


PEDOEPAT
KBaJTi(pikaiitHOi poOOTH
«P03p00/1eHHA MPOEKTY CHCTEMH aBTOMATH3aLil

€JICKTPOKOTE/IbHI /ISl IPOMHUCJI0BOI OyAiBJIi»

Po6ora mictuth 51 cropinky, 22 intoctpauiii, 11 Tabnuue, 17 BukopuctaHux
TDKEpel.

Kuarw4oBi cjoBa: aproMaTuzailisi €JIEKTPUYHI KOTEIbHI, MOJEIIOBAHHS,
KEepPYBaHHSI EJEKTPUYHOI0 KOTEIBHEI, IUCTIETYEPChKe KEepyBaHHS, €JNEeKTPHYHA
KOTCJIBHSI.

006’exTom kBanmidikaiiitHoi poOOTH OakanaBpa € TEXHOJOTIYHUN TpPOIEC
001rpiBy MPOMUCIOBOT OY/TiBJI1 32 JJOTIOMOTOIO €JIEKTPOKOTEIIbHI.

IIpeamerom  kBamidikamiiiHoi poOOoTHM  OakanaBpa €  JOCTIIHKCHHS
MOSKITUBOCTI PO3POOKM aBTOMATHU30BAHOI CUCTEMH OOIrpiBY MPOMUCIIOBOI OYIiBIIi
3a JIOIOMOT'00 €JIEKTPOKOTEIbHI.

MeTtoro kBanidikariiinoi poboTn OakamaBpa € CTBOPEHHS KOMITHOTEPHOI
JUHAMIYHOI MOJIENl MPOIECy KepyBaHHS EJEKTPUYHOI0 KOTEJIBbHEI B paMKax
ICHYIOUO1 CUCTEMHU aBTOMATH3AIli1 IS IIOKPAIEHHS POOOTH MIJITXOM MOJICITIOBAHHS
YMOB €KCIUTyaTallii Ta aBapiiHUX CUTYaIlii.

Bukopucranns 3aco0iB aBToMaTH3allii MpoIEeCcy KEPyBaHHS EICKTPUIHOIO
KOTEIBHEIO JJO3BOJISIE€ CIIOCTEPIraT Ta PETYIIOBATH TEXHOJIOTIUHI XapaKTePUCTHUKH
CUCTEMHU TEIUIOTIOCTaYaHHS. AKTyalbHICTh POOOTH TMOJsTaE B HEOOXITHOCTI
MOJICIIIOBaHHS TIPOIIECYy KEpyBaHHS IS 3amoO0iraHHs MOMWIKaM omepaTopa Ta
3a0€e3MeUeHHsI eKCIUTyaTallliHOT Oe3MeKu.

PesynpraTomM poOOTH € CTBOPEHHS CTPYKTYPHOI CXeMH JIsl aBTOMAaTH3allii
CUCTEMHU KEpPYyBaHHS €JIEKTPUYHOI0 KOTEIBHEI0 OIMUC aITOPUTMY aBTOMATHYHOTO
KEepyBaHHS €JICKTPUIHOIO KOTEIIBHEI0, Ha OCHOBI siKOTO B mporpami SimInTech Oyna
CTBOpEHa KOMIT'IOTEpHO-ANHAMIYHA MOJENb, 32 JOTIOMOTOI0 KO BIUTUB PI3HUX
3Ha4YeHb TEMIMEpPATypu 1 TUCKY Ha POOOTYy CHUCTEeMH MOxe OyTH BHU3HAYCHA.
Komn'torepHa Mozenb cXeMH TEIUIONOCTa4aHHs € rpadiyHuM 1 aHaliTUYHUM

THCTPYMEHTOM, SIKUH J03BOJISIE ONIEPATUBHO BUKOHYBATH MMOCTABJICH1 3aBAaHHS.



ABSTRACT
of the qualification work
«Development of a project for an automation system for an electric boiler room for

an industrial building»

The work contains 51 pages, 22 illustrations, 11 tables, 17 sources used.

Keywords: automation of electric boiler houses, modeling, electric boiler
room control, dispatching control, electric boiler room.

The object of the bachelor's qualification work is the technological process of
heating an industrial building using an electric boiler room.

The subject of the bachelor's qualification work is the study of the possibility
of developing an automated heating system for an industrial building using an
electric boiler room.

The purpose of the bachelor's qualification work is to create a computer
dynamic model of the electric boiler room control process within the existing
automation system to improve work by modeling operating conditions and
emergency situations.

The use of means of automation of the electric boiler room control process
allows you to observe and regulate the technological characteristics of the heat
supply system. The relevance of the work lies in the need to model the control
process to prevent operator errors and ensure operational safety.

The result of the work is the creation of a structural diagram for the automation
of the electric boiler room control system, a description of the algorithm for
automatic control of the electric boiler room, on the basis of which a computer-
dynamic model was created in the SimInTech program, with the help of which the
influence of different values of temperature and pressure on the operation of the
system can be determined. The computer model of the heat supply scheme is a

graphical and analytical tool that allows you to quickly perform the tasks set.









3MICT

INEPEJIIK YMOBHUX I[TIO3HAYUYEHD
BCTVII

7
8

1. XAPAKTEPUCTHKA EJIEKTPUUHUX KOTEJIEHb 1 OB PYHTYBAHHS

HAIIPSIMKY X MOJEPHI3ALIII

1.1 Anani3 3arajibHUX XapaKTepUCTUK €NEKTPOKOTEIbH1

1.2 Anani3 BUIB €1eKTPUUYHUX KOTEIEHb

1.2.1 TeHoBI €1EKTPUYHI KOTIU

1.2.2 THpykIiifiHi KOTJIH

1.2.3 EnexTpoaHi onantoBaibH1 KOTJIN

1.3 TexHonoriuHuii rpoiiec 00IrpiBy €IEKTPUIHOI KOTEIbHI
K 00’ €KT MOJIepHi3aIlii

2. PO3POBJIEHSI CUCTEMU ABTOMATU3ALIL EJIEKTPOKOTEJIBHI
2.1 3aBnaHHs Ta PYHKINIT €TEKTPOKOTENIbHI

2.2 Bubip 3ac0061B aBTOMAaTH3aII11 €JIEKTPOKOTEIbHI1

2.3 Po3po6iieHHst (PyHKITIOHATBHOT CXEMHU aBTOMATHU3aIlii eIeKTPOKOTEIbHI
2.4 TlapamMeTpu KOHTPOJIIO Ta PETYIIOBAHHS

3. MOJIEJTIOBAHHSA POBOTHU EJIEKTPOKOTEJIBHI

3.1 TemnmorinpaBaiyHUA pO3paxXyHOK €JIEKTPOKOTEIbHI

3.2 KommroTepHa MOJIEIb 13 3aCTOCYBaHHIM mporpamu VisSim
3.3 MonentoBaHHs poOOTH €IEKTPOKOTEIbHI

BUCHOBKU

CIIMCOK BUKOPUCTAHUX JIPKEPEJI

JOJATOK A

JNOJATOK b

10
16
16
18
18

20

23
26
33
36

38
40
41
49
50
53
65



HEPEJIIK YMOBHHUX ITO3HAYEHb

IIKH — mada kepyBaHHS HacocaMu
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OC - omepariiiHa cucTema

[13 — mporpamue 3a6e3neyeHHs

JBX — mxepeno 6e3nepediitHOTO KUBJICHHS

rpadik [1I1P — rpadik miaHoBo-monepeKyBaJTbHOT0 PEMOHTY

AC — aBapiitHa cuTyaris



BCTYII

AKTyaJbHicTh podoTH. Hailupiie BUKOpUCTaHHS cepel] BUAIB €Heprii, 1110
BUPOOJIAETHCS, € €NeKTPUYHA 1 TEIUIoBa. [eIUIonoCcTayaHHsS — OJHA 3 OCHOBHHX
mijicucTeM eHepreTHkd. Ha TeruiomocTtadaHHs BHKOPHUCTOBYETHCS TPETHHA BCiX
BUKOPUCTOBYBAaHUX  MaJMBHO-EHEpreTMYHUX  pecypciB.  Temnodikamis  —
HAMIOCKOHAJIIIMIA METOJ] TEeIUIONOCTayaHHS, € OJHMM 3 OCHOBHHX IUISXiB
3HIDKCHHS BHWTpAaTH TaJMBa HAa BUPOOJICHHS eHeprii. EHepreTwunmii edekr
Teruiodikamii moasrae B 3aMiHl TEIUIOTH, IO BUPOOJISETHCA MPU PO3ILIBHOMY
€HEeprornocTayaHHi B KOTENbHSAX, BIAMPAIbOBAHOIO TEIIOTOI0, BIABEACHOIO 3
TETUIOMEPEXKi eJICKTPOCTAHIII1. ABTOMAaTH3aIlisl BAPOOHHUIITBA — II€ TIPOIIEC PO3BUTKY
MAaITMHHOTO BUPOOHUIITBA, Y IKOMY (YHKIIIi KEpYBaHHS Ta KOHTPOJIIO, 1110 PaHiIIe
BUKOHYBAJIUCh JTFOJMHOIO, MEPENalOThCA Ha TPUIAIA Ta aBTOMATHYHI MPUCTPOI.
ABTOMAaTH3aIlIs aKTyaJlbHA y PI3HUX rany3sX BUPOOHUIITBA, 30KpeMa i y cCuCTEMax
TEIUIONOCTa4aHHs. BuKopucTaHHs 3aco0iB aBTOMAaTH3allii MPOIECY KEpyBaHHS
EJIEKTPUYHOIO KOTEJIbHEIO J03BOJIAE CIOCTEPIraTH Ta PEryNIOBAaTH TEXHOJOTIYHI
XapaKTePUCTUKH CUCTEMHU TEIUIONOCTaYaHHS. AKTYalbHICTh POOOTH TMOJIATAE B
HEOOX1THOCT1 pO3pOOJICHHS Cy9acHOI aBTOMATH30BaHO1 €IIEKTPOKOTEIbHI.

Tomy MeTor kBamidikamiitHoi podoTn 6akagaBpa € Po3pOOJICHHS MPOCKTY
CHUCTEMH aBTOMATH3AIlll eJIEKTPOKOTENIbHI Ta MOJICIIIOBAHHS MpoIiecy il podoTH s
3amo0iraHHs MOMUJIOK OTiepaTopa Ta 3a0e3MeYeHHs eKCILTyaTaliitHOT 0e3MmeKHu.

006’extTom kBanmidikamiitHoi poOOTH OakamaBpa € TEXHOJOTIYHUN TPOIEC
00irpiBy MPOMUCIOBOT OY/IIBIII 32 JOIOMOT OO €JICKTPOKOTEIIBHI.

IIpeamerom kBamidikamiitHoi poOGoTu OakamaBpa €  JAOCTIIKECHHS
MO>KJIMBOCTI PO3POOKH aBTOMATH30BAaHOT CUCTEMH OOIrpiBY MPOMUCIOBOI OymiBIIi
3a JIOTIOMOT'O0 €JIEKTPOKOTEIbHI.

JUist  MOCATHEHHS TIOCTaBICHOI METH HEOOXiTHO BUKOHATH HACTYIHI
3aBJaHHA:

— TpOaHaNII3yBaTHU TEXHOJIOTTYHUM Mpouec 00IrpiBy MPOMUCIIOBOT OYI1BIII;

— TpOaHANI3yBaTU BUAM KOTIIB JjIsl 00IrpiBY MPOMHUCIOBOI Oy IiBIII;
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— OOIpyHTYyBaTH  HEOOXIJHICTh aBTOMAaTU3yBaTU  Ipolec  oOIrpiBy
MIPOMUCIIOBOT OY/IIBIII 32 JJOIIOMOTOIO €JIEKTPOKOTEIbHI,;

— BUJAUIATU OCHOBHI 3aBJIaHHA Ta (DYHKIIIT €IEKTPOKOTENbHI;

— 371iicHUTH BUOip 3ac001B aBTOMATHU3AIli €JIEKTPOKOTENbHI;

— po3poOuTH (PYHKIIIOHATBHY CXEMY aBTOMAaTHU3all11;

— 3IIMCHUTH JOCHII)KEHHS OCHOBHUX MapaMeTpiB KOHTPOJIIO Ta KEPYBAHHS,

— BUKOHATH TEIUIOT1IPaBIIYHUN PO3PAXYHOK €JIEKTPOKOTENbHI;

— Ppo3poOUTH aNTrOpPUTM (PYHKIIOHYBaHHS €JIEKTPOKOTEIbH];

— 3JIIACHUTH MOJICJIFOBaHHS POOOTH €JIEKTPOKOTEIBHI.

MeTonm [gocailzKeHHSI: TiJ Yac TEOPETUYHOro aHaiizy B PoOOTi
BUKOPHUCTOBYBAJIHUCS METOJIM 1ICHTU(IKAIIT JUHAMIYHUX 00’ €KTIB, TEOPIl JIIHIHHUX
1 HEJTIHIMHUX CUCTEM aBTOMAaTHUYHOTO KEPYBAHHS, TEOPIi TUCKPETHUX CUCTEM, TEOPii
MEXaHI3MIB 1 MallllH, TeOpil TEMIONPOBIAHOCTI, a TAKOX METOIU MAaTEMATUYHOTO
MOJIC/IIOBAaHHSI Ha TIEPCOHAJIBHOMY KOMII'IOTepl. TeopeTHuHI JOCHIIKEHHS
HKPIIJIIOIOTHCA MPAKTUYHUMHU Ta OOUMCIIOBAJIBHUMU JOCIIDKEHHSAMHU MPOLECY

001rpiBy MPOMUCIIOBOT OYTIBII1 €JIEKTPOKOTEIBHI.



Enexrpuuni

1. XAPAKTEPUCTHUKA EJJEKTPUUHUX KOTEJIEHD 1
OBI'PYHTYBAHHS HATIPSIMKY IX MOJEPHI3AIII

KOTEJIbHI

pU3HaYEeH1

1.1 Anani3 3araJibHUX XapaKTepPUCTHK eJIeKTPOKOTeJIbHi

JJIA OITaJICHHA Ta

10

rapsuoro

BOJOIIOCTaYaHHA AK KHUTJIOBHX, TakK 1 IMPpOMUCIIOBUX 6yI[iBeJ'IB Ta HpI/IMiH_[eHB.

3aBAsIKM  IIUPOKOMY Jlama3oHy MPOJYyKTUBHOCTI,

npumitieHHs mioriero 10 30 000 m2.

BOHM 3JaTHI

o0irpiBaTu

Tabmunss 1.1 — TexHiYHI XapaKTEPUCTUKH CICKTPUYHUX KOTCIBHHUX
YCTaHOBOK
No [Tapamerpu 3HAYEHHS
OITaJICHHS Ta rapsJe
1 [Tpu3HaueHHs BOJIONIOCTAaYaHHS )KUTIOBUX Ta
MIPOMUCIIOBUX 00'€KTIB
2 KoHeTpyKuis 0JIOYHO-MOJTyJThHA (KQHTeﬁHepHa)
* Ha pami
* Ha 6a31 MpoMHCIOBUX KOTIIB — 150-
3 [loTyxHicTb, KBT .. 1000 kBT :
* Ha 0a3i yHIBepCaJbHUX KOTIIB — 35-
125 kBt
* Ha 6a31 MPOMUCIIOBUX KOTJIIB — JI0
4 [Tnoma o6irpiBaro4oro 10000
NPUMIILEHHS, M? * Ha 0a31 yHIBepCaJbHUX KOTJIB — JI0
1250
5 | TermmonpoXyKTUBHICTH, [ Kay/Tos. 1o 2,58
6 KKJI xoTxaiB, % 1o 96
7 Cucrtema aBTOMaTHKU KJIIMaT-3aJIe)KHE PETyTIOBAaHHS
Hanpyra enexktpuyHOro nasuora,
8 380
B
MaxkcuMaabHUH TUCK TEIUIOHOCIS,
9 0,4
Mlla
10 Hianazon perymoBaHHs 0-90
TEeMIIepaTypH TerioHocis, °C
HominansHuit cTpym
11 aBTOMAaTHUYHOTO 400, 500, 630, 800, 1000
BUMHKaya 1o ¢asi, A
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[ToTyXHICTh Ta TEIIONPOAYKTUBHICTh €IEKTPUUYHUX KOTEJIECHD 3aJIekKaTh B[
TUIY Ta KUIBKOCT1 KOTJIB, IO BXOJSTH A0 iX ckiamy. OTxke, yHIBepcaldbHI KOTIH
MOTYXHICTIO B 35 10 125 kBT migXxoaath i1 OnajaeHHs KUTIOBUX MPUMIIICHb Ta
HeBeIMKHX 00'exTiB miomiero g0 1 250 M2 g Benmukux o0'extiB miomieto g0 10
000 M? AOLIBHO BUKOPUCTOBYBATH KOTEJIbHI 3 KOTJIaMH MOTYXHicTiO Bix 150 mo
1 000 xBT. B cBoto uepry, nis o6irpiBy Oyaiensb Ta ciopya mioriero 10 30 000 m?
Ta OUIbLIE BUNYCKAIOThCS HAAMOTYXKHI €JIEKTPUYHI KOTJIM 3 HOPMATUBHOIO
noTyxHicTio 10 3 000 xBT.
Jlo mepeBar eleKTpUYHUX KOTJIIB BIAHOCUTBHCA iX 3aTHICTh (DYHKIIIOHYBAaTH
K OCHOBHE TaK 1 albTePHATUBHE JHKEPEJIO TEIUIONOCTAYaHHsI, IO 3a0e3MeuyeThCs
BUCOKHM PIBHEM aBTOHOMHOCTI 00siajHaHHs. OCHOBOIO €NEKTPUYHUX KOTEJIEHb €
KOTJIM, OCHAIIEHl KIIMAaT-3aJIe)KHUM KOHTPOJIEpOM Ta 0araToCTyHiHYacTOO
CUCTEMOIO 3aXHUCTy, SKa OXOIUIIOE SIK OKpEMI HarpiBaJibH1 €JIEMEHTH, TaK 1 BECh
KoTen B 1itomy [1].

