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ABTOMATHUYHA CUCTEMA PEI'VIIOBAHHA
PEKVIIEPATUBHOI'O HATPIBHOI'O KOJIOAA34d

Amnorauis. I[IpoBenena merasibHa poboTa 110 BUBUEHHIO BJIACTUBOCTEN TAKOTO 00 €KTA SIK PEeKyIlepaTUBHUN Ha-
TPIBHUM KOJIONA3b. ByJin BUABJIEH] OCHOBHI ACIIEKTH POOOTH JAHOI yCTAHOBKU Ta OyJIO0 YITKO po3ibpaHOo Ma-
TeMaTHUYHY MOMIEJIb, JIJId SIKOI Tako:K OyJim 3Haimeni HasamryBauus ayd [II-perymaaropa. Jlama pobora Gymna
IpoOBeJleHa TaK SK caM 00 €KT IIpeCcTaBJIsie CO000 CKJIAIHY CUCTEMY SIKa HOTPedye OLIbII JeTaIbHOTO BUBUEHHS.
Bysn BuBueH1 3arasbHl (pi3WUH] BJIACTUBOCT] SIK1I BUKOPUCTOBYIOTHCS JIJISI POOOTH YCTAHOBKHU, & TAKOMK IIPOBE-
[leHa [JeTaIbHO poboTa 1o po3podITi MaTeMATHYHOI MOJIEJIl Ta 3aCTOCYBAHHI 11 JJIA 3HAXOIYKEHHS OIITUMAJIbHUX
IUIAXIB KepPYBaHHS PeKyllepaTUBHUM HarpiBHUM KosonsseM. [Ipencrasiena sarajabHa MOIeJb SKa JOIOMOKE
3PO3yMITH, SIK1 KepyIoUl BILIMBY MOYKJIMBI HA JTAHINA YCTAHOBIN TA SK 11l BIUIMBYU He HECJIU 3a o000 O, sTKl O
MOIJIN CIIPUYUHUTU aBapiro. JleTaabHo DoCiIimsKeHo MaTeMaTUYHy MOJENIb, 4 TAKOMK IIPOBEIeHa BeJIMKa podora
0 JeTasria3alri TaHol MOesIl, BRIIIOUEeH] Bel MoskInBl paxropu. Bel MoskiInBl Kepyiodl BILIUBY Ta 30ypeHHs Bigo-
OpasxeHl B JaHIA poOOTI I O1JIBII JeTaJILHOTO0 BUBYEHHS 00 €KTY.

KirouoBi ciioBa: pexynepaTUBHUN KOJIO/S3b, HATPIBAJIBHUHN KOJIOIs13b, MATEMATUYHA MOJIEJIh, PEKYIIepaTop,
HATpIBAHHS.
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AUTOMATIC SYSTEM OF REGULATION OF A RECUPERATIVE HEATING WELL

Summary. 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 mathemat-
ical 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
1s 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 model 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 model, recuperator, heating.

HOCTaHOBRa npobaemu. [Ipobiiema mosis-
rae y Tomy, IO JaHa YCTAHOBKA SBJISE CO-
0010 CKJIAJHY CHUCTEMY, sSIKa IT0Tpebye JeTasbHOTOo
BUBYEHHS. | TIIbKM TAKMM YWHOM, IIICJIS TOIO AK
pPeKyIepaTUBHUM HATPIBHUM KOJOOA3L Oyme Je-
TaJbHO PO3IOpaHUi Ha JeTasl, BiKe MOKHA OIUCY-
BATU JAHUHI 00’ €KT Yy BUTJIAAl MAaTeMATHYHOL MOIEJIl
Ta BTLIEHHS I[lel MOIeJl B IIPOrpaMHE CepeIoBH-
me. Ile Bsxe J03BOJUTH BUBYMTU OLIBII JIETAJILHO
o0’exkr. I came Tomy, Bcsa pobora HalpaBIeHa Ha
Te, 100U ITCJIA JEeTAJLHOI0 BUBUYEHHS 3arajbHUX
BJIACTHBOCTEM, PEKYIEPATUBHUNA HATPIBHUIU KOJIO-
5135 OYB PO3IVISHYTHUH AK 00 €KT KepyBaHHA. I Tak
SK OyJI0O CKa3aHo, 10 PeKylIepaTHBHUIN HATPIBHUMA
KOJIOIA3E ABJIAE CO00I0 CKRJIATHUI 00 €KT, caMe 3Ha-
XOIKEeHHS OCHOBHUX IIOKA3HUKIB CTA0LIBHOCTI Ke-

