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IIOPIBHAJIbHUIM AHAJII3 PIBHI EMICIi OKCHJIIB A30TY ITPY CIIAJIIOBAHHI
AHTPAIIUTOBOI'O IITUBY HA PISHUX EHEPTETUYHUX YCTAHOBKAX

Anorania. CrioxxknBaHHA eHepril TICHO MOB’g3aHe 3 yciMa BUAAMHU JIIOAChKOL AigabHocTi. ChOrogHl BUKUIN Bif
TEIJIOBUX eJIEKTPOCTAHINY B YKpaiui y 5—30 pasiB mepeBHINyIOTh BCTAHOBJIEH] cTangapTu €spomneiicbroro Coro-
3y Ta € OCHOBHUM 3a0pyIHIOBAYEM aTMOC(EPHOro IOBITPs B KpaiHi. HeratuBHMi BILINB MIKIIJINBUX KOMIIOHEH-
TIB, TAKUX K OKCHIH a30TYy, HA 3J0POB's HaceJieHHs, Jiopy 1 dayHy, OymiBesbHI 00'€KTH 1 CIIOPYIH He 00Mesx-
YeThCS TePUTOPIEI0, M0 IPUJIATAE [0 JKepesl BUKU/IIB, a HMOIIMPI0ETHCS HA COTHI ¥ THCsSdl KioMmerpis. Tomy B
aHWU Yac 3a0pyJHEeHH JOBKIJIIS Ha0yBae ri100aIbHOr0 XapaKTepy, a BUTPATH Ha MOT0 OXOPOHY CTAJIN CYMIpHI
3 BEJIMYMHOIO €KOJIOTIIHOTO 30UTKY. ['0JIOBHOIO METOIO ITi€l CTATTI € IIPOBECTH PO3PAXYHKOBE JOCTIKEHHA PIBHSA
eMicil OKCH/IIB a30Ty IIPH CIIAJIOBAHHI AHTPAIIMTOBOIO IITHOY HA PI3HUX €HePreTHYHHUX yCTaHOBKaX. [IpoBemeno
THOPIBHSJIBHUYN aHAJII3 PIBHS eMicli OKCHIIB a30Ty IPH CHATIBAHHI AaHTPAIUTOBOTO IIITU0Y Y BUIE3a3HAYEHOMY
obsramHauHI. BeTaHoBIEHO, 110 HAHOITUMAJIBHIIIION YCTAHOBKOIO 3 TOYKH 30PY €KOJIOTIYHOCTI € ITUPKYJTIOI0UNA
KAIJISTYAHA I1ap, HAUTipInoo — yCTAHOBKA 3 PLAKUM IIJIAKOBUIAIEHHIM HIPU (paKeIbHOMY CIAIIOBAHHI.

Knrouogi ciioBa: okcuam a30Ty, MOKA3HUK €MicCii, EKOJIOTIYHUMN CTaH, IUPKYI0YNH KATLISYNH [ap, HEPyXOMUH
map, piJike NUIAKOBUIAJIEHHS, TBepP/ie MIIAKOBU/IATIeHHS.
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COMPARATIVE ANALYSIS OF THE LEVEL OF EMISSIONS
OF NITROGEN OXIDES DURING THE COMBUSTION
OF ANTHRACITE PILLAR AT DIFFERENT ENERGY INSTALLATIONS

