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1. Tema po6otn Po3pobneHHs aBToMaTU30BaHO! CUCTEMM YNPaBMiHHS NPUNINBHO-
BUTSIXKHOIO YCTaHOBKOIO Ha 6asi koHTponepa Simatic S7-1200
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30 nocunaHb. O6'eKTOM AOCNIAKEHHA € NPUNIMBHO-BUTSHKHA BEHTUNSALINHA yCTaHOBKA SIK
06'ekT aBTOMaTU3aLii i3 CyKynHICTIO TEXHOMOrYHUX NapameTpiB, WO NianararnTb

KOHTPOJO Ta PerysiioBaHHIo.

MeTta po6oTu — po3pobreHHs aBTOMaTU30BaHOi CUCTEMM yNpaBniHHS
NPUNIMBHO-BUTSXHOIO YCTAHOBKOI Ha 6asi koHTponepa Simatic S7-1200, wo
BKIHOYAE anapaTHy KOHirypaLito CUCTeMU, CXeMY ENEKTPUYHY MPUHLMMOBY,



nporpamHe 3abe3neveHHs koHTponepa B cepenosuLi TIA Portal Ta nioguHo-
MaLUVHHWI iHTepdenc Ha naHeni onepatopa KTP400 Basic PN.

Y nepLiomMy po3aini npoBeaeHo aHania npegmeTHoOT obnacTi: po3rnsiHyTo
NPU3HaYeHHS Ta NPUHLMN pOBOTU NPUNIIMBHO-BUTSHKHUX YCTAHOBOK, BUKOHAHO
OrNSiA Cy4acHMX CUCTeM aBToMaTuaaLii BeHTUNSALiT Ta NOpiBHANbHUIA aHani3
KOHTPOSEpIB NPOBIAHMX BUPOGHMKIB.

Y opyromy po3gini po3pobrneHo aBTomMaTn3oBaHy cUCTeMy yrnpaBiHHS
NPUNIMBHO-BUTSXHOKO YCTaHOBKOK. BMKOHaHO TEXHOMNOrYHMI onnc ob'exkTa
aBTOMaTu3aLii, po3pobneHo dyHkuioHansHy cxemu ACY. 3aiicHeHo BUbIp Ta
06r'pyHTyBaHHs 3acobiB aBTOMaTU3aLlii - AaTunkiB TemnepaTtypu Siemens, gaTunkis
BOJIOTOCTi, @ TAKOX BMKOHABYMX MEXaHi3MiB Ha 6asi YacTOTHUX NepeTBOPOBaYIB Ta
cepBonpuBoaiB. BrkoHaHo KOHIrypyBaHHsS anapatHoi YacTuHW KoHTponepa CPU
1215C B cepeposuLi TIA Portal. Po3pobneHo cxemy enekTpuuHy cxemy.

Y TpeTbomy po3gini po3pobneHo nporpaMHe 3abesneyeHHs KOHTponepa

moBoto LAD B cepepoBuLi TIA Portal. PeanizoBaHo n'stb koHTypiB MI4-
perynioBaHHs AN NiATPUMAaHHA TeMnepaTypy NPUNIMBHOTO NOBITPS, 3aXUCTy
kanopudepiB Bif 3amMmep3aHHs Ta ynpasniHHS peumpkynsuieto. Po3pobneHo nioanHo-
MaLUUHHWI iHTepdeiic Ha naHeni KTP400 3 BikHamu BifobpaxeHHs napameTpis.
MPUMITMBHO-BUTAXHA BEHTUNALIA, ABTOMATU30OBAHA

CUCTEMA YMNPABIIHHA, SIMATIC S7-1200, TIA PORTAL, MIA-
PETYNIOBAHHA, OATYUK TEMMNEPATYPW, ANTOPUTM YIMNPABIIHHA.

E}\BSTRACT Calculation and explanatory note: 120 pages, 51 figures, 3 tables, 30
references. The object of the study is a supply and exhaust ventilation unit as an
automation object with a set of technological parameters subject to control and

gulation.

@fhe purpose of the work is to develop an automated supply and exhaust
ventilation unit control system based on the Simatic S7-1200 controller, which
includes the system hardware configuration, electrical schematic diagram, controller
software in the TIA Portal environment and a human-machine interface on the
KTP400 Basic PN operator panel.

he first section analyzes the subject area: the purpose and principle of
operation of supply and exhaust ventilation units are considered, a review of modern
ventilation automation systems and a comparative analysis of controllers from
leading manufacturers are performed.
In the second section, an automated supply and exhaust ventilation unit control
system is developed. A technological description of the automation object has been
completed, a functional diagram of the ACS has been developed. The selection and
justification of automation means - Siemens temperature sensors, humidity sensors,
as well as actuators based on frequency converters and servo drives - has been carried
out. The hardware part of the CPU 1215C controller has been configured in the TIA
Portal environment. An electrical diagram has been developed.
In the third section, the controller software has been developed in the LAD
language in the TIA Portal environment. Five PID control loops have been
implemented to maintain the supply air temperature, protect the heaters from
freezing, and control recirculation. A human-machine interface has been developed
on the KTP400 panel with parameter display windows.
SUPPLY AND EXHAUST VENTILATION, AUTOMATED CONTROL
SYSTEM, SIMATIC S7-1200, TIA PORTAL, SUB-REGULATION,
TEMPERATURE SENSOR, CONTROL ALGORITHM.
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BCTYN

3abesneyeHHs KOMMOPTHOTO MiKpOKMiMaTy y BUPOBHNYMX, rPOMaAChKUX Ta
XKWUTMOBMX NMPUMILLIEHHSIX € OOHUM i3 KIIOYOBUX 3aBAaHb cyyacHoro byaiBHMUTBaA Ta
iHXeHepii. AkicTb NoBiTPsIHOrO cepeaoBuLLa 6e3nocepenHbO BNMBAE Ha 340POB'S,
npaLesfaTHICTb Ta caMomnoyyTTs Nofen, Lo nepebyBatoTb y NPUMILLEHHI.
HepocTaTHin NoBiTPOOOMIH NPU3BOAUTL 4O HAKOMUYEHHS BYITIEKUCIIONO raay,
NiABULLEHHSI BOSIOTOCTI, NMOSIBU HEMPUEMHUX 3anaxiB Ta PO3MNOBCIOAKEHHS
LUKIANMBKX MikpoopraHiamie. Came TOMy NUTaHHS opraHisadii ecpekTnBHOT
BeHTUNALIT HabyBae 0cobnMBOI BaXKNMBOCTI 51K Y MPOMUCIIOBOMY, TaK i B
umBinbHOMY ByaiBHMUTBI [1,2].

BaxxnuBy porb y BUPILLEHHI LbOro 3aBAaHHs BigirpatoTb NpUMnMBHO-

BUTSDKHI BEHTUMALIAHI yCTaHOBKK, siki 3abe3nevytoTb Nofgayy CBiXXOro noBsiTpsi,
BMAaneHHs 3abpyAHEHOrO, a TaKoX MiATPUMaHHS 3aaHnX napaMeTpis
Temnepatypu Ta BonorocTi. Cy4acHi NpUnNMBHO-BUTSKHI YCTAHOBKM € CKNaaHUMM
iHXEHEepPHUMK KoMMneKkcamu, 40 CKnagy sikux BXOASATb BEHTUNATOPW,
TennooOMiHHMKM, PinbTpK, 3acyBKM, pekynepaTtopu TennoTK Ta iHWi enemMeHTy.
EdekTnBHa po6oTa Takoro obnagHaHHs HeMoxnmea 6e3 YiTKo HanarogkeHol
CMCTEMMW aBTOMATMYHOTO yNpaBniHHs, 30aTHOI B peanbHOMY Yaci pearyBaTtu Ha
3MiHW 30BHILUHIX YMOB Ta BUMOT A0 MIiKpOKMimary.

TpaaunuinHi cucteMmn kepyBaHHsi BEHTUNALINHUM 06nagHaHHaM, nobyaoBaHi

Ha penenHO-KOHTaKTOPHI eneMeHTHin 6a3i, NOCTynoBO BTpa4alTb CBOK
aKTyanbHiCTb Yepes HU3bKY MHYYKICTb, CKNafHICTb HanaroXXeHHs Ta oObMexeHi
MOXITMBOCTI MOHITOPUHTY. Taki cUCTeMM BaXKKO afanTyBaTh 40O 3MIHHMUX YMOB
ekcnnyaradii, BOHW NOTpebytoTb 3HAaYHUX BUTPAT Ha TEXHIYHE 06CNyroByBaHHSA Ta
He [03BONSAIOTL peanidyBaTi eHeprooLwaHi pexumy pobotu. Kpim Toro,
BiJCYTHICTb MOXIMBOCTi ANCTAHLIHOrO KOHTPOSIO CYTTEBO YCKNaAHIOE
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onepaTuBHe pearyBaHHsi Ha aBapiliHi cuTyauii Ta BiAXMNEeHHS TEXHOMOTIYHNX
napameTpiB Bif 3a4aHNX 3HAYEHb.

HaToMicTb LUMPOKOro NOLUMPEHHS HabyBatoTb aBTOMaTU30BaHi cCUCTEMU



ynpaeniHHa (ACY) Ha 6a3i nporpamoBaHux noriyHmx koHTponepis (M/1K), ski
[03BONSIOTH peanidyBaTi CKnagHi anropuTMu perynoBaHHs, 3abeaneqmntu
OUCTaHUiIHWIA KOHTPOIb Ta iHTerpawito 3 cuctemamm aucneTtyepusadii 6yaieni.
3acTocyBaHHs MNJ1K gae 3amory 3Ha4Ho NiABULLMTY TOYHICTb NIATPUMAHHSA 3adaHNX
napameTpiB MikpoKnimaTy, CKOPOTUTU CMOXUBAHHS eNeKTPOoeHeprii 3aBasikv
peanisauii onTuManbHUX pPexxumia poboTK, a TakoxK 3abe3nedunTn HadiiHUiA 3axucT
obnapHaHHs Bif aBapiiHux cuTyauin. CyyacHi MJTK nigTpymyoTh WWPOKMiA

CNeKTP KOMYHiKaLiiH1X NPOTOKONIB, LLO A03BOMSE iHTErpyBaTU BEHTUMALIAHY
YCTaHOBKY A0 3aranbHoi cuctemu asTomatuaadii 6yaieni (BAS) abo
ANCreT4epcbKoro ynpasniHHSA [3, 4].

OpHMM i3 NpOBIAHMX pilleHb Y Uil ranysi € koHTponep Simatic S7-1200
BMPOGHMLTBA KoMmnaHii Siemens (HimeyunHa) — ogHOro 3i CBIiTOBMX NigepiB y
ranysi npoMm1cnoBoi asTomaTuaadii. KoHtponep noegHye KOMNaKTHICTb, BUCOKY
HaAiMHICTb, LUMPOKI KOMYHIKaLiIiHI MOXIMBOCTI Ta 3py4He cepefoBuLLe
nporpamyBaHHsi TIA Portal. 3aBasikv mogynbHin apxitektypi Simatic S7-1200
nerko macwtabyeTtbcsi BianoBigHo Ao notpeb koHKpeTHoro o6'ekta aBToMaTm3auii —
Bifl HEBENUKNX BEHTUNALINHNX YCTAHOBOK 40O PO3ranyXeHuX cuctem knimatuaawii
Benukux byaisens. Béyaoeanuii inTepderic PROFINET 3a6e3nevye 6e3npobnemHy
iHTerpauito 3 naHensimu onepatopa cepii SIMATIC HMI, yactoTHUMK
nepeTBoptoBavYaMm Ta iHWMMK NONLOBUMU MPUCTPOSMMU.

3acTocyBaHHs koHTponepa Simatic S7-1200 y cuctemax aBromaTtusauii
BeHTUNALii Ao3Bonse peanidysaTtu MI[-perynioBaHHsa TemnepaTtypv NpMnaMBHOroO
NOBITPS, aBTOMaTUYHE KepyBaHHS 3acyBKamu Ta YaCTOTHUMW NepeTBopioBavamMm
BEHTUNSITOPIB, KOHTPOSb CTaHy hiNbTPIB Ta 3aXUCT Big 06Mep3aHHs
TennoobmiHHuka. Cepeposuie nporpamysaHHsa TIA Portal Hagae iHxeHepy 3pyyHi
iHCTPYMEHTM Ans po3pobreHHs nporpamHoro 3abeanevyeHHs MoBaMu CTaHgapTy
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MEK 61131-3, HanaromxeHHs1 anropuTMiB yNpaBriHHA B PEXUMi OHMalNH, a Takox
CTBOPEHHSA HA0YHOrO NDAVHO-MALLMHHOTO iHTepdelcy. Bee Le cyTTeBo ckopoyye
TEPMIHN BBEAEHHA CUCTEMM B eKCniyaTaLiio Ta cnpoLuye i nogansiue
obcnyroByBaHHs [5].

AKTyanbHiCTb po60TN 06yMOBREeHa 3pocTayMm BUMOraMm Ao
eHeproeeKTNBHOCTI iHXEeHepHMX cuctem ByaiBenb, HEOOXIAHICTIO NiABULLEHHS
piBHA aBTOMaTM3aLii BEHTUNSALiNHOro obnagHaHHsa Ta AOLiNbHICTIO BNPOBaMKEHHS
cydacHux MNK-piweHb 3amicTb 3acTapinux 3acobis kepyBaHHs. B ymoBax
MOCTINHOrO 3pOCTaHHSA BapTOCTi EHEPrOHOCIB NUTaHHSA onTUMi3auii poboTu
BEHTUNSALINHMX cucTem HabyBae ocobnmBoi ekoHOMiYHOT Barn. Kpim Toro, cyyacHi
GyAiBenbHi HOPMU Ta CTaHAAPTU BUCYBaOTb AeAari XKOpPCTKiLLi BUMOrv Ao
napameTpiB MiKpoKniMary, Lo pobuTb BNPOBaKEHHS iIHTENEKTYanbHUX CUCTEM
aBToMaTM3aUil BEHTUNALT HaranbHOK HeobXigHICTIo.

MeTta po6oTu — po3pobreHHss aBTOMaTU30BaHOi CUCTEMM yNpaBmiHHSA
NPUMNVBHO-BUTSHKHOIO YCTaHOBKOO Ha 6asi kKoHTponepa Simatic S7-1200 i3
3abe3neyeHHsIM aBTOMaTUYHOIO PErynioBaHHsi mapaMeTpiB Mikpoknimary,
po3pobreHHsIM anapaTHOT kKoHirypauii cuctemmn Ta nporpaMHoro 3abesneyeHHs B
cepepnoBuLi TIA Portal, a Takox BepudikaLieto po3po6reHoro pilleHHs WAsxoM
CUMyNSLii Ta HanarogXXeHHs.

OB6'ekT [OCTIMKEHHS — NPUNIIMBHO-BUTSIKHA BEHTUMSALINHA YCTaHOBKa K

06'ekT aBTOMaTU3aUiT i3 CYKYMHICTIO TEXHOMOrYHUX NapameTpiB, Lo NianaraioTb
KOHTPOIIO Ta PeryntoBaHHIo.

MpenmeT focnifXeHHs — METOAM, anropuTMmK Ta 3acobn aBToMaTU30BaHOIO
ynpaBniHHS NPUNIUBHO-BUTSIXKHOK YCTaHOBKO Ha 6asi nporpamoBaHoro
noriyHoro koHTponepa Simatic S7-1200.

MpakTnyHe 3Ha4YeHHs poboTy nonsrae y po3pobreHHi KOMNIEKCHOro

TEXHIYHOro Ta NporpamHoro pitleHHs ACY NpunnvBHO-BUTSHKHOK YCTAHOBKOIO,
sike Moxe OyTu BnpoBaaxeHe Ha peanbHomy 06'ekTi. Po3pobneHa cuctema
3abesneyye aBToMaTUYHE NIATPYMAHHS 3aaHUX NapameTpiB MiKpoKmiMaTy, 3axucT

E}SM. Apk. No gokym. Mign. Aata
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obnagHaHHA Bif aBapiiHUX pexumiB poboTK, 3py4YHUI onepaTUBHUIN KOHTPONb i
ynpaeniHHA Yepe3 HMI-naHenb, a Takox noTeHuian Ans iHTerpawii i3 3aransHo



cuctemoto aBTomatumaadii 6yaisni. Pesynsrat po6oTn MoxyTb 6yT BUKOPUCTaHI
NPOEKTHUMM OpraHisauisiMu Ta nignpuemMcTBamMu, WO 3aiMaloTbCsl PO3POBIIEHHSAM i
BMNPOBaKEHHSIM CUCTEM aBTOMaTU3aLii iHKeHepHUX Mepex byaisens.

@M. Apk. No gokym. ign. Aara
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1 AHATI3 MPEAMETHOI OBMACTI TA OIMISAA ICHYIOUMX PIWEHb

1.1 Tlpu3HayYeHHst Ta NPUHLMN POGOTU NPUNIIMBHO-BUTSDKHMX
YCTaHOBOK

MpunnuBHO-BUTSXKHA BeHTUMsILIHA ycTaHoBka (MBY) — ue iHxeHepHui

NPUCTPIN, NPU3HAYeHWIN ANs opraHi3oBaHOro NOBITPOOOMIHY B NPUMILLEHHI
LUMAXOM OfHOYACHOI NoAadi CBKOro 30BHILLHBLOIO NOBITPSA Ta BUAANEHHS
BignpauboBaHoro. Ha BigMiHy Bif NpUpOAHOT BEHTUMALIT, ka 3anexuTb Bif pi3HULI
TUCKIB Ta TemMnepartyp, NPUNIMBHO-BUTSIKHI YCTAHOBKM 3a6e3nevytoTe NPMMYyCOBUIA
Ta KepoBaHWI MNOBITPOOOMIH He3aneXXHo Big MOroAHUX YMOB, LLO rapaHTye
cTabinbHe NiATPUMaHHS HOPMOBaHMX NapameTpiB MiKPOKMiMaTy NPOTSArOM YCbOro
POKY.

OcHOBHMM npusHadeHHaM MNBY e 3abe3neyeHHs HOPMOBaAHOTO

NoBITPOOOMIHY BiAMNOBIAHO A0 caHiTapHO-TirieHIYHMX BUMOT, NiATPMMaHHS 3adaHoi
TemnepaTypu NpUNIMBHOIO NOBITPS, MiNbTPaLis 30BHILLHLOrO NOBITPSA BiA NUMY Ta
3abpyaHeHb, a TakoX pekynepawis TennoT! BUTSXKHOTO MOBITPS 3 METO0
niaBULLEHHSI eHeproedekTMBHOCTI cucTeMu. 3anexHo Bia npusHaveHHst ob'ekta Ta
BMMOT A0 Mikpoknimarty, MBY MOXyTb TakoX BUKOHYBaTV OyHKLLT 3BONOXEHHS,
OCYLLEHHS Ta OXONOAXKeHHs noBiTps [6, 7].

KOHCTPYKTVBHWIA CkNag NpUnIMBHO-BUTSXKHOT YCTAHOBKM

TunoBa NpUNIMBHO-BUTSXKHA YCTAHOBKA CKNAAAETbCS 3 TaKUX OCHOBHUX
enemMeHTiB:

MpUNNUBHWIA Ta BUTSHKHUIA BEHTUNSTOPW € OCHOBHUMYW BUKOHABYMMU
MexaHiaMamu ycTaHoBKW. BoHM 3a6e3neyytoTb NpyMycoBe NepeMilLeHHs!
MOBITPSAHNX Mac y cUcCTeMi MOBITPOBOAIB. FK NPaBMIo, 3aCTOCOBYIOTHCSA
BiALLEHTPOBI ab0 OCbOBI BEHTUMATOPW 3 €NEKTPOABUIYHaMUN, OCHALLEHUMUN

3Mm. Apk. No gokym. Mign. Aata
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YaCTOTHMMW NepeTBOPOBaYaMU AJ1s MNABHOMO PerynioBaHHSA NPoayKTUBHOCTI.
PerynioBaHHs WBMAKOCTI 06epTaHHsi BEHTUNATOPIB [03BOMSAE ONTUMI3yBaTK
BMTpaTy NOBITPS BiANOBIAHO A0 NMOTOYHUX NOTPED i CYyTTEBO 3HN3UTU CMIOXKUBAHHS
eneKkTpoeHepri.

MoBiTPsiHI PiNbTPU NpU3HaYeHi ANA OYMLLEHHS 30BHILLHBOrO NOBITPS BiA
MeXaHi4YHMX YaCTUHOK — MUy, MUKy POCANH, KOMax TOLLO. 3anexHo Big BUMOr
[0 YACTOTU NOBITPS 3aCTOCOBYIOTHCS (DINBTPY Pi3HMX Knacis: Big rpyboi oumcTkm
(G3-G4) po ToHkoi (F7—F9) Ta abcontoTHoi (HEPA). B npoueci ekcnnyarauii
hinbTpK NOCTyNoBO 3abpyAHIOIOTLCS, WO NPU3BOANTL A0 3POCTAHHS
aepoavHaMIiYHOro OMnopy i 3HUXKEHHS NPOAYKTUBHOCTI YCTaHOBKU. [4nsi KOHTPOrto
CTaHy (pinbTpiB 3aCTOCOBYOTHCA AATYMKN Nepenagy TUCKY, CUrHan Skux
BMKOPUCTOBYETLCA CUCTEMOIO YNpaBiHHA ANs OPMYBaHHS curHany npo
HEeobXiaHICTb 3aMiHM 200 OYULLEHHS.

Pekynepatop Tennotn — TennoobMmiHHWI anapart, B SKOMy BignpaLboBaHe
BUTSXKHE MOBITPS BifAa€ YacTUHY CBOET TEMNOTW CBXKOMY MPUMIUBHOMY NOBITPIO
6e3 ix 6e3anocepenHLOro 3millyBaHHs. 3aCTOCyBaHHs pekynepaLwii 403BOMsie CyTTEBO
3HU3WUTW BUTPATK Ha NiirpiB 30BHILLHLOrO NOBITPSA B XONOAHY MOPY POKY.
HanbinbLu noLwmpeHnMmn TunaMmn pekynepaTopis € NNacTMHYacTi NepexpecHOTOYHI
Ta poTopHi. EpekTmBHICTb pekynepaLii cydacHux yctaHoBok gocsirae 70-90%, Lo
pobuTb ix 06OB'I3KOBUM €NEMEHTOM eHeproedeKTUBHUX BEHTUNALINHUX CUCTEM.
Kanopudep (Harpiay) npuaHadeHuii ons nigirpisy NpynanBHOrO NoBiTpst

[0 3ajaHol TeMnepaTtypu. 3anexHo Bifi HasiBHUX €HEProHOCITB 3aCTOCOBYHOTHCS
enekTpuyHi abo BoasiHi kanopudepn. BogsiHi kanopudepu nigknovaTees 40
CMCTEMU LIeHTpani3oBaHOro TennonoctadaHHs abo KOTenbHi Ta MatoTb BULLY
eHepreTnyHy eeKTUBHICTb NOPIBHAHO 3 eNeKTPUYHUMU. [INa 3axmcTy BOASHOrO
kanopudepa Bif, 3amep3aHHs B XONOAHY NOpy POKy cucteMa ynpaeniHHs



KOHTPOSOE TeMNepaTtypy TEMMOHOCIA Ta TemnepaTtypy MoBiTps nicns kanopudepa,
BXXMBAO4M BiANOBIOHMX 3aX04iB NPU KPUTUYHOMY 3HUKEHHI LiMX MOKa3HUKIB.

3m. Apk. No gokym. Mign. Aata
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MoBITPsHI kKNanaHu Ta 3aCyBKV BCTAHOBIIOIOTLCS Ha NPUMNVBHOMY Ta

BUTS)KHOMY MaTpyGKax yCTaHOBKM i MPU3HaYeHi ANst NEPEKPUTTS NOBITPSHUX
KaHanis npy 3ynuHLi BEHTUNATOPA, @ TaKoX A perynoBaHHsa BUTpaTH NoBiTps. Ak
npaBuWno, 3aCTOCOBYIOTLCS KranaHu 3 eneKkTponpuBOAOM, KEPOBaHUM Bif CUCTEMMN
aBTOMaTuKu. Npy aBapifiHii 3ynuHLI yCTaHOBKM KnanaHn aBToMaTu4HO
3aKkpmBaTbCa Ans 3anobiraHHs NPOHUKHEHHIO XONOAHOIO 30BHiLLHLOMO NOBITPS B
NPUMILLIEHHS.

LLlyMOrnyLIH1K BCTAaHOBMIOIOTLCS Ha BXOA| Ta BUXOAi NOBITPSIHMX NOTOKIB
AN 3HWKEHHS aepoaNHaMIYHOTO LLYMY, LLIO reHepyeTbCA BeHTUnATopamu. BoHn €
06OB'I3KOBUM €MEMEHTOM YCTAHOBOK, LLIO MOHTYHOTBCS B XKWUTMOBUX Ta
rpomMafcbkux Gyaisnsix.

MpuHUMN po6OTU NPUNIIMBHO-BUTSKHOT YCTAHOBKM

MpuHumn po6otu MNBY nonsirae B opraxisauii 4BOX 3yCTPi4HMX NOTOKIB

noBiTps. MpUNNMBHUIN BEHTUNATOP 3abupae 30BHILLHE NOBITPS Yepes
noBiTpo3abipHy peLUiTKy, Nponyckae Moro Kpisb inbTp rpy6boi Ta TOHKOT O4NCTKY,
[ani Yyepes pekynepartop, Ae BOHO nonepeaHbo NigirpiBacTbCA TENNOTO
BUTSDKHOTO MOTOKY, NICNsi YOro noBiTPs AOrpiBaeTbCA A0 3a4aHoi Temnepatypu B
kanopudepi Ta NoAaeTbCs Y BEHTUNbOBAHI MPUMILLEHHS Yepe3 Mepey NPUMMNBHUX
MOBITPOBOAIB i pPO3MNOAINbHNX MPUCTPOIB.

OpHOoYacHO BUTSPKHUI BEHTUNATOP BUAANSE BianpaLboBaHe NoBiTps 3
NPUMILLIEHb Yepes Mepexy BUTSXKHUX NOBITPOBOAIB, NPOMycKae Moro Yepes
pekynepaTop, Ae BOHO BifAae 4acTUHY TENNOTU NPUNIUBHOMY NOTOKY, MNIiCNS 4YOro
BMKWAAE Or0 Ha30BHI Yepe3 BUKUAHY PEeLLiTKy.

Cuctema ynpasniHHsi 6e3nepepBHO KOHTPOSOE TeMnepaTypy NpUnNIMBHOIO

Ta BUTSXKHOTO MOBITPS, Nepenag TUCKY Ha (inbTpax, NONOXEHHS NMOBITPSHUX
KnanaHiB Ta iHLi TEXHOMOriYHI NapameTpu, 3abe3nevyroyy aBToMaTuyHe
peryntoBaHHs poboTK BCiX BUKOHaBYMX MeXaHi3MiB BiANOBIAHO 4O 3a4aHOro
anroputmy.

3m. Apk. No gokym. Mign. Oata

ApK.

15

KPB..I-O4.00.00.000I‘I3

Pexvnmun poboTu NpunnmMBHO-BUTSHKHOT YyCTaHOBKM

Y npoueci ekcninyatadii NBY Moxe yHKLIOHYBaTU B KiNlbKOX pexumax:
ABTOMaTUYHUI PEXUM — OCHOBHUIA PEXUM POBOTH, NpU SIKOMY cuctema
ynpaBniHHSA CaMOCTIHO NIATPUMYE 3aaaHi napamMeTpu Mikpoknimarty, peryntorym
NPOAYKTUBHICTb BEHTUNSATOPIB Ta NOTYXHICTb Kanopudepa BianoBigHO A0
MOTOYHUX YMOB.

PyyHuii pexxnm — pexum, npu sskomy onepaTtop Bpy4Hy 3agae napameTpu
po6OTN OKpPEeMMX BUKOHABYMX MeXaHi3miB Yepe3 naHernb ynpaeniHHsg abo HMI-
iHTepderic. BukopuctoByeTbCA Nig Yac nyckoHanarogkyBanbHUX pobiT Ta
TEXHIYHOro 06CnyroByBaHHs.

HiuHWiA (€KOHOMIYHWIA) PEXUM — PEXMM 3HIKEHOT NPOAYKTUBHOCTI, LLIO
aKTMBYETBCS B HiYHMI Yac abo npu BiACYTHOCTI Ntogen y NpUMILLEHHI 3 METOD
eKOHOMii eneKkTpoeHeprii.

ABapINHNIA PEXNUM — PEXUM, LLIO aKTUBYETLCA MPU BUHUKHEHHI

HecnpaBHoCTel abo BigXWUMEHHI KOHTPObOBaHMX NapamMeTpiB 3a JONYCTUMI MeEXi.
Mepenbayae aBToMaTUYHE BiAKIMIOYEHHS YCTAHOBKM, 3aKPUTTS MOBITPSIHUX
KnanaHiB Ta popmMyBaHHSA aBapilHOro curHany Ans onepaTMBHOrO NepcoHany.
HopmaTuBHi BUMOrn fo napaMeTpiB MiKpoknimaTy

MapameTpu MikpoknimaTy, Lo NiATPUMYIOTECA CUCTEMOKO BEHTUNALT,
pernameHTylTbCs BiAMOBIAHUMM AepxaBHUMK ByaiBenbHUMK HopMamu Ta
caHiTapHuMmn npasunamu. 3okpema, A5 XUTNOBUX NPUMILLEHb HOPMYETLCA
TemnepaTypa noBiTps B Aiana3oHi 18-22 °C y xonogHun nepiog ta 22-25 °Cy
Tennui, BigHocHa Bonorictb 40-60%, a TakoX MiHiManbHa BUTpaTa CBiXKOro
NOBITPSA Ha oaHy NioavHy He MeHwe 30 mM3/rog. Ans BUPOBHWUYMX Ta rPOMafChKUX
NpuUMiLLeHb HOPMaTUBHI BUMOIM BU3HAYalOTLCS 3areXHO Big kaTeropii pobiT Ta
NPU3HaYeHHSA NPUMILLIEHHS. [JOTPUMaHHSA X BUMOT € 0BOB'SA3KOBOIO YMOBOIO Mpu
NpoeKTyBaHHi Ta ekcnnyaTauii CMCTeM BeHTUNALII, @ aBTomatnusoBaHa cuctema



ynpaeniHHA Bifirpae Kno4oBy porb Y ix 3abe3neyeHHi.
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enemeTpis (Big rpeubkux cnis «tele» - ganeko Ta «metron» - BUMiptoBaHHS) — Lie TEXHOMOrisi aBTOMAaTU30BaHOro 36opy BUMiptoBanbHOI iHpopmaLii npo

ctaH ob'ekTa abo npouecy Ta ii nepefadi Ha BiAcTaHb 40 NYHKTY Npuiiomy i obpobku. MoHATTS TenemeTpii 0Xonnioe BeCb NaHLXOK NEPETBOPEHD - Bif
NEPBUHHOTO BUMIipIOBaHHS (hi3NYHOT BEMMYNHM AATYMKOM [0 NPEACTaBNEHHS pe3ynbTaty y 3py4HOMY ANst aHanidy BUIMsSAI HA CTOPOHI croxusava
iHcbopmaLii. Takum YMHOM, TeNeMeTpuYHa CMCTEMA € KOMMIEKCHUM PiLLEHHSAM, Lo BKIOYaE B cebe BUMipIoBanbHi NepeTBoproBadYi, 3acobu NepBrUHHOI
06pobku curHanis, kaHan nepegadi AaHnx Ta nporpamHe 3abe3neyveHHst Ans npuinomy, 3éepiraHHs i BinobpaxxeHHs TeneMeTpuyHoi iHdopmallii.
_IcTOpMYHO NOHATTSA TenemeTpii BUHMKIO Y 3B'A3KYy 3 NOTpeboto 3aiicHI0OBaTU BUMIpIOBaHHSA Ha 06'ekTax, 4OCTyn A0 Akux ByB disnyHO ycknagHeHun abo
HEMOXNUBWIA. lNepLui TeneMeTpuyHi cuctemm 3'aBuniuchb y KiHui XIX — Ha nodyatky XX CTONITTS i BUKOPUCTOBYBANMCh NEPEBaXHO B METEOPOIOrii Ta

eHepreTuui. 3Ha4yHOro NMOLUTOBXY PO3BUTOK TENEMETPIi HabyB y cepeauHi XX CTONITTA B pamkax KOCMiYHMX Mporpam, Konu BUHMKNA HEOOXiAHICTb
OTpUMYyBaTK B peanbHOMy Yaci faHi Npo cTaH 60pTOBUX CUCTEM pakeT Ta cynyTHMKIB. Came KocMiyHa rany3b chopMyBara OCHOBHI BUMOTY 4O
TenemMeTpUYHUX CUCTEM: BUCOKA HaAiNHICTb, MiHiManbHe eHeprocrnoXuBaHHs, 3aBafoCTiNKICTb KaHany 3B'A3Ky Ta 34aTHICTb A0 poboTn B ymoBax
OMHaMivHoro cepeoBuLLa. 3rogom Ui NpMHUMNM Gynu nepeHeceHi B NPOMUCIOBICTb, TPAHCMOPT, MeAMLMHY Ta 6arato iHLWuX rany3ei. Y cyyacHomy
03yMiHHi TENEMETPIS € HEBIA'EMHOI CKNaJ0BOK aBTOMAaTU30BaHUX CUCTEM KEPYBaHHS TEXHONOoriYHMMK npouecamm (ACKTIT),

dMCTeM OMcneT4epcbKoro kepyBaHHsi Ta 36opy gaHux (SCADA), a Takox po3nodifieHnx CUCTEM MOHITOPUHIY Ha 6asi koHuenLii iHTepHeTy peyen (IoT).
BoHa f03Bonsie B pexuvMi peanbHOro Yacy oTpuMyBaTH akTyanbHy iHchopmalito npo ctaH obnagHaHHs, TeXHOMOrYHMX NapameTpiB abo HaBKONWLIHLOIO
cepefoByLLa, L0 € HEODXIAHO YMOBO AN NPUAHATTS CBOEYACHMX i 0OI'PYHTOBaHMX YNpaBniHCbKMX pilleHb. BiacyTHicTb abo 3aTpumka TenemeTpuyHoi
iHdbopmaLii B

ELM. Apk. No gokym. Mign. Oata
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aBTOMaTU30BaHUX—LUCTEMAX MOXEe NMPU3BOANUTU A0 BUHUKHEHHS aBapiiHUX CUTYyaL|ii, 3HWKEHHS SKOCTi NPoAyKLUii abo CcyTTEBUX €KOHOMIYHMX 3OUTKIB.

