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BCTYII

Axmyanvnicms memu. CyyacHUN eTan PO3BUTKY JIIOJCHKOI ITUBLII3ALi
nepeadavae 3aCTOCYBaHHS Pi3HUX BUIIB eHeprii. OCHOBHY poOJib Y IIbOMY Biirpae
raiy3b IMiJ] Ha3BOIO eHepreTuka. EHepreTmka — 1€ raay3b TOCHOJApCTBa, IO
OXOIUTIOE BEJIHMKY KUIBKICTh HaTYpajdbHUX 1 IUTYYHUX CUCTEM, IO 3aCTOCOBYIOTHCS
JUISL IEPETBOPEHHS, PO3MOIIJICHHSI Ta 3aCTOCYBaHHS EHEPTreTUUYHUX PECYPCIB.

B ocHoBHOMY ii 3aBIaHHSIM Ha Cy4aCHOMY €Talll € TIEPETBOPEHHS OJHUX
BU/IIB €HEPrii y 1HIIIL.

Pi3ni Bugu popm eHeprii, BIaCTUBICTh iX MEPETBOPEHHS HAZa€ MOXKIHUBICTD
3aCTOCOBYBAaTH 1X Yy BIIMOBIAHOCTI 10 TMOTpPeO® MPOMUCIOBOCTI, HACEJICHHS.
[ToennanHs y 3aCTOCYBaHH1 pi3HOMaHITHUX (pOPM eHeprii BUHUKIIO B cepeauni XIX
CTOJIITTA, IO a0 3MOTY HAKOMHWYWTH BEIMKUW JOCBIA TpaHcgopMallii MeBHUX
dopm eneprii B iHmi. [loTpeba B mepeTBOpEeHHI BUHUKIA y HEOOXIIHOCTI
BUKOPUCTAaHHSA KOHKPETHHUX BHUIB €HEPTii (B OCHOBHOMY TEIUIa Ta €JIEKTPOSHEPTii)
B TEXHOJIOTITYHHUX MpPOLIecax, BOJAHOYAC 32 JOCTATHHO LIMPOKOI PI3HOMAHITHOCTI
MOYAaTKOBUX eHepropecypciB. HesBakaroum Ha 1€, Il JBa BHAM EHEPTIi
BUKOPUCTOBYIOTbCS B Dpi3HUX (opMmax: Temmota — y ¢opMi Tapu, BHCOKOI
TeMIIepaTypy ra3iB Ta BOAM PI3HOI TEMIIEpaTypH, a €IeKTpUKa — Y (GopMi 3MIHHOTO
a00 MOCTIHHOTO CTPYMY.

OCHOBHMMHU TOYATKOBUMHU JDKEpeslaMu OyiM 1 3aJulIaloThCAd OCEpPEeaKH
BUKOITHOTO MaJivBa (MpUPOAHUM Ta3, HadTa, By, TOPrOYl CIaHIl Ta 1H.).

Tpancdopmariist eHeprii 3a3BU4ail MPOXOIUTH B pi3HUX cucTemMax. ChoTroaH1
€HEPreTUKOI0 3aCTOCOBYIOTHCSI OCHOBHI IT'ITh BHJIIB YCTAHOBOK: T'€HEPYIOUl,
aKyMYJTIOI0U1, IEPETBOPIOIOY1, TPAHCIIOPTYIOU1 Ta CIIOKUBAIOYI.

Ocepenok  cydacHOI  TEIUIOGHEPTeTHKM  CKIAQJA€TbCcsl 3 TEIJIOBUX
enexktpoctanuii (TEC), koTpi mpamtoroTh Ha 0a3i mapoBux TypOiH Ta KOTJIIB.

[TocTiitHe ynockoHaneHHs ycTaHOBOK TpuBae Bxke moHan 100 poki. EnepreTnuna
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e()EeKTUBHICTh BUKOPHUCTAHHS KOHKPETHHUX BHJIIB EHEPropecypciB, piBEHb
JIOCKOHAJIOCTI EHEPreTUYHUX yCcTaHOBOK Bu3HavaeThesi KK/ ycTtaHOBKH.

TexHomoris OKUCICHHS (CIaMtOBaHHS TalMBa) Tnepeadadae 3abe3nedeHHs
mojayi IMajuBa Ta OKUCIIOBAa4Ya B YITKO BHU3HAYEHHUX MPOMOPIIAX I HANOLIBII
e(pEeKTUBHOTO CHANIOBaHHS NalMBa 1 OTPUMYBAaHHA Termja. Taki yCTaHOBKU
XapaKTepU3yIOThCS YMOBHOIO HEMEPEPBHICTIO MPOIIECIB, 1[0 B HUX MPOTIKAIOTh.

CucTeMy aBTOMaTUYHOTO PETYJIIOBAHHS BIITPAIOTh HE a0M SIKY POJIb Y X011
FOTO TPOIECY, IO J03BOJSE MIHIMI3YBaTH 3aTpaTH, MiABUILUTH €()EKTUBHICTD,
3M1MCHIOBATU JIETKUM KOHTPOJb 3a OO0 €KTOM YIpPaBIiHHS Yy XOJlI BUKOHAHHS
TEXHOJIOTIYHOTO MPOIIECY .

06’ckmom docnioxncenns € MpoLecu BUPOOHUIITBA TApU B KOTI0AarperaTax
Ta KePYBaHHA [IMMHU KOTJIOarperataMu.

Ilpeomemom oOocniorncenna € 3B’S3KM Ta 3aKOHOMIPHOCTI MPOLECIB
KepyBaHHS KOTJIOArPEraToM Ta iX BIUIMB Ha €HEProe(eKTUBHICTH TEXHOJOTTYHOTO
Ipo1iecy BUPOOHMIITBA TaAPH.

Memoou 0ocnioxcenv TPYHTYIOThCSI HAa OCHOBHHMX IIOJIOKEHHSIX TeOpii
TEIUIO- 1 MAacomepeHocy, MaTeMaTUYHOrO MOJCIIOBAaHHS 3 BHUKOPUCTAHHSIM
KOMIT FOTEPHUX TEXHOJIOTIH.

Mema i 3a0aui docnioyceny. MeTta TOCHIPKEHHS TOJATA€E Yy MiABUIICHHI
eHEepProePeKTUBHOCTI TPOIECYy BUPOOHMIITBA MMapu B KoOTJoarperarax HUISIXOM
YIOCKOHAJIEHHSI CUCTEMH aBTOMaTHYHOTO KEPYBaHHS KOTJIOArperaToMm.

JI7s mOCSATHEHHS 3a3HAaY€HOI METH ITOCTABJICHO TaKl 3aaa4l.

1. IlpoananmizyBatu CKJIaJOBl €JE€MEHTH TEXHOJIOTIYHOIO TMpOLEecy
BUPOOHUIITBA MTAPHU B KOTJIOArperaTax.

2.  Po3poOuty 1 AOCHIAUTH MaTeMaTUYHY MOJIETb MPOLIECY BUPOOHUIITBA
napy B OapabaHHOMY KOTJOarperari, BU3HAYUTH JWUHAMIYHI BIJIACTUBOCTI
KOTJIOarperary Jjisi KaHajly KepyBaHHS TeMIIepaTyporo NEeperpitoi napyu Ha BUXO/ 3
KOTJIa y MaricTpajb JUIsl CIIOKHBAYa.

3.  Po3poOutu QyHKIIOHATBHY CXEMYy aBTOMaTH3alll CHCTEMU KE€PYBaHHS

IMapOBHUM KOTJIOArperaToM.
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4. OOrpynTyBatu BHOIp KOMIUIEKCY TEXHIYHHUX 3ac00iB aBTOMAaTH3allii
JUISL pealtizallli CHCTeMH KepyBaHHS Ta po3paxyBaTH MOKA3HUKU SKOCTI ii poOOTH,
pPO3pOOUTH EJIEKTPUUYHI CXEMH CHCTEMHU KepyBaHHS MapaMeTpamMH TEXHOJIOTTYHOTO
IpOoIeCy BUPOOHUIITBA TTapH.

5. Po3pobutu onepatopcrkuit intepdeiic SCADA-cucteMu KOHTPOIIIO Ta
KEepYBaHHsI MTAPOBUM KOTJI0ArpEeraToM.

6. BusHauutu exkoHOMIuHYy e(eKTUBHICTH BipoBakeHHsT CAK.



PO3JILI 1
AHAJII3 TEXHOJIOTTYHOI'O MPOLIECY OTPUMAHHS TEIIJIOBOI
EHEPTII SIK OB'€EKTA ABTOMATH3AIIII

1.1. TeruioreHepyw4i YCTAHOBKM Yy TMPOMHMCIOBOMY i CilbCbKO-

rocrnoapcbKoMy BUPOOHMITBI

OCHOBHUM JKEpEJIOM BUPOOHMIITBA TEIUIOBOI 1 EJIEKTPUUYHOI €HEprii €
terioBi enektpuyHi craniii (TEC), ki BUKOPUCTOBYIOTh XIMIYHY €HEPIriio MalinuBa
ISl BAPOOITKY MEXaHIYHOT, elIeKTPUYHOT 1 Ter1oBo1 eHeprii [1].

Haii0inpm1 eKOHOMIYHMM CHOCOOOM OTpUMaHHS TEIJIOBOI €Heprii €
KOMOIHOBAaHUMU ii Ta €JIEKTPUYHOI €HEeprii BUPOOITOK Ha TEIJIOEIEKTPOLEHTPAIIX
(TEIl). Opnak He 3aBXId HasgBHI HEOOXIAHI YMOBU, SKI EKOHOMIYHO
BUIPABJIOBYIOTh criopypkeHHs Benukux TEL. ¥V mpomy BuUmajnky BHPOOHMIITBO
TEIJIOBOT 1 eNEKTPUIHOI €Heprii BITOKPEMITFOETHCS OJTHE BiJT OHOTO.

[Ipu BigoKpemieHOMY a00 KOMOIHOBAaHOMY BHUPOOHMIITBI TEIUIOBOI Ta
eJICKTPUYHOI €Heprii HaivyacTille y SKOCTI TEIJIOHOCIS BUKOPHUCTOBYETHCS BOJISHA
napa. ArperaTu, IO MPU3HAYEHI HJii BHUPOOITKY BOJSHOI Tapu, HA3UBAIOTh
napozenepamopamu, ab0 KOmenbHUMU acpe2amami.

OxpiM BOJSHOI mapu SK TEMJOHOCIH BHMKOPHUCTOBYETBhCS rapsya BOJa.
ArperaTtu, mpuU3Ha4YeHi IS OTPUMAHHS Taps40i BOJU, HA3WBAIOTH 80002PiliHUMU
xkomaamu. TakuM 9MHOM, OCHOBHUM arperaTtom, Mpu3HadYeHUM JJisi BUPOOITKY Tapu
a00 raps40i BOJIM, € maporeHepaTop abo Boporpiauii koren [3].

VYcTaHOBKM, 10 BUPOOJSIOTH Mapy abo rapsyy BOJY, SBISIOTH COOOIO
JIOBOJII CKJIQIHUA KOMIUIEKC PI3HOMaHITHUX MPHUCTPOIB 1 MEXAHI3MIB 1 HA3UBAIOTHCS
apoOreHepyIUUMU a00 KOMeNbHUMU YCIMAHOBKAMU.

OxkpiM 3a3HaYEHUX YCTAaHOBOK, ICHY€ TaKOX BEJIMKA KUIBKICTh arperariB, AKi
JUIsl OTPUMAaHHS TEIUIOBOi €HEPTii y SKOCTI TEIMJIOHOCIS BHUKOPUCTOBYIOTH HarpiTe

noBiTps (puc. 1.1).
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Ko po3rIsSHYTH TeIJIonocTayaHHss Oy/iBeNlb, ICHYE JBa PI3HOBHUIM:
yenmpanizosane 1  micyese. llpu  1EHTpali30BaHOMY  TEIUIONOCTAYaHHS
3MIMCHIOETHCS OKPEMUM palioHaM (ITPOMUCITIOBUM a00 XUTIOBUM). [yt eheKTUBHOT
poOOTH IIEHTPaAII30BAaHOT MEpeki TEIUIONOCTayaHHs ii OyAyrOTh, PO3AULIIOUN Ha
piBHI, e poOOTa KOXXKHOTO €JIEMEHTa IMOJIAra€ y BHKOHAaHHI OJHIET 3amaul. I3
KOKHHM pIBHEM 3ajlauya eJeMEeHTa 3MEHIIyeThcs. MiclieBe TeIuionocTayaHHs —
MOCTayaHHS TEIUIOM OJHOT0 a00 JEKUIbKOX OyauHKiB. CHcTeMa IEHTPaIi30BaHOTO
TEIUIONOCTayaHHs MICTUTh pkepeno TemioBoi eHeprii (TELL), temmoBy mepexy i
YCTAaHOBKM TEIUIOCIOKMBAaHHA. JlKepenaMu MICHEBOTO TEIJIONOCTAYaHHS €
KOTEJIbHI YCTAHOBKH (KOTJIOArperaTH), reyi, BOJIOHArpiBaui.

Komenvua ycmanoska (komnoacpezam) sBiisie cO00I0 KOMIUIEKC MPUCTPOIB,
PO3MIIIEHUX Y CIHEUIAIbHUX NPUMIMICHHSIX 1 MPU3HAYCHUX MJIS TEePETBOPEHHS
XIMIYHOI €Heprii najrBa y TEIUIOBY €Hepriio mapu abo rapsdoi Boau. OCHOBHUMHU
eJIEeMEHTaMHU KOTJIOarperary € KOTell, TOTNKOBHM MpUCTpPiil (TOMKa), >KUBWJIbHI Ta
TArOAyThOBI MpUcTpoi. KpiM TOro, 4acTo KOTENbHI OCHAIIYIOThCS OO0JIaIHAHHAM
JUTsT  XIMBOJIOOYMINIEHHS, JI0 CKJIQay SKOTO BXOJATH: OCBITIIOBaYl 13 OJOKOM
oCBITIIOBANIbHUX (1nbTpiB; 00k Na-kationnux ¢uieTpiB I Ta II crynens; NaCl-

ioniToBuii GiasTp [5].

1.2. Knacudikanisi mapoBux KOTJIOArperaris

Jlnst motpe® eHepreTudHoi raiay3l HPOMHUCIOBICTH BUPOOJISE MIUPOKUAN
CHEKTp MapoBHX KOTJIOArperariB, fKI MOKHA KJIacU(PIKyBaTU 3a MPU3HAUCHHSIM,
NPOAYKTUBHICTIO, TapaMeTpaMud  TMapu, KOHCTPYKTHBHUM  O(GOPMIICHHSM,
crioco0amMu HMUPKYJIALIT BOAW B HUX 1 T.11. [14].

3a npusznauenHsaM MAPOB1 KOTJIOArPEraTH MOAUISIOTHCS Ha:

- eHepreTu4Hi (KOTJIOArperaTtd BEJIMKOI MPOIYKTUBHOCTI CEPEIHBOTO 1

BEJIMKOI'O THUCKY), III0 BUPOOJIAIOTH Napy AJid apoBUX TypOiH;
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- TpOMUCIOBI (KOTJoarperatd MaJyioi 1 CepeHbOI MPOIYKTUBHOCTI, 13
MaJIuM 1 CepeTHIM THUCKOM), SIKi BUPOOJISIOTH Mapy K JJIs MapoBUX TypOiH, TakK i
JUTSI TEXHOJIOTIYHUX BUMOT MIATPUEMCTB;

- ONaJIOBaJIbHI, 110 BUPOOJSIOTH Mapy s ONAJEHHS MPOMUCIIOBHUX,
KUTJIOBHX Ta TPOMAJACHKUX OYIiBEIb; 10 HUX BITHOCSTH 1 BOJOTPIHHI KOTIIH;

- yTWI3aliiHi — KOTJIM-yTUJII3aTOpH, PU3HAUEH] AJI1 OTPUMaHHS Hapu
ab0 TapsA4YOoi BOJM 3a PaXyHOK BUKOPUCTAHHS TEIUIOTH BTOPUHHUX EHEPTreTUYHHX
pecypciB (BEP) npu mnepepobiui BiAXoAiB XIMIYHHUX BUPOOHHITB, MOOYTOBOTO
CMITTS 1 T.J0.;

- GHEepProTEeXHOJIOTIYHI — MpPU3HAYEH] NIl OTPMMAaHHS Mapu 3a pPaxyHOK
BEP 1 sxi € HEBIT€MHOIO YaCTHHOK TEXHOJIOTIYHOTO TMpolecy (Hampukiaj,
COJIOpeHerepalliifti arperatu).

3a npooykmuenicmioo BUIUISIOTH KoTioarperatu Benukoi (Oimbime 200
T/Trox.), cepenuboi (25-200 1/roa.) 1 manoi (10 25 T/roa.) MPOAYKTUBHOCTI.

3a muckom PpO3PI3HAIOTH KoTioarperatu Hajsucokoro (18-20 MlIla) i
HagKkputudHoro (Oinemre 22,5 MIIa) tucky, Bucokoro (14 MIIa) Tucky, cepenHboro
(4-10 MIIa) 1 Huzbkoro (10 1,4 MIla) Tucky.

3a xapaxmepom pyxy 600u, naposooaHoi cymiwi i napu TapoOBI
KOTJIoarperatd TOJUIAIOTh Ha OapabaHHi 13 0araTopa3oBOI0 IPHPOIHHOIO
nupkyssiieto (puc. 1.2, a — O6apabaHHI MapoBl KOTIM HU3BKOTO, CEPEHBOrO 1
BHUCOKOTO THCKY), OapabanHi 13 0araTopa3oBOI0 MPUMYCOBOIO IHUPKYJISAIIEI0 (PHC.
1.2, 6 — KOTJIM-yTWIII3aTOPU) Ta MPSIMOTOYHI (puc. 1.2, B — KOTIM HAJBHCOKOTO 1
HaJIKPUTUYHOTO TUCKY) [16].

VY OGapabaHHMX KOTIaxX 13 MPUPOJHBOI MUPKyJsamiero (puc. 1.2, a, 1.3)
BHACJIJIOK PI3HUIL IIUIBHOCTI PIAMHU Y JIBUX (OIMYCKHUX) TpyOax 2 1 mapoBOASHOL
cyMinr y nmpaBux TpyOax (migiiomy) 4 BimOyBaeThCS PyX BOJAU BHM3, a TAPOBOJISHOT
cyminn — BBepx. [ligiioMHl TpyOu po3TaiioBaHi y TOMII KOTJA 13 OOKYy HarpiBy (y
30H1 OLIBIIMX TEMMeparyp) 1 Ha3UBAOThCA €KpaHHUMHU. CyKyIHICTh OMYCKHHX 1
NITAOMHUX TpyO HA3WBAIOTh KOTEIBHUM IYYKOM, IHKOJW — KHUII'STUILHUMU

TpyOamu.
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Puc. 1.2. Cxema renepariii mapu y napoBux KOTJax:
a — TPUPOJHA UUPKYJAliss; 6 — Oararopa3oBa IMPUMYCOBa IUPKYJALIS; B —
npssMoTouHui pyx; b — BepxHiii 6apaban; 1B — moBepxHi BunapoByBanHs; [IE —
naporneperpiBad; BE — Bomsauit exonomaiizep; )KH — xuBmneHuii mHacoc; I[H -
mupkysiiaui Hacoc; HK — Hipkniii 6apaban (konektop); OIl — onmyckHi TpyOu;
[11 — migiiomui Tpy6u; D — BuTpaTa neperpitoi napu; Gpp — BUTparTa >KUBUIBHOI
BOJIM; (] — MABEACHHS TETUIOTH

e
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Puc. 1.3. Ilpupoaus uupKysiis BOIU y
MapoBOMY KOTJoarperari:
1 — BepxHiii 6apabaH KOTa; 2 — OMYCKHI
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VY koTnax i3 6araTopa3oBol0 MPUMYCOBOIO HUPKYIsAIie (puc. 1.2, 6) pyx
TEIUIOHOCIS 3A1MCHIOETHCS 3a IOTIOMOT0F0 IUPKYJIALIIMHOTO Hacoca.

VY mpsimotounux kotnax (puc. 1.2, B) OGapabaH 1 HUPKYJAMINHUI KOHTYD
BIJICYTHIH, BOJIa TPOKAUYETHCS KUBUIBHUM HACOCOM Yepe3 BOJASHHUI €KOHOMan3ep
Ta BUIIAPOBYBAJIbHI MOBEPXHI, SIK1 3'€THAH1 MTOC1I0BHO.

3a eudamu cnanoearHoeo naiueéa PO3PI3HAIOTH Ta30Bi, Ma3yTHI Ta
TBEPIOTAJIMBHI KOTJIH.

Kpim 3a3HaueHUX O3HAK, KOTJIOArperaTv BiAPI3HAIOTHCS KOHCTPYKTUBHUMU
O3HaKaMHU (HAMPUKJIaJ], KOHCTPYKIIE€IO TEIJI00OMIHHUKIB Ta iX KUIBKICTIO, Ta 1H.).

OT1xe, KOTJIOArperaTi BEJIUKOi MOTY>KHOCTI (MPOAYKTUBHICTD Dy, y Mexax
200...2500 1/rox., Temneparypa ty, neperpitoi mapu 540...570°C, Tuck meperpitoi
napu Py, > 10 MIla) € enepreruuHuMu KotTjiamu, abo maporeHeparopamu, skKi
BUKOPHCTOBYIOTHCS Ha TEIIJIOBUX €IIEKTPOCTAHITISX.

Kotnmoarperaru cepearpoi moTy)HOCTI (D = 35...200 1/rox., t,, 61m3bpK0
440°C, Pyy = 4...10 MIla) BBaxarThCs MPOMHCIOBUMH, sIKI BCTAHOBJIFOIOTHCS HA
TEIL.

Kotnoarperarun masnoi MmOTyHOCTI 13 HacM4eHO abo ciiaboreperpiToro
naporw Ha Buxomi t,; = 220...250°C (npoayktuBHicth Dy, < 35 1/rona., Py < 1,4
MIla) BiTHOCATBCS A0 BUPOOHUUYO-OMATIOBAIBHUX 1 BUKOPUCTOBYIOTHCS B TAPOBUX
a00 MapoBOJOTPIMHUX KOTEIBHSX.

BykBeH1 1mo3HaueHHs TUITY KOTJa Ta BUIY CHAIIOBAHOTO TMajnuBa MPUNHATA
HacTynHotwo: E — 3 npupoaHboro mupkyiieto; [Ip — 3 npuMycoBorO HUPKYJISIIELO;
I[I — npsmorounuit; Ilm — npsaMoTOYHMI 13 TPOMIKHUM meperpiBoMm; Em —
OapabaHHUN 13 TPUPOJIHBOIO IMMPKYJAIEI0 Ta MNPOMIKHMM meperpiBom; [T —
raszomnojione nanuBo; M — masyt; b — Oype Byrums; K — kam'sae Byruwis; T, K —
BIJIMOBITHO 13 TBEPAUM Ta PIAKAM MUIaKOBUIalNeHHsSM. Hampuxman, xoTen
OapabaHHUH 13 TPUPOJTHHOIO MUPKYJIAIIEIO TPOAYKTUBHICTIO 210 T/TOA. 13 TUCKOM
13,8 MIla 1 Temmeparypor mneperpitoi mapu 565°C Ha kam'sHOMYy BYTULIL 13

TBEPJIUM IUTAKOBUAANICHHIM MapkyeThesi: E-210-13,8-565 KT [16].
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[Ipy BHKOHAHHI CHPOIIEHUX TEXHOJIOTIYHHUX CXEM 1 CXEM aBTOMaTH3allii
HEO0OX1THO BpaXOBYBAaTH HACTYITHI KOHCTPYKTHBHI OCOOJIMBOCTI KOTJIOArPEraTiB:

1) mo ckmamy KOTIIB BEIHMKOI MPOMAYKTHBHOCTI BXOSATh CKJIAIHI
naporneperpiBadi, ki MICTATh pajialiifHy, paaialliiHO-KOHBEKIIINHY 1 KOHBEKIIIIHY
CKJIa/IOBI, 110 PO3/IICHI MapOOXOJIOIKyBauaMH Ta MapoMiAirpiBauamu;

2) [0 CKJIaay KOTIIB CEPEeAHBhOI TPOIYKTUBHOCTI TaKOX BXOJATH
PI3HOMAaHITHI TTOBEPXHI HarpiBy — KOHBEKIIMHHUI MaporeperpiBay i3 MoBEpXHEBUM
MapooOXOJO/KyBadyeM, OJHO- ab0  JBOXCTYNEHEBUM  €KOHOMaizepom 1
napoHarpiBayem;

3) KOTIM MaJloi TOTYXHOCTI MICTATh MEHIIY KUIbKICTh IOBEPXOHb
TEIUIOOOMIHY: HE MICTATh NHapoleperpiBava, OCKUIBKA Ha BUXOJl OTPUMYETHCS
HacuueHa Tmapa (y JedKUX BHUIIAJIKaX HasBHUM CJIa0KUil HEperyIhOBaHUM
naponeperpiBad g temmeparyp 220 a6o 250°C), BiacyTHIN MigirpiBad MOBITPS
miepe]T TONKO0, a CKOHOMak3ep 9acTo BHHECSHUH 3a MexXi KoTia [22].