Summary. Energy consumption is closely linked to all kinds of human activity. Today, emissions from thermal
power plants in Ukraine are 5-30 times higher than the established standards of the European Union and are
the main air pollutant in the country. Therefore, providing favorable living conditions for the inhabitants of
the cities of our country is an urgent problem that requires a clear analysis of the impact of harmful emissions
of thermal power plants on the environment and the adoption of ways to solve this environmental problem.
The impact of harmful emissions from thermal power plants depends on the quantitative and qualitative
characteristics of the waste, which is released during the successive technological chain of the plant. The main
causes of such catastrophic environmental problems are: the use of low-grade fuel; outdated equipment man-
ufacturing technology; high concentration of industrial facilities. The negative impact of harmful components,
such as nitrogen oxides, on the health of the population, flora and fauna, buildings and structures is not limited
to the area adjacent to the emission sources, but extends for hundreds and thousands of kilometers. There-
fore, currently environmental pollution is becoming global in nature, and the cost of its protection has become
commensurate with the magnitude of environmental damage. Nitrogen oxides (NOx) are formed during the
combustion of all fossil fuels containing nitrogen compounds, as well as those that do not, due to the oxidation
of nitrogen in the air. Their concentration is determined by the mode and organization of fuel combustion pro-
cesses. Nitrogen oxides have a detrimental effect on human health, contribute to the formation of the green-
house effect and the destruction of the ozone layer, in addition, cause "extinction of forests", acid rain and so on.
The main purpose of this article is to conduct a calculated study of the level of nitrogen oxide emissions during
the combustion of anthracite-type at various power plants. Such installations are: boilers with circulating fluid-
ized bed and fixed bed, as well as boiler plants with liquid slag removal and solid slag removal. A comparative
analysis of the level of emission of nitrogen oxides during the combustion of anthracite in the above equipment.
It is established that the most optimal installation from the point of view of environmental friendliness is the
circulating fluidized bed, the worst — the installation with liquid slag removal at flaring.

Keywords: nitrogen oxides, emission index, ecological status, circulating fluidized bed, fixed bed, liquid slag
removal, solid slag removal.

HOCTaHOBRa npodsiemu. 3a0py HeHHa Ha-
BKOJIMIITHBOTO CEPEOBUINA B JIOCUTH PO3-
BUHEHUX KpalHax CBITY € OJHHM 3 HANIOJIOBHIIIKMX
1 HAUOLIBII aKTyaJIbHUX ITUTAHb HAIIOTO Yacy 1 Iie
HACIPaBAi MoTpedye BeJMKOI yBATW 31 CTOPOHU SK
TpOMaJH, TaK 1 Jep:kaBHUX OPTaHiB, 30KpeMa BeJIH-
Ky yBary INpHUOiJIAOTh BUBUYEHHIO BIIMBY Ha CTAH
JOBKLILIS BUpoOHMIITBA eHeprii. CoosxrBaHHsa eHep-

I'ii TICHO IIOB’sI3aHe 3 yciMa BUAAMU JIIOACHKOL J1SJIhb-
HOCTI, TaKi SIK: OAJIeHHs Oy/MHKIB, IPUTOTYBAHHS
i’Kl, pyX TPAHCIIOPTHHUX 3aC00LB, CLIBCHKOTOCIONAP-
ChKe BUPOOHMIITBO 1 T. 1. AJle B VRpalﬂl OPIBHSIHO
3 IHIIMMM KpalHaMM, 30BCIM I1HINA curyarmisg. Toml
SK ycl KpaiHU CBITY HAMAaraloThCs 3MEHIIUTU KiJTh-
KICTB TEILJIOBUX €JIEKTPOCTAHINM, YKpaiHa HaBIAKK
30LThIIye 3aKymBio Byrisa 11t TEC. CroasmoBas-
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Hs TBEPAOr0 TA PIIKOr0 IAJHBA CYIPOBOMMKYETHCS
BUUIEHHSM CIPYMCTOTO, BYIVIEKHCJIOTO 1 YaIHOTO
rasiB, a TAKOXK OKCHUIB a30Ty, MUy, CaKl Ta 1H-
KX 3a0pYIHIOBAHNX TA HEOE3IIeUHNX pevoBuH [1].
Choromsi BHKUIOMW Bil TEILIOBUX €JIEKTPOCTAHIILA
B Ykpaiui y 5-30 pasiB IIepeBHUIIyIOTh BCTAHOBIIE-
Hi craggaptu €eporeiicbkoro Coo3y Ta € OCHOBHUM
3a0pyOHIOBAYAMH aTMOC(EPHOro IIOBITPA B Kpaiwi.
Tomy, 3abeslreueHHs COPUATIIMBAX YMOB IJIS IIPO-
SKUBAHHS MEIIKAHINB MICT HAIIIOl JepP:KaBU € OCHO-
BHOIO aKTyaJIbHOIO Ipo0JIeMOI0, sIKa IOTpedye diT-
KOro aHaJay BIIUBY ImkiminBux Bukumais TEC ma
HABKOJIMIITHE CEPEeIOBUINE TA MPUUHSTTA ILIAXIB
BUPIIIIEHHS JAaHO0l €KOJIOTTYHOI IIPO0JIeMH.