Butsokauii BeHTHISITOp  PosnmproBatbHUI Gak

I1ladha xepyBaHHS
HacocaMu

KaGenbHi J10TKU

[MTacdu aBTOMATHKY Ta

IIpummms KCPYBaHIA KOTIOM

TIOBITPS

BBigHO-po3mogimburit
IIPHCTPI

3axXHCHI ITPOBITHUKHI

Pucynok 1.1 — Cxema po3mitieHHs 00JlalHAaHHS €IEKTPUYHOT KOTEIIbHI

Kpim enekTpuyHuX KOTIIIB KOTEIbHI OocHalleH1 (puc. 1.1):
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— MEpeKEeBUMH HACOCAMH;

— 0aKOM-aKyMYJISITOPOM;

— madoro kepyBanHs Hacocamu (LLIKH);

— mador0 aBTOMAaTUKH Ta KEPYBaHHS €ICKTPUUYHUMHU KOTIaMHU;

— BCTYITHO-PO3MOITHBYUM PUCTPOEM;

— KOHTPOJIbHO-BUMIPIOBAJIbHUMU MPHIIaJJaMH (TEPMOMAHOMET, JIIYMWIBHUK).

Jlns 3a0e3meueHHs] TOCTadaHHS Taps4oi BOAM EINEKTPUYHI KOTENbHI
oOnmagHaHi  TEMJIOOOMIHHMKOM  a00, Tak  3BaHUM,  HaKOMUYYyBAJIbHUM

BOJIOHarpiBauem [2].

apsue BogonocTayaHHs :
3 BOAOMPOBOAY
] A N
)
1 A |
&
- 7 ¢
Jo cucremu M
ONAICHHS o
f
2
~
4 7
J 3 CHCTEMH OTaJICHHS

Pucynok 1.2 — IIpuHIuoBa cxema eJIeKTpUIHOT KOTEIbH1
1 - mBUAKICHOTO BOJAOHATpiBaya; 2 - KOJIEKTOpa rapsiuoi BOIH,
3 - KOJIEKTOpa XO0JIOAHOT BOAH, 4 — rpsA3bOBHKA; 5 — HACOCIB; 6 - 0aK-aKyMYJISITOPA;

7 - 130J1A11iTHOT BCTABKH; 8 - €JICKTPUYHUX KOTJIIB

Cucrema aBTOMAaTH3allii EJIEKTPUYHUX KOTIIB Ja€ 3MOTY EKCIUTyaTyBaTH
obnagHaHHS 0€3 HEeOOXITHOCTI MOCTIMHOT MPUCYTHOCTI MTEPCOHANy Ta 3abe3nedye
psa GyHKITI:

— PEeryjiIoBaHHsS TEMMEPATYpPU BOJM ISl MIATPUMKH KOM(POPTHOTO KIIMATY;

— TUTaBHE Ta KacKaJHE BMHUKAHHS/BUMUKAHHS EJICKTPUYHUX KOTIIB 3

MOXJIMBICTIO BUOOPY ONTUMAIIBHOI KIJTBKOCTI aKTUBHUX HArpiBajlbHUX €JIEMEHTIB;
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— 3aXMCT €JIEKTPUYHUX KOTIIIB Bijl aBapiHOIO MEPErpiBy.

30kpema, KOKEH OKpEMHUM KOMIIOHEHT CUCTEMHU aBTOMAaTH3allll €JIEKTPUYHUX

KOTJIIB 3a0e3neuye HalliHICTh, 0€31eKy, €(DeKTUBHICTh Ta IPOCTOTY BUKOPUCTAHHS

CUCTEMH BLLIOMY:

— EJIEKTPUYHI KOTJIU OCHAIIEHI TEII0130IA111€10;

— HarpiBajJbHI €JIEMEHTH BUTOTOBJICHI 3 HEPKABIFOYOT CTaII;

— MOJyJIbHI KOHTAKTOPHU TapaHTyIOTh TUXY Ta TPUBAIY €KCILTyaTallllo;

— OJIOK >KMBJICHHS JJIsl YIIPABJITHCHKUX JIAHITIOT1B Ma€ (a30BUM MepeMUKay;

— JaT4YUK KOHTPOJIIOE HasIBHICTh TCHJIOHOCiS[, BKJIIOYAaKO4YH He3aMep3a}oqi

TJIIKOJIEB1 PIAVHU;

— aBTOMATHYHUN BIJBIHUK TMOBITPS BUKJIIOYAE YTBOPEHHS «IOBITPSHUX

poOoK»;

— BCTAHOBJICHHMH 3aIlOODKHHMN KJalaH 3aXuIlac oOJagHaHHS Bl BHCOKOI'O

[IpoananizyeMo OCHOBHY €JIEKTPUUYHY CXEMY €JIEKTPUYHOI KOTEeIbHI (pHC.

TUCKY [1].
1.3).
gs
FU
arz|ars

an\¥

KM)

ars\ GF
EKXT1 EK2

551 T aFJ:

KT
A SF
23] Kv1 FL[] i
Xrz-_|38 582 vz

Qr2

| %
3 eyl e

V34 KV4 Kv3 '
SKil to AV3.2 KVé
nvz.z vy | D [
. 1
_}_/-IC_VJ} - ,(”n
SK2. L kvs .
7e
L L
F1,
Q f£ Ky5j Qrt L
Ileg D
ak',a ~ HLZ
1 zz HL3, & 1
lxvzz X HA

Pucynok 1.3 — EnekTpruHa cxema KOTEIbHI
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OTxe, KUBJICHHS MOJAETHCA HA CXEMYy 3a JIONMOMOrow mepemukada QS.
Hacocu (ocHOBHUH Ta pe3epBHUIA) MITKIIOYAIOTHCS 32 JTOMOMOI0OK aBTOMAaTUYHUX
BumukauiB QF2 ta QF3, a kotnu — QF4, QF5 ta kontakropom KM.

3aBasiku Tomy, mo pene vacy CT Mae nBi mporpamu, KOTJIM MOXKYTb
BKJIIOUATHUCS B 3a/1aHul yac. Pene remnepatypu SK1 KOHTpoJIIO€ TEMIIEpaTypy BOJIU
y 6ari. Bepxniit kontakt SK1 cnpanboBye, KoJIM TeMIepaTypa BOAX HUKYE 3a/1aHO1
HOPMH, HWKHIM BMHKA€ThCS TNPHU JOCSATHEHHI MaKCUMAJbHOTO 3HAYCHHS
temnepatypu. Konu remnepaTtypa BoAM BUIIE HA TPU-YOTUPH TPaayCH, HIK BEPXHS
mexa pene SKI, pene SK2 akTuByeThesi, pekuM Ha0yBae CTATyCy aBapidHOIO.

brnokytounit kontakt SQ 3amobirae 3amycKy KOTJIIB y pasi, SIKIIO JBepi
OropoKeHHs He 3aunHeHl. Kot MoXyTh OyTH yBIMKHEH] JIMIIE TOJ1, KOJU OJUH
13 koHTakTiB peine yacy KT 3amknyTuil. OqnouacHo micinst BkitoueHHs QF2 a6o QF3
3aIyCKa€eThCsl HACOC Ta CIpaIboBYIOTh aBToMaTtuuH1 BuMukaui QF4, QF5 ta QF1.

Knonka SB2 xuButh KoTymky pene KV2, sxe gepes npomixkae pene KV3
3almyckae KOHTakTop cuioBoro Jsadmtora KM xorna. Komm Temmepartypa
MiHIMAEThCS BHUIE 3a MIHIMYM, BepxHid koHTakT SKI1 po3MmMukaerbcs, aie
*uBJieHHA Ha pene KV3 nonaerscs uyepes BiacHui koHTakT KV3.1.

[Ipy MakcuMalbHOMY 3HAY€HHI1 TeMIeparypH, HIKHIM KoHTakT SKI1
3aMUKAEThCS, OTPUMYE KUBJIeHHS Bix pesie KV4 ta uepes kontakT KV3.3 nmpomikHe
pene KV3 3nimae nHanpyry 3 koHTakTy KM, 1110 IpU3BONTE A0 BUMKHEHHS KOTIIB,

SIkmro NaHIIOT HE TMpaloe B aBapidiHOMY peXuMi, TO KOHTakT SK2
3aMUKA€EThCs, OTpUMYE xuBJIeHHs pene KVS5, aktuBye perie KV6 cBoiM KOHTakTOM,
110 T0JIa€ HANPYTy Ha KOTYIIKY He3ajexxHoro pos'ennyBauda QF1, nepepuBaroun
o/1avy KUBJIeHHS KoTiB. biok konTaktiB QF1.3 BKiIto4atoTh aBapiiiHe OCBITIECHHS
(HL2) Ta 3ByKkoBy curnamnizamito HA [34].

CuroBa cxema KepyBaHHS 3aJUIIAE€THCS PENCHHO-KOHTAKTOPHOIO, a KEPYOUl
JAHIIOTY Ta aITOPUTMHU PEai3yIOThCS 3a IONOMOT 00 KOHTpojepiB. CtaneBuil 6ak
oOnagHanuii (QopcyHKaMu [JIsi MIAKIIOYEHHS MIJIBIAHUX Ta 3BOPOTHUX TPYO

CUCTEMH OMNAJICHHSA, & TAKOX BOYJIOBAaHUMHU MPUCTPOSIMU PIZHUX KOHCTPYKIIHN 1Jis
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HarpiBy BOJM, TaKMUMU SAK IHAYKIIHHI KOTYIIKH, €JIEKTPOAM abdo0 HarpiBajibHI

enemeHTu (puc. 1.4).

- ®

Pucynok 1.4 — KoHcTpyKIlist €I€KTPUYHOTO KOTJIA

1 - HarpiBajbHUN BY30J1; 2 - JATYMK MIPOTOKHU; 3 - MAHOMETP; 4 - Ki1anaH Oe3MeKu;
5 - Hacoc; 6 - oOMexxyBau TeMrepaTypu; / - maTpyOoK BXoJy; 8 - marpyook
Buxonay; 9 - syzon WE/WY mis ciyibHOT poOOTH 3 00IepOM-aKyMyIISITOPOM;
10 - By30us motyxHOCTI; 11 - aBTOMaTHYHUY BIABIAHUK MOBITPs; 12 - By3011

MOTY>KHOCTI

Konctpyxkitis tpudaszsoro kotia [2]:

Bpaxae, mo npuHmun pobotd TpudasHOro KOTIa HAI3BUYAWHO MPOCTUM:
OXOJIO/KYIOUa PiIMHA TOJAETHCS B PO3IIMPIOBATBHUN 0akK, KU HarpiBa€ThCS 3a
JIOTIOMOTOI0 €JIEKTPOCHEPTii, a MOTIM PO3MOAUIIETECS 1O pajiaTopax Ta Tpydax.
EnexTpuuHi KOTIW BiIPI3HSAIOTHCS CTOBIICOTKOBHM KOE(DIIIEHTOM KOPUCHOI ii,
MIPOCTOTOI0 Y BUKOPHUCTaHHI, BUCOKOK €KOHOMIYHICTIO Ta ImIymMoizossmieto. [lopsin
3 THM, BapTO BiA3HAYUTH OE3MEYHICTH Ta EKOJOTIYHICTh NpHCTporo. IIporte
EJEKTPUYHI KOTJIM MAIOTh TIEBHI HEMOJIKH, SKi 3a3BUYAi MOB'I3aH1 3 OpraHi3aIicio

€JIEKTPONIOCTaYaHHS B KpaiHi.
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Tako, ¢l BpaXxoByBaTH MOCTIHHO 3pOCTarO4y BapTICTh €JIEKTPOEHEPrii,
nepedoi B eJIEKTPONOCTa4YaHH1, KOJUBAaHHS HAIIPYTH, SIKi, B Pe3yJbTaTi, 3MEHILYIOTh

TEpPMIH eKCIUTyaTallii o0JaJHaHH HETaTUBHO BIUIMBAIOYU HA Oro PyHKI[IOHAJ.

1.2 Anani3 BUiB eJIeKTPUYHUX KOTeJIeHb

B 3anexxHoCTI Bil METOAY HarpiBaHHS TEMJIOHOCIS MPUHUHATO BUAUISITH TPH
OCHOBHI TUIIU €JIEKTPUYHUX KOTJIIB, CEPEJl AIKUX: TEHOBI, €EKTPOIHI Ta IHAYKIIIHHI.
B  enekrpuuniit  korenpHi  «KuiBCchka», AKy MM  JOCIHIIKYEMO,

BUKOPHUCTOBYIOThCS TeHOB1 Kok Tuity TEH.

1.2.1 TeHOBI eNEKTPUYHI KOTIU

VY KOTJIaX TaKoro THITY JIJIS HArPiBy OXOJIOIKYFOUOi PIIMHU 3aCTOCOBYIOTHCS
TpyOuacTi HarpiBajibHi ejemMeHTH, Tak 3BaHi TEHwu. Taki enexTpuyHi NPOBITHUKN
MaloTh Jy>)ke Bucokuii omip. Komu depe3 enemeHT Oe3nocepeHbO MPOXOAUTH
EJIEKTPUYHUN CTPYM, MPOBIIHUK HATrPIBAE€THCA, MEPEAAIOYH TEIJI0 OXOJIOKYIOU1i
piAuHI.

Bapro 3ranmaru, mo y nooyri TEHaMu ocHameHi crapi e1eKTpoYaiHUKA Ta
MOPTAaTHBHI BOJIOHATrpiBayl.

HenomikoM TeHOBUX €IEKTPUYHUX KOTIIB € YTBOPEHHSI BaITHAHUX BiIKIa7EHb
Ha CTIHKaX KOTJa Ta MOBEPXHI HarpiBaya, 10 BUKJIMKAHE YKOPCTKOIO MOOYTOBOIO
Bo010. IIl06 3amobirtu 1MbOMy, KOTENT OCHAIIYIOTHh PI3HUMH «IIPUCAJAKAMU» IS
OuuIIeHHS BiJ BamHa. Kpim TOro, mepes 3amyckoM KoTia, MOKHA IMITyYHO 3HU3UTH
KOPCTKICTh BOJM JI0 ONTHUMAIBHO JOMYCTUMOTO piBHS. JIJis MOM'SKIIEHHS BOIU
3aCTOCOBYIOTH PI3HOMAaHITHI CIeiabHi (GUIBTPH, TUCTHIISIIIO BOJAU Ta IOMEPETHE
kum'sTinas [1].

Takox, nOeIKUM HIOAHCOM Yy BHUKOPHCTaHHI TakOTO KOTJIa € BHTIK
OXOJIOJKYIOUOi pIIMHU. SIKIIO HarpiBad HE 3aHYpeHUM y BOAY, BIH MOXKeE
MIEPETPITUCS TA «3TOPITHY, IO MOXKE CIIPUINHUTH 3aiiMaHHs BChOTO MpHiIany. Tomy

BapTO 3BEPHYTH OCOOJIMBY yBary Ha aBTOMAaTH3AIII0 €JICKTPUYHUX KOTIIB.
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PosrasiHemMo neTanbHO KOHCTPYKI[IFO TEHOT'O KOTJIa HA MPUKJIaAl HACTIHHOTO

€JIEKTPUYHOTO KOTJIA 3 EKBITEpPMAJIbHUM PEryatoBaHHIM Mojieni Proterm. (puc. 1.5).

Pucynok 1.5 — Koncrpykuis TEH xotna
1 - TEHU; 2 - posmuproBansuuii 6ak; 3 - Hacoc; 4 - Termmoo0MiIHHUK;
S - OBITPOBIJIBIIHKK; 6 - MOBITPOBIABIIHUK TEIJIOOOMIHHUKA,; 7 - T1IPOTpyma;

8 - 3anmoOixHMI KiamnaH; 9 - natyuk THCKy; 10 - i3omsis

Boga, 110 BUKOPUCTOBYETHCA SIK OXOJIOMKYIOUa PiTMHA B CHUCTEMI OTaJICHHS
(ctpimka A), moTpamise B KOTEN, JIe¢ HarpiBaeTbcs 3a JOMOMOTOI TPHOX
BCTAaHOBJICHUX HarpiBaJibHUX eneMeHTiB. [liciis HarpiBaHHS BOja ITTHIMAETHCS B
0ak Ta BUKOHYE PO3BOpOT (cTpinka B) B cucremi omanennsa. lleit koren moxe
MPaIOBaTH 3 CHCTEMOIO TETUIOT IIIOTH, SIKIIO ITIKITIOYSHUH aBapiiHUI TEPMOCTAT
JUTSL  PETYNIIOBAaHHS TeMIlepaTypu BOJW. [iApaBiiyHa Trpyna KOTIa MICTUTH
JBOIIBHUIKICHUN HACOC, SIKUH 3a0e3medye MUPKYISIII0 OXOJIOKYI0UO0T PITUHHA.

