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METO/J KOHTPOJIIO BUTPAT KUCHIO ITAJIBHUKIB 11O NIOTOKY BUITPOMIHIOBAHHSA
NOJYM’sI 1IPU CITATIIOBAHHI ITPOITAH-BYTAHY

Y pobomi meopemuuno obrpynmosano, po3podieHo ma O00CRiOHCeHO MemoO KOHMPOLO SUMPAm
KUCHIO 2A308020 NANIbHUKA NO NOMOKY 6UNPOMIHIOBANHS NOJYM 5I NPU CRANIOBANHI NPORAH-OYMAaHy.

AKTyaJbHiCTh Ta MOCTAaHOBKAa mpoOgemu. [ SKICHOIO IPOBEIEHHS TEXHOJOTIUYHHX IPOLECIB
ra3onojyMeHeBoi 00poOKK MarepiaiiB (pi3aHHs, 3BAPIOBAHHS, HANMIIOBAHHS, TapTYBaHHs Ta iH.) HEOOXimHO
MiATPUMYBAaTH II€BHE CIIBBIIHOIICHHS KHCHIO Ta INpOMNaH-OyTaHy, NMPUYOMY Ul PI3HHX MaTepiajiB, IO
00pOOIIAIOTHCS, 1€ CIIBBIAHOLIEHHSI TOBUHHO 3HAXOJUTHUCS B PI3HUX Mexax [1].

Bix cniiBBiZHOIIEHHS KUCHIO Ta MPOMAaH-OyTaHy B MaJBHII CyMillli 3aJIeKUTh TUI OTYM s, Horo eheKTUBHA
MOTYXKHICTB 1 TeMIepaTypa. PerymoBaHHS BHTpAaT KHCHIO Ta MPOMaH-OyTaHy B MaibHIM CyMIMm ManbHUKA
Bi3yaJIbHO 32 BHIOM IIOJYM Sl IPU3BOIUTE 10 3HAYHHX MOXHOOK [2].

AHami3 ocraHHix gociaimkens i mydmikamiii. KOHTpoIE CTEXiOMETPUYIHOTO CITIBBiTHOMICHHS KHCHIO Ta
TOPIOYOTO Ta3y B MalbHIH CyMIlli MalbHUKA HUITXOM BH3HAYCHHS XIMIYHOTO CKIIaAy IMPOAYKTIB 3ropaHHsS
ra3oaHanizaTopamy i XxpomarorpadaMy BUMaraioTh 0arato Jacy IpOBEACHHS aHAJI3y, CKJIAIHOTO OOJMaaHAHHS Ta
BHUCOKOKBaJTi(DiKOBAHOTO MEPCOHAITY ISl TIPOBEICHHS KOHTPOJIO [3].

B po6GoTi [4] po3pobiieHo Ta JOCTIHKEHO METO KOHTPOJIIO BUTPAT KUCHIO Ta alleTUIIEHY B MANbHIM cymimri
NaJbHUKA 110 MOTOKY BUIIPOMIHIOBaHHS MOJIYM s1. Jl0CHiPKEHO MOXHUOKU METOTy KOHTPOIIIO BUTPAT KUCHIO.

BunisieHHs1 HeBUpilIeHUX paHille YacTHH 3arajbHoi mpo6Jjemu. HeBupimieHo mpoOiieMy KOHTPOIIO
BUTPAT KUCHIO MO MOTOKY BHIPOMIHIOBaHHS IOJIyM’sl IIPU CIIAJIOBaHHI I'a3iB-3aMIHHHUKIB alleTHJICHY, 30KpeMa
nponaH-0yrany. ToMy po3poOneHHS Ta JOCHIIKEHHS METOIYy KOHTPOJIO BHTPAT KHCHIO MAJbHUKA MO MOTOKY
BUIPOMIHIOBAaHHSI OJIyM s TIPH CTIATIOBAHHI IIPOIIaH-OyTaHy € aKTyaJIbHUM 3aBJIaHHAM.