AnaJtia ocraHHiX gociigsKeHsp i myOikai.
ITpobeMaTHKO0 OKCHIIB a30Ty 3aliMaioThCA PisHI
Bueni. M. C Mucak gocIiKyBaB CHOAJIOBAHHS IIa-
JIMBa B THWJIOBYTLIIBHUX KOTJIAaX 31 30epeskeHHIM Ha-
MMHOCTI poOOTH 00JIAJHAHHS, MOKPAIEHHAM €KO-
JIOTTYHUX IIOKA3HMKIB Ta SHIKEHHSM IIKIIINBHX
surngis B noBrlniss TEC [2]. JI.O. Kecosowo mia
koriais TIIII-210A Tpuminscskoi TEC Gyma pospo-
OJieHA 1 BOPOBAKEHA CHCTEMA IOIadl IMJIy BHCO-
KOl KOHIIEHTPAINI IIig TuCKoM [3], 110 CIpusie 3HU-
sKeHHI0 oKcumiB asoty. Koruep, B. P. y mocmimxernsi
«OKcuanl a30Ta B OLIMOBBIX Ir'adax KOTJIOB» [4] mo-
KJIQJHO OIIHCAB IIPOIIECH YTBOPEHHS OKCHUIIB a30Ty
B JUMOBUX ra3ax.

Buninenns He BupimeHHxX paHime YacTuH
3arasbHOl mpodsiemu. Haykosriii Bcboro ceity Ha-
MAaraloThbCs 3MEHIINTH KUILKICTh BUKHIIB B HABKO-
JIMIIIHE CepeoBHINEe, I MOMKHA 3poOMTH bGaraTbMa
crrocobamu. OnuH 3 IMX CIIOCOOIB IIe BHUOIP TEXHOJIO-
TIYHOIO IIPOIIECY CIIAJIIOBAHHS. IIposenero bararto
JIOCJIIPKEeHb 3a JAHOK TeMATHKOIO, ajie B mTepaTypl
He 3HAWIEHO JAHWX IIOA0 IOPIBHSJIBHOIO AHAJI3Y
0CO0JIMBOCTEM CIAIIOBAHHS AHTPAIIMTOBOrO IITHOY Ha
PI3HHUX YCTAHOBKAX JJIS CIIAJIIOBAHHS [TAJIUBA 3 TOUKH
30py BH3HAYEHHS PIBHSA BUKU/IIB OKCHIIB a30Ty.

Meta crarri. [osioBHOIO MeToro 1riel crarTTi
€ IIPOBECTHU PO3PAXyHKOBE JOC/IIIKEeHHSA PIBHS eMi-
cii OKCH/IIB a30Ty IIPH CIIAJIOBAHHI aHTPAIIUTOBOTO
mrTr0y Ha PI3HUX eHepreTUYHWX yCTAHOBKax. Ta-
KMMM YCTAHOBKAMM €: KOTJIOATPETaTH 3 IIAPKYJIIO-
OYNM KHUILISYAM T4 HEPYyXOMUM IIIApOM, a4 TAKOMK
KOTEJIbHI YCTAHOBKH 3 PIOKMM Ta TBEPOUM IILJIAKO-
BUIAJICHHSIM.

