Bueni sanucku THY imeni B.1. Bepnaacbkoro. Cepisa: Texniuni Hayku

YIK 621.18: 662.767
DOI https://doi.org/10.32838/2663-5941/2021.3/23

Cepm 1.B.
Hep>xaBuuii yHiBepcuteT «OmechbKa MoiTEXHIKa»

beznoe K.B.
JepxxaBuuii yHiBepcuteT «OechKa MoiTEXHIKa»

MOZIEJIb CITAJIFOBAHHSA ITPUPOAHOI'O I'A3Y
SMIHHOT'O CKJIAZY B KOTJII

Aemomamuzayis € Hegi0 €EMHOI YACMUHOIO HCUMMA CYYACHO20 CYChintbemed. OCKIbKU MU HCUBEMO 8
enoxy ingopmamuzayii ma eenuKux 00ca2i6 BUPOOHUYMEA HA NIONPUEMCTNEAX, MO BUHUKAE Nompeda Y CKOpo-
YeHHI yacy npayi 6UpoOHUYMEa 3 Memoio Ni0GUIYeHHsL 8U200U NIONPUEMCINEA.

€ bacamo piznux cnocodie niosuwenHs akocmi npayi (810 KearipiKyeamnHs nepcoHay 00 3aKynieii Hogim-
Hb020 0OAAOHANHS A PO3POOKU pilleHb, AKI BUABTAIOMbCA 8 NPoYeci supodHuymea). Xoua edice icHye bazamo
MEXHIYHUX PIleHb BUPIUEHHA BUPOOHUYUX NPODIeM, NPOme 3 KOXCHUM OHeM 8UHUKAIOMb HO8I npobiemu, 0l
AKUX HANEHCUMb PO3POOIAMU HOBL MEMOOUKU 8upiueHHs. BupobHuymeo enekmpoenepzii € 8axcaueor aam-

K010 Yy cghepi supobHuymea 0Jisk nomped CyCnilbCmed uepes sHauHy nompeoy.

1 cxinvku 6 He icHysano memoodis supiuents npooiem, AKi € y menjioenepeemuyi, akmyanbHum HUHI 3a1u-
WAEMbCA BUABNICHHS A C80EUACHE HANAWMYBAHH CUCEMU Ni0 Yac 3MiHU 6XIOHO20 CKIady namued iyepes
nepexio Komiig Ha HOBI U, MoMY POOOMA NPUCEIUEHA Came 3 SACYBAHHIO YbO2O.

3a pospaxynxamu 6yiu ompumani uxioni Oaui Ol CMEOPEHHS NEPedasaiIbHUX QYHKYIL, 3a 00NOMO2010
Hux nooyoosana ACP (agmomamuuna cucmema pecyno8ansi), 3Hsami NOKA3HUKU KPUBUX PO32OHY Md HAA-
WMOBAHI OANAHCYBANbHULL I KOPUSYBALbHULL PEYIMOpPU, A MAKONC TIHIUHI Ma HeNiHIUHI 00 €kmu cucmem,
nPOBEOeHO CuHmes Yux mooenell 0iisi NOPIGHIHHSL IX pobomu ma eghexmueHoCi.

Ilpoananizoeano nepexioni npoyecu yux mMooenell iz Memoro 3 sCy8ants eqpekmueHocmi 000A6anHs Heli-
HIUHOI MOOeNi Cnanto8amnHs 2a30n00ibH020 nanusa O0jisi 8UsEIeHHs CKIady naausa. Pezyiemam mooenrosamnis
yux mooeneu 0ag 3M02y BUHAUUMU, WO V PA3i HEZHAYHUX 8IOXUNEHb 8I0 HOMIHANLHOI GeIUYUHU SUMPANU
nanuea ma 1o2o ckaady oouodsi cucmemu npayioioms Maice 0OHaKoo.

3’scosano, wo 6HACHIOOK 3HAUHUX 3MIH sumpamu naiuea (onusvko 50% 6i0 HOMIHATLHO20 3HAYEHHS) ma/
ab0 3MIHU 11020 CKIA0Y WMAMHA CUCEMA Pe2YTI08aHHsL He 3a0e3neuye HeoOXIOHOT AIKOCMI nepexioHux npoyecie.

Kniouosi cnoea: neninitina mooenv, KOHyenmpayisi OUMOBUX 2a318, KOMeNl, CKIA0 OUMOBUX 2d3is,

CKJLAO NAIued.