Taka pi3HOMaHITHICT, KOHCTPYKIIIM KOTJ0arperaTiB HE JI03BOJISIE CTBOPUTH
€IVHY yHIBEpCAJIbHY CUCTEMY aBTOMATHYHOTO KepyBaHHs iX poboToro. OmHaK aiis
OapabaHHUX MApOBUX KOTIIIB 13 MPUPOIHOIO IUPKYJIsLieto (puc. 1.2, a, 1.3) MoxkHa
BUJIIJTUTH TICBHI 3arajibHI TIOTOKH, SIKiI € XapaKTEPHUMH ISl X KOTIIIB, BUSHAUUTH

OCHOBHI KaHaJI KEPYBaHHS 1 BIJOKPEMHUTH 1X K OKpEMi OJTHO-KOHTYPHI CUCTEMH.

1.3. KoncTpykuis maposoro koryioarperary IKBP

[TapoBi ABoXxOapabaHHl KOTJIM 13 PO3BUHEHUMHU KOTEJIIbHUMU ITyYKaMU TUITY
E, E (KE), IKBP (puc. 1.4) BimHOCATBHCS 10 KOTJIB Majioi Ta CEPEIAHBOI
OPOAYKTHUBHOCTI HHU3BKOTO Ta CEPEIHbOTO THUCKY, IO TMpaliolTh Ha
ra3ormnoioHoOMYy, pigkoMy abo TBepaoMy manusi [24].

Koten ckmamaerbcst 13 BepXHbOro 1 Ta HWXKHBOTO 2 OapabaHiB OJHAKOBOI
JOBKUHH, sIKI PO3MIIIEHI Ha OJIHIM BEepTUKaIbHIN Bicli. bapabanu 3'eqHani Mix

c0o000 BUTHYTHUMH KUII'STUJILHUMU TpyOamu (OAMHAALSTH PAIIB IO YOTUPHAIIATh
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IITYK), K1 YTBOPIOIOTh BIJIMOBIIHO Mepiuii 3 Ta Apyruit 4 ra30Xo/iu KOHBEKIIHHOT
MOBEpXH1 HarpiBaHHs. ['a30X0aM po3AUIEHI MK COOOI0 CTAIBHOIO ITUPMOIO BCIEIO
BHCOTOIO Ta30X0Jly KOTJa 3 BIKHOM (Bif (ppoHTYy KOTjia) 13 mpaBoro Ooky. TpyOu
KUI'STUWJIBHOTO IMy4yKa BIJJICHI BIJI TONKH BEPTHKAIBbHOI MHUPMOK 6 13
KAPOCTIMKOI CTaIl BCIEIO BUCOTOIO TOTIKHU, SIKA HE JIOXOJUTH JI0 JIIBOT CTIHKH KOTJIa,
3aJIMIIAI0YM BIKHO 3J11Ba BiJ] MPOXO/AY TOMKOBUX I'a3iB 13 TOMKH Y Ta30XiJ.

VYes tpyOHa cuctema 3i0paHa Ha OAHIM pamMi — 3BapeHOMY METAJICBOMY
kapkaci. YacTiHa HHKHBOTO OapabaHy 3aKpIILTIOETHCS HEPYXOMO, a 1HII YaCTHHU
KOTJIa MalOTh KOB3al04l OMOPH 1 perepH, K1 KOHTPOIIOKTh MOJOBXKEHHSI €JICMEHTIB
IpU TEMIIEPATYPHOMY PO3IIUPEHHI.

Tomnka chopmoBana ekpaHHUMH TpyOamu, sIKi YTBOPIOIOTh BiJMOBIIHO: 7 —
JiBuid OlyHUI ekpaH; 8 — mpaBuil OluHUN ekpaH (HMoaiOHUI HiBOMY); 9 — 3amHIi
expan Tonku; 10 ta 11 — nepenHiii (ppoHTanpHuUil) 1 JaxoBl ekpaHu. OpoHTAIbHUN
KOJIEKTOp 12 B KyTax TONKHM 3'€AHAHUI ABOMA MEpemyCKHUMU TpyOamu 13 13 nBoma
HUKHIMU KOJIEKTOpaMH O1YHMX €KpaHiB JIJIs 3a0€3MeUeHHsT He0OX1JHOT LIMPKY TSI
BOAW y KOoTmi. JIiBuil O1YHMIA €KpaH TONKW BUKOHAHUUN 3 BEPTUKAILHUX TPYyO 7,
NPUBAPEHUX JI0 HIDKHBOTO TOPU3OHTAIHLHOTO KOJIGKTOpa 14 Ta BEpXHBOMY
noxusiomy Kosiektopy 15. IlpaBuii O14HMII e€KpaH TONKH BUKOHAHHWM aHAJIOTIYHO
aiBomy. HmkHi KoleKTOpu OIYHHMX €KpaHIB TONKH TPUBAPEHI 10 HIKHBOTO
OapabaHy, a BepXHI KOJEKTOpU — JI0 BEpXHbOro Oapabany. BepxHi KoJiekTOpH
eKpaHiB MaroTh JIIOKM ISl YUIIEHHS TpyO 1 orsgy kosekrtopa. [lampHuk 16
po3TanoBaHuil i GpOHTATILHUM KOJIEKTOpoM 12.

OOMypoBka (poHTaIBHOI, 3aqHbOI 1 OIYHMX CTIHOK KOTJoarperarty
BUKOHAHA TPHOX-IIAPOBOIO, & JAXOBOTO €KpaHy — 13 YOTHPHOX IIAPIB, IPUUOMY Y
NEPIIOMY IIapi BUKOPHUCTOBYETHCSI BOTHECTINKA II€TJ1a, PEIITa IapiB CKIAIa€ThCS 3
1I3OJIMIAHUX TIAT. HIDKHS 4YacTMHA B TOINIl — BHUK/IAMACTHCSI BOTHECTIMKOIO
(miatomoBor0) 1ermoro. OOMypoBKa KOTJOarperary Ha30BHI  BKPHBAETHCS
METAJIEBOI0 JINCTOBOIO OOIIMBKOIO JJIsi 3MEHIICHHS BCMOKTYBAaHHS TOBITPA Y
razoBuii TpakT. OOMypOBKa, 130JISI11is1 Ta MeTaJIeBa OOIIMBKA KOTJIA 3aKPITLIIOI0THCS

Ha KapKaci.
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I'azonosimpanuii mpaxkm. [1anuBo 1 NOBITPS MOJAIOTHCS Yy NAJBHUK 16, a'y
TOMIII BUHUKAE (Paken ropiHHsa. Temiora Bij TONKOBUX Ta3iB y TOMII, 3a PaXyHOK
panialifHOTO Ta KOHBEKIIHHOTO TEIUIOOOMIHY, NEPENAETbCcs YCIM EKpaHHUM
TpyOam (pajiailiiiHa TMOBEpPXHS HArpiBy), Je I TEIUIOTa MEpPeAacThCs BOII, sKa
HUPKYJIIOE TI0 eKpaHaM. TOMKOBI Ta3W BUXOJATH 13 TONKHU 1 4epe3 BIKHO 371Ba Y
MeTaseBii meperopoi 6 mepexoaaTh y MepIinii ra3oxif 3, 1€ mepeaaloTh TeIIOTY
KOHBEKI[IHHOMY My4YKy TpyO, a MOTIM, OTHHAIOYM MEPETOPOJIKY S5 3 mpaBoro OOKY i
noBopoToM Ha 180°, BXOAATH y ApYyruil ra3oxif 4 KHUI'STUIBHOTO Mydyka TpyO 1 3
temrneparyporo mpuoimu3zHo 250°C depe3 3aaHIO CTIHKY BHUXOIATH 13 KOTJa 1
OpsAMYIOTh O TUMOCOCY, a MOTIM Y AUMOBY TpyOy.

OchnoeHi Koumypu npupoonvoi wuupkynayii. JXuBuiabHAa BoOJa TICHS
NOM'SIKILIEHHS 10 TpPyOOINpoBOJaM KUBWJIBHOI JIHII, >XKUBUJIBHUM HAcCOCOM
NOJIa€ThCsl Yy BOAHUN 00'em Oapabany 1, ne 3MilryeTscsi 3 KOTJIOBOKO Bojoro. Ha
KUBUJIBbHIN JIiHIT BCTAHOBJIEHUH 3BOPOTHHI KJ1ariaH 1 BEHTHIIb.

B xoTi1 HasBHI YOTUPU KOHTYPU NPUPOAHBOT ITUPKYIIALII].

- 1-it kouTyp (MO KUN'ATWIBHUM TpyOam). KoTioBa Boma 3 BEpXHBHOTO
Oapabany 1 omyckaeTbcsl y HIWKHIM OapabaH 2 MO KUM'STWIBHUM TpyOam 4
KOHBEKIIIMHOTO IyYKa, PO3TAIlIOBAaHUM y JPYroMy ra3oxoii — B 00JacTi OLIbII
HU3BKUX TemrepaTyp TonkoBux rasiB. Ilaposoasna cymim (IIBC), ska
YTBOPIOETHCS MPHU IILOMY, MIJIHIMAETHCS Y BEpXHIA OapabaH 1Mo Tpydam 3aJHBOTO
eKpaHy TONKU 6 1 KUIT'SSTWJILHUM TpyOaM 3, po3TalloBaHUM Yy MEPIIOMY T'a30X0/1 —
B 00J1aCT1 BUCOKHX TeMIIEpaTyp TOMKOBUX ra3iB.

- 2-1 xoHTYp (1O NiBoMy O14HOMY ekpaHy). KoTioBa Boja i3 HUKHBOTO
OapabaHy MIABOJUTHCS O HUKHBOTO KOJEKTOPY 14, po3moAiIsiEThCs IO HHOMY, a
[IBC, mo yrtBopuiacg, mo Tpybam 7 JiBOro OIYHOTO €KpaHy, pO3TalllOBAaHUM Y
TOMII, MIAHIMAIOTBCS Yy BEPXHIM KoJIeKTOp 15, 3BIAKM TOTPAIUISIOTh Y BEPXHIH
OapabaH.

- 3-i koHTYp (IO MpaBOMYy OIYHOMY €KpaHy TONMKH 8) — 3MIHCHIOETHCS

AHAJIOT1YHO JIIBOMY O1YHOMY TOIIKOBOMY €KpaHy.
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- 4-i1 xoHTyp (10 (PpoHTATLHOMY 1 JaXOBOMY eKkpaHy Tomnku). Kotiosa
BOJla 13 HIDKHIX KOJICKTOPIB OIYHUX €KpaHIB M0 TIepernyckHuM TpyOam 13
H1ABOJUTECS 10 (PPOHTAIBHOTO KOJIEKTOPY 12, po3noainserbes no Hbomy, a [1BC,
mo yTBOpwiacs, Mo Tpybam ¢poHTaneHoro 10 1 gaxoBoro 11 ekpaHiB
CIPSIMOBYETBCSI y BEpXHili OapabaH.

Boga 1 I1BC i3 ycix KOHTypiB HMPKYJISILII HiIHIMAEThCS Y BEpXHiN OapadaH,
Je 'y mapocenapaiiiHux MPUCTPOSX BIAAUILIETBCA Mapa, a BoJa 3MIIIYEThCS 13
KOTJIOBOIO BOJIOIO 1 MpoOILIeC LUUPKYJIALINA MmoBTOproeThes. [licis mapocenapariiitHux
NPUCTPOIB OTpUMaHa CyXa HacHMYeHa Mapa MmaponpoBojoM 18 HaaxoIuTh
CIOXKMBAYEBI.

Korten ocnamienuii nBoMa MpY>KUHHUMH 3allOODKHUMHU KianaHamu 21 1
BIJIOBIJTHOIO apMaTyporo: TepMomMeTpom 20, MaHOMETpOM 19, BOASHUM OIS I0BUM
BikHOM 17. Ha 3amHiii CTIHII KOTJa BCTAaHOBJICHWN OOJyBHUU amapaTr, a Ha
OOMYpOBIIi, Y BEpXHIi 4aCTHUHI TOTIKA — BUOYXOBUI 3anMOODKHUN KiamaH. Y KOTIi
TP TOYKH TMEPIOAMYHOI MPOAYBKH: 3 HIKHBOro OapabaHy 1 JBOX HHXKHIX
KOJIEKTOPiB O1YHUX EKpaHiB.

JlaHWi KOMIUJIEKC CKIIAJA€ThCs 13 cepii TEIUIOOOMIHHUKIB, 3'€THAHUX OJIUH 13
OJIHUM, 1 BHUKOPHUCTOBYETHCS ISl Tepefadl Teruia BijJ CIaTOBAaHOTO TaJMBa JI0
BOJIM, SIKA MPH JTOCSTHEHHI TOYKH E€HTaNbIIli MEepEeTBOPIOETHCS Y BOJSHY Mapy, Ipu
[bOMY BIJIIIPAllbOBaH1 3aJUIIKK MPOAYKTIB 3rOpaHHs 3aIMILAI0Th TONKY, BiJIal0un

CBOE€ TEIUIO >KUBWJIBHIN BOJIM y €KOHOMai3epi.



18
3oBHIMHIN Burisg OapabanHoro kotioarperary JKBP 3o00paxenuit Ha

puc. 1.6, 1.7, TexHIUHI XapaKTEePUCTUKU KOTJIOarperaTy HaBejeH1 B Tadmuii 1.1.
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Puc. 1.6. 3oBHimH1# Burian 6apadannoro kotioarperary JJKBP:
1 — BepxHiit 6apabaH; 2 — roJIOBHUM NMapOBUN BEHTWJIb;, 3 — OlYHUN ekpaH; 4 —
JaXOBUH €KpaH; 5 — GpOHTAIBHUN €KpaH; 6 — KOJIEKTOp; 7 — MaJbHUK; 8 — KOMIpHA
Tonka; 9 — HWkHIN Oapaban; 10 — KoTenbHHUM MydoK (KUN'ATHIBHI TpyOH); 11 —

JTMMOBa TpyoOa
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Puc. 1.7. 30BHimHINA BUTIA KOTEIBHOTO My4ka KoTioarperary JJKBP

Taomui 1.1.

Texuiuni xapakrepuctuku komioarperaty JKBP-2,5-0,9 I'M [24]

IToka3nuk JAKBP-2,5-0,9 JIKBP-2,5-0,9
'™ I'MH
(13 Ha;TYBOM)
HowmiHnansHa naponpoayKTHBHICTh, T/TOJI. 2,5
PoGounii Tuck Ha Buxoxi, MIla (krm/cm?) 0,9 (9,0)

Po3paxyHkoBe najanBo

I'az (I'), mazyT (M)

Po3paxyHnkoBa BUTpaTa najivba

(M) 190 kr/rog. (M) 186 kr/rog.

(I') 210 m*/rog. (I') 220 m*/rog.

TemmnepaTypa HaCUYEHOI Mapu HA BUXO/II,
(ocHOBHUH pexum), °C 190
PospaxynkoBa Temmneparypa >XKUBUIHHOT
Boau, °C 50
Bousoricte HacudeHoi napu, % 3,0
KK, % 89 (ma3zyT) 88 (mMazyT)

91 (ra3) 89,5 (ra3)
06'eM BOAU y KOTJI, M° 2,68 2,52
[ToBHA MOBEPXHs HATPIBY, M 80,13
Pospimkenns (-), Tuck (+) y tomri, [1a (- 30,0), (+500)
Temnepatypa rasiB Ha BUX0i 3 Tonku, °C 225 | 235
Temrmeparypa 30BHIIITHLOT TOBEPXHI1
Komioarperary, °C 50
Maca kotiioarperary, M 8100 ‘ 6400
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JOCJIIIZKEHHSA ITAPOBOI'O KOTJIOAT'PEI'ATY SIK OB'€EKTA
ABTOMATHYHOI'O KEPYBAHHA

2.1. ITapaMeTpU4YHHIT aHATI3 KOTJIOArperaTy ik 00'ekTa aBroMaTH3auil

Ak Oyno 3a3HayeHO, PI3HOMAHITHICTH KOHCTPYKIIM KOTJIOAarperatiB He
JI03BOJISIE CTBOPUTH €JIMHY YHIBEPCAJIbHY CHUCTEMY aBTOMATHMYHOTO KEPyBaHHS iX
pobororo. OanHak ans 6GapabaHHMX MAPOBUX KOTIIB 13 MPUPOIHOIO LHUPKYIISIIEO
MO>KHa BUJUIMTH TIEBHI 3arajbHi MOTOKH, SIKI € XapaKTEepHUMH I LMX KOTIIIB,
BU3HAYUTH OCHOBHI KaHAJU KEPYBAHHS 1 BIJOKPEMUTH iX SIK OKpEM1 OJTHO-KOHTYPHI
CUCTEMH.

Po3rasisHeMo  OCHOBHI  JIISHKM ~ KepyBaHHS ~ 0apa0aHHUM  MapoOBUM
KOTJIOArperaToM, CHpoIleHa TEXHOJOrIYHa CXeMa SIKOTO HaBeleHa Ha apkymil Nel
rpadi4HOi YaCTUHU POOOTH.

Hupkynsmiiauii  KOHTYp (KOTENbHHI Iy4OK) MapoOBOTO KOTIoarperary
CKJIA/IA€ThCS 13 BEPXHbOTO OapabaHy S5, HWKHBOTO O6apabany 6, MiAHIMAIBHUX TPYO
3 ta onmyckHux TpyO 4.

[Iporec mapoTBOpeHHS BiOYBA€ThCS B MiAHIMAIBHUX TpyOax 3 3a paxyHOK
MiBEICHHS TEIUIa BiJl BUCOKOTEMIIEPATypHOTO MalTbHHUKA 2, SIKE€ BHIIISETHCS TPU
CHIAJIIOBAHHI MaJMBa y TOMII 1 KOTioarperary.

JIJist MATPUMKY TPOIECY TOPIHHS B TOMII CTBOPIOETHCS TOBITPSIHO-Ta30Ba
CyMIIll, JUI 94OTO 3a JOTIOMOTOI0 JYyTHOBOTO BEHTHJIATOPA 8 MOMAETHCS MOBITPS 13
BUTpaTOr0 Q05 , @ TAKOXK YEpPE3 PETYINIOIOUNN KJIanaH MPUPOJIHINA Ta3 i3 BUTPATOIO
Q. Ilpomyktu 3ropsiHHS (OMMOBI Ta3u), MO0 YTBOPWIMCS Y TPOIEC] TOPIHHS,
BIJICMOKTYIOTBCS 13 TONKH JAUMOCOCOM 9 13 BUTpaTor0 Qpr, CTBOPIOIOYHM Yy TOIIIII
po3pikeHHs Prop, TPOXOaATh eKOHOMaN3ep 7, 1 uepe3 JUMOBY TPyOy BUAUIAIOTHCS

y HaBKOJIMIIIHE CCPCaOBHIIIC. PiBeHb CITAJIIOBAHHsA IMpUPOAHBLOTO rasy
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(edeKTUBHICTh MPOIIECY TOPIHHS Yy TOIIII) XapaKTePU3Y€EThCS KUIBKICTIO BIILHOTO
KkucHIO O; y IMMOBHX rasax.

JXKupwmibHa Boaa 13 BUTpaTor0 Qxp HAIXOMUTh Y BOJISHUN €KOHOMAi3ep 7, B
SKOMY HarpiBa€ThCs 3a paXyHOK BUIPOMIHIOBAHHS Ta KOHBEKIIMHOTO TEIJIOOOMIHY
Bl AMMOBHMX Ta3iB JO TEBHOI TEMIEPATypH, 1 HAIMpPABISIETHCA O BEPXHBOTO
Oapabany koria 5. Pa3om 13 >KMBWIBHOIO BOJOI0 y UUPKYJSLIAHUN KOHTYpP
koTioarperary Haaxonmsath com NaCl. Yactuna cosielf, 10 HAKONUYYIOTHCS B
KOTJIOBIH BOJI1, BUIATISETHCS OE3MEePEPBHOIO TPOTYBKOIO 13 BUTPATOrO Qzp.

OCHOBHHMMH PETYTHOBAHUMHU BETMYMHAMH KOTJIA € BUTpATa MEPErpiToi mapu
Qu, 11 THCK Ppyr 1 Temniepatypa Ty Ileperpita nmapa HanpaBiIsiEThCS CIIOKUBAYEBI,
AKUI MOXKe 3MIHIOBATH 11 BUTpaTy. OTXKEe 3MIHHOIO BEIHMUMHOIO JUIs KOTJIOArperary
€ BUTpara Mmapw, a il THCK 1 TemmepaTypa MOBUHHI MiATPUMYBATHCS Yy Mexkax
JOMYCTUMHX BIAXWJIEHb, SKI BU3HAYAIOTHCS BIAMOBIIHO 10 BHMOT 3aJaHOTO
pexxuMy poOOTH CIIOKHMBaYa TEIJIOBOI HEPTii.

3anaHe 3HaYEHHS TeMIepaTypu napu 7y Moxe OyTH OTpUMaHe 3a paxyHOK
NiABUIICHHA a00 3MEHIICHHS TeMIIepaTypu TOpiHHS y Tonii (30UIblIeHHs abo
3MEHIIIEHHS M0/Iaui MPUPOJAHBOTO Tra3y). Y KOTJIoarperatax CepeaHbOi Ta BEIHUKOi
MOTY>KHOCTI 1I€ BiI0YBAa€ThCS 3a JOMOMOIOI0 BCTAHOBJICHHS MapoIeperpiBaviB Ta
apOOXOJIOTHHUKIB.

Tuck neperpitoi mapu P 1 TUCK y OapabaHi KoTia Pg 3MIHIOIOTBCS B YCiX
BUIAJIKaX BUHUKHEHHS IUCOAIIAHCY MK KIJTBKICTIO CIIOXKHUTOI TapH, 1 Mapu, 110
TE€HEPYEThCS B MIJHIMAIBHUX TPyOax, 1 MOXKE MIATPUMYBATHUCh 32 PAXyHOK 3MIHH
TEIUIOBUJIICHHS Y TOII1, TOOTO 3a paXyHOK 3MiHM 110/1a4l ITaJIuBa.