_CTpyKkTypHO Byab-sika cuctema TenemeTpii ckiagaeTbest 3 TPbOX OCHOBHUX (hYHKLiOHanbHMX 6nokiB. MepLumnii 6rok — BUMipHoBanbHWiA, WO BKIYaE

[aTyvKK Di3NYHMX BENUYUH (TEMMNEPATYPU, TUCKY, BOMTOFOCTi, MPUCKOPEHHSI, HAanpyry, CTpyMy TOLLO) Ta aHanoro-undpoBsi nepeTBoptoBadi Ans

oundpyBaHHA aHanoroBux curHanis. [pyruii 6bnok — nepegaBanbHuii, Wo 3abesnevye hopMyBaHHS NaKeTIB AaHKX Ta ix nepegady no kaHany 3B'si3Ky —

npogigHomy abo 6e3gpoToBoMy. TPETiN BNoK — NPUNManbHUIA, WO 34iNCHI0E NPUIAOM, AekoayBaHHs, 36epiraHHs Ta BijoOpaXXeHHs TeNeMeTpUYHMUX aHnx

y 3py4HOMY Ans onepaTtopa abo aBTOMaTU30BaHOI cMCTEMM BUMMAAL. Y cydacHUX peanisauisx Lj 6rnokv moxyTb 6yTu peanisoBaHi Sk Ha OKpemmx

anapatHux nnardopmax, TaK i iHTerpoBaHi B €AMHNI MIKPOKOHTPONEPHUIA By30s1. 3aCTOCYBaHHS TENIEMETPUYHIX CUCTEM Y rany3i MPOMMUCIIOBOI

aBTOMaTu3aLii € HaA3BMYaNHO LUMPOKUM. Y HadTorasoBili MPOMMUCIOBOCTI TENEMETPIS BUKOPUCTOBYETLCS AN MOHITOPUHTY CTaHy CBEPATIOBUH,

TpybonpoBOoAiB Ta HACOCHWX CTaHLN y pexumi peanbHoro Yacy. B eHepretuui TenemeTpuyHi cuctemu 3abesnevytotb 36ip 4aHux 3 po3nogineHmx

nigcTaHuii, NiYUNbHYKIB eNeKTPOEeHeprii Ta enemMeHTiB po3yMHUX efnlekTpomepex (Smart Grid). Y BUpoGHMYMX NpoLiecax TENEMETPIS [LO3BONSE

KOHTPOIMOBATU NapameTpy TEXHOMOFYHUX NiHilA, CBOEYACHO BUSIBNATU BiAXUIEHHS Bif, HOPMU Ta 3anobiratv nonomMkam obrnagHaHHs 3aBasku cucteMam
POrHOCTMYHOrO TeXHIYHOro ob6cnyroByBaHHS. LLIMpoko 3acTocoByeTbCS TENEMETPIS | B pOBOTOTEXHILi — ANa nepegadi AaHyx Npo cTaH NPYBOAIB, AATUKKIB
a HaBirauinHuMx cuctem MobinbHMX poboTiB A0 NynbTa onepatopa abo LeHTpanbHoi

CMCTEMM KepyBaHHS.

Y MeauuvHi TeneMeTpuyHi CUCTEMU 3aCTOCOBYHOTLCA AN ANCTaHLINHOIO

MOHITOPUHIY CTaHy MauieHTiB — peecTpaLii enekTpokapgiorpamu, piBHS HACUYEHHS

KPOBI KMCHEM, apTepianbHOro TUCKY Ta iHLKUX didionoriyHnx napameTpis 6e3

nNpu1B'A3KN NauieHTa Ao cTauioHapHoro obnagHaHHs. Lie go3Bonsie cyTTeBo

@M. Apk. No gokym. Mign. Aata
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iABMLLMTY KOMAOPT NaLieHTa Ta AKICTb MeANYHOI LONOMOrM, a TaKOX 3HU3UTU
HaBaHTaXXeHHSI Ha MeQUYHUI NepcoHan. Y CinbCbKOMY rocnogapcTBi CMCTEMM
TenemeTpii BUKOPUCTOBYIOTLCS AS151 MOHITOPUHIY MIKPOKMiMaTy B TEMMULSX,
BOSIOrOCTi I'PYHTY Ha NOMSAX, CTaHy CinNbCbKOrOCMOAAPCHKOT TEXHIKMN Ta yMOB
36epiraHHs 3epHa. TenemaTuyHi CMCTeMU Ha TPaHCNOPTi JO3BONSAOTL BiACTEXYBaTH
MiCLie3HaxXOMKEHHS, WBWAKICTb, BUTPaTy NarnbHOro Ta TEXHIYHWUIN CTaH
TPaHCMNOPTHMX 3acOBiB Y PEXUMI peanbHOro Yacy, Lo € OCHOBOK Cy4aCHWUX CUCTEM
ynpaBniHHsi aBTOMapKOM Ta fOriCTUKOH.
BaxnunBoto TeHOEHLi€0 OCTaHHIX POKIB € iHTerpauis TeNneMeTpuyYHMX CUCTeM
y KOHLENLjto iHTEPHETY peyelt Ta NPOMMUCIOBOrO iHTEPHETY peyeii (lIoT). B pamkax
Ljiei KoHUenLii okpeMi TenemMeTpuYHi By3nu o6'e4HyIOTECSA Y po3nogineHi Mepexi,
[ie KOXXeH NPUCTPI Moxe sk 3bupaTtu AaHi, Tak i nepegasaT ix 4O XMapHUX
nnatgopM Ans noganbLUOoro aHanidy 3 BUKOPUCTaHHAM METOAIB MaLLMHHOTO
HaBYaHHs Ta BENUKMX AaHUX. Be3npoToBi TexHomnorii nepeaayi gaHux BigirpaloTb
KI0YOBY posib Y NobyaoBi Takmx Mepex, OCKiNbKv A03BONSIOTL NigKNo4aTn Ao
CUCTEMMN MOHITOPUHTY 06'EKTM, pO3TaLLOBaHi y BaXXKOAOCTYMHMX MicLsax abo Taki,
LLIO MOCTIVHO NepemMiLLlytoTbCsi B MPOCTOPI.



Takum YMHOM, TENEMETPIst € hyHAAMEHTANbHOK TEXHOSOTIE Cy4aCHOI
aBTOMaTu3aldlii, Wwo 3abesneyye iHpopmaLiinHMiA 3B'A30K Mk i3nYHUM 06'EKTOM
KepyBaHHS Ta CUCTEMOIO NPUNHATTS pilleHb. EdeKkTMBHICTE aBToMaTn3oBaHoi
CMCTEMM B LIINMOMY 3HA4YHOI MIpOIO BU3HAYAETHLCS SKICTIO Ta CBOEYACHICTIO
TeneMeTpuyHoi iHbopmaLii, Lo HaaXoAuUTb Bif, MONMbOBKUX NPUCTPOiB. Came Tomy
03pOBNEHHs HafliHWX, EKOHOMIYHUX Ta PYHKLIIOHANBHO PO3BUHEHWX CUCTEM

[ﬁenemerpi'l' 3anuULIaETbCsA akTyanbHUM HayKOBO-TEXHIYHMM 3aBAaHHAM, a BUGIp
onTuMmarnbHoi TexHororii 6e34poTOBOI Nepeaadi AaHUX € OAHUM i3 KIOYOBUX eTaniB
NPOEKTYBAHHS TAKUX CUCTEM.

E}BM. Apk. No gokym. Mign. ata
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1.2 Ornsg cyvacHux cuctem aBToMaTmaalii BeHTunsuii

Cy4acHuWi pUHOK cMcTeM aBToMaTM3aLlii BEHTUNALLT NPOMOHYE LLUNMPOKUI

CNEKTP pillleHb — Bif MPOCTMX NOKarnbHUX KOHTPOepIB 3 dhikcoBaHUM Habopom
yHKUI [0 CknagHUX iHTErpoBaHUX cuctem ynpasniHHa 6yaisneto (Building
Automation System, BAS), Lo oxonntotoThb YCi iHXeHepHi nigcucteMmn ob6'exTa.
Bunbip KOHKpeTHOro pilleHHs Bu3Ha4YaeTbest Maclutabom o6'ekta, BUMoramu o
(hbyHKUiOHanbHOCTI, 6I04XKETOM NPOEKTY Ta HEOOXIAHICTIO iHTerpauii 3 iHwWyMK
cuctemamu [7, 8].

Knacudikauis cuctem aBTomatusadii BeHTunsAuii

3a piBHeM iHTerpauii Ta yHKLioHaNbHICTIO cucTemn aBTomaTuaawii

BEHTUNALIT NOAINATLCA Ha KiNbka OCHOBHUX KNaciB.

B6ynoBaHi KOHTpoONepu BEHTUMALINHUX YCTaHOBOK — HAWMPOCTILLKIA Knac
CUCTeM, LLO SBMSTbL COOOI0 cneLiani3oBaHi MikpornpoLecopHi 6rokn ynpaeniHHs,
iHTerpoBaHi 6e3nocepeaHbO Y BEHTUNSALINHY YCTaHOBKY BUPOOHUKOM. Taki
KOHTpOnepu mMakTb dikcoBaHui Habip YHKLA, ONTUMI30BaHKX ANs KepyBaHHS
KOHKPETHOIO MOAENII0 YCTaHOBKW. BOHM NpocCTi y HanawTyBaHHi, ane mawTb
obmexeHi MOXNMBOCTI aganTauii 4O HeCcTaHAapTHUX BUMOT 3aMOBHUKa Ta cnaoki
3acobu iHTerpauii i3 30BHiLWHIMK cuctemamu. Nprknagamm Takmx pilleHb €
BOYynOBaHi KOHTponepyu yctaHoBok Systemair, Salda, Vents Ta iHWNX BUpOBHUMKIB
BEHTUNSALIHOrO obnagHaHHS.

CneuianizoBaHi koHTponepu ans cuctem OBK — okpemuii knac

nporpamoBaHUX KOHTPOIepiB, po3pobneHnx crnewianbHo AN 3aCTOCYBaHHA B
cucTeMax onaneHHs, BeHTMnsALii Ta koHauuioHyBaHHs (OBK). BoHn matoTb
nonepeaHbO HanalToBaHi PyHKLioHanbHI 6rokv Ans TMNOBMX 3agay aBTomaTmaadii
BEHTUNSALIT, NiATPMMYIOTb CTaHAAPTHI KOMyHikauiHi npotokony BACnet, Modbus,
KNX Ta matoTb 3pyyHi iIHCTPYMEHTU KoHirypyBaHHsA 6e3 HeobxiaHoCTi
nporpamyBsaHHs. [1o Lboro knacy Hanexartb koHTponepu Siemens Climatix,
Honeywell EXCEL, Sauter EY-modulo, Johnson Controls Metasys.

3m. Apk. No gokym. Mign. Aata
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YHiBepcanbHi nporpamoBaHi norivni koHTponepwu (MJ1K) — 6arato-
PYHKLIOHanNbHi NPOMMWCIIOBI KOHTPOMNEPW 3ararnbHOro NPU3HaAYEHHS, WO
nporpamyTbCcs BiAMoOBIAHO A0 KOHKPETHMX BUMOT 06'ekTa. BoHu 3abe3nevyioTb
MakcuMmarnbHy rHyYKiCTb NpuW peanisauii anroputMis ynpaeniHHs, NiATPUMYOTb
LUIMPOKMI CMEKTP KOMYHiKaUiiHUX iHTepdbenciB Ta 4O3BONSIOTb iHTErpyBaTu
ynpaBniHHA BEHTUNALIEID 3 IHLUMMW TEXHOMOTIYHMMM npoLecamu. [1o Lporo knacy
HanexaTtb koHTponepu Siemens Simatic S7, Schneider Electric Modicon, Allen-
Bradley ControlLogix, OBEH MJIK Ta iHwwi.

Cuctemun aBTomatmsadii 6yaisni (BAS/BMS) — kOMNNeKCHi pilleHHs Ans
LileHTpani3aoBaHOro ynpaeniHHA BCiMa iHXXeHepHUMK cuctemamu Gyaisni:
BEHTUNSLE0, ONaneHHsM, KOHAULIOHYBaHHSIM, OCBITNEHHSM, ENEKTPO-
nocrayaHHsaM, 6e3nekoto ToLo. BoHn 6a3ytoTbes Ha iepapxiyHin apxiTekTypi 3
NONbLOBUM, YNPaBNSOYMM Ta ANCNETYEPCLKAM PIBHAMU Ta BUKOPUCTOBYIOTh
CTaHAApPTU30BaHi BIAKPUTI NPOTOKONM ANst 0OOMiHY AaHUMK MiX MigcucTeMamu.
MpoBigHMMK nocTayanbHMKamMu Takux pileHb € Siemens (Desigo CC), Honeywell
(EBI), Johnson Controls (Metasys), Schneider Electric (EcoStruxure).

Ornsip NpoBigHMX pilleHb Ans aBToMaTm3alii BeHTUnsuii

Siemens Climatix — cneujianizoBaHa niHiika koHTponepis Ansa cuctem OBK

Bif, komnaHii Siemens. KoHTtponepu cepii Climatix IC Ta Climatix Plus matotb



BOynoBaHy 6ibnioTeky dyHKUiOHanbHUX GNokKiB ANs ynpasniHHA TUNOBUMU
BEHTUNALINHNMUN YCTaHOBKamu, NigTpumytoTb npotokonn BACnet IP/MSTP,
Modbus RTU/TCP ta LonWorks. CepegoBuile nporpamysaHHsi Climatix Tool
3abe3snevye rpadiyHe koHdirypyBaHHsa cucteMun 6e3 HeobXiAHOCTi HanMcaHHs
nporpamHoro kofy. lNepeBaroto € WBUAKE BBEAEHHS B eKCniyaTaLiio 3aBasku
roToBMM LWabnoHam ANns cTaHAapTHUX KOHIrypauin BEeHTUNALINHUX CUCTEM.
Honeywell EXCEL 800 — cepisi kOHTponepiB Ans ynpaeniHHS cuctemamm

OBK 'y Benukux komepLinHmx byaiensax. KoHTponepu NigTpyMyoTb NPOTOKONM
BACnet Ta LON, matoTb po3BuHEHi (OyHKLT eHeproMeHemMmKMEHTY Ta iHTerpytoTbes

3m. Apk. No gokym. Mign. Oata
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3 cucTemoto aucnetyepmsadii Honeywell EBI. BigpisHatoTbCs BUCOKOO HaginHICTIO
Ta LUMPOKUM OCBIAOM 3aCTOCYBaHHSA Ha 06'eKTax Pi3HOrO NPU3HAYEHHS.

Sauter EY-modulo 5 — cyvacHa cepist KOHTponepis LWBeNLapcbKoi KoMnaHii
Sauter, opieHTOBaHa Ha 3acTOCyBaHHs B ccTemMax aBToMaTtuaauii 6yaisens knacy A
Ta B. KoHTponepu matoTb MOAYNbHY apXiTeKTypy, NiATPUMYOTb NPOTOKONN
BACnet, Modbus Ta KNX, a cepenosuie nporpamyBaHHs CASE Engine
3abe3neyye 3pyyHe rpacivHe KoHdirypyBaHHs. OcobnueicTio € BUCOKa
eHeproedeKTNBHICTb Ta NiATPUMKa XMapHUX CepBICiB ANS ANCTaHLINHOIO
MOHITOPUHTY.

PayT ABTOMaTUKK — Cepis yKpaiHCbKMX MPOrpamMoBaHuX KOHTPONepiB, Lo

LLIMPOKO 3aCTOCOBYIOTLCH B CMCTEMax aBToMaTu3aLii BeHTUNALi Ha o6'ekTax
Ykpainn. KoHTponepu nporpamytotbest B cepenoBuLli Qubix, niaTpumyoTs
npoTtokonu Modbus RTU/TCP Ta matoTb LUMPOKWIA BUBGIp MOAYNIB PO3LUMPEHHS
BITYM3HAAHOTO BMPOOHMLTBA. [epeBaroto € AoCTynHa WiHa, HasiBHICTb TEXHIYHOT
NiATPUMKN Ta AOKYMeHTaLiT yKpaiHCbKO MOBOIO.

TeHaeHUiT po3BUTKY cMcTeM aBTomMaTuaaLii BeHTunaAuii

Cy4acHuii po3BUTOK CUCTEM aBTOMaTM3aLii BEHTUNSALT BU3HaYaeTbCs

KinbKOMa KIo4OBUMU TEHAEHLIAMMN.

MepLuoto 3 HKX € iHTerpauisa 3 koHuenuieto IHTepHeTy peyelt (IoT) Ta

XMapHMMU nnatgopmamu, Lo JO3BONSE peanidyBaT AUCTAHUIHUIA MOHITOPUHT i
ynpaBniHHA BEHTUNALIMHAMUN CUCTEMaMK Yepe3 Mepexy |HTepHeT, HakonuvyBaTu
Ta aHanisyBaTy BeNnuKi MacuBmM AaHnx Npo poboTy obnagHaHHs, a Takox
peani3oByBaTV NpeanKTUBHE TEXHIYHE 0O6CNyroByBaHHA Ha OCHOBI aHanidy TpeHAaiB.
[pyroto TEHAEHLIE € BNPOBaXXEHHS anropuTMIB LUTYYHOTO iHTENEKTY Ta
MaLUMHHOTO HaBYaHHSA Ans onTumisauii poboTn BeHTUNALUiNHUX cuctem. Taki
anroputTMu 403BONSIOTL NPOrHO3yBaTW 3MiHW HaBaHTaXEeHHS, aganTyBaTy pexumm
po6oTKN yCTaHOBKM A0 peanbHMX YMOB eKcrninyaTaLii Ta MiHiMi3yBaTu CroXuBaHHS
eHeprii Npu 3abe3neveHHi HOPMOBaHMX NapameTpiB MikpoknimaTy [9].

3m. Apk. No gokym. Mign. Oata
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TpeTboto TEHAEHLEI € PO3LUMPEHHS 3aCTOCYBaHHA 6€30pOTOBMX TEXHOIMONi
nepepadvi AaHux — ZigBee, Z-Wave, LoRaWAN — ans nigknioYeHHs NonboBmx
NPUCTPOIB, O CNPOLLYE MOHTaX CUCTEM aBTOMAaTU3aLlii Ta 3HWXYE BapTiCTb
kabenbHoi iHppacTpykTypu.

YeTBepToo TEHAEHLUIE € NiaBULLIEHHS BUMOT A0 kibepbesneku cuctem
aBTOMaTm3aLii byaiBenb y 3B'3Ky 3 iX 3pOCTalOYO0 MiAKMIOYEHICTIO O Mepex
nepepadi AaHnx. CyyacHi KOHTponepw Ta nporpamHe 3abe3neyeHHs peanisyloTb
3acobu WndpyBaHHA faHUX, aBTeHTUdIKaLiT KOPUCTyBaYiB Ta 3axuUCTy Big
HeCaHKLOHOBaHOro OCTYMY.

TakvM YMHOM, Cy4aCHU PUHOK NMPOMOHYE LUMPOKUIA CNEKTP pilleHb Ans
aBToOMaTun3aLii NPUNNNBHO-BUTSXXHUX YCTAHOBOK — Bif criewianizoBaHnx
koHTponepis OBK fo yHiBepcanbHux MNJIK Ta iHTerpoBaHux cuctem aBTomatu3aadii
6ynisenb. KoxHe 3 Lux pilleHb Mae CBOI nepeBary Ta 0OMeXeHHs, Lo BU3HaYaloTb
[OUINBHICTb iX 3aCTOCYBaHHS 3aneXHO BiJ KOHKPETHUX YMOB NMPOEKTY.

1.3 TMopiBHANBHMI aHani3 KOHTPONEPIB ANA aBToMaTm3auii
BEHTUNALINHNX CUCTEM

Bubip KOHTponepa € OfHWUM i3 KIMYOBUX PiLlleHb MPY NPOEKTyBaHHi
aBTOMAaTU30BaHOI CUCTEMM YNPaBniHHS NMPUNIUBHO-BUTSXKHOK YCTaHOBKO. Ha



Cy4aCHOMY PUHKY NPEACTaBNeHO LUMPOKMI CMEKTP PilleHb Bif MPOBIAHNX CBITOBUX
Ta BITYN3HSHMX BUPOBHWKIB. Y AaHOMY Migpo3aini BUKOHAHO NOPIBHAMbHWIA aHani3
YOTUPBLOX KOHTPONEPIB, L0 € HANBINbLL NOLIMPEHNMUN Y CUCTEMAX aBToMaTU3aLii
BeHTMNAUIT: Siemens Simatic S7-120@chneider Electric Modicon M221,
Honeywell EXCEL 800 ta PAYT-AsTomatuk MaxyCon Flexy-S2-B1.

1. —
emens Simatic S7-1200
1 R )
i oHTponep Simatic S7-1200 € komnakTHUM yHiBepcanbHum MIK
BMPOOHMLTBA KOMMaHii Siemens, opieHTOBaHNM Ha 3aCTOCyBaHHS B CUCTEMaXx

3m. Apk. No gokym. Mign. Aata
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aBTOMaTu3aLii Mmanoro Ta cepegHboro Macwtaby. basosuii mogyns CPU 1214C mae
y cBoeMy cknagi 14 auckpetHux Bxopais, 10 AUCKPETHUX BUXOAIB, 2 aHAroroBi

BXOAM Ta NiATPUMYE MiAKIOYEHHSA 40 8 MoAyniB PO3LUMPEHHSI CUrHaniB, Lo
3abeanedye LWMPOKI MOXIIMBOCTI HapoLLyBaHHS KoHdirypauii, puc. 1.1.

PucyHok 1.1 — 3aranbHuii Burnag koHtponepa Simatic S7-1200

B6ynosanuii iHTepderic PROFINET fo3sonsie nigkniodati naHeni

onepatopa cepii SIMATIC HMI, yacToTHi nepeTBoptoBadyi Ta iHLLi NONbOBI
npucTpoi 6e3 ogaTkoBKX LWM3iB. MNporpaMyBaHHS 30iNCHIOETHCSA B CEPEAOBULL
TIA Portal moBamu ctaHgapty MEK 61131-3 — LAD, FBD Ta SCL. BbygoBaHi
TeXHONOorivHi yHKLUiT BkntovatoTb [MI-perynsatopu, NiYMnbHUKN LBUAKUX
iMnynbciB Ta dyHKLIT pyxy. KoHTponep niaTpumMye KOMyHiKaLiviHi pOTOKOMu
PROFINET, Modbus TCP/RTU Ta AS-i [7].

Schneider Electric Modicon M221

KoHTponep Modicon M221 € komnakTHum MJTK noyaTkoBoro piBHS Bif

komnaHii Schneider Electric, L0 NO3MLIOHYETLCA K PiLLEHHSA ANS HeCKnagHWX
3apjay aBTomartum3adii. basosuit mogyne mae Big 10 4o 24 OnMcKpeTHUX
BXOZiB/BMXOAIB 3anexHo Bia MmoaudikaLii Ta niaTpymye 4o 7 MoayniB po3LUMPEHHS,
puc. 1.2.

@M. Apk. No gokym. Mign. Aata
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PucyHok 1.2 — 3aranbHuii Burnag koHtponepa Schneider Electric Modicon

B6ynoBaHwii iHTepdeiic Ethernet fo3Bonse nigkniovaTucs [o mepexi Ta
B3aemopist™i 3 cuctemamu SCADA. MporpamyBaHHS 30IMCHIOETLCSA B CepeioBULL
EcoStruxure Machine Expert Basic, sike nigTpumye mosu IL, LD Ta Grafcet.
KoHTponep niatpumye npotokonu Modbus TCP/RTU Tta Ethernet IP. IMNopiBHsHO 3
Simatic S7-1200, Modicon M221 mae MeHLwwniA o6csr BOyfoBaHO! nam'aTi Ta
oBMeXxeHiLLi MOXNMBOCTI peanisauii cknagHux anropuTmiB perynioBaHHsi, Lo €
CYTTEBMM HEZOnNiKoM Npu aBToMaTm3aLii BEHTUNSLINHUX YCTaHOBOK 3
6araTokOHTYPHUM peryntoBaHHsaM [9)].

Honeywell EXCEL 800

KoHTponep EXCEL 800 € cneujanizoBaHuMm pilleHHsM komnaHii Honeywell

A5 CUCTEM OnaneHHsi, BEHTUNALT Ta KOHAMLIOHYBaHHS NOBITPS Y BEMUKNX
komepuiiHux Byaisnsx, puc. 1.3. Ha BigmiHy Big yHiBepcanbHux MJIK, BiH mae
nonepeaHbO HanalToBaHi yHKLiOHanbHi 6roku Ans TUNOBKX 3aday aBTomaTusaii
OBK, o cyTTeEBO CKOPOYYE Yac HanaromxeHHs cuctemu. Migtpumye
KOMYHikaUiiHi npotokonu BACnet Ta LON, wo 3a6e3nevye 6e3npobnemHy
iHTerpauijto o cuctem aBToMaTu3adii byaisni. Pasom i3 TMM KOHTponep Mae BULLY
BapTiCTb NOPIBHAHO 3 YHiBepcanbHumu MK, a noro HanarofxeHHsa Bumarae
cneujanisoBaHoro NporpamHoro 3abe3nevyeHHs Ta 4OCBidy po6oTK 3 NpogykTamu

3m. Apk. No gokym. Mign. Oata
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Honeywell. Lie pobuTb 40ro 3acTocyBaHHs AOLiNbHUM NEepeBa)HO Ha BENUKUX
o6'ekTax, Ae BXe BUKOPUCTOBYETLCS eKocucTeMa obnagHaHHsA AaHoro BUPOGHWMKa.



PucyHok 1.3 — 3aranbHuii Burnsg koHtponepa Honeywell EXCEL 800

PAYT-ABTomaTmaxyCon Flexy-S2-B1

oHTponep MaxyCon Flexy-S2-B1 € BinbHO nporpamoBaHvM KOHTPONepoM
ykpaiHcbkoro Bupo6Huka PAYT-AsTomatuk — 100% BiTYM3HSHOMO BUPOBHMKa
MikponpoLecopHux 3acobiB i nporpaMHUX NPOAYKTIiB B ranysi asTomatusadii Ta
ynpaeniHHsA. KoHTponep npusHadeHuin Ans ynpaeniHHA 6yab-akumu
TeXHoNoriYHMMK npouecamm abo ycraHoBKamu 3a 3anncaHo KopucTysadem
nporpamoto Ta Mae y CBOEMY Cknafi 14 yHiBepcanbHUX aHanoroBux/anUCKPETHUX
BXO/AiB, 6 yHiBEpCAnbHMX aHanoroBmx BUxoAiB abo AMckpeTHux Bxoais Ta 10
anckpeTHUx 6e3noTeHuinHmMx penenHux suxogis [10].
MporpamyBaHHsi KOHTponepa 3,D,il7ICHI0€TbC£
3a
craHaaptom IEC 61131-3. KoHTponep nigTpymMye nepefady AaHux no npoTokonax

3m. Apk. No gokym. Mign. Oata

ApK.
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RS-485 (Modbus RTU Master/Slave), Ethernet (Modbus TCP Master/Slave), a
Takox npotokon MQTT Ans 3actocyBaHHsA B cucteMax IHTepHety peden (loT).

PucyHok 1.4 — 3aranbHuii Burnag koHtponepa MaxyCon Flexy-S2-B1

MopynbHa apxiTekTypa KOHTpornepa A03BOMNse y MakcuManbHin koHdirypauii
niaknounTy go 6a3oBoro Moadyns 8 MoayniB PO3LUMPEHHS Pi3HUX TWMIB MO
BHYTPILLUHIN WKHI. [N BigobpaxeHHs iHdopMaLiii Ta onepaTMBHOrO ynpaemniHHA
nepenbaveHo NiaknioYeHHs BUHOCHOT naHeni S2-Monitor 3 konbopoBuUM rpadivyHMM
auncnneem 2,4". KonTponep Takox nigTpumye dyHkuito MiO-perynioBaHHsa Ta
PO3BMHEHI MOXINNBOCTI apXiByBaHHS AaHWX Y BHYTPILLHIN nam'aTi Ta Ha Flash-kapTi
[10].

MepeBaroto MaxyCon Flexy-S2-B1 € ykpaiHcbke BUPOOHULTBO, 4OCTYMNHA

LjiHa Ta HasBHICTb TEXHIYHOT MiATPMMKM Bif BiTYM3HSAHOTO BUPOOHMKa. Pasom i3
TUM cepefosye nporpamysaHHs RAUT Qubix € MeHLU NoLwmMpeHum nopiBHAHO 3
TIA Portal, Lo Moxe ycknagH1TK NOLLYK KBanidikoBaHUX cneuianicTiB Ans
obcnyroByBaHHsS CUCTEMU.

B tabnuui 1.1 npeacraBneHo y3aranbHeHU NOPIBHSANbHUIA aHani3

PO3rMsIHYTUX KOHTPONEpIB.