IocranoBka npo6aemn. Huni 3auImaeTsest akTy-
IBHUM TIMTAaHHS 3’ SICyBaHHsI CKJIay JMMOBHX T'a3iB Ha
BHUXOA1 3 KomiIa. PaHiie, Komu sIK ra3onofioHe MmajuBo
BUKOPHCTOBYBaJIM TIPUPOJIHUM I'a3 Ta HOro ckiaja OyB
HE3MIHHUM, TTOTPEOHM y HETiHIHHIA Mopemi, ska Oyme
PO3MISTHYTa Y po0OTi, He OyII0.

HatibinbImoro poOneMoro € Te, 10 He MOYKHA 3a3/aJie-
Ti/Ib 3HATH, CKUTBKU TpeOa BUIUTUTH TTOBITPSI ISl CHAIIO-
BAHHSI Ta30MOI0OHOTO MaliBa 31 3MIHHAM CKJIAJIOM, a LIe
MOJKe 3MIHIOBATH aepOMHAMIKY KOTJIa Y TipImii OiK, 110
30UTBIIATE TTOTPIOHY KUTBKICTH CHATIOBAHHS (BHTPATH)
TIAJIMBA JUTS IEBHOI TTOTYXKHOCTI KOTJIa, a 11e € HeOKaHNM
SIBULLIEM T111 Yac BUPOOIEHHS €IEKTPOCHEPI il

AHaJi3 ocTaHHIX J0CHiIKeHb i myOuikamiii. Xoua
BKe OyI0 HEOIHOPa30BO TPOBEACHO JOCITIIKECHHS Y
cthepi eHepreTUKH 100 3 SICYBAaHHS CKIIATY XIMITHHUX
CIIOJTy4eHb, OJJHAK ] Yac CIAJIIOBAHHS MPHPOIHOTO
najiiBa BUKOPHICTOBYBAJIM JIiHIMHY MOJENb, sika Oyna
OLIBII MPOCTOIO Y 3aCTOCYBaHHI, aje BOHA HE JJ03BO-
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JIsiIa 3a3/1AIETiIb 3’ ACYBaTH CKJIaJ| MAJIMBa, TOMY CaMme
BUHUKHEHHSI HENIHIHHOI MOJENi YMOMIJIMBHIIO BHKO-
PHCTaHHS PI3HOMaHITHIIIOrO Ta30MOI0HOTO TTaNBA.

Hamm  mpoamamizoBaHo  momepemHi  poOOTH
[1,c.44-52], ne po3ITHYTO TIPOIIEC CIIATIOBAHHS HECEP-
TU(IKOBAHOTO TAJIMBA, a caMe HaTOIIPOIYKTY, Ha Bifl-
MiHY BiJI TOTO, Jie po3isinaeThes Oioras ([2, ¢. 32-36])
Ta Te, SIK MO)KHA 3MEHIIMTH KUIBKICTh TIPOIYKTIB 3r0-
PSHHSL 3 BHKOPUCTAHHSM aJIbTEPHATUBHUX TOPIOYHX
ras3iB, a TaKO)XK BH3HAYEHHS CKJIaJy BYIJICBOJHEBOTO
MATFHOTO JIOCTI/PKEHO Y po0oTi [3, ¢. 51-59].

VY pobori [4, c. 127-136] 3amporoHoBaHO BU3HA-
YEHHsI MaJMBa 31 3MIHHUM CKJIaJIOM 3a JOIOMOIOIO
METOJLY, 3aCHOBAaHOTO Ha PiBHAHHI XiMiYHOI TepMOANHA-
MiKH, a y poOoTi [5, ¢. 90] BUKOpHUCTAHO METOJ OITH-
MAaJTLHOTO PO3TIOIIJICHHS TETJIOBOTO HABAHTAKEHHS MK
OJIMHUIISIMH 00JIaTHAHHS 31 3MIHHOIO KaJIOPiHHICTIO.

ITocTranoBKa 3aBaanHsi. MeTa cTaTTl — JOCTIINATH,
sk OyJIe 3MIHFOBATHCS KOHLICHTPAILisI KUCHIO Y BUXIJTHAX
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JMMOBHX Ta3ax 3a YMOB 3MiHM CKJIaay HajuBa. 3aiiis
PO3paxyHKy 3MIHHOTO CKJIajy TajnBa IMOTPIOHO CTBO-
PUTH HENIHIHHY MOAEIH CIIATIOBAHHS Ta3y (IS MiATPH-
MaHHSI CUCTEMOIO OTITHMAJIBHOTO TIPOLIECY TOPIHHS).