Mera gocaigxkens. CrpocTUTH 3aci0 KOHTPOJIO BHTPAT KHCHIO, SKi BIAMOBINAIOTH CTEXiOMETPHYHOMY
CHIBBIZHOIICHHIO KICHIO Ta MPOMAaH-0yTaHy B MaJbHIA CyMIIIi MaJbHUKA.

BuxisiajeHHsl OCHOBHOro Mmartepiaay. Sk ra3-3aMiHHHMK alleTWIEHY NpH BHKOHAaHHI TIa30IMOJIyMEHEBOi
00poOKHM MaTepianiB BUKOPHCTOBYIOTh CTHCHYTI (BOJACHb, METaH, MPUPOIHI ra3u), a TaKoX 3piPKEHI Ta3H.
3pi/pKeHi ra3u CKIaJalThCcs B OCHOBHOMY 13 npornany CsHg 3 momimikamu 0ytany C4Hjg B kinbkocTi 5...30 %
[5]. B pesynbrari peakiiii TOpiHHS TPH CTEXiOMETPUYHOMY CIIBBiIHONICHHI KHCHIO Ta MpOMaH-OyTaHy y
NajbHIN CyMilll KIHIEBUMH MPOAYKTaMH FOPIHHS € BYTJIGKHUCIINII ra3 Ta Bojia. Peakilisi ropiHHS NPOXOAMTh y ABi
CcTazil 3a CXeMOI0:

n m m ¢n+m ., m
CH, +-0,=nCO +—H,; nCO+_—-H,+—=——0,=nCO,+-H,0, 1)
2 2 2 4 2
ne C H, — dopmyna roprodoro razy; O, — KuceHb najipHOi cyMmimni; O, — KHCeHb, 110 HAAXOINTh 3
HaBKOJIUIIHBOTO TOBITPSL.
[Tpu HemocTaui KMCHIO Yy MaNbHIHM CyMillli mepia cTajis peakiii TopiHHS IPOXOAUTh 33 CXEMOIO!
C,H,, +kO, =2kCO+ €-2k C+ QU2 E1,,
ne kK — KiIpKiCTh MOJIEKYJT KHCHIO BUKOPHUCTAHUX Y PEaKIlii TOPiHHSL.

Ipu upomy k<n/2, 3a mexamu sigpa monym’st 3Haxoasthest npoayktu ropinas CO, H,, CO,, H,O Tta
TBEPAl YaCTHHKU Ca)XOBOTO BYTJeN0. YacTHMHKM Cax<i BUNPOMIHIOIOTH SK TBEpPAl Tila Ta MalOTh CYULUIbHUI
CHEKTP BUIPOMIHIOBAHHS 3 IOCUTh BUCOKUM KOC(IIliEHTOM YOPHOTH.

[ToTik BUTIpOMiHIOBaHHS abcooTHO YopHOTo Tifta (AUT) @, B inTepBai M0BXUH XBHIb A i eHepreTuuHy
cBiTnmicte AUT M, 3 uiomiero BUAMMOT YaCTHHU 4; BU3HAYAIOTh 32 (OpPMyJIaMu:

O3 = [04(1)d2; M, =dOydA, @)
0

e O 4 — NOTiK BUNpoMiHioBaHHA AUT; A — I0BXUHA XBUII BUIIPOMiHIOBaHHS; M, — eHEpreTH4Ha CBITUMICTh

AYT; A; — mioma BUANMOI YaCTHHH, sKa 3HaXoIuThes B modi 3opy OEIT [6].
EnepreTnyHy CBITHMICTB TIOJIYM s BU3HAYEHO 32 BUPA3OM:

Meﬁ() =& Me ! (3)
Je M, — eHepreTuuHa CBITHMICTb Ciporo Tila (oaym’st); &; — CTYIiHb YOPHOTH IIOIyM’s NaJIbHUKA.

CTyHiHL YOPpHOTHU HOJ'IyM’S[ IIaJIbHUKa g'l' BU3HAYCHO 34 BUPA30M:
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Cepis: Texuiuni nayxu

g =1l-ep €7 )
ne T = Tz + T, — onruuHa TOBIIMHA TONYM’s, AKA CKIAJA€ThCs 3 ONTUYHMX TOBIIUH Ta3iB T, Ta
aucnepcHoi dasu momym’s T [7].

