanuii piBeHb OKCHIIB a30Ty JI00pe
ciBBiAHOCUTBCS 3 pesynbTaTamu CFD-mopaentoBaHHS, SKUH JJISI 9UCTOTO
MeTtany ckiaB 105 ppm.

[Ipuknan pe3ynbTaTiB MojentoBaHHs yTBopeHHsS NOyx B Tomii
KOTEJLHOTO arperary MpeACTaBiICHO B BUTIIAMI KUIBKOCTI YAacTHH Ha
MiuTeiioH (ripomisie) — NOy [ppm] st Bumanky 3amimenns [Hz] = 10 % (70

00’ eMy MaTMBO-TIOBITPSIHOI CyMIllll) TPECTaBIEHO Ha puc. 4.7.
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Amnani3z nanux puc. 4.7 CBIJUUTH MPO T€, IO OKHUCIU a30Ty, SIKi
yTBOpPEHI B 00’€éMI TOINKOBOI KaMepu KOTEJIBLHOI'O arperary Imija i€l
CTPyMEHsI HarpiTUX Ta3iB pyXalTbCid Kpi3b KOHBEKTUBHI TMOBEPXHI
HarpiBanHsa kotna tuny JIKBP i Hikyau He 3HUKarOTh. SIKICHO, KapTuUHa
YTBOPEHHSI OKCHIIB a30Ty ISl BCiX AociimkeHux 3a gomomororo CFD-
MOJICJIIOBAHHSI BUIIAJIKIB 3aMillIEHHS METaHy BOJHEM HE 3MiHHa, aje y
KUIBKICHOMY 3HA4Y€HHI, 30UTbIIIEHHS 3HaueHHs 3amimieHHas [Hz] mo 06’emy
MaJIUBO-TIOBITPSHOT CYMIII TPU3BOIUTH A0 30UIBIIEHHS €Micli OKHCIIB

azory.

NOx ppm

33.84
31.82
29.70
- 27.58
£ 2545
£23.33
£ 21.21
- 19.09
" 16.97
14.85
: 12,73
- 10.61
8.48
6.36
4.24
212
0.00

Pucynok 4.7 — Po3nozin yTBOpeHHs! OKCHU/IIB a30Ty B TONKOBIH
kamepi kotna JIKBP-10-13 y Bunanky cnamtoBanHs Metany 3 10%

nobaskoro Ho.

Tak, nHa puc. 4.8 mpuBeneHi naHi moao yTBopeHHS NOy mpu
pI3HOMY MPOILIEHTHOMY BMICTY BOJHIO B TAJWBHINA CyMillll 3 METaHOM

[H2] =0...50 % (10 06’eMy naqnvBO-MOBITPSHOT CYMIlIlli).
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Pucynok 4.8 — Emicis okcumiB a3oty (NOy, ppm) Ha BUXO/I 3
TOMKOBOI Kamepu BojorpiitHoro kotia tuiry JJKBEP-10-13 B 3anexHocTi

BiJI TPOLICHTHOT'O BMICTY BOJHIO B IMAJIMBHIM CYMIIIIl 3 METAHOM.

AHaJli3 NMpUBEACHUX JaHUX CBIIUUTH, 110 MPU 3aMIIICHHI METaHy
BojHeM 110 [Hz] = 50 % piBens yrBopeHHs: NOy 3poctae B 2 pasu 10 ~200
ppm. OTpumaHuii xapakTep 3MEHIICHHS eMicli OKCHIIB a30Ty TMpu
3aMilIeHH] BOJIHEM METaHy Yy TaJMBl BIJNOBIJIa€ XapaKTepy pe3yJbTaTiB

ABTOPCBKUX CKCIICPUMCHTAJIIbHUX I[OCJ'IiI[)KCHB.
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4.3 BucHoBku po3ainy 4

Ha ochHoBi anamizy pesyibtaTiB CFD-MozentoBaHHs MpOIIECiB
CHATIOBaHH ra30Mo0/110HOTO MajauBa B TOIIII MAPOBOr0 BOJAOTPYOHOTO KOTJIA
JKBP 10-13 3a pgomoMoror MaTeMaTWdHOI MOAENI 3 BUKOPUCTaHHSIM
nakera npukiagHux nporpam ANSY S-Fluent Buznaueno, 11o:

o BUKOPHUCTAHHS BIAMOBIIHUX PO3PAaXyHKOBUX MPOLEAYP €
HabaraTto MPOCTINIMM Ta JCIICBIIUM 3aXOJOM IMOPIBHSIHO 3 MPSIMHUMHU
(G13MYHUME eKCTIEpUMEHTaMH Ta BUMIPIOBAHHAMU;

J 3HAYEHHS CEPEIHBOIHTETPAILHOI TEMIIEpATypPH IUMOBHUX Ta3iB
B 00’eMi TOINKHU KOTJa MOCTYINOBO 3HIKYIOThbes Big 1000 °C, y BuUmauky
BUKOpUCTaHHS MeTany, 10 1500 °C, y Bunazaky 3amimienns [Hz] = 50 %.

o samimeHHs [Hz] = 0...50 % (10 06’emy manuBO-TIOBITPSHOI
CyMillll) JT03BOJIsiE Maiike B 4 pa3u 3MEHIIUTH F'€HEpalLil0 OKHCIIB a30Ty B
JMMOBHX Ta3ax Ha BUXO/1 3 KOTEJIbHOTO arperary.