Jnst mocsTHEHHS TMOCTaBlIeHOI MeTH HeoOXiTHO
BUPIIINTH TaKi 3aBIaHHS:

— Ha OCHOBI BIJIOMHX MaTreMaTHYHUX MOJeIei
nmoOy/myBaTi HOBY MaT€MaTHYHy MOJEJb CITaTFOBAHHS
rasy B TOIIL[ KOTJIa 3 MOKJIMBICTIO 3MiHH CKJIaJly IIajIrBa
B IIpolieci MojentoBaHHs. HoBa Momenb ypaxoBye
3MiHH Koe(ilieHTa HaAIMIIKY TTOBITPSI (0) 3aJI€KHO Bif
CKJIa Ty TIAJTMBA, @ HE TUTHKH 3MIHU HOTO BUTPATH;

— TpoBecTH Bepudikamito, moOyIoBaHOI MareMa-
TUYIHOI MOJIENT 32 BiJIOMUX TTOYaTKOBHX YMOB, TOOTO 3a
YMOBH, KOJIM CKJIa]] TIaJIBA € HE3MIHHHM;

— IpOaHAJi3yBaTH, SK INTaTHA CHCTEMa pETYIIo-
BaHHS KOMIICHCY€ 3MiHY CKJIaJTy TajnBa.

BukJiian ocHoBHOT0 MaTepiasty qocaimxeHHst. J{s
pETyIIOBaHHS BIIOMOIO € JTiHIfHA MaTeMaTHIHa MOJICITh
00’exTa koTIa, HaBeneHa y dopmynax (1), (2), (3) Ta
4, sixi Oynu B3siti 3 [6, c. 73—74]. Ha npuknani pospa-
xyHKy koria KBI'M-50 B3sti 3Ha4eHHs y (opMynax
(1, 2, 3, 4) Ta orprMaHi 3Ha4UeHHS 00’ €KTa, HABEICHI y
nepenaBaibHid QyHkmii (5). JluHamidHi BIacTHBOCTI
JIIHIMHOIO Ta HENHIMHOIO 00’€KTIB € OJHAKOBUMHM Ta
3’SICOBYIOTbCSL T€OMETPHYHMMHU  XapaKTePUCTUKAMH
KOTjIa. Y crarTi po3nITHYTO came HeNiHiiHy MOojenb
CTIAJTIOBAHHS TTAJIMBA. YBWKAETHCH, IO KOe(iIlieHT
0L € CTIUM JUIsl JITHIHHOT MOJIeNi, poTe Yepe3 3MiHy
CKJIa 1y MaJIMBa Ta JUMOBHUX T'a3iB 1el KoeillieHT Oyie
po3paxoBanuii. Harre HOBOBBENICHHSI MOJISITAE y TOMY,
mo xoediuient V,Ta o (1) Oyme po3paxoBaHO y Hpo-
1ieci poboTi 00’ ekTa, 3aB/SIKK YOMY OTPUMaHO rpadiku
KOHIIEHTpalii CKIaJ0BUX YaCTWH Yy IUMOBHX Ta3ax
(puc. 4). Mu J1ocimipKyeMo TIOBE/IHKY JIHIHHOT 1 Hei-
HIMHOT MOJIEN JIJIsl OJIHAKOBUX BUTPAT, MEPEXiIHI MPO-
IECH SIKUX 300pakeHi Ha puc. S i puc. 6.
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Komnu koren po3paxoBaHO Ha OJWH BHUJ TANWBa
1 TIpaItoe B OTHOMY pEeXHMi, TO MOTpeda y cucremi
pETyIIOBaHHS MaiiKe 3HUKA€e (4epe3 MPOCTOTy pery-
JMoBaHHS poOotu korna). [lim wac 3MmiHM CcKiagy
najiuBa Ta CKJIajJy JUMOBHUX I'a3lB BUHMKAIOTH MEBHI
npoOJieMH y BHIVISIAI 3MEHIICHHS €(QEKTUBHOCTI
BUPOOJICHHST eHeprii, 3O0IIBINCHHS CIOXUBAHHS
MMaJiuBa, HEMPABIWIIBHOTO PO3TOAUICHHS MiJK KOTJIaMHU
JUI TIOTPIOHOTO HABAHTAXEHHS Ta HAJIAIITYBAHHS
JUHAMIYHUX Ta CTAaTHYHHX XapaKTEPHCTUK KOTIY,
Yepes 110 3MEHIIYEThCS TOKA3HUK KK]I.

Came TOMy BBEJICHO HEIHIMHHNA 00 €KT JIHIAHOT
MOJIEITi CTIATFOBAaHHS HECepPTHU(]IKOBAHOTO TAMBA, IO
ITOKa3aHO Ha pHc. 2. 3’ICOBAaHO BXIMHUHA CKiam Oio-
razy Ta Horo croiy4eHb 32 YMOB Pi3HOTO KoedilieHTa
30UTKy MOBITPs 0. Y Tabnuii 1 mpencTasieHo OTpuMaHi
CIIONTyYeHHSI 32 yMOB ckiany Oiorasy (CH, -55%;
CO,-40%;H,S -3%;CO-1%;H, -1%).