Ockinbku B inTepBani gosxus xub 0,5-10°...1,1-10® m rasu mposopi [8], To T4 =0, a onTHYHY TOBIIUHY
MOJTyM’sI BU3HAUEHO 33 BUPA30M:

IS kl_ CHCKTpaJIbHI/Iﬁ TIOKa3HHUK ITIOTJIMHAaHHA BI/IHpOMiH}OBaHHﬂ YaCTHHKaAMH caxci; S — TOBIIMHA IApy

NOoJTyM sl 1O JTiHiT Bi3yBaHHs [7].
CrexTpajbHUI TOKa3HUK MOTJIMHAHHS MOJTyM sl BU3HA4YEHO 32 (hopMyIior:

k, = €y 3K(r,), ©)

Je [/ — KOHLEHTpalisd YacTMHOK Ca’KOBOTO BYIJIELI; ) — T'yCTHHA YaCTUHOK; k(l‘o) — ¢yHKIiA, gKa

BU3HAYAETHCS ONTUYHUMHU PO3MipaMu 4acTHHOK [8].

3 dopmyn (3)—(6) crmigye, 1mo yuM Ginblla KOHIEHTPAIliS YAaCTHHOK Ca’KOBOTO BYIJIELIO B MOJYM’i, THM
OisTbIIIa IHTEHCUBHICTD HOTO CBITIHHS 1 TUM BUIIE KOS(DILIEHT YOPHOTH TOTYM s,

JocmimKkeHHsT METOLy KOHTPOJIO BUTpAT KHCHIO, SIKI BiAIIOBiTAalOTh CTEXiOMETPHYHOMY CITiBBiIHOIICHHIO
KHCHIO Ta IPOMaH-OyTaHy B MAJIBHIHM CyMillli, BAKOHAHO i3 3aCTOCYBaHHSIM YCTaHOBKH, TTOKa3aHii Ha PUCYHKY 1.
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Puc. 1. Cxema ycmanoeku 6umMipro8ants NOMoKy UNPOMIHIOBAHHSL CANCOB020 gyaieyio noaym'a: 1, 2 —
banonu Kucresuil ma nponaroguil; 3, 4 — pedykxmopu Kuchesuil ma nponanosuti; 5, 6 — pomamempu Kucrnesul
ma nponanogutl; 7 — naibHuk,; 8§ —noaym’s; 9 —manoanyux 6izyeanns,; 10— OEII; 11 —o06 ’exmus OEIL; 12 —
oamuux OEII; 13 — nputimay eunpominiosants, f, — iocmans 8i0 06 ekmuea 0o mauoanyura eizysanns, I1C —
nidcumosay cueHany, B — eonvmmemp

Onruko-enekrponnuit mpunaja (OEIT) 10 BcranoBneHo Ha Biactani f, = 0,3 M Bix oci cTpyMeHs 8 manbHUKa.
O6’extuB 11 OEIl 10 Bupidye MmalpaHunk Bi3yBaHHA 9. BuUMipioBaHHS NOTOKY BHIIPOMIHIOBAHHS MOJIyM s
BUKOHaHO KpeMHieBUM (hotoxionom 13, BcraHoBnenuM y xopmyci 12 OEIT 10. Curnan i3 doroniona 13 monanuit
yepes miacumoBad curaaiy [/C Ha BombTMETp B.

BuMiproBaHHsI MOTOKY BHIIPOMIHIOBAaHHS TBEPAMX YAaCTHHOK caxoBoro Byrieiro BukoHano OEIl B
CIeKTpanbHOMY Jianasoni enextpoMarsitaux xemmb 0,5-10°...1,1.10° M, sxuii He criBmamae 3a TOBKHHOIO
@IeKTPOMArHiTHUX XBWIb 31 CMyraMH BHUIIPOMIHIOBAaHHS Ta3iB, fKi HaJe)XaTh N0 CKJIAAy Ta30MoaiOHuX
TpOAYKTIB moym’st [8].

