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PEDEPAT

Yepp’sauoB Bomogumup OnekcanapoBuu.  JloChHipkeHHS pPEXUMIB pPOOOTH peakTopa
pPO3KJIaJlaHHs y BUPOOHMITBI JBOOKHUCY TUTaHy. KBamidikamiiiHa poOorta Marictpa. - CyMChbKHIA

Hepxapauit YuiBepcuret, Cymu, 2023.

Kgamidikariiina pobora marictpa MicTuTh 86 CTOp. MOSCHIOIOYOT 3alMCKH, Y TOMY uncii 18

puc., 19 tabmauilk.; KOHCTPYKTOPCHKY TOKYMEHTAIII0, 110 MICTUTh 5 CXEM.

PoGota npucBsueHa BUBYCHHIO CUCTEMH YIPABIIIHHS TEXHOJOTIYHUM IMPOIIECOM BiITIICHHS
poskiany. Jlanmii mporec i y3sSTUi 32 OCHOBY NPU BUBYEHHI CHUCTEMH YIpaBIiHHA. bBynu BHBYeHi
OCHOBHI MPUHUUOM POOOTH CHUCTEMHU YIPABIIHHS, O3HAMOMIIEHHS 13 3arajlbHOI0 CXEMOIO
BUPOOHHUIITB MIrMEHTHOT 1 CHEIaIbHUX MapoK JBOOKUCY THTaHy. OKpeMHUM IMUTAHHSM IIUpIie OyB
BUBYCHUN TMPOLEC PO3KIAJaHHsS, JIOKAIbHI ~ CHUCTEMH aBTOMATUYHOTO  KOHTPOJIIO BUMIpY,
VIOPaBIiHHA 1 PEryJIIOBaHHS  TEXHOJOTIYHUM IPOLECOM  pO3KIAJaHHsA, 3aco0amMH BUMIpY,
KOHTPOJTIO 1 PETYJIFOBAaHHS TEXHOJIOTIYHUX TapaMeTpiB.

Hocnimkena nuHaMika 00'€eKTa yrmpaBliHHS, AWHAMiKa 00'€KTa yIpaBIiHHS MpPU 33JaHOMY
BIUTMBI 1 AuHamika noBeninku ACP B peakTopi po3kiafaHHs TEMIEpaTypu CyMilli Ha BUXOJI 3
€MHOCTI B PI3HUX CHUTYallisiX NpPU PI3HUX MapaMeTpax HAIAIITYBaHHS PETyJISATOpa, MPOMYCKHOT
3IaTHOCTI KJIAIIaHiB 1 3aKOHAX PEryJIIOBaHH.

VY nauiii poOOTI MO€AHYEThCS 1HGOPMAIliS PO TEXHOJIOTIYHHMA 00'€KT 1 MOMJIMBICTH HOTO
ynpasninHs 3 gonomoroo ACY TII, BukopucTtoByroun iH(hopMallio, OTpUMaHy 3a Yac HaBUYaHHS B

YHIBEPCUTETI.

KirouoBi ciioBa: aBTOMaTu3oBaHa CUCTEMa YIPaBIiHHS, TEXHOJOTIYHUNA MPOILIEC, aHAJIOTOBI
CUTHAQJIM, TUCKPETHI CUTHAJIH, IBOOKUC THUTaHy, pPO3KIagaHHs, 00'€KT YIpaBJiHHA, MPOTrpaMHe

3a0e3[eueHHS.



ABSTRACT

Volodymyr Oleksandrovich Chervyatsov. Study of operation modes of the decomposition
reactor in the production of titanium. Qualifying work of the master. - Sumy State University, Sumy,
2023.

The master's thesis contains 86 pages. explanatory note, including 18 figures, 19 tables .;
design documentation containing 5 schemes.

The work is devoted to the study of the automated control system of the technological
process of the schedule department. This process is taken as a basis for studying the control system.
The basic principles of operation of the control system, acquaintance with the general scheme of
production of pigment and special brands of titanium dioxide were studied. A separate issue was
more widely studied the decomposition process, local systems of automatic control of measurement,
control and regulation of the technological process of decomposition, means of measurement,
control and regulation of technological parameters.

The dynamics of the control object, the dynamics of the control object at a given influence
and the dynamics of the ACP behavior in the decomposition reactor of the mixture temperature at
the outlet of the tank in different situations with different parameters of the regulator settings, valve
capacity and control laws.

This paper combines information about the technological object and the possibility of its
management with the help of ACS TP, using the information obtained during his studies at the
university.

Keywords: CAS of management, technological process, analog signals, discrete signals,

decomposition, management object, software.
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CIIMCOK CKOPOYEHb I YMOBHHIX IITO3HAYEHD

ACY TII - aBTOMaTU4H1 CUCTEMU YMPABIIIHHS TE€XHOJOTTYHUM MPOIIECOM
LITY - nenTpanbHa MaHeIb YIPaBIiHHS

KBII i A - city:x0a KOHTPOJIbHO BUMIPIOBAIBHUX MPUJIa/IiB 1 aBTOMATHKU
HTP - HOpMaTUBHO TEXHIYHUHN PEKUM

KTC - xoMIUIeKCHO TeXHIYH1 3aCO0U

OC - oneparopcbka CTaHIs

[10 - nporpamue 3abe3neyeHHs

EOM - enexkTpoHHO-00UMCIIIOBAlIbHA MaIlIHA

ACP - aBTOMaTH4HA CUCTEMA PETYJIIOBaHHS

TCM - TepMOMETp OMIOPY

EII - enexTponeperBoproBay

BbX - 6510k KuBIIEHHS

KB3 - kneMHoO104UHE 3'€ THAHHS

M - enekTpoMarHiTHUI NpUBia

KM - koHTakTHUM ITycKa4

K - koHTakTH pene

HM - knamnaH 3 eJIeKTponpuBOIOM



BCTVII

HaiiBaxxnusimie miciie cepeli HayKOBO-TEXHIYHUX MPOOJIEM PO3BUTKY XIMIYHOT
MIPOMUCJIOBOCTI BIJIBOJUTHCS aBTOMAaTH3aIlli BHUPOOHMYMX IIPOIIECIB BUPOOHUIITB.
ABTOMaTH3aIlisl BUPOOHHIITBA - TI€ TIPOIIEC Y PO3BUTKY MATMHOOYAYBaHHS, TIPU TKOMY
GyHKIIT ynpaBiaiHHSA 1 KOHTPOJIIO, paHillle BUKOHYBAHI JIIOJAbMHU, MEPEKIaal0ThCcs Ha
MpWJIAM Ta aBTOMAaTUYHE 00J1aTHAHHS.

OCHOBHMMHM 3aBJaHHSIMU aBTOMaTH3allli € I1HTeHCcH(iKallis BUPOOHMIITB Ha
OCHOB1 BITPOBA/P)KCHHSI HOBHUX JIOCATHEHb HAyKd 1 TEXHIKM, CKOPOUEHHS YHCIa
TEXHOJIOTIYHUX TEpPEeXO0/iB, BIPOBAKEHHS O€3lepepBHUX CXEM BHUPOOHMIITBA,
NOJAJIBIIMK PO3BUTOK PIBHSA MexaHizamii 1 aBTomaru3auli. B ymoBax HaykoBo-
TEXHIYHOT'O MPOTPECy aBTOMATHU3AIlISl € OJIHIEI0 3 MOro pymiiHux cwi. BoHa BrmBae
Ha YJOCKOHAJEHHS TEXHOJOrii, MEXaHi3allll0 BUPOOHMYUX TIPOIIECIB, 3abe3neuye
YMOBHU Il CTBOPEHHS OUIBII CKJIAJHUX BHUCOKOMPOIYKTUBHHX MPOIECIB, sIKI 0e3
aBTOMaTH3allli pPO3pOOUTH 1 peani3yBaTH HEMOXJIMBO. MacuTaOHICTh 3aBJaHb,
pPO3B'SI3yBaHUX XIMIYHOK ITPOMUCIIOBICTIO, BUMara€ CTBOPEHHS 3aBOAIB, IIE€XiB 3
BHUCOKHM CTYIIEHEM aBTOMAaTH3allii BUPOOHUIITBA, yIOCKOHAJIEHHSI (OpM IJIaHyBaHHS
Ta YNPaBIIHHS AKICTIO MPOJYKLIi, TEXHOJOTITYHUMHU MPOLIECAMH 1 BUPOOHHUIITBOM Ha
06azi EOM; cTBOpeHHs mpuiadiB 1 CHUCTEeM aBToMaTu3allli Ha 0a3l TpaguliiHUX
TEXHIYHUX 3aC001B, a TAKOXK MIKPOMPOIIECOPHOT TEXHIKH. Y CHilTHe (QyHKIIIOHYBaHHS
TEXHOJIOTTYHUX MPOLECIB, OTPUMAHHS BUCOKOI IKOCT1 MOKYTh OyTH 3a0€3MeUeHi JuIie
npu OararoMacmTabOHOMY BIPOBAKEHHI aBTOMATU3allli, MNpPU AKOMY (QYHKII]
YOPaBIIHHSA 1 KOHTPOJIO TEpPEeAaroThCa MpUiIajaM 1 aBTOMATH30BAaHUM CHCTEMaM.
Po3BuTOK aBTOMATH3AIT MIANMPUEMCTB 3IIMCHIOETHCS B TPHOX HAMPSIMKaX:

[lepmmii HanmpsAMOK - po3poOKa MpUIaIiB 1 3ac001B aBTOMATH3AITIT;

Jpyruii HanmpsMOK - CTBOPEHHS CHCTEM aBTOMATHYHOTO YIPABIIHHS 1
PETYIIOBaHHS, B TOMY YHCJIl 3 BAKOPUCTAHHIM MIKpOTIpOIecopiB 1 Mikpo-EOM;

Tperiii HanpsIMOK - CTBOPEHHS aBTOMATHU30BaHUX CHCTEM YIPABIIIHHS

TEXHOJIOTTYHUMH TPOLIecaMy 3 BUKOPUCTAHHSM Kepylouux MiHi 1 Mikpo-EOM.



B pganmii yac pO3BUTOK XIMIYHOTO BHUPOOHHUIITBA 3aCHOBAHOIO Ha
0e3MepepBHOCTI TEXHOJIOTIYHOTO MPOLIECY 3 BUKOPUCTAHHSM OCHOBHOTO O€3MepepBHO
JI0Y0TO YCTAaTKYBaHHSI, € BCI MEPETyMOBH IS KOMITJICKCHOI Ta IIOBHOI aBTOMAaTH3aIlii
TEXHOJIOTIYHUX  TMpoleciB. 3pOCTaHHS MNPOAYKTHBHOCTI Mpami B XIMIYHIA
MIPOMHUCIIOBOCTI, pO3p0OKa HOBUX TEXHOJIOT1H, CIPSIMOBAHUX Ha MOJIMIIICHHAS SKOCTI Ta
MiIBUIIEHHS ¢()EKTHBHOCTI BUPOOHUIITBA, MOTPEOYIOTh OHOBIICHHS 1 BIOCKOHAJICHHS
CHUCTEeM VIIpaBJIIHHSA Ha 0a3l HOBITHIX 3aco0iB BUMIPIOBAHHS 1 aBTOMAaTH3aIlli.
ABTOMAaTH3aIlisl TEXHOJOTIYHUX TMPOIECIB € HAWBAKIMBIIIUM 3aCOOOM ITiIBUIIICHHS
MPOJYKTUBHOCTI Tpalli, CKOPOUYEHHSI BUTpAT MaTepiajiiB 1 €Heprii, MOMIMIIIEHHS SKOCTI
MPOAYKIlli, BOPOBA/PKCHHS IPOTPECUBHUX METOIIB YIPaBIIHHSI BUPOOHHUIITBOM 1
M1JIBUIIICHHS HAJIIMHOCT1 pOOOTH.

[Ipu Oyab-sikoMy BHJII YIPABIIHHS B Ti 4M IHIIINA Mipl BUKOHYIOTHCSI HACTYIIHI
eTarnm:

- oTpuMaHHs 1H(OpMaIlii PO cTaH 00'€KTa yIpaBIiHHS;

- 00poOka Ta aHaji3 oTpuMaHoi 1H(opMallli, Ha MiACTaBl K0T GOPMY€ETHCS PIIICHHS
PO HEOOXITHICTD 1 XapaKTEP BIUIMBY Ha 00'€KT YIIPaBIIIHHS;

- peastizallisi MPUUHATOTO PIIICHHS, HAMPUKIIAJ, NUIIXOM 3MIHA MaTepiaJibHUX a0o
E€HEePreTUYHUX MOTOKIB.