BimzHaunmo, 1110 TEHOBUH KOTEJ Ma€ 3aXKCT B 3aMEP3aHHS 0X0JI0DKYI0Y01
pinvHM, Big 3aMep3aHHS KOTJa HEMpSIMOro HarpiBy, 3axWCT Hacoca BiX

3aKJIMHIOBAHHS, a TAKOX 3aIM00DKHUM KjlanaH Ha 3 Oapu.
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EnexTpuuHuii KOTEN NIAKII0YAETHCS YEPE3 BIAOKPEMIIEHY €JIEKTPOIIPOBOJIKY,

[0 OCHAIl[EHAa BJIAaCHMM aBTOMATHMYHHM BUMHKadeM. [Hpopmalliro mpo nepeTuH
Ka0eIro Ta HOMIHAJI aBTOMaTUYHUX BUMHKAY1B MOKHA 3HalTH B Ta0aui 1.2.

Tabmuus 1.2 — PexomeHao0BaHI MapaMeTpu 3amo0DKHHUKIB Ta MEpepi3iB

pOBiTHUKIB [1]

KinpkicTs 1 Cuina ctpymy | HominanbHuit
: : Ilepetun
[ToTyXHICTh | TOTYXHICTh B CTpyM
; .\, ; npoty — Cu
KOTJIa, KBT | HarpiBaibHUX | ogHO(A30Bil | 3amoODLKHHUKA ()
€JICMEHTIB cucremi (A) (A)
6 2*3 kBt 9,5 (28%) 10 (32%) 1,5 (6%)
9 3 kBt + 6 kBT 14 (39%) 16 (507%) 1,5 (10%)
12 2*6 kBt 18,5 20 2,5
14 2*7 kBt 23 25 25
18 3*6 kBt 27,5 32 4
21 3*7 xBrt 32 40 4
24 4*6 kBt 36,5 40 6
28 4*7 xBt 43 50 10
1.2.2 InaykuiiiHi KOTIU
EnexrpomarnitHa 1HAYKIA, IO TMPSIMO BIUIMBAE HA MPOBIAHUK 3

¢dbepoMarHiTHUMH BIIACTHBOCTSIMH, B PE3yJbTaTi MPU3BOIUTH JO MOTO0 HArpiBaHHS.
V 3aranbHiil cuctemi onajaeHHs GepoMarHiTHUN MTPOBITHUK BUKOHYE POJIb TPYOH, B
SKIA IUPKYJIIOE OXOJO/KYBaJIbHA pimuHa. ToMy MaeMo mpoOsieMy 3 YTBOPEHHS
BaITHA, a TAKOXX MOTPiIOEH 3aXKCT BiJl BATOKY OXOJIO/KYIOUOT PiAMHHU.

Jlo cknaay IHAYKIIHHUX KOTIIIB MOYKE BXOJIMTH JICKiIbKa HarpiBaviB.

Tpu iHAYKIIHHUX HarpiBaya BKIFOYAIOTHCSA M0 KOHCTPYKIii KoTia. B cBoto
4yepry, KOXeH 13 HUX CKIAJa€ThCS 3 IHIYKIIMHOI KOTYIIKH, TEMJI00OMIHHOTO
METaJIeBOT0 KOPITYCY 3 BXIIHMM Ta BHUXIJHUM MaTpyOKaMH Ta KJIEMHOI TPYIH Y

3axHCHIN MeTaeBiit kopoOi [2].

1.2.3 EnektpoaHi onaxtoBaIbHI KOTIN

[IpoBeneMo TOPIBHSUIBHUM aHaM3 E€JeKTPOJAHUX KOTJIIB MOXHaA 3

MPOTOYHUMH BOJOHArpiBayamu, /i€ BOJA HArpiBa€ThCs BHACIIIOK MPOXOJKEHHS

€JIEKTPUYHOTO CTPYMY 4Yepe3 TEIUIOHOCIA. Y TMPUCTPOSIX TaKOro THUILY
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OXOJIOJKYBaJibHAa pIJMHA HArpiBa€ThCcsi OE3MOCEPEIHbO 3aBISKH CHEIlabH UM
€JeKTpO/iaM, sIKI BBOJATHCS B OXOJIOJKYyBallbHEe cepenoBuiie. Ll enexTpoau
BUKJIMKAIOTh KOJIUBAaHHS BUIbHUX €JIEKTPOHIB, 1110, B CBOIO YEpry, HarpiBa€ BOIY.
[IpuitHATO BIAPI3HATU €JNEKTPOAHI KOTIM 3a TAaKUMHM HapamMeTpaMu SsK:
HWIIHAPUYHA (QopMa, KOMIAKTHUH po3Mip, BIJHOCHA E€KOHOMIYHICTH MHpHU
BCTAHOBJICHHI Ta O€3IEYHICTh, AK€ BOHU HE MpaIoTh 0e3 BoaU. Takox,
BIZIMIHHICTIO € aBTOMAaTHYHE BMHKAHHS/BUMHKAHHS 3a JIOTIOMOTOI0 JTaTYHKIB
TEMIIepaTypH.

Tabnuus 1.3 — BigoMocTi po eneKTpUuYHy KOTEJbHIO

Bceranosnena notyxuicts E/K, T'kan. 158,2
Hasisaa notyxnicts E/K, I'kau. 151,4

Butparu TemoBoi moTy»HOCTI Ha BJIacH1 motpedu, ['kan/rox. 0,01
«DakTUuHe» HaBaHTaXKEHHS CIIOXKWBayiB, [ kan/ro, y Tomy 133,5

YUCII:

ONaJICHHS 132,2

BEHTWIALSA 1,1

I'BII (cepennboronunHa) 0,2

ITepexnan HapanTaxxenus B TEL[-2, 'kan/rog. 75,0
Brpartu TermioBoi noTyxHOCTI B Mepexax, [ kan/rof. 1,41
dakTrUHEe HaBaHTa)KCHHS Ha KojiekTopax E/K y rapsuiit Bos, 89,9

I'kan/rox.

Pesepn/nedinut nmoryxHocTi KoTenbH1, I 'Kan/ro. 61,4

Peszeps/nedinut BcraHOBIEHOT MOTYKHOCTI, ['Kan/rox 68,3

[Topsia 3 mepeBaramu, eJIEKTPOIHI OTATIOBAIBHI KOTIM MAlOTh P/l HEJOJIKIB,
cepes SAKUX:

— TOTY)XHICTh HE MIJJISTAE PErYIIOBAHHIO, MOXKIIUBE JIMIIIE BMHKAHHS a0o0
BUMUKAHHS;

— YTBOPCHHS HAKUITy MOKE€ BUHUKHYTH Yepe3 3HIKCHHS MOTY>KHOCTI;

— BOJIa MOTpeOye MOMNepeHbO1 MIATOTOBKY (OYHUIIICHHS );

— HE MOXKJIMBICTh BHUKOPHUCTAHHS TPAAUIIHHUX OXOJOMKYBATBHUX PIAUHU
(HampUKJIaJ, TOCOJY UM KIACHYHOTO aHTH(PHU3Y);

— IMCTHJILOBAHA BOJA HE MIIXOIUTH SIK 0XOJIOKyBaJibHA PIMHA;
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— ICHYBaHHS PHU3UKY TPSIMOTO BHUTOKY EJIEKTPUKH Ha KOPIIYC Ta TpPyoOwH
OTTaJICHHS;

— €JIEKTPOJI13, 1110 BiIOYBAETHCS B €IEKTPOAHOMY KOTJ1, MOXKE MPU3BECTH J10
YTBOPEHHS TOKCUYHUX T'a31B, 0 NOTPeOye MEepIOAMYHOI 3aMIHU 0XOJIOIKYBAJIbHOI
PiIMHM, 110 B CBOIO Yepry, MPU3BOIUTH A0 YAOPOKYAHHS BUKOPUCTAHHS MPUIATY.

CborojiHi, BpaxOBYIOYM CKJIAJHY CUTyalll0 TIAPABIIYHUX YMOB, MOBHE
NEPEHECEHHsI CIIO’KMBAYiB TEIUIOBOI €Heprii Bl KoTeleHb Ha TeroBl Mepexi TEL]
HE € €eKOHOMIYHO BUT1IHUM. /{711 BTUICHHS Yy )KUTTS TaAKOTO MEPEHECEHHS MOTPiOHO
BUKOHATH psia  BuTpatHuxX i, [Ilo0 3HM3WTH KamiTaabHI BUTpPATH IS
BIIPOBQ/DKCHHS TaKHUX 3aXOiB, JOIUIHBHO PO3TISHYTH MOXKIUBICTH YaCTKOBOTO
NIEPEBEICHHS CIIOKMBaYiB KoTesieHb Ha Mepexi TELL. IllonpaBaa, y mboMy BUTIAIKY
KOTCJIBHS MPAIIOBATUME BUKITFOUHO B IMIKOBI TIEPI10IU, KOJIM CIIO’KUBAHHS MEPEIKHOT
BOJIM B CHCTEMaX TEIUIONOCTA4YaHHS JIOCSITae CBOro MakcuMymy [1].

Jlo Takoi karTeropii KOTeJe€Hb MOXKHAa BIIHECTH €JICKTPUYHI KOTENbHI.
MakcuManbHO TMKOBHM pPEeXUM poOOTH TapaHTye HAIIMHICTh Ta SKICTh
TEIUIONOCTAYaHHsS JUIsl  CIIOXKHUBAa4yiB y Ti MOMEHTH, KOJU TeMIepaTypu
HAOJIMKAIOTHCS 10 PO3PAaXyHKOBHUX 3HAYECHb ISl OMTANIFOBAIBHUX cucTeM. Kpim Toro,
11e J03BOJIUTH 3HU3UTH COOIBApTICTh BUPOOHMIITBA TeIlIa OE3MOCEPEIHhO B YCIH

CUCTEMI TEIUIOMOCTAYaHHS.

1.3 TexHoJioriunmii mpouec 00IirpiBy ejJeKTPHYHOI KOTedbHI K 00’€KT

MoJepHizauii

ABTOHOMHA €JIGKTpUYHA KOTENIbHS — I1€ TOTOBa KOHCTPYKIIis, MpU3HAYCHA
JUTSE OMAJICHHSI JKUTJIIOBUX Ta TPOMHCIOBUX OyAIBENbh 4Yepe3 3aKpUTy CUCTEMY
TeIUIonocTayands. Po0oTa KOTEeNbHI € aBTOMAaTH30BAaHOKO, IO BHUKIIFOYAE
HEOOXITHICT, TPHUCYTHOCTI  OOCIyroByro4oro mepcoHamy. KepyBanas Ti
(GYHKIIIOHYBaHHSIM 3J1MCHIOETHCA JUCTAHIIITHO 3a JOMOMOIOI0 MEPEHOCHOTO

AUCIICTYCPCHKOIO ITyJbTa.
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Po3ristHeMO TEXHOJOTIYHUI MpoLec eNeKTPUYHOI KOTEeNbHI, KU Mae
HacTynHuW anroputM. CriouaTky MepexeBy Boay 3 tremneparyporo 70°C nonaroth
13 CUCTEMH OIAJICHHSI Yepe3 3BOPOTHY TPYOy /0 BiJICTIMHUKA, a 3BIATH - 10 HACOCIB,
AK1 3a0€3MeuyloTh eJNEeKTpUuYHI KOTiaW. [loTiM Boja HarpiBaeTbCs y KOTIAX IMij
BIUIMBOM EJEKTPUYHOTO CTPyMy, IO TPOXOAWTh MDK enekrpogamu. Komm
Temmeparypa Boau oyne 95°C, BoHa OAAETHCS B CUCTEMY OMNAJIEHHS Yepe3 MpsiMy
TpyOy. Ilicna uporo uepe3 TpyOONpoOBi BOJIa MOBEPTAETHCS A0 HACOCIB Ta 3HOBY
HaAXOauTh y KoTiu. Ilim dac aHamizy raps4oi BOAW MiIKUBIIOBAJIHHUA HACOC
nepekauye HeoOX1HY KITbKICTh BOH, 1110 Opakye B 3araibHii cucteMi. CTaTHYHUN
TUCK BCMOKTYBaHHS HACOCIB MiATPUMYEThCS 3a OTMOMOTOI0 CIEiaIbHOTO
peryisitopa TUCKY [1].

Bimomo, mo TemmepaTypa Ha BUXO/Ii 3 KOTJIa € PeryJIbOBaHUM MapaMeTPOM y
3arayipHil cuctemi omaneHHs. [le o3Hauae, MO0 BOHA MOCTIMHO MIATPUMYETHCS Ha
NEBHOMY PiBHI i1 yac po6otu kotia. CyTTeBUM (haKTOPOM, 110 BIUIMBAE HA 3MIHY
TEMIIEPATYpH, € MPOIEC HATXOHKEHHs] BOAU B KOTEJ JJIsl HATPIBaHHS Ta BUXIJ] BXKE
Harpitoi Boau. OTKe, OCHOBHUM UHMHHHKOM, III0 BHUKJIMKA€ KOJWBAHHS
TEMIIEpaTypH, € BUTPATa BOAN Yepe3 KOTeI.

[lomaya Tera aBTOMAaTHYHO PETYNIIOETHCS HA OCHOBI CUTHAJIIB, OTPUMAaHHUX
BiJl JaTyuMKa TEMIIepaTypyd KOTJIa Ta JaTyuka TEeMIEepaTypud HaBKOJIUIIHBOTO
cepenoBumia. EnextpuuHuid cUrHai, 1Mo TeHEePYyITh NAaTYMKU 4Yepe3 3'€HYBalbHI
APOTH, HAIXOAUTH A0 MIKPOIPOLIECOPHOIO KOHTPOJIEPA, /1€ ONEPATOP BCTAHOBIIIOE
BCl HEOOXigHI mapaMeTpu M KepyBaHHsA. JlaHi JaT4YMKIB aBTOMATHYHO
MOPIBHIOIOTHCS B II CHCTEMi, a BIUIUB KOHTPOJIIO CTBOPIOETHCSA Yy BUTIISII
CJEKTPUYHOTO IMIyNbCcy. BiH mMoOmaeThcs Ha NBUTYH Ta TpaHCHOPMYETHCS Ha
o0epTaHHsl INMUHAENSA, W0 NPUKPIUICHUA dYepe3 MAaCIsIHUNA YIIUIbHIOBAY
nocepeMHl  Kpumkd Komia. KoHTponep MOTY)XHOCTI BCTaHOBJIEGHUH Ha
BUIIE3TaJaHOMY IITTAHJET, SKHH TPUKPITUICHAHA 10 Py MICTEKTPUIHUX CKPaHiB,
SKI BKJIFOYEHI B MPOTAJIMHYU TaOJUYKHU Ta BEPTUKAJIBHO MEPEMIIIEHI MPOTH HUX. Y
IBOMY IPUCTPOI CUTHAJ, OTPUMAHHUI TaTYMKOM, MMOPIBHIOETHCA 1 KEPYIOUHMI BIUIMB

reHEPYEThCS Y (POPMI €IEKTPUYHOTO IMITYJIbCY. BiH epegaeThCst Ha €IEKTPOJBUTYH
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1 TIEpPETBOPIOETHCS HA OOEpTaHHS POTOpa, 3'€ITHAHOrO 31 IIMUHIAEIEM, SKHUM
IPOXOANTHh Yepe3 CATbHHUK y CEpeArHI KPHUIIKH KoTia. KoHTposiep MOTYKHOCTI
PO3TaIIOBaHMI HA IIMHUHJEN Y BUIJISAL pANY AIEIEKTPUUHUX €KPaHIB, SIKI BXOASITh
y HPOMDKKH MK IJIACTUHAMH 1 BEPTUKAIBHO MEPEMIIIYIOTHCS 1100 HUX. 3aJI€KHO
Bil KyTa, Ha SKHI TOBEPHETHCS POTOP JBHUTYHA, KOHTPOJEP MOTYKHOCTI,
NepeMilllaloyich MO  PI3bOJICHHIO  IIMUHAENS,  CIOyCKaTUMeThcs  abo
MiTHIMaTUMETHCS Ha TMIEBHY BUCOTY, 3MIHIOIOUH aKTHUBHY IMOBEPXHIO EIEKTPO/IIB, 1110
OiABUIIUTH 200 3HU3UTH MOTYKHICTh KOTJA. J[iarma3oH perysiatoBaHHsS MOTYXKHOCTI
KOoTJIa MOke OyTu B Mexax Bia 25 1o 100 % Big HOMIHAJIBHOI MOTY>KHOCTI KOTJIA.
Tax caM0 SIK MOYKJIMBE PETYJIIOBaHHSI TEMIIEpAaTypH B HOPMAILHOMY PEXHUMI
poboTH Tmpwiagy, MOXKHA pEryiioBaTH 1 TpH aBapidHuX curyarisx. [Iporte
KOHTPOJIEP MOKE HE BIIOPATHUCS 3 IOBEPHEHHSIM TEMIIEPATYPH 10 HAICKHOTO PiBHSI.
CaMe y Takux BWIIaJKax CHpPAIbOBYE aBapiiiHa Oesmeka. J[o Takux 3axoliB
HaJICKUTh CUCTEMH OOOpPOHHW, aBTOMATHYHI BUMHKA4i, KOMYTaTOpH, PI3HOMaHITHI
3anoODKHHUKHY, a TAaKOX 1HIINE 3aXHWCHE OOJIaJiHaHHA. 3 TeMIepaTyporo HarpiBaHHS
Boau o 1000 rpamyciB, a TakoX y BHUIAJAKy Oaratoda3HuUX Ta OJHO(A3ZHUX
KOPOTKMX JIAHITIOTIB Yy JIHII, fKa TOCTayae y KOTeN eJeKTPOSHEPri€ro, o

NIEPEBUIIYE MAKCUMaJIbHY HAMIPYTy Y I’ SITh BIICOTKIB, BTPAYya€ThCsl aCUMETPIs.