IIpu cTexioMeTpUYHOMY CIHIBBiZHOIIEHHI KHCHIO Ta MPONaH-OyTaHy y MaJbHIM CyMmimIi ra3u 3roparoTh 0e3

3aIMIIKY, 33 MEXaMu sapa noidym’s Byriemo nemae (1). B upomy Bunanky #=0, k, =0, 7=7,=0,
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7,=0 M, =& M, =0 (3)-(6), norix BunpominoBanns nomym’s, a BianosiaxHo i Hanpyra Ha Buxoai OEII

JIOPIBHIOIOTH HYJIIO, TaK SIK MIXK IOTOKOM BUIIPOMIHIOBaHHS NOJIyM’sl 1 Harpyroro Ha Buxoi OEII icHye 3B’s130k:
N >

U=r77l 4 0x/2f, "SR M. =a,/Q, @)

ae U — mampyra na Buxomi OEIl; 7,— koedillieHT NpomycKaHHs BHIIPOMIHIOBAHHS CEPEJOBHUIIEM;

T; — koe(illieHT mpomyckaHHs ontuyHoi cucremy; D, — miamerp BXomy onrtuyHoi cucremu OEIL

f, — BigcTaHp Binx JiH3M 0 300paxkeHHs 00’€kTa; S — iHTErpanbHa YYTIMBICTH HMpHiiMaya BUIPOMiHIOBAHHS;

R,,— omip pe3ucTopa 3B0OpPOTHOTO 3B’13Ky onepaniiinoro miacumosada curaany; Oy — MOTIK BUIPOMiHIOBaHHS

qacTHHOK; Q — miomia Maiinanuuka Bisysanss [9].

TexHomnoriuauiA mporec (opMyBaHHS HOITYM’S TaJbHHUKA IIPEICTABHMO, SIK 00’€KT 3 ONHHM BXOIOM Ta
OIHUM BHUXOIOM. 3B’s30K Hampyru Ha Buxozni OEIl Ta BHTpaTamMu KHCHIO ITIPEICTAaBICHO (PYHKI[IOHAIBEHOIO
3aJIEKHICTIO:

U=f(V,), C))
e VK— BUTPATHU KUCHIO.
Ipu mocTiftHUX BUTpaTax mpomaH-OyTaHy V, 3MiHIOBaIM BHTPATH KHCHIO V, 3 KpokoM h Ta BHKOHyBaIn

BuMiptoBaHHs Hanpyru Ha Buxoni OEIL IlouaTkoBuii HampsM pyxy poOOYOi TOYKH 32 XapaKTEPUCTHUKOIO
o0’exta obpaHo B 0Oix 30impmeHHs V, . CuctemaruyHa moxuOka BUMIpIoBaHHS Hampyru Ha Buxoxai OEII

JIOPIBHIOE AC = 0,044 B [10], 3Bincu 3HaveHHs mompaBku A, =—c. 3Ha4eHHs HANPYrd 3 BpaxyBaHHSIM
morpaBKH (Tadu. 1) BH3HAYCHO 32 BHPA30M:

U/ =U, +c 9)
ne U/ — snauenns Hanpyru Ha Buxoni OEII i-ro mocininy 3 BpaxyBaHHsM nonpasky; U, — 3HaYCHHs HANpyry Ha
Buxoxi OEII i-ro mocmimy; C — mompaBka.

Tabauys 1
Cepeoni apugmemuuni 3nauenus Hanpyeu Ha euxodi OETT
Homep ?ocmny, V. U, U Homep focriny, i V. U, u;
1 11 7,2 7,156 7 17 0,8 0,756
2 12 6,8 6,756 8 18 0,1 0,056
3 13 4,4 4,356 9 19 0,044 0
4 14 3,1 3,056 10 20 0,044 0
5 15 1,6 1,556 11 21 0,044 0
6 16 1,3 1,256

3a pesynbTaraMHM €KCIEpUMEHTY NOOYIOBaHO KpUBY 3ajexHocTi Hampyrn Ha Buxoni OEII Bix Butpar
KucHIo razosoro nansHuka U = f(V_), sixa € pob040r0 XapakTepuCTHKOI0 00’ €KTa HoCTiikeHHs (puc. 2).