KpiM miaTpumKku 3a3Hau€HUX BUTpAT MEPErpiToi mapu 1 3aJaHuX 3HAYCHb
P ta T, caig maATpUMYBaATH Y MEKaxX MPUITYCTUMUX BIJIXUJICHB: PIBEHb BOJH Y
Oapabani kotna Hg, po3pipKeHHs y TomIi Proyz, COJIEBMICT KOTJIOBOI BOJIU, & TAKOXK
ONTHMAJbHE CHIBBIJIHOIICHHS "MPUPOAHIA Tra3-moBiTps" [UIsI MaKCUMaJIbHOI
MPOJYKTUBHOCTI pOOOTH MAJIbHUKA.

[lepepaxoBaHi BHILE BETUYMHHU 3MIHIOIOTHCS B PE3YyJbTaTl PETyIIOIYHUX

BIUIMBIB 1 MiJ J1€I0 30BHINIHIX Ta BHYTPILIHIX 30ypeHb, 110 HOCATh 3aKOHOMIPHUMA
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ab0 BUMAJKOBUHN XapakTep, TAKUX SK KOJIMBAHHS BUTPATU IMAPH, SKICTh 1 BUTPATU
najuBa, TeMmIlepaTypa >XUBUJIBHOI BOJM, MOPYIIEHHS IIUIBHOCTI TOMKH 1 T.I. 3
IIOTO BUILIMBAE, IO MAPOBUI KOTEN SAK 00'€KT KEPYBaHHS B IIIOMY SIBJIsiE COOOIO
CKJIaJIHY TUHAMIYHY CUCTEMY 3 IIJTUM PSJIOM B3a€EMO3AJICKHUX BXITHUX 1 BUX1THUX
BEJIWYMH (puc. 2.2).

CkJIagHICTh B3a€MO3B'A3KIB MOJISITA€ Y TOMY, IIO AEsKl BXIAHI BEJIUYUHH,
NpsSIMO BIUIMBAIOYM Ha BUXIJHI BEJIWYMHHU, MOOIYHO BIUIMBAIOTH HA 1HIN BHXI1JIHI
napametpu. Lleit Hempsimuil BIuB OyBae BaKKO BpaxyBaTh. Hampukiazg, 3MiHa
BUTpaTH nanua Qp mpsMo (CyliibHA JIiHISA) BIUIMBAE HA BUTPATy IMeperpiToi mapu
Q7 1y TOM e Jac BIUIMBAE HA BMICT BIJIbHOTO KHCHIO B TUMOBHX Ta3zax (J2 1 TUCK
neperpitoi mapu Prz; BUTpAaTH BOAM, IIO MOJNAEThCS B OapabaH KOTIa MPSIMO
BIJIMBA€ HA TeMIlepaTypy neperpitoi mapu 7Ty, Ha SKy TaKOXX BIUIMBAE BUTpPATA
napu 3 6apabaHa KoTia 1 po3pipKeHHs B Tomil Proy; BuTpaTu neperpitoi mapu Qg
OyAy4yd BHUXIJHOIO BEJIMYHMHOIO CTOCOBHO BUTpATH nanuBa Qp, CIyXHUTb BXIAHOIO

BEJIMYMHOIO (BILUIUBOM) CTOCOBHO TUCKY Py 1 Temriepatypu 7y eperpiToi mapu

[8,16].

Omr R Pron "

Q108 :_:::':::' 0, .

QJ.’T ' o Q 9
Py et | Pm

O zrp il ‘i T -

Pron ',,-\""".

Q ks " ‘ Hp 5

O _ NaCl

>

Puc. 2.2. IlapameTpuuHa cxema B3a€MO3B'SI3KIB Mi>K BUXITHUMH

Ta BXIJHUMHU BeTUYHMHAMH 6apabaHHOTO KOTJIOarperaTy
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OnHak sBHa BHpakeHa CHPSMOBAHICTh IUISHOK PETyJIOBaHHS KOTia 3a
OCHOBHMMHM KaHaJaMH PEryJIOIYNX BIUIMBIB, TAKUX SIK BUTPATa UBHJIBHOI BOJH
Qs — piBeHb Boau B Oapabani Hp, BuTpaTa manuBa Qi — THUCK MeperpiToi mapu
P, 1o3BOJISIE 3M1ACHIOBATH CTA0LII3AIlII0 PETYJIbOBAHUX BEJIUYWH 3a JIONMTOMOTOI0
HE3aJIS)KHUX OJHOKOHTYPHHX CHCTEM, 3B'SI3aHUX JIMILIE 4Yepe3 00'€KT KepyBaHHI.
[Tpu poMy perysrorouuil BIUIMB Ti€i a00 1HIIOI AUISHKMA (CYLUIbHI JIHIT HAa pHC.
2.2) cny>XUTh OCHOBHUM CIIOCOOOM CTaOuIi3allli peryibOBaHOI BEJIWYMHM, a 1HIII
BIUIMBH (ITyHKTHUPHI JIiHIT) € CTOCOBHO IIi€i JUISHKH BHYTPIIIHIMU a00 30BHIIIHIMU

30ypIOBaHHSIMU.



24

2.2. Po3poOka Ta [JOCHIIKEHHSI MATEMATHYHOI MOJeJdi TeII0OBHX

NMPOLECIiB Yy KOTJI0Arperari 1yisi BAPOOHMITBA MAPHU

CkilazeMo MaTeMaTU4yHy MOJENb TEIUIOBUX IPOLECIB, IO BiOYBAarOTHCS B
KOTJIoarperati Mpu BUPOOHMIITBI Mapu. 3a 3aKOHOM 30€peKeHHS eHeprii
BI/IMOBIJTHO 31 CXEMOKO TEIUIOBHX IMOTOKIB (puc. 2.3), PIBHSHHS €HEPreTHYHOTO

OasiaHCy B KOTJIOArperaTi Ma€ HaCTYTTHUIA BUTJIST
Qg - th + Qgp - ng - Qk - Qvt - thm =0 (21)

Jie Qg — KUIbKICTB TEIUIOTH, SIK& YTBOPIOEThLCS MPU 3rOpaHHi rasy, BT,

Qgp — KUIBKICTH TEIJIOTH, IO MICTUThCS Y napi npu 150°C, Br;

Qny — KUIBKICTh TEIUIOTM Y BOJI TICAS €KOHOMaif3epa Ha BXOJIl B
kotnoarperar ripu 70°C, Br;

ng — KUIBKICTh TEIUIOTH, IO BUBOIMTHCS 13 TONKH 13 JUMOBHMH razaMu,
Brt;

Qx — TeroBa eHeprid, 0 3HaXOAUThCs y KoTioarperari, J{x;

Q¢ — BTpaTH TEIUIOBOI €HEPrii 3 KOTJIa Y HAaBKOJIMILIHE cepeaoBuile, BT;

Qhim — BTpaTH TEIJIOBOI €Heprii BiJ XIMIYHOTO HE AOropaHHs, BT.

ng

Puc. 2.3. CtpykTypHa cxema TEIUIOBUX MOTOKIB B KOTJIOArperari
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[Ipu 3ropaHHi NPUPOJHOTO razy B TOIMI KOTJIOArperary OTPUMYETHCS

HACTYITHA KUJIBKICTh TEIJIOTH, BT

G
Q= i Qg (2.2)

e Gg — BUTPATH IPUPOJIHOTO Ta3y, KI/c;
(g — MMTOMA TEILIOTA 3TOPAHHS PUPOTHOTO rasy, JiK/m>;
pg — FYCTHHA IPUPOJHOTO Ta3y, Kr/m’;
Temmora mapu Ha BUXO/Ii 3 KOTJIoarperary, Bt, qopiBHioe
Qgp = Ggp ~ tgp " Cop: (2.3)
ne Ggp — (akTM4Ha NPOLYKTHBHICTH KOTJIOArperary, abo KUIbKICTh Tapw,
110 Yepe3 MapoBy MaricTpaib 3a0upae CroKuBay, Kr/c;
tgp — TEMIIEPATYpA IAPU HA BUXOJ1 KoTI0arperary, °C;
Cgp — Terumoemuicts napu npu 200°C, Hx/(kr-°C);
KinbkicTh TEmIoTH, sIka MICTUTBCS y XOJOJHIM Ha BXOJI BOJSHOTO TPAKTy
apoBOTO KOTJI0ArperaTy Micis eKoHOMai3epa, BT, BU3HaUa€eThCs sIK
Q.hv = Ghv Ty Chv: (24)
ne Gy, — BUTpATH BOJH, 110 KUBHUTH MAPOBUI KOTEN, KI/C;

tpy — TeMIeparypa BOIM Ha BHUXOJIl ekoHoMaizepa, °C (mpuiiMaeThcs

3HadyeHHs 70°C);
Cyy — TemwmoemuicTs Boau nipu 70°C, JIx/(xr-°C).
KinbKiCTh TEIUIOTH, IO BUBOJIUTHCS 13 TONMKU KOTJIOArperary 3 JUMOBHUMU

ra3aMu y HaBKOJIMILIHE CepeoBHIle, BT, BU3HAUa€ThCS 32 BUPa3oM
ng = (Gpuv + Gg) ’ tdg ’ Cdg: (2.5)
1€ Gpoy — BUTPATH MOBITPs, HEOOXIIHI JUIs TOBHOTO 3rOPaHHs rasy, Kr/c;
Gpoy — BUTPATH rasy Npu 3rOPaHHI B MAIBHUKY, KI/C;
tqg — TEMIIEPATYpa IMMOBKX Ta3iB, IO BUAAISIOTHCS JUMOCOCOM MPH

CTBOPEHH1 pO3piIIKEeHH B KoTioarperari, °C;

Cqg — TEIJIOEMHICTH TMMOBUX TasiB, JHi/(kr-°C).
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KinbkicTh eHeprii, 10 3HaX0AUThCs Y KoTii, JIx:
Qe = Vi Pgv " Cop  tap: (2.6)
3.
ne Vi — 00’eM Kotia, M°;
Pgp — TYCTHHA Tapu, Kr/m°.
KinpkicTh TEIJIOTH, SKa HEAOOTPUMYETHCS TPH XIMIYHOMY HETOBHOMY

3ropaHHi IPUPOIHOTO razy, Bt
Qe = Q" ky (2.7)
ne k,, — koedimieHT XiMIYHOTO HE TOTOPaHHS MIPUPOTHOTO Tazy.
KinbKiCTh TEMIOTH, 1[0 BTPAYAETHCS Y HABKOJHUIITHE CEpeIoBHIE, BT:
Qve = Qg - ky. (2.8)
ne kK, ., — KoedilieHT BTpaT Y HABKOJUIITHE CEPEIOBHIIIE.
Bin MopmemtoBaHHS CTaTHYHOTO PEXKUMY IEPEXOJUMO N0 TAHAMIYHOTO

peXUMY, KOJIM TeMIlepaTypa Mmapu Ha BUXOJ1 KOTJIoarperaty Oyje 3MiHIOBATHCH i

ni€ro pi3Hux 30ypeHb. PiBHsauHS (2.1) HAOy1e TAKOTO BUTIISATY

il;:k - QE - th + QE,P - ng - Q‘.’t - thm: (29)

[TincraBuBmm y Bupa3 (2.9) pisusuaus (2.2) — (2.8), orpumMaeMo

AV "oy "Copy "ty G
ng =T & :p_g'qg_Ghv'thv'Ch‘.’+Gg‘-’.tE{‘-’.Cg"’_ ( )
. 2.10

_(Gpm’ + Gg) ) tdg ’ Cdg - Qg “ky — Qg " Kp.

[Ticnst mepeTBOpeHb Bupas (2.10) MmaTuMe HACTYITHUM BUTIISI:

V. - Pev - Cgv . dtgv
Ggy(Coy + (Gpop + G)) - Cyy  dT

+tgy

G
p—: Qg (1 —Kky—ky) + Gy -ty - Cppy + G (14 kpoy ) - Cyg - At
: =0.

Ggy - Cov + (Gpm’ T Gg) "Cag

(2.11)
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[To3HauMMo MOCTIMHY Yacy HarpiBaHHS K

Vk'PgV":gv
Ggy(Cgy+(Gpoyv+Gg))Cag

(2.12)

3a J0MOMOrOK HaBEIEGHMX piBHAHB Yy mnakeTi Simulink cepenosuina
MATLab cTBOpeHa imiTalliiiHa MOJEJb TEIUIOBUX TMPOIECIB B KOTJIOArperari

(puc.2.4).

Puc. 2.4. ImiTariiina MoieNb TEIUIOBHUX MPOIIECIB Y KOTIIOArperari

BusnauumMo Taki mapaMmeTpu TnepeaaTtHoi (YHKIII KoTiioarperaty Juis
KaHaly KEpPyBaHHS TEMIIEpAaTypol0 TMapu Ha BHXOAl KoOTioarperary, SK dac
TPAHCIIOPTHOTO 3aII3HEHHS Toy , KOE(ILIEHT Nepenadi K,y Ta mocriiiHa yacy o0'ekra
Toy.

Jlisi Bu3HAaueHHs mnepenaTHoi (GYHKUII TEmIvll s KaHally KepyBaHHS
TeMIEPaTypHUM PEXKUMOM OYB BHUKOpUCTaHWHN rpadiunuii merton. st 1boro

pO3riHHA XapaKTepucTrKa Oyiia MpOHOPMOBAHA 32 BUPA30M
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h('[)— HB(ti)—ﬁB(O) _HB(ti)—ISO
Y0, (t,, ) -0,(0)  191-180

(2.13)
ne Og(t)) — mpomixkHe 3HAYCHHS NapaMeTpa B i-i MOMEHT 4acy ti; @(0) —
NOYaTKOBE 3HA4eHHs napamerpa; Oy(tmax) — KiHIEBE TapaMeTpa B yCTaJICHOMY
pexumi; h(ti) — 3HaUEHHS HOPMOBAHOT KPUBOT PO3TOHY B i-ii MOMEHT 4acy.
Bl scope — O >

=29 aw s 0Kk EETH B

100 150 200 280 300 350 400 450 A00

Puc. 2.5. Po3rinHa xapakTepucThKa KOTJIoarperaTy Jijisi KaHally KepyBaHHS

TEMIIEPATYPOIO MapH Ha BUXO1 KOTJIOArperaTy

Koedimient mnepenadi 00’e€kTa po3paxOBYEThCS SK BiJHOIICHHS PI3HUII
TEMIEpaTypy Mapy Ha BHUXOJl 3 KOTJoarperary i TeMmIepaTrypu BOJU Ha BXOJl B
KOTJioarperar micjis eKoHomaizepa At (peryiboBaHUW mMapameTp) A0 BUTpaT

IPUPOJIHOTO a3y Ha HarpiBaHHsA BOIM 10 mHapomnoxionoro crany AG, (mapamerp

KEepyBaHHs)

k=——. (2.14)
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3a Bupazom (2.14), BpaxoByrOUM TEXHIUHI XapaKTEPUCTUKH KOTJIOArperaTy
(tabmung 1.1), orpumaemo, mo k = (190-50)/210 = 0,67 °C/(m3/xr).

UYucenbHe 3HAYCHHS MOCTIHHOI 4acy T,, Ta 4acy 3ami3HEeHHS 7,, 00'€kTa
3HAXO/STH 34 IONMIOMOTOI0 IOTUYHOI, SIKY TIPOBOSTH 10 TOYKHA NEPETUHY PO3TIHHOT
xapaktepuctuku (puc. 2.6). Touka neperuHy BIANOBIAAE CeperHI BIAPI3KY dYacy,

Ha SIKOMY CIIOCTEPIraeThCsl MAaKCUMAIbHUM MPUPICT OPAUHATHA KPUBOT PO3TOHY.

T,,=100c¢
>
|
I |

1 L
0.8
|
./
)
0.6t :
h) | | / i
04 : '
[ / I
I |
I |
0.2H !
| |
|
[
|
DI[:- I 100 200 300 400 500

I 7,,=20c

»| lg
»—

Yactc

Puc. 2.6. HopmoBana po3rinHa XapaKTepuCTHUKa KOTJIOarperaTy

[lepenatHa QyHKIIA KOTIOarperary Juisi KaHaidy KEpyBaHHs TEMIIEPaTyporo

Inapu Ha BI/IXOI[i KOTJIOarperary Ma€ BUIJIA]

0,67-e72¢

Wou (9=~ 00541

(2.15)
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PO3/11 3

BUBIP PET'YJIATOPA TA OBI'PYHTYBAHHS IIAPAMETPIB
MOI0 HAJIAIITYBAHb

3.1. ®yHKUIioHAJIbHA CcXeMa aBTOMATH3alili CHCTEeMH KepyBaHHS

NapoBUM KOTJI0arperaTomM

Ak Oyne pmani TOKa3aHO, y CHUCTEMI KEpyBaHHS BUKOPUCTOBYETHCS
nporpamoBanuil soriunuii koHtposiep (IIJIK) Simatic S7-300 ¢ipmu Siemens
(3rigHO 13 3aBAaHHAM Ha KBalidikaliiiHy OakaaaBpPChbKy poOOTY), SIKM BUKOHYE
¢GyHKIiT KepyBaHHS OCHOBHHMH KOHTYypaMH, MO3HAYEHUMHU [UJIsI 3pPYYHOCTI
cupuitaaTTs okpemumu peryastopamu (UIRC (4-1), UIRC (4-2), PIC (3-3) ta PIC
(2-4)).

Bona cknanaeTbes 3 TAKUX OCHOBHUX KOHTYPIB K€PYBaHHS:

1. Koumyp kepyeanmus yucuenenuam xomaoazpezamy. PoboTa KOHTYpY
OCHOBaHAa Ha PIiBHI BOAW y BEpPXHbOMY OapabaHi Ta THUCKYy MEperpitoi mapu Ha
BUXOJIl KOTJIOAarperary, TOOTO Ha pIBHI CIOXWBAaHHS Tapu CroxuBadeM. PiBeHb
Bomu B OapabaHi komioarperaTy Bumiproethcs natumkamu LE (1-1) (Bepxwiii
piBenb) Ta LE (2-1) (HmkHi# piBeHB), BUXITIHUN CUTHAI AkuX mojaeTbes Ha [1JIK
(oro wyactuna UIRC (4-1)). Bumip TucKy neperpitoi mapu Ha BHUXOII 3
KOTJIOarperaty y maricTpayib JJisi KOPEKIlii 3/11IMCHIOEThCS 3a JIOMOMOTOK0 JaTuyhKa
tucky PE (3-1). Buxignuit curnan I1JIK nogaerbest uepe3 koMyTyrouy amapaTypy
NS (6-1) i3 moxnuBicTio pyuHoro kepyBanHss HS (5-1) Ha enekTpomarHiTHui
KJIalaH 1nojayl KUBWJIbHOT BOJIM HAa KOTJIOAarperar.

2. Kommyp Kepysanna meniosum HAGAHMAMNCEHHAM Komioazpezamy,
KWW TpaIioe Mo TeMIlepaTypl MeperpiToi mapu Ha BUXOJl 3 KOTJoarperary, Io
TACKY Tapu B OapabaHi KOTJa 13 KOPEKIE IO BUTpaTl rasy Ha KOTel.

Temnepatypa mapu BuMiproeTbest gaTunkoMm temrepatypu TE (1-2), Tuck napu y
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OapabaHi KoTioarperaty BUMIPIOEThC natuukoM TucKy PE (2-2), a Butparu
IPHUPOJIHOTO Ta3y BHUMIpIOIOThCS BuTpaToMipoM FE (3-2), BHXiAHI CHTHAIM SKUX
Haaxoaath J0 [TJIK (#oro wactuaa UIRC (4-2)). Buxigawmii curaan [1JIK mogaerbes
yepe3 KoMyTyrouy anaparypy NS (6-2) i3 MOKIUBICTIO pyuHoro kepyBanus HS (5-
2) Ha CepBOMPHUBOJI PETYITIOIYOr0 KIIAMaHY, IKHM 3MIHIOE IT0ja4y TPUPOTHOTO Ta3y
SK TIAJIUBA B KOTJIOArperar.

3. Koumyp kepysamnnsa cnigsionowiennam ''zaz/noeimpa'’’ npauroe mo
TUCKY TIOBITPS HAa MAIBHUK. THCK MPUPOTHOTO Ta3y BUMIPIOETHCS TATYUKOM THCKY
PE (1-3), tuck moBiTps, BianoBigHo, gatuukoM PE (2-3). BuxigHi curHaM mux
natuukiB nepenarotbes Ha [IJIK (fioro wactuna PIC (3-3)). Kontponep dbopmye
Kepyrouuid curHan ais neperBoproBaua yactotu SIC (4-3), Akuil mIaBHO 3MIHIOE
4acTOTy OOEpTaHHS Baly CJIICKTPOABUTYHA TPHUBOIY AYTHOBOTO BEHTHIATOpA, 1
BIJIMTOBITHO THCK TOBITPSI HA MAJIbHUK.

4. Koumyp Kepyeanusa po3piOdceHHAM Yy mMOnui KomJjoazpezamy.
Po3pipkeHHsT BUMIPIOETCS  JAaTYMKOM TUCKY (TsAroHamopomipom) PE (1-4),
BHUX1JTHHHM curHal sikoro rnogaerbes Ha ITJIK (ftoro wactuna PIC (2-4)). KorTponep
bopMye kepyrounii curran s neperBoproBaua yactotu SIC (3-4), sxuii maBHO
3MIHIOE YacTOTy OOepTaHHS Bally eJEKTPOJBHUTYHA TMPHUBOAY JAMMOCOCA, 1
BIJITOBITHO PO3PIIKEHHS y TOMI[I KOTJI0arperary.

Jlns 001Ky MatepialibHUX PECYpCIB CXeMOIO mependaueHe BCTaHOBJICHHS
BUTPATOMIpiB *HMBHIbHOI Boau korioarperaty FE (1-5) ta mpupoansoro rasy FE
(1-6).

KoHTypu kepyBaHHS MaJbHUKOM 1 MPOJYBKOIO KOTJa Ha JaHIA CXeMl He

MOKa3aHi.
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3.2. Bu0ip anropurMy KepyBaHHA

Jlis  BU3HAYCHHS aJTrOPUTMYy KEepyBaHHS BH3HAUMMO JTUHAMIivHI
BJIACTUBOCTI 00’€KTa Ta MOKA3HUKH SIKOCTI, sIKI MOBUHHI OyTH 3a0e3MedYeHi Mo
TEXHOJIOTIYHUM BHMOTaM.

ANTOPUTM KEpyBaHHS BHOUPAIOTh 3a BEJIMYMHOIO BIJIHOIICHHS 4Yacy

: AV T
3aITi3HeHHSI JI0 MOCTiiHOT Yacy 00’ekta —2- [11]:
oy

T . ‘o 9
- gkmo —>-<0,2, mepeBary BiJUIalOTh MO3HUI[HHOMY (peleiiHoMY)
oy

QITOPUTMY KEpYyBaHHS, ajie MOXKJIMBE BUKOPHUCTAHHS 1 HEMEPEPBHOTO AITOPHUTMY.
PimenHss mpuitMaeTbcsi B 3aJIEKHOCTI B TEXHOJIOTIYHHUX BHMOI IO IIPOIECY

yIpaBIiHHS.

T .
- gkmo 0,2< Toy <10, mepeBary BiIJAlOTh HEMEPEPBHOMY abo
oy

nudpoBomy anroputmy kepyBanus (I1-, I11- a6o I1I/]-anroputm KepyBaHHs)

Toy . o o
- KO —— >10, BUOMparOTh cHoemiaJbHUi UUGPOBHI PErysaTop 3
oy

CKCTPAIOJISITOPOM, SIKUH KOMIICHCYE 3alli3HIOBaHHS B KOHTYP1 KEpyBaHHS.