3m. Apk. No gokym. Mign. Oata
ApkK.
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Tabnuus 1.1 - MopiBHsNbHA TabnuLa KOHTponepis
Xapaktepuc-

TUKa

Simatic S7-

1200

Modicon

M221

EXCEL 800 MaxyCon
Flexy-S2-B1

BupobHuk Siemens
(Himeuuunna)

Schneider

Electric

(dpaHuis)

Honeywell

(CLWA)

PAYT-

ABTOMATUK

(Ykpaina)

lMpusHayeHHs yHiBepcanbHUI yHiBEpcanbHWn cneLianisaoBaHni yHiBepcanbHUn
Cepepnosuie

nporpamyBaHHS

TIA Portal EcoStruxure
Machine

cepegosuLLi po3pobku RAUT Qubix 3 BUKOPUCTAHHAM CTaHAapTHUX MOB nporpamysaHHs FBD/CFC ta ST



Expert

CARE RAUT Qubix
Mosu

nporpamyBaHHS

(MEK 61131-3)

LAD, FBD,

SCL, STL

IL, LD,

Grafcet

rpacpiyHe
KOHGirypyBaHHs1
FBD/CFC, ST
B6ynosaHi
BXoau/Buxooun
14DI/10DO/2AI 10-24 DI/DO 3anexHo Big
KOHdpirypauii
14U1/6U0/10DO
Mogyni

PO3LUMPEHHS
no8po7Takao 8
KomyHikauinHi
NpoTOKONN
PROFINET,

Modbus

TCP/RTU

Modbus

TCP/RTU,

Ethernet IP

BACnet, LON Modbus
RTU/TCP,

MQTT

MigTpymka

mpa-

perynioBaHHs

Tak obmexeHa Tak Tak
B6ynoBaHuii
Beb-cepBep

Hi Hi Hi Tak

MigTpumka

loT/MQTT

yepes

[100aTKOBI

moayni

Hi Hi Tak
(BOynoBaHuWN)

PiBeHb

NOLUNPEHOCTI

[y>Ke BUCOKWIN BUCOKUIA cepefHili cepeaHin
BapTicTb cepeaHs Hu3bka BUCOKA HU3bKa

[MpoBeaeHWn NOPIBHANBHWI aHarni3 Nokasye, WO KOXEeH i3 pO3rnsHyTUX
KOHTpOSEepiB Mae cBOi nepesaru Ta obmexeHHsi. KoHtponep Simatic S7-1200
BUPI3HAETLCA HANLUMPLIMMK PYHKLIOHANBHUMN MOXIMBOCTSAMU, PO3BUHEHOO
€KOCMCTEMOLO NporpamHoro 3abesneyeHHst Ta nepudepinHUX NPUCTPOIB, a TaKOX
HanbinbLLOK NOLIMPEHICTIO cepen crneuianicTiB i3 NPOMMUCIIOBOI aBToMaTu3alLlii.

ELM. Apk. No gokym. Mign. Oata
ApK.
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[eTtanbHe 06rpyHTYBaHHS BUGOpyY KOoHTponepa Simatic S7-1200 sik ocHoBM Ans
po3pobntoBaHoi ACY HaBeAeHO B HAaCTyMHOMY Niapo3aini.

1.4 O6r'pyHTyBaHHS BUBOPY KOHTponepa Simatic S7-1200

Pesynsrati nopiBHANBHOrO aHaniay, BUKOHAHOTO y nonepeaHboMy
niapo3zaini, 4EMOHCTPYHOTh, WO KoHTponep Simatic S7-1200 € HanbinbLWw AouinbHUM



BMGOPOM ANs peanisaLii aBTOMaTN30BaHOI CUCTEMU YMPaBMiHHS MPUNIIMBHO-
BUTSIXKHOK YCTaHOBKO. Hixye HaBefeHo AeTanbHe 06rpyHTYBaHHS LibOro BUGopy
3a KIYOBUMU KPUTEPISMU.

PyHKLiOHaNbHI MOXNUBOCTI

Simatic S7-1200 3abe3neyvye noBHWIA Habip dyHKLiA, HeOBXigHMX ANs
aBTOMaTu3aLii NPUNIMBHO-BUTSXKHOI yCTaHOBKWU. BOynoBaHi TexHonorivHi 06'ektn
PID_Compact ta PID_3Step nossonsiotb peanidyBatu 6aratokoHTypHe IMIA-
perynioBaHHsa TemnepaTypu NpUNInBHOro NoBiTpsi 6e3 HeobxiaHOCTI Ppo3pobneHHs
BIACHVX anropuTMiB perynioBaHHs 3 Hyns. JliunnbHukn weuakux imnynscis (HSC)
3abe3nevyoTb MOXIMBICTb MigpaxyHKy iMNynbCiB Big BUTPATOMIpIB Ta eHKOAEepiIB.
DyHKLiT 06pobKkM NepepuBaHb 3a YacoM Ta Mo PPOHTY CUTHany rapaHTyTb
CBOEYACHY peakLjito CUCTEMU Ha aBapilHi NoAii.

Cepeposulle nporpamysaHHs TIA Portal

OpHUM i3 Baromyx apryMeHTiB Ha KopucTb Simatic S7-1200 € notyxHe Ta

3pyyHe cepenosule nporpamysaHHsi TIA Portal (Totally Integrated Automation
Portal). BoHo 06'egHye B eAMHOMY NpOrpaMHOMY CepefoBULLi iHCTPYMEHTU Ans
KOHDirypyBaHHs1 anapaTHoi YacTUHWU, PO3POBNEHHS NporpamM KOHTponepa,
HanalTyBaHHS KOMYHiKaLii Ta cTBopeHHs npoekTiB HMI-naHenei. Lie cytTteBo
CrnpoLLye npouec po3pobrieHHs Ta HanarofKeHHsi CUCTEMM, OCKiNbKU BCi CKnaaoBi
NpoekTy AOCTYMHi 3 eanHoro iHTepdericy. TIA Portal niaTpumye mosum
nporpamysaHHs LAD, FBD, SCL ta STL BignosigHo go ctaHgapty MEK 6113

3m. Apk. No gokym. Mign. Oata Apk.
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Lo 3abe3nevye WMPOKIi MOXNMBOCTI ANst peanisauii anroputmis ynpasniHHS pi3HOT
CKnagHocTi.

KomyHikauiiHi MOXXn1BOCTi

B6ynosanuii inTepdeic PROFINET koHTponepa Simatic S7-1200

3abesneyvye Moro nigknoyeHHs Ao mepexi Ethernet Ta B3aemogito 3 WMpokum
CNEeKTPOM nepudepinHux NPUCTPOIB — NaHensiMy ornepaTopa, YacTOTHUMMU
nepeTBoptoBaYaMmn, PO3noAiNeHMn MoAyNAMU BBEAEHHA-BUBEAEHHS TOLLIO.
MiaTpumka npotokony Modbus TCP/RTU po3Bonsie iHTerpyBaTut KOHTponep Ao
cucTeM aucnetyepmsadii 6yaisni, a Takox NigknoYaT! NonbLoBI Npunagu 3
BiAMNOBIAHWMM iHTepdericom. Lle € BaxnumBoto nepesaroto 3 TOUKK 30py
MacLuTaboBaHOCTI Ta NoAarnbLOro Po3BUTKY CUCTEMMU.

HapinHicTb Ta npomM1croBe BUKOHAHHSA

KoHTponepu cepii Simatic S7-1200 BUrotoBnsitoTbCA BiANOBIAHO A0

XOPCTKMX BUMOT NPOMMUCIIOBOrO CTaHAAPTY Ta Nponwwnu ceptudikadiio 3a
MixxHapogHumu ctaHgaptamu CE, UL, cULus. BoHu po3paxoBaHi Ha po6oTy B
AianasoHi Temnepatyp Big 0 go +55 °C Ta BigHOCHI BonorocTi Ao 95% 6e3
KOHAEHcaLii, Lo BiANoBigae ymoBam ekcnnyarauii y Wwutax ynpasniHHS
BEHTUNALNHNX ycTaHoBOK. CepepHiii HapobiTok Ha BinMoBy (MTBF) koHTponepis
Simatic S7 ctaHoBuTb noHag 100 000 roawuH, Wwo 3abesnevye BUCOKY HadiHICTb
CUCTEMU B LiNOMY.

IHTerpauis 3 naHenamu HMI

Simatic S7-1200 € onTMManbHO CyMiCHUM 3 NaHeNsIMU onepartopa cepii
SIMATIC HMI Basic Ta Comfort Big Toro » Bupo6Huka. 3aBasiku eauHOMy
cepepoBuLly TIA Portal npoekt HMI cTBOpIOoETECA NapanensHo 3 MPOeKTOM
KOHTPOIepa, a TErm KOHTporepa aBTOMaTUYHO AOCTYMHI NPY Po3pobreHHi ekpaHiB
onepatopa. Lle 3Ha4yHO ckopoyye Yac po3pobneHHs MANHO-MaLLNHHOMO
iHTepdericy Ta MiHIMi3ye MMOBIPHICTb MOMUIIOK NPY HanaLITyBaHHI KOMYHiKaLii
MiXX KOHTpOnepom Ta naHennto, puc. 1.5.

3m. Apk. No gokym. Mign. Aata
Apk.
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PucyHok 1.5 — 3aranbHuii BUrNsig npoaykTie Siemens

MowwmpeHicTb Ta nigTpMmKa

KoHTponepu Simatic S7-1200 € ogH1MM 3 HaWGINbLL NOLUMPEHUX Y CBITI Ta
LUMPOKO 3acTOCOBYHOTbCH B YkpaiHi. Lie 3abe3nedvye oocTynHicTb kBanidikoBaHMx
cneuianicTiB ANS MOHTaXy, HanarofAXXeHHs Ta 06CnyroByBaHHA CUCTEMU, a TaKOX
LUMPOKY Ba3y TeXHIYHOT AOKyMeHTaLil, HaBYanbHUX MaTepianiB Ta roToBMX
npuknagis nporpam. Po3sranyxeHa Mepexa aBTOPU30BaHNX CEPBICHUX LIEHTPIB



Siemens B YkpaiHi rapaHTye onepaTvBHe TEXHIYHEe OBCIyroByBaHHsi Ta NocTavyaHHs
3anacHux YacTuH [11, 12].

Takum 4nHom, koHTponep Simatic S7-1200 € onTumansHUM BUGOpPOM Anist
peanisauii ACY npunnnBHO-BUTSXKHOKO YCTaHOBKOIO 3aBASIKM NOEAHAHHIO LUMPOKNX
(hYHKLiOHaNbHMX MOXIUBOCTEN, 3pyYHOro CepefioBuLLa NPorpamMyBaHHs,
PO3BMHEHMX KOMYHiKaLiiHV1X 3acobiB Ta BUCOKOI HaAiNHOCTI.

3m. Apk. No gokym. Mign. ata
ApkK.
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1.5 MocTaHoBKa 3apavi

Ha nigcrtasi npoBeaeHoro aHanisy npeaMeTHoI obnacTi, ornsgy iCHy4nx

pilleHb 3 aBTOMaTM3aLlii BEHTUNSALIMHUX cucTeM Ta obr'pyHTyBaHHS BUBopy 3acobis
aBTOMaTuM3aLjii chopmynboBaHO MeTY Ta 3aBAaHHsA AaHoi bakanaBpcbkoi poboTu.
MeToto po6oTH € po3poBrneHHst aBTOMAaTM30BaHOI CUCTEMMU YNpaBMiHHS
NPUNIIMBHO-BUTSXKHOK YCTAaHOBKOW Ha 6a3i koHTponepa Simatic S7-1200, wo
3abe3neyye aBToMaTuyHE MiATPUMaHHS 3aaHnX napaMeTpiB Mikpokimarty, 3axucTt
obnagHaHHs Bif aBapiiHUX PeXuMiB poboTn Ta 3pyYHUIA NOANHO-MALIUHHWIA
iHTepderic Ans onepaTMBHOrO NepcoHany.

[nsi [OCSArHEeHHs! NoCTaBeHO MEeTU HeObXigHO BMPILLUTY Taki 3aBOaHHS:

- pO3pOBUTY CTPYKTYPHY Ta dyHKLiOHanbHy cxemn ACY npunnvBHO-

BUTSXKHOIO YCTAHOBKOIO 3 BU3HAYEHHSIM KaHaniB BUMIPOBaHHSA Ta yNpaeBniHHS;

- BUKOHaTK BUBIp Ta 0Br'pyHTYBaHHA AaTUYMKIB TeMnepaTypu, TUCKY Ta IHLLNX
3aco6iB BUMIPIOBaHHS, @ TaKoXX BUKOHABYMX MEXaHi3MIB CUCTEMY;

- BUKOHATW KOHpirypyBaHHs anapaTHOT YacTuHM KoHTporepa Simatic S7-

1200 Ta moayniB po3LwmnpeHHs B cepegoBuLi TIA Portal;

- pO3pOBUTU CXEMY eNEeKTPUYHY NMPUHLIMMOBY Ta CXEMY MiAKMIOYEHHS

nonbLoBoro obnagHaHHsi 40 KOHTponepa;

- pO3pOBUTY NPOEKT LMTa yNpaBiHHS NPUNIUBHO-BUTSXXHOI YCTaHOBKOIO;

- peanidyBatu nporpamHe 3abesneyeHHs KOHTponepa 3 anropuTMamm
aBTOMAaTUYHOIO YNpaBniHHA YCTaHOBKO, BKMtoYatouu MI-perynioBaHHsA
TEMNepaTypu NPUNIMBHOIO NOBITPS;

- PO3pOBUTU NIOAMHO-MALLMHHUIA iHTepdenc Ansa onepaTMBHOIO KOHTPOMO Ta
ynpaBsniHHS napameTpamy yCTaHOBKY;

- MPOBECTU CUMYTISALt0 po6oTK po3pobneHoi cuctemun B cepenoBuLi TIA

Portal Ta BUKOHaTK HanarogXXeHHs anropuTMiB ynpasemniHHS.

Pospo6ntoBaHa ACY noBuHHa 3abe3neqyBaTii BUKOHaHHSI TakUX

yHKUIOHaNbHUX BUMOT, HABEAEHMX HIKYE.

3Mm. Apk. No gokym. Mign. Aata

Apk.
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ABTOMaTWYHE peryntoBaHHsi TEMNepaTypu NpUNIIMBHOIO MOBITPS B AianasoHi
16—28 °C 3 To4HicTo 1 °C LUNSXOM KepyBaHHs MOTYXHICTIO kanopudepa 3a
anroputmom MIQ-peryntoBaHHs.

KepyBaHHS BEHTUNSTOPamMu NPUNIMBHOTO Ta BUTSXKHOTO MOBITPS Yepes3
YacTOTHi NepeTBOPLOBaYi 3 MOXINUBICTIO NIIABHOTO PErySOBaHHA NPOAYKTUBHOCTI B
niana3oHi 20-100% Bia HOMiIHanNbHOI.

KepyBaHHs NOBITPSIHUMK KnanaHaMn — aBTOMaTU4YHe BiAKPUTTS KnanaHis
npun 3anycky yCTaHOBKU Ta 3aKpUTTs npw ii 3ynuHLi abo aBapii.

KoHTponb cTaHy ¢inbTpis 3a curHanom garyuka nepenagy TUCKy 3
hopMyBaHHsIM curHany npo HeobXiaHICTb 06CnyroByBaHHS NPU NEPEBULLEHHI
MOPOroBOro 3HAYEHHS.

3axucT kanopudepa Big 3amep3aHHs — aBTOMaTUYHE BiKMOYEHHS
YCTaHOBKYM Ta BiOKPUTTS KnanaHa rapsyoi Boau Npu 3HWXKEHHI TeMnepaTtypu
TennoHocis abo NoBiTpst nicns kanopudepa HUXYe AOMYCTUMOrO 3HAYEHHS.
ABapinHUN 3aX1CT — aBTOMATUYHE BiAKMIOYEHHS YCTaHOBKM Npu
cnpaLoBaHHi MOXeXHOT curHanisadii, neperpisi enekTpoABUryHiB, HECNpaBHOCTI
YaCTOTHMX NepeTBoptoBadiB abo iHLWNX aBapiiHNX NOAIAX 3 POPMyBaHHAM
BiOMNOBIAHUX CMNOBILLEHb.

Peanisauis pexumis poboTn — aBTOMaTUYHUIA, PYYHUIA Ta HIYHUIA
(EKOHOMIYHUIA) PEXMMU 3 MOXIUBICTIO NepeMukaHHs Yepe3 HMI-naHenb.

[lo BUMOT LLOAO NOAMHO-MALUMHHOTO iHTepdelicy HanexaTb: BigobpaxeHHs
NOTOYHUX 3Ha4YeHb TemnepaTypu, cTaHy obrnagHaHHsa Ta akTUBHUX aBapii;



MOXIMBICTb 3a[1aHHs1 YCTABOK PerymnioBaHHs; BifoGpaXxKeHHs XypHany aBapiit Ta
nepegicTopii napameTpis.

Takvm YnHoM, cchopMyrnboBaHi MeTa Ta 3aBAaHHsi BU3Ha4alTb 0bcsr i 3amMicT
noganbLUMX po3ainis poboTu, NPUCBSIYEHNX PO3POBNeHHI0 anapaTHoi Ta
nporpamHoi cknagosmx ACY npunnnBHO-BUTSXKHOK YCTaHOBKOIO.

8M. Apk. No gokym. Mign. Aata
ApkK.
33

KPB.

1-04.00.00.000M3

2 NMPOEKTYBAHHS ABTOMAT/I30BAHOI CUCTEMW
YMNPABIIHHA

2.1 TexHonoriyHui onuc o6'ekta aBTomaTtumaalii

O6'exTom aBTOMaTU3aLii y AaHiii 6akanaBpcbkiii poboTi € LieHTpanbHa
NPUMNMBHO-BUTSHKHA BEHTUNALIMHA cucTema byaisni, Wo npusHadeHa aAns
CTBOPEHHS HeobXigHOro MikpoknimaTy y BUPOGHUWYIlA 30HI NpUMiLLEHHs. 3aranbHe
KOMMOHYBAaHHS YCTAaHOBKW Ta PO3MIiLLIEHHS1 OCHOBHWX €MEMEHTIB HaBeJeHO Ha CXeMi
obnagHaHHs, puc. 2.1.

PucyHok 2.1 — Cxema obnagHaHHs

Cucrema npusHadeHa Ans ynpasniHHA po6oToo LeHTpanbHOI NPUNAMBHOT i
BUTSDKHOI BEHTUNALT 3 ABOMA NapoBumMu kanopudepamu, dpeoHOBUM
oXonoaKyBaveM (KOMNpecopHO-KOHAEHCaTOPHUM BNOKOM), 3BONOXyBayYeM Ta

3m. Apk. No gokym. Mign. Aata

Apk.
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Kamepoto peunpkynsuii. BoHa 3abe3neyye NOBHICTIO aBTOMATUYHUIA pexumM poboTu
i He noTpebye YacToro o6cnyroByBaHHs 3 6oKy nepcoHany.

[ns npaBunbHOT po6oTN aBTOMATUKN HEOOXigHEe BUKOHAHHSI TPbOX OCHOBHUX
YMOB: NOCTilNHa HasIBHICTb €NeKTPUYHOro xusneHHs ~400 B/50 IMuy; nocTinHa
HasBHiCTb napu 3 Temnepatypoto 100-120 °C Ha o6B's3ui kanopudepis [13].
Cknag BEHTUMALIHOI YyCTaHOBKM

[MpUNANBHWIN BEHTUNATOP 3 ENEeKTPOABUIYHOM NOTYXHICTIO 18,5 kBT €

OCHOBHVM BMKOHABYMM MeEXaHi3MOM cucTeMUM nogadi CBixkoro noBiTps. KepyBaHHsi
OBUrYHOM 34IMCHIOETLCA Yepes YacTOTHUI NepeTBOPoBaY, LLIO XUBUTLCS Bif,
mepexi 3x380 B yepes aBTomMaTnyHU BUMMKaY Ta NiAKNIOYAETLCA A0 ABUIyHA
kabenem. 3acTocyBaHHS 4acTOTHOrO NepeTBoptoBaya 3abe3neyye nnaBHUA Nyck
nBuryHa 6e3 nyckoBux CTpymiB, 6e3cTyniHyacTe peryrnoBaHHs NPoayKTUBHOCTI
BEHTUNSTOPA, @ TaKOX €KOHOMIilO enekTpoeHeprii 3aBasikv poboTi B pexumi
3HVKEHOT NPOAYKTUBHOCTI NMPU HEBEMUKUX TEMMOBUX HABAHTAXKEHHSIX.

BuUTSKHUIA BEHTUNATOP 3 eNeKTPoABUIYHOM MOTYXHICTIo 11 kBT

3abe3neyye BMaaneHHs BignpaLboBaHOro noBiTps 3 NpuMilleHb. KepyBaHHs
3AiMCHIOETHLCS Yepe3 OKPeMUI YaCTOTHWUIN NepeTBOpIoBaY, LLO XUBUTLCA Yepes
aBTOMaTUYHMIA BUMMKaY. KpiM OCHOBHUX BEHTUNATOPIB cUCTEMA MaE TpU
[0AaTKOBI BUTSDKHI BEHTUMATOPU 3 OKPEMUMU YaCTOTHUMM NepeTBoptoBadamu: 0,55
kBT (230 B), 3 kBT (380 B) Ta 1,5 kBT (380B), L0 3a6e3neyyioTb BUTSKKY 3
oKpemux 30H Byaieni.

[1BUryHW BCIX BEHTUNATOPIB 3aXULLEHI Bif CTPYMIB KOPOTKOrO 3aMUKaHHA Ta
nepeBaHTaXXeHHsi aBTOMaTUYHYMU BUMMKAYaMK, a TaKOX OCHaLLeHi BOyJoBaHUMMN
TEPMOKOHTaKTaMu ANs 3aX1CTy Bif TEMNOBOrO NepeBaHTaxeHHs. CurHanm
TEPMOKOHTAKTIB HaAXOAATb Ha AUCKPETHI BXOAM KOHTponepa i Npu cnpautoBaHHi
BVKINMKaOTb aBapiiHe BiAKMIOYEHHS YCTaHOBKM.

Mepwwni Ta gpyrnii Nnaposuii kanopudep € OCHOBHUMW efleMeHTaMmn

CUCTEMU HarpiBy NpUNIMBHOIO MOBITPS B 3MOBMIA Nepiod. Kanopudepu
nigKMoYeHi 4O CMCTEMU NApoBOro TennonocTadaHHs 3 Temnepatypoto napu 100-

3Mm. Apk. No gokym. Mign. Aata

Apk.
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120 °C. PeryntoBaHHS TennonpoayKTUBHOCTI KOXHOIO kanopudepa 3ailiCHI0ETbCS



TPUCTOPOHHIM perynioBanbHUM knanaHom 3 enektpocepsonpusogom (CK1, CK2) i3
aHanorosum curHanom kepysaHHsi 0-10 B. MepLunii kanopudpep nependaveHnin
CXEMOI0 aBTOMATVKW, NPOTE HAa MOMEHT BBEAEHHSI CUCTeMU B eKcrinyaTaLito €
BiJKMIOYEHNM B HaNaLUTyBaHHi - MOro akTuBaLlis B Nporpami KoHTponepa
3AiCHI0ETbCA Yepe3 napameTp «llepLunii HarpiBay» B iHXEeHepHOMY MeH. [pyruii
kanopudep € OCHOBHWUM i NOCTINHO aKTVBHUM eNeMeHTOM Harpisy. B MeHio
KOHTpOnepa Ans KOXHOro kanopudepa HanaluToByTbCA MakcuMarnbHe Ta
MiHiManbHe NonoXxeHHs knanaHa, napametpu MIO-perynatopa, a Takox rpadik
MiHiMarnbHOro MOMOXEHHS KnanaHa BiGHOCHO TeMnepaTtypu 30BHILLHLOIO MOBITPS.
[ns 3axucTy kanopudepis Big 3aMmep3aHHs B cUCTEMi nepefdavyeHo KOHTPOsb
TemnepaTypu 3BOPOTHOT napu (KkoHaeHcaTy) 3a gornomoroto gatyumkis OTIM1 ta
[TM2. B meHIo KOHTponepa Anst KOXXHOro kanopudepa okpemo HanalluToBYTbCS:
TemnepaTtypa nporpisy, 3a4aHa Temnepatypa 3BOPOTHOI napu, aBapiHa
TemnepaTypa Ta 3arposnuBa Temnepartypa - Npy JOCSArHEHHi K0T cucTeMa BXuUBae
BiAMOBIAHNX 3aXMCHWUX 3aX0iB aX [0 MOBHOIO BiAKMIOYEHHSI YCTaHOBKM Ta
BioKkpuTTS knanaHa Ha 100%.

KomnpecopHo-koHaeHcaTopHuii 6rok (KKB) € dhpeoHOBUM oxoromxyBadem
NPUMNAMBHOIO NOBITPS, LLIO BUKOPUCTOBYETLCSA B MiTHIN Nepioa Ans NigTPUMaHHS
3apaHoi Temnepatypu B npuMileHHsX. KKB mae 4oTupu HesanexHi cTynexi
OXONOMKEHHS, KEPYBAHHSA KOXXHOI 3 AKUX 3AINCHIOETECA OKPEMUM AUCKPETHUM
CUrHanomM Bifg KOHTpornepa Yepes MarHiTHI nyckadi. Anroputm po6otu KKb
nepen6avae NovYeproBe BMUKAHHS CTYMEHIB 3 3aTPUMKOI MiXK KOXXHUM BMUKaHHSM
Ans 3anobiraHHs rigpaeniyHnM yaapam y (opeoHoBOMY KOHTYpI. KoxHa cTyniHb
Mae iHaMBiAyanbHO HanalToByBaHi MOPOru Ta ricTepe3nc BMUKaHHSA/BUMUKaHHS.
CurHan asapii KKB HagxoauTb Ha OUCKPEeTHUIA BXi KOHTponepa.

3BONOXyBaY MOBITPS NPU3HAYEHWIA ANS NIATPUMAHHS 3a4aHOrO0 PiBHS

BOMOroCTi MPUMNIIMBHOIO MOBITPS. 3anyck 3BONOXyBava 34iCHIOETHCS ANCKPETHUM
CUrHarnomM Bif KOHTponepa Yepes KomyTaLiiHy KOpPobKy, a perynoBaHHs

3m. Apk. No gokym. Mign. Aata
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iHTEHCUBHOCTI 3BONOXEHHSA — aHanorosum curHanom 0-10 B (kepyBaHHA
BiOKPUTTAIM KnanaHa 3BOroxyBaya). B MeHio KOHTponepa HanalToBYOTbCS
MakcumarnbHe Ta MiHiManbHe NOMOXEHHS KnanaHa 3BoNnoXyBaya, a Takox
napametpw lNIJ-perynaTopa BONorocTi.

MoBiTpsiHi knanaHu (xantosi) npunnusHoro (CXK) Ta suTspkHOro (CXB)

KaHaniB 3 enekTpocepBonpueogamu 3abeanevyioTb NEPEKPUTTS NOBITPSIHUX KaHamMiB
npu 3ynuHui yctaHoBku. CepBonprBoan KepyroTbes aHanoroBum curHanom 0-10 B
Ta MaloTb 3BOPOTHUIA 3B'A30K 3@ NONOXEHHSAM. Mpu HaTUckaHHi kHonky «TYCK»
KnanaHu BiAKPVBAKTLCA OLHOYACHO i3 3anyCKOM BEHTUNSATOPIB; NPU HATUCKaHHI
«CTOIl» abo BUHMKHEHHI aBapii — aBTOMaTMYHO 3aKpuBaloTLCS. Baxnvsoto
BMMOroto € 3a60opoHa BUMMUKAHHS FONOBHOIO BUMMKaYa ANs 3yNUHKW YCTAHOBKM,
OCKiNbKV Lie MOXe NPU3BeCTM A0 3aMep3aHHsA Kanopudepa B 3MMoBUIA Nepiod Ta
HeKOPEeKTHOI poBOTK KOHTponepa.

Kamepa peunpkynsuii sBnsie coboto By30n 3MillyBaHHS BUTSXKHOTO Ta
30BHILLUHBOrO MOBITPS, WO A03BOSISIE 3MEHLLNTW HaBaHTaXXeHHs Ha kanopudepu B
nepexiaHni Ta 3MOBWI CE30HW 3a paxyHOK MOBEPHEHHS YacTUHW TENoro
BUTSDKHOTO MOBITPSA B NPUNAMBHUIA KaHan. [MonoxeHHs 3acniHkv kamepu
peumpkynauii perynmoetbcs cepeonpusogoM CXKPL, i3 curHanom 0-10 B. B meHto
KOHTpOnepa HanawToBYOTbCS MaKCUMaribHe Ta MiHiMarnbHe NONMOXeHHS 3aCniHKn
OKpeMmo s 3MMOBOrO Ta NiTHLOrO Ce30HIB, a Takox napameTpw MIO-perynatopa
peumpKynaLii.

CucTema BUMIpIOBaHHS napameTpis

[ns KOHTPONIO TEXHOMOTYHNX NapaMeTpiB CUCTEMA OCHAaLLEeHa KOMMIIEKCOM
AaTyvkiB, nepenik Ta YMOBHI NO3HAYEHHS AKX HaBEAEHO:

- AT3 — patumk Temnepatypm 30BHiLWHLOro nosiTpsa (Pt1000), BcTaHOBRNEHNUI
30BHi ByaiBni;

- OTN - patumk Temnepatypu npunnueHoro noeitps (Pt1000), BcTaHoBNEHUI

y NpUNAMBHOMY KaHani nicns kanopudepis;

- OTM1 — paTt4ymk Temnepatypu 3BOpoTHOI napu kanopudepa No1 (Pt1000);

3Mm. Apk. No gokym. Mign. Aata
Apk.
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- OTMN2 — patymk Temnepatypu 3BopoTHOI Napu kanopudepa No2 (Pt1000);

- Bl — gatymk BONorocTi NpunnmBHOro noeitpst (curHan 0-10 B);

- OBTK — gat4uk BOnorocti Ta Temnepartypu KiMHaTHOro MoBiTps (curHan

0-10B), BCTAHOBMEHWUI Y BUTSHKHOMY KaHani;

- AT — patuunk Tcky npunnueHoro nositpsa (curdan 0-10 B);

- AW - gaTymK WBeMaKoCTI NpunnmMBHOro noeiTpst (curHan 0-10 B);

- TC1, TC2 — TepmocTaTtit NpOTM3aMOPO3HOTrO 3aXUCTY (AUCKPETHWUIA curHan);

- pene nepenagy TUCKy (NpecocTaTu) Ans KOHTPOIto 3abpyaAHeHHs inbTpiB
npunnuey (rpyba Ta TOHKa 04MCTKa) Ta BUTSIXKKY;

- TEPMOKOHTaKTN ABUrYHIB BEHTUMATOPIB — 3aXUCT Bif, Neperpisy;

- MOXEXHWIN KOHTAKT — AJ151 aBapiiHOrO BiAKIMIOYEHHSI CUCTEMM MPU

cnpaLoBaHHi MOXEeXHOT curHanisadii.

Pexumun pobotu cuctemu

Pexum «3MA» akTUBYETbCH aBTOMATUYHO NPU 3HUXKEHHI TeMnepaTtypu
30BHiLLUHBOrO MoBiTPsA (OT3) HKYe HanawToBaHOMO MOPOrOBOr0 3HAYEHHS!
nepexoay Ce30HiB. B LIbOMY pexuMi perynioBaHHs TemnepaTypu NpunivBHoro
NOBITPSA 3AINCHIOETLCA LWNAXOM [MI[-kepyBaHHA CTyNeHeM BiAKPUTTS Knanaxis
CK1 ta CK2. fatuuk T obmexye Temnepatypy npunnmey B AianasoHi 10-40 °C.
Cuctema aBTOMaTUYHO BPaxXoBYE TeMMNepaTypy 30BHILLHBLOIO MOBITPS Npuy
opmyBaHHi 3aBAaHHsa Ha TemnepaTypy KiMHaTHOro noBiTps, 3abeanevyoun
KOMpOpTHI yMmOBU Ge3 py4HOro BTpyvaHHs. 3ajaHa KiMHaTHa Temnepartypa B
3MMOBWIA Ta NITHIV CE30HM HaNaLTOBYETLCA OKPEMO Yepe3 MeHIo naHeni oneparopa.
Pexum «JIITO» akTuByeTbCS NpU MNiABULLEHHI TEMMNEpPaTypy 30BHILLHBOIO

NOBITPS BULLE HANALLUTOBAHOIO NMOPOrOBOro 3HA4YEHHS. [N OXONOMKEHHS
npumilieHb KKb BMUKae CTyneHi OXOnoaxXeHHs NoYeproBo 3anexHo Bif BENUYMHN
BiIXMNEHHs1 TeMnepaTypu Bif 3a4aHOro 3HavyeHHs. Mpu HeoBXiAHOCTI OCYLLEHHS
noBiTPps (B yMOBax MiABMLLEHOT BONOrOCTi) cucTema 4oAaTKOBO BMUKAE ApYruii
naposwuii HarpiBad (CK2) ans nigirpiBy ocyLieHoro nositpsi 4O KOMOPTHOI
Temneparypu.