BucHoBkuM 3a po3aiiom

Buxonanu ananiz mporecy o0irpiBy npomucioBoi Oymaisii. [Ipoenu orunsn
BHUJIIB KOTJIB. BussBMIN CHIBHI Ta CIabKi CTOPOHU KOXXHOTO 3 BUMiB. IIpoBenu
aHaIi3 TEXHOJIOTIYHOTO MPOIleCy OOIrpiBy €NEeKTPUYHOIO KOTENBHOI K 00 €KT

MOJIepHI3aIlii.
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2. PO3POBJIEHHSI CUCTEMHU ABTOMATU3AIII EJEKTPOKOTEJILHI

2.1 3aBnanHsa Ta QyHKUII eJIeKTPOKOTEJIbHI

ABTOMaTH3alisl — 1€ MOXJIMBICTh 3aCTOCYBaHHS I1HCTPYMEHTIB, SIKi
BUKOHYIOTb BHUPOOHMYI Tpouecu ©Oe3 MpsMOoi ydacTi JIIOJWHHU, aje mig il
OesnocepeHIMU KOHTpoJeM. BoHa crpusie 30UIbIIEHHIO OOCSTiB BUPOOHUIITBA,
3MCHIIICHHIO BUTPAT, MOKPAIICHHIO SKOCTI MPOIYKIlii, CKOPOUEHHIO YHCEIHHOCTI
MpAaIiBHUKIB, MIIBUIICHHIO HAJIMHOCTI, a TaKOX MOJINIIEHHIO YMOB IMpali Ta
Oe3MeKHu.

Otxe, aBTOMAaTH3aIlisl J03BOJIAE€ 3IIMCHIOBATH KOHTPOJb 3a POOOTOIO
MexaHI3MIB 0e3 JIIJIChKOi ydacTi. B igeani, B aBTOMaTH30BaHOMY BUPOOHUUOMY
IPOIIeCi POJIb JIIOJUHU 3BOJUTHCS JIMIIE JO HaJaIITyBaHHS, OOCIyTOBYBaHHS
oOJlaTHaHHS Ta MOHITOPUHTY HOTO poOOTH. ABTOMATH3AIlIS CIPOIIYE SK (PI3UUHY
IpaiIfio, Tak 1 PO3BaHTAXKYE PO3YMOBY JiSUIHHICTb.

CporojiHi 3aCTOCYBaHHSI aBTOMAaTU30BAHUX CHCTEM KEpyBaHHS OyAb-SIKUMU
TEXHOJOTIYHUMHU TPOILECAMU € TEPCINEeKTUBHUM CyYaCHUM HampsiMKoM y cdepi
eHepro30epekeHHs. 3a3HaYUMO, 1110 00'€EKTH aBTOMATH3AIlli OXOILIIOITh OTIAJICHHS,
rapsde Ta XOJIOJHE BOJONOCTaYaHHS, CUCTEMH BEHTUJIALII, a TAaKOX Pi3HOMaHITHI
TEXHOJIOTIYHI MPHUCTPOi, SKI MOTPIOHI AJII HAYKOBUX AOCHIIKEeHb. OYiKyBaHUN
ekoHoMiunnii edext Big 3actocyBaHHs ACK TII pocsraerbes 3aBOsKu
MaKCUMaJIbHO TOYHOMY  KOHTPOJIIO nmapamMeTpiB  TMPOIIECY, 00Ky
€HEPrOCTIOKMBAHHS, MOHITOPUHTY TEXHOJIOTIYHOTO OOJagHAHHS Ta 3MEHIICHHIO
qacy pearyBaHHS IEpCOHATY Ha aBapiiiHi CUTYaIIii.

[Ipu mintpummi kackaniB ACK TII enexkTpudHi KOTIM MOXKYTh MAaTH
HaHOUTBII €PEKTUBHY 3aJICKHICTh MK MPOAYKTUBHICTIO Ta CIIOKMBAHHSIM TEILJIA.
CnoxrBadi MakCHMaJIbHO 3a0e3ledeHi TeIuioM B HeoOXimHuh mepion. Takox,
JoCsTaeThesl OakaHa Temreparypa KOTJIIB Ta CYTTEBO 3a0IA/KYEThCs 3HAYHA

KUIBKICTH T1aJINBA.
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Cy4acHi aBTOMaTH30BaH1 CUCTEMHU KEPYBAaHHS TEXHOJIOTTYHUMU MpoLEcaMu
(ACY TII) MOXyTh CKJIaatlOThCSl 3 KOMIIOHEHTIB BiJl pi3HUX BUPOOHMKIB, 110, B
CBOIO Uepry, 3a0e3neuye MOKIMBICTh SIKICHOTO Ta KUTBKICHOT'O PO3IIUPEHHS.

OcHOBHI 3aB/IaHHS] aBTOMATH3all11 KOTEIbHI BKIIOYAIOTh:

1. ABTOMaTHYHMI 3ayCK Ta 3yNUHKA KOTJIIB Y poOOYOMY PEKHMI, a TaKOXK
3yIIMHKA B aBapiiiHUX CUTYyallIsX.

2. ABTOMaTHYHE PETYJIFOBAHHS IMOTYKHOCTI KOTJIA.

3. KackagHe kepyBaHHSI KOTEIBHEIO.

4. 'Y pa3i BiIMOBM OCHOBHOTO KOTJIa aBTOMaTHYHE BKIIFOUYSHHS PE3EPBHOTO.

5. KoHTpoas TemMIiepaTypu 0XOJI0KYBaJIbHOT PiTUHH.

6. BimHoBiIeHHS pOOOUYHUX 1 TETNIOBUX MEPEK.

7. KepyBanHs Hacocamu.

8. 3axucT KOTJIIB Ta TEXHOJIOTIYHOTO OOJIaHAHHS B TEPEBUIICHHS
IPaHUYHUX HABAaHTAKEHbD.

9. Curnamizaiis A1 TIEpCOHANy Ta aBapiiiH1 MOBIAOMIICHHS Ha poOoYoMy
Micti orepatopa (APM omnepaTopa KOTENbHI).

10. Anroputmu eHeprozoepekeHHs 11 eheKTHBHOT pOOOTH KOTEJbHI.

JucneTrdepusailisi €IeKTPUYHOTO KOTEJIBHOTO MPUMIIIEHHS — II€ CHCTEMa
KOHTPOJIIO €JIEMEHTIB, sIKa 3a0e3neuye KOOPAMHOBaHY €KCILTyaTalliro 00J1aTHaHHS
Ta CIYyKOOBUX OIWHUIb, SKI BXOJATH JO CKIaAy KOMIUIEKCY JIaHIIOra
BojOTIOCTaYaHHs. JlucmeTuepchki CIyXKOM MIATPUMKH KOTENEHb TMOKJIMKaHI
MIIBUINATH  €(EKTUBHICTh 3aCTOCYBaHHS  €IICKTPOOOJagHAHHS, 3MCHIIUTH
BUPOOHUY1 BUTPATH Ta MOKPALTUTH SKICTh BUPOOJICHOT TPOTYKIIIi.

Bimznaunmo, o GyHKI qucneTdepusaii eneKTpOKOTEIbHI Peai3yroThCs
4yepe3 aBTOMATHYHE KePYBaHHS, sIKE BKIIIOYA€E B cede:

1) 3abe3nedeHHs Oe3mepepBHOI MOJa4Yi BOAM CIHOXXKMBadyaM 3 3aJaHUMH
napamMeTpaMu TUCKY Ta TEMIIEPaTypH;

2) MABUIIEHHS HAAIMHOCTI CHUCTEMH IUISXOM €(pEeKTHBHOTO KOHTPOJIO 3a

poOOTOIO TIEpCOHAITY;
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3) MoHITOpUHT Ta 30epiraHHs iH(opMmauii npo GyHKLUIOHYBAHHS MEPEXKI s
MOJAJIBIIOT AHAJIITUYHOI Ta CTATUCTUYHOT 0OPOOKH;

4) BUMIpIOBaHHS BUTPAT BOAM Ta CKJIaJaHHs rpagikiB poOOTH HACOCIB;

5) ckOpoYeHHs Yacy Ha aHali3 Ta IPUUHSTTS PIIEHb Y PI3HUX CUTYaLlIsX;

6) 3HWKEHHSI BUTPAT 3aBJISAKU PAL[IOHATIbHOMY BUKOPUCTAHHIO €HEPTIi;

7) KepyBaHHSI HACOCaMH, SIKi MIJATPUMYIOTh THCK Y MEPEXKi PH 3MiHi 00cATY;

8) 3MEHIICHHsS CIOXKMUBAaHHS €Heprii 0e3 TOpYIICHHS TEXHOJOTIYHUX
IPOLIECIB.

JlucrieTdepchbke KEepyBaHHsS EJICKTPUYHOIO KOTENBHEIO pealli3yeThCs 3a
JOTIOMOTOI0 TIPOTPAMHOTO 3a0e3MeYCeHHs, SKEe HaJa€ ONepaTropy IHTEPaKTHBHHMA
JOCTYNl 70 apxiBy JaHUX NP0 POOOTY MPHUCTPOIB Ta MOXKIUBOCTI KepyBaHHS
TEXHOJIOT1YHUMHU TIPOTICCAMH.

Taxox, 3aBASKM AUCIIETYSpU3aIlii YSPrOBHIA TUCTIETYEP MOXKE JUCTAHIIIHHO
3aIyCTUTH a00 3YIMUHUTU EJIEKTPUYHY KOTEJIBHIO, a TaKOoX IMEepeMHUKaTH Ta
peryiatoBaTy Oyb-sIKi 11 MEXaHI3MHU.

TennoTexHIUHUI KOHTPOJIb (PYHKIIOHYBaHHS €JEKTPUYHOI KOTENbHI Ta
BCHOTO OOJIaJIHAHHS BUKOHYETHCA 3a JIOMIOMOT'OI0 aBTOMATHU30BaHUX MPUIIAIIB, SKi
3a0e31euyoTh O€3MepepBHUM MOHITOPUHT TIporeciB. TerIoTeXHIYHI MPUCTPOT
KepyBaHHS pO3TAIlIOBaHI HA MAaHENSIX Ta IMHUTAaX KePyBaHHS, 10 CIPHUAE 3PYUHOCTI
MOHITOPHHTY Ta 00CIIyTOBYBaHHS.

TexHomnoriydi OJIOKyBaHHS BUKOHYIOTh BU3HA4Y€HY KUIBKICTH OIepaiid y
MEBHIM TMOCIIOBHOCTI MiJl Yac 3ayCKy Ta 3YMUHKH MEXaHI3MiB, a TaKOX IpHU
aKTUBAIIll TEXHOJIOTIYHOTO 3aXUCTy. BOHM 3am00iratoTh BAKOHAHHIO HETPABUIIBHUX
i mig 4Yac TEXHIYHOrO OOCIYyroBYBaHHS Ta 3a0€3MeUyOTh BiIKITIOUYEHHS
oOnaHaHHS B pa3i aBapiiiHOT CUTYaITii.

BimzHaunMo, 1m0 TPHUCTPOi TEXHOJOTIYHOI CHTHAJI3aIlii CHOBIMIAIOTH
YeproBUil MEepCOHAN TPO CTaH OOJATHAHHS, TOMEPEIHKAITh MPO HAOIMKEHHS
napaMeTpiB J0 HeOE3NEUHUX 3HAYE€Hb Ta CUTHATI3YIOTh PO BUHUKHEHHS aBap1iHUX
CUTYyalllil B €EKTPUUHIN KOTeJNbH1 Ta 11 00s1aaHaHH1. CUTHAIU MOKYTh OYTH 3BYKOBI

Ta CBITJIOBI.
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["'onoBHUM 3aBIaHHIM pOOOTH €IEKTPUUYHUX KOTIIB € €(PEKTUBHUI PO3BUTOK
HEOOXITHMX TNapaMmeTpiB Ta Oe3ne4yHli yMoBH Tmpaunl. Tomy eKcrulyaTaris
o0asiHaHHS MOBUHHA BiMOBIAAaTH BUMOTAM YHHHOTO 3aKOHO/IaBCTBA, IPAaBHUIIaM Ta
craHaapram JlepKrexHarisany.

JIns KOKHOT eNeKTPUYHOI KOTEIbHI, SK OKPEeMOi OJWHHIl, MarTh OyTH
pO3pO0IIeH] TOCaA0B1 Ta TEXHOJOT1UH1 IHCTPYKIIIT, IO PErJaMEeHTYIOTh HOpMaTUBHE
oOcnyroByBaHHsl 00JIaJHAHHS, HEOOXITHICTh MPOBEJCHHS PEMOHTHUX PpOOIT,
CBOEYACHICTh 3aCTOCYBAaHHS 3aXOJIB OE3MEKH, a TAKOXK 3alo0IraHHs Ta YCYHEHHS
Oynp-skuX apapiid. BigzHauumo, 110 TEXHIYHI MNACMOPTH HA TPYOONPOBIAHE
oOnamHaHHS, JOKYMEHTH, IO PErJIaMEeHTYIOTh BHKOHABUi, €KCIUTyaTalliiHi Ta
TEXHOJIOTIYHI IJIaHU TOBUHHI OyTH PO3pOOJIEHI i KOXKHOI MOCTaBJICHOI WL
OKpeMo. 3HaHHS BUIICHABEICHUX IHCTPYKIIH, PSKUMHUX KapT poOOTH KOTIa Ta
IHIINX HOPMATUBHUX MaTepiajiB € 000B'I3KOBUM JIJIsi pOOOUOTO MITATY KOTEIbHI.

Takoxk, OOOB’A3KOBUM € BEIEHHS OIEPATUBHOIO XKYypHaly, B SKOMY
(bIKCYIOTbCSI THCTPYKIlI KEPYHOYOTro KOTEJIbHI Ta 3aliCH YeproBOro MEPCOHAY
IOA0 oOmepaTUBHOI poOoTH Bchoro oo6sagHaHHs. llle ogHMM 000B’A3KOBUM
JIOKYMEHTOM € PEMOHTHA KHHUTa, Je (DIKCYIOThCS BCl1 BUSABICHI AedEeKTH poOOTH
npuiany, a TakoX 3aX0Ju, 10 Oydu BXKHTI JUIsl X YCYHEHHs. 3a pe3ysibTaTaMu
pob6oTH KoTenbHi1 (POPMYIOTECS TIEpBUHHI Ta BTOpUHHI 3BiTH. [lepiri ¢popmyroThes
Ha OCHOBI poOOTH OJIOKIB Ta peecTpaTopiB, TOAI SK APYTi 3BITH MICTAThH 3arajibHi

JlaH1 TTPO KOTEJ 3a neBHUM nepio1. KoxkeH KkoTen MapKyeThCsl YHIKAIBHUM HOMEPOM.

2.2 Bubip 3aco0iB aBTOMaTH3allil €JIEKTPOKOTENbHI

{06 oTpumaTu MiHCHO AOCTOBIPHY, KUIBKICHY Ta SIKICHY iH(OpMaIlifo mpo
napamMeTpu TEXHOJOTIYHOTO TpoIecy, HEOOX1MHO o0paTu BIpHUN METOJ Ta 3acid
BuMiproBaHHs. Came TOMYy IHCTPYMEHTH aBTOMATH3allii MOBUHHI OyTH TEXHIYHO
OOTpYHTOBaHWMH Ta EKOHOMIYHO BUTIpaBAaHUMU. KOHKpETHHIT THTT aBBTOMAaTUYHOTO
MPUCTPOIO BU3HAYAETHCS HA OCHOBI XapaKTEPUCTHUK 00'€KTa KEPyBaHHS Ta 00paHOi

CHUCTEMU KEPYBAHHS.
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JloBeneHo, o AOUUILHUM Oyie BUKOPUCTAHHS MPUCTPOIB OAHOTO TUMY, SIKi
€ ILEHTPaJi30BaHMMH Ta EKOHOMIYHO JOCTYIHHUMH, LIO 3HAYHO CHPOCTUTH
MOCTAYaHHA Ta eKcIulyaTaiito npuiaaiB. OCKUIBKY MPOLIEC HarpiBaHHS BOAM HE €
BUOYXOHEOE3MeYHUM, TOMY JJisi aBTOMAaTu3allli BUKOPHUCTOBYIOTH €JIEKTPUYHI
npucTpoi. EnaexTpuuHi NpUCTpOi MOPIBHAHO 3 MHEBMATHYHUMH € MAKCHMAJIbHO
TOYHUMHM Ta WBUAKUMU. CaMe JIKepeno eHeprii il eIeKTPUYHOI aBTOMATHU3allli €
MPOCTIIIMM Ta HAIWHINIMM, a TaKOX HE Mae OOMeXeHb IO BiJCTaHI MIX
MIJCUIIOBaYeM Ta MPUBOAOM. Takok, eJeKTpUUHE KepYyBaHHS CIIPOLLY€e 00'€ THAHHS
pI3HUX IMITYJIbCIB. JlOCTI)KyBaHUM 00'€KTOM aBTOMATH3allli CHCTEMU KEPYBAHHS Y
HalIi poboTi € enexTpuuHa KoteiabHs «KuiBchbka».