BukoHaHHS TIepmIoro eramy MOB'S3aHO 3 BH3HAYCHHSM 3HAYCHb BEIMYHH, SKi
XapaKTEepPHU3yIOTh CTaH O0'€KTa YMpaBIIHHS: TUCKIB, TEMIIEpaTyp, BUTpAT pPOOOUMX
CEepe/IOBUII], PIBHIB B TEXHOJIOTIYHUX amaparax, (I3UKo-XIMIYHUX TMOKa3HUKIB
PEYOBHH, SIKI TIEPEepOOIISIOTHCS HA PI3HUX CTAJIAX TEXHOJOTIYHOTO mporiecy 1 T.1. [Tpu
pPYYHOMY YIIpaBJIiHHI JIIOJJMHA BUKOHY€ BCl (DYHKIIi MO aHali3y TEXHOJIOTTYHOTO
npolecy, NPUHUHATTA 3[1MCHEHHS PIIIeHb PO BIUIMB Ha mpolec. BukopucToByeThCs
TaKOXX Py4YHE MMCTaHIIIiHE KepyBaHHS, KOJIH JIOJIMHA BIUIMBA€E Ha MPOIIEC HA BIJICTaH1
3a JJOMOMOT'OI0 CIIELiaIbHUX MPUCTPOIB. Y IIbOMY BUIIAJIKY BIH OTpUMY€E 1H(OpMAIIio
npo TMapamMeTpu MPOIECy 3a JOMOMOTOK CHUCTEM aBTOMAaTUYHOTO KOHTPOIIO 32
MOKAa3HUKaMHU  aBTOMAaTUYHUX  KOHTPOJHHO-BUMIPIOBAIBHMX  mpuiagiB. [lpu
aBTOMarTu3allii Oe3MepepBHUX TEXHOJOTIUHUX TMPOIECIB BEJIMKE 3HAYCHHS Mae

OerMI/Iﬁ BHIIAAOK KCPYBAHHA - PCTYJIHOBAHHA. HpI/IBHa‘-IeHHH ABTOMAaTHU4YHHUX CHCTCM
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perymoBands (ACP) - miarpuMka 3agaHux abo0 ONTUMalIbHUX 3HAYEHb BEJIUYMUH, SKI
BU3HAYAIOTh NEePEOITr TEXHOJOTTYHOTO MPOLIECY.

ABTOMAaTHYHI CHCTEMHU PETYJIIOBAaHHS MPUHIMIIOBO MOXYTh OyTH 311MCHEHI 3a
JIOTIOMOTOI0 JJOCUTh MPOCTUX TEXHIYHUX 3aCO00IB - JOKAJIbHUX perynaropiB. OnHak
(YHKI[IOHATBbHI MOXKJIMBOCTI TaKHX CHUCTEM AyXke OOMekKeHi. ABTOMATHU3yBaTH OUIBII
CKiaaHi (QyHKII{ yMpaBiiHHI, Taki, SIK ONTHMI3allisl TEXHOJOTIYHOTO TMporiecy abdo
OPUMHATTS pIllIEeHb MNpU HENPUIYCTUMUX MOPYIICHHSIX B XOJl TEXHOJIOTTYHOIO
MpoIecy, HEMOXJIMBO O3 BUKOPHCTaHHS 3aco0iB OOYMCIIOBATILHOI TEXHIKH 1
MIPUCTPOIB OIEPATUBHOTO OOMIHY 1H(OpPMAIIIEI0 MK BHUPOOHWYHMM TMEPCOHAIOM 1
TEXHIYHUMHU 3aco0aMu. Y 3B'SI3KY 3 [MM CTajdd IIMPOKO BUKOPUCTOBYBATH
aBTOMaTU30BaHI cuctemMu yrpasiiHHA (ACY). Bonu npusHaveHi sk sl KepyBaHHS
TEXHOJIOTTYHUMH MPOIIECaMU, TaK 1 JUIs OPTaHi3alliiHOTO YIPABIIHHSI BUPOOHUIITBAMH.
Ha BigMiHy BiJf aBTOMaTUYHUX CHCTEM YIIPABIIHHA, SKI MOXYTh (DYHKLIOHYBaTH 0e€3
ydacTi JIIOJIMHU, B aBTOMATHU30BaHUX CHUCTEMAax YIMPAaBIIHHSA TependadyeHo ydacTb
JTOIUHU (aIMIHICTPATUBHUM 1 BUPOOHUYO-TEXHIYHUHN MEPCOHAI, 1 ONMEPaTOpH 1 T.1.).
OnguuM 3 HaWOUIBII BaXXJIMBUX 1 CKJIQJHMX MHUTaHb B il cdepi € aBTOMATH3AIIA
KOHTPOJIBHUX orepanii. BoHa Moxe 3ailicHIOBAaTHCS IO JIHIT aBTOMaTH3allii sK
TEXHOJIOTIYHOTO (aKTUBHOI0), TaK 1 MICISONEPalitHOTO KOHTPOJIIO, IKUN BioOpaxkae
JIBa MPUHIIUIIOBO PI3HUX HANPSIMKUA PO3BUTKY TEXHIYHOTO KOHTpoJt0. OOUIBa METOIU
MaloTh Ba)XJIUBE 3HAYCHHS 3 TOUKH 30py 3a0e3MeueHHs HeOOXiTHO1 SKOCTI (TOYHOCTI)
PO3MIpHUX Ta IHIIMX MapaMeTpiB BMHAXOJIB 1€ B MPOLECI X OTpUMaHHS, € OLIbII
MIPOTPECUBHUM, a BIAMOBIAHO 1 mepcneKTuBHUM. HoBi MOKJIMBOCTI InI:|
BHUCOKOE(DEKTUBHOI aBTOMAaTH3aIlll XIMIYHUX BUPOOHUIITB BIAKPUBAE BUKOPUCTAHHS
MikporpolecopiB 1 Mikpo-EOM, pobotoTexHiku. BukoprcTaHHsS MiKpPOMPOIECOPIB 1
Mikpo-EOM 11t aBToMaTH3aliii MamvH, 00JIalHaHHS, MPHUIIaJIIB, I cTBOpeHHS ACY
TII nae MOXJIUBICTb BUKOPUCTAHHSA B XIMIYHIM MPOMMCIOBOCTI Y BEIMKIA KUIBKOCTI
BHCOKOIPOTYKTUBHUX eHepro- 1 Matepianozoepirarouux TEXHOJIOT1.

Buxopucranns wmikpomnporiecopiB 1 Mikpo-EOM  posmuproe ¢yHKITIOHATBHI
MO>KJIMBOCTI OOJaAHAHHS, CHUCTEM YHPABIIHHS, 3HAYHO MIABUILYE HAMIMHICTH iX

po0OTH 1 B KIHIEBOMY paxyHKy MO3UTHBHO BiJI0OpaXaeTbCs Ha SKOCTI BUPOOJIEHOT
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npoaykilii. BnpoBamkeHHsT pPOOOTOTEXHIKM JIO3BOJISIE 3BECTH JIO MIHIMyMY
MaJIONPOAYKTUBHY PYUYHY Mpallto, BIIKPUBAE MOXJIMBICTH JJIi CTBOPEHHS 3aBO/IIB-
aBTOMaTiB. BripoBa/keHHSI cyyacHOi TEXHIKM aBTOMATH3allil XIMIYHUX BHPOOHUIITB,
MIJBUIICHHS €(QEeKTUBHOCTI 1i BUKOPUCTAHHS MOXJIMBI JIMIIE€ 32 YYacTio
BHCOKOKBaTI(hIKOBAaHOTO TMEPCOHATY, IO €KCIUTyaTye aBTOMAaTW4HI 1 aBTOMAaTHU30BaHi
CHUCTEMHU YIPABIIHHSA, IO BOJOJIE TEXHIYHOIO 0a3010 aBTOMAaTH3allii, OCHOBHUMH
pO3po0KaMu 1 MPOEKTYBAaHHAM aBTOMAaTUYHHUX 1 aBTOMAaTU30BAHUX CUCTEM YIPABIIIHHS
TEXHOJOTIYHUMHU TIpollecaMu B Pi3HUX cdepax XIMIYHOI MPOMHUCIOBOCTI. MeToro
aBTOMAaTH3allli € MiBUIICHHS e(PEKTUBHOCTI Ipalli, MOJIIMIIIEHHS SKOCT1 MPOIYKIIii, 10
BUITYCKA€THCS, CTBOPEHHS YMOB I ONTHUMAJIbHOTO BUKOPHUCTAHHS BCIX PECYpCIB
BUpPOOHMIITBA. B ymMOBax HayKOBO-TEXHIYHOI'O MPOTPECy aBTOMATH3alls € OAHIEI0 3
Horo pymriHUX cuia. BoHa ICTOTHO BIUIMBa€E Ha BJOCKOHAJICHHS TEXHOJOTIH,
aBTOMATHU3allll0 BUPOOHMYMX IMPOLECIB, 3a0e3Medye YMOBH JUIsl CTBOPEHHS OUIbII
CKJIQJHUX BHUCOKOMPOJYKTUBHUX TIPOIIECIB, SKi 0€3 aBToMaru3allii po3poOouTH 1
peanizyBaTd HEMOXJIUBO. TOMY /0 YMHHUKIB MIABUIICHHS €KOHOMIYHOI €()eKTUBHOCTI
MO>XHa BIJHECTH: IMIJBUILEHHSA SKOCTI MPOIYKIIi, 3MEHUIEHHS BUTpPAT CUPOBHUHH,
CKOpPOYEHHSI BIJIXO/IB BHUPOOHHUIITBA. TakuM YHWHOM, aBTOMAaTH3allisl CIPUSE

1HTeHCU(DIKaLli XIMIYHUX BUPOOHUIITB, 1a€ CYTTEBUI €KOHOMIYHHM €(EKT.



1 TEXHOJIOI'TAA BUPOBHULITBA JIBOOKUCY TUTAHY

Jlanuif po3iyl Po3KpUBAE OOJACTh 3aCTOCYBAaHHS 1 3HAYHUMICTh BHUPOOJICHOTO
NPOAYKTY, OO0 TEXHOJOTII0 BHPOOHHUIITBA B ILIJIOMY, @ TaKOX OMHUCY€E TEXHOJOTIIO
BIJIUIEHHSI YOpHOi (PinbTparlii, Tak K BOHO € 3HAUYIIMM E€TaloM y BUPOOHUITBI 1
noTpedyroe MOJEpHI3allii, SK CUCTEMHU YIPaBJiHHS, TaK 1 TEXHOJOTIi B LUIOMY IS
JOCATHEHHSI HaWKpallMX TEXHOJOTIYHMX 1 EKOHOMIYHHUX pe3ynbTaTiB. Takox
PO3KPUBAETHCSI TIOCTAHOBKA 3a/Jad MPOSKTYBAaHHS: CHUCTEM YMPaBIiHHSA, 3MiHA

MCTOIUKH BCACHHS TEXHOJIOTTYHOTO IIpoLccy.

1.1 ITirMeHTHHI TBOOKHUC TUTAHY

JlakoapOoBi MOKPUTTS MalOTh BEJIUKE 3HAYCHHS B MalIiHOOyAyBaHHI 1
OymiBHulTBIl. JlakodapOoBl MOKPUTTS CIIJI PO3TISAATH SK HEBIA'€MHY CKIIAJOBY
YaCTUHY KOKHOI MalllMHU, KOXKHOI crIopyu. I3 3aranbHOi cymu BUTpaT Ha (papOyBaHHA
(BKJTIOUAIOYHU TMIATOTOBKY MOBEPXHI) B MPOMHUCIOBOCTI 1 OyiBHUIITBI HE MeHIne 70%
NpUNaJae Ha YaCTKy BUTpPAT, MOB'A3aHUX 3 HAHECEHHSM MOKPUTTS, 1 He Ounbiie 30% -
Ha YacTKy BapTOCTI camux JjakodapOoBHX MarepiamiB. Y cKiaal camoi ¢apOu
HAWOUIBIII JOPOTOI0 YACTHHOIO € TUIIBKOYTBOpIOIOYA pedyoBHHA. Ha yacTKy mirMeHTy
B1/1BOouThCs He Outbie 30% Baptocti (papObu. Takum 4MHOM, BUTpATH HA MPUIOAHHS
MirMeHTa ckianarTs MeHme 10% 3aranpHOi BapTOCTi 3a0apBicHHSA. THUM dYacoMm
BJIACTUBOCTI MITMEHTY B 3HA4YHIA Mipl BHU3HAYAIOTh TEPMIH CIY>KOM nakohapOboBOro
nokputTs. Hepigko 3aMiHa MEHII CTIMKOTO MIrMEHTY OUIbII CTIHKUM JO3BOJISIE
MPOJIOBXKUTH TEPMIH CIY>KOM TMOKpUTTA B 2-3 pa3u. Tomy BIACTHBOCTI MITMEHTY
YUHATh BUPIIAIBHUN BIUIMB Ha €KOHOMIKY Jiako(apOOBOi MPOMMCIOBOCTI, 1 HaBITh
CKJIaJlHI 1 JOpOTi CIOCOOM BHUTOTOBIICHHS IIIIMEHTIB BHSBISIOTECS EKOHOMIYHO
JOLUUTBHUMH, SKII0O BOHM TOMITHO MiBUILYIOTh TEPMIH CIY>KOM MOKPUTTIB.
JlakoapboBa MPOMHCIIOBICTh BUITyCKae (apOM pPi3HUX KOJILOPIB 1 BIATIHKIB, alie

HAWOUIBII MOMIMPEHI MOKPUTTS CBITIUX BIATIHKIB: OJAKUTHI, OEXEB1, pOKEBI, CBITIIO-

9



3eneH1 1 T.1m. Taki (apOu BUTOTOBISAIOTH 13 CyMIlll MIrMEHTIB, TpudomMy a0 80% i€l
CYMIIII JIOBOJUTHCS HA YAaCTKy O1uX MirMeHTiB. OTxe, OUIMI MIrMeHT HeOOX1THUI He
TITBKH NI OUTMX, a ¥ miis Bcix (apO CBITIMX BIATIHKIB. 3 YMcla OLTMX TMITMEHTIB
HaWOLIbIIe 3HAYEHHS Ma€ JBOOKUC THUTaHy, IO BIAPI3HIETBCA BHUCOKOIO
IHTEHCUBHICTIO, TApPHOIO MOKPUBICTICTIO, CYMICHICTIO 3 OyIb-IKUMH CHHTETHUYHUMHU
IUTIBKOYTBOPIOBAYaMH, aTMOC(HEPOCTIUKICTIO 1 IHIIUMH LIHHUMH, BIACTUBOCTIMH. Y
1965 p B CIIA 13 3aranpHOro BUMycky aBookucy tutany 520 000 T makodapOoBoi
MIPOMHUCITIOBICTIO OyJI0 BUKOpPUCTAHO 58%.

