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OpechKuil HalliOHATBHUI MO TEXHIYHUI YHIBEPCUTET

ABTOMATHYHA CUCTEMA PEI'YJIIOBAHHS
PEKYIIEPATUBHOI'O HAI'PIBHOI'O KOJIOAA34

lpoBesera getansHa poboTa 10 BUBHEHHIO B/IACTUBOCTEN TAKOro 06 €KTAa SK DEKYIEPATUBHMI HArpiBHWI KO04S3b. By
BUSIB/IEHI OCHOBHI aCrieKTv po6oTv JaHoi yCTaHOBKM Ta BY/10 YiTKO PO3i6paHO MaTeMaTuyHy MOAEb, A1 SKOI TaKOX By 3HavgeHi
HanawrtysarHHs 414 [MI-perynaropa. faHa pobora 6y/ia rpoBELEHA TaK K CaM O6EKT IMPEACTaB/ISe CObO CKIaAHY CUCTEMY SKa
10TPEBYE biyiblLl AETA/IbHOrO BUBYEHHS. By/in BUBYEHI 3arasibHi Qi3uyHi B/IACTUBOCTI SIKI BUKOPUCTOBYIOTHCS 4/1S POOOTY YCTaHOBKM,
a TaKoX poBefeHa AEeTasbHO poboTa o po3pobLii MaTEMaTUYHOI MOAE/I Ta 3aCTOCYBaHHI il f/19 3HAXOMKEHHS OMTUMA/IbHUX
LUIXIB KEPYBAHHS PEKYINEPATUBHUM HarpiBHUM KO/MOAS3€EM. [IpEACTaB/ieHa 3arasbHa MOAESb SKa AOMOMOXE 3pO3yMiTH, SKI
KEPYIoYl BrimBU MOXJ/IMBI HA [aHIU YCTaHOBLI Ta SK Ui BI/IMBU HE HEC/IM 3a COBOK 1o4iM, SKi 6 MO/ CripuynHUTY aBapiro.
AetanbHo JOCTMKEHO MATEMAaTUYHY MOAE/TL, @ TAKOX IMPOBEAEHA BE/MKa poboTa 1o getani3auii 4aHoi MOJest, BKIIOYEH BCI
MOXIINBI paKkTopu. Bci MOXI/MBI KEpyroYl BrimBu T1a 30ypeHHS BIAOOPAaXeHi B AaHiMi poboTi 4715 Giibll AETA/IbHOMO BUBYEHHS
06°€kTa. bysm BugineHi OCHOBHI acriekTv, SKux MoTpibHO AOTPUMYBATUCL 1IpU PO3PO6LI Ta 3aCTOCYBaHHI aBTOMatuyHoi cuctemm
KEpYyBaHHS. [JeTasbHO BUBYEHO MareMartnqHy MOAE/b, BCI HEOOXIAHI napameTpu A/1s1 NobyA0BU MAaTEMATUYHOI MOZEN. [lapameTpm
/19 [106Y40BU MaTeMaT4YHoI MOAENI By/m BIJOOPAXEHI B NapaMeTPUYHIN CXEMI KA | /Ir71a 3@ OCHOBY CTBOPEHHSI MaTEMaTUYHOI
MOZesni A1 PEKYNEPATUBHOIO HArpPiBHOrO Kos104534. by po3r/isiHyTi OCHOBI acriektu rpu roby[oBi aBTOMaTUYHOI cucTemm
KEPYBAHHS Ta BUBEAEHI OCHOBHI rpasm/ia, 3a SKUMU MOXIIMBO By/i0 6 pO3po6uTH CTIIKY CUCTEMY KEDYBAHHS. TaKoX pO3r/IsHyTI
BuaM pPerysiaTopis, SKi came [ MOX/MBO 3aCTOCOBYBAaTH Ha 06 €KTax AaHOro Turly Ta BUBEAEHI OCHOBHI HEAO/IIKYM 3aCTOCYBaHHS Ha
J3HIVI aBTOMATUYHIN CUCTEMI KEPYBAHHS IHLUNX PEry/IATOPIB. HOCTMKEHNI K CaM OB'EKT Tak | 3aCTOCYBAaHHA Ha [AHOMy 06 €KTi
HEOOXIHNX CUCTEM PEry/ItOBaHHS SKI JOMOMOXYTb OlfIbLL SKICHO BUKOHYBAaTU HEOOXIAHI rpoLec.