Kpim Toro, mis oOTpyHTYBaHHS aiIrOPUTMYy KEpyBaHHSA 1 BHOOpPY
perynsTopa, SKUH pealidye TaKuil airopuT™M, HEOOXIMHO 3HATH HE TUIBKU
BJIACTHBOCTI 00'€eKTa Ta BHUMOTH JI0 TEXHOJIOTIYHOTO TMpOIecy, ajie W JesKi
KOHCTPYKTHBHI OCOOJMBOCTI caMux peryaaropiB. I[IpommcioBi perymnstopu
peai3yloTh aIrOpUTM KepyBaHHS 3 MEBHOIO MOXUOKOIO, 110 00OB'SI3KOBO MTOBUHHO
BpaxoByBaTHCh IMPHU BHOOPI yCIX TEXHIYHUX 3ac00iB, IO BXOASATH M0 CKIIATY
CUCTEMH aBTOMATHYHOTO KE€PYBaHHSI.

B nanomy Bumajaky 3a oTpuMaHOIO mepeaaTHoo GyHKIiew (2.15)

Toy 20

== 20,2,
T,, 100
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3a BKa3aHOIO METOJIMKOI0 HEOOXITHO 00paTH HEMepepBHUA alrOpUTM
kepyBaHHs. KpiM Toro, HeoOXiJTHO BpaxyBaTH OCOOJMBOCTI pOOOTH MHaJbHUKA 1
TONKHU KOTJIOArperary: 3almyck MajbHUKA 3aiiMae MeBHUM Yac, 1 IpU BUKOPUCTAHHI
MO3UIIITHOTO aJrOpuTMy KEpyBaHHS MOXXYTh BHHHKHYTH 3Ha4yHI KOJWBaHHS
TEMIEpaTypyu NapH, KOJMBAHHS TUCKY B OapabaHi KOTJIa, 1 HEMOXJIHUBO Oyze
IIBUJIKO pearyBaTy Ha pi3Ki 3MIHM BUTpAT Mapu crnokuBauyeM. Lle Bka3ye Ha Te, 110
TOMKAa TOBMHHA MpAIIOBATH HEMEPEPBHO, 1 aNTOPUTM KEpyBaHHS BUKOHABYHM
MEXaHI13MOM MTOBUHEH OyTH HENEPEPBHUM.

Metonuka BUOOpPY HAWKpalIoro ajiropuTMy KepyBaHHS IS TIE€BHOTO
00'eKTa MoJsATae y BU3HAUCHHI JMHAMIYHOTO KoedilieHTa peryIrOBaHHS.

Jlns craTHgHUX 00'€KTIB:

R, =— (3.1)

Koy * Ymukc

1ie Koy — KoedlIieHT nepeaadl 00'ekTa KepyBaHHS;

Ymakxc — MAKC. I0MMycTUME 30ypeHHs 110 HaBaHTaXeHHI0, B % xoay PO;

y1 — MaKCUMaJIbHE TMHAMI4He BiIXUJIeHHs, %o.

[IpoBenemo po3paxyHKH 3a YMOB HACTYITHUX 3HAY€Hb MTOKA3HUKIB SIKOCTI:

- MaKCHMaJIbHE THMHaMIYHe BiaxmieHHs Y1 = 1,5%;

- cTtaTuyHa noxuoka Ay = 2,0°C;

- jomyctumuii yac perymoBanHs t, = 500 c;

- mepeperyiroBaHHs 3a 30ypeHHsM ¢ = 0,2;

- JIOMyCTHME MOXJIMBE 3HA4YeHHs 30ypeHHs 3a HaBaHTaxeHHIM (Y %
NEepEeMIIEHHS PEryI0BaIbHOTO Oprany) Yauxc = 20%.

3a BUXITHUMHM 3HAYEHHSIMHU BEJIMUYMHA TUHAMIYHOTO KOE]IIlI€EHTY

N R
0,67-20
Bubupaemo gns nmanoro oO'ekra mepeximHuii mpouec 13 20%
NIepeperyTIOBAHHSM.
3a rpadiuanmu 3anexHocTssmu [11] (Jlomarox Al), BU3HAYaEMO aJIrOPUTM

kepyBanHs — 1e I1I-anropurm.
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[lepeBipumo, uu 3a0e3meuyBaTUMEThCA TP I[bOMY HEOOXITHUN dac
pETYIIOBAaHHS 32 BUPa30M
t=y-7, (3.2)
7€ W - BIIHOCHHMM 4Yac peryjroBaHHs, Juid cratuyHoro o0'exty i3 III-
aJIropuT™MOM KepyBaHHS ¥ =12 ([lomaTok A2).
Tom t,, =y -t=12-20=240, BugHo, mo 240 < 500, ToOTO HEOOX1THUIA
Yac peryiaroBaHHs 3a0e3MeuyeThCs.
[lepeBiprMO Ha BHHUKHEHHSI IPU [IbOMY CTaTUYHOI TOXHUOKH.
3a rpadiuyaumu 3anexHoctsamu [11], Bu3HauaeMo
B 014, Ay=Kyy vy 014 =0,67-20-014=1876°C. (3.3
Koy * Vs
YmoBa 1,876°C < 2,0°C Bukonyetrbcsi, T00T0 Ill-anroputm kepyBaHHS
3aJI0BOJIbHSIE TEXHOJOTIYHI BHMOTH JO TPOIECY KEpyBaHHS TEMIIEPaTypPOIO

MePerpiToi mapu B KOTIOATrPErari.

3.3. Peaqizanisi aJiropuTMy KepyBaHHS

3rigHo 13 (PyHKIIOHANIBHOIO CXeMoio aBTomaru3aiii (puc. 3.1), cucrema
KepYBaHHs  KOTJIOArperaToM CKJIAJAETbcs 3  MPOrPaMOBAHOTO  JIOTIYHOTO
koHTposiepa (IJIK), sikuif BukoHye (yHKLII KepyBaHHS PI3HUMU KOHTYypaMu B
3aJIEKHOCTI Bij 1HGOpMaIlli Bil pI3SHOMAaHITHUX JaTYUKIB TE€XHOJIOTIYHOIO MPOIECY
BUPOOHUIITBA TIAPH, PI3HUX BUKOHABYUX MEXaHI3MIB, a TaKOX €JIEKTPOOOJIa HAHHS
JUTSI KEPYBaHHS ITMMU BUKOHABYMMH MEXaHI13MaMHU.

JleTanpHuil BUOIp €JIEKTPOOOIaHAHHS IJIs MYCKY Ta 3aXUCTy BUKOHABUUX
MEXaHI3MiB, KOMyTalii KiJd KEpyBaHHSA, pPYYHOrO KEpyBaHHA Ta CBITJIOBOI
CUTHaJI3aIli po3MIsAacTbCa Yy po3Aun S5 OakamaBpcbkoi poOOTH, a BHOIp
IPOrPaMOBAHOTO JIOTIYHOTO KOHTpOJepa, JaTdyhuka TEeMIEpaTypyd Ta BUKOHABYOTO

MeXaHi3My (PEeTyJIIOI0UO0ro KiarnaHy) BUKJIaIeHUHN Y OJalbIIoMy MaTepiai.
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3.3.1. Bu0ip nporpamMoBaHOIo JIOTIYHOT0 KOHTPOJIepa

Jna otpumanHs iHdopmalii Mpo MmapaMeTpu TEXHOJOTIYHOTO MPOLECY
BUPOOHUIITBA Napu B OapabaHHOMY KOTJoarperari Ta KepyBaHHsS TEXHOJIOTTYHUM
oOJasiHaHHSAM 3T1HO 13 3aBJaHHSIM Ha BUKOHAHHS MaricTepcbkoi poOOTH 0OpaHuit
mporpamMoBaHuil JoriyHui KoHTposiep Siemens Simatic S7-300 3 neHTpadbHUM

nporiecopom CPU 313C Ne6ES7 332-5HD01-0ABO (puc. 3.2, a).
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| 313-GEGNA-DAST

a) 0)
Puc. 3.2. 3aranpHuil BUIIISIA IPOrpaMoBaHOro KOHTposiepa Siemens Simatic S7-300
3 nertpaiasbHuM mporiecopom CPU 313C Ne6ES7 332-5HD01-0ABO (a)

Ta cTab1I130BaHOTO JKepera KUBJIEHHS MO yJibHOro Ty PS307 5A (6)

JInst  KUBIIEHHS TIPOTPAMOBAHOTO KOHTpOJIepa HEOOXIMHO BCTAaHOBUTH
ToJaTKOBUM OJIOK >kuBjIeHHS Ha 24 B. OOupaemMo MoOIyiabHUN OJIOK >KUBJICHHS
PS307 na 5A (puc. 3.2, 6).

Kontponep Siemens Simatic S7-300 — e yHiBepcadbHUN MOAYIbHUN
IPOrPOMOBAHMIA KOHTPOJIEP JUIS BUPIIICHHS 3a/Jad aBTOMATHYHOTO KEPYBaHHS
HU3BKOTO Ta CEPEAHBOTO CTYMNEHS CKIATHOCTI. EQekTMBHOMY BHKOPHCTAHHIO

KOHTPOJIEPIB CIPHUSE HASBHICTh IIUPOKOI FaMU LIEHTPAIBHUX MPOIIECOPIB, MOIYIIB
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BBOJIy-BUBOJY JHWCKPETHUX 1 aHAJOTOBUX CHUTHaIIB, (QYHKIIOHAIBHUX 1
KOMYTAaLIMHAX MOYJIiB, MOJIyJIiB OJIOKIB JKUBJICHHS Ta iHTEpPEHCHUX MoayiB [25].
Oénacmi euxkopucmannsa konmponepie Siemens Simatic S7-300:
- aBTOMaTH3allis  CHUCTEeM  aBTOMAaTHYHOTO  pETYyJIOBaHHS  Ta
MO3UIIOHYBaHHS;

- aBTOMAaTH30BaH1 BUMIPIOBaJbHI YCTaHOBKHU;

B aBTOMOOUIbHIN IPOMMCIIOBOCTI Ta CTAHKOOY TyBaHHI;

aBTOMaTI/ISaI_[iﬂ TEKCTHUJIBHUX 1 IMaKyBaJIbHUX MAIIINH,

aBTOMAaTH3alllsl MATHHOOY IyBaJIbHOTO 00JIaTHAHHS;

aBTOMaTH3alllsl OO0JaJHaHHS JJi1 BUPOOHUIITBA TEXHIYHUX 3aco0iB

YHOPaBIiHHS Ta €IEKTPOTEXHIUHOT anapaTypH;

AJIs1 KEPpYBAHHS KOHBCEPAMU,

B IIepepOOHii TPOMHCIOBOCTI;

y cHUCTeMaxX YIPaBIiHHSI TPOMAJCHKUM TPAaHCIIOPTOM;

y CHCTEeMaX MaTepialiIbHO-TEXHIYHOTO 3a0€3MeUCHHS.

Koncmpykuia konmponepis Siemens Simatic S7-300.

Kontposnepu Siemens Simatic S7-300 Mar0Th MOJYJIbHY KOHCTPYKIIiIO, 1110
JI03BOJISIE BAKOPUCTOBYBATH Y CBOEMY CKJIaJll HACTYITHI IPUCTPOI.

Mooyae yemmpanvnoeo npoyecopa (CPU) — BukoHaHHS mporpam
KOPHUCTYBayva Ta KEpyBaHHS yCiMa By3JIaMH KOHTpOJIEpa.

Mooynv 610ky orcusnenns (PS) 3abesneuye >KUBJICHHS KOHTpOJIepa Bij
MepexXi 3MIHHOTO cTpymy Hampyrow 120/230 B abo Bix mpxepenia MOCTIHHOIO
cTpyMmy Hanpyroto 24/48/60/110 B.

Cuenanoui mooyni (SM) 3a0e3neuyioTb BBOJI-BUBEICHHS JTUCKPETHHUX 1
aQHAJIOTOBUX CUTHAJIIB 13 PI3HUMHU €JIEKTPUYHUMU Ta YACOBUMHM MapamMeTpaMHu.

KomyHnixayitini npoyecopu (CP) 3a0e3medytoTh MIJKIIOUEHHS KOHTPOJEpa
o mepexx PROFIBUS, PROFINET, Industrial Ethernet, AS-Interface, opranizartii
3B's13Ky uepes Internet abo PtP (point to point) inTepdeiic.

Dynkyionanoni mooyni (FM) 3maTHI camMOCTIHHO BHUpINIyBaTH 3ajadi

ABTOMATU4YHOI'O  PCTYJIIOBAHHA, HOBI/IHiOHYBaHHH, 3BaXXYBAHH, H_IBI/I,ZIKiCHOT
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00pOOKM CHUTHAJIB 1 T.Ml., OCHAIIEHI BOYJOBaHUM MIKPOMPOIECOPOM 1 3AaTHI
BUKOHYBATH TMOKJIAJEH] HA HUX (DYHKI[IT HABITh Y BUIAJKY 3YIMUHKH LIEHTPAIHHOTO
polecopa NporpaMoBaHOr0 KOHTPOJIEpa.

Iumepgpeticui mooyni (IM) 3ab6e3reuyroTh MOMKIMUBICTb MIJAKIOYEHHS 10
6azoBoro Osoky (CPU) oxaniei abo MAEKIIBKOX CTIHOK PpO3UIMPEHHS BBOAY-
BUBEJICHHSI.

Mooyni cneyianvnoco npusHauenus: iMmiTamiiaui SM 374 — s
dbopMyBaHHS BXITHUX Ta BIIOOPaKEHHS BUXITHUX JUCKPETHUX CUTHATIB Ha €Tami
HaJaro/pKeHHs MPUKIIAIHUX TIPOrpam 1 AJisi MepeBipKHU Mpale31aTHOCTI KOHTpoJiepa
npu ekcruryarariii; DM 370 qis pe3epByBaHHS MICIS M1 CUTHAIBHUN MOJTYJIb 13 111e
HEBU3HAYEHUMHU MapaMeTpaMHu.

Kontponepu Siemens Simatic S7-300 103BOJIAIOTE BUKOPUCTOBYBATH Y
CBOEMY CKJIaAli A0 32 CUTHajdbHUX 1 (YHKI[IOHAJbHUX MOJIYJIB, a TaKOoX
KOMYHIKAI[IHUX MPOLIECOPIB, PO3MNOIITICHUX MO 4 MOHTaXXHUM CTiiikaMm. Yci MOZyJi
IpaliolTh 13 MPUPOJHUM OXOJOJKEHHsSM. I[IporpamoBaHi KOHTpojiepu He
OIATPUMYIOTh (PYHKIIIIO "raps4uoi" 3aMiHU MOJTYJIB.

Cucmema 6600y-6u6e0eHHA 0AHUX.

Cucrema BBOJY-BHUBEJIEHHSI MPOTrPaMOBAaHOTO KOHTpojepa Simatic S7-300
MOKE€ MICTUTH Yy CBOEMY CKJaJi JBI YaCTUHU: CUCTEMY JIOKAJIBHOTO 1 CHCTEMY
pO3MOALIEHOTO  BBOAY-BUBeACHHS. (CucTemMa JIOKaJIbHOTO  BBOJYy-BUBEICHHS
YTBOPIOETHCS MOAYJISIMH, II0 BCTAHOBIIOIOTHCA OE€3MOCEPEIHBO Y MOHTaXKHI CTIMKH
KoHTpoJiepa. CucreMa poO3MOALIEHOIO BBOAY-BUBEACHHS CKIAJAEThCS 31 CTaHIIIT
pPO3IOJIIJIEHOTO  BBOJY-BUBEJICHHS Ta TNpPWIAAIB  IOJLOBOIO  PIBHSA, IO
HiAKII04a0Thes 70 KoHTposepa uepe3 mepexi PROFINET 10, PROFIBUS DP u
AS-Interface.

Cucrema JIOKaJILHOTO BBOAY-BHUBCJACHH.:

- B 3anexHocTi Big tuny CPU cucrema moxe mictutu a0 8 abo mo 32
CUTHAJIbHUX, (DYHKI[IOHATBLHUX Ta KOMYTaLlITHUX MOYJIIB;
- yci MOAYJi BCTAHOBIIOIOTHCS Y MOHTaXHI CTIMKU KOHTpoJsiepa, QyHKIT

SAKUX BUKOHYIOTbH MpoduibHI muHu S7-300;
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- 10 CKJaay CHUCTEMH MOXYTh BXOJUTH OJIWH 0a30BUN OJIOK i3
IEHTPAJbHIUM TPOIECOPOM 1 JO TPHOX CTIHOK PpO3MIMPEHHS, A0 CKIaAy SKHUX
MOXXYTbh BXOJUTH JI0 8 MOIYJIIB;

- 1HTepdelicHl MOy 3a0€3NeUyIOTh 3'€IHAaHHS CTIMOK M1 COOO0I0;

- BIJICTAaHh MDXK CTilikamMu MOke focsiratd 70 10 M (mpu BUKOpPUCTaHHI
iHTepdericanx Moy IM360 ta IM361).

Cucrema po3MNOJIIECHOTO BBOJAY-BUBeNeHHs. [l peanizaifii  MIMPOKUX

KOMYHIKAI[IHTHUX MOKJIMBOCTEN KOHTposiepu S7-300 ocHAIIYIOThCS:

- KOMyHiKkaniiiHuMu  miporiecopamu  (CP) s migkimodeHHS 10
mepexx PROFIBUS, PROFINET/Industrial Ethernet ta AS-Interface,a Takox a0
Internet 1 quist opranizarii mocaigoBHUX KaHamiB 3B's13ky RS-232, TTY, RS-422/RS-
485 uepes PtP-intepdeiic;

- MPI-iaTepdeiicom, BOynoBaHUM Yy KOXXHHUM LEHTpPaJbHHUI IMpolecop,
JUIS 3B'S13KY 3 MpOrpaMaTopaMu, MEPCOHATbHUMHU Ta IPOMHUCIOBUMHU KOMII'TOTEPAMH,
IPUCTPOSIMHU JIFOJJUHO-MAIIMHHOTO 1HTep(delcy Ta IHIIMMHU CUCTEMaMUu;

- JI0IaTKOBMMH BOYJOBaHMMH y IEHTpaJIbHHI mporecop iHTepdericamu
PtP, PROFIBUS DP a6o Industrial Ethernet.

Moosicnueocmi konmponepie Simatic S7-300.

- OyHKii, MO0 MIATPUMYIOTHCS KOHTPOJEpaMH, ICTOTHO CHPOILYIOTh
pollec pO3pOOKM 1 BIUIATOKEHHS NPUKIAJAHUX TMPOTpaM, IIarHOCTUKU Ta
MOIIYKY HECIIPaBHOCTEH Ta MPH eKCIUTyaTallii ToTOBOT CHCTEMHU aBTOMATH3Alli].

-  Bucoka mBHIKOMIA Ta NIATPUMKAa MaT€MaTUYHUX OINepamii s
e(heKTUBHOT OOPOOKH JaHUX.

- ABroMaTW4yHMII OOMIH [JaHWUMH MDK OTNEPAIIfHOI  CHCTEMOIO
KOHTpoOJIepa Ta TMpWIajJaMH, CHCTeMa JIIOJMHO-MAIIMHHOTO 1HTepdelcy 13
BUKOPHUCTAHHAM 3arajibHOi 0a3u MPOEKTY.

- HenepepBHHWII MOHITOPMHT CHUCTEMH [Jisi BUSIBJICHHS TIOMHJIOK Ta

B1JIMOB 3a JIONIOMOTOI0 JiiarH. PyHKIIiH, BOy10BaHUX B oneparliiiny cucremy CPU.
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Oxkpim IJIK Siemens Simatic S7-300, 1151 CTBOPEHHSI CUCTEMH KEpyBaHHS
KOTJIOArperaToM Takok HEOOX1THO BUKOPUCTATH HACTYITHE 00JIaTHAHHS:

- Onok xuBnenns: PS 405/407/6ES7407-0KA02-0AAQ Buxin 24B/10A;

- KoMmyHikauiiiHui moayas IM153-1 6ES7153-1AA03-0XBO0 (puc. 3.3) ,
st miakmrodeHHs moayaiB Y CO S7-300 wepes intepdeiic PROFIBUS-DP.

- kapra mam’sTi: S7-300/xkapra mam’sati/FLASH-EPROM/ 6ES7952-
1KM00-0A A0, 4Mbaiit aiis S7-300/400.

Jlyist BBOy 7 aHAJIOTOBUX CHUTHAJIB OyJ1IeMO BUKOPUCTOBYBAaTH | MOJyJb: Ha
8-m BxoxiB: SIMATIC S7-300, SM 331, Moayns BBOJAY aHAJIOTOBUX CHUTHAIIB
(6ES7331-7KF02-0AB0) 8 BxoaiB 58/ £108/ 1...58/ £20ma/ 0(4)...20ma, 16 OiT.

Jliist BUBOAy 4-X aHanmoroBux curHaiiB Buoepemo moayis SIMATIC S7-300,
SM 332, mMoayidb BHUBOJY aHAJOTOBUX CHUTHAIIB: TallbBaHIYHE PO3AUICHHS
30BHILIHIX Ta BHYTPIIIHIX JaHLoris, 4 Buxoau U/I; (6ES7332-5HD01-0ABO).

JIJtst KITIOUeHHS BX1THUX-BUXITHUX JUCKPETHUX CUTHAJIB 3 YpaxXyBaHHSIM
BUKOPHUCTAHHSA B cXeMax MpoMixkHUX pene (24B) Bubupaemo moxayinb: 6ES7 323-
1BHO1-0AAO0 SIMATIC S7-300, SM 323, mMoayiib BBOJy-BUBOJy AMCKPETHHUX
CUTHAJIB: TaJIbBaHIYHE PO3AIICHHS 30BHIIIHIX Ta BHYTPIIIHIX JIAHIIIOTIB, 8 BXOJiB

24B Ta 8 Buxonis 24B/0,5A, cymapHuii BuxiiHuii ctpym 4A.

CeTb
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Puc. 3.3. CtpykTypHa cxema cuctemu kepyBanHs Ha 6a31 SIMATIC S7-300/400
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3.3.2. OOrpyHTYBaHHSI BUOOPY JaTUYMKA TeMIlepaTypu

Bubip natumka TemmepaTypu MEperpiToi mapu Ha BUXOAl KOTJIOarperary
JUISL CHCTEMH KePYBaHHs IIPOBOJAMMO 3a MeTouKor0 [11].

Tak, 3a TexHIYHMMH XapakTepuctukamu kotioarperaty JKBP poGoua
TeMIlepaTypa HACHYCHOI TMapu Ha BHUXOJAl 3 KOTJIoarperaTy NMOBWHHA CKJIAJaTH
190°C (tabmuus 1.1, po3ain 1).

Jlyist Toro, MO0 JaTYHMK y MPOIIeci BUMIPIOBAHHS TEMIIEPATypH Ha 3aJaHOMY
PIBHI HE BHOCHUB HEJOMYCTHUMY JUHAMIYHY TMOXMOKY BUMIPIOBAHHS, MOTO MOCTIHA
yacy Tcr MOBUHHA OYTH Ha MOPSIIOK MEHIIOIO BiJ MOCTiMHOT yacy 00'ekta Toy.

[TocTilina wacy KkoTjioarperaTy ajs KaHainy kepyBaHHsA Toy = 100c. 3

OTJISITy Ha CKa3zaHe, MOCTIMHA Yyacy AaTuyMKa moBUHHA OyTH He Oinbine 10 c.

Puc. 3.4. TepmonepeTBoproBau onopy 3 yHi(piKOBaHUM BUXITHUM CUTHAJIOM

Siemens Simatic S7-300

BpaxoByioun BUMOTM 3a Jiama30HOM BHUMIPIOBAaHHS Ta IHEPIIHHICTIO, a
TaKOXX OCOOJIMBOCTI MiJKJIIOYEHHS [aTYMKIB TEMIIEpPaTypd 10 TPOrpaMOBAHUX
JOTTYHUX KOHTpoJepiB Siemens Simatic S7-300, ays BUMIPIOBAHHS TeMIIEpaTypH

napy Ha BHUXOJl KOTJoarperary oOpaHUil  TepMOIIEPETBOPIOBAY  OIMOPY
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3araJbHOIIPOMHUCIIOBOr0 BukoHaHHs Siemens Sitrans TS500-3G (puc. 3.4), TexHiuHi
XapaKTePUCTHUKHU SKOTO HaBejeH1 B Ta0muill 3.1.