Bucoka TepMOCTIMKICTh, TUCTIEPCHICTD 1 XIMIYHA 1HEPTHICTh JIBOOKUCY THTaHY,
0COOJIMBO PYTHIIBHON (pOopMU, 3a0€3MeUnin MHUPOKE ii 3aCTOCYBaHHS B IPOMUCIOBOCTI
macTiaHuX mac. Y 1965-1967 pp. B CILIA Ha BUPOOHMUTBO IUIACTUYHUX Mac,
JIHOJIEYMY 1 IITYYHOTO BOJIOKHA BHUTpauajocs Onu3bko 15% 3arajbHOro BUIYCKY
JBOOKUCY THUTaHy. J[BOOKHC THUTaHy € HE3aMiHHUM MiHEpaJIbHUM IMPOJAYKTOM IS
MaTyBaHHS IEpJOHA 1 BICKO3HOTO IIOBKY. J[Jisl 111€i MeTH 3aCTOCOBYIOTH CIELiaIbHI
COpPTH JBOOKHUCY THTaHY, III0 HE MICTATh YACTUHOK OlbIne 1 MK 1 HE KOAryJrloTh B
BICKO3HOMY pO3uUWHI. BenukuMu criokMBadyaMu JBOOKHCY TUTaHY € TaKOX ITarmepoBa
MPOMHUCIIOBICT, B sikii B 1965 p Oyno Buxopucrano no 14% mnpoaykiii, 1o
Bunyckaetbest B CIIIA nBookucy TUTaHy JUisi BUPOOHULTBA BHILUX COPTIB OLI0TO
namnepy, 1 r'yMoBa npoMucioBicTh (5%). JIBOOKMC TUTaHy CIY>KHTh TaKO Ba)KJIMBOIO
HEIIKIJIJIMBOI0 CKJIQJIOBOI0 YACTUHOK TYJPH, KPEeMIiB Ta IHIIMX KOCMETHYHHUX

MPOJYKTIB.

1.2 Onuc TeXHOJOTTYHOI CXeMH BUPOOHUIITBA

VY pirouux 1 cCHOpYyIXKyBaHUX 1I€Xax 3 BUPOOHUITBA ABOOKUCY TuTany B CHJI i
Ha OUIBIIOCTI JIFOYMX 3aBOMIB 32 KOPJAOHOM BCE€ 1€  3aCTOCOBYETHCS
CIPUaHOKHUCIIOTHUHM cmoci0 mepepoOKH 1TbMEHITOBOTO KOHIIGHTpAaTy, MPUHIIUIIOBA
cxema sKOro HameneHa Hmkue. Crioci0 mossirae B po3KiIaJaHHI 1IBMEHITOBOTO
KOHIIEHTpATy MIIHOI CIpYaHOi KHCJIOTOI, BHJIYTOBYBAaHHS OTPHUMAaHOI CyMIIl
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cyibdaTiB YOBHA 3 JIIHOK BOJOIO, BIIHOBJICHHS TPHUBAJEHTHOIO 3ajii3a B
JIBOBAJICHTHE, OYMILIEHHS PO3YMHY BiJI MEXAHIYHHMX CYCIIEH31i, BUIIJICHHS 3 PO3UUHY
YaCTHHU 3aJli3HOTO KYMOPOCY KPHUCTAMI3aIl€l0 1 HeHTpUPYryBaHHIM Horo. Po3zumn
yHaproeTcsl MiJi BaKyyMOM, MPOBOJUTHCS TiAPOdI3 CcyiabdaTy TUTaHy, B Pe3yibTaTl
SKOTO 3 PO3UMHY BHUMaAae OUIMI Ocaja TiIpOOKUCIB TUTaHy, TaK 3BaHa METaTUTAHOBA
kucioTa. Omepariii, MO TNEPEeayIOTh TIAPOMi3y, 3MIMCHIOIOTHCS OIHAKOBO TMpHU
OTpUMaHHI K aHATa3HOI, TaK 1 pyTUIIbHOI (POPMHU JIBOOKHCY TUTaHy. PexxuMm riposizy
1 BIIACTHUBOCTI J0OABOK, IO BBOMAATHCS, B 3HAYHIN Mipi BH3HAYAIOTh KPHUCTAIIYHY
OyZIoBy JBOOKMCY TUTaHy. Mae 3HaueHHA 1 pexuM TmpoxkapioBanHs. Ocan
METaTUTAHOBOT KHCIIOTH BIJIOKPEMIIIOETHCS BiJi MAaTOYHOTO PO3YUHY, SIKUA HOCUTH
Ha3BYy «TIAPOJI3HA KUCIOTa», PETEIbHO MPOMMBAETHCA XIMIYHO OYHMIIEHOIO 1 Ci1ado
nigKucieHoro Bojoro. Ilicis BBenenns no6aBok (pochopHa, BoibhpamMoBa KUCIOTH Ta
1H.) METaTUTaHOBA KHCJIOTA, MPU3HAYCHA ISl BUIYCKY JIBOOKHCY THTAaHY aHATa3HOU
dbopmu, npoxaproerbest ipu 900°C, a mpu OTpUMaHHI JBOOKUCY THTAHY PYTHIIBHOI
dbopMu 1 BBEICHHI pyTHIi3yrouux 3apojkiB - mpu 850°C. Jlami JBOOKHC THTaHY
NIJJA€TbCSl TOBEPXHEBIM 00poOLl, XapakTep SKOi 3aleXUTh Bl HEOOXITHUX
BJIACTUBOCTEHN ABOOKHUCY TUTaHY, IO BUMyCKaeThes. [IpuHIIMIOBa cxema BUPOOHHUIITBA

JIBOOKHCY TUTAHY NPUBEACHA HA PUCYHKY 1.1.
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Pucynok 1.1 - IlpunnunoBa cxema BUpOOHHUIITBA JBOOKHUCY TUTAHY
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2 [TPU3HAYEHHA I LIIJII CTBOPEHHA CUCTEMUA

OcHoBauM 3aBaaHHsM MmoOyaoBu ACY TII «Poskmamanus» € po3poOka Ta
BIIPOBA/DKCHHS 3aXOMIB, CIPSMOBAHUX Ha TMIABUINCHHS CTaOUIBHOCTI OIeparlin
IPOILECY PO3KIAaHHS 1 MiABUILEHHS MPOAYKTUBHOCTI AUITHKUA PO3KIIAaIaHHS.

MeToto CTBOpPEHHSI aBTOMATHU30BaHOI CHCTEMH YINPABIIHHA TEXHOJIOTTYHUM
MIPOIIECOM € OTPUMAHHS €KOHOMIYHOTO €EeKTy 3a paXyHOK:

- cTabim3anii CKIIaay MyJIbIix, 110 MOAAETHCS Ha BITHOBJICHHS,

- 3aMiHM MOPAJIBHO 1 (PI3MYHO 3acCTapiIMX ICHYIOYHX 3aC001B aBTOMaTH3AIlli;

- 30LIbIIEHHS KUIBKOCTI aBTOMAaTUYHO KOHTPOJBOBAHUX 1 PEryJIbOBaHUX
napameTpiB;

- TIJBUIICHHS TEXHOJOTIYHOI AMCIUIUIIHM 3a PaxXyHOK MOCTIHHOTO KOHTPOJIIO 3a
MOCTIJOBHICTIO BUKOHAHHS TEXHOJIOTIYHUX OTEepalliii;

- aHaJI13y BUHUKAIOUMX CUTYallli 1 CBO€YacCHE MPUMHSTTS PIllICHb;

- MABUILEHHS NMPO(eCcIiHOT NIATOTOBKH TEXHOJOTTYHOTO IEPCOHAITY.

ABTOMAaTH30BaHa CHUCTEMH YMPABIIHHSA TEXHOJOTiYHUM Tmpouecom - ACY TII
«Po3knaganHs npu3HAUYCHA I aBTOMATHYHOTO YIIPABJIiHHS MMapaMeTpamMu IMpoIecy
PO3KJIaJJaHHS 1JIbMEHITOBOTO KOHUEHTPATY 3T1JIHO 33JJaHO1 TEXHOJIOTTYHOL
PEKUMHO1 KapTH:

- POTYBAHHS peaKTOpa MOBITPSIM;

- I03yBaHHS CipYaHOi KUCJIOTH;

- I03yBaHHS UTbMEHITY;

- IEpEMILITyBaHHS;

- I03yBaHHS IITOBXAK40i BOJIH;

- MAICPiB CyMillli;

- OCHOBHA PEAKITIS;

- PO/TyBaHHSI IJIABY;

- BU3pIBaHHS;

- OXOJIO/IPKEHHS TIJIABY;
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- I03yBaHHS KHCIIOTO PO3YHHY;

- I03yBaHHS raps4oi BOJu;

- BUWJIYTOBYBAHHS;

- aBTOMATMYHOI peecTpalii mapaMmerpiB, IO KOHTPOJIOIOTHCS, MAil omepaTopa i
MOJTIH 3 METOIO 1X MOAAIBIIIOTO aHATI3Y;

- opranizaiis 00Ky BUTPAT CHPOBUHH;

- MIOJIINIIEHHS YMOB POOOTH 00CIYrOBYIOYOTO MEPCOHATY.
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3 HEJIOJIIKU ICHYIOUOI CUCTEMU VIIPABJIIHHS
JIJTSTHKOIO PO3KJIAJTAHH ST

3.1 Anani3z poO0TH BiITIIEHHS PO3KIaIaHHs

Bukonanwuii Ha mijcTaBi 1aHUX 310paHUX B MIEP10]1 HOTO OOCTEKEHHS.
VY po6oTi BiAALICHHS € HACTYIIHI HEAOTIKU:

* BUKOHABYl MEXaHI3MH HE MalOTh «3BOPOTHOIO 3B'S3KY» 3 CUCTEMOIO YIPAaBIIIHHS,
0 MPU3BOJUTHL JO TMOPYIIEHHS TMOCIIAOBHOCTI ONepaliii mpu 3aBaHTaXXEHHI
KOMIIOHEHTIB B PEAKTOD;

* BEJIMKUI BIUIMB <JIIOJICBKOTO (pakTtopa». MaroTh Miclie MOMUJIKUA OIeparopa B
NOPSJIKY MPOBEAEHHSI TEXHOJIOTIYHHMX ONEpalliii; Ha MIPHUKaX CIpYaHOi KUCJIOTU Ta
UJIbMEHITY BCTAHOBJICHI TEH30JaTUMKH, 10 MalTh HHU3bKY TOYHICTh 1 BEJIMKUN
¢b13uuHMit 3H0c. HegocTaTHhO TOUHO BUTPUMYETHCS CITIBBIHOIIICHHS CipyaHa KUCJIOTa
/ 1MTbMEHIT;

* HE ONTUMAJILHUN PEKUM BUJIYTOBYBaHHS TUIaBy. BiJIcyTHS cxeMa MpUroTyBaHHS 1
JO3yBaHHS KHCJIOI BOJHW; BIJICYTHIH KOHTPOJL JO3yBaHHS BOAM B PEAKTOPHU

PO3KJIaJJaHHs; HEJOCTATHS CTA0UIBHICTD CKIIAY MYJIbIH MICHS KOKHOTO PO3KJIaJaHHS.

3.2 CratucTiyHUM aHami3 CTabUIBHOCTI MOKA3HUKIB CKIIAAY MYJIBITH

JUist cramii po3kiafaHHs UIbMEHITOBOIO KOHUEHTPATy MOKa3HUKOM, SKUI
BU3HAYa€ TEXHOJOTIYHY edexTuBHICTh BrpoBamkeHHs ACYTII, npuiinsara
crabumzamiss Tpylnud MapaMeTpiB TEXHOJOTIYHOro rmpoiecy. B skocti rpynu
TEXHOJOTIYHUX TapaMeTpPiB BUKOPUCTOBYIOTHCA MOKA3HUKH CKJIAAy MYyJIbIOU MiCIs
po3kiananHs. CTtaTucTUyHA OIIHKA CTaOLIBLHOCTI TPYMH TEXHOJOTIYHUX IMapaMeTpiB
npoBoauThCA 1o giarpami Ilapero. Meronu po3paxyHKy aiarpamu BigoOpaxeHi B
OCHOBHHX ToJIokeHHs X cTanaapTiB [ISO-9001 ta CTII mignpuemcTBa.
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Jlo mepeniky mapameTpiB JJIsl OLIHKKA CTa0lIbHOCTI CKJIaAy MYJIBIIU B CHUCTEMI

ynpasiiHas ACYTII «Po3knagaHHs» BKIFOYEHI HACTYITHI TOKA3HUKH:
- KOe(iIi€EHT BUXOY;
- KUCJIOTHUH (haKTOp;
- IIJTLHICTD ITYJIBITH.