VY cucremi 3acTtocoByBaJiacs CXeMa HeIOIary
o>0 ta mepemanmy 0<0 mamuBa, IO 300paXKCHO Ha
puc. 3, e o — KoedillieHT HaUTUIIKY ToBITpst. MoXKHa
YITKO MPOCTEKUTH, 110 Y Pa3i HeIOoMany MajiuBa Cro-
Jy4eHb HEMae, a 32 yMOB Iepenaiy rnaiaiBa 3MicToBa
KOHIIGHTpallisi BOAHIO Ta YaJHOTO Ta3zy 3HUKAE, IIO
CBITYMTH TIPO MPABUIIbHI PO3PAXYHKH [UX CHIONYYEHb.

Jist MOPIBHSIHHS IIMX MOJIEJICH 3/[IHCHEHO CUHTE3
ix ACP, sixuit 300pakeHuit Ha puc. 2.

ne zadanie — 3aBIaHHS PETYIISATOPY;

IPO1, IPO2 — ymict kucHto, %;

S-dP1, S-dP2 — BnactuBOCTI 00’€KTa 3a KaHAJIOM
«X1J] pETyIIOBAIBHOTO OpPraHy — BUTpaTa MOBITPS;

V, — TeopeTM4yHO HEOOXiJHWH 00’€M KHCHIO,
M/

V, — KinbKicTh manusa, M’/c;

V, — cTexioMeTpHYHa BUTpara MoBitps, m° / M’ ;

Air Flow — BuTpara KucHto, m° / m*;

Object_nonlin — niHiHKT 00’ €KT;

Object _lin — niHifHUIA 00’ €KT.

[I{o6 3’sicyBaTH, SIK 3MIHIOETHCS CKJIaJ] TUMOBHX
raziB Ha BUXO.Hi, OyJIO 301IBIIICHO BUTPATY ITaJINBa
Ta 3MiHeHO #oro ckian. Ha rpadikax mepeximHux
MPOIIECiB TIOKa3aHO, M0 y pa3i HEeBEIHKUX 30y-
peHb HeTiHifiHa MOJeNb Mpalloe Maike Tak, K i
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Puc. 2. Cunre3 ainiiinoi ACP (3Hu3y) Ta HeqiHiliHOI (3BepXy) Mo/eTi crial0BaHHs ra30noaidHOro najanusa

Tabmuns 1
BigcoTkoBi cmosryuenHs y 6iora3si 3aj1e:xHo Big o
o 0,8 0,84 0,88 0,92 0,96 1 1,04 1,08 1,12 1,16 1,2
R., | 0,0328 | 0,0256 | 0,0176 | 0,0085 | 0,0021 0 0 0 0 0 0
R, 0,0311 | 0,0201 | 0,011 | 0,004 | 0,0006 0 0 0 0 0 0
R, 0 0 0 0 0 0 0,0068 | 0,0132 | 0,0192 | 0,0248 | 0,0301
2
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Puc. 3. 3anexxkHicTh KHCHIO, BOAHIO TA YaJHOT0 ra3y
Bi KoedinienTa o
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Puc. 5. llopiBHsiHHA po6oTH HediHiliHOT (SUMS)
Ta JIiHiliHOT (Sum6) cucrem 3a yMOB I'IMOOKHUX 30ypeHb
(1 M*/r Bix HOMiHAIIy) BUTPATH NAJUBA
H OJHAKOBOI0 CKJIA1y NaJIUBa

niniiiHa (puc. 4), mpore sKIO 30ypeHHs Oinblie
3aIlUTaHOBaHUX (BUTpara maiumBa, puc. 5) abo 30y-
pEeHHS HE € 3aITaHOBaHUMU (3MiHA CKIIay TalnBa,
puc. 6), BHXITHUMH CKJIaJIOM ManuBa OyB Oio-
raz i3 takum ckaagom: (CH,-55%;CO, -40%;
H,S-3%;CO0-1%; H,-1%), micna  3MiHK
ckmany - (CH,-36%;CO0,-50%; H,S -8%;,
CO-3%;H,-3%), T0 MOXHa TOOAYUTH, IO
JiHIHA cHCcTeMa 3pasy 3MIMCHIOE peryaroBaTbHUN
BIUTMB Ha KOHIEHTPAIlil0 KWCHIO, Ha BiAMIHY BiX
HENiHIHHOI, SIKa O4iKy€ 3MiHYy KOHIEHTpaLii KUCHIO
Ha BUX0Jii KotTia jiis i€l ACP, Tomy JiHiliHA MOJIEIb
MOTaHO BIIOPIOETHCS 3 HUMHU.