Hatuuk Siemens Sitrans TS500-3G mmpoko BUKOPUCTOBYETHCS Y XIMIUHIH,
HaQTOXIMIYHIA MTPOMUCIOBOCTI, B €HEPreTHIll, Y CHUCTeMaX BOJOMIATOTOBKH Ta
BOJIOBIIBEICHHS.

TepmoneperBoproBaui 3 yHI(IKOBAHUM BHXIJHUM CHUTHAJIOM Siemens
Sitrans TS500-3G mpusHaveHi JJis HEMEPEPBHOIO MEPETBOPIOBAHHS TeMIEpaTypu
PI3HUX CEepEeIOBHIL y MPONOPIIHHUN cTpyMoBHil curHan 4-20 MA AuUCTaHIUINHOT
nepenavi. JlaTumk ckiaagaetbes i3 BOYAOBAaHOTO B TOJIOBKY BHUMIpIOBAaJIBLHOTO

nepeTBOproBaya 13 BUXiHUM curHajiom 4-20 MA Ta TepMO3OHTY.

Taomui 3.1.
TexHiuHI XapaKTepUCTHKH TepMoniepeTBoproBaua Siemens Sitrans TS500-3G [26]
XapakTepucTrKa 3HaYCHHS
Jliana3oH BUMIipIOBaHHUX TemmepaTyp, °C -30...+400
IToka3HMK TEIJI0BO1 1HEPIIIi, ¢ 7
Knac gonycky 3a JICTY 6651 A,B,C
HominanpHa ctatnuna xapakrepuctuka (HCX) Pt100
Kirac TounocTi 0,25%, (Pt100)
KiJIbKICTh Yy TIUMBUX €JIEMEHTIB, IIIT. 1
Cxema BHYTpIILIHIX 3'€IHaHb MIPOBITHUKIB JBOXITPOBIJIHA,
TPHOXIPOBIIHA,
YOTHUPHOXIIPOBITHA
Marepias 3aXMCHOT apMaTypH crasnpb 12x1810T
CTyniHb 3aXUCTY 1P54, 1P67
BuwmiproBanuii mapamerp — Temmeparypa — JIHIHHO TEepEeTBOPIOETHCA

TEPMOYYTIMBUM €JIEMEHTOM Yy MPOIOPLIHHY 3MIHY OMIYHOTO OIOpY, SKHii, B CBOIO
4epry, MepeTBOPIOETHCS BUMIPIOBAILHIM IIEPETBOPIOBAUEM Y CTPYMOBUIN BUX1THUIM
CUTHAJL

3a TMHAMIYHUMH BJIACTUBOCTSIMH JIATYHK € 1HEPLIHHOIO JIAHKOIO, IEpeiaTHa

. k
byHK1Is SIKOTO Ma€e BUTISIA W, (s) = —F—.
Tep-s+1
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Koeoimient nepenadi Keg (4yTIuBICT), BU3HAYAETHCS 32 (DOPMYIIOI0

A 20-4
k 0,037 M
AT 400-(=30) /C (34)

ne AT — pi3HUID 3HAa4YeHb BHUMIPIOBAHUX JaT4WKOM Temmepatyp, °C
(Tabmmms 3.1);

Al — PI3HHUIIA CTPYMIB, 11O BIJIMOBIa€ 3HAYCHHSIM TEMIIEpaTyp B poOOYOMY
Jiara3oHi, MA;

BpaxoByioun, 1o MOKa3HUK TEIIOBOI 1HEPIIi CHpUHMAIOYoro ejieMeHTa
ckianae 7 ¢ (tabmuis 3.1), nepenatHa ¢yHkiis gatauka Siemens Sitrans TS500-3G

(s) = 0,037 3
Wes _T e s+l 7-s+1 (3-5)

3.3.3. Bubip pery/mow4oro oprany ta BukoHaB4oro mexadizmy CAK

TeMIepaTypolo Mapu Ha BUXO/li KOTJI0arperaTty

Perymiorounm opranoMm i BukoHaBYMM MexaHizMoM CAK Temmepatyporo
napy Ha BUXOJ[I KOTJIOArperaTy € BIJMOBITHO PETYJIIOIOI0YNI KIIallaH 3MiHH T01adl
ra3y 1 CepBONPHUBO/I, SIKUW 00epTae 1ei KamnaH.

Perymtorounit opran — oJiuH 13 camux BijnoBigaibHuX eneMenTiB CAK (Bif
foro mparne3aTHOCTI 0araro B YoMy 3ajieXaTh HAJIHHICTh CUCTEMH B LILJIOMY 1
HAJIIAHICT PETYJIIOBAHHS ), 0€3MO0CEPEIHBO IF0YMX Ha 00'€KT YIpPaBIIHHS.

Buxigaumu nanumu a1t BUOopy peryitorodoro oprany (PO) e:

v =1 r/cm® — 06’ eMHa Maca ra3onoAiOHOIO NaNIuBa;

v =0,2 — B’I3KICTb NAJINBA;

Qmax= 100M3/rox., Qmin= 20 M%/roj. — MakcuMaibHa Ta MiHiMaJIbHa 00’ €MHa
BUTPATH NAJINBA;

P1=15 kr/cM? — aOCOIOTHHI TUCK B CUCTEMI ocTayaHHs nanusa a0 PO;

AP.=10 kr/cM? — mepemnaj TUCKY B CHCTEMI;

AP max=4 Kr/cM? — MAKCUMANBGHUHN IIEpEnas TUCKY B JIiHii.
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ITix yac BUOOPY peryIIOI0OUNX OPTaHiB € NIEBHA MOCIIII0BHICTh PO3PaXyHKIB:

1. OO4YHCTIOIOT, MAaKCUMAaJbHY MPOIMYCKHY 3JaTHICTh PETYII0I0Y0T0

OpraHy Ta Moro yMOBHUH AiaMeTp.

2. BwuzHayaroTh poOOuMii BiAP130K BUTPATHOI XapaAKTEPUCTUKHU.

3. 3HaxoAsTh TEOPETUYHY BUTPATHY XapPAKTEPUCTHUKY (TSI KJIalaHiB).

4. BwuszHavaroTh I PiAMHU poOOUy MIISHKY KPHBOI 3MIHM TIEepemnamy

TUCKY (711 ra3y Ta mapu 3HaXOIATh MAaKCUMalbHUW Ta MIHIMAJIBHUA TNepenaau

TUCKY).

O06uKCcIII0EMO MaKCUMaNIbHY MPOITYCKHY 3/1aTHICTh PO:

4 /4 |1 3
K = == - f—t—— =100-,/]—— =41 M°/TOS. 3.6
s = Qs VAP, O \VAPC—AP, . 10— 4 A (3.6
PerymioBanbHuil opran BUOHparOTh 32 YMOBH, 110
K, =12-K ... (3.7)
Toxi K, 212-K . =12-41=49,2 mM%/rox.
Tabmums 3.2.
dopmyiu 17151 po3paxyHKy MPOMmyCcKHOI 3aaTHOCTI [11]
: BH.H Ilepenan Burpara
T1APaBIIYHOTO
TUCKY
onopy _
piavHu Q razy G napu G
AP < «.& [T A
P1/2 ’ 7 514 \AP-P, -y, 77316 \AP
BII K, =Q- |- =
AP > AP kK -G [T _G v
P./2 7 257-B \7, 7224 VAP
AP, < Kk -G | T K -G | Vs
Wl W
Jlinia Ks,=Q- z
AP, > Aol .o 6 L _G6 M
P»/2 7 257-P, \ 7, 2.4 \P,

3a noBimHUKOBUMHU JaHuUMHU [11] BuOMpaeMo peryntoBalibHUN KIamaH 3

yMOBHUM JiameTpoM Dy = 50MM 1 nponyckHoto 3aaTHIcTIO K, po = 50 Mé/ro.
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B sKxocTi perynoruoro enemMeHTa B KiarnaHi, 3a3BU4aii, 3aCTOCOBY€ThCS a00
IITOK CIeLiaTbHOT KOHCTPYKIIii, SIKHI MOXKE pyXaTUCs Y BEPTUKAIbHOMY HalpsiMKY,
abo Kyl uYd 3aciiHKa fKa MO)KEe moBepTaTHcs HaBkojio oci. Ilpu mpomy
PETryJIIOI0Yil eIeMEeHT He 3/1IICHIOE TOBHE MEePEKPUTTS KJIaraHa, a Mepepo3noaiise
NOTOKHU P1AMH, THM CaMUM BUPOOJISIFOUH X 3MIITYBaHHS.

[TonpaBkH Ha B’SA3KICTh HE BBOJUMO, OCKIIBKH 1HAEKC B SI3KOCTI:

7 =420 — Q490,190 _ 55613 > 1000. (3.8)

v JK o 0,241

3HaxoauMoO poOouy JUISHKY BHUTPATHOI XapaKTEPUCTHUKKA BUOPaHOIO

peryJordoro oprany. s boro CKOpUCTyeEMOCh BUpa3oM 3 Tabmuii 3.4:

/ 4 /1 3 9
K —Q ——=100-,/— =50 M/FOII. 3.
& - AP]Imax 4 ( )

Busnayaemo BigHOIIEHHS Tmepenaay ThcKy Ha PO mnpu makcumanbHIN

BUTpATI JI0 Nepenany TUCKY B JIHII:

K
_ e 50y (3.10)
K, 50
VTOUHIOEMO TI€pena] TUCKY Ha BAKOHABYOMY IIPUCTPOI:
AP,
AP, =—5 = 10 =5xkec/cm’. (3.11)

1+n> 1+12

Buznauaemo BUTpaTy piiMHHA Yepe3 BUKOHABYHM MPUCTPIA B pasi mepenaay

Qu =K, /Api = 50-\/§=112 Ly (3.12)
4

3HaxX0IMMO BIIHOCHY MaKCHUMaJIbHY Ta MiHIMaJIbHY BUTPATy PiIUHU:

Quee 100 _ 09, )y = Qun 20 _g1g. (3.13)
Q112

" Q,, 158

THUCKY Ha HbOMY:

/leaxz

3a rpadikom (momaroxk bl) BuOmpaemo BuTpaTHy XapakTtepucTuky BM,
3T1IHO SKO1 BIJIHOCHUM X1J1 3aTBOPA PETYIIOBAIBHOTO opraHa (TIyHXepa):

Imin=0,12; I1ax=0,8.
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[Ipun mpoMy BimHOIIEHHS Tepernaay THCKy Ha PO mo mepemagy THCKY B
cucteMi 3MIHIOETBCS Bl Pyax=0,95 10 Pmin=0,68 (momatox Bb2), mo Biamorigae

HAaCTYITHHUM IICpCIiaiaM:

AP AP
e Y Sy 3.14
ﬂmax AP ﬂmm AP ( )

[ToTimM po3paxoByeMO 3HAUEHHS:
AP =f AP, =095-10=9,5 kr/c™m?; (3.15)

max

AP =p . -AP, =0,68-10 = 6,8 Kr/cM?. (3.16)

min

TakuMm 4YMHOM, TICHS PO3PaXyHKY HEOOXIAHOrO PEryjrolouoro Oprasy,

OTPUMYEMO J1aH1 AJis1 BUOOPY BUKOHABUOTO MEXaHI3MY.

Buoip BuxkonaBuoro mexanizmy CAK temnepatyporo napm Ha BUXOXi
KoTjoarperary. BuxonaBumm wmexanisMom (BM) HasuBaeThcs mpucTpiit
ABTOMATUKH, SKUW Ji€ Oe3rnocepenHb0 abo 4Yepe3 MOroJKylodi eJIeMEHTH Ha
perymoounii  opran o0'exkta ynpaBimiHHS. BM, sk uyacTuHa cucTeMu
ABTOMATUYHOTO KEpPyBaHHS, NMPU3HAYCHUNA JIJIST BIAMPALIOBAHHS YIIPABIISIOUOTO
CUTHaNly, SIKMM (OpPMYETHCA YIPABISIOUMMU €JIEMEHTaMHU AaBTOMATHKU TaKUM
YUHOM, W00 BIAXWJIECHHS PETYJIOI0Y0i BEJIWYWHU BiJ 3aJaHOTO 3HAYEHHS
CTAHOBWJIO SIKHaliMEHIIe 3HaueHHS. BuKoOHaBYl MeXaHI3MH, K1 3'€qHaHI
0e3Mocepe/IHbO 3 PEryJIIOIYUMH OpraHaMu, NEpPeMIllyloTh iX BIAMNOBIAHO [0
CUTHAITY, 1110 HAAXOAUTH BiJ] MPUCTPOIO, TKU (POPMY€E alTOPUTM KepyBaHHH.

o BM nipen'aBiasitoTh psi BUMOT:

- 3JIaTHICTh PO3BUBATH HEOOXiJHE MEpecTaBHE 3ycHUlsi a00 MOMEHT,
JIOCTaTH1 AJIs1 IEPECTAaHOBKHU PETYJIOI0UOT0 OpTrany 00'eKTa,

- 3a0e3Me4YnTH TMEePEeCTaHOBKY PEryJIoluoro OpraHy Ha MNOTPIOHY
BEITUYMHY,

- 3a0e3ne4ynTH TMOTPIOHY WIBUIKICTH 1 TPUCKOPEHHS TEepPEeMIIICHHS
PEryJIoY0oro Oprauy,

- MAaTH BUCOKI TEXHIKO-€KOHOMIYHI MOKa3HUKH (HAIIAHICTD, I[IHA Ta 1H.).
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BM oOuparorbest 3anexHO BIiJ] BEIUYMHU 0O0EpPTaIbHOTO MOMEHTY
HEOOX1THOTO JJIsI EPEMIIIIEHHS peryirorouoro oprady [11]:
M, =k-(M,+M,), (3.17)
ne M, — peakTUBHUY MOMEHT:

M, =0.07-AP,_, -D} =0.07-9.5-10*-(50-10°)* = 0.83 H - i;
M, =0.785-AP, -D;r, -1=0.785-9.5-10*-(50-10°)*-1-10 -0.15~ 0.28 H - ;
M, =2-(0.83+0.28)=2.22 H - .

MowmeHT obepTanHs Baly 00paHOTO BUKOHABYOTO MEXaHI3My TTOBUHEH OyTH
O1TBIIIMM 32 MOMEHT, HEOOX1THUM JIJ11 00epTaHHs 3aciHKU: My > M.

B sxocTi enexTpompuBOay, SKMM KOMIUIEKTYETHCS PETYJIIOIOYUIN KIamaH,
BUCTYIIA€ CEPBOMPHUBO/I, TOOYAOBAHUI Ha €IEKTPOIBUTYHI HEBEITUKOI MOTY>KHOCTI 1
cucTeMmi nepejad.

Jlna mpuBoay kinanaHa obpanuii cepBonpuBog BELIMO LM24A-SZ-TPC
(puc. 3.5), 1110 32 TEXHIYHUMH XapaKTEPUCTUKAMU 3a/I0BOJIbHSIE 3a3HAYEH] YMOBH.

[lepenatHa (QyHKIIS BHUKOHABUOIO MEXaHI3My  (CEpBOINPUBOIY) €

IHTETPYIOYOIO JTAHKOIO

k
Way (8) =—, (3.18)
s
ne kg, - Koe(ienT nepeaadi BAKOHABYOTO MEXaHi3My, TPpaj./c.;

A
- :A_f, (3.19)

At - IPOMIDXOK Hacy, c;

A@,; - KyT IOBOPOTY BUXIJTHOTO Bajy 3a MPOMIXKOK 4acy At, rpaj.

Taomurg 3.3.
Texuiuni xapaktepuctuku cepponpruBoay BELIMO LM24A-SZ-TPC [27]
Tun MaxkcumanbHun Yac Temnepatypa Cryminb Maca,
MOMEHT NOBHOI'O | HABKOJIMIIIHBOTO | 3aXHCTY KT
HaBAHTAKEHHSI, xony, cepenoBuIIa,
H-m cek/90° °C
LM24A 10 58 0...+60 IP65 3,5
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Puc. 3.5. BukonaBuuit mexani3m - cepporpusoj BELIMO LM24A-SZ-TPC

Hanpyra xunenns 24 B.

90 epao
k, =—=156 .
M 5y L cex
156
WBM (S) = .

S

OCKUTBKM KOHCTPYKTHUBHO Yy CEpPBOIPHUBOJI pealTi30BaHUM 3BOPOTHUM
3B'I30K 3a TIOJIOKEHHSIM (pEeoCTaTHUW JaTYMK TIOJIOKEHHS), TO OCTaTO4YHa
nepejaTHa (PyHKIlISI BAKOHABYOTO MEXaH13My BU3HAYAETHCS SIK

156
(s)= Weger () __ s __ 15 _ 1 _ 1
™ 1+WCEEP(S) 1+]ai6 s+156 L'S+1 0,64-s+1
S 156
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PO3/1T 4

PO3POBKA IIU®POBOI CUCTEMU KEPYBAHHSA

[u¢posi cucteMun KepyBaHHS — II€ CUCTEMH, B SIKUX O€3MepepBHI CUTHAJIH
MEPETBOPIOIOTHCA B MU(POBI KOAMU 1 KEPYBaHHS 3IHCHIOETHCS 3 BUKOPUCTAHHSIM
anropuT™MiB 00pooku g poBoi iHpopMmairii.

[udposi cuctemMu KepyBaHHS Mepen0dadyaioTh MEPEeTBOPEHHS Oe3nepepBHUX
CUTHAIIB y UM(PPOBI KOAWM Ta 3BOPOTHE IEPETBOPEHHS LHUQPPOBUX KOMIB Y
Oe3nepepBHI cUrHamu. Taki MepeTBOPEHHS 3I1MCHIOITh aHaJIOroBO-IU(POBI
(ALT) 1 uudpo-ananorosi (LIAIl) meperBoproBaui. Y Takux MepeTBOpIOBayax

31MCHIOETHCS. KBAHTYBAHHS SIK 32 YaCOM TakK 1 3a pIBHEM.

4.1. BusnavenHs nepiogy kBantyBanus curiaiis [ICK

Juckperuzailisi (KBaHTyBaHHS) — 3aMiHAa HENEPEPBHOTO CUTHANY THUMH YU
IHITUMU JUCKPETHUMHU 3HAUYCHHSIMH.

Bunu nuckperuzarii:

®  3ayYacoM

e 33 piBHEM

e  OJIHOYACHA IUCKPETHU3AIlis 32 PIBHEM 1 32 4aCOM

3amaua BUOOpPY pAIiOHATLHOTO TMEpioay KBAHTYBaHHS T, € OJIHIEIO 3
ocHoBHUX mpobsiem peam3amii [{CK. Ilpu 3MeHIIeHH] yacy KepyBaHHS TOYHICTb
KepyBaHHS LHU(PPOBOIO CHCTEMOIO 30UIBIIYETHCA, aje IMpH LbOMY 3pOCTa€e
3aBaHTakeHHS MIKpOEOM wMacuBamu iHdopmamii. [lpu 30uibmieHi yacy
KBaHTYBaHHS BTpAuyaeThCs BaXKJIMBa 1H(OpMaIlis PO CUTHAJ, 110 MOXE MPU3BECTU
710 HEMOJKJIMBOCTI BIJITBOPEHHS BUXIAHOTO CHUTHAJY 3a JUCKPETHUMH BUOIpKaMHU.
Tomy BUHHKae npoOjieMa MOUIYKY palliOHAaJbHOTO Yacy KBAaHTYBAaHHS Ty, SIKUN

3aJJ0BOJIbHUB OU TaKi CylepewInBl BUMOTH.
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3rigHo 3 Teopemor KorenpHUKOBa, M MOXKIUBOCTI O€3MOMHUIIKOBOTO
BIITBOPCHHSI CHUTHAIY, SK TMOKa3ye€ aHaji3 aMIUNTYJHUX CHEKTPIB IMIYJbCHOI
CHUCTEMH, HAaWMEHINIa YacTOTa KBAHTYBaHHS MOBHWHHA JOPIBHIOBATH 2W¢, € W, —
HalBUIIIA YacTOTa BUXIAHOTO CHUTHATY, SKa Ma€ MiCIle B aMIUIITyAHO-4YaCTOTHIN
XapaKTEePUCTHIIl HETIEPEPBHOT YaCTUHU CUCTEMHU.

Teopema cTBepIKYE: SIKIITO CUTHAJ HE MICTHTh B COO1 9YacCTOT BHIIIE, HIXK WC
paj/c, BiH TOBHICTIO ONHUCYETHCS CBOIMU 3HAYEHHSIMHU, BUMIPSHUMH Y JTHUCKPETHI
MOMEHTH Yacy 3a iHTepBajoM T =1/ we.

[Ipy momanmpmMX po3paxyHKaX HEXTYEMO TMEpeNaTHOW  (PYHKIN€E
BUKOHABYOTO MEXaHI3My BHACIIIJJOK HOr0 Masoi 1HEpLIHHOCTI.

Busnauenns mnepenatHoi (yHKIII HENEpEepBHOI YACTHHH PO3IMKHYTOI

CUCTEMU
k k K. -k . -e"™*
W/ (s) = e oV s ce " Zov € (4.1)
Teps+1 Tyy-s+1 T Ty -8+ (T +Tyy)-S+1
0,024 -7

W 2 (s) = .
r01 (%) 700-s> +107-s+1

[lepenaTHa QyHKIIis 3aMKHEHOT HETIEPEPBHOT YACTUHU

W HY (S)
WS (s)=—28 . (4.2)
o 1+WPhg§ (s)
0,024 -7
W HY S) = s .
s 5) (700-5> +107 -5 +1) + 0,024 - ¢
VY pe3ynbTati po3B's3aHHS PIBHSHHS
kCE 'koy
=0,01- A(w=0). 4.3)

V Tee Toy -0 +14keekoy ) + (Tep Ty ) - 0

OTPUMAEMO B KIHIIEBOMY PaXyHKY 4ac KBaHTYyBaHHSI.

CkopucraBmuch MaTemMaTHuyHuM naketom  Mathcad, oTpumaemo

3Ha4YeHHs 4yacToTu (puc. 4.1) Ta mepioy KBaHTyBaHHS.
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j= \|"—_1
w="0,0001_08
0.67 =20 w

.
100-j-w+ 1

0.037
jrwT+ 1

Wi(w) =

W2(w) =

Wr(w) = W1{w)- W2{w)

el
Wazlw) = _Wr(w)
1+ Wr(w)
;ﬂm} = ‘Wz[m}l
0.1 Mpu w=0  A(0)=0,024
W =
Gi 1 % eig Alw=0) gopience 0,00024
el
A(w) = 0.00024 ws = 0371 )
Find(w) = 0371 Yac kBaHTyBaHHA cnafae: Ts = = = 2448
610° o
45x107° 5

A(w)  3=107° \ 5

1.5%107>

--------------------- 800024
D |
0 02 0.4 06 08
!

Puc. 4.1. Buznauenns nepiony kBantyBanusa LICK y makeri Mathcad

w.=0,371.

[lepioa kBaHTyBaHHS

T, =2 =8468c¢. (4.4)
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4.2. Bu3dHa4YeHHs1 NOKAa3HUKIB SKOCTI PpodoT uudpoBOi cHUCTEMH

KepyBaHHS

AHaNOrIYHO 3 HEMEpPEepBHHMHU CHUCTEMaMH, B HU(PPOBUX CHCTEMaX MOXKHA
peanizyBartu [1l-anroputm kepyBanus (puc 4.2).