IleperBopoBau 4YacToTH. /[N BIPOBAKEHHS aBTOMAaTH3allll CHCTEMH
BcTaHoBUMO TmepeTBoproBaui yacrotu HYUNDAI N700E-004HF (puc. 2.1) nHa
KOKeH OKpPEeMHIl Hacoc pa3oM 3 JaT4YMKaMH THCKYy Ta TemrepaTypu. [oiioBHa
(GyHKIIS MEpeXeBUX HACOCIB MOJSTae B TOMY, L0 XOJOJHA BOAA HAAXOIUTH JI0
HAaCOCIB €JIEKTPUYHOT KOTENbHI, SIKI IEPEeKayyIoTh ii B TPYyINy €JIEeKTPUUHUX KOTIIB.
Bona narpiBaetscs g0 130 °C s momasiblIoro OMaJeHHS Ta BOAOIMOCTAYaHHS

KIHIIEBUM CIiokuBayam [3].

Pucynok 2.1 — IlepetBoproBau yactotu HY UNDAI N700E-004HF

OYHKI[I0 TATPUMKH TOCTIHHOTO THUCKYy 3 BapiaTUBHOI BHUTPATOIO B
€JEKTPUYHIA KOTEJbHI BUKOHYIOTh MEPEXKEB1 HACOCAaMU Ta HACOCH IMiJI)KUBJICHHS,
SK1 IOCTA4Yal0Th Y CUCTEMY BOAY. JlaH1 Mpo akTyallbHUI TUCK Y CUCTEMI I10J1a4ul BOJIU

HaJIXOIATh 3 JATYMKa, pO3TAIlIOBAHOTO Ha BUXO/1 3 KoTelabHI. CucTeMa KepyBaHHS
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MEpEeKEeBUM HACOCOM MOJKE MPAIFOBATH B aBTOMAaTHYHOMY Ta B PyYHOMY pEKUMaX.
[lepeMuKaHHs MK peXUMaMU 311HCHIOETHCS 3 MAHEN1 KepyBaHHS BIANOBIIATBHOIO
0c00010.

SIKI0 peKUM peryJIIOBaHHS TUCKY € aBTOMATHYHUM, TO CUCTEMa KEPYBaHHS
CKJIQJA€ThCsl 3 KOHTpOJIepa Ta MOAYJS BBEICHHs/BuBeAeHHs. [loTouHe 3HAaUeHHS
TUCKY B HaIlipHIA YacTUHI MMOAAa4l BOAM OTPUMYETHCS BiJ JaTdyMKa TUCKY. B
3aJIEKHOCTI BiJ] IIbOI'O 3HAYEHHSI KOHTPOJIEp HaJCHIIa€ KOMaH/AM Ha MepeTBOpIOBaY
yactoth HYUNDAI N700E-004HF, nmigxirrouaroun Horo 10 Hacoca 1 abo Hacoca 2.
[lixaBuUM € Te, 110 MOKJIMBE OJHOYACHE BUKOPUCTAaHHS 000X HAcociB abo poboTu
JIMIIIE OJTHOTO, KOJIU IHIITMH B pexXUMi 04iKyBaHHs. KOHTpoJep ynpasiisie 0JHOYaCHO
yCI€I0 eNeKTPOaBTOMATHKOIO, BCTAHOBIIIOIOUM MapaMeTpH MPOAYKTHBHOCTI Hacoca
Ha TIEPETBOPIOBAYl YACTOTH Ta HEOOXITHY MOTYXKHICTh JJII MEPEKEBOro Hacoca.
Py4HMIT pe’kuM BUKOPUCTOBYETHCS HE YaCTO — KOJIM aBTOMaTHYHA poOOTa CUCTEMHU
KepyBaHHs HEMOKJIMBa abo Mae aBapiitauit cran [13].

JlaT4uK THCKY. Y SIKOCTI JaTYMKY THCKY ooupaemo Rosemount 3051C (puc.
2.2). Lle#t maTyvik OCHAIICHWIA CEHCOPHHM MOJYJIEM Ha OCHOBI €MHICHOT KOMIPKH
JUIsl BUMIPIOBaHHS Tepenagy THCKY, HaJIMIIKOBOIO Ta aOCOJIOTHOTO THUCKY 3

BepXHiMHU MekaMu BuMipy Bix 0,025 mo 27580 kIla [4].

Pucynok 2.2 — Jlatunk tucky Rosemount 3051 Bukonanus CoplanarTM

[TapameTpu natumka:

— T0o4HICTE: +/ - 0.075%;

— mepenan Tucky: Tapyanns inH20 0.5 - 2000 psi;
— tuck: tapyBanns inH20 0.5 - 2000 psi;
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— abcomoTHu# THCK: psan TapyBanHs 0.167 - 4000 psia [14].

Jarunk Temneparypu. [I[puHuun BUMiproOBaHHS TEMIEPATYPH ISl TATYUKIB
TII101 - K (puc. 2.3) IpyHTYEThCA Ha 3aJ€KHOCTI OMOPY UYTIUBOIO MJIATHHOBOTO
enementa TI1100, sikuii po3TamoBaHuil y BUMIPIOBAIBLHOMY 30H/11, B1JI TEMIIEPATYPH
BOIM, B sKy 3aHypeHud wneu 3oHA. Jarumkm TII101-K maroTe repmernynuii
BUMIPIOBJIBHUM 30H] Ta 2-TIPOBIIHUN KaOeiab CTaHJAPTHOI AOBXKUHU 5 METpiB. Y
30HJI 3 HEpPKaBIIOYOI CTalll MICTUTHCS TUIATUHOBUN TEPMOYYTIUMBHUMA €JIEMEHT
TII100, a Takox MJjaTta, M0 MEPETBOPIOE 1HPOPMAIIIIO PO TEMIIEPATYPy BOJAM HA
CTaHJAPTHUHN BUXITHUNA CUTHAJ y BUTIIsIAL CTpyMy (4 - 20 MA). OiuH KiHelb Kabento
natyuka TII101 - K repmeTnzoBanuii 3a 1OMMOMOTOF0 30H/1a, TOJ1 SIK 3 1HIIIOTO OOKY

pO3TaIloBaHi [Ba BIAKPUTI MPOBITHUKN, BMOHTOBAHI B KiHI[I IITHPIB [5].

Pucynok 2.3 — Jlatuuk temnepatypu TII101 — K

PesynpTaTi BHMIpIOBaHb TEMIEPATypH TMEpefaloThCs Ha OyIb-sSKHid
MpUINMaNbHUN TPUCTPiH, IO MIATPUMYE aHAIOTOBUIA CUTHAN. TakuMU IPUCTPOSIMU
MOXXYTh OyTH peecTpaTopy JaHUX, KOHTpOJepH, madu KepyBaHHS, NMEPCOHATIbHI
KOMIT'IOTEpM Ta 3O0BHINIHI MOHITOPH, $KI OCHAIEHI aHaJIoro-Iu(poBUM
nepeTBoproBadeM. JlucTaHIisi 3B'I3Ky MDK JAaTYMKOM Ta PEECTPATOPOM MOXKE
nocsirati 500 metpis. arauku TI1101-K npusHaveHi Ajis TpUBaiIoOro 3aHypeHHS 1
MaroTh CTYIIHB 3axucty [P54.

TexHiuHi MapameTpu:

— TIOKa3HMWK TETI0BOi 1Hepiii — 90 c;

— MaKcHUMallbHa MBHAKicTh HarpiBanHsa — 80 °C/xa;
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— CTYIIIHb 3axucty - IP54;
— J0BXKHMHA KabenbHOro BuBOAY - 0.5-1M;
— JlonycTHMa TeMIepaTypa Ha By3Jax Jatuuka — Bix -40 go +200 °C [15].
Kontpoaep. Binznaunmo, mo nporpamoBaHi kKoHTpoJiepu Simatic S7-300
MpU3HAYCH1 JUisi TOOYIOBM CHCTEM aBTOMAaTH3alllii HHU3BKOI Ta CEpeaHbOl
CKJIaJTHOCT1. BUKOpUCTOBYIOThCA ISl aBTOMAaTHU3aIlli HacociB (puc. 2.4), KOXeH 3

SIKHX 3alpOrpaMOBaHUM JJIsi KOXKHOT KOHKpETHOT i [6].

Pucynok 2.4 — Kontposnep Simatic S7-300

Cepenn OCHOBHUX IepeBar KOHTPOJIepa BUOKPEMITIOIOTh HACTYITHI

— MOAYJbHAa KOHCTPYKIIS 3 JISTKMM MOHTa)XEM 3aBJSIKU PO UILHIA IIHHI
(petini);

— cHCTeMa OXOJIO/KCHHSI;

— PO3MOJUICHE Ta JIOKAJIbHE BBEICHHS/BUBEICHHS;

— mATpUMKAa KOoMyHikamiiiHux — Mmepex: MPI,  Profibus, Industrial

Ethernet/PROFInet, AS-i, BACnet, MODBUS TCP;

migTpuMKa (GYHKIN peaqbHOro Yacy Ha piBHI onepariiHol CUCTEMU;

0o0poOKa amapaTHUX Ta MPOTpaMHUX MOMUIIOK Ha piBHI OC;

— MIATPUMKa amapaTHHUX nepepruBaHb Ha piBHI OC;

— OE3KOIITOBHE PO3MIMPEHHS MOKIMBOCTEH 3 MOJICPHI3AIIIEI0 CUCTEMU;

— BUKOPHUCTAHHS PO3MOJAUICHUX CTPYKTYpP BBEICHHSI/BUBEICHHS Ta JIETKa
IHTETpaIlisg B pi3Hi THIH Mepex [16].

Oneparopcska ma”esab. Onepatopcebki naneni cepii WebOP-2000T, mo

0asyrotbesi Ha mnponecopl 3 RISC-apxitekTyporo, 3aJ0BOJIBHSIIOTH CTaHIAPTH
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aBTOMAaTU3alIMHUX JOJATKIB TaKUX SK YIAaKOBKA, BHpPI3aHHS ETUKETOK,

aBTOMAaTH30BaHe J03yBaHHs [7].

Pucynok 2.5 — INanens oneparopa WebOP-2000T

Mopens WOP-2070T migrpumye monan 350 MmpoTOKOMIB MPOMHUCIOBOTO
3'si3ky [1JIK, 3a0e3neuyrour BiAMOBIIHICTh IMMPOKOMY CIIEKTPY MPOMHCIOBUX
3acrocyBanb. Ilaneni HMI Bim Advantech BumyckamoTbCsi 3 TONEPETHBO
BctanoBiieHO OC peanbpHOro yacy abo 3 BOymoanoro Microsoft WinCE 6.0, 1o
TOTIOBHIOETHCS penakTopoM WebOP Designer jyist 060X THITIB MoJIeJIeH, 110 pOOUTh
iX imeaJlbHUMHU JUIS KEpyBaHHS B CHCTeMax 3 THY4YKoro iHTerpariiero. WebOP
Designer 2.0 - 1e IHCTpyMEHT UIsi pO3pOOKH, SKHi 3a0e3ledye CYMICHICTH 3
pizaumMu  mognenssimu  IIJIK 1 crpusie CTBOpeHHIO MNPUKIAAHUX PIlICHb IS
3MEHIIIEHHS pPOOOYMX 3YCHJIb, ITJIBHIICHHS IPOJYKTHBHOCTI BHPOOHHIITBA Ta
onTHMI3aIlli MpoIecy KepyBaHHS Ha KOXXHOMY BHpoOHWYOMY o00'ekTi. Ilameni
oneparopa Bim Advantech ocnameni PK-mucrmesmu 3 JerkicTio OYMINCHHS Ta
saxuctoM [P66, 3 miaronawmo Bim 3.5" mo 12", mo pobuth iX BiaMiHHO
MIIXOISIIAMU JIJIsT BUKOpUcTaHHs 3 Oynb-skumu [1JIK-nmogaTkamu, KoHTpOaepamMu
PYXy, TEPMOPETYIATOPAMH, IHBEPTOPAMH Ta TaTYNKAMHU.

MonayabHa craHmiss. Posrmsaemo cranmiro ET 200S (puc. 2.6), mio
Mpu3HaYeHa ISl HATAIMITYBAHHS PO3IMOUICHUX CHCTEM BBEIICHHS/BUBEICHHS, IO
6asyrorbcs Ha Mepexkax PROFIBUS DP a6o PROFINET 10. Bona ontumizoBana
JUTsl BAKOpUCTaHHs 3 mporpamoBanuMu KoHTposiepamu SIMATIC S7/WinAC, ane €

CYMICHOIO 3 KOHTpOJIEpAaMHU IHIIMX BHUPOOHUKIB, $KI MHIATPUMYIOTH (YHKIII]
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nposinHoro npuctporo DP abo kontponepa PROFINET IO. Cranuis Mae piBeHb
saxucty IP 20 [8].

Pucynok 2.6 — Moaynbhna ctanmis ET 200S

Jlo ocHOBHUX niepeBar MoaynbHO1 cTanilii ET 200S BimHOCATS:

1) cucTema po3MoaiICHOr0 BBEICHH/BUBEICHHS 3 piBHEM 3axucty IP 20;

2) HasBHICTh 3BHYAMHHMX Ta IHTCIEKTYaIbHHX IHTEPPEHCHHX MOMAYIIB 3
BOYJIOBAaHMMHU LIEHTPAIBHUMU MPOLIECOPAMH JI MIIKIIOUEHHS CTaHIIII 10 MEpex
PROFIBUS DP ta PROFINET I10;

3) BHUKOpHCTAaHHS B CHUCTEMax pO3IOJUICHOTO BBEJICHHS/BUBEICHHS
3arajbHOTO0 TMPHU3HAYEHHS, a TaKOX y CHUCTEMax MPOTHABAPIMHOIO 3aXUCTy Ta
3a0e3neueHHs 0e3MeKu;

4) momepenns o60poOka iHdopmarii Ha piBHI CTaHIIl 3a JAOMOMOIOIO
IHTEJIEKTYaIbHUX 1HTEPPEHCHUX MOAYJIIB, 110 3MEHIITYE HABAaHTAKECHHS Ha MEPEXKY;

5) MHPOKWA acCOPTUMEHT EJIEKTPOHHUX, TEXHOJOTIYHHX Ta CHJIOBHX
MOJIYJIiB;

6) THy4Yki MOXIJIMBOCTI ajamnTamii oOJaJHaHHS J0 BHMOI KOHKPETHHUX
3aB/IaHb;

7) TOTYXHi JlarHOCTWYHI (PYHKIII1, IIBUAKE YCYHCHHS HECIPABHOCTEH, IO
JI03BOJISIE CKOPOTHUTH Yac MPOCTOI0 MTPOMHUCIIOBUX MAIIIMH Ta YCTAHOBOK;

8) MOXIHBICTh «rapsdoi» 3aMiHM MOMAYJIB IIiJi 9ac pPOOOTH CTaHII,

KEepOBaHOI IIporpaMoBaHuM KoHTposepom S7-400/S7-1500.
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2.3 Po3pobienns (pyHkHioHaNIbHOL cxeMu aBTOMaTH3aIil

€JIEKTPOKOTEJIbHI

Bin3HaunMo, TEXHOJOTIYHA CXE€Ma CHCTEMH TEIIONOCTAYaHHs aHaJorivHa
BIJIKpUTIH, aje cucTeMa IMiJKUBIEHHS MPU3HayeHa JJi1 KOMIEHCalli He3HAYHUX
BUTOKIB Bojau. lle o3Hayae, mo o0'eM OakiB I MHKUBIIOBAIBHOI BOAU 3HAYHO
MEHIIMK, ab0 Taki 0aKW MOXYTh OyTH 30BCIM BIJCYTHIMH, IO XapaKTEPHO MIJIsI
CHUCTEM TEIUIONOCTAaYaHHsI MaJIoi MOTYXHOCTI. Y KOTENBbHSAX 3 HEBEIUKOIO
MOTYXKHICTIO JJIsl TapsIY0ro BOJAOIMOCTaYaHHS BCTAHOBIIOIOTH IMIIIrpiBavl BOIM.

CrnporreHa cxema 3aKpuTo1 3a1€KHOT CUCTEMHU TEIJIONOCTaYaHHs 300pakeHO
Ha PUCYHKY 2.7.

Otxe, cuiioBa cXeMa KEpyBaHHS 3aJMIIAETHCS PeeHHO-KOHTAKTOPHOM, a
KEepYyIoUl JaHIIOTH Ta aITOPUTMHU PEATI3yIOThCS 3a JOTIOMOT'0K0 KOHTPOJIEPIB.

JumoBi ra3u

tﬂpLan’ Qup
- - Qs
8
m
=
%
PuH =
Br 1 o
Hacoc
— | BK — — )
tsnop Px ‘ 4 tas, Gan
TenmmooOMiHHMK
T'BIT Ha I'BIT
Hacoc o
3 Bozopoza a Qrsr
— = (» Hacoc Bix I'BIT
4@«+
3BOpPOTHI# KiIaman I'BI1
D¢

Pucynok 2.7 — CopolieHa TeXHOIOT9HA cXeMa 3aKpUTOT CHCTEMH

TCILIOIIOCTa4YaHH A

Enextpuunuii koten 3abe3neuye TEIUIOBE HABAHTAXEHHS, SIKE BUSHAYAETHCS
PI3HULIEIO TEMIIEpaTyp MK HPSIMOIO BOAOKO (tpr) Ta 3BOPOTHOIO BOJOIO (ts5) Mepen
KOTJIOM, @ TaKOX MOTOKOM npsMoi BoaH (Gpp). i1 1pboro Kotena nmoBUHEH OyTH
OCHAIIIEHUW PpEryJsTOpaMHu TEeMIepaTypu s 000X TMOTOKIB. PerymroBaHHS

MIDKUBJICHHS Ma€ TapaHTyBaTH, IO HE3HA4YHI BTpaTH BOJAU B CHUCTEMI
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KOMIICHCYIOTBCSI MIATOTOBJIEHOIO Bojaol (duepe3 BIIY) muisixom akTuBailii
MIJPKUBIIOBAIBHOTO Hacocy. CuctemMa rapsidoro BOJIONMOCTAYaHHS TaKOXK MOBHUHHA
OyTu 3a0e3neyueHa 3BOPOTHUM KJIallaHOM, SIKHI BIIKPUBAETHCS MPU 3HUKEHH1 TUCKY
Boau B cuctemi ['BII.