B sikocTi 0a30BUX 3HAYCHBb MPHUHHATI MOKA3HUKH CKJIQAy IYJIbIU 32 YEPBEHB
2021 poxky. Iloka3Huku ckjiagy IMyibld HaBeJeHI. Bu3HaueHHs 3HA4YeHb MapameTpiB
IPOBOAUTHCS LIEXOBOIO JIAOOPATOPIEIO 3TITHO 3 TpadiKoM aHATITHYHOTO KOHTPOJIIO.
Ominka cTaHy TMapaMeTpiB MPOBOAMUTHCS IUIAXOM  PO3PAXyHKY  HACTYNMHHX
CTATUCTUYHHUX MOKA3HUKIB:

* CepelIHE 3HAUEHHS MMapaMeTpa B 00cs131 BUOIpKH (W);

* CTaHJApTHE BIAXWIECHHS - CEPEIHbOKBAAPATUYHE BIAXUIICHHS IMapaMeTpa Bij Horo
cepeaHbOro 3HaUeHH (S);

* % BIJXWJIEHD B1Jl HOPM TE€XHOJIOTTYHOTO PEXKUMY;

 miarpama [lapeTo - iHTerpajibHasi OIliHKA CTAOUIHLHOCTI TEXHOJOTIYHOTO MPOIIECY
TI0 BUIIE TIEPEPaXOBAHUX MOKA3HUKAX.

Jist po3paxyHky % BIIXWJIEHBb BiJl HOPM TEXHOJIOTTYHOTO PEKUMY ISl KOKHOTO
napameTpa Oynu 3amaHi (yMOBHO) HMXHA 1 BepxHs Mexi HTP 3 cepenunoro, mio
JIOPIBHIOE CEPETHROMY 3HAYCHHIO TTapaMeTpa |L.

Hiarpama [lapeTo po3paxoByeThCsl 3 YMOBH, IO KUIBKICTH 3aMipiB JJisi BCIX
napameTpiB MOBMHHA OyTH OJHaKoBOW. KiabKicTh 3aMipiB Ui KOKHOTO MapameTpa
npUTHATO piBHUM 133.

Buxoasuu 3 piBHOI 11 BCIX KUIBKOCTI BHUMIPIB, PO3PaXOBYBAJIOCS, CKUIBKU

napaMeTp MaB Ou TIOPYIIEHb MPU KUTBKOCTI BUMIpIB, piBHIM 133:

m, = 133 x mi/ni ,

ae M - KigbKicTh BinxuieHb Bin HTP, m, npuseneHa KinbKICTh BIIXMUIEHB 1

napameTpa. Pe3ynbraTtu po3paxyHkiB HaBeieH1 B Tabauii 3.1.
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Taomug 3.1 Bigxunennd sig HTP

Ne HaiimenyBanns Kinbkicte  Cepen.  Cepea. Hopmu pexxumy Kinbk. IlpuBe- ons B
napameTpa B 3amipis (N) smauemms =~ <P BIIIL  JIeHE % paul
_ parmune  Hmk.  Bepx.  Big | Bimaw. HAPCT0
CKJIAJI TYJIbITN () BiXHLT HTP  (m,) P (%)
* TPaHHUISI TPAHUIIS P
S (m;)
1 Koedirient 133 94.95 175 94.2 95.7 57 57 47.1
(KBux., %)
2 Kucnomwii pakrop 133 0.74 00492 069 0.79 25 25 206
HlinpHICTH 133 1535 00122 1525 1545 39 39 323
3 r/cM
Cyma 399 100
Bcroro HaBeneHux BiIXWICHb 121

3araqbHa KUIBKICTh HABEIEHUX MOpyweHb ckiana 121. YacTtka mnopyunieHb

napameTpa B niarpami [lapeto po3paxoByBanach sik

P =1,x 100/121,

VY nmiarpami Ilapeto mapameTpu poO3TalIOBYIOTHCS Y HANPSIMKY 3HUKEHHS 1X
YaCTKW B 3arajbHIA KUIBKOCTI mopymieHb. Jliarpama OyayeTbcst 3 HapOCTAIOUUM
nigcymkom. [loganeia Touka € cymoro % BiaxuiieHb Bcix momnepeaHix. Ha puc. 3.1
nokaszana qiarpama [lapero st 6a30BUX 3HAYEHB CKJIALy MYJIBIH.

[icTorpama moOKa3ye 4YacTKy, SKy BHOCUTh KOXEH TMapaMeTp B 3arajbHy
HECTaOUIbHICTh CKJIaay MYJIbIIH.

[Ticns BrpoBamxkenus ACYTII «Po3kimamanas» miarpama OyayeThCs ITOBTOPHO.
Jlnst po3paxyHKy MOXyTh OyTu oOpani inmi rpanumi HTP, ane 3 momepemannoro
BEJIMYMHOIO Jlana3oHy. 3alMIIA€TbCS TUM CaMUM KUIBKICTh 3aMmipiB ISl KOXKHOIO
napametpa (133) mokaszaHHs BuMIpiB HaBeneHi B Tabmuigsx 3.2, 3.3 1 3.4, a cyma
HaBeleHUx BiaxwieHb (121). Po3paxyHOK MOBTOPIOETHCS IJIsi TOro K HaboOpy
napameTpiB. 3umxkeHHs (Bi7 100%) iHTETpaIbHOT CKIJIAIOBOI € KPUTEPIEM BU3HAYCHHS

ctynens epextuBHocTi BrpoBakeHHss ACY TII «Po3knanannsy.
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Ta6mus 3.2-KoedimienT Buxoay 3a ueppeHb 2021 p

93,7 95 95,6 95,7
949 96,5 932 954
95 95,7 91 945
958 95 93,6 959
93,7 82,8 921 95,6
96 953 92,8 96,2
932 95 94,6 9%
92,7 95,3 95,6 94,7
935 939 839 949
938 95,3 94,5 90,9
935 95 96,2 945
95,6 955 95,7 938
932 94 95,6 94,8
959 958 953

955 94,8 95,1

96,2 951 95,3

95,6 95,3 96,1

95,6 95,9 95,6

95 959 954

96 96,1 96,6

95,6 93,7 945

958 951 95,5

95,6 955 95,2

95,6 95,3 96,7

95,7 951 98

96,6 949 95,1

96,1 96,2 935

95,5 949 95,3

95 96 959

96,1 95,2 95,9

95 952 95,7

95,6 95 953

944 97,2 96

96 96 955

949 95,7 96,3

96,5 96,5 97,1

95,3 95,2 95,6

954 94,8 95,7

93,7 95,6 95,2

97 96,6 944

95,145 95,0725 94,905 94,68462 94,9517
1,060225 2,111505 2,211734 1,349596 1,7532

Cepenne 3naueHHs 94,95

CepenHpo KBagpaTHyHe BiaxuieHHs 1,753
Kinbkicts 3amipiB 133

['panumi HTP 94,2-95,7

Kinekicte Bigxuiaens Big HTP 57%

% Bigxmnens Big HTP 42,8



Ta6mus 3.3-Kucnorauit dpaktop 3a nunens 2021

0,71 0,79 0,74 0,74
0,77 0,7 0,55 0,72
0,79 0,72 0,82 0,73
0,73 0,75 0,7 0,78
08 0,76 0,71 0,7
0,72 0,72 0,74 0,75
0,71 0,71 0,75 0,67
0,87 0,7 0,64 0,76
0,68 0,72 0,77 0,71
0,79 0,73 0,7 0,77
0,74 0,69 0.7 0,76
0,75 0,82 0,72 0,78
0,73 0,83 0,73 0,76
0,77 0,76 0,72

0,76 0,77 0,76

0,73 0,75 0,77

0,79 0,73 0,75

0,75 044 0,73

0,68 0,76 08

0,76 0,78 0,84

0,72 0,71 0,74

0,79 0,73 0,79

0,74 0,71 0,71

0,69 0,75 0,72

0,74 0.8 0,67

0,7 0,68 0,81

0,72 0,72 0,76

0,76 0,77 0,85

0,72 0,75 0,75

0,7 0,72 0,76

0,73 0,7 0,68

0,73 0,74 0,83

0,69 0,68 0,73

0,68 0,78 0,72

0,77 0,74 0,63

0,73 0,72 0,84

0.8 0,75 0,7

0,7 0,72 0,75

0,74 0,75 0,73

0,74 0,73 0,76

0,7405 0,732 0,73925 0,740 0,73813
00,040125 0,058887 0,059545 0,033 0,049323

Cepenne 3nauenns 0,74

Cepennno kBagparnune BinxuieHas 0,0492
KinbkicTh 3amipiB 133

['panumi HTP 0,69-0,79

Kinbkicte Binxunens Big HTP 25%

% Bigxunens Big HTP 18,70%



Ta6nuns 3.4- lineHicTh myaenu 3a 4yepBeHb 2021 p

0,71 0,79 0,74 0,74
0,77 0,7 0,55 0,72
0,79 0,72 0,82 0,73
0,73 0,75 0,7 0,78
08 0,76 0,71 0,7
0,72 0,72 0,74 0,75
0,71 0,71 0,75 0,67
0,87 0,7 0,64 0,76
0,68 0,72 0,77 0,71
0,79 0,73 0,7 0,77
0,74 0,69 0.7 0,76
0,75 0,82 0,72 0,78
0,73 0,83 0,73 0,76
0,77 0,76 0,72

0,76 0,77 0,76

0,73 0,75 0,77

0,79 0,73 0,75

0,75 044 0,73

0,68 0,76 08

0,76 0,78 0,84

0,72 0,71 0,74

0,79 0,73 0,79

0,74 0,71 0,71

0,69 0,75 0,72

0,74 0.8 0,67

0,7 0,68 0,81

0,72 0,72 0,76

0,76 0,77 0,85

0,72 0,75 0,75

0,7 0,72 0,76

0,73 0,7 0,68

0,73 0,74 0,83

0,69 0,68 0,73

0,68 0,78 0,72

0,77 0,74 0,63

0,73 0,72 0,84

08 0,75 0,7

0,7 0,72 0,75

0,74 0,75 0,73

0,74 0,73 0,76

0,7405 0,732 0,73925 0,740 0,73813
00,040125 0,058887 0,059545 0,033 0,049323

Cepenne 3HaveHHs 1,535

Cepennno kBagparnune BinxuieHas 0,0122
KinbkicTs 3amipiB 133

I'parumi HTP 1,525-1,545

Kinekicts Biaxuiiens Bix HTP 39%

% Bigxunens Bix HTP 29,30%



4 ACY BIJAUIEHHA PO3KJIAJJAHHA HA BA3I KOHTPOJIEPA
SIMENS S7-300

4.1 Bumoru 10 CUCTEMH B LILJIOMY

Hust ctBopennst ACY BuOupaemo koHTposiep Simatic S7-300 ¢ipmu Simens.
CrpyxrypHa cuctema KT3. [Ipu npoekTyBanHI KoMIUIeKCY TexHiYHHX 3aco0iB (KT3)
aBromaTu3oBaHoi cucteMu ynpasimiHHI ACY TII «Po3knamanHsy BUKOPHCTOBYBAIU
Takl BUX1IHI JaHI:

- rutathopMa aBromarmzaiii - Simatic S7-300 ¢ipmu Siemens;

- apXITEKTypa BBOAY\BUBOJIY - IICHTpaJli30BaHa; aHAIOTroBl BXoau -4 .. .20MA;

- aHAJIOTOBI BUX0IH -4 .. .20MA;

- JUCKPETHI BXOJM - CyXl KOHTaKTH JaTYMKIB MOJOXKEHHS 1 pene, *uBjieHHs 24B
HOCTIHHOTO CTPYMY;

- JIMCKPETHI BHUXOJM - CyXl KOHTAaKTH KOHTpoJiepa, >kKuBieHHS 24B mocTiitHOro
CTpyMy.

o cknany KT3 ACY TII «Po3knaganus» (JJonatok A) BXOAATh:

e JBI onepaTopchKi ctaHuii - ue EOM 3BHYaliHOrO BUKOHAHHS, MpU3HAYECHA JJIs

opraizaiiii 300py, 00poOku Ta 30epiranus iHpopMmaiiii;

® KOHTpOJIEpHA CTaHILis - OyAyeTbcsa Ha 0a3i MpOrpaMOBaHUX KOHTPOJEpiB Simatic

S7-300;

e MHEMOCXeMa - MaHedb 3 YMOBHHM 300pa)K€HHSIM KEpPOBaHOTO 00'ekTa, fKa

HA0YHO ITOKa3ye CTaH 00'€eKkTa Ta XiJ BUPOOHHUUYOTO IPOIECY 3a JOIOMOTOIO

1HAMKATOPIB; AATYUKH, IEPETBOPIOBAYI 1 BAKOHABY1 MEXAHI3MHU.
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4.2 Bumoru 10 (PyHKIIIH, 1110 BUKOHYETHCS CHCTEMOIO

Pexxum dynkmionyBanus ACY TII - mimomo6oswmii, 6e3nepepauii. ACY TII

NOBUHHA 3a0€31euyBaTH HaCTYIIHI PEKUMHU yIIPABIIIHHS:

» «apromatnunuit» - ACY TII miarpumye 3amany mporpamy 0e3 BTpydYaHHs
JIOAVHU;

* «IMCTAaHLINHUI - KEpYBaHHS 3/IIHCHIOETHCS 3 MyJIbTa OllEpaTopa;

* «MICIIEBHUI» - YHpPaBIiHHSA MPOBOJUTHCS 32 JOMOMOTOIO amapaTypu YIpaBJIiHHS,
po3TaIloBaHoi 6e3rmocepeHbO MO0IN3y 00IaJHAHHS.