IIpu 30impmIeHHI BHUTpaT KHCHIO Ta NpH HE3MIHHMX BHTparax mnpomaH-Oyrany (10 /xB.) moTik
BUIIPOMIHFOBAHHS YaCTHHOK Ca)KOBOT'O BYIJICHIO 3MEHINYETHCS 1 BIAMOBIIHO 3MEHINYETHCS HANpPyra Ha BHXOI
OEIL. Ipu 3raueHHsax BuTpat kucHio 19, 20 ta 21 /xB. Hanpyra Ha Buxoni OEII nopisatoe 0 B (Touku 2, 3 ta 4 Ha
pobouiii xapakrepucTuili 00’exta). [Ipu BuTparax kucHro 18 j1/xB. (Touka 1) B mojym’i € 3aiHIIKy nanuea, 60 €
BUIIPOMIHIOBaHHSI YaCTHHOK Ca)KOBOTO BYIJICIFO 1 mpu 1bomy Hampyra Ha Buxomi OEIl mopisaioe 0,056 B.
Ockinbku 18 <19 < 20 51/XB., TO TOYka 2 BIANOBiJa€ HAWMEHIIOMY 3HAYCHHIO BHTPAT KUCHIO TIPH SIKOMY

Hanpyra Ha Buxoji OEII nopisuioe 0 B. Toxi 3Ha4eHHS BUTpAT KUCHIO V _, sIKE BiATIOBiTa€ CTEXiOMETPUIHOMY

KC ?
CHIBBIHOIIICHHIO KHCHIO Ta TPONaH-OyTaHy B MalbHIA CyMIill, BH3HAYCHO 3a CHAJOM JO HYJIS MOTOKY
BUIIPOMIHIOBAHHSI YaCTHHOK Ca’KOBOTO BYTJIEIIO 1 lopiBHIOE 19 11/XB.
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Puc. 2. 3anesxcuicmo nanpyeu na euxooi OEII 6i0 sumpam KucHio
(sumpamu nponan-6ymany 10,0 1/xs.)

IIpyn BUKOHAHHI KOHTPOJNIO BHUTpAT KHUCHIO oOpano HikHio U, = 0 B Tta Bepxmo U, = 0,02 B mexi
JIOIIYCKOBOTO IHTEpBaJy JIsl 3HaYEeHb Mapamerpa, o BUMipiotoTh. [Ipu 3HauenHi Harpyru Ha Buxoai OEIN, sike
3HaXOAUTHCS B fomyckoBoMy iHTepBami U, <U; <U,, BUTpaTH KUCHIO 301IbIIYBAaTH NPUNUHAIOTE. [Ipu npomy:
BUTpaTH KHUCHIO V. = 19 11/XB. 1 BIAMOBINAIOTh CTEXiOMETPHYHOMY CITIBBITHOIICHHIO KUCHIO Ta IPOIIAH-OyTaHy B
MaJbHINA CyMilIi ra30BOr0 MajJbHUKA; OTPIMAHO HOpMaJbHE (HEHTpanbHe) HOIyM si; pe3yIbTaT BUMiPIOBaIbHOTO
KOHTPOJTIO — 00’ €KT mpumatHuii (Tadi. 2).

Tabauys 2
Peszynomamu konmponto sumpam KUCHIO NATbHUKA
Howmep vl U’ [lepeBipka BUKOHAHHS YMOBH
JOCI Y, R . U <U. <U,B Pesyneratn KOHTpOIIO 00’ €KTa