o 3a gaHuMH pexxumHoi kaptu kotiaa JJKBP 10-13 mpu poborti
Ha HOMIHAJBHIA MOTYXHOCTI piBeHb yTBopeHHsA NOy cknanae ~190...200
mr/m3, mo Bignosinae ~ 95...100 ppm. JlaHuii piBeHb OKCHIIB a30Ty 100pe
CHiBBIAHOCUTBCS 3 pesynbTatamu CFD-MopentoBaHHs, KWW ISl YUCTOTO
Mmetany ckinaB 105 ppm, y Bumaaky 3amimienns [Hz] = 50 % piBenb

yTtBOopeHHs1 NOyx 3pocTae B 2 pazu 10 ~200 ppm..

TakuM YMHOM KOMIT' IOTEPHE MOJEIIOBAHHS JIO3BOJISE€ TPOBOIUTH
MOTNEPEHIO, TOCUTh TOYHY OLIIHKY €MICIHHUX XapaKTePUCTUK CIaFOBAHHS
ra3ono/iOHUX MajauB pi3HOro ckiaanxy. OTpumani JaHl YUCIEHHUX
PO3paxyHKIB MOXYTh OyTH BUKOPUCTaHI MIPHU MPOCKTYBaHHI €HEPTETUIHOTO

oOaTHaHHS.
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3AT'AJIBHI BUCHOBKHA

1. TlpoBeneni B poOOTI AOCHIPKEHHS € HAYKOBUM MIATPYHTSIM
BUKOPWUCTAHHS BOJHIO, SK IEPCIEKTUBHOTO Ta30BOTO TajuBa TpHU
3aMilleHH] TPUPOTHOTO ra3y B €HEPTeTHUIll Ta MPOMHUCIOBOCTI.

2. IlpoBeneHi ekcrnepUMEHTAIbHI JTOCTIDKEHHS B J1a0OpaTOPHUX
YMOBaX IMiATBEPAMIA MOKIIUBICTh 3a0€3MEUYEHHST TPOIECY HOPMAIBHOTO
CHAJTFOBaHHS CyMIIIeBOTO a3y i3 BmicToM BojHIo [CH4] / [H2] = 50 / 50, %
00.; 3 BAKOPUCTAHHSM ICHYIOUHX ITPOMHCIIOBUX MaJIbHUKIB.

3. Brepiie nocniimkeHi XxapakTepUCTHKU (akelly Mpu CHaIlOBaHHI
METaHO-BOJHEBUX CyMIIIEl B TMOPIBHAHHI 3 BHUNAJAKOM CHATIOBAHHS
MPUPOAHOro Tra3y. BuzHaueHi Temneparypu NpOAYKTIB 3TOPsIHHS Ha OCl Ta
JUISI METAaHOBOJHEBUX CyMIllled B TMOPIBHSHHI 3 BUMAJKOM CIIAIOBAHHS
MPUPOJIHOTO Ta3zy.

4. Ha ocHOBI1 aHami3y pe3yJbTaTiB €KCIEPUMEHTIB BU3HAYEHO, IO
IpY CHAJIIOBAaHHI METAHO-BOJHEBOI Cywiln 3MeHIIytoTbes Bukuau CO Ta
30UTBITYIOTHCSL TEMIIEPATypH BUKUIHKX Ta31iB 1 emicist NOy.

3. BcranoiieHo, 110 eMicist okcuaiB a3oTy NOy3poctae B ~1,5...2,0
pa3u Ta ckiagae [NOx] = 89 — 50 ppm s cnianroBaHHS YKCTOTO BOJAHIO. B
TOM e Yac B1IMIYA€ThCA CYTTeBE 3HMKEHHs yTBOpeHHs: CO, ~20 paziB npu
cnamoBanHi cymimii [CHa] / [Hz] = 50 / 50, % 06., pieenb yrBopenuss CO
cknagae [CO] =1 -2 ppm.

5. Bmepme mnposemeHo xkomm’iorepuHe CFD  monpemroBanHS
CHIATIOBAHHSI METAHO-BOJAHEBUX CyMIIIEH B MapoOBOMY KOTJI (Ha MPUKIIAII
naposoro kotia JJKBP-10/ 13.

6. [Tokazana afgexkBaTHICTh BUpHU(IKaLlli pO3paXyHKOBUX MOJIEIICH J10

PE3yNbTATIB BJIACHUX €KCIEPEMEHTAIBHUX JOCTIHKeHD 1010 €MICIHHUX Ta
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BOTHETEXHIYHUX  XapaKTEPUCTUK pPOOOTH  TMATMBOBUKOPHUCTOBYIOUOTO
oOJyaTHaHHS.

7. IlokazaHo, MmO MpW 3aMIICHHI NPUPOJHOIO Ta3y BOJHEM
ouikyBaHuii piBeHb emicii CO; He BIANOBiJae BHECEHIM 011 BOIHIO B
nanusi, Tak ana maguBa [CHy4] / [Hz] = 50 / 50 %, 00. BigMidaeThes

ckopoueHHs BUKUIB CO, mutie Ha 23,34 %, 1110 HE € CYyTTEBHUM.
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