3Mm. Apk. No gokym. Mign. Aata
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EKOHOMHWI peXVM — PeXUM 3HKEHOT NPOAYKTUBHOCTI, L0 aKTUBYETLCS
aBTOMaTMYHO 3a PO3KIaAoM Y BU3HaAYeHi roagnHu Aobun abo aHi TvxHs. B
€KOHOMHOMY peXxunMmi 3afaHi 3Ha4eHHs TemnepaTypu Ta BONOrocTi MOXYTb
BiIPi3HATUCS Bif 3HA4YE€Hb OCHOBHOIO pPexuMy poboTH, L0 AO3BONSE CYTTEBO
3HU3WTY CMOXUBAHHS eHepropecypcis y Hepobouuii Yac.

Mepexig Mk CE30HHUMU peXxrMamy Ta MiXk OCHOBHUM | EKOHOMHUM

pexvmamu BiabyBaeTbC aBTOMATUYHO 6e3 BTpy4aHHA 06CnyroByto4oro nepcoHany
Ha nigcTasi aHani3y curHarnis AaTyvkiB Ta NOTOYHOIO Yacy.

ABapinHi cuTyauii Ta peakuis cuctemu

Cuctema nepenbavae aBTomaTuyHe BigKIOYEeHHS Ta (hopMyBaHHS aBapiiHOro
CUrHany npv BUHUKHEHHI TakMX CUTYaLliii: 3arpo3a 3amep3aHHs kanopudepa
(cnpautoBaHHsi TepmocTatie TC1/TC2 abo KpUTUYHE 3HWXKEHHSI TeMnepaTypu
3BOPOTHOI Napw); aBapisi ABUTYHIB BEHTUNATOPIB (CNpaLoBaHHA TEPMOKOHTaKTIB
abo TennoBux pene); 3abpyaHeHHs inbTpiB (iHAMKaLis GnrMmaHHAM namnu aBapii
6e3 3ynuHKM yCTaHOBKM); 0OpMUB AaTYuKiB TeMnepaTypu; CrpaLutoBaHHs NOXEXHOT
curHanisauii; aBapis KKb. [Npu BUHWKHEHHI aBapii 3amep3aHHs knanaHu
kanopudepis BigkpueatoTbest Ha 100% Anst 3abesneyeHHs LMpKynsuii TennoHocis.
[MoBTOpHE BKMIOYEHHS CUCTEMM MOXKITMBE NULLE NICNS YCYHEHHS NPpUYKUHK aBapii Ta
il ckacyBaHHsi B MEHIO KOHTporepa.

2.2 dyHKuioHanbHa cxema ACY

ABTOMaTMU30BaHa cMcTeMa ynpaBniHHSA NPUNIMBHO-BUTSXKHOI YCTAHOBKOK
nobynosaHa 3a Tpm[ﬂiBHeBoro iepapxiuYHOK CTPYKTYpPOLO, LLIO € TUMOBO ANS
Cy4YaCHUX MPOMUCIIOBUX CUCTEM aBTOMaTU3aLlii.

HWxHi piBeHb (NONbOBUIA) — BKIOYAE BCi 3aCO6M BUMIpIOBaHHSA Ta

BMKOHaBMi MexaHi3aMu, Lo 6e3nocepeHbo B3aEMOZi0Th 3 TEXHOMOTYHUM
npotecom: gatyvkv Temnepatypwv (OT3, AT, ATM1, OATMN2), aatyvku BonorocTi

3m. Apk. No gokym. Mign. Aata
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(OB, ABTK), aatunkn Tncky Ta weuakocTi nositps (AT, ALU), TepmocTatn
npoTudamopo3sHoro 3axucty (TC1, TC2), pene nepenaay TUCKy inbTpis,
TEPMOKOHTaKTN ABUTYHIB, NMOXEXHUI KOHTAKT, kHomku «MYCK» ta «CTOlM», a
TaKOX BUKOHABYI MEXaHi3M1 — YaCTOTHI NepeTBoptoBaYi BEHTUNATOPIB,
cepBOnpMBOAM Knanais Ta xantosi (CXK, CXKB, CXKPL, CK1, CK2), ctyneni KKb
Ta 3Bonoxysau [7, 9].

CepefHin piBeHb (Kepytounin) — NporpaMoBaHuii NorivYHuUiA KoHTporep Simatic
S7-1200 (CPU 1215C) 3 mogynamu po3wwmpeHHa SM1231 ta SM1232. KoHtponep
OTPUMYE CUrHaNM Bif, MOMbOBOIO PIBHS, BUKOHYE anropuTMu ynpaeniHHs Ta
dopmye Kepytodi BNMBM Ha BUKOHaBYi MexaHiamu. Ha LboMy piBHI peani3oBaHi BCi
anroputmu MIJ-peryntoBaHHs, norika cCe30HHOro NepeMmuKaHHs, aBapiiH1iA 3axmucT
Ta (bopMyBaHHS 3BITIB.

BepxHii piBeHb (aucnetyepcbkuin) — naHens onepatopa Siemens KTP400

Basic, nigkntodeHa fo koHTponepa yepes iHTepcheiic PROFINET. BoHa 3abesanevye
Bif0OpaxXeHHs NOTOYHOrO CTaHy CUCTEMMU, 3aaHHSA YCTaBOK peryntoBaHHs,
nepernsg XypHany aBapiii Ta HanalTyBaHHsl napaMeTpis poboTu.

®yHKuioHanbHa cxema ACY, puc.2.2, onucye iHdopMaLinHi 38'A3K1 MK
enemMeHTaMu CUCTEMU Ta peani3oBaHi KOHTYpUW perynioBaHHs. B po3pobnioBaHiii
cUCTeMi pearni3oBaHO Taki OCHOBHI KOHTYpWU:

KoHTyp peryntoBaHHs Temnepartypu NpUNInBHOIO MOBITPS € rONIOBHUM

KOHTYpoMm cuctemu. [atuunk JTTT BUMIptoe NOTOYHY TemnepaTypy nositps y
NpUNIMBHOMY KaHani nicnsa kanopudepis Ta nepegae curHan Ha aHanoroBun BXif,
moaynst SM1231. MIO-perynsTop koHTpornepa opMye Kepytounin BNAUB Y BUMASi
aHanorosoro curHany 0—-10 B Ha cepBonpuBoam knanaHiB CK1 ta CK2 (3uma) abo
Ha ctyneHi KKB (nito). 3aBaaHHa Ha Temnepatypy opMyeTbCs KackagHo —
30BHILLHI KOHTYP perymntoe KiMHaTHy TeMnepaTypy 3a nokasaHHsMu AaTyvka
[BTK, a BHYTpilWHiIN — TemnepaTypy NPUNIMBHOIO NOBITPS 3@ NOKa3aHHAMU

[OTI. Temnepatypa 30BHiLWHbOro noBiTps (4 T3) BUKOPUCTOBYETLCS Arst KOPeKUiT
3aB[aHHs Ta aBTOMaTUYHOTO BU3HAYEHHS CE30HY POBOTH.

3m. Apk. No gokym. Mign. Aata
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PucyHok 2.2 — Cxema dyHKLUioHanbHa

KoHTyp peryntoBaHHs BororocTi 3abeanevye nigTpyMaHHs 3a4aHoro piBHsS
BONOrocTi npunnmeHoro nosiTps. Jatumk ABTK BuMiptoe BonoricTe KiMHaTHOro
MOBITPs, HA OCHOBI YOro hOPMYETLCS 3aBAAHHSA Ha BOMOTICTb MPUMIIMBHOIO NOBITPS
3 ypaxyBaHHAM HanawToBaHoi genstu. Oatuunk OBl BUMiptoe NOTOYHY BOMOricTb y
npunnmeHomy kaxani. Mif-perynatop popmye Kepytouuii BNnB Ha CepBONPUBIA
KnanaHa 3Bonoxysaya (curHan 0—10 B).

KoHTyp perynioBaHHsi NPOAYKTUBHOCTI BEHTUNATOPIB 3abe3nevye

niaTPUMaHHs 3agaHoro TMcKy abo LUBMAKOCTI NOBITPS Y NPUMIMBHOMY KaHani.
3anexHo Bif BUGPAHOro B MEHIO anropuTMy perymnoBaHHs KOHTponep
BMKopucToBye abo curHan gatymka Tucky [T, abo curHan gatyuka wewvakocTi AL
SIK 3BOPOTHMI 3B'A30k Anst MI0-perynaTopa, wo hopmye 3aBAaHHs Ha YaCTOTHI
nepeTBoptoBadi BeHTunaTopis (curHan 0-10 B).

3Mm. Apk. No gokym. Mign. Aata

Apk.
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KoHTyp ynpasniHHA peuupKynsauieto peryntoe CTyniHb 3MilllyBaHHSA

BUTSXKHOTO Ta 30BHILLHBOrO MOBITPS LUMNSAXOM KepyBaHHS cepsonpusogom CXXPL.
3aBAaHHA Ha MOMOXEHHS 3achiHKM (hOPMYETLCS 3aneXHO Bif, CE30HY Ta NOTOYHOro
TENMOBOro HaBaHTaXeHHS B [ianasoHi, HanalToBaHOMY B MEHIO KOHTpornepa
OKpPEMO AN 3MMOBOTO Ta NiTHBOrO PEXMMIB.

KoHTyp aBapiiHOro 3axvcTy € HaCKpi3HVM i OXOMNSIOE BCi PiBHi cMcTeMu.

Mpu HagxomkeHHi Byab-skoro aBapinHoro curHany (repmoctatm TC1/TC2,
TEPMOKOHTaKTN ABUTYHIB, NOXEXHWUI KOHTaKT, aBapis KKB) koHTponep BUKOHy€e
aBapiliHe BiOKIYEHHS YCTaHOBKM 3a 3aaHNM anropuTMOM: 3aKpUBaKTLCS Xanto3i
CX 1a CXKB, 3ynuHsII0TbCS BEHTUNSTOPU, BiAKPUBAKOTLCS KnanaHu kanopudepis
CK1 ta CK2 Ha 100% (npwv 3arposi 3amep3aHHsi), Ha naHeni onepartopa
BigobpaxaeTbcs iHpopmauis npo xapakTep asapil.



2.3 Bubip Ta 06rpyHTyBaHHs 3acobiB aBTomaTu3adlii

Bubip 3acobiB aBToMaTu3aLii € ogHMM i3 KIHOYOBKX eTarniB NPOeKTyBaHHS

ACY, ockinbku Bif NpaBuibHOMo Nigbdopy AaTYMKIB Ta BUKOHABYMX MeXaHi3MiB
3anexuTb TOYHICTb PerynioBaHHs, HagilHICTb Ta A4OBrOBIYHICTb cuctemu. MNpu
BMbopi obnagHaHHsi BpaxoByBanucs Taki KpUTepii: BinnoBigHiCTb AianasoHy
BMMIipIOBAHHSI TEXHOSONYHUM napameTpam 06'ekTa; CyMiCHICTb TUMY BUXiAHOMO
curHany 3 Bxogamu koHTporepa Simatic S7-1200; cTyniHb 3axMcTy kopnycy
BiAMOBIAHO 4O YMOB MOHTaXY; HAAIMHICTb Ta AOCTYMHICTb HA PUHKY YKpaiHu; a
TaKoX MOXIMBICTb poOOTU B €AMHIN ekocucTemi obnagHaHHs Siemens.

[ns BUMiptOBaHHsI TemnepaTypu y CUCTEMi 3aCTOCOBaHO AATYMKN HA OCHOBI
nnaTtuHoBoro Tepmopesuctopa Pt1000. MpuHumn Aii 'pyHTYETbCA Ha 3anexHoCTi
€neKTPUYHOro onopy NnaTuHm Big Temnepatypu: npu 0 °C onip cTaHOBUTL

1000 Owm i 3miHIOETLCA NpUbnuaHo Ha 3,85 OM Ha koxeH rpaayc. Ha BigmiHy Big
nparumkis Pt100, gatunku Pt1000 matoTh y AecaTb pasiB BULLMIA 6a3oBuii onip, LWo

3m. Apk. No gokym. Mign. Aata
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CYTTEBO 3HWXYE BMAUB onopy 3'e4HyBarnbHUX NPOBOAIB Ha pe3ynbrat
BMMIipIOBaHHs. Lie € BaxnunBo nepesaroto nNpu po3MmilLleHHi AaTymKiB Ha 3HaYHIN
BiAcTaHi Big wuTta ynpaeniHHs. atuunku Bignosigatotb Bumoram EN60751, knac
TouyHocTi B abo +0,3 °C npu 0 °C. Yci TemnepatypHi gatunku Pt1000
NiAKN0YaTbCA A0 aHANoroBunx BXoAiB Moayna SM1231 y pexuMi BUMIptoBaHHA
onopy.

[atymk Temnepatypu npunnueHoro nositTpsa AT, Ans uiei no3muii o6paHo
Siemens QAM2120.200 — kaHanbHUI ycepeaHioBanbHUA AaTyvk Temnepartypu
noBiTps. [latymk mae TepmodyTnmeuii enemeHT Pt1000, lwnpokuin gianasoH
BMMiptoBaHHs Big —50 o +80 °C Ta BiApi3HAETHCA BUCOKOK TOYHICTIO BUMIiptOBaHb
He3arnexHo Bif, po3noAiny Temnepatypu B NoBIiTPsHMX wapax. KoHCTpyKLis
nepenbavae OBOCEKLUiHUIA NNAcTUKOBUIA KOPMYC 3 OCHOBOLO Ta Krnemamu ans
NiAKMOYEHHS, @ TaKoX MOBHICTIO aBTOHOMHWI THYYKUIA 30HA 3 Yy TNUBUM
ernemMeHToM, Lo (iKCye cepedHe 3HaYeHHs1 TemnepaTypuy no AOBXUWHI 3oHAa [15,
16]. OoxwuHa 3oHAaa 500 MM, cTyniHb 3axucTy IP42/54. 30BHilLHIA BUrNSA Aatyuka
HaBegeHo Ha puc. 2.3.

PucyHok 2.3 — 3oBHiwwHin Burnsag gatdvka Siemens QAM2120.200

3m. Apk. No gokym. Mign. Oata

ApkK.

43

KPE.I—O4.00.00.000H3

[atunkn Temnepatypu 3BopoTHoi napu OATMN1 ta ATM2. Ons

BCTAHOBIIEHHSI Ha TpybonpoBoaax 3BOPOTHOI Napu kanopudepis obpaHo

Siemens QAE2120.010 - 3aHyptoBanbHUi AaT4nK TemnepaTypu piauHu. [Jatiunk
mae Jytnueui enemeHT LG-Ni 1000, gianasoH BumiptoBaHHs Bif -30 go +130 °C Ta
nocTinHy Yacy 3 rinb3oto 30 cekyHa [17]. 3axucHa rinb3a 3 Hepka.itoyoi cTani
noBxuHoto 100 MM 3abe3nevye MexaHivYHWUA 3axXMCT Ta MOXIMBICTb 3aMiHV AaTyuka
6e3 3ynuHKM cUCTeMM TeMonocTavyaHHs. 30BHILLHI BUIMSA HaBedeHo Ha puc. 2.4.

PucyHok 2.4 — [latunk Temnepatypwu 3aHyptoBanbHuii Siemens QAE2120.010

[aTtunk Temnepatypw 30BHiLLHbOro noeiTps AT3. O6paHo

Siemens QAC22 - Bynn4HUIA aTymk Temnepatypu. CneuianbHa KOHCTPYKLis
[aTynka gornomarae 34iCHIOBaTU BUMIPIOBaHHS TemnepaTtypu 3 MiHiManbHUM
BMNMBOM COHSYHMUX MPOMEHIB, TUM CaMUM 3HUXKYHOUM BNINB PIBHA COHAYHOT
pagiaLii, NoBITPAHMX NOTOKIB | TeMnepatypu cTiHu Byaisni [18]. AaTunk mae
yytnuemii enemeHT LG-Ni 1000, gianasoH —50...+70 °C, cTyniHb 3axucty |P54.
BcTaHoBmoeTbesA Ha MiBHIYHIN abo NiBHIYHO-3axiAHiv CTiHi ByaiBni He HukYe 2,5 M
Bif piBHSA 3eMni. 30BHILLHIN BUrMsSA HaBegeHo Ha puc. 2.5.

3Mm. Apk. No gokym. Mign. Aata
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PucyHok 2.5 — [laTunk TemnepaTypw 30BHiLLHBbOrO NoBiTpst Siemens QAC22

[ns BUMipIOBaHHsI TemnepaTypu Ta BOMOroCTi Y BUTSXKHOMY KaHarni obpaHo
S+8S Regeltechnik KFTF-SD-U - koMGiHOBaHWiA kKaHanbHWA gatymk. JaTtymk
BMMIPIOE BIIHOCHY BOSOFiICTb | TemnepaTypy MoBiTpsi, NEPeTBOPIOOYN BUMIPSHI
BeNnuYMHM y HopmoBaHuii curian 0...10 B. BiH mae kopnyc 3 yaapocTiiikoro
NNacTuKy 3 KPULLIKOKD, @ TaKoX MIacTUKOBUI (inbTp Ans 3aXUCTy YyTIUBOro
enemMeHTa Big 3abpyaHeHHs [19}—Tou4HicTb BUMiptoBaHHS _BonorocTi +2,0%,_
fianasoH BuMiptoBaHHs Bonorocti 0-100% RH. Jatunk hopmye aBa HezanexHi
Mxi,qu curHanun 0-10 B — okpemo ans Temneparypu Ta Ans BOIOrocTi, Lo
nigknoyaTbest 40 ABOX aHanorosux Bxoais koHTponepa CPU 1215C. 3oBHiLLHii
BUIMA4 HaBeaeHo Ha puc. 2.6.

PucyHok 2.6 — [latuuk Temnepatypu Ta BonorocTi S+S Regeltechnik KFTF-SD-U

3m. Apk. No gokym. Mign. Oata
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[ins BUMiptOBaHHS BiAHOCHOT BOMOroCTi y NPUNIMBHOMY KaHarni obpaHo S+S
Regeltechnik KFF-SD-U — kaHanbHuiA 4at4yuk BONorocTi. Jatunk Bumiptoe
BiAHOCHY BOIOriCTb NOBITPS, NEPETBOPIOIOYM BUMIPSIHI BEMMYUHN Y HOPMOBaHWIN
curtan 0...10 B. Mae nnactukoBuii cneveHuin inbTp Ta KOpnyc 3 yaapocTiikoro
NNacTUKy 3 KPULLIKOH, LLO 3aMUKAETbCH. 3HAX0ANTb 3aCTOCYBaHHS B
HearpecuBHOMY cepefoBuLLi 6e3 3HaYyHOro BMICTY Nuny, B cMCTEMax BEHTUNALT Ta
KOHAMLIOHYBaHHS. ToYHICTb BUMiptoBaHHSA +2,0%, aianasoH 0-100% RH,
XuBneHHs 24 B AC/DC. € gaTtymMkom 3BOPOTHOIO 3B'SI3KY KOHTYPY perynoBaHHs
BOJIOrOCTi Ta NiAKMIOYEHUA O aHanoroBoro Bxody modyns SM1231 [12, 13].

[ins BUMipIOBaHHS CTaTUYHOIO TUCKY Y NPUMIMBHOMY KaHani obpaHo

Siemens QBM2030-30 — andpepeHLiiHnin nepeTBoproBay TUCKy. [latumku nepenagy
Tucky cepii QBM2030 B1KOPUCTOBYIOTLCS ANt 34NTYBaHHS NokasaHb nepenagy
TUCKY NOBITPA abo HearpecmBHUX rasie B yctaHoBkax OBK. 3actocoBytoTbes ans
34MTYBAHHSA NOKa3aHb 3HMKEHOro abo MiABULLEHOrO TUCKY B MOBITPOBOAAX
BiJHOCHO 30BHILLHbOIO TUCKY, @ TaKOX AN15 KOHTPOINIO (PiNbTPIB Ta BEHTUNSATOPIB.
Datunk mae suxigHui curHan 0...10 B, gianasoH BumiptoBaHHs 0...1000 MNa Ta
cTyniHb 3axucty IP42. Yac Bigknuky 1 cekyHaa [20]. MigkntoyeHnin oo
aHanoroBoro BxoAy Apyroro Mmogynst SM1231.30BHiLUHIN BUrNSA HABEAEHO Ha puc.
2.7.

PucyHok 2.6 — [latumnk Tucky kaHanbHuin Siemens QBM2030-30

3Mm. Apk. No gokym. Mign. Aata

Apk.
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[Ina BUMIipOBaHHSA LUBWUAKOCTI MOBITPAHOIO NOTOKY Y NMPUNIIMBHOMY KaHani
obpaHo Siemens QVM62.1 - aHeMOMETPUYHUIA KaHaNbHWUIA AaTyuK. [aTuunk
QVM62.1 3acTOCOBYETLCA ANSA YNPaBMiHHA BEHTUNATOPaMM 3 MOAYOBaHHAM 3
MeTO0 HanaluTyBaHHSA BENUYMHM 6a30BOro 06'eMHOro po3xoay, Ans ynpaeniHHA
LUBWAKICTIO NOBITPSAHOTO NMOTOKY Ha PiBHI MOCTINHOMO 3HAYeHHS, KOMNeHcauii
KOnMMBaHb TUCKY Ta MOHITOPUHIY po3Xxoay NOBITPS B NosiTpoBodax [21, 22].
[atunk nepeTBoproe BUMIPSAHY LUBUAOKICTb NOBITPSHOIO NOTOKY B aKTUBHUIN
BuxigHui curdan 0...10 B abo 4...20 MA. MpuHLMN BUMIPIOBaHHS -
aHemomeTpuyHuiA. [ianasoH BumiptoBaHHs 0...15 m/c, xuBneHHs 24 B AC/DC.
[MigkntoyeHnin oo aHanoroBoro Bxoay Apyroro mogyns SM1231. 30BHiWHiN BUrnag
HaBegeHo Ha puc. 2.8.

PurcyHok 2.8 - [laTumk LWBMAKOCTI NOBITPAHOro NoToky Siemens QVM62.1

[Insi KOHTPONIO CTyMneHsi 3a6pyaHeH
01APS-10U - pene nepenagy TUCKY-

OBITPSHUX PiNbTpiB 06paHo Belimo
Py YucTomy PinbTpi (Nepenag TUCKY _MeHLe yCTaBKkW) pene 3HaXoAUTbCsl Y BUMKHEHOMY CTaHi.  AKWwo dinkTp

MiLleHMVl, TOOTO
epenaj _TUCKY NEepeBULLYE BENUYMHY 3a4aHOI YCTaBKW, KOHTaKTU pene BMUKaTb

cuUrHanisadlito - .3ach Micns 3aMiHn abo ounLLeHHs dinbTpa
KOHTaKTW perne NnoBepTatTbCs y BUXIAHWIA CTaH. HanawTyBaHHS ycTaBku

3Mm. Apk. No gokym. Mign. Oata



ApkK.
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cnpautoBaHHS 34iNCHIOETLCA NOBOPOTHOK PYKOATKOK 3 HAHECEHOIO LLKAMOH.
[ianasoH yctaskn 50-500 Ma, BUXiAHUIA AUCKPETHUIN KOHTAKT, CTYNiHb 3aX1CTy
IP54. Y cuctemi BCTaHOBMNEHO M'ATb NpecocTaTiB: ABa AN inbTpiB NpUnamey
(ToHka Ta rpyba ouncTka), ABa Ans inbTPIB BUTSHKKM Ta OAWH ANS KOHTPOSO
po6oTtun BeHTUNATOpa. CurHanu nigkniodeHi Ao auckpeTtHux Bxodis CPU 1215C.
30BHILLHIN BUMMAA HaBeAeHo Ha puc. 2.9.

PucyHok 2.9 — Pene nepenagy tucky Belimo 01APS-10U

[ins 3axucTy BoAsHMX kanopudepis Bia 3amepaaHHs obpaHo Siemens
QAF63.6-J - kaninsipHWin TepmocTaT 3axucTy. TepMocTaT Mae YyTNnBuUiA eneMeHT
Ha OCHOBI aKTMBHOI KaninspHoi TPyOKW A5t BUMIPIOBaHHSA HU3bKUX TemnepaTyp y
nianasoHi Big 0 go 15 °C. MNpw npaBunbHOMY BCTAHOBIEHHI 3a kanopudepom BiH
[03BONSE BUMIPIOBATU HU3bKI TEMNepaTypu NOBITPS HaBITb y pasi ix cTpaTudikauii.
BigmiHHi ocobnmBocTi TepmocTaTa: NUTUIA antoMiHIEBUIA MiLLHWIA KOpryc,
nigBuLLEeHa YyTnmBiCTb 40 3MiH TemnepaTypu Ha 30 cM AinsHui kaninspa Ta
MexaHiuyHe BrnokyBaHHsi rBUHTA niacTpowikv [21, 22]. Mpu cnpautoBaHHi KOHTponep
HeraviHO BUKOHY€E aBapiliHe BiAKNIOYEHHS 3 BiAKpUTTAM knanaHis Ha 100%.
MigkntodeHi go auckpeTHux Bxodis CPU 1215C. 30BHilWHIN BUMMsS4 HAaBegeHo Ha
puc. 2.10.

3m. Apk. No gokym. Mign. Aata
Apk.
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PucyHok 2.10 — TepmocTaT npoTu3amMopo3Horo 3axmcty Siemens QAF63.6-J

YacToTHi nepeTBoptoBadi Lenze. [Ins kepyBaHHsi NpuBOAaMU NPUMNIMBHOMO

(18,5 kBT) Ta BUTSXHOrO (11 KBT) BEHTUNSTOPIB 3aCTOCOBYIOTHCA YACTOTHI
nepetBoptoBavi cepii Lenze i550 — cyyacHa cepisi nepeTsoptoBavis 3 BOyL0BaHUM
MIA-perynatopom, dyHKLIEO NaBHOMO MycKy, 3aXMCTOM ABUryHa Bif
nepeBaHTaXeHHsi Ta neperpisy [24]. AHanorosui Bxig 0-10 B npuiimae 3aBaaHHs
Ha 4acToTy Bif KOHTpOnepa; penenHi BUxoam roToBHOCTI Ta aBapii NigkntoveHi 4o
anckpeTHux Bxodis CPU 1215C. 30BHilWHIN BUrMAA HaBeaeHo Ha puc. 2.11.

PucyHok 2.11 — YactoTHuin nepetBoptoBay Lenze i550

3Mm. Apk. No gokym. Mign. Aata

Apk.
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CepBonpvBoau knanaxis Ta xantosi. [1ns ynpasniHHA NoBiTPSHUMM

KnanaHamu Ta 3acyBKaMu 3aCTOCOBaHO cepBonpuBoau cepii Siemens
GDB/GLB/SKD 3 aHanorosum curHanom kepyBaHHs 0-10 B Big mogyns SM1232.
[ns xantosi npunnuey CX Ta Butsxkkn CXKB obpaHo Siemens GDB161.9E
(kpyTHUIA MOMeHT 5 HMm, yac xogy 150 ¢, 3BopoTHuI 38'a3ok 0-10 B). [ina knanaxis
HarpiBaya CK1 ta CK2 o6paHo Siemens SKD62 - TpMCTOPOHHIlA peryntoBanbHui
npuBia, Xig wnuHaens 20 MM, yac nosuuioHyBaHHs 15 ¢. [ns 3acniHku
peumnpkynsuii CXKPLL o6paHo Siemens GDB131.1E (kpyTHWIA MOMeHT 4 Hm, 4yac
xoay 90 c). 3oBHILLHIA BUrNSA CepBONPUBOAIB HaBedeHo Ha puc. 2.12, 2.13, 2.14.

PucyHok 2.12 — CepBonpwusig, xantosi Siemens GDB161.9E
PucyHok 2.13 — CepBonpwuBig knanaHa Siemens SKD62
3m. Apk. No gokym. Mign. Aata

Apk.
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PucyHok 2.14 — CepBonpwuBia xantosi Siemens GDB131.1E

2.4 KoHdpirypyBaHHs! KoHTpornepa Simatic S7-1200 ta moaynis



PO3LUMPEHHS

KoHdpirypyBaHHs1 anapaTHOi YaCTUHW CUCTEMM YNPaBiHHA BUKOHYETLCS B
cepepnoBuLi TIA Portal lWnsixom CTBOPEHHS anapaTHOro NpoekTy, B SIKOMy
BM3HAYaeTbCA CKNaj KOHTponepa, MoAyniB PO3LUMPEHHS Ta KOMYHIKaLLinHNX
npucTpoiB. MpaBunbHe KOHMIrypyBaHHS € HEOOXIAHOK YMOBOK KOPEKTHOT
agpecaldii curHanis Mixk isnyHUMK Bxogamu/Buxogamum Ta nporpamoro KoHTponepa
[25].

OcHoBoIO anapaTtHoi KoHirypaLii cuctemu € LieHTparnbH1N NPOLIeCOPHUIA
Mouyn?@imatic S7-1200 CPU 1215 C (6ES72154-XG40-0XB0) y moandikauii
DC/DC/Relay - 3 u1BneHHam nocTiiHoro ctpymy 24 B Big 6roka XMBNeHHst
PM1207, guckpetHumm Bxogamu 24 B DC Ta AUCKpETHUMW BUXOAaMU y BUMMSAI
penenHnx KoHTakTiB, puc. 2.15. Moayne mae poboyy nam'sate 125 kbaiT nporpam
Ta 1 M6aiT gaHux, NigTpUMye NiaknoYeHHs 40 8 MoayniB PO3LUMPEHHS CUrHanIB,
BOynoBaHui iHTepdenc PROFINET 3 niatpumkoto oo 3 3'eaHaHb, a Takox
TexHonoriyHi 06'ektn: Ao 6 wemakicHux nivuneHukis HSC, go 4 NiO-perynsitopis
PID_Compact Ta no 4 sBuxogis LLUIM. B6ynosaHi Bxogu/suxoau: 14 DI x 24 B DC,
10 DO x pene 2A, 2 Al x 0-10 B, 2 AO x 0-20 mMA.

E}SM. Apk. No gokym. Mign. Aata
ApK.
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PucyHok 2.15 — KonTtponep CPU 1215C

KoHdirypauito anapaTtHoi 4acTuHu KoHTponepa B cepegosuli TIA Portal
E1|a|3e/:leHo Ha puc. 2.16.