pPyBaHHS JacTh HAM OCHOBHUH pe3yJIbTAT KU J10-
oMoske OLJIBbINe 3HATHU PO JAaHY YCTAHOBKY SK IIPO
00’€KT KepyBaHHsI.

Amnaunis ocranHix gociigykeHnb 1 myOaikarin.
Anania ocramHix myOJsikaniii mokasas, IO cam
00’eKT Bike OLIBII meTasibHO BuBYeHni. [lepim 3a
Bce Herbess mpo (PI3WYHI IIPOIECH SIK1 TMPOXOIATH
B PEKYyIIepaTHBHOMY HATPIBHOMY KOJIOISA31 TA IIPO
TPUHITAT POOOTH caMol yCTAHOBKU. AJe 3 TOYKHU
30py KepyBaHHS JaHUM 00 €KTOM, BJIAJIOCH 3HANTU
He Tak baraTo 1H(popmarrii.

I GlnbimicTs IsKepest Bike 3acTapliiu, TOMY IaHl
3HAHHS MMOTPeOyITH OHOBJIEHHSA. B 3arasom 01Jb-
IITCTD J3KePesT OIHUCYE OLIBIIN-MEHII IeTaATbHO caMy
VCTAHOBKY, ajié 3 TOYKH 30py KEePYBAHHS IaHUM
00’€KTOM IIpeICcTaBJIEHO I He TaK 0ararTo Jireparypu

© Magkcumos M.B., I'ocrimes B.O., 2020

TEXHIYHI HAYKU



TEXHIYHI HAYKH

2 «Moaonuit BueHUt» * No 12 (88) * rpynens, 2020 p.

4300 ﬂ
10
5 .'ér\,) " ';1"1—
gy
‘v’_v_ !gvvv /}<
e 1. il
'z A
- ¥
A TR |
vk q | T2
! 4 7 e
‘ i T
2 . ,/’
T WO | |
I 1 f—1 /;/ ! - 55
gl @ﬂ'{ﬁ% /// I // 7 4% f‘i/
AN s T
"'//"" yd "/ . Ty i A
///j’/'/')

Puc. 1. PexkynepaTuBauii KOJI0gs135

1 — nanvruk; 2 — kepamiuHull pexynepamop, 3 — nidéedeHHs X0a00H020 NOBIMPS, 4 — Kanas 0 ni08edeHHs 2aPA1020 NOBLMPS,

5 — kananu 01 810800y ouMmy, 6 — UMK, 7 — WAAK08a uauia,; 8 —

ons 8idsedernna "mpanaummozo” oumy cycioHboi KOMIPKU
Jlocepeno: [1]

sKa 0 JOIIOMOrJIa 3p03yMITH BCl ACIIEKTH B KepyBaH-
HI YyCTAaHOBKOW. By BuBUeHI ITyOJiKaIlil HACTYI-
uux aBropis: Cynpuukos C., 3aituenko C., CeiTiimy-
guit O. Ta IHIImX.

®opmyroBaHHA 1ijied crarrti. PospobuTu aB-
TOMATHAYHY CHCTEMY PEryJIlBaHHS PEKyIIepaTHBHO-
T'0 HATPIBHOTO KOJIOJISI3S.

Buxkisianx ocHoBHOro marepiasny. Crepiry Tpe-
0a IOSICHUTH, 110 ABJISE CO00I0 PeKyIIePaTUBHUMN Ha-
TPIBHUM KOJIOSA3b.