CTpykTypHa cXeMa UIIOCTPYE OCHOBHI (DYHKIIOHAIbHI KOMIIOHEHTH
oOJialHaHHS, X MPU3HAYEHHS Ta B3a€EMO3B'SI3KH MK HUMH.

Ha pucynky 2.8 mpencraBiieHa CTpYKTypHa cXeéMa aBTOMaTu3allii CUCTEMHU
€JIEKTPUYHOT KOTEJbHI 3 aKyMYJISIIE€I0 TEIJIOTH JJIsl TEIJIONOCTadyaHHs. Y Hil
3a3HauyeHl BC1 JAaTYMKA Ta BUKOHABYI MEXaHI3MHU, SIKI BUKOPUCTOBYIOTHCS JIJIsI
peryitoBaHHs mapameTpiB mporecy. Ll cxema crpolnye BU3HauYe€HHS HEOOXITHUX
MOJYJIIB JIJIs1 KOHTpOJIepa.

3rilHO BHWINCHABEJEHOI CXEMM MiAIrpita B EIEKTPUYHUX KOTIax BOja
NoTparvise B 0ak-aKyMyJsATOp, 3BIJIKM MEPEKEeBI HACOCH MOJAIOTh 11 10 JiHil
TEIUI0BOi Mepexki. YacThHa I11€] BOAM BUKOPUCTOBYETHCS B TEIJIOOOMIHHUKY IS
HarpiBaHHs YHCTOI BOJOMPOBIIHOI BOJW, IO HAAXOAUTh y CHCTEMY Trapsioro
Bogomnoctadanus (I'BII). TemnepaTtypa HarpiBaHHs peryiatoeThest KoHTposiepom TC,

SAKUN KOHTPOJIIOE BUTPATY BOJH, 1110 TPOXOJUTDH YEpe3 TEIIOOOMIHHUK.

O

[

Pucynok 2.8 — Cxema aBToMaTu3aiii e1eKTpUIHOI KOTEIbHI

TemnmoBa Meperka MoCTav4aeThCs BOAOMPOBITHOIO BOIO0 uepe3 perymsatop LC,

SAKUW MIATPUMYE HEOOXITHUM piBeHb BOJU B Oaky-akymyistopi. [Iporpamue pene
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MpaIoe 3a BCTAHOBJIEHUM rpadikoM, 110 3amo0irae BKIIOYEHHIO KOTIIB TiJ] 4ac
MIKOBUX HaBaHTaXeHb. SKIIO TeMmiepaTypa BOJM B ONAJIIOBAJIBHIA Mepexi
3HMJKYETBCS 1O KPUTUYHO HU3BKOTO PIBHSI, TEIJIONPOBOJIN MOXYTh 3aMEpP3HYTH. Y
TAaKOMY BUIAJKY KOTJIM aBTOMAaTUYHO aKTUBYIOTHCS.
brokytoui mpucTpoi IHTETPYIOThCS B CUCTEMY IMEPEMHUKAHHS KOTJA, 100
3YIMIUHUTH HOro poOOoTy y pasil mepepuBaHHS BOJAHOTO IUKIY (HANpuKIad, MpU
BIJIKJTIOUEHHI MEPEXKEBUX HACOCIB) Ta aBTOMAaTUYHO aKTUBYBATH PE3EPBHUI HACOC
3aMICTh 3yMUHEHUX.
BizyanbHo (yHKIIOHAIbHA CXE€Ma EJEKTPUYHOI KOTeNbHI 300pa)keHa Ha

pUCyHKY 2.9.
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Pucynok 2.9 — ®dyHKIIOHAIRHA CXeMa aBTOMATH3aIlii €JICKTPHYHOT KOTEIIbHI
1 — TCK Ha BXOJII; 2 — TUCK Ha BUXO/I1; 3 — TEMIIepaTypa Ha BXO/Ii;

4 — TemmiepaTypa Ha BUXO1; 5, 6, 7 — Temmeparypa Ha BUXO/1 €IEKTPOKOTIIA;
8 — kepyBanHs Hacoca Nel; 9 — kepyBanHst Hacoca Ne2; 10 — kepyBaHHS
MIJPKUBIIIOYOr0 Hacocy; 11 — TemnepaTtypa HarpiBy; 12 — kianas 3
€JEKTPONPUBOAOM; 13 — 3BOPOTHIN KJIamaH 3 eJIEKTPONpuBoIoM; 14 — kianaH 3
CJICKTPOIIPUBOIOM Ha MepeMHUYIIi
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Tabnuis 2.1 — [punaau 3a miciiem

[lo3uuig HalimenyBaHHs KinpKicTh
1,2 JlaTtuuk tucky Rosemount 3051C 2
3-7 Jatuuk temnepatypu TII101 — K 5
8,9,12-14 Omneparopcrka nanens WebOP-2000T 1
10 [lepeTBOpIOBaY 4acTOTH 1
HYUNDAI N700E-004HF

Jlo ckiaqy aBTOMaTH30BaHOI €JIEKTPUYHOI KOTEJIbHI BXOASTH: €ICKTPUUHI
KOTJIHM; OaK-aKyMyJsiTOp; HAaCOCH;, BOJSHHUN TEIUIOOOMIHHUK CHCTEMHU Tapsuoro
BOJIOTIOCTAYaHHSI; PETYJIIOI0Y1 KJIaNaHH.

BoHa € OCHOBHMM TEXHIYHUM JOKYMEHTOM, II[0 BHU3HAYa€ CTPYKTYpy Ta
0COOJIMBOCTI aBTOMATH30BAaHOI CUCTEMHU KEPYBaHHS TEXHOJOTTYHHMH TpoliecaMu
(ACK TTI) mpoekxToBanoro 06'exrta. L{s cxema BKiIroYa€e TeXHOIOT1YHE 00J1a THAHHSI,
KOMYHIKaIlii, MpUCTPOi KepyBaHHs, MPUJIIAIA Ta 3aCO0M aBTOMAaTH3allii, a TaKOXK

B3a€MO3B'I3KH MK HUMH.

2.4 IlapameTpu KOHTPOJIIO TA PEryJIOBAHHSA

BianoBigHo 10 GyHKIIOHAIBHOT CXeMU MaeMO 8 mapaMeTpiB KOHTPOJIIO Ta

cuTHai3aIii, 4 mapaMeTpu peryJIroBaHHs, 1110 MPEACTaBlIeH] B TabnuIpx 2.2-2.4.

Tabmums 2.2 — [lapameTpu KOHTPOJTIO

No HalimeHnyBaHHs 3Ha4YeHHs

1 Tuck Boau Ha BXO/1 TPyOOIIPOBOIY OMAJICHHS Jlo 1.6 Mna
2 Tuck Boau Ha BUXO1 TPYOOIIPOBOY OMAJICHHS o 1.6 Mna
3 Tuck Boau Ha Bxoai Tpybomnposony I'BIT Jlo 1.6 Mna
4 Tuck Boau Ha Buxozi Tpyoornposony I'BIT Jlo 1.6 Mna
5 | Temmeparypa Boau Ha BXOJI TPYOOTIPOBOAY OMAJICHHS 0—180°C
6 | TemmepaTypa BoJau Ha BUXOI TPYOOIPOBOY OMAJICHHS 0—180°C
7 Temneparypa Bonu Ha Bxoai Tpybomnposoay ['BIT 0—180°C
8 Temneparypa Bonu Ha Buxoi Tpyoonposoay I'BIT 0—180°C
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Tabmuus 2.3 — [lapameTpu peryntoBaHHs

Ne HaiimeHnyBaHHs IIpu3HaueHHs
[TinTpuMKa TUCKY B
CUCTEMI TeIJIONOCTaYaHHS
Ilogaya BoaM MO MOJAOUYOMY
TpyOOIIpoBOAY
Ilogaya BoM 110 3BOPOTHOMY
TpyOOIIPOBOAY
[Toaya BoM 13 3BOPOTHOTO
TpyOOIIPOBOAY B MOJIAKOUH I

1 EnekrponBuryn Hacoca

2 3acyBKa Ha MOJIal04OMY TPyOONPOBO/I1

3 | 3acyBka Ha 3BOPOTHOMY TPyOOIpPOBOIi

4 3acyBka Ha nmepeMHuIli

Tabnuus 2.4 — [MapameTpu curnanizanii

No HanimenyBanHs 3HAYEHHS
menie 0.5 MIla a6o
1 Tuck Ha BXO/I1 MOJa0U0T0 TPYOOIIPOBOAY OubIIe
1.2 MIla
menie 0.5 MIla a6o
2 | Tuck Ha BUXOJI1 MOJAI0YOT0 TPYOOIIPOBOLY OubIIe
1.2 MIIa
menmie 0.4 MIla a6o
3 Tuck Ha BXO/1 3BOPOTHOT'O TPYOOTIPOBOTY OlbIIe
1.2 MIIa
menmie 0.4 MIla a6o
4 | Tuck Ha BUXOJ1 3BOPOTHOTO TPYOOIIPOBOTY OlbIIIe
1.2 MIla
5 TemmepaTtypa Ha BXO/I1 ITOJJAF0YOTO MeHie 65°C abo OibIie
TpyOOIIpoBOAY 100°C
5 TemmepaTypa Ha BUXO/11 ITOJJAF0YOTO MeHie 65°C abo OibIie
TpyOONIpOBOIY 100°C
7 Temneparypa Ha BX0/1 3BOPOTHOTO mentie 40°C abo Oinbie
TpyOOIIpoBOAY 100°C
3 Temneparypa Ha BUXOJIi 3BOPOTHOTO mentie 40°C abo Oinbie
TpyOoIIpoBOAY 100°C

BucHoBKH 3a po3aiiom

[ToOynoBaHO CTPYKTYpHY CXEMYy Ta MpPEACTaBICHO (DYHKIIIOHATBHY CXEMY
aBTOMAaTH3allli CUCTEMU KEPYBaHHS EIEKTPUYHOIO KoTenbHer. OmucaHi TeXHIUHI
3aco0u aBTOMartu3allii, oOpaHi MpU MOJEpHI3allii E€JIEKTPUYHOI KOTEbHi, IO
BKJIIOYAIOTh B ce0€ TOJOBHUM YHMHOM: 3aloO0KHI, PEryyiooul KIanaHd Ta

KOHTPOJIbHO-BUMIPIOBaJIbHI MPUIIAIH.
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3. MOAEJIOBAHHSA POBOTHU EJJEKTPOKOTEJIBHI

3.1 TennoriagpaB/IiYHUI PO3PAXYHOK €JIEKTPOKOTEJIbHI

[IpoBenemMo TemIO-TiApABIIYHUNA po3paxyHOK. s 1bporo mnpuiiMemMo
MMOYaTKOBI YMOBH TEIJIOBUX HABAHTAXKECHD TEILIO-CIIOKUBAIOYMX CUCTEM OY/TiBEIIb:

— omnairoBalibHUM niepion — 5616 rox;

— pO3paxyHKOBa TeMIeparypa 30BHIIIHBOTO TIOBITPS IS CHCTEMH
omanenns, -37°C;

— cepeaHs TeMIepaTypa 3a onanoBaisHuil nepiox -6,7 °C.

Po3paxyHOK BHUTpaT MEpEXHOI BOJHM IPOBOJMBCI 3a TEMIIEPATypPHHUM
pesxxumoM 65 - 100 °C oOMexkeHHSAM TeMmIepaTypH TEIIOHOCIS B TPYOOIPOBO/i 710
100 °C. CepeaHbo-roMHHI BUTPATH TEIJIA Ta TEMIOHOCIA Ha BOAONOCTAYAHHS JIJIs
CHUCTEM TerionocTadaHHs po3paxoByBanucs 3a JIbH B.2.5-64:2012 «BuyTpimHii
BOJIOTIPOBIA Ta kKaHamizais» Big 01.03.2013 [9].

Omxe, BTpaTu Temia TPyOONpPOBOJAMU CHUCTEMHU TEIIONOCTAaYaHHS

00YHCITIOIOTH 32 TaKOK (OPMYJIOHO:
Q" -> Q% (3.1)

Q" -K;-dT-1=K-(T,, =T, )1 (3.2)
ne: Qpt — TETUIOBTPATH OKPEMHUX JUISHOK TEIUIonocTayanHs, Br;
Ki — niniitauii koediuienT Teronepenaui, Br/(mM°C);
dT — Temnepatypnuii Tuck, °C;
Teep— CEpENHS TEMIIEPATypa BOAU y Tpybomposoui, °C;
Tiasx — TEMIEPATypa HABKOJIMIIHEOT0 HoBiTps, °C;
| — moBkMHA MUISHKH TPYOOIPOBOTY, M.
®opmyna 3.3 periaMeHTye pO3paxyHOK BTpaT TeMIlepaTrypu y
TpyOOTPOBOIAX CUCTEMHU TEIIIOMEPEXKI:
36-Q,-T,-Q"-(1/1163)
’ 3,6:Q ’

bith ¢

T

(3.3)



39
ne: Quin— pO3paxyHKOBa BUTpaTa BOAM Ha AUISIHII TpyOOIpoBoAy; JI/cC;
Q' — BTpaTH TEIWIOBOI AiNSHKKM TPYyOONPOBOMY 3 ypaxyBaHHAM i307awii” Br;
T, — moyaTkoBa TeMnepaTypa Temionocis; °C;
(1/1,163) — koedimient nepexiany. 1 kkaix/rox. = 1,163 Br.
PesynbTaTn oOuncnens 3a popmyoro (3.3) nokaszani y Tabnumi 3.1.

Tabmuis 3.1 — Brpatu temnepatypu TEIJIOHOCIS Y TpyOOTpOBO1ax

Temneparypa Ha Buxoai | Temmeparypa Ha BXoji Temneparypa
Tpy6onposoxy, T2 °C Tpy6onposony, T3 °C 30BHIIIHBOTO
NOBITPSA, Tsosn e
75 50 0
85 60 0
75 48,5 -10
85 58,5 -1
75 40,15 -20
85 50,25 -20

Komm Boma pyxaernscst mo TpyOi, BOHA CTUKAETHCS 3 OMOPOM, BUKIMKAHUM
TEPTSAM 00 CTIHKH Ta IHIIMMU TiepenikoaaMu. Lle sBuie Ha3uBaeThCs T1IPABITUHIM
omopoM TpyGomnpoBoy. Moro uncenbHe 3HaUEHHS IPSIMO MPOIOPIIiHHE MBUIKOCT
TIOTOKY.

Po3paxyHok BTpaTu TUCKY Ha BiIpi3Ky TPyOOIPOBOIY 3 BIIOMOIO IOBKHHOIO
3MIIACHIOETHCS] HACTYITHUM YUHOM

Ap=R-L-(1+K,); (3.4)
ne: Ap — BTpaTa TUCKY B METpaxX BOJSHOTO CTOBMA. Taka XapaKTepUCTHKa
3aCTOCOBHA Yepe3 Te, 110 3MIHIOETHCS TUCK BOIM B il MOTOIII;

R — nmutomi BTpaTtu THCKY | M n0BXuHHU TpyOomposoxy, [1a/m;

L — moBxkuHa TpyOOIIPOBOIY B METpax, M;

Km — xoedimient momatkoBux omopiB ([IbH B.2.5-64:2012 «BryTtpimmmHiii
BOIOIIPOBI Ta KaHamizaiis» Big 01.03.2013) [10].

VY tabnumi 3.2 npeAcTaBieH] 3HAYCHHS TUCKY B TPYOOIIPOBOII PI3HULIA MIXK

SIKUMH BIIMOBIZAa€ BEIUYMHI 00uncieHoi 3a ¢popmynoro (3.4).
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Tabmuus 3.2 — [lopiBHSHHS 3HaYEHb TUCKY TEIUIOHOCIS Y TpyOOIpOBOII

Tuck Ha Buxoni TpydonpoBoay | Tuck Ha Bxoni TpybomnpoBoay Ps,
P2, MIla MlIIa
1,2 1
1 0,8
0,95 0,75
0,85 0,65
0,7 0,5
0,6 0,4

[TopiBHSAHHS 3HAYE€HBb TUCKY TEIUIOHOCIS y TPYOONMpOBOJAl1 IMOKa3aio, II0

BTpaTH TUCKY cTaHOBIATH 0,2 MIIa.