ACY TII noBunHa 3a0e31euyBaTH BUKOHAHHS TaKUX (DYHKITIH:

- KOHTPOJIb ITapaMeTPiB;

- YIpaBJIiHHSA BUKOHABYMMH MEXaHI3MaMu;

-301p 1 mepBUHHA 00pOOKa 1H(OpMaILlli; po3paxXyHOK BTOPHHHHUX NTapaMeTpPIB;

- peecTpallisi KOHTPOJIbOBAaHUX MTAPAMETPIB;

- BIIOOpaXXCHHSI KOHTPOJBOBAaHMX 1 PO3PAXyHKOBHUX IapaMeTpiB; BEACHHSA
aBapliiHUX MPOTOKOJIIB;

- KOHTPOJIb CTIPABHOCTI1 00JIaTHAHHS 1 KAHAJIIB 3B'A3KY;

- MIATOTOBKA 3BITIB.

4.3 Bumoru 10 BUI1B 3a0€3n€YeHHS

4.3.1 Bumoeu 0o inghopmayiiinozo 3abe3neuenms
B ocHoBy iH(popmariiitHoro 3abe3neuenHs ACY TII noknaneno npuHuum 300py
1 IepBUHHOT 00pOOKH 1HhOpMAITii:
- OTPUMAaHHS CUTHAJIB;
- IEPETBOPEHHS CUTHAJIIB;

- 3anuc iHpopMarlii B oniepaTuBHy 0a3y.
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CurHaii mOpuMarOTbCA BiJ JaTYUKIB 1 TEPETBOPIOBAYiB 3 YHI(IKOBAHUM
BUXIJTHUM CUTHAJIOM MOCTIHHOTO CTpyMy 4...20 MA, NaTYMKIB JUCKPETHUX CHUTHAJIB
THUITY «CYXHU KOHTAKT).

OnuTyBaHHS AaTYUKIB 3/IIMCHIOETHCS HE PIIIIE OJHOTO pady B cekyHay. [Hdopmariis,
10 BUBOJIUTHCS, BIIOOPAKAETHCA B HACTYITHUX OCHOBHUX (hopMaTax:

- Ta0ui;

- rpadiku;

- MHEMOCXEMH.

[Tpu BimoOpakeHH1 MOTOYHUX 3HAYEHD IMapaMeTPiB 1HIUKYIOThCS:

HallMEHYBaHHS MapamMeTpy;

3HA4YEHHS MapaMeTpy.

[Ipu BimoOpaxeHH1 apXiBHUX 3HAYEHb 1HAUKYIOThCS:

HAalMEHYBaHHS NTapaMeTpa;

3HAUEHHS MMapaMeTpy;
- yac peecTpari.

[Ipu BuxXOIl 3HA4Y€Hb KOHTPOJIBOBAHUX IMAPAMETPIB 3a JOMYCTHUMI MEXI,
HEBIATMOBITHICTh CTAHY TEXHIYHUX 3ac001B BUAAHIM KOMaHJI Ta IHIIMX MO3AIITaTHUX
CUTyallisiX ~ BUBOAUTHCA  BIANOBIAHE  1H(OpMaliliHE  MOBIAOMJIEHHS,  fKE
CYNPOBOKYETHCS 3BYKOBOIO Ta CBITJIOBOIO CUTHAJII3ALIIELO.

ACY TII 3ab6e3mneuye miAroToBKy 3BITIB B 3a7jaHOMY (hopmarTi.

ITepenik 1 dopmaTu 3BITIB BHU3HAYAIOThCS HA €Tarll PO3POOKH MPOTPAMHOIO
3a0e3nedeHHs. JIpyk 3BITIB 3[IACHIOETHCS 3 BUKOPUCTAHHSIM JIPYKYBaJIbHUX

IIPUCTPOIB.

4.3.2 Bumozu 0o npocpamHnozo 3ab6e3neyeHms

EdexTuBHICTD 1 SIKICTh PO3POOIIOBAHOTO MPOTPAMHOTO MPOAYKTY OaraTto B 4oMy
3aJieXaTh Bij MPaBUIBLHOCTI OOpaHUX METOMIB 1 3aCO0IB MPOEKTYBaHHS Ta PO3POOKU
nmporpamMHoro 3adesnedeHHs. SIKICTh MPOEKTYBAaHHS YMHUTH BUPINIAIGHUN BIUIMB HA

yCHiX MPOEKTY, TOOTO Ha MPOJYKTUBHICTh 1 HAAIMHICTH po3poditoBanoro 113.
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OcHoBy mpomucioBoro mnporpamHoro 3aoesnedeHHss SIMATIC crTaHoBUTH
naket STEP 7, mo npaitroe i ynpasiinHaM onepaiiiiaux cuctem Windows 2000\XP
PROF.

B nmanmit uyac HailOutbln edekTuBHUM 3acoboM po3poOku I13  cuctem
JTUCTIETYCPCHKOTO YIpaBIiHHA, 300py 1 00poOku iH(Dopmarii € Tak 3BaHi SCADA-
cuctemu (Supervisory Control And Data Acquisition). SCADA-cuctrema ACY TII
«Po3kimamanas» nodyaoBaHa Ha 0as3l JileH31HHOTrOo mporpamMHoro mpoaykry Rockwell

Software RSView 32 na 1500 Teris.

IIpoexTyBaHHs

A 4

MoHTax

\ 4

ITigxnroueHHs

Yu noBuHHa OyTH
copmoBana
Mepexka

Bxumrouutu
MEPEKY

l

¢

Anpecariis

A 4

[HcTanamito 3aBepiieHo, gai -
BBEJICHHS B €KCILTyaTaIlio

Pucynok 4.1-AnroputM BUKOHAHHS ITPOTPaMHU

OcnoBoro ACY TII € npomuciose nporpamue 3adesneueHHss SIMATIC, mo €
OCHOBOIO JJIsl pO3pOOKH BCIX CHCTEM aBTOMAaTUYHOTO YIPaBJIiHHS, CTBOPCHHUX Ha 0asi
Bupo6iB SIMATIC. Ile nporpamHe 3a0e3neueHHs HaAa€ KOPHUCTYBAaueBl MOBHUUI

KOMILJIEKT 1HCTPYMEHTAJIbHUX 3aco0iB, HEOOXITHUX JUIsl BCIX €TamiB po3poOKH Ta
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eKCIUTyaTallli cUCTeMHu yIpaBiiHHA. Bci maHi mpoekTy 30epiraroThCsi B €MHIN 0asi
naHux. BoHn MOXyTh BUBOJIUTUCS TIJIBKU OJMH pa3, MICJS YOrO CTalOTh JOCTYIHUMU
JUIS  BCIX TIPOTpAaMHUX KOMIIOHEHTIB. YMpaBIiHHA BCiMa 1HCTPYMEHTAJIbHUMU
3aco0aMH 1 KOMIIOHEHTAMM 3J1MCHIOEThCS IieHTpaiizoBaHo. [13 3abesrneuye moctyn
(uepe3 maposib) 3 OMEepaTOpPChKOi CTaHIli JJ0 BCIX TMapamMeTpiB HaJalITyBaHHS
PETYIATOPIB, YaCOBMM BCTaBKaM, a TaKOX MOMJIMBOCTI KOPHTYBaHHS. 3aMOBHHKY
NepeIatoThCs BC1 MapOJIl Micis MPOBEACHHS HAaBYaHHS.

brnox mporpamu, nanucanoi Ha MoBi SCADA HaBemeHo B JoJaTky A, a

JIOATKOBI 1 creriajbal KoMaHau B Taoiumi 4.1.

4.3.3 Bumozu 00 mexHiuno2o 3a6e3neqents
Ha mincraBi nepeniky aHaJIOrOBHX, JUCKPETHUX BXITHUX-BUXIAHUX MapamMeTpiB
1 QyHKLIH, peani30BaHUX CUCTEMOIO, CKJIa/Ia€ThCA:
- IepeIiK BUMIPIOBaJIbHUX KaHAIB;
- MIEPEIIiK KePYIOUHUX 1 00UHMCITIOBAIbBHUX KaHAIB;
- CKJIaJ] KOHTPOJIEPHOI CTaHIIII;
- CKJIaJ] OTIEPaTOPChKOI CTaHIIIT,
- BUMOTHY JI0 TOYHOCTI BUMIPIOBaJIbHUX KaHAIB;
- BUMOTH /IO CYMICHOCTI TE€XHIYHMX 3aco0iB. Ilepenik JUCKpETHUX 1 aHAJIOTrOBUX

napameTpiB nepepaxoBani B Tabnmisx 4.2 14.3
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Ta6nus 4.1 logaTkoBsi 1 cnieriaibHi KOMaH W MPOTpaMyBaHHs

Addres [Symbol Symbol comment
S
1 (Q8.0 |"Agitator" 3anmyckae Milaaky
2 |Q8.3 |"Agitator_fault" Jlamna «eJ1eKTPOABUTYH MillIAJIKH HeCIPaBHUii»
3 |Q8.4 ["Agitator_maint" JlaMna «peMOHT eJIeKTPOABUTYHA MilIAJIKI»
4 Q8.2 ["Agitator_off" JlaMma «MilajaKa He mpamoe»
5 |Q8.1 ["Agitator_on" Jlamna «Milajnaka npamoe»
6 [11.0 |"Agitator_running" BinnoBigHuii curnan eJeKTpPOABUIYHA MilIAJIKH
7 111 ["flow_A" InrpeaieHT A HaIX0AUTH
8 112 |["Flow B" Inrpenient B nagxoaurn
9 |IC1 ""counter”
10 ([Q9.5 |"Drain” 3anyckae BUyCKHHUII BEeHTUJIb
11 (10.7
12 (Q9.7 |"Drain_closed_disp" JlaMna «BUNYCKHUH BEHTW]Ib 3aKPUTHID)
13 [10.6
14 |Q 9.6 |"Drain_open_disp" Jlamna «BHNYCKHMIl BEHTHJIb BITKPUTHID»
15 (11.6
16 (Q4.4 |"Feed_pump_A" Bki1royae :kMBWIBLHUI HAcOC VA IHTpeieHTa A
17 |Q45 |"Feed_ pump_ A fault” |Jlamna «KMBHIBHUI HACOC A HecnpPaBHUI»
18 |Q 4.6 |"Feed pump A maint" JlamMna «peMOHT KMBHJILHOTO Hacoca A»
19 |[Q4.3 |"Feed pump_A off" Jlamna «oKMBHJILHHI HACOC iHTPeTiEHTa A He MPaIIoe»
20 |Q 4.2 |"Feed pump_A on" JlamMna «KUBHJILHUN HacocC iHrpegieHTa A mpaimwe»
21 (10.0
22 [10.1
23 |Q5.4 |"Feed_pump_B" Bruouae :kuBUIbHUN Hacoc 1 inrpeaienta B
24 |Q5.5 |"Feed_pump_ B fault" |Jlamna «kuBWJIbHHUI Hacoc B HecnipaBHMii»
25 Q5.6 |"Feed_pump B maint" [JlaMna «peMOHT KHBHJIbHOTO Hacoca By
26 |Q5.3 |"Feed pump B off" Jlamna «KMBHJIBLHHIT HacoC iHrpeaieHTa B He mpaiioe»
27 |Q5.2 |"Feed_pump_B_on" JlaMna «KUBWJIBHUI Hacoc iHrpeaieaTa B nmpamroe»
28 [10.3
29 [10.4
30 |Q4.1 |["Feed_valve A" Bkiarouyae KUBWILHMI BeHTWIb JUIA iHrpegieHTa A
Page 1 of 4
31 |Q5.1 (["Feed_valve B" Bkiroyae :KUBWILHUN BEHTHIb Ui iHTpenienTa B
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Ta6nuis 4.2 - [lepenik aHanoroBux napaMmerpiB BiaaiaeHHs poskiaganus ACY TII