Cumnres I1I-perynsatopa nonsrae y 3Haxo/pkeHH1 napameTpis K, K.

[TapameTp 1HTErpanbHOI CKJIAJOBOI pEryJsiTOpa, SKUHA 3aleKUTh BiJ

TO0OPOTHOCTI 3a MIBUAKICTIO KV HEMePEPBHOI YaCTUHHU, BU3HAYAETHCS 32 BUPA30M
K
T e
lim W,., (2) (4.5)

—>> Kp

XBX(Z) XBMX(Z)

Ki'TKB'(Z+1)
2:(z-1)

Puc. 4.2. CtpykrypHO-anroputmidda cxema nudposoro [1I-perynstopa:
Kp, Ki — mapameTpu BIJIMOBIIHO MPOMOPIIIHHOT Ta 1HTerpaibHOi ckiagoBux I11-

perynsitopa, Ty — epior KBaHTyBaHHS

JIoOpOTHICTh 3a MIBUJAKICTIO BU3HAYAETHCS 3aJICKHO BijJ MOCTIHHOI Yacy

00’exTa (Tadum. 4.1).

Taomui 4.1.

BusnauenHs 4JOOPOTHOCTI 32 MIBUAKICTIO

T..C K,

~1 3..10
~10 0.3...1
~100 0.01...0.04
~1000 0,004...0.012
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3rigHo 3 Tabauiero Ky =0,025, ockuibku Toy =100 c.

Jlns BusHaueHHsl nepenatHoi ¢yHkmii WH.4.(z) 3acTOCOBYEMO TMakeT
imitamiiHoro mozemoBanHs MATLAB (Jlictuar 4.1), BHKOpHUCTOBYIOUYH
orepariii 3aBaanHs nepefarnoi Gpyukuii HenepepsHoi cuctemu W=tf([Ko],[TB-To
Ts+To 1]) Ta Z-nepeTBOpPEHHS HETIEPEPBHOT NepeaaTHOi (PyHKIII Ha JUCKPETHY
Wz=c2d(w,Tx), ne W — 3MiHHa, 110 OTpHMaJjia BHpa3 HEMepEePBHOI IepeaaTOYHOT
dbyukii, Tk — nepioj KBaHTyBaHHS.

> Wous=tf {[0.67],[100 1],'OutputDelay’,20)

Tranzfer function:
0.a&7
exXp(-20%3) * ————--—-—-
100 = + 1
= Wee=tf£([0.037],[7 111

Tranzfer function:
0.037

>x W=Wou*Wce
Tranzfer function:
0.02479
exp(-20%3) ¥ ----mommm o
700 42 4+ 107 s + 1

3> Wz=c2d(W,&.468)

Transfer function:
0.0002933 =22 + 0.03045 =z + 0.003044

=3 - 0.8239 =2 4+ 0.04035 =
Sampling time: &.468

Jlictunr 4.1. Z-nepeTBopeHHs HenepepBHOi yacTHU po3iMkHeHoT CAK y

MATLAB

[Tpu cuntesi Ill-perynsaropa mu HexTyeMo Maior mocriitHowo vacy CE,
ockuibku III-perynsarop KOMIIEHCY€ JHUIIE OJIMH TOJI0C Z-TIEPETBOPECHHS

HETNIEPEPBHOI YACTHUHMU:
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3> Wous=tf([0.67],[100 171}

Tranzfer function:
0.67

o0 =2 + 1
> Wous=ca2d(Wou, 5. 468)

Transfer function:
0.0544

SJampling time: 5,465
Jlictunr 4.2. [lomtoc Z-nepeTBOpPEeHHS HENEPEePBHOT YaCTHHH,

110 KOMIEHCYeThCs perynsitopom y MATLAB
Toni

. 0.023
K= = 0.179

I" 2
{ 0.0002933-17 + 0.03046-1 + 0.008044 |

{ T 3 ]
17 - 0823917+ 0.04038-1

[Ticna 3naxomxenna K; mapamerp K, BH3HauaeMo TakuM 4YHHOM, 11100
KOMIIEHCYBATHU MOJIIOC Z-TIEPETBOPEHHS HEMEPEPBHOI YACTUHU CUCTEMH.
[lepenatna gyukiis [1l-perynsaropa mae BUTIISA:

KxTz4+1 2xKyXz—2XKy +KiXTXz+K XT
2 z—1" 2z—2 -

(2XK, +K; xT)z+ (K; xT— 2 xK,)

2z-1D) (4.6)

K, xT—2xK
[EKHP-FH[XT][Z-FWT%

2(z—-1)

Wn(z) =

Jns xommeHcalii Mojrocy HeoOXiaHo 3HaWTth Taku Kp, skuii Ou
3aJI0OBOJIbHSIB PIBHSHHS:
Ep=1
Given

KiTs - 2K
SOST AP 07716
EiTs+ 2Ep

Find(Kp) = 16357

Jlictunr 4.3. 3naxomkenns napamerpa Ky, mudposoro II-perynstopa

y maketi Mathcad
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JIns  JmochipKeHHST TOKAa3HUKIB SKOCTI poOOTH HHM(POBOI CHCTEMU

BUKOPHUCTaHa MOJIENb Yy TMakeTl iMiTariinoro mojentoBanas MATLAB/Simulink

(puc. 4.3) Tta otrpumMaeMo mepeximHMi Tpouec ImMdpooi cuctemu 3 II-

perynstopoM (puc. 4.4).

Gain

-
Ll
-
7.0 AZ30z2+0 04030z
Step Add

=1 Transfer Fenl

0.0002033 240 030462+0 008044

¥
¥

1.05 Scopel
Saind Discrete
Transfer Fen

Constant

0as

Constant1

Puc. 4.3. CtpyKTypHO-aIropuT™MiyHa cxema [UPpPOBOI CUCTEMHU KEePYyBaHHS

TEeMIIepaTypolo Mapu y nakeTi imitauiinoro mojaentoBanuss MATLAB/Simulink

Time offset; 0O

Puc. 4.4. Tlepexinuuii nmpouec nudposoi CAK TemmnepaTyporo napu

Ha BUXO/I1 KOTJIOarperary
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3a xapakTepoM IMepexiJHOTO MPOIeCY BUJIHO, IO CHUCTEMA € CTIMKOK 13
HACTYITHUMH TTOKa3HUKAMH SKOCT1 pOOOTH:

- yac perymoBaHHA t, = 177 c;

- mepeperyJiroBaHHs o = 22%;

- KOJIMBaJBHICTE N=1;

- BIJACYTHS CTaTM4YHA MOXHUOKA.

OTpuMaHi MOKa3HHWKW 3aJI0BOJIBHSAIOTH TEXHOJOTIYHI BUMOTH JO IPOIECY

KEepYBaHHsI TEMIIEPATyPOIO0 HACHUEHOT Mapy Ha BUXO/1 KOTJO0arperary.
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PO3/11 5

CXEMU CUCTEMU ABTOMATHU3ALIL

5.1. Po3po0xka cxeMu €JICKTPUYHOI  NPHUHIMIIOBOI  CHCTEMH

aBTOMATHYHOI0 KepyBaHHsA KoTaoarperatom IKBP

CxeMa eJeKTpUYHA TMPHUHIIMIIOBA CHUCTEMU aBTOMATUYHOTO KEpYyBaHHS
napoBuM kotioarperatom JIKBP 300paxxena Ha nucti 2, 3 rpadiyHOi 4acTUHH
OakanaBpchkoi poOoTH. Bona po30Ourta uisi 3pydyHOCTI HA CXEMH KepyBaHHS
TEXHOJIOTIYHUM 00JIaJTHAHHSM 32 OCHOBHUMHU KOHTYpPaMH KepyBaHHSI.

PosrisHeMo 4acTUHY TPHUHITUIIOBOI CXEMHU KEPYBAHHS TEMIIEPAaTypol B
Tomui KoTimoarperaTy. Ha cxemi mokaszaHe MiJKJIIOYEHHS aHAJIOTOBOTO CHUTHAIY
natunka temneparypu Siemens Sitrans TS500-3G (martumka 3a Ha cxemi). [pwu
peamizamii BBEICHHS aHAJIOTOBOTO CHUTHAJy BHKOPHUCTAHWW MPHUHIMIT CTPYMOBOI
netii, Tooro "+" Bixg marumka 3a (mposix 3-21) migkimrodeHuit o kiaemu "1" (+AI)
BbPVY-7 nna BinoOpa’keHHsS MOTOYHOTO 3HAYEHHS Ha IU(GPOBOMY MiJiaMIlepMeETpi,
skuii BOynoBanuii B BPVY, 13 xnemu 2 (-Al) mpoBomom 3-22 curHai MojacThCs Ha
aHanoroBuit Bxigm (MO+) momynss SM331, a 3aMuKaeThcss TETNIS 3'€THAHHSAM

aHAJIOrOBOT0 BUXOAY MoayJist SM332 3 JKepena JKUBJIEHHS TpoBogoM 902.
Buxinnuii ananoroBuii curnan nogaerbes Bia kieM QIO+ ta mana- momyss
SM332 npoBogamu 7-24 uepe3 xkonTaktu "21", "20" mocrymae Ha apit 3-23 (B
aBTOMaTUYHOMY peXHuMi) Ta no Hpomy Ha kiemy 3 (Y/Z) 1 902 («-») Ha kiemy 1
(«-») BukxonaB4yoro wexanismy BELIMO LM24A-SZ-TPC, mo 3abe3neuye
ynpasiigHs BM 7B, aHanorivHo B JHUCTAHLIMHOMY PpEXUMI aHAJIOTOBHI CHUTHAN
MOMa€Thesl Bif pydHoro 3amaBada bPY-7 Big k1.9 dyepe3 KoHTakTu, 10
nepekiovaroTh (k.15 ta 14), npu npomy k1. 10 3’enHaHa 3 3araJbHUM «-» CXEMH

(apit 902). s sxuinenHs BM Ha oro kiemy 2«+» miakmrodeHuid apit 901. Jlns

NEPETBOPEHHS CUTHAIY, 10 yrpasiisie 4-20 MA, skuil Buxoauts 3 MIIK ta BPVY, y
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curnan 0-10B, skuit BM npuiimae sik BX1HUM (YIIPaBIISIIOUNNA) BUKOPUCTAHUHN OTIp
3R (500 Om).

Cucrema  KepyBaHHA  JOyTbOBUM  BEHTUJISITOPOM 13 YaCTOTHUM
TIEpEeTBOPIOBAaYEM MMOOYA0BaHA aHAIOTIUHO.

Cxema enexkTpuYHa NPUHLHUIIOBA CHCTEMU KEpPYBAaHHS pPIBHEM BOIU Y
BEpXHbOMY OapabaHi KoTI0arperaTy 300paxxeHa Ha JUCTi 1 rpadiyHOi YacTUHH.

Ak Oyno 3a3HaueHO MpU OMHCI (PYHKIIOHAJIBHOI CXEMH aBTOMaTH3aIlil
cuctemMu KepyBaHHA (m.n. 3.1), mist oOmiKy MatepialbHHX PECypCiB B CHCTEMI
TaKOXX TMepeadadeHe BCTAHOBIEHHS JBOX BHUTPATOMIPIB — IKUBWUJIBHOI BOIM
KOTJIOArperary Ta MpupoJIHbOTO Tazy.

CxemMH eNeKTpUYHI NPUHLHUIIOBI CHCTEMU KEPYBAHHS 3alallOBAHHAM
NOJyM’sl Y TAJIbHUKY, a TaKOXX PYYHOTO KEpyBaHHS Ta CBITJIIOBOI CHTHami3allii B

CUCTEMI KepyBaHHS KOTJIOAarperaToM HaBeJIeHa Ha JTUCTI 2 TpadivHOl YaCTHHHU.
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5.2. Bubip anapatypu 3aXucTy Ta KepyBaHHS

3a eNeKTPUYHOIO MPUHLHUIIOBOIO CXEMOI CHUCTEMH aBTOMATHUYHOTO
kepyBanHsi kotmioarperarom JIKBP-2,5-0,9 I'M, nns kepyBaHHST Ta 3axUCTy
BUKOPHCTOBYETHCS HACTYIHE 00JIaIHaHHS:

- JUId IYCKY, 3YIIUHKH Ta 3aXUCTY €JIEKTPOJIBUTYHIB MIPUBOY 3yTHOBOIO
BeHTHIsITOpa 1 Aumococa (M1 Ta M2) Big CTpyMiB KOPOTKOrO 3aMHUKAaHHS Ta
NEPEeBAHTAXKEHb BHUKOPUCTOBYIOTbCA aBToMaTtuyHi BuMukadi QF1-QF2 13
KOMOIHOBaHMMH  (€JIEKTPOMArHITHUM Ta TEIUIOBUM) PpO3UIILUIIOBaYaMH  Ta
enektpoMarHiTHl myckadl KM1-KM2, npomikui pene nHanpyru KLI1-KL2
(BiAMOBIHA HyMepallisl 3a MPUHIIUIIOBOIO CXEMOI0);

- JUIA 3aXHCTy KOJia KEpPYBaHHsS BiJ CTPYMiB KOPOTKOTO 3aMHUKaHHS
BUKOPHUCTOBYEThCSI aBTOMaTHUHUN BuMukau QF3.

TexHiuHi  XapaKTEPUCTUKH  CJIEKTPOJBHUTYHIB  TPHUBOAY  JyTHOBOTO
BEHTWJISITOPA 1 TUMOCOCY HaBelleH1 y Tadmuiii S.1.

Tabmuis 5.1.
TexHIuHI XapaKTEePUCTUKU ACHHXPOHHOTO TpHU(Pa3HOTO €IEKTPOIBUTYHA

ANP100L6Y3 npuBoay AyTHOBOTO BEHTUJISTOPA 1 TUMOCOCY

XapakTepucTHKa eIeKTPOABUTYHA Mapka eJIeKTpOIBUTI'YHA
AWP100L6Y3 (M1 —M2)

IToTyxHiCTb, KBT 2,2
Hanpyra >xuBnenns, B 3$,220/380,50T'11
HominanpHu# cTpym, A 5,6
YacTtoTa oOepTaHHs 1oJisl cTaTopa, 00/XB. 1000
YacrtoTa obepTaHHs Bay, 00./XB. 935
COSQ 0,76
KK, % 79,0
BignomeHHss MOMEHTIB Myye/ My 2,0
Bingomenas MOMEHTIB M ax/My 2,1
Bignomenus ctpymiB  Inye/In 6,5
MoOMeHT iHepuii, Kr-m> 0,02
Pexxum poGoTu Tpusanuid, S1
Tepmiunuii Kac 13051511111 0OMOTOK F — 1o 150°C
CtyniHb 3aXMCTY BiJI BOJIOTH Ta MUY 1P54
Bara, xr 36,3
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Kpim 3a3HaueHoro o0iagHaHHSA, Yy KOJ1 KEpyBaHHs BCTaHOBJIEHI IUIaBKi
3am001>KHUKH, KHOMKOBI TOCTH KEpyBaHHS, KHOIKH KEpyBaHHS, JaMIId CBITJIOBOI

cur”aiisani.

5.2.1. Bu0ip aBTOMATHYHUX BUMHMKAYiB

Bubuparoun aBTOMAaTUYHUNA BUMHUKAU JJISl 3aXUCTY €JIEKTPOJBUTYHA, CIIiJI
JTOTPUMYBATHUCS TAKUX YMOB:
*  HOMIHQJIbHA HANpyra aBTOMAaTUYHOTO BHUMHKAYa MA€ JIOPIBHIOBATH
Harpy3i eJIEKTPUIHOI Mepeski a00 MepeBUIIyBaTH ii:
Ude > U, (5.1)
°*  HOMIHIBHWA CTPYM aBTOMATUYHOTO BUMHKA4a Ma€ JOPIBHIOBATH
HOMIHAJIBHOMY CTPYMY €JIEKTPOJBUTYHA a00 TPOXH MEPEBUIIYBATH HOTO:
IHOM.LIG.Z IHOM.eﬂ.Oe ; (52)
°*  HOMIHQJIBHUHN CTPYM TEIJIOBOTO M €JIEKTPOMArHITHOTO PO3UIILIIOBAYIB
Ma€ JOPIBHIOBATH HOMIHAJIbHOMY CTPyMYy €JIEKTPOJBUTYHA a00  TpOXH
MEPEBUIIYBAaTH WOTO 3 TMOJANBIIAM PETYIIOBAHHSIM CTPyMYy HECTIPAIFOBAaHHS
TEIJIOBOTO PO3YIILIIOBaYa HA HOMIHAIBHUMN CTPYM €JIEKTPOBUTYHA:
IHOM.p03q.Z IHOM.eﬂ.Oe ; (53)
* CTPYM BIJICIYKH €JEKTPOMArHITHOTO PO3YIILIIOBaYa Ma€ CTAaHOBUTU HE
MeHI sk 1,5...1,6 Bi1 MyCKOBOTO CTPyMY €JIEKTPOABUTYHA!
Ieid.po:m. > (195136) Inyc. > (54)
3a BKa3aHUMM yMOBaMH ISl BIATIOBITHUX €JIEKTPOJIBUTYHIB OyJM BUOpaHi

HACTYTHI aBTOMAaTH4YHI BUMUKadl (Tabi. 5.2).
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Taomurg 5.2.
Bubip aBToMaTUYHUX BUMHUKA4iB
Enextponsuryn ABTOMAaTHYHUN BUMUKaY,
BUKOHAHHS YMOB
AUP100L6Y3 (M1 — M2) GV2ME10
[TotyxHicTb 2,2 KBT (TpudazHuii, 3 eIeKTPOMarHiTHUM
Ctpym [; = 5,6A Ta TEIJIOBUM PO3UITLIFOBAYaMH )
ITyckoBuii cTpym U, =690B, U, > U, ; 690B > 380B
IHyCK = 6,55,6 = 36,4A IHOM.ae = 6,3A, IHOM.ae.Z IHOM.@JZ.()G; 6,3A > 5,6A
1,6' IHyCK = 58,24A IHOM.p03q = 78A, IHOM.pogu.Z IHOM.@JZ.()G ; 78A > 5,6A
loio posu. = (1,5...1,6) Lyc, 78A > 58,24A
PerymtoBanHs 3axucty
TEIUIOBUX PO3YiILIIOBauiB 4...6,3A

[Ipu BuOOpi aBTOMaTHMuHOrO BUMHKaua ans 3axucty I[IJIK Ta koma
KepyBaHHsI, HEOOX1AHO JOTPUMYBAaTUCh HACTYITHUX YMOB:
*  HOMIHQJbHA Halpyra aBTOMAaTUYHOTO BHMHKaua MAa€ JIOPIBHIOBATH
HaNpy31 )KUBJICHHS €JIEKTPUUHOI Mepexi a00 MepeBUIIyBaTH ii
UH.AB ZU)K; (5-5)
*  HOMIHQIBHMA  CTpyM  aBTOMATHUYHOIO  BHUMHUKAaya  IIOBUHEH
JopiBHIOBaTH abo nepesuiyBatu pobounii crpym [1JIK Ta kona kepyBaHHs
Lyap > L e , (5.6)
*  HOMIHQJIBHHUUA CTPYM €JEKTPOMArHiTHOTO pO3YiILIIOBa4Ya MOBUHEH

JOpiBHIOBAaTH abo0 nepeBullyBaTd HoMiHainbHUM cTpyM [1JIK Ta kona kepyBaHHs

IH.PO;LI > IK.KEP ; (5-7)
*  CTPYM BIJICIYKHM €JIEKTPOMArHITHOTO PO3YIIIIOBa4a Ma€ CTAHOBUTH HE

Mmenie 1,5...1,6 pobouoro crpymy I1JIK Ta kosta kepyBaHHS

]BILZC.POB’LI > (:L5:L6) ’ ]K.KEP . (58)

3a MPUHIUIIOBOIO CXEMOK 0OayuMo, 10 aBTOMaTWyHUN BuMukad QF3
3aXMIA€ MPOrPaMHO-JIOTIYHUN KoHTposiep Siemens Simatic S7-300 (cmokuBaHa
notyxHictb 12 Bt abo 18 BA B 3aneXHOCTI BiJ] BUKOHAHHS), OJIOKH PO3MIMPEHHS

aHaJIOTOBHMX BBOJIIB Ta BUBOJIIB (CIIOXKHBaHa MOTYXXHICTh 6 BA K0XXHOT0), TPOMIXKH1
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pene Hanpyru (s Oyje moka3aHo Aaii, 1e pesie Hanpyru npomixkHi MY4-NS 24V
DC i3 Hanpyroto xuBiieHHs 24B MOCTIHOTO CTpyMy Ta CHOXXHBAHOKO MOTYXHICTIO
0,9BT1, T06TO cTpyMOoM cnoxuBanHsa 0,9/24 = 0,0375 A, i3 3araJlbHUM CTPyMOM
cnokuBanus 4*0,0375=0,15A), enekrpomarnitHi myckaui KM1-KM2 (LC1D09M7
— ctpym cnoxuBaHas 0,1A, 13 3aradpHUM cTpyMoM crnoxuBaHHs 6*0,1 = 0,6A).
Tomy muist 3aXHCTy KOJia KepyBaHHS BUOpaHUii aBTroMatnaHuii Bumukad 1K60N 4C

2P — aBTOMaTUYHMI BUMUKAY JBOXIIOIIOCHUN 13 HOMIHAJIIBHUM CTPyMOM 4A.

5.2.2. Bu0ip ejieKTpOMarHiTHMX MyCKaviB

EnextpomarHiTHi myckadi BUOUPAIOTh 32 HACTYITHUMH YMOBAMH:
*  HOMiHQJbHA HANpyra eJCKTPOMArHiTHOTO IycKada Ma€ TOPiBHIOBATH
Hanpy31 KUBJICHHS €JICKTPUUHOI Mepexki a00 MepeBUIyBaTH il
U 2U 55 (5.9)
*  HOMIHAJIbHUU CTpyM KOMYyTallii CUJIOBHX KOHTaKTIB
CIEKTPOMArHiTHOTO TIycKadya TIOBHHEH JIOPIBHIOBAaTH a00  TEPEBHIyBaTH
HOMIHAJILHUHM CTPYM T'PYII €JIEKTPOIBUTYHIB
Lypn 21y (5.10)
* HOMIH&JIbHA  Hampyra  OKUBJICHHS  BTATYBaJIbHOI  KOTYIIKU
eJIEKTPOMArHITHOTO MyCKaya MOBUHHA JTOPIBHIOBATH HANPy3i KOJa KEpyBaHHS
U xor 2 U kep - (511)
°* 32 CTPYMOM TEIUIOBOTO pejle Ta 3a CTPyMOM HECHpPalIOBaHHS
TEIIOBOTO pesie (IIPH BIAMOBIIHIN KOMITJIEKTAITiT).
Kpim TOro, cmia BpaxoByBaTH HEOOXIAHICTh HASBHOCTI JTOMOMINKHHUX
KOHTaKTiB MarHiTHOTO MycKayda B KOJIi KEpyBaHHS.
3a BKa3aHUMH YMOBaMH JIJIsl BIJIMOBIIHUX €JIEKTPOJBUTYHIB OyJi BUOpaHi

HACTYIIHI €JIeKTPOMAarHiTHi myckadui (tabm. 5.3).
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Taomurg 5.3.
Bubip enexTpomMarHiTHUX MycKadiB
EnexkTpoaBuryn EnexTpomarHiTHHIA mycKad
AUP100L6Y3 (M1 — M2) LC1D09M7
[TotyxHicTb 2,2 KBT Upen <= 690B, 25...400I't, 300B nocr.ctp.
Crpym I, = 5,6A Uz > Ux; 690B > 380B
]H.EH = 9A, IH.EH.Z IHOM.er.de; 9A > 5,6A
Uu kor > Ugep; 690 > 220 B

5.2.3. Bu0ip npomiskHuXx peJie

[TpomixHI1 pese 111 KoJia YIIpaBiIiHHS BUOUPAIOTh

* 33 HaIpYIOO KOJIA KEPYBAHHS:

Uy pene 2 Y kvp s (5. 12)

. MaKCUMaJIbHOK KOMYTAIlIMHOK 3JIaTHICTIO JOTMOMIKHUX KOHTAaKTiB
(cTpyM Koyla ympaBlliHHA TIOBMHEH JIOpiBHIOBaTM abo OyTH MeEHIIMM 3a

HOMIHAJILHUI CTPYM perie):

Lyt pene 2 Ly 5 (513)
*  3a KUIBKICTIO Ta MPU3HAYEHHSIM JOMOMIKHUX KOHTAKTIB (HOPMAaJbHO
PO3IMKHEH1, HOpMaJIbHO 3aMKHEH1, IepEMUKar0u1).
3a BKa3aHMMU yMOBaMH Ta 3TIJHO 3 TEXHIYHUMH XapaKTEePUCTUKAMH
BuOpani npomixkHi pene Hanpyru MY4-NS 24V DC i3 nanpyroto xuBieHHs 24B
HOCTIHOTO CTPyMy, HOMIHAJBHOIO HAIPyrol KomyTalii kKona kepyBanHa 220B,
HOMIHAJIBHUM CTPYMOM KOMYTAIlil Kojla KepyBaHHS SA, CIIOKMBAHOIO MOTYKHICTIO
0,9Bt, ctpymom crioskuBanus 0,9/24 = 0,0375 A.
[Ticna BuOOpY KHONMKOBUX MOCTIB, KHOMOK KEPYBaHHS Ta CUTHAIBHUX JIaMII,
BIJOMICTh ~ €JIEKTPONPMIIAJIIB CHCTEMH aBTOMAaTHYHOTO KEPYBaHHS MapOBUM

koTioarperarom E-2,5-0,9 I'M matume HacTymHUM Bursn (Tabdm. 5.4).
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Taomui 5.4.