3.2 Komn'ioTepHa Moeib i3 3acTocyBaHHsIM mporpamvu VisSim

VY cyyacHOMY CBITi IIpH CTBOPCHHI MaTEMaTUYHHX KOMITHOTCPHHUX Mojelei
BUKOPHUCTOBYETHCS CIICIiali30BaHE IMPOrpaMHE 3a0e3MeYCHHs, SKE MOKINKAaHe
CTPOIIYBaTH Ta aBTOMAaTU3yBaTH TpoIlec MojentoBaHHs. Lle nocsraeTbes 3aBIsKu
NPUHIIMIY Bi3yaJIbHOTO MpOrpaMyBaHHS, J€¢ KOpPUCTyBad (opMmye MoOJIeib
IPUCTPOIO, BHUKOPHUCTOBYIOUH CTaHAAPTHY O0i0110TeKy OJIOKIB, Ta TMPOBOIUTH
po3paxyHkd. Ha BiqMiHY BiJ TpaJMIIIHHUX METOJIB MOJICIIOBAHHS, IS POOOTH 3
TAaKUMHU TPOrpaMaMyd MOXXHa HE BOJIOJITH MOBOIO IPOrpaMyBaHHS, IOCTATHHO
3arajlbHuX KOMII'FOTEPHUX HABUYOK Ta 3HAHBb y BIAMOBIIHIN IpeaMETHIN 00JacTi.
Icaye mmpokuii BuOip mporpaM, SKi peami3yloTh MNPHHIUI BI3yaJTbHOTO
MPOrpaMyBaHHs I PO3POOKH KOMITIOTEPHUX MAaTEeMAaTHYHUX MOJENCH, cepen
skux: Simulink, I[TK MBTY, VisSim Tomro [11].

Y HamoMy MpoeKTi Il MoJeroBaHHS Oyina oOpana mporpama VisSim,
OCKLTHKY BOHA € OUTBII TIOTYHOIO Ta 0€3KOIITOBHOIO.

VisSim — me cucremMa aBTOMAaTW3alil pPO3PaxyHKIB, TpU3HAYCHA JISI
MOJICITIOBaHHS SIBUI Ta PI3HUX TPOIECIB y CKIAAHUX TEXHIYHUX CHCTEMax. Y
VisSim o0'ekToM MojenroBaHHS MOXe OyTH Oynb-sKa cHCTeMa, MPUCTPid abo

mnmponec, mareMarhndiHa MOJACIIb SAKOIro OIIMCYETbCA 3a OOIIOMOI'OI0 CHCTCMHU
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nudepeHianbHO-aareOpaiyHuX PIBHIHB Ta Pealli3ye€ThCd METOJAMU CTPYKTYPHOTO
MO/ICJIFOBaHHS.

VisSim BOpoBa/Kye TPUHIUI MOJACIHHO-OPIEHTOBAHOTO MPOCKTYBAaHHS,
AKUN 00'eqHy€E pO3POOKY TEXHOJIOTTYHUX CHCTEM 13 CTBOPEHHSIM CKJIAJIHUX
Mojienel. Y mporieci po3BUTKY MPOEKTY 3'SIBISETHCS MOKIIMBICTh YTOUHIOBATH Ta

IHTErpyBaTH OKPEMI €JIEMEHTH MOJICII I JOCATHEHHS OL1bIIol TouHOCTI [12].

3.3 MonenoBaHHS PO0OTH €JIEKTPOKOTEJIbHI

Jist  aktuBamii poOOYOro peXUMy, CHCTEMa IIOBHHHAa BHKOHATH BECh
aNrOpUTM POOOTH KOTENbHI. Ilicis 1IbOTO MPOBOJUTHCS KOHTPOJIh OCHOBHHX
napameTpiB, sKi 3a0e3MmevyroTh cTablIbHy poOOTY THCKY Ta TeMIepaTypu BOJIU B
yciit mepexi [13].

OcHoBHE pU3HAYEHHS Ta PYHKI[IT aBBTOMATU30BAHOI CUCTEMHU 3BOJATHCS JIO:

1) HarpiBaHHS BOAM Ta ii I0Jja4a B MEPEIKY;

2) BHUKOHAHHS aJrOPUTMY Ta MEPEXiJl CHCTEMH B pOOOUYHI PEIKUM;

3) MOHITOPMHI OCHOBHHX IapaMmeTpiB JUIs IMATPUMKH CHCTEMH B
T€3TATHOMY CTaHi.

Anroput™M  (YHKITIOHYBaHHS KOMIT'FOTEPHOI MOJedl aBTOMAaTH30BaHOI
eJCKTPUYHOT KOTEIbHI HaBeneHo Ha pucyHky 3.1. Ilpu 3amycky cucremu
HarpiBaeThbCsl BOJIA Ta MOJAETHCSA A0 Mepexi. Uepes3 3BOPOTHUM TPyOOIpOBi BOHA
MOBEPTAETHCA IO HACOCIB Ta 3HOBY HaaXonuTh y KOTiIW. [lif yac aHamizy raps4oi
BOJIM MPKUBIIIOBATBHUIN HACOC MEepeKauye HEOOX1THY KUTBKICTh BOIH, SIKOT OpaKye
B cucteMi. CTaTHYHUI TUCK BCMOKTYBaHHS HACOCIB MIATPUMYETHCS 32 JOIIOMOTOIO

pEryJsiTopa TUCKY.
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[lapavcrpu
KOUTPOIO B HOPMI?

Bona HagxoauTs

10 Gaky

[lonaua Boan
HACOCAMH B MEPEWY

UacTKOBa Monava BOTH,

B 1e1000OMI HHHK

[lonaua uncroi Bomn
s I'BIT

Bo/w Bucrauae
B cucTeMi?

BrivMierHHs
T KUBTIORMOTO HAcOCY]

TliaTpyMKa THCKY

Pucynok 3.1 — Anroputm po6OTH, aBTOMaTU30BaHOI €JIEKTPUYHOT KOTEIbHI

Maemo 3arajapbHHIA BATJISIT KOMITIOTEpHOT MOJIeni Ha pucyHKY 3.2. Ha HpOMy
300pakeHl EIeKTPUYHI KOTJIHM, OaK-aKyMyJsToOp, TEIJIOOOMIHHUK, 3aCyBKH,

TpyOOIpoBoaH Ta Hacocu [14].
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Pucynok 3.2 — 3aranpHuid BUTJISA KOMIT'FOTEPHOI MOJIEI
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YMOBHI O3HAaYEHHS TaTYMKIB HA MaHEN1 oneparopa:

1) naTyuk THCKY BOJY Ha BXOJ1 OMATIOBAIILHOTO TPYOOIIPOBOIY;

2) NaT4uK THUCKY BOJY HA BUXOJ1 OMAIIOBAIILHOTO TPYOOTIPOBOIY;

3) AaTuuK TUCKY BOJM Ha BxoJ1 Tpyoonposoxay ['BII;

4) naT4MK TUCKY BOJAM Ha BUX0Al Tpybornposony I'BII;

5) AaTuMK TemnepaTypu BOJU Ha BXO/1 OMAIIOBAIBLHOIO TPYOOIPOBOLY;

6) maTYMK TEeMIIEpaTypy BOJM HA BUXO/I1 OMATIOBAIBHOTO TPYOOIIPOBOLY;

7) naT4MK TeMnepaTtypu Boau Ha BxoJi Tpyoonposoay ['BII;

8) matuuk TemIriepaTypu BOAM Ha BUXOJ1 Tpyoonpooay ['BII.

Ha pucynky 3.3 mnpejacrtaBieHa TeIIO-TiIpaBliiluHa CXeMa eJIEKTPUYHOL

KOTEJIbHI, BUKOHaHA B mporpami VisSim [15].

. o —fra—> @

OnajieHHs

®

Q)

Tapsue
BOJIONOCTAYAHHA

P[a)=[0]
=[]

a7

Pucynok 3.3 — TemmorigpasiiuHa cxema eJIeKTPUIHOI KOTEIbH1

Maemo yacoBi rpadiku 3MiHH TUCKY Ta TEMIIEpaTypu BOJIU Y TPyOOIIpoBO/Ii

(puc. 3.4, 3.5) 3 MOMEHTY BIIKPUTTS 3aCYBKH.
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P. MMa

¢ 1 2 3 4 5 t‘c

Pucynok 3.4 — TumuacoBuit rpadik TUCKY y TpyOOTIpOBO/I1

T,°C

0 05 5 2 286 2 3 s a8 L€

Pucynok 3.5 — TumuacoBuii rpadix Temneparypu y TpyoomnpoBoi

Bimomo, mi0 cuctema KepyBaHHS HAacocoM 3a0e3reuye MATPUMKY
HEOOXITHOTO THCKY B CHCTeMi. TMMYacoBa IIKaixa 3MiHU TUCKY BOJIU LTIOCTPYETHCS
Ha PUCYHKY 3.6.

ANTOpPUTM KEpyBaHHS Ja€ 3MOTY PETyJIIOBATH IMOJIOKEHHS 3aCyBOK IS
MIATPUMaHHSI HEOOXIIHOI Temmeparypu B modarouii TpyOi. Ha pucynky 3.7
MPEACTABICHO XPOHOJIOTII0 3MIHM TeMIEepaTypu TEIUIOHOCIA B MoJaro4iid TpyOi

MICTSL BIAKPUTTS 3aCyBKH.
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Pucynok 3.6 — TumuacoBuit rpadix TUCKY y TpyOOTIPOBO/II
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Pucynok 3.7 — TumuacoBuii rpadik Temneparypu y TpyoonpoBoai

Jlns 3a0e31eUeHHS CIIOKUBAYiB HEOOXITHUM TCIJIOM Ha BHXOJI IOJAI0UOr0
TpyOOTIpOBOAY, THCK TTOBMHEH minTpuMyBatucs Ha piBHi 1 MIla, a Temneparypa —
B Mexax 65-100 °C. 3miHa 30BHINIHBOI TEMIIEpaTypHu BIUIMBAE HA CIOKUBAHHS
TeIIa, M0 BUMAarae KOHTPOJIO THCKY Ta TEMIIEPATYPH BOJHU B cucTeMi. OTpuMaBIIu

CUTHAJ B1Jl JATYMKIB HA BXO1 3BOPOTHOTO TPYOOIIPOBOAY, CUCTEMA aBTOMATHYHOTO
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KEpYBaHHS PETYNIIOE€ TOJIOKEHHS 3aCyBOK Ha MEpEeMHUlll MK MOJAI0YMM Ta
3BOPOTHHUM TPYOONPOBOAAMH, a TAKOK HAJCUIIA€ CUTHAJI IEPETBOPIOBaYaM YaCTOTH
JUISL TOCATHEHHSI HEOOX1THUX MapaMeTpiB.

3 moOymoBaHOI MojeNl MpoBeAeMO BepUiKallilo YUCETbHUX 3HAYCHBb
PO3paxyHKOBUX TMapaMeTpiB, sKi 3HAXOAATHCA B JOMYCTUMHX MeXaX, IO
3a0e31euytoTh €)eKTUBHY POOOTY €IEKTPUYHOT KOTEIbHI. Pe3yapTaT 4ucenbHOro
eKCIIEPUMEHTY, 10 JEMOHCTPYIOTh BIUIMB 3MIHM THCKY B IOAAI0YOMY
TpyOONpPOBO/1 HA TUCK y 3BOPOTHOMY TpyOONpPOBO1 PH TeMIlepaTypi Ha BUXOA1
nojiatrouoro Tpyoonposoay 85 °C, HaBezeH1 B Tabnuii 3.3.

Tabnuus 3.3 — YncneHH1 eKCIepuMEHTH IPU pOOOYOMY PEXHUMI

Tuck Ha Buxoni Tpyoonposoay | Tuck Ha Bxoni TpyoomnpoBoay Ps,

Py, MIla MlIa

1,2 1,02

1 0,82

0,95 0,77

0,85 0,67

0,7 0,52

0,6 0,42

Tabmuns 3.4 — UnclieHH] eKCIIEpUMEHTH TIPU POO0YOMY PEKUMI

) . Temneparypa
Temneparypa Ha Buxoj1 | TemmepaTypa Ha BXO1 .
0 0 30BHIIIHBOTO
Tpybonposoxay, Tz "C Tpy6onposoxay, Tz "C HOBITpA, Tromm. °C
75 50,54 0
85 60,57 0
95 70,6 0
/5 48,7 -10
85 58,6 -10
95 68,7 -10
75 40,2 -20
85 50,1 -20
95 60,15 -20

Po3paxyHKOB1 3Ha4Y€HHs BIAMOBINAIOTh BCTAHOBJIEHIM 3alIe)KHOCTI MK

THCKOM Ha BXOJ[I Ta BUXOJIl TpyOONPOBO/IB. 3HAUYECHHS, 00UMCIICH] 32 POPMYIIOI0
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(3.3), y3romxyroTbcsl 3 JaHUMU, OTPUMAHUMH 3 MOJEN, B MeXax JIOMyCTUMOi
MOXHOKHU.

Pi3HOMaHITHI €KCTIEPUMEHTH Ta JOCIIJKEHHS MIATBEPIKYIOTh BCTAHOBJICH1
3aJIEKHOCTI MDK MepernagaMyd TeMIlepaTypd Ta TUCKY Ha BXOJI 1 BHUXOAl
TpyOONpPOBOAIB, OTPUMAaHI B PE3ydbTaTl TEIUIO-TAPABIIYHOTO PO3PAXYHKY, IO
CBITYUTH MPO TOYHICTH POOOTH MOJENI.

[lin wyac moxentoBaHHs aBapidiHOi cUTyallli PO3MJITHEMO BHMAJAO0K, KOJIHU
TeMIiepaTypa B TpyOOIpPOBOJII 3HMXKYETHCS 0 KPUTUUYHO HU3BKOTO PIBHA. SKIIO
TEMIIEpAaTypa OIYCKA€TbCS HWXKYE JAOIMYCTUMOro 3HaudeHHs 65°C, cucrema

NepexoAuTh B aBapiiHuil pexxum (puc. 3.8).
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Pucynok 3.8 — TumuacoBuit rpadik 3MiHE TeMIepaTypu NMpU aBapiiHiNA cuTyarrii

[TocmimoBHICTh Mdii y pa3l 3HIKEHHS TEMIIEpaTypd B MOJAI0YOMY
TpyOOIIPOBOIi € TAKOIO:

1) BKJIFO9A€ThCS IHAUKATOP aBapiitHOT CUTYAIIii;

2) 3aKpUBAIOTHCS 3aCYBKH Ha TPyOOIIPOBOIAX;

3) npunuHIETHCA poOOTA HACOCIB,;
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4) cucrteMa NepexXoIUTh y pyYHUN PEKUM KEPYBAHHS 10 YCYHEHHS aBapiitHO1

CUTYyalLli.

BucHoBkuM 3a po3aijiom

Po3poOneHi anropuTMu aBTOMATU30BAaHOTO KEPYBAHHS  EJIEKTPUYHOIO
KOTEJIBHEIO O3BOJMIIM CTBOPUTH KOMIT'IOTEPHY JUHAMIYHY MOJIEb. 3aBASKU LI
MojzieNl OyJio 3MOJEIbOBAaHO CUCTEMY KEpYBaHHS KOTEJIbHEI0 B aBTOMATHYHOMY
PEXMMI, @ TAKOXK EJIEMEHTH, SIK1 3a11001raloTh aBapisiM MpH NMEePEBUILIEHH] TPAHUYHUX
TEMIEpaTyp Ta TUCKY BOAM. Y pa3l BUHUKHEHHS 3arpo3d aBapiiiHOI cuTyarlii
cUCTeMa MOJIa€ CUTHAJ 1 aBTOMAaTUYHO 3YIUHSIE HACOCH, a TAKOXK MUTTEBO 3aKPUBAE
kinananu. lle € BaXJIMBHUM, OCKUIBKHM PEAKIlisl MEepCOHATY HE 3aBXKIU MOXe OyTu

JIOCTaTHLO IIBUKOIO JIJIS 3aM100ITaHHs aBapiifHOI CUTYaIIii.
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BUCHOBKHM

Mera kBamiikaiiiinoi podota OakaiaBpa JOCSITHYTa, a came pO3pOOJICHO
CUCTEMY aBTOMATHU3aIlll €IEKTPOKOTENbHI Ta 3MO/IeJIbOBAaHUH Tpoliec ii poOOTH Asis
3ano0iraHHsi TOMWJIOK OTiepaTopa Ta 3a0e3MeUeHHs eKCIUTyaTaliitHOT Oe3IeKHu.

VY nmepmoMy po3aili BUKOHAIM aHali3 Mpolecy OOIrpiBy MNPOMHUCIOBOI
Ooynismi. IlpoBenu ornsg BuiiB KOTIIB. BusiBuiu cuiibHi Ta CnabKi CTOPOHH
KO>KHOT0 3 BUAIB. [IpoBenn aHaii3 TEXHOJIOTIYHOTO MPOLIECY O0IrpiBY €IEKTPUUHOIO
KOTEJIBHOIO SIK 00’ €KT MOJIepHI3aIlii.

Y npyromy po3nuii moOyayBalud CTPYKTYpHY cXeMy Ta (PYHKIIOHAJIbHY
CXeMy aBTOMAaTH3allii CHCTEeMH KepyBaHHS EJIIEKTPUYHOI0 KoTenbHero. Omwucann
TEXHIYHI 3ac00M aBTOMaTH3allii, 00paHi MpH MOJAEPHI3AIll €IEKTPUYHOI KOTEJbHI,
10 BKJIIOYAIOTh B ce0€ TOJIOBHUM YMHOM: 3alOODKHI, PEryJiordYl KiamaHu Ta
KOHTPOJIbHO-BUMIPIOBAJIbHI MTPHUIIA]IH.