KI1t040Bi C10Ba.: PEKYNEPaTUBHMY KOJIOAA3b, HArpIBasIbHMV KOJI0A53b, MAaTEMATUYHE MOAESTb, PEKYIEPATOP, HArpIBaHHS.
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AUTOMATIC SYSTEM OF REGULATION OF A RECUPERATIVE HEATING WELL

Detailed work has been done to study the properties of such an object as a recuperative heating well. The main aspects
of the operation of this installation were identified and the mathematical model was clearly analyzed, for which settings for the PI
controller were also found. This work was carried out because the object itself is a complex system that requires more detailed
study. The general physical properties used for the operation of the installation were studied, as well as detailed work on the
development of a mathematical model and its application to find optimal ways to control a recuperative heating well. A general
model is presented to help understand what control effects are possible on a given installation and how these effects did not lead to
events that could cause an accident, The mathematical model is investigated in detail, and also the big work on detailing of this
model is carried out, all possible factors are included. All possible control effects and perturbations are reflected in this paper for a
more detailed study of the object. A more detailed study of both the object and the mathematical model will allow to reveal more
the properties of the installation and will not miss a single detail that could interfere with the process of detailed analysis of the
installation. This work is aimed at revealing the basic essence of the installation, its physical properties and properties as an object
of control. Since the installation itself is generally a difficult system that requires detailed study. That is why the recuperative
heating well was studied in detail and disassembled into the main parts, which were used to make a detailed mathematical mode/
that includes all the necessary characteristics that will solve problems related to automatic control. An automatic control system was
built, which would have the greatest impact on the perturbations that would come to the object. Thus, we have the following in
general: we have a mathematical model that can be used for a more detailed study of the control properties of this installation. Also
available is a researched certain control model which is used in this work and demonstrated.

Keywords: recuperative well, heating well, mathematical mode|, recuperator, heating.

IMMocranoBka npod.iemu. [IpoGiiema nossrae y Tomy, [0 JaHa YCTAHOBKA SIBJISIE COOOI0 CKIIAIHY CHCTEMY,
sika IOTPeOye JeTaIbHOIO BUBUCHHS. | TIIbKU TAKMM YHHOM, MIiCJISl TOTO SIK PEKYIEPAaTUBHUN HATPIBHUI KOJIOASA3b
Oyzae netanbHO po3iOpaHWii HA AeTali, BXKE MOXKHA OMMCYBAaTH JAaHWH 00 €KT y BHIIIALI MaTeMAaTHYHOI MOJEIi Ta
BTLJICHHS I1i€1 MOJIENI B IporpamMHe cepeaoBuie. Lle Bike T03BOTUTh BUBYUTH OUTBII JeTaNBHO 00’ €KT. | came Tomy,
Bcs po0OTa HampapjieHa Ha Te, MO0 IICHsA JCTATbHOTO BHBYCHHS 3arajbHHUX BJIACTUBOCTCH, PEKyMEpaTHBHHIMA
HATpiBHUHA KOJOIM3b OyB PO3IIIHYTHH K 00 €KT KepyBaHHS. | Tak sk Oyno cKa3aHO, IO pPEeKyIepaTUBHUI
HATPIBHUHA KOJOMAS3b SIBIsE COOOK CKIAmHUM 00’€KT, caMe 3HAXOJDKCHHS OCHOBHUX TOKAa3HHKIB CTaOLIBHOCTI
KepyBaHHS 1acTh HaM OCHOBHHUI pe3ysbTaT SKHUH IOMOMOXKE OLbIlle 3HATH MPO JaHy YCTAaHOBKY SIK MPO 00’ €KT
KepyBaHHSI.