PucyHok 2.16 - KoHdirypauito anapaTHOi YaCTUHW KOHTporepa

ELM. Apk. No gokym. Mign. Oata
ApK.
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B6ynoaHi aHanorosi Bxogn CPU 1215C BMKOpPUCTOBYOTHCSA AN
NiOKMIOYEHHs AaTynka TemnepaTypm Ta BonorocTi KimHaTHoro nosiTpsa ABTK - aBa
curHanu 0-10 B (Temnepartypa Ta Bonorictb) nigknoyveHo o Al0 ta Al1
BignosigHo. B6ynoBaHi auckpeTHi Bxoan CPU 1215C BUKOPUCTOBYHOTBECS AN
NiOKMIOYEHHST MOXEXHOTO KOHTaKTy, TepMokoHTakTiB (PTC) npuBogis
BEHTUNSATOPIB Npunnuey Ta BUTsSHXKKkM (TR1, TR2), gatumkiB 3abpyaHeHHs inbTpis
NpUNMBY Ta BUTSXKW, curHany asapii KKb, TepmocTatis npoTnsaMopo3Horo
3axucty TC1i TC2, a Takox kHomnok «[MYCK» (SA3) ta «CTOIlM» (SA4).
B6ynoaHi auckpeTHi Buxoau CPU 1215C BMKOPUCTOBYIOTLCS AN KepyBaHHS
npomixHumn pene K1-K8, koHtaktopamm ctyneHiB KKb, 3Bonoxysavem Ta
iHaMKauiiHummn namnamu «Asapis» HL1 i «Pobota» HL4.
[Ans )Xu1BNeHHa KOHTponepa Ta NonboBOI Nepudepii 3acTocoBy€eETbCH
ctabinizoBaHuin 6ok xueneHHs Siemens PM1207 (6EP1332-1SH71), wo cdopmye
Hanpyry =24 B 3 BxigHoi Hanpyrn ~220 B. BuxigHuii ctpym 2,5 A € goctaTHim ans
xwueneHHst CPU 1215C, o6ox mopynie po3wumperHs SM1231 ta SM1232, a Takox
nigknodeHoi nepudepii. PM1207 moHTyeTbea Ha DIN-peliky nopyy 3
npoLecopHNM MoayrneM i 3'eAHYeTbCS 3 HUM BesnocepeaHbOo Yepes LNHY
XUBIEHHS.
Y KoHdirypauii cuctemu 3acTocoByOTbCS iBa MOAYII aHANOroBnxX BXoais
SM1231 Al 4xRTD (6ES7231-5PD32-0XB0) — cnewjianisoBaHuii Moaynb Ans
NiOKNYEHH Pe3NCTMBHMX AaTyukiB Temnepatypu tunis Pt100, Pt1000, Ni100,
Ni1000, Tepmonap Ta noteHuiomeTpiB, puc. 2.17. Po3ginbHa 3gaTHiCTb Moayns
ctaHoBUTb 15 BIT + 3HaK, Yac NepeTBOPEHHS Ha kaHan - 10 Mc, i3onauis mMix
KaHanamu Ta wuHoto - 500 B AC. MepLumii mogynb SM1231 BUKOPUCTOBYETLCS ANS
NiAKNYEHHA YOTUPBbOX AaTunkiB Temnepatypu Pt1000 (puc.2.18): AlO - ATI, Al1
-OTM1, Al2 - OATN2, AI3 - AT3. Opyruii moaynb SM1231 BUKOPUCTOBYETLCS ANs1
nigKNtoYeHHA aHanoroBux aatymkie 3 curHanom 0-10 B: AIO - OB, Al1 - AT,
Al2 - Il. HanawTyBaHHA TUMY AaTyuka ANst KOKHOMO KaHany BUKOHYETbCS
nporpamHo y Bnactueoctsax moayns B TIA Portal - ons nepworo SM1231 yci

3m. Apk. No gokym. Mign. Oata
Apk.



53

KPE.I—O4.00.00.000I‘I3

YOTUPU KaHanu HanawToByTbCs B pexumi Pt1000, Ana apyroro - B pexumi
BMMiptoBaHHsi Hanpyru 0-10 B.

PucyHok 2.17 — Mogyne SM1231
PucyHok 2.18 — HanawTyBaHHa mogynst SM1231

[ns dopmyBaHHS KEpyoUMX aHanoroBnx CUrHanis Ha BUKOHaBYi MexaHiaMu
3acTocoByeTbcs Moaynb SM1232 AQ 4x12bit (6ES7232-4HD32-0XB0) 3
po3ainbHoto 3aaTHicTio 12 6iT Ta Yacom BCTaHOBMNEHHS BUxigHoro curHany 300 mkc,
puc. 2.19. Po3nogin aHanorosux BuxoAis mogynsi: AQO - CK1 (cepsonpwusia
knanaHa Harpisada No1, 0-10 B), AQ1 - CK2 (cepBonpuBia knanaHa Harpisaya No2,
0-10 B), AQ2 - kepyBaHHs 3Bonoxysadem (0-10 B), AQ3 - cepsonpusig
peumnpkynsuii CXKPLL (0-10 B). AHanorosi Buxoau cepsonpuogis xanto3i CX ta

3m. Apk. No gokym. Mign. Aata

Apk.
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CXB, a Takox 3aBAaHHs Ha YacCTOTHi NepeTBoptoBadi hOpMyHOTLCS Yepes
BOynoBaHui aHanorosuii Buxia AQ koHtponepa CPU 1215C.

PucyHok 2.19 — Moayne SM1232

MepexeBa Tononoris NpoekTy peanisoBaHa 6e3nocepenHbo Yepes

BOynoBaHui iHTepdenc PROFINET koHTponepa CPU 1215C 6e3 3acTocyBaHHs
nopatkosoro komyTtatopa - CPU 1215C ta KTP400 Basic PN 3'egHaHi mix coboto
Hanpsimy Yyepe3 mepexy PN/IE_1, Wwo BUAHO Ha MepexeBoMYy NoAaHHI NPOEKTY B
TIA Portal (puc. 2.20). Lie cnpoluye KoHdirypaLito Ta 3HWKYE KinbKiCTb anapatHux
KOMMOHEHTIB Y LLUWTI yNpaBniHHS.

[ins BifoGpaxeHHs CTaHy CUCTeMU Ta 3afaHHsA YCTaBOK perynioBaHHs
3aCTOCOBy€TbCHeJ'Ib _onepartopa_Siemens KTP 400 Basic PN (6AV2123-2 DB 03- 0AX0) - 6a3oBa ceHcopHa NaHenb 3 AiaroHanmnto ekpaHa 4,3
Alonma Ta po3ginbHO

3paTHicTio 480%272 nikceni [27]. MaHenb nigknioyaeTbcs 40 KOHTporepa Yepes
inTepderic PROFINET Ta nporpamyeTbcs B eaMHoMy cepegosui TIA Portal pazom
3 MPOEKTOM KOHTponepa. TeXHi4Hi xapakTepucTukin: Konboposuii TFT-gucnnen

64K konbopis, 4 dyHKUioHanbHi kKHonku F1-F4, cTyniHb 3axvcTy nepeaHboi naHeni
IP65, xunBneHHst 24 B DC. KoHdirypauito naHeni onepatopa B TIA Portal HaBeaeHo
Ha puc. 2.21.

@M. Apk. No gokym. Mign. Aata
Apk.
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PucyHok 2.20 — MepexeBa koHdirypauis
PucyHok 2.21 — KoHdirypauis naHeni onepatopa

@M. Apk. No gokym. Mign. ata
ApkK.
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Mpw koHdirypyBaHHi anapaTtHoi YacTuHu B TIA Portal koxxHoMy mogyrno
aBTOMaTM4YHO NpU3HaYyalTbCs agpecu B agpecHOMy NpoCTopi KOHTponepa.
Posnogin agpec ans gaHoi KoHdirypauii HaBegeHo B Tabnuui 2.1.
Tabnuus 2.1 — Posnopgin agpec BXoAiB Ta BUXOAiB KOHTporepa
Mopynb Agpecu Bxogis Agpecu Buxogis
CPU 1215C (DI)10.0-11.5 -
CPU 1215C (DO) - Q0.0 - Q1.1
CPU 1215C (Al) IW64 — IW66 -
CPU 1215C (AO) — QW64
SM1231 No1 (Al Pt1000) IW96 — IW102 -
SM1231 No2 (Al 0-10 B) IW112 — IW118 -
SM1232 (AO) - QW96 — QW102

—~ o~



[Micns 3aBepLUeHHs KOHIrypyBaHHA anapaTHOi YaCTUHU BUKOHYETbCS
KOMMInsiList NPOEKTY Ta 3aBaHTaXeHHs1 KOHirypauii 4o KoHTponepa Yepes
iHTepderic PROFINET. Y pasi BignosigHocTi isanyHoro cknagy obnagHaHHs
ckoHdpiryposaHomy B TIA Portal koHTponep nepexoaute y poboymnii pexxum, npo
Lo cBigunTh 3eneHuit inankatop RUN Ha nepegHiii naHeni CPU 1215C.

2.5 Po3pobneHHst cxemu enekTprYHOT NPUHLUMNOBOI Ta CXeMu
NigKOYEHHS

CxeMa enekTpuyHa NpuHLMNOBa € OCHOBHMM KOHCTPYKTOPCbKUM

[OKYMEHTOM, LLIO BU3HAYa€ eNeKTPUYHI 3B'A3KM MiX yCiMa eneMeHTamy cuctemm
aBTomatu3auii. BoHa po3pobneHa BignosigHo fo sumor OCTY Ta € nigcrasoto Ans
MOHTaXYy LMTa yNpaemniHHSA, NpoknagaHHsa kabenbHUx Tpac Ta nigknyYeHHs
NnonboBOro obnagHaHHS.

3m. Apk. No gokym. Mign. Aata

Apk.
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Cunosa 4YacTuHa

CunoBa YacTuHa cucTemMu (puc. 2.22) ONUCYE XUBIMEHHS BCIX CUMOBUX

cnoxmBadiB Big Mmepexi 3x400 B/50 My yepesa rornoBHWUIA aBTOMATUYHUIA BUMUKAY
F1 tuny C100/3cp. Big cvnoBoi WnHM Yepes okpeMmi aBTOMaTUYHi BUMMKaYi
XUBNATLCA YaCTOTHWI NepeTBoptoBay NpunnmeHoro BeHTunatopa N1 (F2, C63/3d,
kabenb BBl 4x16), YacTOTHWUI NepeTBoptoBaY BUTsXKHOro BeHTunsitopa N2 (F3,
C32/3dh, kabenb BBI™ 4x6), a Takox 4acTOTHI NepeTBOprOBaYi 40AaTKOBKX
BeHTUNsTOpiB B5.2 (F4, C10/1dp), B5.4 (F5, C16/3b) Ta B5.5 (F6, C20/1).
TpaHcdopmatop T1 (230/24 B, F7, C10/1d) cbopmye Hanpyry ~24 B ans XvBMNeHHS
nepudepii KOHTponepa Ta NonbLoBUX Npunagis. bnok xwnenenHs PM1207
niaKnoYaeTbCs 40 BTOPUHHOT 06MOTKM TpaHcdopmaTopa i hopmye cTabinizoBaHy
Hanpyry =24 B ons xueneHHss CPU 1215C Ta mogynis po3wmpeHHs [6, 11].

PucyHok 2.22 — Cunosa YacTtuHa

CxeMa MigkmnioYeHHs AUCKPETHMX BXOAIB KOHTponepa

Ha puc. 2.23 HaBegeHO cxeMy NiOKMIoYEHHst AUCKPETHUX BXOAIB KOHTponepa

CPU 1215C (po3'em X10) Ta BOynoBaHux aHanorosux Bxogis (po3s'em X11). flo
OVCKPETHUX BXOAIB NIAKIMIOYEHO Taki curHanu: 3abpynHeHHs dinsTpa npunnuey
(ToHka Ta rpyba ouncTka), 3abpyaAHEHHST PINbTPIB BUTSXKKU, NPOTUMOXEXHUI
KOHTaKT, Aatynkn PTC npunnueHoro BeHTUnsitopa (Yepes pene TR1) Ta BUTSXXHOMO
BeHTUNsTOpa (Yepes pene TR2), aBapis KKB, Tepmoctatin npoTn3amMmopo3Horo

3m. Apk. No gokym. Mign. Oata

ApkK.
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3axucty TC1 ta TC2, kHonku «YCK» (SA3) Ta «CTOIlN» (SA4). Jo BOyaoBaHux
aHanoroBux BxodiB Al nigkntoyeHo KOMBIHOBaHUI faTymK TemMnepaTypu Ta
BonorocTi BUTsxHoro nositpst [IBTK 3 gsoma curHanamm 0-10 B [6].

PucyHok 2.23 — lMigkntoyYeHHs AUCKPETHUX BXOaiB

Cxema nMigKniYeHHst aHanoroByx Moaynis

PucyHok 2.24 micTuTb cxemy nigknodeHHs mogynis SM1231 ta SM1232.
Mepmit mogyne SM1231 (aHanorosi Bxogu Al0-Al3) nigkniovae 4oTmpu gaTunku
Temnepatypu Pt1000: 4TI (temnepaTypa npunnusHoro nositps), ATMN1 ta ATMN2
(TemnepaTtypa 3BopoTHOI napu kanopudepis No1 i No2) ta 4T3 (Temnepatypa
30BHILLHBOTO NOBITPS). MiAKNYEHHS BUKOHYETHCS! ABOMPOBIAHOK CXEMOIO 3
BMKOPUCTaHHSAM ekpaHoBaHoro kabento Ans 3HmxeHHs 3asag. Moayns SM1232
(aHanorosi Buxoan AQO—-AQ3) niakntoyae cepBonNPMBOAN KNanaHis napoBmx
HarpiBayiB CK1 ta CK2 (curHan 0-10 B), npuBig 3BonoxyBaya Ta cepBOnpuBia
3acniHkn peuupkynsauii CXKPLL (curtan 0-10 B) [6, 25, 26].

3m. Apk. No gokym. Mign. Oata
ApK.
59
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PucyHok 2.24 — TMigknioYeHHs OUCKPETHUX BXOAiB

Ha puc. 2.25 HaBegeHo cxemy nigkniodeHHs apyroro moayna SM1231 o
aHanoroBux gartyukis 3 curHanom 0—10 B: 1Bl (BonoricTe NpMNIvBHOMoO NoBiTps,
Bxig AlO), AT (Tuck npunnueHoro noBiTps, Bxig Al1) Ta AL (weunakicts
NpUNAMBHOIO NoBiTps, BXig Al2).

PucyHok 2.25 — lMigknioYeHHs ANCKPETHNX BXOAiB

3m. Apk. No gokym. Mign. ata

ApK.
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Ha upomy > apkyLUi NoKkasaHo cxemy KepyBaHHS [OAATKOBUMU BUTSHKHUMMN
BeHTUNsATOpamu B5.2, B5.4 ta B5.5 Yepes anckpeTHi B1uxoam koHTponepa [6].
Cxema MigKniYeHHs BUXOAIB KOHTporepa Ta BUKOHaBYUX MEXaHi3miB

CxeMa Ha puc. 2.26 onucye niaKnioYeHHs AUCKPETHUX Ta aHanoroBmx

Buxoais CPU 1215C. OuckpeTHi Buxoam (po3'em X12) kepytoTb: NPOMKHUMU pene
K1 Ta K2 (kepyBaHHs YacToTHUMK nepetsoptoBadamm N1 1a N2 - nyck/aynuHka),
pene K3-K5 (koHnTakTtopu KKB 1-a, 2-a Ta 3-a cTynei), pene K6 (koHTaktop KKB
4-a ctyniHb), pene K7 (aBapis - namna HL1), pene K8 (po6orta - namna HL4).
AHanorosui Buxig AQ koHTponepa (po3'em X11) hopmye curnan 0-10 B 3aBaaHHS
LUBMAKOCTI Ha YacToTHi nepeTBoptoBadi N1 Ta N2 ogHovyacHo. Yepes okpemi
aHanorosi BUXoau (popMyoTbCA TAKOX CUTHANW KepyBaHHSA CepBONpMBOAAMMN
xantosi npunnuey CX Ta Butsxkn CXB (0-10 B) [6, 16].

PucyHok 2.26 — lMigkntodeHHs BUxoais

Ha ubomy > apKyLUi NoKasaHo NigKnYeHH KoMy TaLuiiHOro komyTatopa
CSM1277 T1a naHeni onepatopa KTP400 Basic PN go mepexi PROFINET yepes
pos'em X1 koHTponepa CPU 1215C [6, 9].

3Mm. Apk. No gokym. Mign. Aata

Apk.
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Cxema nigKniYeHHst NonboBoro obnagHaHHs

PurcyHkn 2.27-2.29 MIiCTSTb CXeMM NiKMIOYEHHS MONbOBOro 0bnagHaHHs oo
KNEMHUX KONMOAOK WuTa ynpaeniHHs. Cxema Ha puc. 2.27 nokasye NigknoYeHHs
cunoBux kabenie Big WWTa ynpaeniHHS 4O YaCTOTHUX NepeTBoploBaYdiB Ta
enekTpoABuryHis BeHTunsaTopis: BBIM 5x25 - Beig 380 B, BBI' 4%x16 - oo AuryHa
npunnueHoro BeHTunsATopa 18,5 kBT, BBI™ 4%x6 - 0o ABMryHa BUTSHXKHOTO
BeHTUNsiTopa 11 kBT, BBI" 3x2,5 Ta BBI" 4x2,5 - 0o foAaTKOBUX BEHTUMNATOPIB.

PuvicyHku 2.27 — TMigkniodeHHst cunoBux kabenis

Cxema 2.28 MicTuTb 3BeeHy Tabnuuto NiaknioYeHHs npunagis 4o KNeMHUX
KOMOAOK LMTa 3 NO3HAYEHHAM TUMY CUrHany, HoMepiB knem Ta Tunis Kabenis.
Cxema (puvc. 2.29) aHanori4yHo onucye NiAKNIYEHHS BCIX BUKOHABYMX MeXaHi3miB —
cepBonpuBogiB xanto3i CXK, CXKB, CXKPL|, knanaxis CK1 ta CK2, 3Bonoxysaya,
ctyneHiB KKB Ta curHany asapii [6].

Yci kabenbHi 3'€AHaHHS MK LWMTOM yNpaBniHHSA Ta NonboBUM obnagHaHHAM
BMKOHYIOTbCSI eKpaHOBaHUMM Kabensamu Ans aHarnoroBUx CUrHanis Ta 3suyaiHumm
KOHTPONbHUMM kabensmMu ans QUCKpeTHUX curHanis. ExkpaHn aHanorosux kabenis

E}SM. Apk. No gokym. Mign. Aata
ApK.
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3a3eMIioTbCs 3 0QHOr0 BOKY - Ha KNeMHi Konoaui LWyTa ynpasniHHs, LWwo
3abe3neyye eeKTMBHUIA 3aXMCT Bif eneKTpoMarHiTHUX 3asag [4, 6].

PucyHkn 2.28 — lMigkntodyeHHsa npunagis

PucyHkn 2.29 — TMigkniodeHHs BUKOHaBYMX MeXaHi3miB

—/
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2.6 lMpoeKkTyBaHHSA WuTa ynpaseniHHA

1T ynpaeniHHSA € LeHTpanbHUM KOHCTPYKTUBHUM €NeMeHTOM

aBTOMAaTN30BaHOI CUCTEMU, B SKOMY 30CEPEIPKEHO BCE enekTpuyHe obnagHaHHa —
KOHTpONep, Moayni po3LWMpPeHHst, BIoK XMBMEHHS, anapaTu 3axucTy Ta
KOMyTaLiiHi enemeHTu. MpaBunbHe KOMMNOHYBaHHS WKTa 3abe3neyye 3pyyHicTb
MOHTaXy, HanarofXxeHHs1 Ta noganbLuoro obcnyrosyBaHHs cuctemu [1].

[ina po3amileHHa obnagHaHHS cMcTemMy aBToMaTykm obpaHo MeTanesui

HaBicHuI Wwadosuii kopnyc CS-108/300 BupobHULTBa KomnaHii Hensel 3 cTyneHem
3axucty IP54, 1o BignoBigae ymoBam MOHTaXy Y BUPOBHMUMX Ta TEXHIYHMX
npumiLLeHHsIX. Kopnyc ocHalleHo npo3opumMu ABepusTamy Ans BidyanbHOro
KOHTPOSIO CTaHy iHAMKaTOpiB 6e3 BiAKPMBaHHS LMTa Ta 3aMKOM AN 3aXUCTY Bif
HecaHkLioHoBaHoro goctyny. Becepeauti BctaHoBneHo DIN-peiikv Ans MOHTaxy
obnafgHaHHA Ta kabenbHi kaHanu Ans opraHizoBaHOro NpokKnagaHHs NPoBofiB [6].
Ha nuuboBiii naHeni wuTa poamiwieHo naHenbs onepatopa KTP400 Basic PN,
kHomku «MYCK» (SA3) Ta «CTOlM» (SA4), a Takox iHAMKaTopHi namnu «Pobota»
(HL4, 3eneHa) ta «Aapis» (HL1, yepBoHa). 30BHILLHI BUrNSA WwWuUTa ynpaeniHHSA
Ta po3MilleHHs obnagHaHHa HaBedeHo Ha puc. 2.30 [9].

PucyHok 2.30 - CxemaTnyHe 306paxeHHs 30BHi WwuTta ynpaeniHHs ACY

3Mm. Apk. No gokym. Mign. Oata

Apk.
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[Mpu KOMMOHYBaHHI LMTa 4OTPUMAHO NPUHLMM PO3AINEHHs CUMNOBOI Ta
cnabopymoBoi 30H. CUNOBi eneMeHTV PO3MILLEHO Y BEPXHIN YaCTWHI WWTa Ha
nepwin DIN-peiiLi: ronoBHWin aBToMaTu4HNUA BUMukad F1 (C100/3db), aBTOMaTUYHI
BuMukadi F2 (C63/3d) Ta F3 (C32/3db) ANs )MBNEHHA YaCTOTHWX NepeTBOploBaYiB
OCHOBHVX BEHTUNSATOPIB, BUMUKaYi F4—-F6 ona goaaTkoBux BEHTUNATOPIB, BUMMKAY
kona kepyBaHHsi F7 (C10/1dp), TpaHcdopmatop T1 (230/24 B) Ta poseTka

DIN 230 B ansa nigkntoveHHs obnagHaHHs nig vyac nyckoHanarog)yBanbHUX pobiT
[6], pnc.2.31. YacToTHi nepeTBoptoBadi Lenze N1 (18,5 kBT) Ta N2 (11 kBT)
MOHTYHOTBCS HUXKYE aBTOMATUYHMUX BUMMKAYIB 3 AOTPUMAHHSAM MiHiManbHUX
MOHTaXHVX BiACTaHew BignoBigHO A0 BUMOT TEXHIYHOT JOKyMeHTaLii BUpOBHWKa -
He meHLwe 100 mm 3Bepxy Ta 3HM3y i 30 MM 3 BokiB Anst 3abe3neyeHHst 4OCTaTHLOI
BeHTUNALIT [24].

PucyHok 2.31 - 306paxeHHst BHYTPILLHBOI YaCTUHU LMTa yNpaBniHHS

3m. Apk. No gokym. Mign. Aata

ApK.
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Mix cunoBoto Ta cnabopyMoBO 30Hamy BCTAHOBIIEHO MeTaneBy

NeperopoaKy ANst 3HWKEHHS BNIMBY €NIEKTPOMAarHiTHUX 3aBag Bif CUIOBMX Kin Ha
po6oTy KoHTponepa [4]. ObnagHaHHsi KepyBaHHS PO3MILLEHO HUXKYE NEePEropoaku
Ha gpyrin Ta TpeTint DIN-pevikax: 6rnok xumeneHHs PM1207, koHTponep CPU 1215C
3 moaynsamun SM1231 (x2) Ta SM1232, a Takox npomixkHi pene K1-K9 3
MOHTaXHUMU konoakamm [11, 25, 26].

[ns nigknioYeHHst 30BHiLLHIX kaGeniB Big NonboBOro obrnagHaHHs
3aCTOCOBYIOTbCS MPYXUHHI KnemHi konogku Phoenix Contact cepii PTFIX,
3rpynoBaHi 3a hyHKLiOHaNbHUM NPU3HAYEHHSAM: OKPEMi IPYNU Ans XUBNEHHS ~24
B, anckpeTHux BxodiB (knemu 1-47), ANCKPETHNX BMXOAIB, aHaNoroBmx BXo4iB Ta
aHanoroBux Buxopais (knemu 48—77). Knemu npomapkoBaHo BiAnoBigHo Ao
HyMepaLii B cxemi nigkniodeHHsi. Hymepauis HaHocuTbea 6e3nocepeiHbo Ha
KOPMyC KNnemu MapKyBasibHOK CTPIYKOH0.

KabenbHi kaHanu ans cmnoBux Ta cnabopymoBuX Kin NpoknageHo okpemo, a
KabenbHi BBOAW PO3MILLIEHO Y HIDKHIIN YacTuHi kopnycy. Bce obnagHaHHs B WnTi
npomapKoBaHO BiAMOBIAHO 4O CXeMU eNeKTPUYHOT MPUHLMMOBOI - KOXXEH eneMeHT
OCHalLLeHO TabnMMYKo 3 NO3ULIMHUM NO3HAYEHHSAM, LLIO BiANOBiAa€e NO3HAYEHHIO Ha
CXeMi; NPOBOAMN MapkoBaHi 3 060X KiHLiB TepMoycagodHumm Tpybkamu.



2.7 Po3pobneHHs anroputmis ynpasniHHA YCTaHOBKOK

ANropuT™M ynpasniHHS NPUNIMBHO-BUTSXHOIO YCTAaHOBKOIO € LIEHTPasbHO
4YaCcTMHOK NporpamMHoro 3abesneveHHs KOHTposepa i BU3Hayae noriky poborn
CUCTEMMU B YCiX pexunmax ekcnnyartawii. 3aranbHuii anropuTm HaBefAeHo Ha
puvc. 2.32. MNMpw horo po3pobreHHi BpaxoBaHO BUMOrU 0 aBTOMaTUYHOMO
niagTpUMaHHsA napameTpiB MiKpoKmiMaTy, 3axXMcTy obnagHaHHs Bif aBapiiHUX
CUTyaLili Ta 3py4HOCTi onepaTMBHOTO ynpaeniHHs [1, 4].

3m. Apk. No gokym. Mign. Aata
Apk.
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PucyHok 2.32 — Briok-cxema 3aranbHOoro anroputmy yrnpasniHHS

3aranbHuii anropuTm pearnisye NocnifoBHE BUKOHAHHSI TakKMX OCHOBHUX

erTanis: iHiLianisauis cuctemun Npy Nogadi X1UBMEHHST; PEXNM OYiKyBaHHS 3
MOHITOPMHIOM 3aXUCHUX (OYHKLIN; NYCK yCTaHOBKWN; aBTOMAaTUYHE perynoBaHHA
napameTpiB MikpoknimarTy; 3ynuHka ycTaHoBKU. NapanenbHo 3 OCHOBHUM LIMKIIOM

EIKM. Apk. No gokym. Mign. Aata
Apk.
67
KPB.(C)-04.00.00.000M3
6e3nepepBHO BUKOHYETLCSA anropuTM aBapiliHOro 3axucTy, Lo Mae HakBULLMIA
npiopuTeT i MOXe nepepBaTn BUKOHaHHS Byab-SKOro iHLWOro anroputmy [6].
IHiuianisauis cuctemu. Mpu nogavi XMBNEHHS KOHTPONEP BUKOHYE
ofHOopas3oBY iHilianisauito: 3aBaHTaxye 30epexeHi ycTaBkv perynoBaHHs 3
€eHeproHe3anexHoi nam'aTi, BCTAHOBIIOE MOYATKOBI 3HAYEHHS BMXOZiB Ta
iHinianizye MNid-perynatopwu. >Kantosi 3anuwiaoTbCs 3akpUTUMU, KnanaHu
kanopudepis BCTaHOBMIOIOTLCSA B MiHIManbHe NonoXeHHs. [icns 3aBepLUeHHs!
iHiLiani3auii cuctema nepexoauTb Yy pexuM odikyBaHHs [6].
Pexum ouikyBaHHSA. B pexuMi ovikyBaHHS BEHTUNATOPU 3yMUHEHI Ta
)anwasi 3akpuTi. Heaaxaroum Ha 3ynuHKy BEHTUNSLIT, KOHTponep 6e3nepepBHO
KOHTPOJSOE TEMNepaTypy 3BOPOTHOI napu kanopudepis (gatumkm OTM1 ta 4TM2)
ANS 3aXMCTY Bif 3aMep3aHHs B 3MMOBUIA nepioA. MNpu KpUTUYHOMY 3HVDKEHHI
Temnepatypu knanaHn CK1 ta CK2 astomartunyHo Bigkpusatotbcst Ha 100%
HesanexHo Bif cTaHy yctaHoBkW. MNepen BUKoHaHHAM komaHam MY CK koHTponep
nepeBipsie BiACYTHICTb aKTMBHUX aBapil — 3a ix HasiBHOCTI Nyck BrokyeTbcs A0
YCYHEHHS NpUYnHu [6].
Myck yctaHoBku. IMyck iHiLitoeTbCcst HaTUCKaHHSAM KHomku SA3 abo
KkoMaHgoto 3 naHeni HMI. AnropuTm nycky BUKOHYE NOCHIAOBHO: BIAKPUTTS
xanto3i npunnuey (CXK) Ta BuTsbkkm (CXKB); nogayvy komaHaun nycky Ha YacTOTHI
nepetsoptoBadi N1 Ta N2 3 nnaBHMM HaboOpOM LUBUAKOCTI; akTMBALLito anropmuTmiB
MiA-peryniosaxHs [6, 24].
BusHaueHHsA ce30Hy Ta aBTOMaTU4He perynioBaHHs. [icnsa nycky
KOHTpOSEep BU3Ha4Ya€e Ce30H PoBOTU LUSISIXOM MOPIBHSAHHSA NOTOYHOI TeMnepaTtypu
30BHiLLUHBOrO MOBITPSA (AaTynk AT3) 3 HanawToBaHUM MNOPOrOM NEePEXoay Mix
cesoHamu. B pexxumi «3UIMA» peanisyeTbces MNI0-perynioBaHHa Temnepartypu
NPUNIIMBHOTO MOBITPSI LUMNSIXOM KEPYBaHHS NMOMNOXEHHSAM KranaHiB napoBux
kanopudepis CK1 ta CK2. 3aBgaHHsa Ha TemnepaTypy opMyeTbCsi KackaHo:
30BHILLHI KOHTYP BU3Ha4Yae HeobXifHy TemnepaTypy NPUMNIMBHOIO NOBITPS
BMXOAAYM i3 3aaHOI KiIMHATHOI TemnepaTypu Ta HanawToBaHOI AenbTU MK HAMU;

3m. Apk. No gokym. Mign. Oata
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BHYTPILLHIM KOHTYp MiATPUMYE Lil0 TemnepaTypy 3a nokasaHHsmu gatynka OTT1. B
pexumi «J1ITO» oxonomKeHHs 3aiNcHI0ETLCSA 3a AonomMoroto KKB wnsixom
NOCNiA0BHOIO BMUKaHHSA YOTUPLOX CTYNEHIB OXONMOMKEHHS 3 BUTPUMKOIO 3aTPUMKU
2 XBUMUHM MK CTyneHamu [6].

[MapanenbHo 3 perynioBaHHAM TemnepaTypu koHTponep peanisye Mi-
perynitoBaHHs BOMOrocTi NpUnnnBHOro noBitps (aatyumk ABI1) wnsxom kepyBaHHSA
KfanaHoM 3BOMNOXyBaya, a TaKoX perynoBaHHA NPOAYKTUBHOCTI BEHTUNATOPIB 3a
nokasaHHaMu aatyuka Tucky (OT) abo wemakocTi (ALL) 3anexHo Bia



HanaluToBaHoOro anropuTtmy [6].