BucnoBkn. Otmxe, B LbOMY pasi 3a JOMOMO-
TOI0 BHKOPHCTAHHS TPHKJIAIHOTO Iakera Mathlab
Simulink moGynoBano cunte3 niHiitHOT ACP i3 miHiii-
HUM Ta HeNiHIHUM 006’ekramu. OTpUMaHO HOBY
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Puc. 4. [lopiBusinHsA po6oTH HemiHiliHOY (SumS)
Ta JiHiiiHol (Sume6) cucrem 3a yMOB MajIux 30ypeHb
(0,1 M*/r Bim HOMiHAJy) BUTPATH NaJHBa
i 0IHAKOBOTO CKJIAJy NMAJIHBA
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Puc. 6. ITopiBHsIHHSI po0oTH HediHiliHOT (SumS)
Ta JiHiliHoi (Sum8) cucrem 3a yMOB 0IHAKOBOI
BUTPATH NMAJTHBA Ta Pi3HOIO CKJIaay

MaTeMaTHYHy MOJICNIb MICJIsS BBEACHHS HEJIIHIHHOTO
00’€KTa, sIKa BPaxoBy€e 3MiHH KOe(iIli€HTa HAITHIIKY
MOBITPS (01) 3aJIEKHO BiJl CKIIaTy TAIMBA Ta TUMOBHX
rasiB, a He TUIbKH 3MiHUA HOTO BUTPATH.

[Ticast cTBOpeHHS HENiHIHHOT MOZEI MPOBEIACHO
Bepudikamito poOOTH 1i€i cucTeMH 3 IiHIHHOIO
MOJICJIIIO Y pa3i 3MiHM BUTPATH MaJIMBa 3 MAJIMMHU Ta
BEJIMKUMU 30yPCHHSMH.

A TakKoXK MPOaHaIi30BaHO, 3BAYKAIOUM HA KOHIICH-
TpaIlif0 KUCHIO Ta MEHINE BiIXWJICHHS Bif Peryibo-
BaHOI BEJIMYMHHU HENIHIHHOI Mozaeni (MOpiBHAHO 3
JIHIAHOO ITi]] Yac 3MiHU CKJIaJly TaJIMBa), K IITaTHA
cucTeMa pearye Ha 1€ (IOpIBHSHO 3 HEJiHINHOIO).
OTOX, MOIIBHO BUKOPUCTOBYBAaTH caMe HEJHIHHY
Mojienb. Ha OCHOBI IbOTO YMOBHBOAY Oyae CUHTE-
30BaHO HOBHI PETYJATOP IS IMOJAIBIIOTO JIOCIHI-
JUKEHHS LI€T TEMHU.
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Sert I.V., Beglov K.V. MODEL OF COMBUSTION OF NATURAL GAS COMPOSITION
OF NATURAL GAS IN A BOILER

Automation is an integral part of modern society. As we live in an age of informatization and large volumes
of production in enterprises, there is a need to reduce the working time of production in order to increase the
benefits of the enterprise.

There are many different ways to improve the quality of work, from staff training, to the purchase of the
latest equipment and the development of solutions that are identified during production. Although there are
already many technical solutions to solve production problems, new problems arise every day, for which new
methods of solving them should be developed. Electricity generation has an important link in the production of
society's needs, due to its widespread need.

And no matter how many methods there are to solve the problems that exist in the heat industry, it is
important today to identify and timely adjust the system when changing the fuel input, due to the transition of
boilers to their new types, so the work is dedicated to this clarification.

As a result of calculations, the initial data for creation of transfer functions were received, by means
of them ACS (automatic control system) was constructed, indicators of acceleration curves were removed
and balancing and correcting regulators, and also linear and nonlinear objects of systems were adjusted.
Subsequently, a synthesis of these models was performed to compare their performance and efficiency.

An analysis of the transients of these models was performed to determine the effectiveness of adding a
nonlinear model of gaseous fuel combustion to determine the fuel composition. As a result of modeling these
models, it was clear that with small deviations from the nominal value of fuel consumption and its composition,
both systems work almost equally.

It was found that due to large changes in fuel consumption (about 50% of the nominal value) and / or
changes in its composition, the standard control system does not provide the required quality of transients.

Key words: nonlinear model, flue gas concentration, boiler, flue gas compositions, fuel composition.
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