AHaJi3 ocTaHHIX T0CTiMKeHb i mybikaniid. AHami3 ocTaHHIX MyONiKaIid MOKa3aB, IO caM 00 €KT BiKE
OUThII JeTanbHO BUBYEHHM. Ilepmr 3a Bce HaeThes mpo (i3WUHI MPOIECH SIKI MPOXOAATH B PEKYINEPaTHBHOMY
HArpiBHOMY KOJIOJISI31 Ta MPO MPHHIMIT POOOTH CaMOi YCTAHOBKU. AJie 3 TOUKH 30py KePYyBaHHS JaHUM 00’ €KTOM,
BIIAJIOCH 3HAWUTH HE Tak OaraTo iH(opMarrii.
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BinmbImicTs [pKepen BXKe 3acTapiid, TOMY HaHi 3HaHHS MOTPEOYIOTh OHOBJICHHS. B 3arajom OLIBLIICTH
JDKEPEIT OMHUCY€ OLIBII-MEHIII ICTaJIbHO CaMy YCTaHOBKY, aJle 3 TOUKU 30py KepPyBaHHS JaHUM 00’ €KTOM IIPEICTABICHO 1
He Tak Oararo JiTeparypu ska O IOmoMoryia 3po3yMIiTH BCi acClieKTH B KepyBaHHI yCTaHOBKOI. Byin BHBYeHi
myOmikamii HacTymHEX aBTOpiB: CynpHHUKOB, 3aifueHko, CBITIMYHUI Ta iH.

IMocranoBka 3aBaaHHs. Po3poOuTH aBTOMAaTHYHY CHUCTEMY DEryJIIOBaHHS PEKyNEepaTHBHOIO HAarpiBHOTO
KOJIOJISI351.

Buxnan ocHoBHOro marepiaiy. Criepury Tpeba HOSICHHUTH, 11O SIBJISIE€ COOOI0 PEeKyIIepaTHBHUM HArpiBHUH
KOJIOJISI3b.

3MMBKHM METaly, OTpUMaHi 3 BHJIMBHHUIb, TIEPE]] MPOKATKOIO iX Ha OMOMIHTY abo CII0iHT'Yy HArpiBaloTh y
HArpiBaIBHUX KOJOJI3siX. HarpiBanbHi KOJOsS31 — 1€ OCHOBHUM THI HArpiBajJbHUX MPUCTPOIB, IO
BCTaHOBJIOIOThCA TIepel OOTHCKHHMHU cTaHaMu (ONrOMiHTaMH 1 Cis0iHTamM#), Ha SIKHMX 3a3BHYAil IPOKOYYIOTh
37IMBKH Barolo He MeHII 2—3 T i ToBumHO0 350—400 MM 1 Oinbire. Po3noBciomkeHi Koos131 pisHUX KOHCTPYKIIH,
IO TIPAMIOIOTh 3 PErCHEePATUBHUM INPHHIUIIOM MiAIrpiBy ra3y Ta MOBITPsS abo 3 peKylnepaTHBHUM INPHHIIAIIOM
MiTIrpiBy MOBITPSL.

HarpiBanbHi KOJNOZIsA31 ONANIOIOTH JJOMEHHUM (pereHeparyBHi) abo 3MmiliaHi (pereHepaTiBHi, peKyrnepaTHBHi)
rasoM, 3 TEILIOTOX 3ropsHHs 10 8,4-10,0 MJIx/M?. KpiM Toro, y cyMmillli BUKOPUCTOBYIOTh 1 NPMPOIHHIL Ias.
KasopiiiHicTs ra3y i peKylnepaTiBHUX KOJOMAS3IB BHUINE, HIK ISl pereHepaTHBHUX. 3MIIIaHUHN a3 IS KOJIOIS31B
HAJXOIWTH 31 CIEMiaTbHAX Ta303MIITyrounx cTaHiiil. Komozassi Ha gesknux 3aBoJax OMaoI0Th Ma3yTOM.

Ha puc. 1 mokazana cxema KOMipKH PEKyII€paTHBHOTO KOJIOASA3S 3 HaJbHUKOM B IEHTPI MOJUHH.
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Puc. 1. PekynepaTuBHMii K0JI0AA3b:
1 — majpHUK; 2 — KepaMidHUH peKyHepaTop; 3 — MiABEICHHS XOJIOAHOTO MOBITPs; 4 — KaHaJ IS MiIBEACHHS rapsyoro moBiTps; 5 —
KaHaJdu IS BiBOAY IMMY; 6 —31IMTKM; 7 — IUIAKOBA yaila; 8 — JUMOBI KaHalnW I BiABeAEHHs "cBoro" mumy; 9 — IMMOBI KaHamM Uit
BiJIBEJICHHS ""TPAaH3UTHOTO" JIUMY CYCiJIHBOT KOMIpKH

OCHOBHI BHXIiJIHI BEJIMYMHH, IO XapaKTEPU3YIOTh TEIUIOBHI PEKUM POOOTH HArpiBalbHOTO KOJOMS3S:
TeMIieparypa B poO04oMy HPOCTOPI KOJIOJS3S, SKOHOMIYHICTh CIATIOBAHHS MalWBa, THCK B poO0YOMY HPOCTOPi
KOJIOZs351.