3ynuHka yctaHoBku. [Mpu HagxomxeHHi komanam CTOINN koHTponep

BMKOHYE: MnaBHy 3ynuHky BeHTunsitopis N1 1a N2 yepes 4acToTHi nepeTsoptoBavdi;
3akpuTtTs xanto3i CXK ta CXKB. lMicns 3ynuHKkM cuctema nepexoanTb Y pexnmM
OYiKyBaHHS 3 NPOOBXEHHSIM MOHITOPUHIY 3BOPOTHOI Napu kanopudepis [6].
ABapinHUM 3axncT. ANrOpUTM aBapiiHOro 3axXMUCTy BUKOHYETbCS

6e3nepepBHO Ta He3arneXxHo Bif MOTOYHOIO CTaHy ycTaHoBKW. [pun cnpavtoBaHHi
Oyab-akoro 3axucty - TepmocTtatiB TC1/TC2, TEpMOKOHTAKTIB ABUIYHIB,
NOXEXHOro kKoHTakTy abo aBapii KKb — koHTponep HeraiHo 3ynuHsie
BEHTUNSATOPM, 3aKpMBAE antosi, Biakpmeae knanaHu kanopudepis Ha 100% (npu
3arposi 3amep3aaHHsl) Ta BMUkae aBapiiHy namny HL1. FMoBTOpHWIA NyCK MOXINMBUIA
nvLe nicns yCyHeHHs NpuyrHK aBapii Ta i ckacyBaHHs Yyepe3 meHio HMI [6].

M. Apk. No gokym. Mign. fOata
Apk.
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3 PO3POBJIEHHA NMPOrPAMHOIO 3ABE3IMNEYEHHA TA
HANATOOXEHHA CUCTEMMN

3.epenosmme nporpamysaHHs TIA Portal

Totally Integrated Automation Portal (TIA Portal) — ue eavHe iHxeHepHe
cepefosuLLe koMnaHii Siemens, o 06'eaHYE B O4HOMY NpOrpaMHOMY nakeTi
iHCTPYMEHTM ANs KOHirypyBaHHs anapaTHOi YacTUHW, po3pobneHHs nporpamM
KOHTPOIEepIB, HanalTyBaHHSA KOMYHiKaLii Ta CTBOPEHHS NPOEKTIB NaHenewn
onepatopa HMI [11]. 3acTocyBaHHs TIA Portal cytTeBO cnpoluye npouec
po3pobneHHs ACY NopiBHAHO 3 BUKOPUCTaAHHSAM OKPEMUX creLianizoBaHnx
nporpam, OCKifnlbK1 BCi CKNaAoBi NPOeKTy AOCTYMHI 3 eAVHOro iHTepdeiicy, a Tern
KOHTpOnepa aBToMaTU4HO AOCTYNHI Npu po3pobnexHi ekpaHis HMI 6e3
HeobXiAHOCTI iX MOBTOPHOIO BU3HaYeHHs [12].

Ctpyktypa npoekty TIA Portal. MpoekT TIA Portal mae aepeBonoaioHy

CTPYKTYpY, LLO BifobpaxaeTbes y niBiit naHeni «Project treex. [ins pospobnioBaHoi
ACY npoekT micTuTb ABa npuctpoi: PLC_1 (CPU 1215C DC/DC/RIy) Ta HMI_1
(KTP400 Basic PN), 3'egHaHi Mixx coboto yepes mepexxy PROFINET PN/IE_1.
Hepeo npoekty PLC_1 Bkntoyae Taki ocHoBHi By3nu: Device configuration
(anapaTtHa koHdirypauisi), Program blocks (nporpamti 6noku), PLC tags (tabnuui
Terie), PLC data types (Tunu gannx), Watch and force tables (Tabnuui MoHiTOpyHry
Ta NPYMYCOBOrO BCTAHOBIIEHHS 3HaYeHb), Online backups (pe3epsHi konii) Ta
Traces (ocuunorpad).

Moswu nporpamysaHnHs. TIA Portal nigTpuMmye n'aTb MOB NporpamyBaHHS
BignosigHo Ao craHaapty IEC 61131-3 [4]: LAD (Ladder Diagram) — moBa
penerHnX cxem, Lo € HanbinbLL NOLUMPEHOLO cepes cnewianicTiB i3 NpoMUcrnoBoi
aBTomaTm3auii; FBD (Function Block Diagram) — moBa dpyHKLiOHanbHUX 6rokoBux
fiarpam, 3pydHa ans peanisaduii anroputmis 06po6km aHanoroemx curHanis; SCL

3m. Apk. No gokym. Mign. ata
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(Structured Control Language) — MoBa CTpyKTypoOBaHOro TekcTy, noaibHa fo Pascal,
L0 A03BONSE pearnizoByBaTh CKNagHi anroputMu B KOMMaKTHin chopmi; STL
(Statement List) — moBa cnucky onepatopis Hu3bkoro piBHs; GRAPH — moBa
nocnifgoBHMX PYHKLOHaNbHUX CXEM s NPOrpamMyBaHHs MOKPOKOBKX MPOLECIB.
Y fBaHOMy NPOeKTi OCHOBHWUM iHCTpyMeHTOM € MoBa LAD, sika 3abesnevye
Hao4He BiAoOpaKeHHs1 anropMTMIB NIOFYHOrO KepyBaHHs Ta 3axucTy. [ns
peanisauii anropuTmis 06pobku aHanoroBux curHaris Ta 064YncnoBanbHUX
onepaluii 3actocosyeTbest SCL, a MNIJ-perynatopu peanizoBaHi 3acobamu FBD i3
BMKOPUCTaHHAM BOyAOBaHMX TexHonoriyHmx o6'ektis PID_Compact [11, 12].
CTpyKTypa nporpamHux 6rokis

Mporpama koHTponepa nobyaosaHa 3a MOAYNLHUM NPUHLMMIOM i

cKknagaeTbes 3 opraHisauinHux énokis (OB), dyHkuin (FC) Ta dyHKUiOHanbHUX
6nokis (FB). OpraHisaLiiHi 6roku BUKIUKaTLCA onepaLiiHo CUCTEMOLD
KOHTpOMepa aBToMaTU4HO BiANOBIAHO A0 3a4aHUX YMOB | € TOYKamu BXOAY Ans
BMKOHaHHSI nporpamu kopuctysaya [11].

B pamkax po3pobntoBaHOro NpoeKkTy 3aCTOCOBYIOTLCA Taki TUNW



opraHisauiiHux 6nokis. OB1 (Program cycle) € ronoBHUM LKMiYHUM Griokom, Lwo
BMKOHYETBCS 3 KOXXHMM LIMKITOM CKaHyBaHHS KOHTponepa. BiH MIiCTUTb BUKNUKK
BCiX (PyHKLUi cuctemu Ta 3abesnedye getepmiHoBaHe BUKOHaHHS anroputmis
ynpaeniHHA. OB100 (Startup) BUKOHYETLCS 0QHOPA30BO NpU NEPEXOAi KOHTponepa
3 pexumy STOP go RUN Ta npusHadeHuin Ans novaTkoBol iHiLianisauii 3MiHHWX i
yctaBok. Cyclic interrupt OB € 6rokomM 3 LMKNiYHUM NepeprBaHHAM hikCoBaHOro
4acoBOro iHTepBany, LWo 3abeanedvye piBHOMipHUI BUknuk MIO-perynsitopis
He3anexHo Bif Yacy BUKOHaHHS OCHOBHOrO umkny [11].

®yHkuii FC € nporpamHnmu 6niokamu 6e3 BnacHoi nam'aTi, Lo peaniayioTb
anropuTMu ynpaeniHHS OKPEMUMU TEXHOMOTYHUMU By3namu. Y NpoekTi
peanisoBaHo Taki dyHkuii: FC25 (AV_dat) — HopmyBaHHA Ta dinbTpais
aHanoroBux curHanis gatuukie; FC50-FC53 (AV_dat_1-4) — anroputmu
ynpasniHHa Harpisadamu, KKB, 3Bonoxysadem Ta peumpKynsuieto BianoBiaHo;

3m. Apk. No gokym. Mign. ata

Apk.

71

KPB.(C)-04.00.00.000M3

FC60, FC61, FC71 (AV_dat_5-7) — ynpaBniHHA 4OAATKOBUMW BEHTUNATOPaMu Ta
aBapiiHuii 3axucT, puc. 3.1.

PucyHok 3.1 — MNpuknag cTpyKTypu NpoekTy

Tabnuui Teris

Bci 3miHHi nporpamu Bu3HavatTbes B Tabnuusax teris PLC tags, Ae KoxxHOMY

TEry npyM3Ha4yaeTbCsl CUMBOIbHE iM's, TN JaHUX Ta agpeca B Nam'aTi KOHTponepa.
3acTocyBaHHS CUMBOMbHUX iIMEH 3aMiCTb aBCONIOTHUX aApec 3HAa4YHO MiABULLYE
3pYYHICTb YMTaHHS Ta HanarogkeHHs nporpamu, puc.3.2. Tabnuusa Default tag table
MicTUTb 194 Tern, LLO OXONMIOTL BCi BXOAM Ta BUXOAM KOHTponepa, BHYTPILLHI
3MiHHi @anropuTMIB yrnpaBniHHA, YCTaBKN PerynioBaHHs Ta AiarHOCTUYHI 3MiHHI.
YCTaBKW perynioBaHHsi, L0 MOXYTb 3MiHIOBAaTUCS ONepaTopoM Yyepes naHesnb

HMI, Bu3HaueHo sik Tern Tuny REAL 3 atpubyTtom Retain — ue 3abesneuye

3m. Apk. No gokym. Mign. Aata

Apk.
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36epexeHHs iX 3Ha4YeHb B eHeproHe3anexHin nam'saTi KOHTponepa Npy BiAKMOYEHHI
XVBMEHHS Ta BiAHOBNEHHS NiCNsi MOBTOPHOrO YBIMKHEHHs [11].

PucyHok 3.2 — Tabnuui Teris

IHCTPYMEHTU HanarogXeHHs

TIA Portal Hagae LWwnpokuin Habip IHCTPYMEHTIB AN HanaromKeHHst

nporpamu. Watch and force tables no3BonstoTe B pexumMi OHNanH BiacTexysatn
MOTOYHI 3HaYeHHs [OBINLHOrO Habopy TeriB, @ TAKOX NMPVYMYCOBO BCTAHOBMIOBATH
3HaYeHHs 3MiHHMX AN NepeBipkn peakuii cuctemu. IHCTpyMeHT Traces peanisye
yHKUito ocumnorpada — 6e3nepepBHOro 3anucy 3HayeHb obpaHux TeriB 3
HanaluToBaHNM 4YacoBUM iHTepBasoMm, Lo € 0COBNMBO KOPUCHUM NPU HanarofKeHHi
Mia-perynatopis [11, 28].

®yHkuis Online &amp; diagnostics 3abeanevye BigobpaKeHHs1 NOTOYHOMO CTaHy
KOHTpoOsepa, CTaHy MOAyNiB PO3LUMPEHHs, Bydepy AiarHOCTVKM Ta MepexeBmx
3'eHaHb. [pU BUHUKHEHHI anapaTHMX HecnpaBHoCTen abo NOMUIOK Nporpamm
BiAMOBIAHI 3anNvMcn aBTOMaTUYHO BHOCATLCS 40 AiarHOCTUYHOro bydgepa 3 4acoBow
MITKOIO, LLIO CYTTEBO CMPOLLYE MOLUYK Ta YCyHEHH:A HecnpasHocTen [11].

3m. Apk. No gokym. Mign. Oata

ApkK.
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3.2 MporpamyBaHHs1 KOHTporepa MoBoto LAD

MporpamHe 3abeanedeHHs koHTponepa Simatic S7-1200 po3pobneHo B
cepenosui TIA Portal mosoto LAD. MNporpama nobyaosaHa 3a MogynbHUM
NMPUHLMMNOM i CKNagaeTbCsi 3 TPbOX OpraHisauiiHnx 6nokie 1a 57 dyHKUil.
MopaynbHWI Nigxia Ao opraxisauii nporpaMHoro 3abesnevyeHHs € Knio4oBUM
npuHUMNOM npoekTyBaHHA ACY, OCKinbku BiH 3abe3neyye HesanexHe TeCTyBaHHS



Ta HanarofKeHHsi KOXXHOTO MiAanropuTMy, CrPOLLYE BHECEHHS 3MiH 6e3 pu3nKy
NOPYLUEHHS1 POBOTY IHLIMX YaCTWH Nporpamu, a Takox NiaBuLLye YutTabenbHicTb Ta
3pYYHICTb MoAdanbLIoro cynpoBoay cuctemu [12].

OpraHizauinHi 6noku Ta 3aranbHa CTpyKTypa BUKOHAHHS

Oprarnisauintuin 6nok OB100 (Startup) € 6nokom iHiuianisauii, wo

BMKOHYETbCSI KOHTPONEPOM OAHOPAa30Bo Npu nepexodi 3 pexumy STOP go RUN —
He3anexHo Big NpuynHU nepesanycky. brnok mae ABa BxiaHi napametpu Tuny Bool:
LostRetentive, wo curHaniaye npo BTpaty Retentive-amiHHWX (Hanpuknag, npu
po3psiai 6ydepHoi 6atapei), Ta LostRTC, wwo Bkasye Ha BTpaTy 3Ha4eHb roaguHHUKa
peanbHOro yacy. AHani3 Luux napameTpiB JO3BOMNSE Nporpami BUSHaAYUTU NPUYUHY
nepesanycky Ta 3a notTpebu BUKOHATU BiQHOBMEHHS YCTaBOK 3i 3HaYeHb 3a
3amoBuyyBaHHsAM [11], pnc.3.3.

PucyHok 3.3 - BnactusocTi 6noky Startup [OB100]

OpraHizauinHuin 6nok OB30 (Cyclic interrupt) € 0OCHOBHVMM BUKOHABYMM
6NOKOM CMCTEMU — BiH BUKIUKAETLCS anapaTtHUM NnepeprBaHHAM 3 (hikcoBaHUM

3m. Apk. No gokym. Mign. ata

Apk.
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4YacoBMM iHTEPBANoOM He3anexHo Bif Yacy BukoHaHHs uukny OB1. Lie 3abeaneuvye
CYBOPO PiBHOMIPHUIA BUKNVK anropuTMiB perynioBaHHs, Lo € KPUTUYHO BaXNMBUM
Ansa crabineHoi poboTw MIA-perynsaTopis. Bnok MicTuTb 19 Mepex, y aKux
NoCniAOBHO BMKNMKAIOTLCA BCi kNoYoBi yHKUii cuctemn: FC23 (Retsyrkulatsia),
FC13 (Nagriv), FC54 (Nagriv_1), FC18 (Invertor), FC12 (T_for_sp), FC19 (KKB)
Ta iHLWi.

OpraHizauinHuin 6nok OB1 (Main) peanisoBaHuii ik «Main Program Sweep
(Cycle)» i BUKOHYETbCA B OCHOBHOMY LIMKIi CKaHyBaHHS KOHTpornepa. BiH MicTutb
16 Mepex, y KX BUKOHYETbCSI HOPMYBAHHS BXiAHUX aHaNOroBUx curHanis Ta
BUKIMKM ¢pYHKLiA 06poBKu AaHuX Anst okpeMux 3oH Byaisni. Y mepexax 1-3
3AJINCHIOETBCA MacLUTabyBaHHA aHanoroBMx curHanis yepes gyHkuito FC3
(Scale_Int2Real): Mmepexa 1 — HOpMyBaHHS cUrHany KiMmHaTHoi Temneparypu
(appeca %IW66, T_room), mepexa 2 — HOpMyBaHHS 3aBAaHHSA Ha TemnepaTypy
(%IW96), mepexa 3 - HopMmyBaHHsi curHany suxogy (%IW102). Y mepexax 4-9
HOPMYIOTBCS CUrHanu Temnepatypu 3BopoTHoi napm RW1 (%IW98) Ta RW2
(%IW100), sonorocTi (%IW112, Hum_for), Bonorocti KiMHaTHOro nositps

(%IW64, Hum_room), Tucky nositps (%IW114, P_for) Ta wBnakocTi nosiTps
(%IW116). Mepexi 10—16 micTaTb Buknukn dyHkuii: FC4 (Norm_distibuted 1/0),
FC1 (start), FC2 (Avarii), FC7 (Sezone), FC9 (Pusk_DMPR), FC10 (grafik) Ta
FC24 (Outputs).

®yHKUiT MaclTabyBaHHS curHanis

[nsi nepeTBOpPeHHs1 curHanis Mix pisHUMy hopmaTtamu Ta dianasoHamu
po3po6reHo YoTMpK JOMOMIKHI OYHKLIT MacluTabyBaHHS, WO LUMPOKO
3aCTOCOBYOTLCS MO BCI Nporpami.

®yHkuia FC3 (Scale_Int2Real) BUKOHYe niHiliHe NepeTBOPEHHS

Lino4ncenbHOro 3HaueHHsi aHanoroBoro Bxogy koHTporiepa (tvn INT, ctaHgapTHWi
AianasoH 0-27648) y disnyHy BenuunHy y coopmarti REAL. MapameTpu dpyHkuii: Int
(BxigHe uine 3Ha4eHHs), Int_max Ta Int_min (Mexi Lino4yncensHoro Aianasoxy),
Real_max Tta Real_min (mexi disnyHoro gianasoHy), Real (BuxigHe 3HaueHHs y

3m. Apk. No gokym. Mign. Oata

ApK.
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di3nyHUX ognHULSX). PyHKLIS 3aCTOCOBYETLCS NMPU HOPMYBaHHI BCiX aHanoroBux
BXiHNX cuUrHanis — Temneparyp, BONOrocTi, TUCKY Ta WBUAKOCTI NOBITPS.
®yHkuis FC5 (Scale_Real2Int) BukoHye 3BOpoTHE NepeTBOPEHHST —

hiznyHoi BenuunHm y bopmati REAL ao uinouncensHoro 3HaveHHs INT gns
3anucy Ao aHanoroBoro BUXoAy KOHTponepa.

PyHkuia FC6 (Scale_Real2Real) BUKOHye niHiiHe MacluTabyBaHHSA Mix

ABoma fianasoHamu y coopmati REAL i peanizoBaHa Yyepesa cTaHAapTHi iHCTPyKLUii
NORM_X (Hopmanisauis go gianasoHy 0—1) Ta SCALE_X (macltabyBaHHs 0o
BMXigHOro AianasoHy), puc.3.4. La dyHKuis mae nuwe 2 mepexi, npote
BMKOPUCTOBYETHLCHA NOBCIOAHO B NpOrpami — 30KpemMa, ANs nepeTBopeHHs
HopmoBaHoro curany MIf-perynsaTopa y BiACOTOK BiAKpPUTTA knanaHa abo



3aB[aHHs Ha YacTOTHWI nepeTeoptosay [11].
PucyHok 3.4 — BnactuBocTi Ta Mepexi dpyHkuii Scale_Real2Real (FC6)

®yHKuia FC37 (Scale_Real2Real_Limits) € poswmpeHoto sepcieto FC6 3
[opatkouMu BXigHumu napametpamu IN_max ta IN_min gns koHTponto Buxoay
BXiHOrO curHany 3a gonycTuMi Mexi Ta (popMyBaHHAM aBapiiHoro bynesoro
curHany Output npu nepesuLLeHHi. Lie Ao3Bonsie ogHoYacHO mMacluTtabyBaTty curHan
Ta BUSIBMATU HECMIPABHOCTI AaTyumka (Buxig 3a mexi poboyoro aianasoHy) 6e3
HanucaHHsa gogaTkosBoro kogy [11].

3m. Apk. No gokym. Mign. ata

ApK.
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PyHkuia nycky FC1 (start) Ta ynpaeniHHs knanaHamu FC9

(Pusk_DMPR)

®yHkuis FC1 (start) peanisye noriky 3anycky Ta 3ynmHK1 YCTaHOBKM.

AnropuTM aHanisye HasiBHiCTb JO3BOMY Ha poboTy (BiACYTHICTb aBapin, BiakpuTi
KnanaHu, roTOBHICTb YaCTOTHMX NepeTBoploBaYiB) i HOpMye KOMaHAM NycKy
BeHTUNATOpIB. PyHKUiA FCI (Pusk_DMPR) ynpaense nosiTpsHUMK knanaHamu
(nemndpepamm) — Bigkpueae xantosi CX ta CXKB npu komaHai nycky i 3akpvBae
npu 3ynuHui abo aBapii, 3 KOHTPONEM 3BOPOTHOIO CUrHany NiATBEPOXKEHHS
NOMNOXEHHS.

PyHKLiA BU3Ha4YeHHsA ce3oHy FC7 (Sezone)

®yHKLIA BU3HAYEHHS CE30HY aHarisye NOTOYHY TeMMepaTypy 30BHiLLHbOrO
NOBITPSA Ta MOPIBHIOE Ti 3 HANaLWTOBaHWMK NOPOraMn Nepexoay Mix ce3oHamu.
PesynsraTtom € guckpeTHa 3miHHa Tuny Bool, Wo B1u3Ha4yae akTBHUIN pexum
po6oTtun cuctemu - «3UMA» abo «J1ITO». [insa 3anobiraHHA YacTOMy NepemMyKaHHo
npu Temnepartypax, 6rm3bknux 40 MOPOroBOro 3Ha4eHHs, peani3oBaHo ricTepesmnc:
nopir nepexoay B pexum «JIITO» BULLMIA 3a NOPIr NOBEPHEHHS A0 pPeXMMY
«31MA» [6].

PyHkLUia rpadiky pobotn FC10 (grafik) Ta no6osoro rpadiky FC11

(day_graf)

®yHkuia FC10 (grafik) peanidye TvxHeBWI posknag poboTu cuctemu,
BuKnmkaroumn dyHkuito FC11 (day_graf) okpeMo ans KOXHOro AHSA TUXKHS 3
BiAMNOBIAHMMM yCTaBKaMu Yacy BMUKaHHSA Ta BUMUKaHHSA. PyHkuia FC11
BUKIMKAETLCS 3 NapameTpamu KOHKPETHOro AHA — cepeau (sereda), yeTBepra
(chetver), n'aTHuui (piatnytsia) ToLO — KOXeEH 3 SIKMX Mae BracHi yctaeku Hour_on,
Hour_off, Min_on, Min_off. ®yHkuis FC11 peanizoBaHa B LAD i B mepexax 1-2
MOPIBHIOE MOTOYHUI Yac roguHHMKa pearnbHoro yacy koHTponepa (HOUR,
MINUTE) 3 ycTaBkamu BMUKaHHS Ta BUMUKaHHS, a B Mepexax 3-4 dopmye
BUXiOHWUIA cTaTyc poboTH Ta kepye BHYTpILLHIM GiTom cTaHy [6], puc. 3.5.

3m. Apk. No gokym. Mign. Aata
ApK.
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PucyHok 3.5 — ®yHkuia day_graf [FC11]

PyHKUia hopmyBaHHs 3aBaaHHA FC12 (T_for_sp)

PyHKLiA dhopMyBaHHSA 3aBOaHHS Ha TeMnepaTypy pearnisye KackagHui

anroputMm BU3HaYEeHHS HEOOXiAHOT TemnepaTypu NPUNIIMBHOIO MOBITPS. 30BHILLUHIN
KOHTYP 0BYMCIIIOE Pi3HULIKD MiXX MOTOYHOK KIMHATHOK TEMMNEPATYpoo Ta 3afaHum
3HAYEeHHAM i Ha OCHOBI LibOro BiAXUIIEHHS KOPUTYyE 3aBAaHHA Ha TemnepaTtypy
NPUNAMBHOTO NOBITPS. Pe3ynsTytove 3aBAaHHA 0OMeXyeTbCs HanaluToBaHMm
3HaYeHHAMM MiHiMymy Ta makcumymy (10-40 °C) i nepepaetbes A0 PyHKUIN
ynpaBniHHs HarpiBadem abo KKB 3anexHo Big akTMBHOrO ce3oHy [6].

®yHKuii ynpasniHHs HarpiBadamu FC13 (Nagriv) Ta FC54 (Nagriv_1)

PyHkuii FC13 Ta FC54 peanisytoTb anropuTm ynpasniHHS NepLunm Ta

Apyrum napoBumu kanopudepamu BianosigHo, puc. 3.6. B mepexax 5-9 dyHkuii
FC54 (Nagriv_1), peanizoBaHo: Mmepexa 5 — nepefada 3asaaHHs lMI0-perynstopy
Yyepes iHcTpyKuito MOVE (napametp CtrIParamsBackUp.p.Ti); mepexa 6 —
MacLuTabyBaHHsi NONoXxeHHs knanaHa Yepe3 FC37 (Scale_Real2Real_Limits) 3
napametpamu T_out_kl1 Ta obmexeHHamu Min_Klapan_t ta OUT_max/OUT_min;
mMepexa 7 — BMGip Mixk ABOMA 3HAaYEHHSAAMMU MiHIManbHOTO MONOXEHHS KnanaHa



3anexHo Bif, ce30Hy 3a gonomoroto iHeTpykuii SEL Real (Bubip Mix klapan2_1 Ta

3m. Apk. No gokym. Mign. Oata

ApkK.
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0.0 3anexHo Bif yMOBU «S€zoney); Mepexa 8 — aHarnori4yHo Ans Apyroro BapiaHTy
MiHIManbHOro NOMNOXeHHS; Mepexa 9 — NepeTBOPEHHS HOPMOBAHOIO 3HAYEHHS
3aBpaHHs Klapan_Nagriv_1 4yepes FC6 (Scale_Real2Real) 3 gianazonom 0-100% no
suxofdy Klapan_Nagriv_ [6, 11].

Baxxnmeoto dyHKLUjiE0 3axucTy € BigkpuTTa knanaHa Ao 100% npwu

KPUTUYHOMY 3HWXKEHHI TeMnepaTtypu 3BOPOTHOI Napu — Lieit anroputm peanisoBaHo
y dyHkuii FC17 (klapan100), ska suknukaeTtbes 3 FC13 ta FC54 npu gocarHeHHi
aBapiiHOi Temnepartypu.

PucyHok 3.6 - ®yHkuis Nagriv_1 [FC54]

®yHkuUii ynpaBniHHA YacToTHUMK nepeTBoptoBavamu FC18 (Invertor)

Ta FC15 (Invertor_reg)

PyHkuis FC18 (Invertor) peanidye NOBHWI anropuTm ynpasniHHS

YacToTHMMUK nepeTBoptoBavamu Lenze N1 (npunnue, 18,5 kBT) Ta N2 (BuTsxka, 11

3m. Apk. No gokym. Mign. ata

Apk.
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KBT). Anroputm BKIntovae KOHTponb curHanis rotosHocTi (TR1, TR2) Big
4YaCTOTHMX NepeTBOPOBaYiB, NaBHUIN NYCK 3 MOHITOPUHIOM Yacy Habopy
LUBMAKOCTI, 3aXUCT Bif MOBTOPHOTO MyCKYy A0 MOBHOI 3yMUHKN Ta (hOpMyBaHHS
aBapiiHOro curHany npu BiACYTHOCTI MiATBEPAXKEHHS NPOTArOM HanalITOBaHOro
yacy [6, 24]. ®yHkuia FC15 (Invertor_reg) peanisye MIO-perynioBaHHs
NPOAYKTUBHOCTI BEHTUNATOPIB 3a nokasaHHsMM Aatynka Tucky (OT, agpeca
%IW114) abo weunakocTi (AL, anpeca %IW116) 3anexHo Big o6paHoro
anroputmy B MeHto HML.

®yHkuis ynpaeniHHa KKB FC19 (KKB) Ta FC20 (KKB_SET)

dyHkuisa FC19 (KKB) peanidye anropytm ynpaeniHHS YOTMPMa CTyNeHs MU
OXONOMKEHHS KOMMPECOPHO-KOHAEHCATOPHOro 6roky. BmykaHHSA cTyneHis
BiaByBaEeTbCA NOCMIAOBHO NPU NEepPEeBULLEHHI NOPOriB YMOBHOI NOTY>XHOCTI, @
BMMWKaHHSA — NP 3HWKEHHI HXKYe NOpOriB 3 ypaxyBaHHAM rictepeaucy. Mix
BMMWKaHHSAM CYMKHUX CTYNEHIB BUTPUMYETLCS MiHiMaribHa naysa 2 XBUMWHW, Lo
peanidyetbcst Tanmepamu TON [6]. ®yHkuis FC20 (KKB_SET) 3abeanedvye
HanaluTyBaHHS! YCTaBOK BMUKaHHS Ta BUMMKAHHS KOXHOIO CTyNeHs!, a pyHKLis
FC21 (on_stupin) peanisye noriky no4eproBoro BMUKaHHs CTYMeHIB 3 ypaxyBaHHSM
HanaluToBaHUX 3aTPUMOK.

PyHkLUia aBapiiHoro 3axucty FC2 (Avarii)

dyHKLiA aBapiliHOro 3ax1CTy € HanbiNbLL Po3rany>eHo Yy nporpami - BoHa
MiCTUTb 33 Mepexi Ta 3AINCHIOE KOMMNEKCHUI MOHITOPUHT YCIX 3aXMCHUX AaTuuKiB
Ta curHanie cuctemu, puc. 3.7. B mepexax 5-6 peanisoBaHo 06pobky curHanis
TepmocTatiB TC1 (%I1.1) Ta TC2 (%I1.2) 3 3aTpMmKOtO cripaLtoBaHHS Yepes
Taimepy TON (DB814 ta DB815) 3 yacom Butpumkmn 1 x8 42 ¢ (1#2s_0ms) ana
dinbTpaLii kopoTkoyacHUx crpautoBaHb. B mepexax 7-8 3actocoByeTbcs yHKLisA
FC37 (Scale_Real2Real_Limits) ans koHTponto Temnepartypu 38opoTHOi napyu RW1
Ta RW2 - npu B1xogi 3a gonyctMmi Mexi hopMyeTbCa aBapiiHWiA curHan
RW1_alarm ta RW2_alarm. B mepexi 9 peanizoBaHo KOHTPOsb TeMnepartypu

3m. Apk. No gokym. Mign. Oata

Apk.
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3BOpOTHOI Nnapyn RW1 3i ctaHgapTHUM nopiBHsAHHSM Tuny Real 3 hopmyBaHHAM
aBapii «ABapisa».A_RW1 [6].

Y dpyHkuii Avarii peanizoBaHo nepegady aBapiiHUX CUrHaniB Ao BHYTPILLHIX
mapkepHux 6iTie: «Aapia».A_dat_VOL_for — %M3.0 «A_dat_VOL_fory,
«ABapia».A_dat_VOL_room — %M3.1 «A_dat_VOL_roomy,
«ABapisa».A_filter_PV — %M3.2 «A_filter_PV».

PucyHok 3.7 — ®yhkuisa Avarii [FC2]



®yHkuii peumpkynauii FC23 Ta 3Bonoxysaya FC57

PyHkuia FC23 (Retsyrkulatsia) kepye NonoXeHHsIM 3acriHKK peunpKynsauii
(ceponpusig CXPL) wnsxom popmyBaHHsi aHanorosoro curHany 0-10 B 3anexHo
BiJ MOTOYHOrO TEMIIOBOrO HABAHTAXEHHS Ta aKTUBHOTO Ce30HY. B 3umoBomy
pexumi 36inbLIEHHS YacTKW PeLMPKYNbOBAHOIO MOBITPS 3HUXKYE HAaBaHTaXEHHS Ha
kanopudep; B NiTHbOMY - peLIMPKYNsiLisa 0OMeXyeTbCa Ans 3anobiraHHa neperpisy
npumilLeHHs [6]. PyHkuia FC57 (Zvolozhuvach) peanisye MIO-peryntioBaHHs
BOMOrOCTi MPUMNIIMBHOIO MOBITPS! LUMSIXOM KEPYBaHHS aHaNoroBUM BUXO40M
KnanaHa 3sonoxysaya (curHan 0-10 B), a doyHkuis FC58 (V_for_sp) doopmye
3aBAaHHs Ha BOJONiCTb Ans (hyHKLUIT 3BOMNOXyBaya.