Binomicte enektponpunanis CAK naposum kotnoarperarom JJKBP-2,5-0,9 I'M

[To3Hau. Hazga Kinpk. |  [Ipumitku
MI1-M2 | EnexTpoABUTryH aCUHHXPOHHUH TpubazHuii
AHNP100L6Y3 2 2,2 kBt
QF1-QF2 | Bumukau apromatnaauiit GV2ME10 2 3n
QF3 Bumukau aBromatnunmii iIK60N 4C 2P 1 21
D1 MonynbHui TporpaMoBaHUil IOTTYHUIA
KoHTpoJsep Siemens Simatic S7-300 1
D2 Moynb po3IIKMPEHHS aHaJIOTOBUX BBOJIIB
Siemens 6ES7331-7KF02-0AB0 1
D3 Moaynb po3IIUpPEHHS aHAJIOTOBUX BUBOJIB
Siemens 6ES7332-5HD01-0AB0 1
D4 MepexeBuil nUTI03
Siemens IM153-1 6ES7153-1AA03-0XB0 1
D5 JlaTuuk Temmneparypu
Siemens Sitrans TS500-3G 1
Ul-U2 | YacToTHHIi mepeTBOprOBaY
Siemens Sinus K 4T 2
D6 JlaTuuk piBHS y BEpXHbOMY OapabaHi
TEKO CSA-EC49 1
D7 Jatuuk pospipkenns AJIP-0,25A 1
D8, D9 | Perymorounii KjamnaH 13 CEpBOIIPUBOIOM
BELIMO LM24A-SZ-TPC 2
D10, biok pyuHoro kepyBaHHs
D11, D12 | BPY7 (3 Kb3-24-19) 3
KM1-2 | Ilyckau enekrpomaraiTauii LC1D09IM7 6 INC+INO
KL1-4 | Pene nanpyru npomixkae MY4-NS 24V DC 4
SB1 Knonkogwuii noct "Crapt-Cromn"
ZB5 AW833743 1 NO, NC
SB2-4 | Knonka 6e3 dikcari "Crapt" ZB5 A333 3 NO
HL1-7 | Jlamna curHanpHa A22-RLF-RT 220V 7 YEepBOHA
HLS8-13 | Jlamna curamameaa AD22-22DS 220V 6 3eJieHa
HL14-15 | Jlamna curHanena AD22-22DS 24V 2
RI1-6 Pesuctop 4kOm 6
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5.3. Bubip npoBoiB Ta kadeJiB

ITepepi3 cTpyMONPOBITHOT KUIJIU TTPOBOIY, IIHYpa abo Kabento BUOUPAIOTh,
BUXOJASYA 3 YMOB TPAHWYHO JOMYCTUMOTO WOTO HArpiBaHHS Ta JOCTATHBOI
MexaH1uyHoi MirtHOCTI. [1i1 yac BU3HaYeHHsI KIJIBKOCTI MMPOBO/IIB, SIK1 MPOKIAJAI0Th B
ofHi TpyO1l (abo kW 0araTOXXWJIBHOTO TIPOBIJHUKA), HYJIbOBUM MPOBIiJ
YOTUPHUIIPOBIAHOI cucTeMu TpudaszHoro cTpymy (abo 3a3eMiliolouy Kuily) He
BPaxOBYIOTb.

[Imomry momepeyHOro mepepidy Kujil MPOBOJIB, IIHYpPIiB 1 KabeiB
BUOHMPAIOTH 32 TPUBAJIO JAOMYCTUMUM CTPYMOM

ITPﬂOH 2 1 posp (5 14)

1€ I, - PO3PAXYHKOBUN CTPYM JIUISIHKHM €JIEKTPUYHOT MEPEXKI, A.

Jlis  BiATamyeHb 10 OKPEMHUX eJIEKTPOCIIOKHMBAYiB 3a MaKCHUMaJbHi
TpUBaJIl poOOUl CTPyMHU OEpyTh 1X HOMIHAIBHI CTPYMHU.
Jlnst Tpuda3sHOTO0 aCMHXPOHHOTO JBUTYHA 3 KOPOTKO3aMKHEHHM POTOPOM
TPHUBAJIO TOIYCTUMHUH CTPYM BH3HAYAETHCS 32 (HOPMYIIOIO
103 PH.,HB
\/§U iy COSPy,

| (5.15)

PO3P.JIB —

Bu3HaunMo TpuBaNO IOMYyCTHMI CTPYMH Ui AaCHHXPOHHHUX TpudazHUX
eJIEKTPOJIBUTYHIB:

1000-2,2
AHWPI00L6Y3 (M1-2) Lrose s = 73.380.0.79-0.76 5,57 A.

BpaxoByroun ymoBy (5.14) Ta BiIMOBiAHI pO3paxoBaHl 3HAUYEHHS TPUBAJIO
JONMYCTUMHUX CTPYMIB, JJIA MIAKIIOYCHHS €JEeKTPOJBUIYHIB 13 BIJMOBIAHUMU

amapaTaMu JIJs MMyCKY 1 3aXHCTy BuOpaHi Taki kabemi (Tabmui 5.5).
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TabOmurg 5.5.

Bubip xabeniB )KUBJICHHS €JIEKTPOABUTYHIB

EnextpoaBuryH KaGenn Haii6inpmmii TpuBaio
JOIyCTUMUN CTPYM
HaBaHTAXCHHS, A

AWPI00L6Y3 (M1-M2) | ABBI 4x2,5 19
]P03P.LIB =557 4. (Hepepi3 2,5 MMz)a

aJIFOMIHIEBI JKHUJIH,

MOJTIBIHUIXJIOPHUIHA

130JIA111

Jlns JKUBJIEHHS KoJia KepyBaHHS BuOHMpaemo mposia [1B1x0,5 — mposig 3
MIJIHOKO JKMJIOK Tiepepizom 0,5 MM? B MOJIBIHIIXJIOPHIAHIN 00OJIOHI, TPHBAIIO
JTOMYCTUMUN CTPYM SIKOTO AopiBHIOE 11 A.

Jns  miAKITIOYEeHHS JIAaTYMKIB TMOKA3HUKIB TapaMeTpPiB  TEXHOJIOTIYHOIO
npouecy B kormoarperati JAKBP-2,5-0,9 I'M BukopucroByetbes mnposin MI'TOE

3x0,12 13 GTOPOIIIACTOROIO 130JIAIIIE0, EKPAHOBAHUM.

5.4. Bu0ip murTa KepyBaHHS

3riiHO 3 HOPMATUBHUMH JOKYMEHTAMH IIMTH 1 MyJbTH PO3paXxOBaHO Ha
pPO3MIIIEHHsI X y 3aKpUTHX MPHUMIMICHHAX 13 TEMIIEpaTypol0 HABKOJUIIHHOTO
cepenoBuma Bix -30 mo +50°C 3a BigHOCHOI Bojorocti He Ouibmie sk 80%.
[TpoMuCHOBICTh BUIYCKA€ TAKOXK LIIUTH Ta MyJbTH CHELIATbHOIO MPU3HAYCHHS, SIK1
po3paxoBaHi Ha OUIBII BUCOKI a00 HM3bKI TeMIIepaTypH, IMiJBHUIIEHY BOJIOTICTb,
HasIBHICTh arpeCUBHOIO CEpeI0BUINA TOMIO.

[IacoBi MMUTH BUKOPUCTOBYIOTH:

* y BHPOOHMYMX MPHUMILIEHHAX, IO XapaKTepU3YIOThCS 3alUJICHICTIO,
BEJIMKOIO BOJIOTICTIO Ta MOXJIMBICTIO MEXaHIYHOTO TMOUIKOJKEHHS amapaTypu u

BHYTPIIIHBOIIUTOBHUX MPOBO/IIB;
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e JUI PO3MIIICHHS JOMOMDKHOI amapatrypu (pene, Kepesl >KUBJICHHS)
BCEpE/IMHI IIUTA;

* I 3aXHUCTy OOCIYTOBYIOUOTO MEPCOHANY BiJl IOTHKIB 10 BiJKPUTHX
CTPYMOBEIYYHX YaCTHH armapaTypy Ta 3aTHCKadiB.

BpaxoByroun raGaputHi po3Mipu IPUCTPOIB CUCTEMH KEPYBaHHS, a TaKOXK
Ty 00CTaBHHYy, IIO YaCTOTHI MEPETBOPIOBaYl MOTPEOYIOTh MEBHOTO MOBITPSHOTO
IPOCTOPY ISl BHYTPIIIHHOTO BEHTUIISATOpPA OXOJOKECHHs, BHOWpaeMo OOKC
MoHTaxHUM BM-80+IT (650x800x260).

Cxemu eneKTpU4YHI 3'€HaHb, MIAKIOYECHb, 30BHIMIHIM BHIJISA IIUTA
kepyBanHss CAK mnapoBum kotioarperatom JIKBP-2,5-0,9 I'M HaBeneni y

rpadiuniil yacTuH1 KBaJiikaliitHoi 6akanaBpCchKoi poOOTH.
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PO3/11 6

PO3POBKA 3ACOBIB BI3YAJII3AIII IPOLIECY KEPYBAHHSI
ITAPOBUM KOTJIOAT'PEI'ATOM

6.1. IIporpamue koHpirypyBaHHs 00,12 JHAHHA

[Tpu Bizyaumi3aiii cucTeMyu KepyBaHHS BUKOPHUCTOBYIOTh HACTYMHI MIAXOJIH:
ctBopeHHsT SCADA-system; BUKOPUCTAHHSI KOHTpOJIEpa 3 IMAHEJUII0 OIeparopa;
BUKOPHUCTAaHHS KOHTPOJIEpA 3 JUCIIICEM.

Bubip TexHiuHux 3aco0iB st 3a0e3medeHHs Bizyamizallii 3aJie’KuTh Bij
KUTBKOCTI 1HQoOpMarlii Ta BeIMYMHU O0'€KTa KepyBaHHS. Y pa3i MacmTaOHHX
00'exTiB BUKOpUCTOBYI0Th SCADA-cucremu.

SCADA — 1ie nporpamMHuil KOMIUIEKC JUIsl Bizyaiizalii Ta AUcCIeTdepu3aii
TexHosoriyHux npoieciB. SCADA-cucteMa jae HaOYHE YSIBJICHHS MPOILIECY 1 Hajlae
rpadiunuii iHTepdelic onepaTopy AJis KOHTPOIIO 1 KEpyBaHHS.

[arepdeiic JIMI (JlokanbHa MaHinmyIsuidHO-1HPOpMaIIiiiHOT) cHcTeMU
aBToMarm3ailii mapoBoro kotnoarperary JIKBP-2,5-0,9 I'M y BiamoBiaHIiCTIO 3
po3po0ieHO  (GYHKIIOHATBHOKO  CXEMOK  aBTOMaTH3allii  CTBOpEHUU 3
BUKOPUCTaHHAM TporpamHoro 3adesneuenHs Zenon SCADA Bix kommanii COPA-
DATA.

Zenon € porpaMHHUM 3a0€3MeUeHHsIM JJIs Bizyasizallii, ynpaBiiHHs, 300py
ta aHanizy panux. Cucrema Zenon SCADA € OCHOBHMM MPOJYKTOM aBCTPIACHKOI
komnaHii COPA-DATA GmbH. Bnepiie po3pobisiena B cepenuni 80-X pokiB, 1€
Oy7no mepine KOMIUJIEKCHE pillleHHs TpadiuHoi Bizyamizarii aias cuctem Windows.
3aBIsKU TMOCTIMHIA MoOJiepHi3allli, BJOCKOHAJEHHIO Ta BIPOBAKEHHIO HOBITHIX
TEXHOJIOT1H, Zenon yTpuMye Jdiiepcbki no3uili Ha puHky cucreMm HMI / SCADA.
Zenon TOBHICTIO BUPINIY€E BCI MOXJIHBI 3aBJaHHS, IO CTOSTh TMEPE]l CUCTEMaMH
HMI / SCADA. Jlo3Bouisie 31CHIOBAaTH 3py4HE Ta Bi3yallbHE YNPABIIHHS, TOYHY

B3a€EMOJIIF0  BCIX  IH)KEHEPHUX  KOMIUIEKCIB,  aBTOMATHYHY  aJamnTaliio,



68

IHTENIeKTyalli3allil0 PeXUMIB poOOTH TijcucTeM. BiH 0a3yeTbcs Ha CTaHAAPTHUX
30BHIIIHIX TEXHOJIOTISAX 1 MPOIOHYE BeIWYE3HUN HaOlp MPOCTUX y BUKOPUCTAHHI
rpadiunux QyHKIIH 11 TOOYI0BH CUCTEM Bi3yai3alli.

[lepeBarm Zenon: MOXIHUBICTh JACIICHTPATI30BaHOI PO3POOKH; BHUCOKA
IIBUJIKOMIS; €(PEKTUBHICTh 1 MacHITa0OBaHICTh; BEJIMKAa THYYKICTh Ta BHCOKa
HaAiHICTh. [IpOIyKT BUKOPUCTOBYETHCS y cepl aBTOMAaTH3Aallll TaKUX rairy3eH, K
HaTOra30BUi KOMIUIEKC; OYIIBHUIITBO, ITPOMHCIIOBE BHUPOOHUIITBO; €HEPIreTHKA,

TPaHCIIOPT.

baratokopucTyBalbKa p03p061<a. Cucrema JO3BOJISIE C(bCKTI/IBHO

BUKOPHCTOBYBAaTH PO3MOAUIEHY PO3POOKY, YHHKAIOUU >KOPCTKUX MPHUB'S30K [0
KOHKpETHOTro poOouoro micus. JuzaiiHepu, 1110 Mpaio0Th HaJl MPOEKTOM, MOXKYTh
PO3MOJUINTH 3aBJAaHHS MK COOOIO0 Ta 30CEPEIUTUCS HA CBOIM KOHKPETHIN YacTHHI

npoekTy. L{e 103BoJIsi€ CyTTEBO 30UTBIIUTH MBUAKICTH PO3POOKH.

HIupoki MOKJIMBOCTI CTIiJIKyBaHHA. 3aBiasku moHaa 300 po3pobieHum

ApaiiBepaM, Zenon MOXe JIETKO iHTerpyBaTHCS 3 HAUMOIIUPEHIIINM 00J1aJHaHHSIM.
Penakrop cucremMu miaTpUMye BEIHMKY KIJIBKICTh 1HTEP(EHCIB Ta KOMYHIKaLIHHUX
OPOTOKOJIIB. 3a JONOMOTOI0 CHEIialbHOI TEXHOJIOTii MOXKHa TIepelaBaTH

BUKOHYBaHI1 (ailyin mo Mepesxi Ha BiJIajieHy HIJIbOBY CTaHIIIIO.

Binkpura apxiTektypa. MOXKIHMBICTh BUKOPUCTAHHS HE3aJIEKHUX 30BHIIIHIX
mporpam Mmpu po3pooOIil, CTBOpeHHs MakpociB VBA, 30epexeHHs JaHux B [HTepHeTI
Ta apxiByBaHHS iXx y 0a3i manux MS SQL Server, BUKOpUCTaHHS TEXHOJIOTii
ActiveX.

[ayukicth. Bukopucranus texnosorii XML mo3Bomsie iMmopryBatu Ta
eKCIIOPTYBATH OKpPEMi YaCTHHH MPOEKTY ad0 BECh MPOEKT B CUCTEMY YIIPABIIIHHI.
Cucrema MoOXKe po3mHUprOBaTHCS 0e3 HeoOximHocTi Moaudikarii abo mepepoOku
ICHYIOUOTO MPOECKTY.

ABTOMATUYHUN  Ju3aiiH. 3aBASKM BEIUKIA  KIIBKOCTI  TONEPEIHBO

BU3HAUEHUX IMAOJIOHIB CTaHAAPTHUX 300pake€Hb (CUTHAMIB TPUBOTH, MO,
TEHJCHIIIA TOIO) Ta CeuialbHUX (PopM-MalcTpiB, TU3aliH MOKE OyTH CTBOPEHHI

ABTOMATHYHO.
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Puc. 6.1 3aranbHuil BUTIISA BIKHA TPOEKTY

Ha mouaTkoBOMYy eTami y 3a3Ha4€HOMY CEepPEIOBHIII 3a JoroMoror Manager
CTBOPIOEMO BIKHO TIPOEKTY, IO CKJIQJAE€THCS 31 CTaHINl aBTOMarm3allii Ha 0asi
IPOTPaMOBAHOTO JIOTIYHOTO KOHTposiepa Simatic S7-300 Ta craHiiii onepaTopa Ha
6a3i PC Station (puc. 6.1).

Hactymaum kpokom 3a mpomomoror Hardware Config po30OymoByemo
nporpaMHe KOH(ITypyBaHHSI CHUCTEMHM KEpyBaHHS 3 i1 CKJIAJOBUX: KOHTpoJIepa,
MOJTyJIiB, 3B'SI3KIB B3a€MOJI1 MI>K HUMU Ha 0cHOBI Mepexi Profibus DP. Ilpu upomy
CTBOprOEThCs BipTyasibHa DIN-peiika, Ha sikiii posminryerbcs Simatic S7-300 Ta
onox xwuBnenns. Onun 3 noptiB [1JIK HanamroByeTbest Ha peskxuMm poOoTH "master”
(TobT0 "eonosnuu", "wo eeoe") y mepexi Profibus DP, micns doro 3amaroTbes
anpeca IIJIK y pgaHii yacTMHI MeEpexi, MIBUAKICTH OOMIHY JaHUMH MIXK
KOHTPOJIEPOM Ta 1HIIMMH CKJIQJOBUMHU CHCTEMHU KEpyBaHHS Ta IHIII MapaMETpH.
[licns 3aBepiieHHs mpoliecy KOHGITypyBaHHS y NPOrpaMHOMY BIKHI 3'IBUThCS
BipTyasibHa 1mMHAa Mepexi Profibus DP, sika migkimioueHa 10 BHU3HAYEHOTO MOPTY

[JIK. ®parmentu npoueaypu KoHpirypyBaHHs 300paxkeHi Ha puc. 6.2, 6.3.
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Puc. 6.2. Bikno koH(}irypyBaHHS IpOrpaMOBAHOTO JIOTIYHOTO KOHTpoJIepa

e Conig - (45 (Cenfiguratjon) - DISLAR Pri]
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Praparties - |F 564-DF - (RO/S3. 1)

Puc. 6.3. ®parmenT koHdirypyBanHs ogHoro 3 noptis [TJIK

it poobotu 'y mepexxi PROFIBUS-DP
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Jlia miakiIoueHHs 10 kKoHTpojepy uyepe3 mepexxy PROFIBUS-DP monyns

PO3IIUPEHHS aHAJIOTOBOTO BBOIy obupaeMo iHTepdeiicauit moaynb IM 153-1 cepii

PROFIBUS-DP/ET 200M. PosramoByemo #oro Ha MHMHI 1 MOIAKIIOYAEMO A0
icaytouoi mepexi PROFIBUS-DP (puc. 6.4).
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i HW Contie - [48 (Conflguration) - Dipl HRPei]
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Praperties - PROFIBUS intarface 1M 153-1 }
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Puc. 6.4. KongirypyBanus iHTepeicHOro MOAYJIIO 3B’ 3Ky

OOpani MoOmysi BBOJY/BHBOJy CHUTHATIB KOH(PITYpyeEMO Ta 3aJaEMO

CHMBOJIbHI IMEHA KaHajlaM BBOAY/BUBOY (puc. 6.5).

General | Addresses Inputs |

General | Addresses Outputs |
Enabl

‘ Enabl

’7|_ DiagnosticInterrupt [ Hardware Interrupt When Limit Exceeded "'_ Diagnostic Interupt

Input E [ e | a5 [ &7 Output | i | 1 |
Diagnostics Disgnostics
Group Diagrosiics [ (o | O i Group Diagnosties
with Check for'wire Break: | O i O i O i O |
Output
Measuring l‘i l”—
Measuring Type 4DhL [4DMU [4DMU [4omu Type of Output
Measuring Range: [ 20mA [ 20mA [420mA [420mA Output Range: .20 mA
Feaction to CPU-STOP:
Interterence frequency [E [E [E [E Substitute
Trigger for Hardware |nterrupt Channel 0 Channel 2
High Limit
Loy Lirmit:
Cancel | Help | ok | Cancel Help

Puc. 6.5. 3aransHuil Buj BikHa KOHGITYpYyBaHHS MOAYJIiB

AHAJIOTOBOT'O BBOJlY Ta BUBOIY

OOGpani Moyl BBOJLY/BUBOAY HE MepeadavaroTh MiIKIIOYEHHS JUCKPETHUX

CUTHAJTIB TOAATKOBOT KOH(ITypaItii.

3B's30k cranuii oneparopa 13 [IJIK peanizyerbcsi Ha OCHOBI MeEpeXeBOTO

npotokosry MPI, sika Moxxe OyTH BHKOpPUCTAHAa TaKOX IS PEKUMY €MYJISIil

KOHTpOJIepa JIJIsl TECTYBaHHS IPOTPAMHOTO 3a0€3eUeHHSI.
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6.2. Po3po0ka nporpamMHoro 3ade3neyeHHsi KOHTPoJepa

B 3arampHOMYy BUNAAKYy, MPOTpaMyBaHHS 3AIMCHIOETBCA I CTPYKTYpHU
BCHOTO MAMPUEMCTBA. Y TaHOMY BUTAAKY PO3TISIAEMO TUIBKH KOTJoarperar 0e3
MIPUB'S3KU 10 MICIS OTO BCTAHOBIICHHS, TOMY 1€papXisi CTPYKTYPH CKIIAJIA€ThCS 13
3arayibHOI AssHKY "Plant" Ta mamok 13 mianporpamMaMy KepyBaHHSI TEXHOJOTTYHUM
oOJaHaHHSAM 32 OKPEeMHMH KOHTypaMH, a Takox (aitmamu "Help" momomoru s
omepaTopa. 3arajbHa CTPYKTypa MPOEKTY B pexumi mneperisaay "Plant View"

300pakeHa Ha puc. 6.6.