Buxsan ocaosHoro marepiany. PosrisHemo
JeTaJIbHIIe BUIE HaBeneHl yecTaHoBKU. Kumsaumi
map — e ABo- a00 TpudasHa cucTeMa, SKa CTBOPIO-
€ThCA IMPUBENEHHAM 0 3aBUCJION0 CTAHY YACTHHOK
TBepAoi pa3u MIIIXOM AWHAMIYHOTO BIIMBY HAa
HUX BHCXIJHHUM IIOTOKOM pimuHu ab6o rasy (mosi-
Tps). ¥ TONKAX 3 KUILUIAYAM IIAPOM ITIAMAIBHA
CHJIa Ta30IOBITPSHOTO IIOTOKY BPIBHOBAMKYE Bary
YACTHHOK, UYepe3 II0 BUHUKAE IICeBIO3PIIMKEHHI —
IHTEHCHBHUI TEIJIOMAaCOOOMIH II0 BHCOTI ¥ IIepeTH-
Hy mapy. ¥ HaglrapoBOMy IIPOCTOPI ILJIOIIA KHBOTO
mepeTuHy OLIbINA, a, OT:Ke, IIBUAKICTh rady MeHIIa
(mo 1,0-2,5 m/c), ¥ OLIBIIICTE BUHECEHHX 3 IIapy
YaCTHHOK ITajae Hasan y map. depes Te, IO 3ro-
paodvi YacTUHKH, YaCTKa SKUX y IIapl HeBeJIHUKa,
O0TOYEH] 1HePTHUMHU I'a3aMM, BOHU He IIeperpiBaioTh-
cs, a cepedHs TeMIlepaTrypa Inapy He IIepeBHUIIye
950°C. V 1mux ymoBax reHepariis OKCHIIB a30Ty He-
BHCOKA. BITHOCHO HU3BKI ITUTOMA mBI/ILLRiCTL TOpIH-
HsI BYTJIEIIO # H0ro KOHIIeHTpallis y mapi KoMIIeH-
CYIOTBCS BITHOCHO BEJIMKOIO MACOI0 M BHCOTOIO IIapy
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(mo 1,0-1,2 M), a riIuOOKe BHUITAJIOBAHHS OLJIBIIOCTI
YACTUHOK JOCATAETHCS 32 PAXyHOK JOCTATHBEO BEJIH-
KoOro uacy mepe0OyBauHs ix y Tomm. Kurauwnit map
HEBUMOTJIMBHI 10 SKOCTI IAJIMBA: Y HHOMY JOCHUTDH
VCIIIIITHO CIIAJOITh BYTULIS ¥ BYTJIEIIEBMICHI Bif-
X0aH 13 30JbHICTIO 10 70% 1 BIZHOCHO MAaJIO30JIbHI
3 BoJroricTio 1o 60% [5].

Tomka 3 HEPYXOMHUM IIIAPOM — L€ THII CIIAJIIOBAH-
HS TAJUBa, 10 0epe IMOYaTOK BiJl OCBOEHHS BOTHIO
CTApPOJaBHIMH JIIOOABMHU y BUTJIAAl Oarartsa. [lamm-
BO MOK€ 3aBAHTAMKyBATHUCA BPYUYHY, Uepes OBep-
mara, abo mexaHiuHo, 3 OyHkepa. I[lepen momauero
B OyHKep ITaJIMBY HAIA€ThCA MOTPIOHA (PpaKILisd I10-
IpiOHeHHAM Ha Apobapkax, abo, HaBmaku, gopmy-
BAHHAM HAJUBHUX I'PAHYJI (neneT) VY Tomkax 3 He-
PYXOMHM IIApOM IIAJIUBO, IO BIIBHO JIEKHTH Ha
PEINITKAX, IPOAYBAEThCs 3HU3Y mOBITpsM. IIBua-
KICTb Ta30MOBITPSHOO IIOTOKY y IIapi Taka, IIo
#ioro migoMHA CHJIa MEHIa Baru ITaJIMBHUX dYac-
THUHOK. Y MOBOIO IIBOTO € iX KPYIIHUI Po3Mip (I Ipa-
BIIO, OLTBITe 6 MM). HasgBHicTs y manausi npio’a3ky,
HABIIAKW, KPUTHYHA: BIH HE TLIBKH 30LILIITyE BTpa-
TH HECITAJIEHOT0 BYIJIEI0 3 BHUHECEHHSM, aJjie, II0
BasKJIMBIIE, MEPEIIKOIKAE BIIFHOMY IPOXO/IMKEH-
HIO OKHCHIOBaYa uvepes map. Uepes e y mapl BH-
HUKAITHh 30HM HPOCKAKYBAHHSI OKHCHIOBAYa 1, SIK
HACJIIJIOK, 30HW HEPIBHOMIPHOIO TOPIHHS — 3aX0JI0-
IsKeHHS (Jepes 10 BUHUKAE JIOKAJbHUU HeI0IIas
¥ Bukngu CO 3 JUMOBMMHU ra3aMu), a TAKOMX 30HK
meperpiBy (pesyabTaT — IIPUCKOPEHe PYMHYBaHHS
pernriTin) [6].