PyHkLUis dopmyBaHH:A BuxodiB FC24 (Outputs)

®yHkuis FC24 (Outputs) € ciHanbHOK NaHKO B NaHLIXKy 06po6ku

curHanis i 36upae pesynsratv poboTu BCix anropuTMiB ynpasniHHs, hopMyrumn
hi3nyHI curHanu Ha BUXoam KoHTporepa, poc. 3.8. PyHkuis peanisoBaHa MOBOO

3m. Apk. No gokym. Mign. Aata

Apk.
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LAD i B mepexi 1 yepes Tanimepu TON (DB882, DB883) ta TP chopmye muratoumn
curHan ans aeapiniHoi namnu HL1 npu akTrBHin aBapii (ymoBa: «Aapisa» filter_PV,
«ABapia».A_kkb, «Asapis».filter_V) 3 ypaxyBaHHAM curHanis «JUCKpeTHi
BenuunHu».Lamp_A1. B mepexi 2 3ailicHIOETbCS NpsiMa nepegaya curHany
«ABapia».Alarm go namnu Lamp_A2. B mepexi 3 hopMyeTbCSH pesynbTyounin
curHan nammu (Lamp_A1 OR Lamp_A2 — «[luckpeTHi BenuumHu».Lamp_A). B
mepexi 4 curHan namnum 3anucyetbes Ao disnyHnx Buxodis: %Q0.6 «HL_Alarm»
Ta %Q1.0 «Alarm» [6, 11].

PucyHok 3.8 — dyHkuii Outputs [FC24]

PDyHKLiT 06pobkM faHMx aHanoroBux Buxodis AV_dat

Ipyna dyHkuin AV_dat (FC25, FC50-FC53, FC60-FC71) peanidye 06po6ky

Ta nepegavy AaHux aHanoroBmx BUXOAIB 4151 OKPEMUX 30H Ta npuMmilLeHb Byaisni,
puc. 3.9. KoxHa cyHkuia AV_dat mae yHidikoBaHuin iHTepdeinc: BxigHun
napametp DAT Tuny Real (HopmoBaHe 3Ha4eHHsi 3aBfaHHs), InOut-napameTpu
A_dat_obr ta A_dat_kor Trny Bool ans BigctexeHHs ctaHy 06pobku. Y dyHKLUiT
FC51 (AV_dat_2) B mepexax 1-2 peanizoBaHO KOHTPOIb LUBUAKOCTI pyXy NOBITPs
(«ABapisi».skyd) yepes Tanimepn TON (DB824, DB825) 3 yacom BUTPUMKM 2
XBUINMHK Ta noporom 70.0 — Npy BUXOAi 3HAYEHHS 3a MeXi i BiCyTHOCTI
niaTBEPAXXEHHS NPOTAroM 3agaHoro Yacy opmytoTbes curHanu #A_dat_obr ta
#A_dat_kor [6].

3m. Apk. No gokym. Mign. Oata
ApkK.
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PucyHok 3.9 — ®yHkuia AV_dat_2 [FC51]

®yHKUiT ynpaBniHHsA 3oHammn Room

pyna dyHkuin FC26—FC36 (Room4—Room?22) peanisye iHaMBIiAyansHe
ynpaBniHHSA NapameTpamy MiKpoknimMaTy B okpemux 3oHax byaieni, puc. 3.10.
KoxxHa dyHkuis Room suknukae FC38 (Room_mode) Ans BU3Ha4€HHA NOTOYHOrO
pexumy po6oTH 30HM, NiCMs Yoro 3a AonomMoroo iHCTPYKUii SEL Real Bubupae mix
HOPMOBaHVM 3Ha4YeHHAM TemnepaTtypu (room_norm) Ta 3agaHum 3HaYeHHAM
(T_room_set) 3anexHo Big akTUBHOMO pexmmy — HopMasnbHOro abo eKOHOMHOro
[6]. B mepexi 1 BinbyBaeTbesa Buknuk FC38 (Room_mode) 3 napameTtpamm
room11_norm Ta T_room_set, a B Mepexax 2—3 3a gonomoroto SEL Real
hopmytoTbecs 3aBaaHHsA Ha yctaky SP11 Ta Bxig IN11 anst nigeuctemun VAV
(Variable Air Volume) BianoBigHoT 30HM.

PucyHok 3.10 — ®yHkuis Room11 [FC31]
@M. Apk. No gokym. Mign. Oata
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Takum YnHoM, nporpaMHe 3abesneyeHHs KOHTponepa peanidye NnoBHWiA Ta
Y3rofpkeHuii Habip anropuTMiB ynpaseniHHS BciMa nigcuctemamMmu npunivBHo-
BUTSDKHOI BEHTUNALINHOT yCTaHOBKM, 3abe3nedye HaginHWim 3axuct obnagHaHHs Big
aBapiHUX cuUTyalin Ta NiATPUMYE rHy4Ke HanawTyBaHHS pexvmiB poboTu Yepes
napameTpu dyHKuin [4, 6, 11].

3.3 Peanisauis MNi0-peryntoBaHHsA TemMmnepaTtypu

MIA-perynioBaHHsi € OCHOBHUM METOLAOM aBTOMaTUYHOIO MiATPUMAaHHS
napameTpiB MikpoknimaTy B po3pobntoBaHiii cuctemi. MNMponopuiinHo-iHTerpansHo-
andepeHuinHui (MIQ) perynstop popmye kepytounii BNNNB Ha BUKOHABYMIA
MeXxaHi3M TakvM YMHOM, o6 MiHIMI3yBaTH BiAXWIEHHS PerynboBaHoi BENUYUHM
Bifj 324@HOr0 3HaYEHHS 3 ypaxyBaHHsIM NOTOYHOTO BiAXMIEHHS (NponopLiiHa
cknazoBa), HakonuyeHoi Noxmbku 3a yac (iHTerpanbHa cknagoBa) Ta LWBUAKOCTI
3MiHW BigxuneHHs (audepeHuiiia cknagosa) [4]. Y koHTponepi Simatic S7-1200
MIO-peryntoBaHHs peanisyetbcs Yepes BOyA0BaHUIA TEXHOMNOTYHUIA 06'eKT
PID_Compact, Wwo € ctaHaapTHUM hyHKLioHanbHUM 6nokom TIA Portal 3
MOXIMBICTIO aBTOMaTMYHOIO caMoHanaliTyBaHHs napametpis [11].

TexHonoriyHuii 06'ekt PID_Compact

Bnok PID_Compact peanisye anroputm lMI4-perynioBaHHs 3

AHTVHACUYEHHSAM iHTErpanbHoi CknagoBoi Ta NiATPUMYE Kinbka pexumis poboTu.
OcHoBHi Bxoau 6noky: Setpoint (3aBgaHHs y disnyHux oguHuusax), Input (notoyHe
3Ha4YeHHs perynboBaHoi BenuynHu), Input_PER (3HaueHHs1 3 aHanoroBoro Bxoay y
dopmati WORD), ManualEnable (yBiMKHeHHS py4Horo pexumy), ManualValue
(3apaHe 3HayeHHs y py4HoMy pexumi), Reset (ckuaaHHs cTaHy perynsitopa), Mode
(BuGip pexxumy pobotun). OcHoBHI BUxoamn 6rnoky: Output (BMXigHE 3HaYEHHS Y
niana3oHi -100...+100%), Output_PER (BuXigHe 3HayeHHsi 4nsi aHanoroBoro
Buxoay y popmati WORD), ScaledInput (HopmoBaHe 3Ha4eHHs BXiAHOro curHany),

3m. Apk. No gokym. Mign. Aata
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State (noTouHuii ctaH 6noky), Error (kog nomunku), ErrorBits (6itoBe none
nomunok) [11].

Brok nigTpuMye 4oTUpK pexxummn poboTu, LLO NepeMUKaTbCs Yepes BXia

Mode: pexum 0 - HeakTUBHWUIA (BUXOAM Y HYNIbOBOMY CTaHi); pexum 1 -
nepegandepeHLiiHe nepeHanawTyBaHHs (pretuning); pexum 2 - TouHe
HanawTyBaHHs (fine tuning); pexxum 3 - aBTOMaTUYHUI PEXUM peryntoBaHHs.
CrapToBuii pexunM BU3HavYaeTbCs 3HaveHHsM 6ita %M1.0 «FirstScan» - npu
nepLUOMY CKaHi Micns 3aBaHTaXXeHHs nporpamu 6ok iHilianisyetbca Ta
nepeBoanTbCS B aBTOMaTUYHUIA pexum. MapameTpu MIO-perynsatopa 36epiratoTbes
B cTpykTypi CtrlParamsBackUp BignoigHoro eksemnnsipHoro 6rnoky gaHux (DB) i
MOXYTb 3MiHIOBaTUCS B peXuMi oHnaiH 6e3 nepesaBaHTaxeHHs nporpamu [11].
MA-perynioBaHHs TemnepaTypu npunnmeHoro nosiTps - FC13 (Nagriv)

Y dyHkuii FC13 (Nagriv) peanisoBaHo ABa HesanexHux koHTypw MMI0-
perynioBaHHsA Ans ynpaeniHHSA NepLuInmM Kkanopudepom.

MepLunin KOHTYp - perynioBaHHA TemrnepaTypy NPUNIMBHOTO NOBITPS -
peaniszoBaHo B Mepexi 3 dyHkuii FC13 yepes TexHonorivyHmin o6'ekt
PID_Compact_2 (eksemnnsipHui 6nok DB864). 3aBaaHHa Ha Temnepatypy
(Setpoint) bopmyeTtbesa dyHkuieto FC12 (T_for_sp) Ta nepegaetbcs Ao 6noky Yepes
3MiHHY «AHanoroBi BenuiuHu».T_.for_sp. MoTovHe 3HauyeHHss TemMnepatypu
npunnmMeHoro nosiTps (Input) HaaxoauTb BiA AaTynka AT vyepes 3amiHHY
«AHanorogi BenuunHu».T_.FOR_norm. YMOBO yBIMKHEHHS perynstopa €
aKTVBHUI curHan «[MckpeTHi BenuunHu» .Pusk_nagriv_1 — npw ioro BigcyTHOCTI
Bxia Reset nepeBoanTb perynstop y no4aTkoBUA CTaH Afsi 3anobiraHHs
HaKOMUYEHHIO0 MOMUIIKK iHTerpanbHOI CKNaaoBoi Nig vac 3ynuHkK. BuxigHui
curHan Output nepenaetbesa Ao 3miHHoT Klapan_Nagrivi1_1, wo Bu3Havae
NOMOXeHHs KrnanaHa nepLuoro Harpisaya CK1 y Bigcotkax [6, 11].

Y mepexi 4 dpyHkuii FC13 yepes iHcTpykuito MOVE nepepnaeTbest 3Ha4YEHHS
koediuieHTa nigcuneHHs Kp 3 yctaBkm «AHanorosi BenuunHn» . Kp_Klapan_1 go
napametpa PID_Compact_2.CtrIParamsBackUp.p.Gain, wo 3abesneuye

3m. Apk. No gokym. Mign. Oata
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onepaTvBHE HanalTyBaHHS NPONOpLiHOT cknaaoBoi 6e3 nepekomninswii
nporpamu, puc. 3.11.

PucyHok 3.11 — bnok PID_Compact_2

[pyruii KOHTYp — peryntoBaHHA TemMnepaTypu 3BOPOTHOI napu kanopudepa

No1 - peanizoBaHo B Mepexi 11 yepes TexHonoriyHuin 06'ekt PID_Compact_5
(DB865). 3aBaaHHsA (Setpoint) Ta noToyHe 3Ha4YeHHs (Input) HagxoaaTb BiA AaT4YMKa
ATI1 yepes 3miHHY «AHanorosi BenuunHuy. T_.RW1_norm. BuxigHuin curHan
perynsitopa Klapan_zvor1_1 nicnsi maclwitabyBaHHs Yepes dyHkuito FC6
(Scale_Real2Real) B Mmepexi 14 bopmye aHanoroBumin curHan Ha knanaH 3BOpOTHOT
napw Klapan_zvor_1 [6]. Liefn KoHTyp peanisye 3axvcHy dyHKLIi0 NigTpUMaHHS
MiHIManbHOi TemnepaTypu 3BOPOTHOI Napu Ans 3anobiraHHs 3aMep3aHHio
kanopudepa - napametpu Kp ta Ti nepegatoTbcst 4o 6roky aHanoriyHo yepes
iHcTpykuii MOVE B mepexax 12-13, puc. 3.12.

MA-perynioBaHHs TemnepaTypu NpunNMBHOro nositps - FC54

(Nagriv_1)
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PyHkuia FC54 (Nagriv_1) peanidye aHanorivHi KOHTYpW perynioBaHHs Ansi
[Apyroro napoBoro kanopudepa i mae ineHTu4Hy cTpykTypy 3 FC13.

PucyHok 3.12 — PID_Compact_5 peryntoBaHHsi 3BOPOTHOI napwu

Y mepexi 1 dpyHkuii FC54 peanizoBaHo noriky f03Bony Ha poboTy HarpiBaya:
yMOBaMU € akTuBHUM curHan «llyck».work, 3HaveHHs knanaHa Klapan_N1 meHwe
makcumanbHoro (set100_1), akTuBHUIA 3umoBuiA ce3oH (Not sezon), fo3Bin Bifg
norikn Rezh_nagr1. Mpwu BrKoHaHHi BCix yMOB popmyeTbesi curHan Pusk_nagriv_2.
Y mepexi 2 Buknukaetbes dyHkuis FC55 (Pusk_zvor_1) ans ynpasniHHA
3BOPOTHMM KfanaHom Apyroro kanopudepa [6].

Mepexa 3 mictutb TexHonoridHnin 06'ekt PID_Compact_7 (DB869) —

OCHOBHWI KOHTYP perynoBaHHA Temnepartypy NpUnaneBHOro NoBiTps AN Apyroro
HarpiBaya. CTpykTypa nigkniodeHHs aHanoriyHa go PID_Compact_2 B FC13:
Setpoint « for_sp, Input «— FOR_norm, Output — Klapan_Nagriv1_2, Reset «—
Not(Pusk_nagriv_2), Mode «— %M?1.0 FirstScan. BuxigHuin curHan
Klapan_Nagriv1_2 nicns macwtabyBaHHs BU3HA4Ya€ NOMOXKEHHS KnanaHa Apyroro
HarpiBaya CK2 [6, 11].

3m. Apk. No gokym. Mign. Aata
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Mepexa 11 micTuTb TexHonoriyHui 06'ekt PID_Compact_8 (DB076) —

KOHTYP perynioBaHHsi TemrnepaTypu 3BOPOTHOI napwm Apyroro kanopudepa (aatimnk
[OTMN2, 3minHa RW2_norm), puc. 3.13. BuxigHun curHan Klapan_zvor1_2 nicns
macLuTabyBaHHsi Yepe3 FC6 chopmye curHan Ha knanaH 3BOpPOTHOI napu Apyroro
HarpiBaya Klapan_zvor_2 [6].

PucyHok 3.13 — Brniok PID_Compact_7

MiQ-perynioBanHs peunpkynsuii — FC57 (Retsyrkulatsia)

®yHkuia FC57 peanisye MNIJ-peryntoBaHHsA NONOXeEHHS 3acniHKu

peumnpkynsuii. B mepexax 6—7 dyHkuii Yepes iHcTpykuito SEL Real dopmytoTbest
MiHiManbHe (rets_min) Ta MakcumanbHe (rets_max) NoNnoXeHHst 3acniHKM 3anexHo
Bifi aKTUBHOIO CE30HY (Sezon): ANsi 3MMOBOIO PEXMMY BUKOPUCTOBYHOTHCS
3Ha4veHHsi Rets_min_winter Ta Rets_max_winter, onsa nitTHboro —
Rets_min_summer ta Rets_max_summer [6].

Mepexa 9 micTuTb TexHonoriyHmin 06'ext PID_Compact_1 (DB862), wo

peanisye KOHTYp perynoBaHHs peuunpkynsuii. OcobnuBICTIO NiAKMHOYEHHS LbOro
6noky € BukopuctaHHs Bxodie ManualEnable Ta ManualValue: npu aktuBHomy
curHani «AMckpeTHi BenmunHm».Rets_max perynatop nepeBoanTbCs B PyYHUIA
PEXMM 3 MPMMYCOBUM BCTAHOBMEHHAM MaKCUMarnbHOro NOMOXEHHS 3achiHkn — Le
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peanisye yHKLit0 pekynepaTMBHOro Nporpisy npumilleHHs. 3asgaHHs Setpoint
HaAXxoAuTb BiA 3MiHHOI Iny_set, noToyHe 3Ha4YeHHs Input — BiA 3miHHOT Iny_in,
BUXigHWUIA curdan Output 3anucyeTbes Ao 3MiHHOI rets1 Ta nicns macluTabyBaHHs
nepefaeTbcs Ha cepBonpuBia peumpkynsuii CXXPL [6], puc. 3.14.

PucyHok 3.14 - Briok PID_Compact_1

Y Tabnuui 3.1 HaBefeHo 3BefeHi AaHi npo Bci MNI0-perynaTtopw.
Tabnuus 3.1 — 3Beagera Tabnuuga MNiJ-perynstopis ACY
Brnok DB ®yHkuia Bxig (Input) 3aBaaHHs

(Setpoint)

Buxig (Output)

PID_Compact_1 DB862 FC57 Iny_in Iny_set rets1 (CXKPL)
PID_Compact_2 DB864 FC13 FOR_norm

(ATn)

for_sp Klapan_Nagriv1_1

(CK1)

PID_Compact_5 DB865 FC13 RW1_norm

(aTn1)

RW1_norm Klapan_zvor1_1

PID_Compact_7 DB869 FC54 FOR_norm

(i)

for_sp Klapan_Nagriv1_2

(CK2)

PID_Compact_8 DB076 FC54 RW2_norm

(oTn2)

RW2_norm Klapan_zvor1_2
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TakvM YMHOM, B MporpamMHoMy 3abeaneyeHHi KOHTporepa peanisoBaHo N'sTb
He3anexHwux koHTypiB MI0-peryntoBaHHs, Wo 3abe3neyyoTb TOUHE aBTOMaTUYHe
NiATPUMaHHA TemnepaTypu NPUNIYBHOIO NOBITPS, 3aXMCT Kanopudepis Big
3amep3aHHs Ta onTumarbHe ynpasniHHSA peumpkynsuieto. HanawwtyBaHHs
napametpiB koxHoro perynsatopa (Kp, Ti) 3giicHI0eTbCS Yepe3 BianoBiAHI yCTaBkn
B MeHto naHeni HMI ta nepenaetbest o 6nokis PID_Compact Yyepes iHCTpykuii
MOVE 6e3 3ynuHku cuctemu [6, 11].

3.4 Po3pobneHHs noanMHo-MalumHHoro iHTepdency (HMI)

JTroguHo-maLumnHHuiA iHTepdperic (HMI) e Baxnueoto cknagosoto ACY, Lo
3abe3neyye 3pyyHy B3aEMOZito onepaTvBHOMO NepcoHany 3 CUCTEMOIO YNPaBMiHHS.
B po3pobntoBaHin cuctemi HMI peanizoBaHo Ha naHeni onepatopa Siemens
KTP400 Basic PN 3 giaroHannio 4,3" Ta po3ainbHoto 3aaTHicTio 480%272 nikceni.
MpoekT HMI po3po6neHo B cepenoaui TIA Portal napanensHo 3 npoekTom
KOHTporepa, Lo 3abe3neyye aBTomaTnyHuin goctyn o teris PLC 6e3 ix
NMOBTOPHOro BM3HayveHHs [9, 11]. 3aranbHa cTpykTypa npoekty HMI Bkntoyae 18
eKpaHiB, LLIO OXONMITb BiAOOpaXeHHs napamMeTpis, ynpasniHHA nigcucteMamm,
HanalTyBaHHs rpadiky poboTu Ta napametpis VAV-30H [6].

Manenb KTP400 Basic PN mae 4otupu disnyHi dyHKUioHanbHi kKHonku F1—

F4, wo po3wmilleHi nig ceHCoOpHUM ekpaHoM. B KOXXHOMY eKpaHi Lji KHOMKu
npusHayeHo Yepes napametpu Softkey F1-Softkey_F4 3 BignosigH1UMu cpyHKLisMy
HaBirauii Ta aBTopusauii. 3okpema, Softkey_F3 (Key code 222) Binnosinae 3a User
administration — ynpasniHHs 06nikoBumuM 3anucamu kopuctyBavis, Softkey_F4
(Key code 223) — 3a 3aranbHy aBTOpuM3aLito. Takuii nigxig 3abesnevye 3axucT Big,
HeCaHKLiOHOBaHOro A0CTyny A0 napaMeTpiB HanawTyBaHHS [9].

IHXeHepHe MeHt0. [0NOBHUM HaBirauiniHMM eKpaHOM iHXEHEePHOrO PiBHA €
Engenier_menu_vent, puc. 3.15. BiH MicTUTb AeB'ATb KHOMOK nepexoay Ao

3m. Apk. No gokym. Mign. Oata
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niagMeHto HanawTyBaHb okpemux nigcuctem: Harpisay No1 (Button_1, nepexig Ha
Heat1_eng), Harpisau No2 (Button_2, nepexig Ha Heat2_eng), KKB (Button_3,
nepexig Ha KKB_eng), T. npunnusy, 3s. napa No1, 3s. napa No2, Peunpkynsuis, B.
npunnuey, 3BOMNOXYBaY, a TaKOX KHOMKY Buxia Ans noBepHEHHS A0 rOfIOBHOTO
BikHa. Bci kHonkm BukoHaHi y pexxumi «Check back with text» Ta akTuBytoTbCS
nogieto Release [9].

PucyHok 3.15 - Ekpan Engenier_menu_vent, ilkeHepHe MeHIo HanalwTyBaHb

[onoBHe BikHO Ta BikHa ynpaeniHHs niacucteMamu. FonoBHe BiKHO

cuctemm Bifobpaxkae NOTOYHI 3HAYEHHS! OCHOBHMX NapameTpiB MikpokniMary -
TemnepaTypu NpUNInBHOIO Ta KIMHATHOTO MOBITPS!, BOMOTOCTi, MOTOYHWIA CE30H
po6oTu Ta pexum (ABTo/PyyHuin). HaBirauiiHa naHenb y HWKHIN YacTUHI ekpaHa
3abe3snevye nepexig Mix BikHamu nigcuctem [6], puc.3.16.

BikHo «HarpiBay 1 Ta 2» Bigo6paxae NOTOYHE BiAKPUTTS cepBonpuBoaa
KnanaHa (y BigcoTkax), MOTO4Hy TeMnepaTypy 3BOPOTHOI napu (KoHAeHcaTy) Ta
[03BOSISIE B PYyYHOMY PEXUMI 3MIHUTY NONOXEHHs knanaHa. BikHo «KKB»
Bigo6paxxae NoTo4Hy yMOBHY NoTyxHicTb KKB Ta cTaH 4oTupboXx CTyneHiB
oxonomkeHHs (CTon/BUMKHEHO), 3 MOXIIMBICTIO PYYHOTO NepeMnKaHHs CTYneHis B
PY4HOMY PEXWMi (ENleMeHTN KepyBaHHS BiACYTHI B aBTOMATU4HOMY pexumi) [6].

3m. Apk. No gokym. Mign. Oata
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PucyHok 3.16 - EkpaH ronosHui

Ekpanun HanawTysaHHs MIO-perynatopis. EkpaH Hum_for_eng

npu3HayYeHui ans HanawTyBaHHs napametpis MIJ-perynatopa BonorocTi. BiH
micTuTb nons BeeaeHHs Kp (1/0 field 3 Terom «AHanorosi BenuunHm».Kp_T_for) Ta
Ti (/O field 3 Terom «AHanorosi BenuymHm».Ti_T_for) y pexumi Input/output, o
[03BONSiE onepatopy 3MiHoBaTH koediuieHTy 6e3nocepeaHbo 3 NaHeni B pexuMi
oHnarH 6e3 3ynuHku cuctemu. KHonka «Hasag» (Button_1) 3abesneuye
NOBEePHEHHS A0 iHxXeHepHoro merto [9, 11], puc. 3.17.

PucyHok 3.17 - Ekpan Hum_for_eng, HanawTyBaHHs napametpis MNIJ-perynatopa

EkpaHu rpadiky poboTu. [Ins KOXHOro AHA TUXKHSA pearnisoBaHO OKpemMui
ekpaH rpadiky pobotn — Hanpuknag, Thursday (ekpaH No18, «YeTBep»). ExpaH
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MiCTUTb ABi rpynu noniB BBegeHHst: «padik poboTn» 3 nonsimu «Hac BKAYEHHS»
(roa:xB) Ta «Hac BUKMOYEHHS» (rof:XB) AN OCHOBHOIO pexumy, Ta « EKOHOMHWIA
pPeXum» 3 aHanoriYHUMM NONAMM ANt 3HWKEHOro HaBaHTaXeHHs. Hasirauis mix
OHAMU TUXKHSA 3AINCHIOETLCS KHOMKAMU «<«—» Ta «—» Y BEPXHIin YaCTUHI ekpaHa.
KHonka «[padik poboTu» 3abesnedye nepexig Ha ekpaH 3aranbHoro rpadiky [6, 9],
puc. 3.18.

PucyHok 3.18 - Ekpan Thursday, rpadik po6oTu Ha YeTBep

Ekpanu ynpaeniHHs VAV-3oHamu. [ns ynpasniHHS KniMaTom B OKpeMUx
npumilLeHHsx Byaisni peanizoBaHo rpyny ekpaHis VAV-30H. KoxeH ekpaH
MICTUTb: Ha3By npumilLeHHs (Text field — «MpumilieHHs No3»), notoyHe Ta
3afaHe 3HayeHHs Temnepatypwm (I/O field 3 Terammn Datas of VAV_Set_T_room Ta
VAV_Set_man BignosigHo, pexum Input/output), noTouHe BiaKpUTTS
cepsonpuoga (/O field, Ter VAV_Set_P, pexxum Output), nepemukay pexvimy
ABTO/PyyHnin (Switch 3 Terom Datas of VAV_Rezh_P4), a Takox TekcToBe none
«Pexum» ans BigobpakeHHst akTMBHOTO CTaHy. [inHamiyHa BUAMMICTb eneMeHTIB
KepyBaHHs peanizoBaHa Yepe3 Dynamizations\Visibility 3 npus'siskoto go tery
VAV_Rezh - enemeHTM py4HOro ynpaeniHHS BioGpaxatoTbCs nuile npu
aKTMBHOMY py4HOMY pexumi [6], puc. 3.19.
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PucyHok 3.19 - EkpaH ynpaeniHHst VAV-3oHoto (MpumileHHs No3)

Ekpanu VAV DP_max T1a VAV Kp/Ti PID npusHayeHi Ana HanawTyBaHHSA

mex Tucky (Minimym/Makcumym, Tern VAV_DP_max) ta napamertpis M-
perynsitopa VAV-30H (Kp - Ter VAV_Kp_PID20, Ti - Ter VAV_Ti_PID20)
BignoBigHo. Lli ekpaHu JOCTYNHI nuLe 3 iHXKeHepHOro piBHS JOCTYNY.
AsTOpuK3aLlis Ta piBHi gocTyny. Cuctema HMI peanisye asopisHeBy
aBTopu3aLito. MepLunii piBeHb (onepatop) 3abeanevye AOCTyN A0 Nepernaay
napameTpiB Ta NepeMukaHHsi pexxumis poboTtu. pyruii piseHb (iHxeHep, User
administration) BigkpuBae JOCTyn A0 iHXEHEPHOTO MEHIO 3 MOXIUBICTIO 3MiHU
ycTaBok peryntoBaHHs, napametpis [M1-perynsTopis Ta rpadiky pobotu. KHonka
Softkey_F3 Ha koxXHOMY ekpaHi BUKNMKae fianor asTopu3alii yepes MmexaHiam
Authorization TIA Portal [9].

Takvm YnHom, po3pobnenuii HMI-npoekT 3abe3neyvye NOBHOLHHE

onepaTtuBHe ynpaBsniHHA Ta HanawTyBaHHA BCix niacuctem ACY npunnueHo-
BUTSDKHOI YCTAHOBKW Yepes 3pyvHUIA YKpaiHOMOBHUIA iHTepdbenic naHeni onepaTtopa
KTP400 Basic PN [6, 9, 11].
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3.5 Cumynsuis Ta HanarofkeHHs cucTemm

Cumynsauis € BaxnumBuM eTanom po3pobrieHHs nporpamHoro 3abeaneyeHHs,

LLIO A0O3BOMSE NEPEBIPUTY KOPEKTHICTb pearisoBaHnX anroputmie Ta
dyHKUioHanbHicTb HMI-iHTepdbeiicy A0 BBeAEHHS CUCTEMU B peanbHy
ekcnnyarauito. B cepegosuwi TIA Portal cuMynsiuisi BAKOHYETbCS 3@ AOMOMOIoK
B6ynoBaHoro iHcTpymeHTy SIMATIC S7-PLCSIM, wo emynioe poboty
koHTponepa CPU 1215C, Ta RT Simulator - cumynatopa naHeni onepatopa
KTP400 Basic PN [11, 28].

SIMATIC S7-PLCSIM fo3sonsie 3aBaHTaxuTu nporpamy KOHTpornepa Ao
BipTyanbHoro IMJ1K Ta BuKoHyBaTu ii B pexumi peanbHoro Yacy Ha kommn'totepi 6e3
NiKMIOYEHHs1 peanbHoro obnagHaHHsa. CUMynsTop NigTPYMYE NOBHMWIA LMK
BMKOHaHHsi nporpamu (OB1, OB30, OB100), 06pobky nepepuBaHb Ta poboTy
TEXHONOriYyHMX 06'ekTiB, BKNtovatoun PID_Compact.

RT Simulator € okpemum 3actocyHkom TIA Portal, wo emynioe naHenb
oneparopa Ta Bigobpaxae po3pobrneHnit HMI-npoekT y TOYHOCTi ik Ha pearnbHil
naHeni KTP400 Basic PN, Bkntoyatoumn HaBirawito Mk ekpaHaMu, BBEAEHHS
3HayveHb Ta AMHaMIYHE BiOOpaXeHHs TeriB KOHTponepa.

Cumynsauis nigTBepanna KOpekTHICTb BifobpaxxeHHs ronoBHOro BikHa

cuctemu (puc. 3.20). B RT Simulator BinobpaxatoTbesi BCi nepeadayeHi enemeHTu:
none «Ctatyc» (Cton/Po6ota), none «Ce3oH pobotu» (3umal/flito), Tabnuus
Temnepartyp 3 nonaMu «T.NPUMILLEHHS 3aaaHay, «T.NPUMILLEHHSY, « T.NPUNNUBY»,
«T.30BHiLUHS», TABNMLA BOMorocTi 3 nonsMu «B.npuMilLleHHs 3agaHa,
«B.npumilleHHsa», «B.npunnuey 3agaHay, «B.npunnuey», a Takox HaBsirauiiHa
naHernb iKOHOK Yy HWXXHIM YacTuHi ANnst nepexody Mix nigcuctemamu. 3HadeHHs
napametpiB BigobpaxaroTbcs Sk «#...» Ta «##H#» — cTaHgapTHUIM iHgukaTop
Hes3B'sI3aHuX TeriB y pexumi cumynsuii 6e3 nigkniodeHHs peansHoro MJIK, wo
niaTBEpAXYE NPaBUIbHICTL NpUB'A3ku Teris [9, 11].
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PucyHok 3.20 - Cumynsuis ronosHoro BikHa (Main_window) B RT Simulator
Cumynsuis BikHa HarpiBaya (puc. 3.21) nigTBepanna KopekTHe

BiJOOpaxeHHs enemeHTIB KepyBaHHS kanopudepom: none «Pexum» Bigobpaxae
NOTOYHUI pexum poboTn (ABTOMaTUYHUIA), None «BiakputTs cepeonprBoaa»



nokasye NOTOYHE MOMOXEHHS KnanaHa y BifcoTkax, nomne «T. 3BOPOTHOI mapu» —
NOTOYHY TeMnepaTtypy KoHaeHcaty gatymka OTIM1 abo OTM2. MpadivHe
306paXKeHHs1 TPUCTOPOHHBLOTO KrlarnaHa 3 CepBONPUBOAOM Y MiBill YaCTUHI ekpaHa
3abe3neyye HaoYHICTb BiJOOPaXXeHHs CTaHy BUKOHABYOro MexaHiamy [6, 9].