3uBKH MeTaJly, OTpUMAaHI 3 BUIMBHULB, LI€Pest
IIPOKATKOI IX Ha OroMiHry a00 cas0iHry Harpisa-
0Th Y HATPIBAJILHUX KOJIOAA3sX. HarpiBasbHI KoJIo-
5131 — 1Ie OCHOBHUM THII HATPIBAJILHUX IIPHUCTPOIB,
III0 BCTAHOBJIIOIOTHCS IIepe]] OOTHCKHUMM CTAHAMU
(bmroMuHTAMM 1 CIg0MHTAMM), HA AKAX 3a3BAYAN
IIPOKOYYIOTH 3JIMBKY BAro He MEHII 2-3 T 1 TOBIIH-
HOo10 350-400 MM 1 OLIbIe. Po3moBcromxeH] K0I0131
PI3HUX KOHCTPYKIIH, 10 IIPAILOIOTE 3 PereHepaThB-
HUM IPUHIAIOM IiIrPIBy rady Ta IoBiTps abo 3 pe-
KyIIePaTUBHUM IIPUHITAIOM ITIICPIBY IIOBITPS.

HarpisanpHl KOJIOHs31 OIAJIIOOTH JOMEHHIM
(peremeparuBHi) abo amimanl (pereHepaTHUBHI,
pPeKyIepaTuBHl) rasoM, 3 TEIJIOTOK 3TOPSAHHS 0

Puc. 2. [lapamerpudyna cxema 06’€KTa ynpaBIiHHA

Jicepeno: poapobra aemopa

0uUMO08I KaHALU 015 8i08e0eHHA "c8020" Oumy; 9 — OuMO8l KaHaU

8,4-10,0 MI:x/m3. KpiMm Toro, y cymimr BHKOPHCTO-
BYIOTH 1 IPUPOIHUIMA Traa. Kanopu/IchTb raay JJis pe-
KyIlepaTHBHUX KOJIO/IA31B BUIIE, HIXK [JIS pereHepa-
TUBHHUX. SMIIIAHUNA ras OJIA KOJOASA31B HAIXOIUTh
31 cmeraJibHUX raso3Minryounx cranmi. Kosomgaai
HA JIeSKUX 3aBOJaX OMAJIOITH MAa3yTOM.

Ha puc. 1 mokasaHna cxema KOMIpKH peKyIepa-
THUBHOI'0 KOJIOISA3A 3 HAJIBHUKOM B IIEHTP] IMOIMHA.

OcHOBHI BUXIJHI BEJUYHHH, II0 XapaKTEepPH3Y-
OTh TEILJIOBUM PEsKUM POOOTH HATPIBAIBLHOIO KOJIO-
JISI351: TEMIIepaTypa B po60YOMY IIPOCTOP1 KOJIOMISI3S,
€KOHOMIYHICTD CIIAJIIOBAHHSA IIAJIMBa, TUCK B Po0O-
YOMY IIPOCTOP1 KOJIOISA3S.

OCHOBHMMH BXITHHMHU, KepyHOUMMHU BILIABAMU
[IpY HATPIBAHHI €: 3MiHAa TEIJIOBOI0 HABAHTAMKEHHS
(BuTpaTa majamBa) i CHIBBIIHOIIEHHS MiK BUTPATa-
MU HaJUBa 1 IIOBITPSA; 3MiHa TATH JUMOBOI TPyOM
(abo mumococa).

Temep 1micas Toro, Ak Bike OYB OIIMCAHHUI cam
00’€KT, TO IepeiIeMo 40 PO3POOKH MaTeMATHIHOI MO-
nmemi. B axocri 00'ekTa yIpaBIIIHHS PO3TJISAIAIOTHCA
KOHTYPH PeryJIOBaHHS TEMIEPATYPH IMMOBHUX Ta-
31B, EKOHOMIYHOCT] IIPOIIECY TOPIHHS 1 PO3PIIIKEeHHS
B KOMIPIIl PEeKyIIePaTUBHOIO HATI'PIBHOIO KOJIOLA3S.
ITapamerpuuna cxema o0'eKkTa HaBegeHA HA PUC. 2.