3 piOKMM LIIJIAKOBHIAJIEHHAM TOIKKA OyBaIOTh
PI3HUX BUIIB. 3JHAYHO CIPUATJIHBIII YMOBHA Po0O-
TH HAMIBBIAKPHUTO! OJHOKAMEPHOI TOIKM 3 PIAKUM
NLIAKOBHAAJIEHHAM. TyT 30HA ILIABJIEHHS 1 30HA
OXOJIOJI;KEeHHSI B 3HAYHIN Mipl po3aiaeHi. B kamepi
TOPIHHS eKpaHHl TPyOHW OIIUIOBAHI 1 ITOKPUTI BOT-
HETPHUBKOK 00Ma3koi0. [Ipoiiec crarroBaHHA HaIH-
Ba Maii’Ke ITOBHICTIO 3aBepIINyeThCS B I Kamepi,
a 1i 00'eM BIIHOCHO OOMEIKEHMI, B 3B'SIBKYy 3 UHUM
IHTEHCHBHICTh TEIJIOBHILJIEHHA TyT ckJiamae 0,5-
0,8 MBrt/M?, a TemmnepaTtypa 1700-1800 °C. B xamepi
BJIOBJIOETHC 20-40 % 30 majuBa, sIKa BUOAJIA-
€ThCSA B PLIKOMY CTAH1 1epes IbOTKy. B BerHif/'I Jac-
TUHI TOIIKH PO3TAIIOBAHI BLIKPUTI €KPAHHI II0BEpPX-
Hi, K1 320€31e1yI0Th OXOJIO/KEHHS Ta3dy 1 BUHOCY.

B nBorxamepHiit TomI 3 piOKKM IIJIAKOBUIAICH-
HIM Kamepa TOPIHHS HaJuBa 3 PIAKAM ILIAKOM
1 Kamepa OXOJIOYKEeHHS PO3ILIeHI ILIaKocemapa-
TOPHUMH PEIIITKAMHA, Kl BUKOHAHI 3 PO3BEICHUX
OIIMIIOBAHHUX €KPaHHWX TPYO, 10 MAlTh BOTHE-
TpuBKy o0Masky. OCHOBHA KiJIBKICTD POSILIABJIEHO-
ro IJIAKY BJIOBJIIOETHCA B Kamepl ropiuua. ogart-
KOBO BJIOBJICHHUI IIIJIAK CTIKAE Ha JHO TOIIKH, 3B1IKHA
depes JILOTKY MOCTYIIAE ¥ BOAAHY BAHHY JIJIfA TPAHY-
JIHLLll B ngBoxamepHiit Tomini Biosiooerses o 70 %
BCiel 3outm [7].

Jlost BusHaveHHsT HaledEeKTUBHIIIOIO TEXHOJIO-
TIYHOTO CIIOCO0Y CIATIOBAHHS AHTPAIUTOBOTO IIITH-
Oy, cepeq pO3TJISHYTHUX BHINE, HEOOX1THO po3paxy-
BaTH PiBEHDb eMiCil OKCHIIB a30TYy.