&% D_PAR_MP (Plant View) -~ C:\Pragram Files\SIEMENTSTEPT\ST Prafubipl_H_1\Dipl_HP_

) O_Fb_ e | it masrmay | AS Asgignmend
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i+ KR i EVFMACC Al —

Puc. 6.6. 3aranpHa cTpyKTypa mpoekty y pexxumi "Plant View"

[Iporpamna peasni3zaiiisi aIrOPUTMIB KepyBaHHS BUKOHABUMMM MEXaHi3MaMu
CUCTEeMH KEpyBaHHS MapOBHM KOTJIOATPEraroM 3a BiAMOBITHUMH KOHTypaMu
KepyBaHHSA peanizoBaHa 3a monomororo rpadiunoro inrepdericy CFC.

Po3pobka CFC-nporpamu 3IIMCHIOETBCS Yy BHIJISAAI TEXHOJOTTYHOIO
3aBJIaHHA, SIKE CKJIAIA€ThCs 13 HEOOXITHOTO HaOOpy MOB'I3aHUX MIXK CO0O0I0 OJOKIB
(30kpema, OJIOKIB KEpyBaHHS €JCKTPOMAarHiTHUMU ab0  perysroBajJIbHUMHU
KJIallaHaMH,  €JICKTPOABUTYHAaMH, OJIOKIB  BHUMIPDIOBAaHHS Ta  CHUTHaJI3aIlli,
matematuuHi Onoku). Y CFC-pemaktopi BXOAM 1 BHUXOAM  3B'SI3YIOTHCS
Oe3nocepeIHbo 1 3a0€31eUy0Th MOCTIHHUN 0OMIH 3HAYEHHSAMU IapaMeTpiB.

Po3pobnena mporpama peamizaimii CHCTEMH KEPYBaHHS KOTJIOArPEraToOM
moBoro CFC cknamaeTscsi 3 miamporpaM peami3aiii airopuTMiB KepyBaHHS
PETYIIOBATPHIMH KJIATIaHAMHM, €JIEKTPOJIBUTYHAMU JyTHOBOTO Ta JAMMOCOCHOTO

BEHTWJISITOPIB, MAJbHUKOM TOIKH; QJITOPUTMIB BHUMIPIOBAHHS TEXHOJIOTTYHUX
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napaMeTpiB (BUTpaT, TUCKY, TeMIEpaTypH, PiBHS); aITOPUTMIB 3aIyCKy, 3YIHUHKU
Ta OJoKyBaHHs oOnagHaHHA KoTioarperaty (Homaroxk I'1-I'7). Jns peamizartii
AJITOPUTMIB BUKOPHUCTOBYIOTHCS CTaHAAPTHI O107I10TEKH aNrOpPUTMIB, IO BXOASTH
1o ckiany nakety Zenon SCADA.

[Ticas crBopennst CFC-mporpamu 311icHIOETECS po3poOka SFC-cxem.

SFC (Sequential Function Chart — mocmimoBHa (QyHKIIOHAIbHA CXEMa) —
cxeMa IMOCIJOBHOTO KepyBaHHs. BoHa ckiagaeThes 13 ()parMeHTIB 13 MOKPOKOBUM
BUKOHAHHSM MPOTPAMH 13 TMepeAaueto KepyBaHHA BiJ OJTHOTO CTaHy JI0 1HIIOTO MPHU
BUKOHAHHI NeBHUX YMOB. [Ipu BuKopucTanHi cxemu mokpokoBoro kepyBanus CFC-
IporpaMu MPAIIOIOTh 3aJ€KHO Bijl 3MiHU cTaHy curHaliB y SFC-cxemax. [Hmmmu
cnoBamu, SFC-cxemu 311HCHIOIOTh KOHTPOJIb MEBHUX TEXHOJIOTTYHUX MapaMeTpiB 1
dbopmyroTh kKepyroui curnanu s 61gokiB CFC-nporpam.

Ha upomy etami mporiec po3poOKu IporpaMHOTro 3a0e3MeYeHHs IPOrpaMHO-
JIOT1YHOTO KOHTPOJIEpa BBAXKAETHCA 3aBEPLICHUM.

Hactynmaum KpoKOM € KOMMUIALIS MPOrpaMH 13 MOIIYKOM 1 BHAAJICHHSIM
NOMMJIOK 13 HACTYMHOIO PO3poOKor0 ekpanHoi Bizyamzaiii SCADA-cuctemu 3a
nonomororo pepakropa WinCC. Tyt 3a pomomoroto "Graphic Designer" i3
BUKOPUCTAHHSAM  PI3HOMAHITHUX  IHCTPYMEHTIB  CTBOPIOEMO  MHEMOCXEMY
KOTJI0arperary: po3TalllOBYEMO TEXHOJOTIYHE OOJIaqHAHHSA 13 MIKTOrpamMamu
osokiB. Lle peanizyeThes 3a qonomororo 6i6mioTexku " Zenon HMI Symbol Library",
sKa BMIILIY€ HIMPOKY HOMEHKJIATYpy OOJIaJHaHHS PI3HUX raiy3ed MpOMHUCIOBOTO 1
CLTBCHKOTOCTIOIAPCHKOTO BUPOOHUIITBA.

[Ticnst mporpaMHOoro KoHQpIrypyBaHHsI 00JagHAHHS Ta 3B'S3KIB KOMYHIKAII]
mix ctanuiero ACYTII oneparopa, KOHTPOIEPOM 1 TEXHOJOTIYHUM OOJIaIHAHHSM,
pO3poOKM TIporpaMHOro 3a0e3MedeHHss KOHTpoJepa Ta CTaHIii omeparopa
IPOBEJCHE TECTyBaHHS POOOTH CHUCTEMH KEPYBAHHS KOTJIOArperaToM y pPeXuMi

eMyJISIIT, sIKe TATBEPIUIIO KOPEKTHY pOOOTY pO3pOOIEHOT CHUCTEMHU.
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PO31]1 7

TEXHIKO-EKOHOMIYHE OBI'PYHTYBAHHA

ABTOMAaTH3aIlisl TEXHOJOTIYHUX NPOIECIB Mae 3abe3nedyBaTy 301IbIICHHS
BUPOOHUIITBA MPOIYKIIii, MIABUILEHHS MPOTyKTUBHOCTI Mpalli (3MEHILIEHHS BUTpAT
mpaili), 3MEHIIIEHHSI €HEProEMHOCTI Ta COOIBAPTOCTI MPOIYKIIii, TEPMIHY OKYITHOCTI
KaIiTaJbHUX BUTpAT.

V3araJbHIOIOYMM TIOKAa3HUKOM €(QEKTUBHOCTI KaliTJIbHUX BKJIAJCHb B
PO3BUTOK aBTOMATH3Allli € 3BEJCHI PO3PAXyHKOBI BUTPATH, SIKI BPAaXOBYIOTh pIYHI
eKCIUTyaTallliiHI BUTPATH 1 YaCTKy KaliTaJIOBKJIAJACHb, II0 IPUIAJAE HA OJIUH PIK.

3Be/ieHI BUTPATH BU3HAYAIOTH 32 BUPA30M:

B, =C+E, -K, (7.1)
ne: B,, — 3BeJCHI BUTPATH, IPH./PIK;

C — piuHI eKCIUTyaTaliiHi BUTPATH, TPH./PIK;

K — KariTajabHl BUTPATH, TPH.;

E, — HopMaTUBHUU KOoe(]illieHT e(EKTUBHOCTI KalliTaJbHUX BKIJaJCHb,
npuiimMaroTe £, =015,

Jlo ckaay eKcrutyaTaliiiHuX BUTpAT BXOJSATH:

—  BUTpaTH Ha OIuIaTy Mpaili nepconany (C,);

—  YTpUMaHHS OCHOBHHUX 3ac001B BUpoOHUIITBA (C, );

— ormuara enektpoeneprii (Ce );

—  1Hmo opsMi ButpatH (C, ).

ButpaTu Ha onaty npaiii nepcoHally 3 eKCIUTyaTalli CHCTEM aBTOMaTH3aLll
BU3HAYAIOTh BUXOJSYU 3 BUTPAT Mpall 1 TOJAMHHUX CTABOK 3 ypaxXyBaHHSIM Pi3HUX

JnoaaTKOBUX HapaxyBaHb Ta jnorat (Cs = 30 rpH./roa. 3 01.09.2025 p.).

ButpaTtu Ha yTpuMaHHS OCHOBHUX 3aC001B BUPOOHMIITBA C, CKJIAaJal0THCA 3
Bi[paxyBaHb Ha amopTu3aiiro C, (BU3HAUYAIOTh y BIACOTKAxX BiJ OamaHCOBOI

BapTOCTI O0TaIHAHHS MPUJIAIIB 1 3ac001B aBTOMaTH3aIlii, mpuitmaiots C, =14,2%) ta
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BiJIpaXyBaHb Ha TOTOYHHH peMOHT C,, (TakoX BH3HAYAIOTh Yy BIJACOTKaxX Bij
OayraHcOBOT1 BapTOCTI 0OJIaIHAHHS MPHIAAIB 1 3acO0IB aBTOMAaTH3allli, MPUINMAIOTh
C,p =18%).

Butpatu Ha eneKTpoeHEeprir0 BU3HAYAIOTHCS 32 CIIOKUBAHOIO MOTYXKHICTIO
npuiagiB 1 TapudamMu Ha €JIeKTPOCHEPTiI0 I BUPOOHUUMX LUJICH (MPUUMAEThCS Y
po3mipi 4,50 rpH./kBT1-roa. 3a miiHamu 2026 poky):

CE = PCH F4,50, (72)
ne P., — HOTY>XHICTh CIIO)KMBAaUiB €JICKTPOCHEPT;

I’ — KIJIBKICTh TOJIMH POOOTH CIIOKMBAYiB Ha PIK.

[Hmi nmpsimi BUTpaTH mpuiiMaroTh piBHUMU 1% Bix 3arajibHOT CyMU
eKCIUTyaTal[liHUX BUTPAT:

C,=0,01-(C,+C,+C,, +C,). (7.3)

[Ipy BU3HAUCHHI KamTAIbHUX BKJIaJIeHh HEOOX1THO BPaXxOBYBAaTHU:

— BapTICTh TEXHIYHUX 3aC001B aBTOMaTH3aIii (K, );

— TOPTiBENBbHO-TPAHCIIOPTHI Ta CKJIaAChKI BUTpaTH (K7 );

— BUTpaATH HA MOHTaX TEXHIYHUX 3ac00iB (K, );

— BUTPATH HA €JICKTPONPOBOJKH (K ;5 );

— 1HIII KamiTajdbHI BUTPATH, TOB'A3aH1 31 3/[IMCHEHHAM aBToMaTu3alli (K, ).

TopriBenbHO-TPAHCIIOPTHI Ta CKJIAAChKI BUTpATH 3a3BUYail MPUIMArOTHCS
piBHuME 11% Big BapTOCTI TEXHIYHUX 3aCO0IB:

K, =011.K,. (7.4)

[Ipy Bu3HauUeHHI BUTpAT HAa MOHTa)XXHI POOOTH MPUOIM3HO BBAXKAIOTh, IO
BOHM ckiagaioTh 15...20% Bixm BapTocTi TeXHIYHMX 3aco0iB. [ po3paxyHKy
npuiiMemo 3HaueHHs 17%:

Ky =0]17-K,. (7.5)

ButpaTtu Ha enekTponpoBOAKU CKIIAIalOThCS 3 BApTOCTI KabesiB (TPOBOIB)
Ta BapTOCTI iX MPOKJIAJaHHS.

[Hmm  kamiTanbH1 BUTpATH, TOB'sI3aHI 31 3JIMCHEHHSM aBTOMAaTH3aIlli,

npUMarOThCs y po3Mipi 2% Big BapTOCTI TEXHIYHUX 3aC001B aBTOMATH3ALIIT:
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K, =002-K,. (7.6)
3arajibHa BapTICTh TEXHIYHUX 3aCO01B aBTOMATH3alll1 CKJIaa€e
K; =Ky +Ky, (77)
K,,, — BapTICTh TEXHIYHUX 3ac001B aBToMaTuKH y ckiaai CAK, rpH.;

Ky _ BapTICTh IJIAT Ta MPOBITHHUKIB, TPH.

BapTicTe TexHIYHHMX 3aco0iB aBTOMAaTH3allli BU3HAYAETHCS 3 KOIITOPHUCY
cuctemu kepyBaHHs (KT3 ¢dipmu SIEMENS cepii SIMATIC S7-300) (momatok
Bl), a 3arasibHa BapTICTh TEXHIYHUX 3aC00IB 13 ypaxXyBaHHSIM ITyCKO-3aXHCHOL
anapaTypu 3a3HadyeHa y Tabmumi 7.1.

3Be/IeHl BUTPATH CTAaHOBUTUMYTh

Bsg =C + ExK (7.8)

Yuctuit npulyToK, pOKiB, MOKHA BU3HAUUTH 32 BUPA30M

Y =AC, +AC,, (7.9)
ne AC, — npuOyTOK 3a paxXyHOK €KOHOMI1 3apoOITHOI IIJIaTH, TPH.;

AC, — ipuOyTOK 3a paxyHOK €KOHOMI1 €JICKTPUYHOT €HEePTii, TPH.

TepMiH OKYITHOCTI YCTAHOBKHU CKJIaJaTUMeE

Tokyn=K/4 (7.10)

KoedirmienT edekTMBHOCTI KamiTaTbHUX BKJIAICHD

E=1/Toxyn (7.11)

JIist po3paxyHKIB BUKOPHUCTAEMO HABENIEHY BHWINE METOIUKY, (hopmynu
3aHocUMO y Tabnnunuii penaktop EXCEL (tabmums 7.1).

AHaJi3youd oTpUMaHi JaHi, 6a4ynuMo, 1m0 IpudyTok ckiagae 85233,6 rpH.,
a gepe3 1,8 poku CAK mapoBum kotioarperarom JIKBP-2,5-0,9 I'M mnoBHicTIO
OKYMNAaEThCS 1 BXKE MpalfoBaTUME Ha YMCTUM MpuOyTOK. ToMy poOMMO BHCHOBOK,

10 YCTaHOBKA EKOHOMIUHO €(DEeKTHBHA 1 BAKOPUCTOBYBATH ii AOLIIBHO.
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Taomug 7.1.

Po3paxyHkoBa TabiuIs 411 3HaXOXKEHHSI TEPMIHY OKYITHOCTI

Bi1 BripoBakeHHss CAK napoBum kotnoarperarom JJKBP-2,5-0,9 I'M 13

BUKOPHUCTAHHSAM KOMILJIEKCY TEXHIUHHMX 3aC001B Siemens

, BignoeigHuiA
PozpaxyHHOBI 3HaUEHHA Oa. . 3HaueHHA
HoedilieHT
1|3araneHa BapTicTh TeEXHIYHKMX 3acobis aBTOMaTHIALII 641485.9
2|TopriBenbHO-TPAHCNOPTHI BUTRATH 0.11) 70563.45
3 |BMTpaTH Ha MOHTAM TEXHIUH KX 3acobie 0.17| 109052.6
4|BWTpaTH Ha NPOKNAJEHHA NPOBOO0K 150 17.67 2650.5
S|IHWi KaniTaneHi BUTpaTK 2% 0.02] 12829.72
6 |HanitaneHi BUTpaTH 836582.2
7|BigpaxyBaHHA Ha amMOopTH3 Lo 0.15) 125487.3
8 |BMTpaTH Ha NOTOUYHKMIA PEMOHT 0.18| 150584.8
9 |BMTpaTH Ha EHEPropPecypcH 1.3 2733.12
NOTY#HICTE ABTOMATH3A LT 1.46
KINBKICTE MOAWMH poBoTK 1440
10|BwTpaTk Ha oNAaTy Npaui NepcoHany 86400
KINBKICTB NepCoHany 2
CTABKa ONEpaTopa 30
11 |PiyHi eHCNAYETAWIMHI BUTPATH 365205.2
12|3segedi Butpat 0.15] 490692.6
13 |MmcTiid nprByToR 85233.6
NEWBYTOK 38 PAXYHOH 3MEHLUEHHA NEPCOHany 84153.6
NpWOYTOK 38 PaXyHOH 3MEHLIEHHA Opaky 1080
EKOHOMIA 33 PAXYHOKNIABMWEHHA AKOCTI 0.01%
14|TepmiH orynHOCTI CAK 1.81516%
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BUCHOBKH

[Ipy BuKOHAHHI OakaJaBpPChbKOi KBami(dikamiitHOi poOOTH 3rigHO 13
3aBIaHHAM OyJI0 BJOCKOHAJEHO CHCTEMY aBTOMAaTHYHOIO KEPyBaHHS IapOBHUM
koTnoarperarom JIKBP-2,5-0,9 I'M 13 BHUKOpUCTaHHSIM KOMIUIEKCY TEXHIYHHX
3ac00iB Siemens.

B pesynbrari qoChipKeHHS BH3HAUYEHI BUMOTH 10 ()OPMYyBaHHS CHUCTEMH
KepyBaHHs, po3p00JIeHO (PYHKIIIOHAJIBHY CXeMY aBTOMaTH3allli CUCTEMHU KepyBaHHS
MapOBUM KOTJIOArperaTtoM, OOIpyHTOBaHUI BUOIP allrOPUTMY KEpyBaHHS 00'€KTOM,
PO3pOOIICHO IMITAIIHY MOJEIb Ta JOCIIHKEHO BILUIUB 30ypPEHb.

[lepeBipka sikocTi pyHkiionyBanas CAK BusiBuia, 1110 CUCTEMA € CTIMKOIO,
yac peryioBaHHs ckiagae 177 c, mepeperymoBaHHs 22%, BiACYTHI CTaTU4HA
noxuoxa.

Jlnst peamizaiii cucteMu KepyBaHHs komioarperarom JIKBP-2,5-0,9T'M
OOTPYHTOBAHO BUOIP CyYyaCHHUX TEXHIYHHMX 3aCO0IB aBTOMATHUKH 3 BUKOPUCTAHHSIM
MOJAYJBHOTO MporpaMoBaHoro joriyHoro koutpojepa SIEMENS cepii SIMATIC
S7-300, po3po0biieHI €NEKTpUYHI CXEMH: MPHUHIIUIIOBA, 3'€HAHb, IiIKIIOYCHb, Ta
HEOOX1THE TIporpamMHe 3a0e3MeueHHS.

ExoHOMIYHI pO3paxyHKH OOIPYHTYBajdd JOLUIBHICT BIPOBAKEHHS
po3pobieHoi cuctemu KepyBaHHa kotimoarperatom JIKBP-2,5-0,9 T'M, ctpok

OKYITHOCTI ckiajaae 1,8 poky.
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JTOJATKH

TTOJIATOK A1l

3aNexHICTh TUHAMIYHOTO KOoe(illi€HTa peryIroBaHHs

BiJl IMHAMIYHUX BJIACTHUBOCTEN 00'€KTYy yIpaBIiHHS

1 — I[T-anroputm KepyBaHHs; 2 — [-anroput™m kepyBaHHs; 3 — [1l-anropurwm;
4 — TIIJI-anroput™ KepyBaHHSI.

a — JUIA TUINOBOTO amepioJUYHOro TMepexiHoro mporecy; O — s
koedimieHTa mepenavi 00’€KTa TUMOBOTO mepeximHoro mporecy 3 20%-Bum
NepeperyioBaHHsIM; B — JJI TUIIOBOTO IMEPEXIAHOr0 MPOUECY 3 MiHIMaJIbHUM
IHTErpajJbHUM MOKA3HUKOM SIKOCTI

JTOJATOK A2
Busnauenus Bi,Z[HOCHOFO qacy peryjarOBaHHA
BignocHuil 9ac perymoBaHHA
J‘_":‘TUPHTM 06 et 13 20% 13 MIHIMAIEHHM
KEpyBaHHA anepiomuHpii | nepeperymo- IHTErpaIEHHM
BAHHAM KPHTEpIEM
Fifipeiiita CraTHuHH 4.5 6.5 9,0
ACTATHYHHH 6.0 8.0 -
['ngnopuiﬁHg_ CTaTHHHHI 8.0 12,0 16,0
IHTErPANLHHIT ACTATHYHHH 14,0 16,0 18,0
[lpgr[gp]_giﬁHq- CTaTHYHHI 5.5 7.0 10,0
IHTEr PANLHO- N
mtheperuiitiit ACTATHHHHH 9.0 12.0 13,0




TIOJATOK B1

Po06oui BUTpaTHI XapaKTepUCTUKU JIJIsl PETYJIIOBAILHUX KIIallaHIB
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JIOJATOK B2

3MiHM nepenaaiB TUCKIB Ha BM 111 peryiroBaibHUX KIIanaHiB
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JOJATOK B1
Kommrropuc KT3 dipmu SIEMENS cepii SIMATIC S7-300
Ha3ga Tun, mapka Kines | Iinaza | Ilina3aon., CymMma,
KICT | OIWHUIIL TpH. TpH.
b 10 €BPO
(3 HAC)
KonTtponep mikpo-
MIPOLECOPHUI
IPOrpaMOBaHUI ﬁ;;g;g{:g
(3 inTepdericamu 3EMO05-0ABO 1 3211,18 | 75821,1 75821,1
MPI, PROFIBUS- 5 ’
S7-400/kapta
mam’ati /FLASH-
EPROM/
Mikpokaprta mam’siti | 6ES7952- 1 341,3 8059,23 8059,23
1KMO00-0AAO,
4AMBait ot S7-
400
KomyHikarmiiumit IM153-1
yHiKan 6ES7153-1AA03- | 1 118 | 2786,17 2786,17
Moayas IM153-1 0XBO0
biok xuBnenHs PS
405/407/6ES7407
220/24 B ~OKA02-0A A0 1 341,64 | 8066,7 8066,7
Buxig =24B/10A ;
6ES7 323-
1BHO1-0AADO,
Monaynb BBOJIY- SM 323,
BUBOJly JHMCKPETHHUX I%IE;)];E%[(IB =248 1 205,11 7007 7007
curHams =24B/0.5A, cym.
BUXIJTHUN CTPYM
4a
SM 331
Monyne  aHaJIOroBOro (6ES7331-
BBOJTY 7KF02-0ABO) 1 284,61 | 6720,1 6720,1
8 BXO/IB
SM 332
Moayis anamoroBoro | (6ES7332- 1 47293 | 14772 14772

BUBOAY

SHDO1-0ABO)
4 BUXO/IIB
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Intel Core 15 3450

(3.1 TTu)/ RAM
ATB/HDD 1 TB

/ NVIDIA
GeForce GT630,
IIK 2I'b/LAN/ 5998.,2 5998.,2
DVD +/-RW/
Kapa-pinep /
Windows XP /
KJIaBiaTypa +
MHUIIIKA
Back-UPS
JBX R00VA 1204,19 1204,19
SIMATIC S7-
3’€IHYBAUI 300, o
MOJTYJTbHI 20-norocHuH 11,55 272,83 272,83
®portamsi ’ 6ES7392-1BJ00-
JUTS CUTHAJIBLHUX 0AAD
) SIMATIC S7-
MOZYJIIB 300,
Eg;?n Ifah‘;;HTaKTaMH' 40-niomocHuit 1828 | 431,74 1295,22
6ES7392-
1BMO0O1-0AA0Q
WINCC(JIULIEH
SCADA 7V6 Run-Time 1057,5 | 24969,27 24969,27
P8 3MIHHHX
6AV6 381-
BC06-0EXO0
KabenpHa mpoaykiris 1750
3aranpHa BapTiCTh 158722
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