OcHOBHUM 30ypIOIOYNM BILJIMBOM € IIOCAJ, MeTa-
JgeBux 3auTKIB. JJIa maTpuUMaHHS TeMIepaTypu
BCepeIeHeH]l HeoOX1AHO 3MIHIOBATH BUTPATY MHAJIH-
Ba Q. s 3abesmevenHst 3amaHol KOHIEHTpATTi]
KHCHIO B JUMOBHUX ra3ax 002 HiL[TpI/IMyIOTI) HeoOX1/1-
Hy BATPATy MOBITPS, IO #/le Ha TOPIHHA Q.

Konupanusa surpar manusa 1 HOBITPSL IPU3BO-
JATH 10 3MIH pO3plikeHHs B Tommi Pp. Sanannmii
PO3PIIKEHHS IIATPEMYIOTh 3 JOIIOMOT0I0 3MIHU BH-
TPaTH JUMOBHUX Ta3iB Q.

Maremaruuna momelib 00'€kTa pPO3IJISIAEThCA
OKpeMO JIJIsT KOYKHOI'O PeryJIbOBAHOIO IIapaMerpa.
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Jloicepeno: poapobra asmopa
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Puc. 4. CrpykTypHa cxema MOJeJIi peKynepaTUBHOTO KOJIOAA3S

Jloicepeno: [1]

Puc. 5. CrpykrypHa cxema mogei 00’ eKTa aBTOMATU3ALI1

JDicepeno: [3]
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MaremaTtnyHa MOZEIb Yy BUIVISAAl MATPHUIIL Iepea-
TOYHUX (PYHKIIIH IIpefcTaBIeHa B Tabmul 1.

Tabmaumsa 1
Marpuna nepenarodnux PyHKIid 00’ eKTa
u,;, % u,, % ras
yo o #eﬂ
1050+-20 °C 35p+1
5555 00601y 004 2y
mm H,0 22p+1 58p+1

Jlowcepeno: [2]

B rabaui 1, y,, y, — Kepytodui 3aMiHHI (BUMIipH),
u,,U, — KepyIoJl BIUIMBHU, YaC B CEKYH/IaX.

Ha pucyuky 4 HaBemeHa CTPyKTypHA cCXeMa MO-
JIeJIl peKyIIepaTUBHOTO KOJIONA3s.

O0’eKT, IKUIT aBTOMATU3YETHCS, ABJISIETHCA CKIIA -
HOIO IUHAMIYHOIO CHCTEMOIO, III0 MA€ Bl BEJIMYNHU,
1[0 PEryJIIIOTHCS, M IBA BIUIMBU KepPyBAHHI.

Razgon u2.#

Puc. 6. Poarinni xapakrepucTuKu CUCTEMHU
npu 30ypeHHi BUTPATOIO ra3y

Jicepeno: poapobra aemopa

Razgon w2, %
0,045 T T T
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0,035
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0,025
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yZ,mmHZD

0,015

0,01

0,005

-0,005
0

Puc. 8. Posrinni xapakrepucruxku cucremu
npu 30ypeHHi BUTPaToio
IMMOBUX ra3is

Jlowcepenio: poapobrka asmopa

3araybHOI0 0COOJIMBICTIO BCIX PO3TVISHYTHX Ka-
HAJIIB ABJISETHCS HASIBHICTH Yacy 3alTi3HeHH T.

B zaraspHOMY BUMIAM HUHAMIYHI BJIACTHBOCTI
o0’exTa OIHCaHI ITepesaTHOn QYHKITED 1HEePITIHHOI
JIAHKH 1-TO TIOPSTIKY 3 3aITidHEeHHIM:

k
W(p):Tp+1

—p

ce

B pesysbraTi M 0TpEMYyeMO CyKyIHICTB ITificHC-
TeM, IO MAIOTh TUIBKU OJMH BXi[ 1 ofuH Buxix. [l
00'e/HAHHSA OTPUMAHUX IIJCUCTEM B ONHY 3aralbHY
cucTeEMyY MOKHA BUKOPHUCTATH OJIOK-CXEMY, 3aMIHHUB
nepenaTHI QyHKIIT CTPYKTYPHUMHE CXeMaMU B BUTJIA-
7l 3MiHHEX craHy. PosBepHyTa cxema cucreMu 3 ypa-
XyBAHHSIM 3aII3HEHHS IIPEJICTaB/IeHa Ha PUCYHKY 5.