i JI/XB. B " ! B

1 11 7,156 0<7,156 > 0,02 HeNpUIaTHHIA

2 12 6,756 0< 6,756 > 0,02 HETPUIATHHI

3 13 4,356 0< 4,356 > 0,02 HETPUIATHHI

4 14 3,056 0 < 3,056 > 0,02 HEMPUIATHHIMA

5 15 1,556 0< 1,556 > 0,02 HENpUIaTHUN

6 16 1,256 0 < 1,256 > 0,02 HETIPHIATHHIT

7 17 0,756 0<0,756 > 0,02 HEMPUIATHHIA

8 18 0,056 0 < 0,056 > 0,02 HETPUIATHHI

9 19 0 0=0<0,02 TIPUIATHUI

O0’exT HenpUIATHHUIA, AKIIO 3HaueHHs Napamerpa U, , 1o BUMiproroTh, (Hanpyra Ha Buxogi OEIT) 3Haxoautbes
3a MekaMu jgomyckoBoro iHtepBary U, >U_  mpu mpomy V<V, oTpumaHO momym’st 30araueHe BYTJICILEM.
OO0’exT mpuUAaTHUM, SAKIIO 3HAYeHHs mapamerpa U,;, 110 BUMIPIOIOTb, 3HAXOIMTBCS B MEXKaxX JOIYCKOBOIO

inrepsany U, <U, <U, npu mpomy V., =V, >V

' » BUTPAaTH KUCHIO NPUIMHSIOTH 30UIBIIYBaTH, OTPUMAaHO
HeWTpaibHe (HOpMalIbHE) MOTYyM 5.
[pu noganeiomy 30inbueHHi Burpat kucHo U, =U, =0B, ane V, >V, . B ocranHbOMY BUIIaAKy 00 €KT

HeNpUIATHUN, OTPUMAHO OKHCIIOBAJIbHE MOIYM s

BucHoBku. Po3poOmeHunii MeTon KOHTPONIO BHUTpPAT KWCHIO, SKi BiANIOBINAIOTH CTEXiOMETPUYHOMY
CHIBBITHOIICHHIO KHCHIO Ta MPOINAaH-OyTaHy B MalbHIN CyMilli NMajdbHUKA, 3a0e3Meuye MOBHE 3TOPaHHs IPONaH-
OyTaHy Ta KHCHIO 0€3 3aJIMIIKY, OCKUIBKHA KOHTPOJIb IOBHOTO 3TOPaHHs MPONaH-OyTaHy BEIETHCS HE MO MOTOKY
BUIIPOMIHIOBAaHHSI T'a30110/1iI0HNX TPOYKTIB 3rOpaHHs NaJILHOI CyMillll MAJIbHUKA, a 10 IIOTOKY BUITPOMIHIOBaHHS
3aJIMIIKY TOPIOYOTro ra3y B (POpMi aTOMapHOT'O BYTJIEHIO (CaXi) 32 MEXKaMH sIpa MOJIyM .
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Oneparii BUMIpIOBaHHS BUTPAT KUCHIO, BUTpAT NponaH-OyTany Ta Hanpyru Ha Buxoai OEIl BUKOHYIOTB 3a
JIOTIOMOT'O10 ITPOCTUX TIPHUJIA/IiB 1 HE BUMAraroTh BUCOKOTO PiBHS KBaltidikauii oneparopa.

AGcomoTHa cucTeMaTHdHa MOXHOKa BuMiproBaHHS Hanpyru Ha Buxoni OEII mopisaroe 0,044 B. Tak sk
BiJIOMO 3HAYEHHS Ta 3HAK MOXUOKH, TO BOHA MOXKe OYTH BHIAICHA IUIIXOM BBEACHHS IOIPABKH.
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MeToa KOHTPOJISI pacxoa KHUCJIOPOAA rOpesioK MO MOTOKY M3JIyYeHHs IUIAMEeHM MPH CKUTAHUM
nponaH-0yrana / B.M. HouBaii

B pabote Teopermueckn 0OOCHOBaH, pa3paboTaH M HMCCIEAOBAH METOJ KOHTPONIS pacxoja KHCIOopona
Ta30BOM TOPENKU 10 TOTOKY M3IIyYeHHS IUTaMEHH MIPH CKUTaHWK IpoTaH-OyTaHa.

YK 621.317.39.084.2

Method of checking a consuption of oxygen of burners on flow of radiating a flame at incineration
propane-butane / V.M. Nochvay

In work theoretically motivated, designed and explored method of checking a consuption of oxygen of gas
burner on the flow of radiating a flame at the incineration propane-butane.
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