Pospaxyuru mpoBogmimcs BigmoBigHO 10 [8] 3a
(bopMyJIOIo:

knox = (knox)o Sy (1 - ‘11)(1 - 1111[3)7 r/T [, (1)

ne (kyoo), — IORA3HUK eMicii OKcHIIB a3oTy 0e3
ypaxyBaHHS 3aX0miB cKopouenHs Bukuay, r/['JIx;
f.. — ctymias amennrenns Bukumay NOx mig yac pobo-
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Puc. 1. Bane:xnuicTs emicii okcuaiB a3oTy npu COnajOBaHHI Byrijuld B MUPKYJIIOI0OYOMY KHILIAY0MYy Iapi,
3 pigKuM i TBEepAUM LJIAKOBUIAIEHHAM NPU (paKeJIbHOMY CHAJIOBAHHI i B HepyxoMomy mapi

Jlorcepenio: asmopcvka po3pobra

TH HA HU3BKOMY HaBaHTAKEHHI; #j; — €PEeKTHUBHICTD
TIePBUHHUX (PEKUMHO-TEXHOJIOTIYHUX) 3aX0/T1B CKO-
POYEHHS BUKULAY; #;; — €PEeKTUBHICTHL BTOPUHHUX 3a-
X0/11B (230TOOYHCHOI YCTAHOBKH); B — KoediiieHT po-
00TH a30TOOYMCHOI YCTAHOBKH. 3TiTHO PO3PAXYHKIB
OTPHMAHI1 HACTYIIHI JaHIl, SK1 3aHeCceH1 10 Tadmin 1

Tabmauiga 1
Iloka3uuk emicii okcumis asory npu
BUKOPHUCTAHHI Pi3HUX TEXHOJJIOTIYHUX
CII0CO0iB CAJIIOBAHHSA AHTPAIMTOBOIO IUTUOY

Ycranoska aisa Iloxasauk emicii
cnamosanag AIIL okcuxis asory, r/I'kasn
3 LMPKYIO0UUM KUILISIAM 39
mapom
3 HepyXOMHUM IIapOM 49
3 PIAKUM MIIaKOBUIAIEHHAM 190
3 TBepIUM ILIAKOBHIAJICHHIM 105

Jloicepenno: asmopcvka po3podra

Ha pucynxy 1 moxasaHo 3aJIeKHICTH eMmicil
OKCHIIB a30Ty IIPU CIAJIIOBAHHI BYTULIS B IIUPKY-

Cnoucoxk jgireparypu:

JIIOI0YOMY KHUILIAYOMY Iapl, 3 PILOIKAM 1 TBEPIUM
NIJTAKOBUAAJIEHHAM IPHU (PaKeJIbHOMY CHAJIOBAHHL
1 B HEpYXOMOMY IIIapi.

3 rpadika BHAHO, II0 HANOITHMAJILHIIIOI
YCTABKOIO 3 TOYKH 30PY €KOJIOTIUHOCT1 € ITUPKY JII0I0-
YUH KUILISYUH Iap, HAaNripInoo — YCTAHOBKA 3 PiJ-
KHUM IJIAKOBUIAJIEHHSIM IpU (PaKeJbHOMY CIAJIO-
BaHHI.

BucuoBku i mnpomosumnii. Posriasmyro Ha-
CTYIIHI YCTAHOBKM JJIsI CITAJIIOBAHHS AHTPAIIUTOBO-
ro mrudy 3 MEeTOK 3HUMKEHHS PIBHS eMicll OKCHIIB
a30Ty: KOTJIOATPEraTy 3 IUPKYJII0UYNM KATISIUM
Ta HePYXOMUM IIIapoM, a TAKOM KOTeJIbHI YCTAHOB-
KM 3 PIIKUM ILJTAKOBUIAJIEHHSIM Ta 3 TBEPIUM IILIa-
KOBUTAJIEHHSIM.

IIpoBemeno MOpPIBHANBHMUN aHAaJJI3 PIBHS eMi-
cii OKCH/IIB a30Ty IIPH CIIATIOBAHHI aHTPAIIUTOBOTO
mTubdy 3 BUKOPUCTAHHSAM PISHUX TEXHOJOTTUHHUX
€I10Cc001B.

Beranosiieto, 1m0 HaHOITHMATBHIIIO0 YCTAHOB-
KO0 3 TOYKH 30PY €KOJIOTIYHOCTI € IIMPKYIIIYUNN
KUILISYHUH 11ap, HAUTIPIIon — YCTAHOBKA 3 PIIKUM
NLJIAKOBUOAJIEHHIM IIPH (pAKeJIbHOMY CIAJIIOBAHHI.
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