VY TperboMy po3aii po3po0JIeHl alrOPUTMHU aBTOMATHU30BAHOTO KEPYBaHHS
EJIEKTPUYHOIO KOTEJbHEI0, IO JIO3BOJWIM CTBOPUTH KOMIT'HOTEPHY IMHAMIYHY
MOJIeNb. 3aBISKH 111l Moieli OyJI0 3MOJIeThOBAaHO CUCTEMY KEpYBaHHS KOTEJIbHEIO
B aBTOMATHYHOMY PEXHMi, a TaKOXX €JIEMEHTH, SKi 3aroO0iraloTh aBapisiM IpH
NEePEeBULICHH] TPAHUYHUX TEMIIEpaTyp Ta TUCKY BOAU. Y pa3i BAHMKHEHHs 3arpo3u
aBapiHOI CUTYyaIlli CUCTEMa T101a€ CUTHAI 1 aBTOMATUYHO 3YIHHSIE HACOCH, a TAKOX
MUTTEBO 3aKpHuBae KiamaHd. lle € BaKIMBUM, OCKUIBKH DPEaKIlisi MEpCOHAy HE
3aBXJIU MOe OyTH JOCTATHBO IIBUAKOIO JJI 3a1100iraHHs aBapiiHO1 CUTYyaIlii.

Po3pobnena cuctema aBTOMaTHM3ailli E€JIEKTPOKOTEIbHI MOXeE OyTu

3aCTOCOBaHA Ha aHAJIOTTYHUX 00’ €KTax 3a IJIOMICIO Ta MOTYXKHICTIO.
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JTOJATOK A
1. CHARACTERISTICS OF ELECTRIC BOILERS AND
JUSTIFICATION OF THE DIRECTION OF THEIR
MODERNIZATION

1.1 Analysis of general characteristics of electric boiler plants

Electric boiler plants are designed for heating and hot water supply of both

residential and industrial buildings and premises. Due to the wide range of

performance, they are able to heat premises with an area of up to 30,000 m2,

Table 1.1 — Technical characteristics of electric boiler plants

No Parameters Value
: heating and hot water supply of
1 Appointment residential and industrial facilities
5 Construction block-modular (container)
* on a frame
* based on industrial boilers — 150-
1000 kW
3 Power, kW * based on universal boilers — 35-125
kW
* based on industrial boilers — up to
10,000
2 )
4 Area of heated room, m * based on universal boilers — up to
1,250
5 Thermal efficiency, Gcal/h to 2,58
6 Boiler efficiency, % to 96
7 Automation system climate-dependent regulation
8 Electrical circuit voltage, V 380
9 | Maximum coolant pressure, MPa 0,4
10 Heat trgnsfer fluid temperature 0-90
adjustment range, °C
11 Rated current of the circuit 400, 500, 630, 800 1000
breaker per phase*, A

The power and heat output of electric boilers depend on the type and number

of boilers included in their composition. Thus, universal boilers with a capacity of

35 to 125 kW are suitable for heating residential premises and small objects with an
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area of up to 1,250 m2. For large objects with an area of up to 10,000 m?, it is
advisable to use boilers with boilers with a capacity of 150 to 1,000 kW. In turn, for
heating buildings and structures with an area of up to 30,000 m2 and more, high-
power electric boilers with a standard capacity of up to 3,000 kW are produced. The
advantages of electric boilers include their ability to function as both the main and
alternative source of heat supply, which is ensured by a high level of equipment
autonomy. The basis of electric boilers are boilers equipped with a climate-
dependent controller and a multi-stage protection system that covers both individual
heating elements and the entire boiler as a whole [1].

ButsokHuid BeHTWISITOp  PosnmproBaTbHUI Oak

1lada xepyBaHHS
HacocaMu

I = [MMa¢u aBTOMaTHKH Ta
puIUTn NS KCPYBAHILT KOTITOM
HOBITPS l
> 0 .

BBirHo-po3mogimsymii
IIPHCTPIE
3axXHCHI ITPOBITHUKH

Figure 1.1 — Layout of the equipment of an electric boiler room

In addition to electric boilers, boiler rooms are equipped with (Fig. 1.1):
— mains pumps;

— accumulator tank;

— pump control cabinet (PCC);

— electric boiler automation and control cabinet;

— input and distribution device;
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— control and measuring devices (thermomanometer, meter).
To ensure the supply of hot water, electric boiler rooms are equipped with a

heat exchanger or, so-called, storage water heater [2].

lapsye BoagonocrayaHHs :
et et )
3 BOAOMPOBOIY X

4

}

Jlo cucremu
ONaJICHHA
3 CHCTEMH ONAICHHS

Figure 1.2 — Schematic diagram of an electric boiler room
1 - high-speed water heater; 2 - hot water collector;
3 - cold water collector; 4 - mud pump; 5 - pumps; 6 - accumulator tank; 7 -

insulating insert; 8 - electric boilers

The electric boiler automation system allows you to operate the equipment
without the need for constant personnel presence and provides a number of
functions:

— water temperature regulation to maintain a comfortable climate;

— smooth and cascade switching on/off of electric boilers with the ability to
select the optimal number of active heating elements;

— protection of electric boilers from emergency overheating.

In particular, each individual component of the electric boiler automation
system ensures reliability, safety, efficiency and ease of use of the system as a whole:

— electric boilers are equipped with thermal insulation;

— heating elements are made of stainless steel;

— modular contactors guarantee quiet and long-lasting operation;
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— the power supply for the control circuits has a phase switch;

— the sensor monitors the presence of the coolant, including non-freezing
glycol fluids;

— an automatic air vent eliminates the formation of “air jams”;

—an installed safety valve protects the equipment from high pressure [1].

Let's analyze the basic electrical diagram of an electric boiler room (Fig. 1.3).
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Figure 1.3 — Electrical diagram of an electric boiler room

So, power is supplied to the circuit using the QS switch. The pumps (main and
backup) are connected using circuit breakers QF2 and QF3, and the boilers — QF4,
QF5 and the KM contactor.

Due to the fact that the CT time relay has two programs, the boilers can be
turned on at a given time. The SK1 temperature relay controls the water temperature
in the tank. The upper SK1 contact is triggered when the water temperature is below
the set norm, the lower one is turned on when the maximum temperature value is
reached. When the water temperature is three to four degrees higher than the upper
limit of the SKI relay, the SK2 relay is activated, the mode acquires an emergency
status.
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The SQ blocking contact prevents the boilers from starting if the enclosure
doors are not closed. The boilers can be turned on only when one of the KT time
relay contacts is closed. At the same time, after turning on QF2 or QF3, the pump
starts and the circuit breakers QF4, QF5 and QFL1 are triggered.

The SB2 button powers the coil of the KV2 relay, which, through the
intermediate relay KV3, starts the contactor of the boiler's KM power circuit. When
the temperature rises above the minimum, the upper contact SK1 opens, but power
is supplied to the KV3 relay through its own contact KV3.1.

At the maximum temperature value, the lower contact SK1 closes, receives
power from the KV4 relay and through the contact KV3.3 the intermediate relay
KV3 removes voltage from the KM contact, which leads to the boilers being turned
off.

If the circuit does not operate in emergency mode, the SK2 contact closes,
receives power from the KV5 relay, activates the KV6 relay with its contact, which
supplies voltage to the coil of the independent disconnector QF1, interrupting the
power supply to the boilers. The QF1.3 contact block includes emergency lighting
(HL2) and the HA sound alarm [34].

The power control circuit remains relay-contactor, and the control circuits and
algorithms are implemented using controllers. The steel tank is equipped with
nozzles for connecting the supply and return pipes of the heating system, as well as
built-in devices of various designs for heating water, such as induction coils,
electrodes or heating elements (Fig. 1.4).

Design of a three-phase boiler [2]:

It is striking that the principle of operation of a three-phase boiler is extremely
simple: the coolant is fed into an expansion tank, which is heated by electricity, and
then distributed through radiators and pipes. Electric boilers are distinguished by a
one hundred percent efficiency, ease of use, high efficiency and noise insulation.
Along with this, it is worth noting the safety and environmental friendliness of the
device. However, electric boilers have certain disadvantages, which are usually

associated with the organization of electricity supply in the country.
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o 8
Figure 1.4 — Electric boiler design

1 - heating unit; 2 - flow sensor; 3 - pressure gauge; 4 - safety valve;
5 - pump; 6 - temperature limiter; 7 - inlet pipe; 8 - outlet pipe; 9 - WE/WY
unit for joint operation with a storage tank;

10 - power unit; 11 - automatic air vent; 12 - power unit

Also, one should take into account the constantly growing cost of electricity,
power outages, voltage fluctuations, which, as a result, reduce the service life of the

equipment, negatively affecting its functionality.

1.2 Analysis of types of electric boilers

Depending on the method of heating the coolant, it is customary to distinguish
three main types of electric boilers, including: heating element, electrode and
induction.

The electric boiler house "Kyivska", which we are investigating, uses heating
element boilers of the TEN type.

1.2.1 Heating element electric boilers
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In boilers of this type, tubular heating elements, so-called TENSs, are used to
heat the coolant. Such electrical conductors have very high resistance. When an
electric current passes directly through the element, the conductor heats up,
transferring heat to the coolant.

It is worth mentioning that in everyday life, old electric kettles and portable
water heaters are equipped with heating elements.

The disadvantage of heating electric boilers is the formation of limescale
deposits on the walls of the boiler and the surface of the heater, which is caused by
hard household water. To prevent this, the boiler is equipped with various
"additives" for cleaning from limescale. In addition, before starting the boiler, it is
possible to artificially reduce the hardness of the water to the optimal permissible
level. Various special filters, water distillation and preliminary boiling are used to
soften the water [1].

Also, some nuance in using such a boiler is the leakage of the coolant. If the
heater is not immersed in water, it can overheat and "burn", which can cause the
entire device to catch fire. Therefore, it is worth paying special attention to the
automation of electric boilers.

Let us consider in detail the design of a heating boiler using the example of a
wall-mounted electric boiler with equithermal regulation of the Proterm model. (Fig.
1.5).

Water used as a coolant in the heating system (arrow A) enters the boiler,
where it is heated by three installed heating elements. After heating, the water rises
to the tank and makes a U-turn (arrow B) in the heating system. This boiler can work
with a heated floor system if an emergency thermostat is connected to regulate the
water temperature. The boiler hydraulic group contains a two-speed pump that
ensures the circulation of the coolant.

Note that the thermoelectric boiler has protection against coolant freezing,

indirect heating boiler freezing, pump jamming protection, and a 3 bar safety valve.
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Figure 1.5 — Boiler HEAT HEATERS design
1 - HEAT HEATERS; 2 - expansion tank; 3 - pump; 4 - heat exchanger;
5 - air vent; 6 - heat exchanger air vent; 7 - hydraulic group;

8 - safety valve; 9 - pressure sensor; 10 - insulation

The electric boiler is connected via a separate electrical wiring equipped with
its own circuit breaker. Information on the cable cross-section and the rating of
circuit breakers can be found in Table 1.2.

Table 1.2 — Recommended fuse and conductor cross-section parameters [1]

Number and . .
: Currentina . Wire cross-
Boiler power of . Fuse rating .
: single-phase section — Cu
power, KW heating A (A) ’
elements system (A) (mn7)
6 2*3 KW 9,5 (28%) 10 (32%) 1,5 (6%)
9 3 kBt + 6 kW 14 (39%) 16 (50%*) 1,5 (10%)
12 2*6 KW 18,5 20 2,5
14 2*7 KW 23 25 2,5
18 3*6 KW 27,5 32 4
21 3*7 KW 32 40 4
24 4*6 kW 36,5 40 6
28 4*7 kKW 43 50 10
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1.2.4 Induction boilers

Electromagnetic induction, which directly affects a conductor with
ferromagnetic properties, ultimately leads to its heating. In a general heating system,
a ferromagnetic conductor acts as a pipe in which the coolant circulates. Therefore,
we have a problem with limescale formation, and protection against coolant leakage
Is also required.

Induction boilers may include several heaters.

Three induction heaters are included in the boiler design. In turn, each of them
consists of an induction coil, a heat-exchange metal housing with inlet and outlet

pipes, and a terminal group in a protective metal box [2].

1.2.4 Electrode heating boilers

Let's conduct a comparative analysis of electrode boilers with instantaneous
water heaters, where water is heated by the passage of electric current through the
coolant. In devices of this type, the coolant is heated directly by special electrodes
that are inserted into the cooling medium. These electrodes cause oscillations of free
electrons, which, in turn, heat the water.

Table 1.3 - Information about the electric boiler room

Installed capacity of E/C, Gcal 158,2
Available power E/C, Gcal 151,4

Thermal power consumption for own needs, Gcal/h 0,01
"Actual" consumer load, Geal/h, including: 133,5
heating 132,2

ventilation 1,1

DHW (average hourly) 0,2

Load transfer to CHP-2, Gcal/h. 75,0

Thermal power losses in networks, Gcal/h. 1,41
Actual load on E/C collectors in hot water, Gcal/h. 89,9
Boiler room capacity reserve/deficit, Gcal/h. 61,4
Reserve/deficit of installed capacity, Gcal/h 68,3

It is customary to distinguish electrode boilers by such parameters as:

cylindrical shape, compact size, relative economy during installation and safety,
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because they do not work without water. Also, the difference is automatic on/off
using temperature sensors.

Along with the advantages, electrode heating boilers have a number of
disadvantages, including:

— power cannot be regulated, only switching on or off is possible;

— scale formation may occur due to a decrease in power;

— water requires preliminary preparation (purification);

— inability to use traditional coolants (for example, antifreeze or classic
antifreeze);

— distilled water is not suitable as a coolant;

— the risk of direct leakage of electricity to the housing and heating pipes;

— electrolysis occurring in an electrode boiler can lead to the formation of
toxic gases, which requires periodic replacement of the coolant, which in turn leads
to an increase in the cost of using the device.

Today, given the difficult situation of hydraulic conditions, the complete
transfer of heat energy consumers from boiler houses to the heat networks of CHPs
is not economically viable. To implement such a transfer, a number of costly actions
must be performed. To reduce capital costs for the implementation of such measures,
it is advisable to consider the possibility of partially transferring boiler house
consumers to the CHP network. However, in this case, the boiler house will operate
exclusively during peak periods, when the consumption of network water in the heat
supply systems reaches its maximum [1].

Electric boiler houses can be included in this category of boiler houses. The
maximum peak operation mode guarantees the reliability and quality of heat supply
for consumers at those times when temperatures approach the design values for
heating systems. In addition, this will reduce the cost of heat production directly in

the entire heat supply system.
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1.3 Technological process of heating an electric boiler house as an object of

modernization

An autonomous electric boiler house is a ready-made structure designed for
heating residential and industrial buildings through a closed heat supply system. The
operation of the boiler house is automated, which eliminates the need for the
presence of service personnel. Its operation is controlled remotely using a portable
dispatcher.

Let's consider the technological process of an electric boiler house, which has
the following algorithm. First, network water with a temperature of 70°C is supplied
from the heating system through a return pipe to the sump, and from there to the
pumps that supply electric boilers. Then the water is heated in the boilers under the
influence of an electric current passing between the electrodes. When the water
temperature is 95°C, it is fed into the heating system through a straight pipe. After
that, the water returns to the pumps through the pipeline and enters the boilers again.
During the analysis of hot water, the feed pump pumps the required amount of water
that is missing in the general system. The static suction pressure of the pumps is
maintained by means of a special pressure regulator [1].

It is known that the temperature at the outlet of the boiler is a regulated
parameter in the general heating system. This means that it is constantly maintained
at a certain level during the operation of the boiler. A significant factor affecting the
temperature change is the process of water entering the boiler for heating and the
outlet of already heated water. Therefore, the main factor causing temperature
fluctuations is the water flow rate through the boiler.

The heat supply is automatically regulated based on the signals received from
the boiler temperature sensor and the ambient temperature sensor. The electrical
signal generated by the sensors through the connecting wires is fed to the
microprocessor controller, where the operator sets all the necessary parameters for
control. The sensor data are automatically compared in this system, and the control

effect is created in the form of an electrical pulse. It is fed to the engine and
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transformed into the rotation of a spindle attached through an oil seal in the middle
of the boiler cover. The power controller is mounted on the aforementioned spindle,
which is attached to a series of dielectric screens that are included in the gaps of the
plate and vertically moved against them. In this device, the signal received by the
sensor is compared and a control effect is generated in the form of an electrical pulse.
It is transmitted to the electric motor and converted into the rotation of a rotor
connected to the spindle, which passes through an oil seal in the middle of the boiler
cover. The power controller is located on the spindle in the form of a series of
dielectric screens that enter the gaps between the plates and vertically move relative
to them. Depending on the angle at which the engine rotor rotates, the power
controller, moving along the spindle thread, will descend or rise to a certain height,
changing the active surface of the electrodes, which will increase or decrease the
boiler power. The boiler power adjustment range can be from 25 to 100% of the
nominal boiler power.

Just as it is possible to adjust the temperature in the normal operating mode of
the device, it can also be adjusted in emergency situations. However, the controller
may not be able to return the temperature to the proper level. It is in such cases that
emergency safety is triggered. Such measures include defense systems, circuit
breakers, switches, various fuses, as well as other protective equipment. With a water
heating temperature of up to 1000 degrees, as well as in the case of multi-phase and
single-phase short circuits in the line that supplies electricity to the boiler exceeding

the maximum voltage by five percent, asymmetry is lost.

Conclusions by section

We performed an analysis of the heating process of an industrial building. We
conducted an overview of the types of boilers. We identified the strengths and
weaknesses of each type. We conducted an analysis of the technological process of

heating with an electric boiler room as an object of modernization.
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