OrpuMaBI MaTeMaTHIHy MOJENb 1 JIOCIIL/HUB-
I, SIK1 BXIJHI IapaMeTpyr MU KOHTPOJIIOEMO, MOJK-
HA TepPedTH 10 MOMJEJIIOBAHHS CAMUX ITPOIECIB HA
JaHIA yCTAHOBIN, SKI B MAl0OyTHHOMY JOIIOMOXKY T
3HAWTH HEOOXIIH1 napameTpH I PEryJIsATOPIB.

B pesysprati Buiiinm HacTyIIHI POSTIHHI Xapak-
TEePUCTUKH SIK1 300paskeHi Ha puc. 6, puc. 7, puc. 8.

Razgon ul,¥

0,086

0,05

0,04

0,02

u2,mmH20

0,02

0.0l

= & & 4§ 8 2§ &
0

Puc. 7. Po3rinui xapakTepucTUKU CUCTEMU
npu 30ypeHHi BUTPATOIO JUMOBUX ra3iB

JDicepeno: poapobra asmopa

5.5 T T T T T T T

Puc. 9. Ilepexinxi nmpomecu 3aaMKHYyTOI CUCTEMU:
1 — BigxunenHsa remmeparypu, C;
2 — BiAXUJIEHHS TUCKY

Jlocepeno: po3pobka asmopa
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[TpoanasmiayBaB mepexiJHl IPOIECH MOYKHA 3PO-
OUTH BUCHOBOK, I1I0 3HAYEHHS PETYJIIEMUX IIapaMe-
TPIB He mepebLIbINyIoTh Jormyctumux. [leperBopeH-
HsA MOJeJIl peryJsiTopa y dopmy, IO BiAmoBigae Ii
peasmaaini y IporpaMHOMY 3a0e3IIeYeHH].

B pesyspraTi BUKOHAHHS IIPOTPAMHOTO KOy 0Y-
IyTh OTPUMAHI HepPexXiJHi IIPOIleCH 3MIHH IIpHU 30Y-
PEHHAX, K1 IOCTYIIA0Th Ha KOYKEeH 13 KaHAJIIB pery-
JTIOBAHHS Ta TIePeXiIHI IPOIlecu Ha BUXO1 CUCTEMU.

Bucuosku Ta npomo3unii. B manomy marepia-
J11 OYB POSTVISHYTUHN TAKHU 00’ €KT AK peKyIlepaTuB-
HUM HATPIBHUM KOJIOAA3b. Tak Ak JaHA ycTaHOBKA
ABJIAE c000I0 CKIIATHUI 00 €KT, TOMY OyJIM IIOBHICTIO

Coucoxk aireparypmu:

PO3TJISTHYT1 BJIACTHUBOCTI JAHOI YCTAHOBKU Ta BIJIO-
OpaskeHHs IAHHX BJIACTHBOCTEH B MAaTeMATHYHIN
momeii. Jlama wmareMaTwyHa MOMEJH IIOBHICTIO
ommcye HeoOX1IHI mapameTpu o0’eKra Akl 1 0yau Bi-
mobpaskeHi B maHid poOoTi. | Takoix 3aBIAKU PoO3-
pobJieHI MaTeMATHYHINA MOIENl Ta 34 JIOIIOMOIO0
IpOorpaMHOro 3a0e3llevueHHs, OyJiu 3HAMIeH1 HeoO-
X1JTHI TTapaMeTpH JJIs PeryJIsaTopa peKylepaTuBHO-
T0 HATPIBHOTO KOJIOMAs35. Bysa poarisayTa OlIbIn
HOBA MOJIeJIb JAaHOI YCTAHOBKH, SKA JO3BOJIUTH
B MaMOyTHbOMY OLJIBII Kpalle 1i BUBYATHA Ta 3HA-
XOAWTH HOBI METOIM B ILJIAHI KePYyBAHHSA TaHUM
00’eKTOM.
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