OCHOBHUMH BXiJHHMH, KEPYIOUMMH BIUTMBAMH IPH HArpiBaHHI €: 3MiHA TEIUIOBOTO HAaBaHTAXCHHS
(BUTpaTa najauBa) i CHiBBIHOIIEHHS MK BUTpaTaMH MaJIMBa 1 MOBITPSI; 3MiHA TATH ANMOBOI TpyOH (abo 1ruMococa).

Tenep micis Toro, K Bxke OyB ONMMCaHUI caM 00’ €KT, TO MepereMo 10 po3pOoOKH MaTeMaTHIHOl Mojer. B
SIKOCTI 00'€KTa yMpaBIiHHS PO3MIISAAIOTHCS KOHTYPH PETYIIOBaHHS TEMIIEPAaTYpH AWMOBHUX ras3iB, €KOHOMIYHOCTI

MIPOLIECY TOPIHHS 1 PO3PIIKEHHS B KOMIpIII pEeKyIIepaTHBHOTO HarpiBHoro konos3s. [lapamerpuyuna cxema o0'ekra
HaBeJleHa Ha puc. 2.
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Puc. 2. [TapameTpuyHa cxemMa 00’€KTa ynpaBJIiHHS

OcHOBHUM 30ypIOIOYMM BIUIMBOM € TI0CaJ, METAJEBUX B3JIUTKIB. [l MiATpUMAaHHS TeMIIepaTypu
BCEpEICHEHI HEOOXiqHO 3MiHIOBaTH BUTpaTy namuBa Qp. [l 3a0e3medeHHs 3a7aHOl KOHICHTpAIii KUCHIO B
mMoBHUX Ta3ax Co MATPUMYIOTE HEOOXIIHY BUTpATy HOBITPSI, IO e HA TOpiHHS QL.

KonmBaHHS BUTpaT ManuBa i MOBITPs IPU3BOJATH 10 3MiH PO3pipKeHHs B Tonui Pr. 3aganuii po3pimKeHHs
MiATPUMYIOTH 3 IOTIOMOTOI0 3MiHM BUTPATH AUMOBHX ra3iB Qr.

MarematiuHa MOZENbh 00'€KTa pPO3IIISIAETBCS OKPEMO JUIl KOXHOTO PEryJibOBaHOTO IapaMmerpa.
MaremaTiyHa MOJIeJb y BUTJISIII MaTPHIII TiepeJaBaibHUX (YHKIIH IpencTaBieHa B Taomumi 1.

Tabmuns 1
MaTtpuus nepegaBaabHux pyHKIid 06’€kTa
ul, % u2, % ras
Y1 1 g—B_rJ
1050+20°c | 3p+1

v 006 ___ 00
54-0.5 22p+1° 58p+1°
mm H,O

B Tabmumi 1, yl, y2 — kepyroui 3mMiHHI (BUMipn), ul,u2 — Kepyroui BIUIMBH, Yac B CEKyH/ax.
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Puc. 3. [IppHIunoBa cxeMa peKynepaTHBHOTO KOJIOASA3S
Jhxepero: po3pobka aBTopa

Ha puc. 4 HaBesieHa CTPYKTYPHA CXeMa MOJIETl PEeKyNnepaTHBHOrO KOJIOII3sL.
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Puc. 4. CTpykTypHa cxemMa Mo/eJli peKynepaTuBHOI0 KOJI0AsI35

y1i

|

Temnepatypa

O0’€eKT, SIKUI aBTOMATU3YETHCS, SIBIIETHCA CKIATHOIO ITUHAMIYHOIO CHCTEMOIO, IO MAa€ JBi BEIHIHWHU,

IIO PEryJOKThCS,

il 1Ba BIUIMBYU KEPyBaHHSI.