PucyHok 3.21 - Cumynsuis BikHa HarpiBada (Heater1) B RT Simulator
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IpadiuHa ikoHka 3BoNoXyBaya 3abesnevye HaouHy ineHTudiIkaLio

nigcvctemun. Cumynsuis BikHa peumpkynsuii (puc. 3.22) aHanoriyHo Bifgobpaxae
pexum poboTH Ta NOTOYHE BiAKPUTTSA 3acniHkv peumpkynauii COXKPL y BincoTkax 3
BiAnoBigHo rpadiyHoto ikoHKoto [6, 9], puc. 3.23.

PucyHok 3.22 — Cumynsuisa BikHa 3sonoxysada (Humiditifer) B RT Simulator
PucyHok 3.23 — Cumynsuis BikHa peumnpkynsuii (Rec) B RT Simulator

Cumynsuisa BikHa BEHTUNSTOPIB (puc. 3.24) € 0COBNMBO BaXNBOIO 3 TOYUKM
30py BepudikaLii anroputMy perynioBaHHs NpoayKTMBHOCTI. BikHo Bigo6paxae
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NOTOYHUI pexumM poboTn (ABTOMATUYHWIN), BUBPaHUI anropuTM perynoBaHHS -
«PerynioBaHHs no LLBuakocTi» (akTnBHa kHomnka) abo «TUCKy» (HeakTuBHa),
NOTOYHI 3Ha4YeHHsA «LLBuakicTe» Ta «TUcK» i3 BignoBigHMMYK 3agaHuMu
3HaveHHAMM, a Takox «OBepTn BEHTUNATOPAY - NOTOYHA YacToTa 0b6epTaHHs.
Cumynsiist niaTBepamna KOpeKTHe NepeMmuKaHHsa Mk anropuTtmMamMm peryntoBaHHs
Ta BigobpaxeHHs BignoBigHWx napameTtpis [6, 9, 11].

PucyHok 3.24 - Cumynsiuis BikHa BeHTunsATopis (Ventilators) B RT Simulator

Cumynsuis BikHa KKB (puc. 3.25) nigTBepanna kopekTHe BigobpaxeHHs

CTaHy KOMMPEeCOpPHO-KOHAEeHCaTOPHOro Broky: none «Pexum» (ABToMaTUYHWIA),
none «lMotyxHicte KKB» 3 4yncnoBum 3Ha4eHHAM YMOBHOI MOTYXHOCTi y
BifcOTKax, a Takox 6rnok «CTyneHi oXonomkeHHsA» 3 BigobpaKeHHsM cTaHy
YOTUPLOX CTyneHiB (1-4). B aBTOMaTUYHOMY PEXUMI €NIEMEHTN PYYHOrO
nepeMuKaHHsa CTyneHiB MPMXOBaHi, Lo BiANOBIiAAe peanizoBaHii Nnoriui AMHamiYHoOT
BmamMmocTi Yyepea Dynamizations\Visibility [6, 9].

B xopgi cumynsauii nepesipeHo Hagirauito Mix yciMa ekpaHamMu NpoekTy —
KOPEKTHICTb NepexoAiB MiX ronoBHUM BIKHOM, MEHIO NIACUCTEM Ta iHXEHEPHUM
MeHto. MNepesipeHo po6oTy kHonok Softkey F1-F4 Ha naHeni: kHonka F3 kopekTHO
BUKIMKae Aianor astopm3auii User administration, a kHonka F4 - gianor 3aranbHoi
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aBTopwu3adlii. MiaTBepaXeHo KOPEKTHICTb POBOTU AMHAMIYHMX ENEMEHTIB - 3MiHY
BMAMMOCTI KHOMOK PYYHOTO YNpaBmiHHS NPW NePEMUKaHHI MiXX aBTOMaTUYHUM Ta
pyyYHUM pexumamu [9, 11].

PucyHok 3.25 — Cumynsuis BikHa KKB (KKB) B RT Simulator

Takum vnHOM, cumynsuis B cepegosuwi TIA Portal nigTeepanna

KOPEKTHICTb (pyHKLIOHYBaHHS SK NporpamHoro 3abesneqyeHHst KoHTponepa, TakK i
HMI-npoekTy naHeni onepatopa. Bci peanisoBaHi ekpaHu BinobpaxatoTb
nepeabaveHi eneMeHTn ynpaeniHHA, HaBirauis Mixx BikHaMu npawtoe BignoBiaHo A0
NPOEKTHOI CTPYKTYPU, @ AUHaAMIYHA BUAMMICTb eNeMeHTIB PyHKLiOHY€ 3rigHO 3
anroputmMamu ynpasniHHa [6, 9, 11].

E}SM. Apk. No gokym. Mign. Oata
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B/CHOBKM

Y GakanaBpcbkiii po6OTi BUPILLEHO akTyarnbHe HAayKOBO- TEXHIYHE 3aBAaHHS —
po3pobneHo aBToOMaTM30BaHy CUCTEMY YNPaBMiHHA NPUNIIMBHO-BUTSKHOKO
BEHTUNSLINHOI YyCTaHOBKOI Ha 6a3i nporpaMoBaHOro foriYHOro KoOHTponepa
Simatic S7-1200, wo 3abe3neyye aBTOMaTU4He NIATPUMAHHSA 3aJaHNX NapameTpis
MiKpoknimaTy, 3axvcT obnagHaHHs Bif aBapiiHUX CUTyaLili Ta 3py4He onepaTuBHe
ynpaeniHHSA Yepe3 NanHO-MaLlIMHHUIA iHTepdelc.

Y xopqi BMKOHaHHfa)oﬁom OTpMMaHO Taki pesynsraTu:

- MPOBEAEHO aHari3 NpeaMeTHOT 0bnacTi Ta ornsa Cy4acHUX pilleHb 3
aBTOMaTu3auii BEHTUNALINHUX cucteM. Po3rnsiHyTo npyHLmMn poboTh NpUnnmnBHO-
BUTSDKHMX YCTAaHOBOK, OCHOBHI PEXUMM iX ekcrniyaTtauii Ta HopMaTUBHI BUMOTM [0
napametpiB Mikpoknimaty BignosigHo ao ABH B.2.5-67:2013. BukoHaHo
NOPIBHAMNBHWIA @aHani3 KOHTPOMNepiB NPOBIAHMX BUPOGHUKIB, 3a pesynsTaTamm siKoro
0o6rpyHTOBaHO BMGIp KOHTponepa Simatic S7-1200 sk oNTUManbHOrO PiLLEHHS Ans
peanisauii po3pobntoBaHoi ACY 3 ypaxyBaHHSAM (YHKLIOHANbHUX MOXIIMBOCTEWN,
KOMYyHikaLiiHux 3acobiB Ta 3py4HOCTi NnporpamyBaHHsl B cepepoBulli TIA Portal;

- po3pOBnEeHO CTPYKTYPHY Ta pyHKLioHanNbHY cxemu ACY npunnmeHo-

BUTSDKHOIO YCTAHOBKOHO, LLO BU3HAYaloTh CKrag cuctemu, iHdbopmaLiviHi 38'a3ku
Mix i enemeHTaMu Ta peanisoBaHi KOHTYpyY peryntoBaHHs. Cuctema nobygosaHa 3a
TmeiBHeBoro iepapxi4yHOLO CTPYKTYPOLO i BKIOYAE NOMbOBUIA PiBEHb (AaTYMKu Ta
BMKOHABYI MexaHiamu), ynpasnso4dmnii piseHb (koHTponep CPU 1215C 3 mogynsamu
PO3LUMPEHHST) Ta AUCTETYEPChKUIA piBeHb (MaHenb onepatopa KTP400 Basic PN);
- BUKOHaHo BUGIp Ta 0brpyHTyBaHHSA 3acobiB aBTomaTum3adii BianosigHo Ao
TEeXHOMoriYHnx BUMor ob6'ekta. [1na BUMiptoBaHHS TemnepaTtypu obpaHo gaTynku
Siemens QAM2120.200, QAE2120.010 ta QAC22 Ha OCHOBI YyT/MBOrO enemMeHTa
Pt1000. [ins BMMiptoBaHHS BOMOroCTi, TUCKY Ta LUBUAKOCTI NOBITPs 06paHo
natunkm S+S Regeltechnik Ta Siemens QBM2030-30, QVM62.1. nsa 3axucty
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kanopudepis Bif 3amep3aHHa obpaHo kaninapHi TepmocTati Siemens QAF63.6-J.
BukoHaByi MexaHiaMu npefcTaBneHi YacToTHUMK nepeTBoptoBadamu Lenze i550 Ta
cepsonpuBogamu cepii Siemens GDB/SKD;

- BUKOHAHO KOHMirypyBaHHsi anapaTHOi YacT1HU cucTteMu B cepeoBuLli TIA
Portal: Bu3HayeHo cknag Ta nopsaok posmitleHHs mogynis (CPU 1215C, SM1231
Al 4xRTD x 2, SM1232 AQ 4x12bit), HanalToBaHO TUNW CUrHanIB ANA KOXXHOro
aHarnoroBoro kaHary, po3nofineHo agpecu BXoAiB Ta Buxodis. Mepexesa Tononoris
peanisoBaHa LUMsIXoM npsiMoro nigkntodeHHs nadeni KTP400 Basic PN go
KoHTponepa yepes iHTepdenc PROFINET;

- pO3pOBNEHO CXEMY ENEKTPUYHY NMPUHLIAMOBY Ta CXEMY MiAKIMHYEHHS

nonboBoro obnagHaHHs 4o WwyTa ynpaeniHHA. Cxema OXOMIoE CUMOBY YacTUHY,
NiOKMIOYEHHST ANCKPETHUX Ta aHanoroBMX BXOAIB/BMXOAIB KOHTpONepa, CXxemu
NiAKMOYEHHSA NONbOBMX NpUNagis A0 KNEMHWUX KONoAoK. BUKOHAHO NpoeKTyBaHHSA
wuTa ynpaeniHHa B kopnyci CS-108/300 (IP54) 3 po3noainom obnagHaHHs Ha
CUIOBY 30HY Ta 30HY KEPYBaHHS 3 METANEBOK NEPErOPOAKOI0 MiXK HAMMU;

- po3pobneHo anropuTMn ynpasniHHS YCTAHOBKOMO, LLO peanisytoTb:

aBTOMaTU4HEe BU3HAYEHHS CEe30HY POBOTM 3a TeMMNepaTypoio 30BHILLHLOMO MNOBITPS;
MIA-perynioBaHHs TemnepaTypy NpunamMBHOro NoeiTps B pexumi «3UMA»

LUNSIXOM KepyBaHHS knanaHamuv naposux kanopudepis CK1 ta CK2; ctyneHese
ynpaBsniHHS KOMNPECOPHO-KOHAEHCaTOPHUM Briokom B pexumi «JTITO» 3
NOYEeProB1M BMUKAHHAM HYOTUPLOX CTYNEHIB OXONOMKEHHS; perynioBaHHs
BOMOroCTi Ta NPOAYKTUBHOCTI BEHTUMATOPIB; KOMMNNEKCHWI aBapiHUA 3axXnCT 3
ABTOMaTUYHUM BiOKIMOYEHHAM Ta (DOPMYBaHHSIM AiarHOCTUYHMX NOBIAOMIIEHb;
3axuUCT Kanopudepis Big 3aMep3aHHs B PEXUMI O4iKyBaHHS;

- po3pobrneHo nporpamMHe 3abeanedeHHs koHTponepa B cepenoBuii TIA

Portal moBamn LAD, FBD Ta SCL 3a mogynbH1M npuHumnom. MNporpama
cknagaeTbesi 3 opraisauinHux 6nokis OB1 ta OB100, 60Ky LyKniYyHoro
nepepuBaHHs Ta yHkuin FC25, FC50-FC53, FC60, FC61, FC71, koxHa 3 Skux
peanisye anroputm ynpasiHHA OKPEMUM TEXHOMOTYHUM BY3MOM;
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- peanizoBaHo [MI-perynioBaHHs TemnepaTypu, BOrorocTi Ta

NPOAYKTUBHOCTI BEHTUIIATOPIB HA OCHOBI BOY1I0BAHOTO TEXHOMONYHOrO 06'eKTY
PID_Compact koHTponepa S7-1200;

- po3pobrneHo ntoguHo-MaLlUnHHKI iHTepdeic Ha naHeni KTP400 Basic PN,

LLIO BKIHOYAE rOMIOBHE BIKHO 3 BiAOOPaXeHHsIM NOTOYHUX NapameTpis
MIKpOKIiMaTy, BikHa ynpasniHHA okpemumu nigcuctemamu (Harpisadi, KKB,
3BOMOXYBaY, PELMpPKYNsLis, BEHTUNSTOPW), po3ranyXeHe MEHI0 HanalTyBaHb 3
iHXEHEePHUM MEHIO 3aXULLEHUM NaporieM, MPOBEAEHO CUMYIsLI0 poboTU naHeni.
Pesynsratin poboTv MoXyTb ByTW BUKOPUCTaHI MPOEKTHUMW OpraHisauisiMm
Ta niagnpuemMcTBamu, Lo 3aiMatoTbCsl PO3POBIEHHSIM | BMIPOBaAXXEHHAM
aBTOMAaTU30BaHVX CUCTEM YNpaBmiHHA BEHTUNALIMHWM obnagHaHHsam ByaiBenb Ha
6asi koHTponepiB Siemens Simatic S7-1200.
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IBJ'IIOFPACDNHA LOOBIOKA Tema: Po3pobneHHsi aBToMaTn3oBaHOi CUCTEMM _yNpaBMiHHA NPUMINBHO-BUTSXKHOIO
yCTaHOBKOK Ha 6asi _koHTponepa S7-1200

O6csr N3 cknapgae 65 apkyuwiB MNepenik kpecneHb rpadiyHoi YactuHu: - KPB.CI-04.00.00.000 " — Cxema (hyHKUioHanbHa (apkyLwis 1);

- KPB.CI- 04.00.00.001 — Hardware Confi pkywwis 1); - KPB.CI-04.00.00.000E3 — Cxema npuHuunoBa enektpuyHa (_apkywis 1); - KPB.Cl-
04.00.00.002 — lonoBHe BikHO NaHeni onepatopa “—apkywis 1); [lata 3akiH4eHHs BUKOHaHHSA 6akanaBpcbkoi poboTu: _C1yneHt-
[LUNIOMHUK KocTiok HO.I"

[OOATOK A JlicTHr mporpamMu  KoHTposepa
rogram blocks
Startup [OB100]
Startup Properties
General
Name Startup Number 100 Type OB Language LAD
Numbering Automatic
Information
Title "Complete Restart! Author Comment Family Version 0.1 User-defined ID Name Data type Default value Supervision Comment Input LostRetentive
Bool True if retentive data are lost LostRTC Bool True if date and time are lost Temp Constant

taIIy Integrated Automation Portal Program blocks
Cyclic interrupt [ OB 30]
Cyclic interrupt Properties General Name Cyclic interrupt Number 30 Type OB Language LAD Numbering Automatic Information Title Author
Comment Family Version 0.1 User-defined ID Name Data type Default value Supervisio 2 Jomment
Temp




Constant
Network 1:
"Retsyrkulatsia”
%FC23
EN ENO
Network 2:
"Nagriv"
%FC13
"[NCKpeTHi
BENMUYMHK".
Rezh_nagr1
EN ENO
Network 3:
"Nagriv_1"
%FC54
EN ENO
Network 4:
"Invertor"
%FC18
EN ENO
Network 5:
"T_for_sp"
%FC12
EN ENO
Network 6:
"KKB"
%FC19
EN ENO
Network 7:
"Zvolozhuvach"
%FC57
EN ENO
Network 8:

Totally Integrated
Automation Portal
"V_for_sp"
%FC58

EN ENO
Network 9:
"Room4"
%FC26

EN ENO
Network 10:
"Room5"
%FC27

EN ENO
Network 11:
"Room6"
%FC28

EN ENO
Network 12:
"Room8"
%FC29

EN ENO
Network 13:
"Room10"
%FC30

EN ENO
Network 14:
"Room11"
%FC31

EN ENO
Network 15:
"Room12"
32
EN _ENO




Network 16:

_EN ENO Network 17:

"Room22"

% FC 34

EN ENO Totally Integrated Automation Portal
etwork 18:

"Room25"

% EC 35

_EN ENO Network 19:

"Room30"

% FC 36

EN ENO

taIIy Integrated

Automation Portal

Program blocks
ain [OB1]

Main Properties

General

Name Main Number 1 Type OB Language LAD

Numbering Manual

Information

Title "Main.Program. Sweep.(Cy:

cle)!

Author Comment Family

Version 0.1 User-defined ID

Name Data type Default value Supervisioomment

_Temp

Constant

Network 1:

"Scale_Int2Real"

%FC3

"T_room"

%IW66

27648.0

0.0

75.0

-35.0

"AHanorosi

BenUYnHN".T_

ROOM_norm

EN

Int

Int_max

Int_min

Real_max

Real_min

ENO

Real

Network 2:

"Scale_Int2Real"

%FC3

"T_for"

%IW96

"AHanorosi

BenUYnHN".T_

for_max

"AHanoroB.i

BenuUnHn".T_

for_min

"AHanorosi

BenuuuHn". T_

for_real_max

"AHanoro.i

BenuiunHn".T_



for_real_min
"AHanorosi
BenUUnHN".T_
FOR_norm
EN

Int

Int_max
Int_min
Real_max
Real_min
ENO

Real

Network 3:
"Scale_Int2Real"
%FC3
"T_out"
%IW102
"AHanorosi
BenuunHn".T_
out_max
"AHanoro.i
BenninHn".T_
out_min
"AHanoros.i
BenuiYnHn".T_
out_real_max
"AHanoroBi
BeNUUNHN".T_
out_real_min
"AHanorosi
BenuunHn".T_
OUT_norm
EN

Int

Int_max
Int_min
Real_max
Real_min
ENO

Real

Network 4:

Totally Integrated
Automation Portal
"Scale_Int2Real"
%FC3

"T_rw1"

%IW98
"AHanorosi
BeNUYNHN".T_
rw1_max
"AHanoros.i
BenuYnHN".T_
rw1_min
"AHanorosi
BenuunHn".T_
rw1_real_max
"AHanoro.i
BenuinHn".T_
rw1_real_min
"AHanoros.i
BenUYnHN".T_
RW1_norm

EN

Int

Int_max

Int_min



Real_max
Real_min
ENO

Real

Network 5:
"Scale_Int2Real"
%FC3
"T_rw2"
%IW100
"AHanorosi
BenuUnHn".T_
rw1_max
"AHanorosi
BenuinHn".T_
rw1_min
"AHanoros.i
BenUYnHN".T_
rw1_real_max
"AHanoros.i
BenuunHn".T_
rw1_real_min
"AHanorosi
BenuUnHN".T_
RW2_norm
EN

Int

Int_max
Int_min
Real_max
Real_min
ENO

Real

Network 6:
"Scale_Int2Real"
%FC3
"Hum_for"
%IW112
"AHanorosi
BeNnYnHN".V_
for_max
"AHanorosi
BeNUYNHN".V_
for_min
"AHanoros.i
BenUYnHN".V_
for_real_max
"AHanorosi
BeNUUNHN".V_
for_real_min
"AHanorosi
BenuynHn".V_
for_norm

EN

Int

Int_max
Int_min
Real_max
Real_min
ENO

Real

Network 7:
"Scale_Int2Real"
%FC3
"Hum_room"
%IW64
"AHanorosi
BennYnHn".V_



for_max
"AHanorosi
BeNUUNHN".V_
for_min
"AHanorosi
BennYnHn".V_
for_real_max
"AHanoros.i
BENMUYUHN".V_
for_real_min
"AHanoros.i
BenUYnHN".V_
room_norm
EN

Int

Int_max
Int_min
Real_max
Real_min
ENO

Real

Network 8:

Totally Integrated
Automation Portal
"Scale_Int2Real"
%FC3

"P_for"

%IW114
27648.0

0.0

"AHanorosi
BeNUYnHN".P_
for_max
"AHanoroBi
BeNUYNHN".P_
for_min
"AHanorosi
BennynHn".P_
for_norm

EN

Int

Int_max
Int_min
Real_max
Real_min

ENO

Real

Network 9:
"Scale_Int2Real"
%FC3
"Speed_for"
%IW116
27648.0

0.0

"AHanorosi
BENUYNHK".
Speed_for_max
"AHanorosi
BENUYUHK".
Speed_for_min
"AHanorosi
BEMUYMHK".
Speed_for_
norm

EN

Int



Int_max
Int_min
Real_max
Real_min
ENO

Real
Network 10:

_distibuted /10"
28ka

EN ENO
Networ
start"

%FC1
EN_ENO
Network 12:
"Avarii"
%_FC2 EN ENO Network 13:
"Sezone"

% EC7

EN ENO
Network 14:
"Pusk_DMPR"
%FC9

EN ENO
Network 15:
"grafik"
%FC10

EN ENO
Network 16:

tally Integrated

Automation Portal
"Outputs"
$5)c 24
EN ENO

Totally Integrated
Automation Portal
Program blocks
Avariisco].
Avarii Properties General Name_ Avarii Number 2 Type FC Language LAD Numbering Automatic Information Title Author Comment Family Version 0.1
User-defined ID Name Data type Default value Supervision Comment Input Output InOut Temp Constant Return
Avarii _Void Network 1:
TON
Time"INV_PV"
%I10.3 "[dncKkpeTHi
BenuunHun".PV
EC_Timer_0_
DB_4"
%DB 10
"Aapig". T_dp ...
"ABapin".skyd "Aapis".A_r_pv

"ABapis".A_r_pv

PT

Q

ET

Network 2:

TON

Time"INV_VV"

%10.6 "[dnckpeTHi
enuunHn".vvV
EC_Timer_0_

DB_5"

%DB 11

"ABapis".T_dp ...

"ABapia”.skyd "Asapia".A_r_vv



"ABsapiga".A_r_vv

IN

PT

Q

ET

Network 3:

TON

Time"TK_VV"

%I0.4 "[OncKpeTHi

BenuiuHn".VvV

"IEC_Timer_0_

DB_6"

%DB12

T#2s Oms ...

"ABapis".skyd "Asapis".A_tk_vv

"ABapia".A_tk_vv

IN

PT

Q

ET

Network 4:

TON

Time"TK_PV"

%10.1 "OnckpeTHi

BenuunHn".PV

"IEC_Timer_0_

DB_7"

%DB13

T#2s_Oms ...

"ABapia".skyd "Asapia".A_tk_pv

"ABapia".A_tk_pv
N

PT

Q

=]

Network 5:

tally Integrated

Automation Portal
TON
Time"TC1"
%l11.1
"[nCKpeTHI
BENUYUHK".
Rezh_nagr1
"IEC_Timer_0_
DB_8"

%DB14
T#2s_Oms ...
"Asapisa".A_TS1
IN

PT

Q

ET

Network 6:
TON
Time"TC2"
%l11.2
"IEC_Timer_0_
DB_9"

%DB15
T#2s_Oms ...
"ABapis".A_TS2
IN

PT

Q

ET



Network 7:
"Scale_Real2Real_Limits"
%FC37
"AHanorosi
BENMYNHN".T_
OUT_norm
"AHanoros.i
BenuinHn".T_
out1_max_alr_
RWA1
"AHanoros.i
BenuunHn".T_
out1_min_alr_
RWA1
"AHanoroBi
BenuynHn".Max_
T_alr_RW1
"AHanorosi
BenuynHn".Min_
T_alr_RWA1
"AHanoro.i
BenninHn".T_
RW1_alarm
EN

Input

IN_max
IN_min
OUT_max
OUT_min
ENO

Output
Network 8:
"Scale_Real2Real_Limits"
%FC37
"AHanoroBi
BenuunHn".T_
OUT_norm
"AHanorosi
BenninHn".T_
out1_max_alr_
Rw2
"AHanorosi
BenninHn".T_
out1_min_alr_
Rw2
"AHanorosi
BenuynHn".Max_
T_alr_RW2
"AHanoros.i
BenuinHn".Min_
T_alr_RW2
"AHanoros.i
BenuinHn".T_
RW2_alarm
EN

Input

IN_max
IN_min
OUT_max
OUT_min
ENO

Output
Network 9:
Real

&lt;

TON

Time



"AHanorosi
BenuinHn".T_
RW1_norm
"AHanorosi
BENMYNHN".T_
RW1_alarm
"ONCKPETHI
BENMYNHN".
sezon
"[NCKpeTHI
BeNMYnHN".
Rezh_nagr1
"IEC_Timer_0_
DB_10"
%DB16
T#2s_Oms ...

Bapiﬂ".A_RW'I

Bl

Q

Eill

Network 10:

Totally Integrated
Automation Portal
Real

&lt;

TON

Time
"AHanorosi
BenuunHn".T_
RW2_norm
"AHanorosi
BENMYNHN".T_
RW2_alarm
"ONCKPETHI
BENMYNHN".
sezon
"IEC_Timer_0_
DB_11"
%DB17
T#2s_0Oms ...
"ABapis".A_RW2
IN

PT

Q

ET

Network 11:
"AV_dat"
%FC25
"AHanorosi
BenuunHn".T_
FOR_norm
"ABapia”".A_
dat_for_obr
"ABapis".A_
dat_for_kor
EN

DAT
A_dat_obr
A_dat_kor
ENO

Network 12:
"AV_dat_1"
%FC50
"AHanorosi
BenuinHn".T_



RW1_norm
"ABapis".A_
dat_rw1_obr
"ABapia".A_
dat_rw1_kor
EN

DAT
A_dat_obr
A_dat_kor
ENO
Network 13:
"AV_dat_4"
%FC53
"AHanorosi
BenuUnHN".T_
RW2_norm
"ABapia”".A_
dat_rw2_obr
"ABapis".A_
dat_rw2_kor
EN

DAT
A_dat_obr
A_dat_kor
ENO
Network 14:
"AV_dat_2"
%FC51
"AHanoro.i
BENMYNHN".T_
ROOM_norm
"ABapia".A_
dat_room_obr
"ABapiga".A_
dat_room_kor
EN

DAT
A_dat_obr
A_dat_kor
ENO
Network 15:
"AV_dat_3"
%FC52
"AHanoroBi
BenUYnHN".T_
OUT_norm
"ABapis".A_
dat_out_obr
"ABapia".A_
dat_out_kor
EN

DAT
A_dat_obr
A_dat_kor
ENO
Network 16:

Totally Integrated
Automation Portal
TON

Time

"ABapia”".A_
progriv1
"IEC_Timer_0_
DB_22"

%DB28
T#2s_Oms ...



"ABapisa".A_
progriv
IN
PT
Q
ET
Network 17:
TON
Time"A_KKB"
%11.0
"IEC_Timer_0_
DB_23"
%DB29
T#2s Oms ...
"Aapis".A_kkb
PT Q ET Network _18:

_TON Time "DP_F_PV"
%I0.7
"IEC_Timer_0_
DB_24"
%DB30
T#2s _Oms ...
"ABapis".A_
ilter_PV

m PT Q ET Network _19:
_TON Time "DP_F_V\V"
%11.5
"IEC_Timer_0_
DB_25"
%DB31
T#2s_Oms ...
"ABapia".A_
filter_VV
IN
PT
Q
ET
Network 20:
Real
&lt;
TON
Time
"AHanorosi
BeNUUNHN".V_
for_norm
1.0
"IEC_Timer_0_
DB_26"
%DB32
T#2s_Oms ...
"ABapis".skyd
"ABapis".A_
dat_VOL_for
"ABapia”".A_
dat_VOL_for
IN
PT
Q
ET
Network 21:
Real
&lt;
TON
Time
"AHanorosi
BeNUYnHN".V_
room_norm



1.0
"IEC_Timer_0_
DB_27"
%DB33
T#2s_0Oms ...
"ABapis".skyd
"ABapia".A_
dat_VOL_room
"Asapiga".A_

[z%it_VOL_room

PT

Q

ET

Network 22:

@]otally Integrated
Automation Portal
TON
Time"Pozhezha"
%10.0
"IEC_Timer_0_
DB_28"

%DB34
T#2s_Oms ...
"ABapis".A_pozh
IN

PT

Q

ET

Network 23:
"ABapia".A_
dat_for_kor "ABapia".Alarm
"Asapisa".A_
dat_for_obr
"ABapia".A_
dat_out_kor
"Aapia".A_
dat_out_obr
"ABapia".A_
dat_room_kor
"ABapia".A_
dat_room_obr
"ABapia".A_
dat_rw1_kor
"ABapia”.A_
dat_rw1_obr
"Aapis".A_
progriv
"ABapis".A_r_pv
"ABapisa".A_r_vv
"Aapis".A_RW1
"ABapia”.A_tk_pv
"Aapig".A_tk_vv
"Aapis".A_TS1
"Aapis".A_TS2
"ABapia".A_
dat_rw2_kor
"ABapis".A_
dat_rw2_obr
"ABapis".A_RW2
"ABapis".A_pozh
Network 24:
"AV_dat_5"
%FCT71

"Datas of
VAV".T_room4_



norm

"ABapis". T_
room4_obr
"ABapia”". T_
roomé4_kor
EN

DAT
A_dat_obr
A_dat_kor
ENO

Totally Integrated
Automation Portal
Network 25:
"AV_dat_6"
%FC60
"Datas of
VAV".T_room5_
norm
"ABapia". T_
room5_obr
"ABapis". T_
room5_kor
EN

DAT
A_dat_obr
A_dat_kor
ENO

Network 26:
"AV_dat_7"
%FC61
"Datas of
VAV".T_room6_
norm
"ABapis". T_
room6_obr
"ABapia”". T_
room6_kor
EN

DAT
A_dat_obr
A_dat_kor
ENO

Network 27:
"AV_dat_8"
%FC62
"Datas of
VAV".T_room8_
norm
"ABapia”". T_
room8_obr
"ABapis". T_
room8_kor
EN

DAT
A_dat_obr
A_dat_kor
ENO

Network 28:
"AV_dat_9"
%FC63
"Datas of
VAV".T_
room10_norm
"ABapia". T_
room10_obr
"ABapis". T_



room10_kor
EN

DAT
A_dat_obr
A_dat_kor
ENO
Network 29:
"AV_dat_10"
%FC64
"Datas of
VAV".T_
room11_norm
"ABapia”". T_
room11_obr
"ABapia". T_
room11_kor
EN

DAT
A_dat_obr
A_dat_kor
ENO
Network 30:
"AV_dat_11"
%FC65
"Datas of
VAV".T_
room12_norm
"ABapia". T_
room12_obr
"ABapia". T_
room12_kor
EN

DAT
A_dat_obr
A_dat_kor
ENO

Totally Integrated
Automation Portal
Network 31:
"AV_dat_12"
%FC66
"Datas of
VAV".T_
room14_norm
"ABapia". T_
room14_obr
"ABapisa". T_
room14_kor
EN

DAT
A_dat_obr
A_dat_kor
ENO

Network 32:
"AV_dat_13"
%FC67
"Datas of
VAV".T_
room22_norm
"ABapia". T_
room22_obr
"ABapis". T_
room22_kor
EN

DAT
A_dat_obr



A_dat_kor
ENO

Network 33:
"AV_dat_14"
%FC68
"Datas of
VAV".T_
room25_norm
"Asapia". T_
room25_obr
"ABapia". T_
room25_kor
EN

DAT
A_dat_obr
A_dat_kor
ENO

Network 34:
"AV_dat_15"
%FC70
"Datas of
VAV".T_
room30_norm
"ABapia". T_
room30_obr
"ABapis". T_
room30_kor
EN

DAT
A_dat_obr
A_dat_kor
ENO

Network 35:
"Asapisa".A_
dat_VOL_for "A_dat_VOL_for"
%M3.0
Network 36:
"Aapia".A_
dat_VOL_room
"A_dat_VOL_
room"

%M3.1
Network 37:
"ABapia".A_
filter_PV "A_filter_PV"
%M3.2