Ne | udgp KBII On. | Ixana HTP |Curnam- |Tou. | Tun
n/n IoBue naiivenyBanHst BUM. 3amist. BHM. | CHIHA- IpumiTia
HI' (BI' |HI' |BI' |min [max a1y
1 2 3 4 5 16 |7 |8 9 (10 |11 |12 13
Bys3o0.1 miaroroBku ibMeHiTy
1n  |Wiwsll Maca insMenity B mipuuky SI1 T 0 (40 |2 30 05 |4- Temsonatunukn HBM, 6Jok
% |20mMA |meperBopennsi BIIT-2
2x  [WmiSI2 Maca inbMeniTy B Mipauky SI2 T 0 (40 |2 30 05 |4-
% [20mA
3 IET1 CtpymoBe HaBaHTaxeHHs ejieBaTopa ET-1 |A 0 30 |0 20 1.0 |4- NepeTBoOpoBay 3MiHHOTO
% |20mMA |ctpymy ITHC-3
4 1E43 CTpymMOBe HaBaHTa:KeHHsSI IILIIO30BHKA | A 0 (10 |0 7 1.0 |4-
EJ-3 % [20mA
5 IET2 CrpymoBe HaBaHTaxkeHHsI esieBaTopa ET-2 | A 0 (30 |0 20 1.0 |4-
% [20mA
6 1E]14 CTpyMOoBe HaBaHTa:KeHHsI ILII030BHKA |A 0 (10 |0 7 1.0 |4-
EJ-4 % |20mA
By30J1 niAroToBKH cip4yaHoi KMCJI0TH
7 Lck5 PiBenn cipuanoi kuciaotu B cxoBumi Ne5 | % 0 100 (30 (90 05 |4- YJAbTPa3BYKOBHUIA piBHeMip
% [20mA [Probe LU
8 Lck6 PiBenn cipuanoi KHCJI0TH B cXoBUIIi Ne6 % 0 100 (30 |90 05 |[4-
% |20mMA
Wck Maca Kuc10TH T 0 |60 |5 55
Dck HlinbHiCTH KHCTOTH rlem®(1.8 |1.88(1.84]1.86 BurpaTomip KopioJica
9 3 (mpotokon o6miny Profibas
Tex TemnepaTypa KucI0TH °C |0 |100 |20 |40 DP)
NepeTBOPIOBAY  TeMIIEPATypH
o5 la. TI12088 (TXK),
10p |TckFI TemnepaTtypa kucjaotu micis F1 °C |0 |100 |20 |60 % |20mA nepeTBopoBay BIIT-
22;3acainka Inter App ¢
THEeBMOIIO3ULiOHEPOM
By301 migAroToBKH MITOBX0I040i BOAM
11x  |LTBSR2 PiBenn Boau B MipHuky SR2 % (0 (100 |20 |80 05 |4- YJIbTPa3ByKOBH i piBHemip
% [20mA [Probe LU
12n |LTBSR3 PiBens Bonu B MipHuky SR3 % 0 100 (20 |80 05 |[4-
% [20mMA
By30J1 miAroroBKM Kucj10i BoAH
131 [LkBSRO\1 |PiBens kucioi Boau B SROU003 % |0 100 |20 (80 05 [4- YALTPa3BYKOBHIi piBHemip
% [20mA [Probe LU
14 | TkBSRO\1 |Temneparypa kucioi Bogu B SROU003 °c |0 [100 [30 |60 05 |4- NepeTBOPIOBAY  TeMIepaTypu
% (20mA |TII2088 (TXK),
nepersopioay BIIT-22
By30J1 HiArOTOBKH rapsi4oi BoAu
151 |LreSR4 PiBenn rapsiuoi Boau B SR4 % |0 (100 |20 |80 05 |4- YJIbTPa3ByKOBH i piBaemip
% [20mA [Probe LU
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[Tponorsxenns Tadmwi 4.2

05 |a- NepeTBOPIOBaY. TeMIepaTypH
16n |TreSR4 Temnepartypa rapsiuoi Boau B SR4 °Cc |0 |100(40 |60 % |20ma |TI12088 (TXK), mepersopiosau
BIIT-22
320 320 20 |4-
17p |FB3Al Burpara nositps B peaktop Al M4 |0 |0 |0 |0 % |20mMA
18p |FB3A2 Burtpara noBitTps B peaktop A2 m4a [0 3200 320 2.0 |4- nepeTBOpIOBaY  pi3HUNI  THCKIB
0 0 % |20mMA |PR-28, 3aciinka Inter App 3 n
HEBMOMNO3ilioHepoM
19p [Fb3A3 Burtpara noBitpsi B peaktop A3 mqa [0 [320]0 (320 2.0 |4-
0 0 % |20MA
20p (PB3A4 Burtpara nositpsi B peaktop A4 ma [0 [320]0 (320 2.0 |4-
0 0 % |20MA
M1l 03 |4-
21 (Pm3Al Tuck noBiTpsi B peakTop Al a 0 |04 (0 |03 % |20MA |neperBopioBau THCKY PC-28
22  |PB3A2 Tuck noBiTpst B peaktop A2 MII [0 (04 [0 |03 05 |4-
a % |20mMA
23 [PB3A3 Tuck noBiTpst B peakrop A3 MII [0 (04 [0 |03 05 |4-
a % |20mMA
24  (PB3A4 Tuck noBiTpst B peakrop A4 MII [0 (04 [0 |03 0.5 |4-
a % |20mMA
251 (TpAl Temnepartypa po3uuHy B peaktopi Al °C |0 [250{20 [190 05 |4- nepeTBopoBayY TeMIepaTypu
% |20mA |TII2088 (TXK), neperBopioBau
BIIT-22
260 (TpA2 Temnepatypa po3uuHy B peakTopi A2 °c |0 [250{20 [190 03 |4-
% [20mMA
271 (TpA3 TemnepaTtypa po3uuHy B peakTopi A3 °c |0 [250{20 [190 05 |4-
% |20mA
281 (TpA4 TemnepaTypa po3uuHy B peaktopi A4 °c |0 [250{20 [190 03 |4-
% |20mA
29 |Fck Butpata cipuanoi xuciorn B cxoume[m/u [0 {80 [0 |60 1.0 |4-
Ne5-6 % |20mA |Ingykuiiinmii BuTpaTomip Sitrans
30 (FB31 Butpara nositps B 1-e Bimgiiennst ma [0 {125 (200 [900 2.0 |4-
00 |0 |O % |20mMA
NMepeTBOPIOBaY  Pi3HMII  THCKIB
PR-28
31 (Pm3l Tuck noBitTpst B 1-e Bigainenns MII [0 (0.6 {04 |0.5 03 |4- npeo6pa3oBarenb aasienuss PC-
a % |20mA |28
32 [Te3l Temnepartypa nositps B 1-e pigminenns [°C  [-50 {50 [10 |25 05 |4- nepeTBopoBay TeMnepaTypu
% [20mA |TII2088 (TXK), mnepersoproBau
BIIT-22

Mpumirka:

P- peryJiioBaHHsI AaHAJIOT0Be

I- peryJIi0BaHHs AUCKpeTHe
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Ta6nuis 4.3 - [lepenik IMCKPETHUX TTapaMeTPiB BIIIICHHS PO3KIIaIaHHS

Ne Curnauis. Tun
m Mugp IToBHe HaliMeHYBaHHSA Vupapr. | min max | curaamy
Mpumitka
1 2 3 4 5 6 7 8
By3o0u1 migroroBku itbMeHiTy
1 LmaxSll  [Makcumanbuuii piBens B 6ynkepi SI1 + 24B BiOpaniiinuii curnanizarop RCM-
410-3
2 LmaxSI2 |MakcumansHuii piBens B OyHkepi SI2 + 24B BiOpauiiinuii curnanizatop RCM-
410-3
3 ET1 Yupasiinus podororo eaesaropa ET-1 TakK
4 EI3 Yupasiinus podororo mio3osika EI-3  [rak
5 ET2 Yupasiinus podororo eaesaropa ET-2 TakK
6 EJ4 Yupasiinas po6ororo mio3oBika EJ[-4 | Tak
7 WAl Jlo3yBaHH# i1bMeHiTY B peakTop Al TaK + + 24B
8 WinA2 Jlo3yBaHHs iIbMEHITY B peakTop A2 TaK + + 24B
3acyBka mubepHa 3
NMHEBMOTIPHBOOM
9 WimA3 JlozyBaHHs1 iIbMeHITY B peakTop A3 TaK + + 24B
10 WunA4 Jlo3yBaHHA i1bMeHITY B peakTop A4 TaK + + 24B
11 Wua IIpoayska inbMeniTy B peaktop Al TakK
12 WB3A2 |IIpoayBka iibMeHiTy B peakTop A2 TaK 24B
13 WB3A3 |IIpoayBka iibMeHiTy B peakTop A3 TaK 24B Kaanan coJieHoiiHmii
14 Wh3A4 IIpoayBka inbMeniTy B peaktop A4 TakK 24B
By30J1 miaroroBKu cipyaHoi KHCJI0TH
15 Lmax5 MaxkcumMainbHuii  piBeHb  KHCJIOTH B + + 24B curHami3aTop  piBHi  piaunum
cxoBHILi NeS DPZ-7R
16 Lmax6 MaxkcumanbHuii  piBeHb  KHCJIOTM B + 24B curHAJNi3aTOp  piBHi  piaunum
cxoBuii Ne6 DPZ-2R
17 PCI Yupasiinas podoror nacoca PC1 TaK + 24B
18 PC2 Yupasiinas poéororo nacoca PC2 TaK + + 24B
19 KoPC1/2 |Bincikanns BcMokTyBaHHs Hacoca PC1/2 [rak + +
20 KoA Bincikannsi 103yBaHHSI KHCJIOTH TaK + + 24B
21 WCKAI JlosyBaHHsi CipyaHOi KHMCJIOTH B PeaKkTop |Tak + + 24B 3ac/aiHka Inter App [
Al ITHEBMOIIPHBO/IOM
22 WekA2 Jlo3yBaHHA CipyaHOi KHMCJIOTH B PeakTop [Tak + + 24B i KiHIIeBUMU JaTYMKAMU
A2 T0JIO/KEHHS
23 WEKA3 JlozyBaHHsi CipyaHOi KHCJIOTH B PeakTop |Tak + + 24B €JIeKTPOITHEBMOPO3MOIiII0BAYeM
A3
24 WekAd JlosyBaHHs cipyaHoi KHCI0TH B peakTop [Tak + + 24B
A4
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[TponosxenHs Tadui 4.3

25 KoO BiacikanHsi  103yBaHHSI KHCJIOTH  Ha|TakK ,+ + ’24B
BHOiTIOBaHHS
By30.1 miAr0TOBKH HITOBXa040i BOAH
26 WaSR2 3anoBHeHHs BO/1010 MipHuKa SR2 TaK + |+ |24B 3aciainka Inter App 3 TNHeBMONPHBOIOM,
KiHIeBUM JaTYHKAMH M0JI0KEeHHS],
€JIEKTPOITHEBMOPO3MOAiII0BaYeM
27 WaBSR3 3anoBHeHHs BOJ0 MipHuka SR3 TaK + + 24B
28 WrBAI Jlo3yBaHHsI IITOBXaK40i BOAM B PEaKTOp |Tak + |+ |24B
Al
29 |WtBA2 Jlo3yBaHHsI IITOBXal040i BOXH B PeaKTop [Tak + |+ |24B
A2
30 |WtBA3 Jlo3yBaHHsSI IITOBXal040i BOXH B PeaKTop [Tak + |+ |24B
A3
31 |WrBA4 Jlo3yBaHHsSI IITOBXal040i BOXH B PeaKTop [Tak + |+ |24B
A4
By30J1 niAroToBKH KUCJI01 BOAU
32 WaSRO\1 3anoBHeHHs BoA0I0 eMHocTi SROIMO003 TaK + + 24B 3aciinka Inter App 3  NHEBMONPUBOAOM,
KiHIeBUM AaTYHKAMH M0JI0KEeHHS],
€JIEKTPOITHEBMOPO3MOiTI0BaYeM
33 |WCckSRO\1 (3amoBHenHst kuciaoToro emHocti SROMO003 |rax + [+ |24B
34 |WB3SR9\l (IloBirpsiHe  mepemiuryBaHHsI  €MHOCTI|TaK + |+ |24B
SR9MO003
35 |WkeSRO\1 (31auB kucioi Boau 3 SROMO003 TaK + [+ |24B
36 WkBAI Jlo3yBaHHsA KHCJI0T BOAH B peakTop Al TaK + 24B
37 WkBA2 Jlo3yBaHHs KHCJIOT BOAH B peakTop A2 TakK + |+ |24B
38 |WkBA3 JlozyBaHHsI KHCJI01 BOIH B peakTop A3 TaK + |+ |24B
39 WkgA4 Jlo3yBaHHs KHCJIOT BOAH B peakTop A4 TakK + |+ |24B
By3o0u1 migroroBku rapsuoi Boau
40 |WbSR4 3anosHenHs Boao0 SR4 TaK + |+ |24B ([3acainka Inter App 3 NHEBMONPHBOIOM,
KiHIleBUM JAaTYHKAMH N0JI0KEeHHS],
€JIeKTPOITHEBMOPO3MOALTIOBAYeM
41 WkSR4 3anoBHeHHs KOHAeHcaToM SR4 TaK + + 24B
42 WnSR4 HarpiBanus Boau B SR4 TaK + |+ 24B
43 PC4 YupasJinus podoror Hacoca PC4 Tak + |+ |24B
44 KoPC4 Bincikanus Hacoca PC4 Tak + |+ |24B [3acainka Inter App 3 NHEBMONPUBOAOM,
KiHIleBUM JAaTYHKAMH N0JI0KEeHHS],
€JIeKTPOITHEBMOPO3MOAiTIOBaYeM
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45 [WreAl JlozyBaHHsI rapsiuoi Boau B peaktop Al TaK + |+ |24B
46 |WreA2 Jlo3yBaHHsI rapsiuoi Boau B peakTop A2 TaK + |+ |24B
47  |WreA3 Jlo3yBaHHSsI rapsiuoi Boau B peakTop A3 TakK + |+ |24B
48  |WreA4 Jlo3yBaHHsI rapsiioi Boau B peakTop A4 TakK + |+ |24B
PeakTop poskiagaHHs
49 WnAl HarpiBanus po3unny B peaktopi Al TaK + |+ |24B [3acainka Inter App 3 NHEBMONPUBOAOM,
KiHIeBUM JaTYHKaAMHU M0JI0KEeHHS,
€JIEKTPOITHEBMOPO3MOiTI0BaYeM
50 WnA2 HarpiBanHsi po3unHy B peakTopi A2 TaK + |24B
51 WnA3 HarpiBanHsi po3unHy B peakTopi A3 TaK 24B
52 WnA4 HarpiBannsi po3unHy B peakTopi A4 TaK + |+ |24B
3ByKoBa cMrHAJI3aLjs
53 |38l 3BykoBa curnaiizauis 1 TaK 24B
54  |3B2 3ByKoBa curHafizamis 2 Tak 24B