3araibHOIO OCOONHMBICTIO BCIX POTIITHYTHX KaHANTIB SIBISIEThCSA HAsIBHICTh Yacy 3alli3HCHHS T.
B 3arajgpHOMY BHIJISiII AWMHAMIYHI BJIACTHBOCTI 00’ €KTa OMUCaHI IepeaTHO0 (YHKIIEI0 1HepLUiHHOT JIaHKK
1-ro mopsIKy i3 3aITi3HEHHSM:

W(p) =

Tp+1 ©

—1p

B pesymnpraTi MH OTPEMYEMO CYKYIHICTH IMIJCHCTEM, IO MAlOTh TUTBKWA OJWH BXix i ogwH BuXix. s
00’€eIHaHHS OTPUMAaHUX IIJICUCTEM B OJIHY 3arajbHy CHCTEMY MOXKHa BUKOPUCTATH OJIOK-CXEMY, 3aMiHHMB NepelaTHi
GYHKIIT CTPYKTYpHUMH CXeMaMH B BUIIAII 3MIHHHUX cTaHy. Po3BepHyTa cxeMa CHCTEMH 3 YpaxyBaHHSM
3aITi3HEeHHs MpejicTaBlIeHa Ha puc. 5.

Puc. 5. CTpykTypHa cxema Mojeli 00’ ekTa aBTOMaTH3anil
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OTpuMaBIIM MaTeMaTUYHy MOJENb 1 JOCHIAMBINM, sIKi BXiJHI MapaMeTpd MU KOHTPOIIOEMO, MOXHA
MEepeiTH 70 MOJCIIOBAHHS CaMUX MPOIECIB Ha JaHii YCTAaHOBI, SIKIi B MaiOyTHbOMY JOMOMOXYTh 3HANTH
HEOOXIJHI MapaMeTpH AJIsl PEryIsaTOpiB.

B pe3ynpraTi BUMIUIM HACTYIIHI PO3TiHHI XapaKTEPUCTHKH, SIKi 300pakeHi Ha pHc. 6—8.

Razgon w2, %

1.2 :

yl,.C
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0 100
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Puc. 6. Po3rinHi XapaKTepuCTHKH CUCTeMH NP 30ypeHHI BUTPATOIO rasy
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Puc. 7. Po3riHHi XapaKTepuCTUKU CHCTEMHU NPH 30ypeHHi BUTPATOI0 TMMOBHUX rasis

[IpoanamnizyBaB mepexigHi MpoLIecH MOXHA 3pOOUTH BHCHOBOK, IO 3HAYCHHS PETyJIbOBaHUX IapaMeTpiB
He nepeOuUIbInyoTh JonycTuMux. IlepeTBopeHHst Mozelni peryisropa y ¢opmy, o BigmoBigae i peamizauii y
MIPOrpaMHOMY 3a0€3IeUCHHI.

B pe3ynbrari BUKOHaHHSI IPOrpaMHOro Koy OyayTh OTpUMaHi MepexiJiHi MpoIecH 3MiHN Ipu 30ypeHHSX,
SIKi IOCTYTAIOTh Ha KOXKEH 13 KaHaJIiB PEryJIIOBaHHs Ta EPEXi/iHI TPOLIECH Ha BUXO/II CUCTEMH.
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Puc. 9. [lepexinHi npouecu 3aMKHYTOI cucTeMu:
1 — Bigxunenus Temnepartypy, C; 2 — BiTXUICHHS TUCKY

BucHoBkH. Y cTaTTi pO3INISSHYTHH pEKyNepaTHBHUI HarpiBHMH Koyonsa3b. Tak SIK [ yCTAaHOBKa €
CKJIaJIHUM 00’€KTOM, TOMY OYJM IOBHICTIO PO3MJISSHYTI il BJIACTMBOCTI Ta BiZOOpa)KEHHsS IHUX BIACTUBOCTEH Y
MaTeMAaTUYHIA MOJIEI, sKa IMOBHICTIO OMHCYe HEOOXIiIOHI IapameTpu 00’€KTa, 1 SKi BimoOpakeHi B Hiid poOOTI.
Takox, 3aBIsKH pO3pOOJICHI MaTeMaTW4Hil MoOjeli Ta 3a JOIOMOIOK IPOrpaMHOro 3abe3rNedyeHHs, 3HaWIeHi
HEOOXiHI mapaMeTpH IS PeryJsaTopa peKyIepaTHBHOIO HATPIBHOTO KOMOAs3s. Po3risHyTa OBl HOBa MOIETHh

Ii€1 YCTAaHOBKY, SKa IO3BOJUTH B Mail0yTHEOMY Kpallle ii BUBYATH Ta 3HAXOJUTH HOBI METOHM y MPOIIECi KePYBaHHS
UM 00’ EKTOM.
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