4.3.4 Koumponepna cmanyis

Cknan koHTpoJepHoi craHIii s mooynoBu cuctremu ACY TII «Po3kimamanas

BKJIIOYA€ B c€0€ HACTYITHI NPUCTPOI 1 MOTYIi:

-lieHTpanbHui mporecop - 6ES7315-2AG10-OABO - lmir;

- npodinpHa mmHa - 6ES7390-1AE80-OAAOQ - 2miT;

-0sok xuBnenHs - 6ES7307-1 EAOO-OAAO - 2mir;
-iHTepdeiicaunit momaynb - 6ES7365-OBA0I-OAAQO - 1 miT;

- MOYyJIb aHaJoroBoro BBoay - 6ES7331-1KF01-OABO - SmiT;
-MOJIyJIb aHajoroBoro BuBoay - 6ES7332-5HF00-OABO - 1 mT;
- MOAYJb TUCKpETHOTO BBOY - 6ES7321-1BL00-OAAO - 31mT;
- MOAYJb TUCKpPETHOTO BUBOAY - 6ES7322-1BL00-OAAO -3miT;
- kapta mam'siTi - 6ES7953-8LI111-OAAOQO - lmir;

-bponTanpHUM 3'ennyBay - 6ES7392-1AM00-OAAOQO - 12miT;
-KOMYHIKaiioHHu# npouecop - 6GK1561-1AMO1 - lmr;

- KOMyHIKaIiiuui npomecop - 6GK1551-2AA00 - 11r;
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-3'eHyBay I miakimodeHHs 10 Profibus - 6ES7972-OBB12-OXAO0 - 3 miT;
- 3'eqHyBangbHUM Kadenb - 6XV 18300ET10 - 1 .

OCHOBHI TeXHIYHI XapaKTEPUCTUKH OJIOKIB KOHTpOJiepa HaBeAeHI B Tabmuisax 4.4-

4.10.

Tabmuis 4.4 - TexHidHI XapaKTePUCTHUKU IIEHTPATBHOTO MPoIiecopa

6ES7315-2AG 1 O-OABO

XapaKTepuCTHKA | 3HavyeHud
[Tam'ate
Po6oua mam'siTh:
. BOynoBana, RAM 128Ko06aiT
. PO3LIMPEHHS Hi
3aBaHTa)XyBaHa [1aM'ATh:
. BOyI0BaHa Hi
. MIKpO KapTa 1mam’siTi o 8 MoGaiit
MiHiMalTEHUHA Yac BUKOHAHHS:
. JIOT1YHUX OIeparin 0.1 mxc
. oTIeparrii 3i cioBaMu 0.2 Mxc
. apupMETUYHHUX OTIeparlii 3
(hIKCOBaHOIO TOYKOIO 0.2 mkc
. apupMETUYHHUX OTIeparlii 3
IJIABar0YOI0 TOUKOIO 6.0 Mxc
JIiYMIbHUKU
S7- MYUIIbHUKH: 256

. 3arapHa KUTbKICT HanamrroByersest: CO...C256
. 3 HuX 30epiraloTh CTaH IpH Nepedosix B

KHUBJICHH1

. YUCIIOBUH J1iana30H paXyHKY 1...999

IIporpamyBanHs:

MoBu nporpamMmyBaHHs
CrtpykTypa mporpamu

STEP 7 V5.2 SP1, S7-SCL, S7-GRAPH
JliniiiHa, po3ramyxeHa

I'oqvHHMK peaslbHOrO Yacy

+\-10c 3a 100y

1-i1 BOymoBanuii iHTEpdeiic

Tun iaTepdeiicy

['anpBaHiYHE pO3J1JIEHHS 30BHINIHIX
1 BHYTPIIIHIX K1

CTpyM croXxuBaHHs, HE OlJIbIIIE

RS 485

€
200mMA\=15...30 B

€
Hi

OyHKIii:

. MPI

. PROFIBUS-DP
*  ptp

Hi
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Tabnuns 4.5 - TexHiIUuHI XapakTEPUCTUKU MOJYIIB aHaioroBoro BBogy 6ES7331-

IKFOI —-OABO
XapakTepucTHKA 3HauyeHHA
3aranpHi TEXHIYHI JaH1
3arajgbHa KUJIBKICTh BXO/IB 8
* 3 HUX JJIs1 BUMIPIOBaHHS 8
JIOBXMHA €KPaHOBAHOTO Kabeto, He
OuIbIIE 200m

Hampyra, ctpyMH, IOTEHIUI AN

Hanpyra xuBneHHs €1eKTPOHIKU
MOTYJIS

3axucT BiJl HEMPaBUIILHOI MOJISPHOCTI

=5B, OT BHYTpIIIHKOI IIUHU

HAINPYTH KUBJICHHS Hi
["asnibBaHIYHE PO3IIICHHS:

* MK KaHaJIaMH 1 BHYTPIITHBOIO ITUHOIO €

* MK KaHaJIaMH 1 KOJIOM Hi
[ToxnOKku BUMIpIOBaHHS

Po6oua noxubka nepeTBOpeHHs +\-0.5”
(Y BcroMy TeMIiepaTypHOMY JI1aI1a30Hi,

10 BIJTHOIIICHHIO JI0 MEK1 BUMIPIOBAHHS ):

* CUTHAQJIA HATIPyTH +\-0.5%
* CUTHAJIM CHUJTH CTPYMY +\-0.5"

Jani ayig BuOopy AaT4YMKIB

[TapameTpu BXiIHUX CUTHAJIIB:
* TaTYUKU HAMPYTU

* JaTYUKHU CUJIA CTPYMY

+\-5B\2MOMm, 1.. .5B\2MOwm, +\-10B
0.. .20MA\2500M, +\-20MA\2500M,
4.. 20MA\2500m
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Tabnuig 4.6 - TexHIUHI XapaKTEPUCTUKU MOJYIIB aHaioroBoro BBogy 6ES7332-

SHF00-0ABO

XapakTepucTuka 3HayeHHS
3arajgbHi TEXHIYHI TaH]
3arajgbpHa KUIbKICTh BUXO/IB 8

JIoBKHHA eKpaHOBAaHOT'O Ka0EITio, 1110 HE
OuIbLIe 200Mm

®poHTATBHUN 3'€THYBAY 40-iorocHMIA

Hamnpyra, ctpymu, noteHmianu
Hanpyra »xvuBjieHHS HaBaHTaXECHHS =24B

* 3aXUCT BiJl HEMPABUIIHHOI MOJISPHOCTI €

Tabmuusg 4.7- TexHIYHI XapaKTEpUCTUKH MOJYJIB AMCKpeTHOro BBoay 6ES7321-
1BL00- OAAO

XapakTepuCcTUKa 3HaueHHS
3arajpHi TEXHIYHI JaHl
KinekicTs BXOIiB 32
JlosxxuHa kabelmo, He OLbIe 200m
* 3BUYAIHOIO 600M
@poHTaNbHUH 3'€AHYBaY 1000m
Jani st BHOOpY IaTYMKIB
Bxinna nampyra:
* HOMIHAJIbHE 3HAYEHHS =24B
* TOTYCTUMHUI Jliara3oH 20.4..28.8 B
3MIHEHUI
* BICOKOT'O P1BHS 13...30B
* HU3BKOTO PIBHS
P -30..+5B

Onepamopcovka cmanyisn. CKaaj onepaTtopcbkoi CTaHIII 71 MOO0YI0BH CUCTEMU
ACY TII «Po3knananHs» BKIOYa€e B cebe¢ HACTYITHI IPUCTPOI:
- moHitop - TFT nanens 19 ";
- cucTeMHu OJI0K - cuctemHa miata Gigabyt Ha 915 yirnceTi 3 iHTErpoBaHUM BiJI€O 1
MEpEXXEBUM KOHTPOJIEPOM, KopcTkuil quck emuicTio 80I'b, O3Y 512 M6, kopmnyc B

MIPOMHCIIOBOMY BUKOHaHHI1 3 cucteMoro (pinbtpis. Hon. b.
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3opuimHIA Bursig CPU HaBeneHo Ha puCyHKY 4.2. Po3MillleHHsT BXO/IB 1 BUXOIIB
Ha CPU mnaBeneni Ha pucynky 4.3. IlpunnumoBa cxema BOymoBaHOI HHGPOBOT

nepudepii CPU npusenena Ha pucyHky 4.4.

Tabmums 4.8- TexHIYHI XapaKTepUCTUKH MOJYJIB JAUCKpETHOro BuUBOAy OES7322-
1BL00-OAAO

XapakTepuCcTUKa 3HaueHHS
3araiabHi TEXHIYHI TaH1
KinbkicTh BUXOIIB 32
JloBxxuHa xabenro, He OlIbIIIe 200m
* 3BUYAMHOI0 600m
* EKPAaHOBAHOT'O 1000M
Hanpyra, ctpymu, notenmianu
Hanpyra >xuBieHHs: HaBaHTaXEHHS
* HOMIHAJIbHE 3HAYEHHS -24B
* TOITYCTUMUH Jliania30H
3MIHHI 20.4..28.8B
* 3aXHMCT BiJ] HETIPaBUJIBHOI
MOJIIPHOCTI Hi
["anpBaHiuHE PO3ALICHHS:
* MK BUXOJIaMH 1 BHYTPIIIHBOL
IIHHOO €
* MK I'pylamMy BUXOJIIB €
Hani 11t BUOOpY NPUBO/IIB
Buxinna Hanpyra goridyHoi
ONHMHUII, HE MEHIIE L+-0.8B
Buxigauif cTpyM BUCOKOTO pPiBHSA:
* HOMiHaJIbHE 3HAYCHHS 0.5A
* IOMYCTUMHUM Jlama3oH 0/5MA...0.6A
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Pucynok 4.2-EnemenTH 1 CTpyKkTypa

|

() o o )
] O

1

WHTepdeiic CPU

2M
1L+

Pucynoxk 4.4-IlpunnunoBa cxema BOygoBaHoi 1udponoi nepudepii CPU
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4.3.5 Bumoea 0o opeanizayiiinozo 3abe3nevenns
Bumorn gm0 crpyktypu Ta (QyHKUIM TIAPO3ALIIB, MmO OepyTh ydacTh 1
3a0€3MeYyI0Th EKCILTyaTallil0 CHCTEMH YIIPaBIIHHS:

- HayaJbHUK I1IeXy, Ha MiJACTaBl JaHuX, ojepxkyBaHux Big ACY TII, 3aiiicHIOE
TEXHIYHE Ta aIMIHICTPATUBHO-TOCIIOAAPCHKE KEPiBHUIITBO;

- TEXHOJIOT IIeXy, HaYaJbHUK BLAJIJICHHS Ha MiJCTaBl pe3yJbTaTiB J1a00paTOPHUX
aHai31B OlEpaTUBHUX AaHUX, oAepxyBaHux Big ACY TII, 3ailicHioe ynpaBiiHHS
TEXHOJIOTIYHUM IPOIIECOM Yepe3 HadaIbHUKA 3MiHH;

- HayaJbHUK 3MiHH, Kepyrouuch omneparuBHUMHU aanumu Big ACYTII 1 manumwu
1IEX0BOi J1TabopaTopii, 3/1MCHIOE KOHTPOJb HaJ TEXHOJIOTTYHUM IMPOIECOM MPOTITOM
3MiHH, IPUHMAE PIIICHHS 1100 HOTr0 KOPETyBaHHS;

- arapaTHUKU 3/1MCHIOIOTh KOHTPOJIb 32 XOJIOM IPOIIECY 1 ONEepaTUBHE yIPABIIHHS
cTajisMu BUpOOHMIITBA, BBeAeHHS B cucremy ACY TII ngaHux aHamiTUYHOTO
KOHTPOJIIO;

- maticrep KBII 1 A cminmbHo 3 Bimnuiom ACY 3mificHioe kepiBaunto TO 1 PB
KoMIuiekcy TexHiuHux 3aco0iB ACY TII BigaineHHs;

- eHepreTuk I1exy 3aiiicHioe kepiBHuTBo TO 1 PB  emekTpoobnagHaHHs,
kepoBanoro ACY TII;

- MexaHik 1exy 3AaidicHioe kepiBHULTBO TO 1 PB TexHosoriuHoro oo6iamHaHHS,
kepoBanoro ACY TII, B Tomy 4uCIi peryOl0YnuX MEXaHi3MiB;

- 1HXEHEP-eNEKTPOHHUK 3IIMCHIOE TOTOYHHI PEMOHT OOYHMCIIOBAJIBHOI TEXHIKH

ACY TII BianoBiAHO 10 IHCTPYKIIII MO €KCIUTyaTarii.

4.3.6 Bumozca 00 memoouunozo 3abe3neyenms
VY ckiaai HOpMAaTUBHO-TEXHIYHOI JOKYMEHTAIllT CHCTEMHU Mepe0aunT HaCTyIHI
THCTPYKIIII:
- iHcTpyKuis 3 ekcrutyaranii ACY TII 1is TeXHONIOT4HOTO epCcoHay;
- 1HCTPYKIIS 3 eKcIuTyatauii nporpamHo-TexHiyHoro komiuiekcy ACY TII i

ciyx6amu KBIT 1 A 1 Bigaiiom ACY.
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4.4 TexHiuHl 3acO00U aBTOMAaTUKA

OCHOBHI TEXHIYHI XapaKTEPUCTHKU IaTUYMKIB, NMEPETBOPIOBAYIB 1 BUKOHABUHUX
mexaHi3MiB. Tenzomarunku HBM RTN 0.05115T - xmac tounocti 0.05%, poGouwmit
koedimient nepenadi 2.85 mB\B, BximgHuii omip 4480 Owm, Buximgauii omip 4100 Owm,
eTaJIOHHA Hampyra >xuBieHHS 5B, HoMmiHanbHa Hampyra skuBieHHs 5 .. .30 B,
HOMIHAIBHUH Aiana3zoH Temmepatyp -10 ... + 40°C, pobGounii miarma3on Temmneparyp -40
... + 80°C, ctymins 3axucty [P68.

brox meperBopeHHs curHaniB TeH3onaTyukiB BIIT-2 KimbKicTh He3asIeKHUX
KaHaJIB - OJIMH, Hampyra >kuBJieHHs gaTtyuka 10 B, pobounii koedimienT nepegayi -0.8
.. .3 mB\B, noyaTtkoBe 3Ha4YeHHs BXigHOro curHaiay 0 mB, miama3oH 3MiHH BXiJHOTO
curHairy 28.5B, niamason BuxigHoro curHainy 4 .. .20 MA, Haiibuiblia moxuOka
nepetBopenHs + \ - 0.25%.

VYabTpasBykoBuii piBHeMip Probe LU - nianazon Bumipy 10 6 M, TouHicTh 6
MM, gacToTa 54 kl'1, miama3oH BuxigHoro curdany 4 .. .20 MA, maTepiana KOHTaKTye 3
cepenoBuiieM PVDF, pobounii mianazon temneparyp - 40...+ 80°C, cTymiHb 3aXUCTy
[P68.

MacoBuii BUTpaTOMip - AlaMeTp YMOBHOTO Ipoxoay 80 MM, BIJHOCHA MOXHOKa
BumiptoBanHsa macu 0.2 %, BigHOcHa moxuOka BuMiptoBaHHs MmuibHOCTI 1.0 %,
BiJIHOCHA MOXHOKa BuMiproBanHs Temneparypu 1.0 %, npotokon oominy Profibus DP,
Jiana30H BUXIIHOTO CUTHANY 1o BuTpari 4.. . 20 MA, poOounii Aiama3oH TeMieparyp -
50 ... + 180°C, cryminb 3axucry IP67.

[HaykmiitHuil BUTpaToMip - aiamerp ymMoBHOTO mpoxoay 100 mwM, ¢uiaHieBoro
BukoHaHHs, (pytepyBanHs PTFE, nianazon TtemmepaTyp cepenoBuIla BUMIPIOBAHHS -
20 ... 100°C, pmianazon BuxigHoro curHany 4..20 MA, Hampyra >XUBJICHHS
nepetBoproBava 220 B, BigHocHa noxuOka BumiptoBanHs + \ -0.5 %, cryminb 3axucty
IP65S.

[TepetBoproBau Tucky Aplisens PC-28 - nmiama3zoH 3MiHH BXiJHOTO CUTHATY
0...0.4MIla (0 .. .0.6 MlIlIa), nanpyra >xuBieHus 12 .. .36 B mocTtiiiHOrO CTpyM™mYy,

Jiana3oH TeMmIrepaTyp cepenoBuia BuMiptoBaHHs -50...120°C, mgiama3oH BUXITHOTO
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curHaiy 4.. .20 MA, BimHOCHA moxuOka BuMiproBaHHS + \ - 0.25%, CTymiHb 3aXUCTY
IP65.

[TepeTBoproBau pizHmI THUCKIB Aplisens PR-28 - miamazon 3miHM BXiJHOTO
curHany 0 ... 6.3 xIla (0 .. .25kI1a), Hanpyra xwuBnenns 12 .. .36 B noctiitHoro ctpymy,
Jiama3oH TeMIiepatyp cepenoBuia BumiptoBanHs -50... 120°C, giama3zoH BHX1THOTO
curHaiy 4 ...20 MA, npueIHyBaJIbHUN NPUCTPIN JIJIsT MOHTAXKY 3 BEHTHIIBHUM OJIOKOM,
BiJJHOCHA moxuOKa BumipioBanusa +\- 0.3%, cryminb 3axucty IP65.

[leperBOproBaui TemmepaTypud TEPMOEJIEKTPUYHI - CTaTUYHA XapaKTepUCTHKA
XK (L), miamazon BumiproBanux temmepatyp -40 ..+ 600°C, matepiai 3axUCHOI
apmatypu 1 2 X 1 8H 1 OT, matepian ronoBku Al'-4B, ctynins 3axucty [P54.

brnox meperBopenns curHamiB Tepmomap bIIT-22 — KimpKicTh HeE3aJIeKHHUX
KaHaJlB - JiBa, CXe€Ma MIJKIIOUYEHHS JBOIPOBIAHA, cTaTnyHa Xapakrepuctuka XK (L),
niama3oH BumiproBaHux temmepatyp 0 ... 100°C (0 ... 250°C, 0O ... 50°C), niana3zon
BUX1JHOTO curHamy 4 .. .20 MA, Haii01IbIIIa MOXUOKA TEPETBOPEHHS +\-0.25%.

[TepeTBoproBau 3minHorO cTpymy ITHC-3 - mianma3oH 3MiHU BXIJHOTO CHUTHAITY
0...5A, miama3zoH BuxigHoro curHaiy 4...20 MA, Hanpyra xuBieHsas 220B, Haii0iibma
noxuOka neperBopenHs + \ - 0.25 %.

Curnanizatop piBas pimuau DPZ-2R - wytmusicte - 7.5 kOM, 31aTHICTH
nepemukang - 8 A, 380 B, 2000 BA, TtemnepaTypa HaBKOJHUIIHLOIO CEPEAOBHUINA -
25...+ 50°C, maTepias eIeKTpoia TUTaH, CTYIIHb 3aXucTy [P54.

Knanan guckoBuid moBopoTHuil Inter App - tuck no 166 atm., Kopnyc yaByH
GGG40, muck Halar (mepx. ct. 1.4408), yminenenas EPDM, temneparypa poGodoro
cepenoBuia a0 130°C, B KOMIUIEKTI 3 MHEBMOIPUBOJIOM JIBOCTOPOHHBOI [1i, OJIOKOM
KIHIIEBUX BUMHUKa4iB a00 no3uiinoHepoM. OyHKIIOHAIbHA CXEMa HaBeIcHa.

KopoTkuii omnuc anroputmiB TEXHOJIOTTYHHMX OIEpaliid 1 OMUC aJrOPUTMIB
JOTIOMIXKHHUX oOrepaniii HaBeaeHl B Taomuii 4.9. Ilepenik marepialiiB 1 MEXaHIYHUX

poOiT HaBeeHi B Tabymi 4.10.
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Tabmusa 4.9 - KopoTkuii omuc aaropuTMiB TEXHOJOTIUHMX OIEpaliil JiISHKU

po3KiIafgaHHs UIbMEHITy. Onuc aaropyuTMiB JOTIOMIKHUX OTepariii

NeP
ACYTII

ITapamerpn, sxi Oepyrb

yyactb B

onepamisax

npouecy

HaiimeHyBaHHs i onuc aropurMy onepauii

Bukonasumii

MeXaHi3M

Ipumirka

IIpuroryBanns kucJioi Boqu B evHocti SR9 /1003,

IpuroryBaHHsi KUCIOl BOIH MPOBOIUTHCS JUCKpeTHUM peryisitopoM LKBSR9 \ 1 y pyuHomy aGo aBTOMATHYHOMY peKHMAX.

Bubip pe:xnMy, BBeJeHHsl 3aBJaHHSI YNPABJIiHHA 3acJiHKAMHM INPOBOJUTHLCA 3 NaHeldi ynpaBidiHHA peryiasitopa. Ilanens

BHKJIMKAETHCA 3 3araIbHOI0 KAAPY JJITHKH PO3KJIAIaHHS 200 3 TPy pPeryJIsiTopis

WBSR\
1
WB3SR9
M

WcK
WCKSR
o1
LKBSRO\
1

JosyBannsi BomM B
SR9/1003
Jlo3yBaHHSI TeXHIYHOIO

noBiTps B SR9/1003
Maca KUCJIOTH
JosyBanns

kuciaora B SR9 /1003

cipuaHoi

PiBeHb KkuHCI0I BOogH B

SR9/1003

ABTOMATHYHMIA PeKUM.
Nel. JlosyBannss Boqu B SR9/1003. Binkpurrs kianaHa
WBSRO\M  npum  Buxonanni  ymoB:  LKBSR9\1
<LKBSR\Imin, kianman 3mBy WKBSRY\1 3akpurmii.
Zakpurrss  wiamana  WBSRI\1 nmpu LKBSR9\1>
LKBSR9\IHa4 + ALKBSR9\1.

No2. Jlo3yBanns cipyanoi kucjoru B SR9/1003. Iyck Hacoca
PC 1,2 piaxpurTs kianana gincidennss KoPC1\2, Binkpurrst
Ki1anaHa Biaciuenns: KoA, BilkpuTTsl Ki1anaHa J03yBaHHSA
kucsiorn WCKSRI\1 nipu: kianana 03yBaHHsI KHCJIOTH B
peakropa WCKAL..A4 3akpuri, KJIanaH JI03yBaHHS
KucJ10TH Ha BuOLTIOBaHHA KoO 3axpurmid. 3ynuHka Hacoca
PC 1,2 npu WCK = WCKSRI\1 3ananmii. Iicast 3ynuHku
PC 1,2 3akpurTsi kianana Bincivenns KoPC1\2, 3akpurrst
Ki1anaHa BiacidyeHHs: KoA, 3aKkpuTTs KjanaHa J03yBaHHS
cipuanoi kucioru WCKSRI\L.

Ne3. JlosyBannss TexniuHoro moBitps B SR9/1003.
Binkpurrss wianana nositpgs WB3SRIM npu: kianan
nozyBannst kuciaoru WCKSRO\l  Binkpurmii. 3akpurrst
kianana WB3SR9M aBromaruyHo 4epe3 mneBHHMIl 4ac
ATWB3SRO\1l. Ilix uyac BuxoHaHusi omepaumiii Nel,22,3
OJIOKYBaHHSI KOMAaH]l Ha BiIKPUTTA 3aCJiHKM 3JIMBY
WKBSRI\IL. Kineln npuroryBaHss i roTOBHICTb 103yBaHHS
KHUCJION

AtWB3SR9\

BOAM B PeAKTOPH MicJsA 3aKiHYeHHA 4acy
Pyunmii pexxum. Binkpurrs/3akpurTs
KJIanaHiB 3 madeni peryasitopa LkbSR9\1 oneparopcbkoi

CTAHI

Knanan Ha
TpyOonpoBoi
BOJM B EMHICTh
SR9/1003
Knanan Ha
TpyGonpoBoi
KHCJIOTH B
€MHicTb
SR9/1003.
Knanan Ha
Tpy-0onposozi
NOBITPs1 B

emuicte  SR9/
003.

MBY  KHCJIOL

Knanan

BOJIH 3 €EMHOCTI

SR9/1003

LKBSRO\ min
ALKBSRO\1
3ajaloTees 3
naHeJi
peryJsiropa.
Wcek 3anaHmii -
3a/1a€Thes 3
naHesi
peryJsiropa
LKBSRY/1.
dyomoBanHs
nyck/cron  PC
1,2 Ha myaeTi
omneparopa.
ATWB3SRI\1
3aa€Thesl  HA
naHeJi
peryJsiropa
LKBSRO\1.
JdyomoBanus
BiIKp/3aKp
3acJiHOK ~ Ha

MyJabTi

omneparopa.
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[TponoBxenus Tadmui 4.9

3anoBHeHHs MipHuKka SI1 inbmMeHiTOM

3anoBHeHHS MiPHHMKA i1bMEHITOM NPOBOIUTHCA TUCKPeTHUM peryisTopoM WitnSIl B pydynomy a0o aBTOMaTHYHOMY

pe:xumax. BuGip pexumy, BBeJAeHHsl 3aBJAaHHS YNPABJIHHS e€JIEKTPOYCTATKYBAHHAM IPOBOJMTBLCA 3 MaHesdi

peryasTopa. IlaHejb BUKJIHMKAEThCS 3 3arajbHOr0 Kajpy ALIAHKH PO3KJIaJaHHA 200 3 IPyNH peryJsiTopis.

WmiSl|
ET-1

EJ-3
WuniaAl
WuiA2

Maca inbMeHiTy B
Mmipauky SI1.
Yupasiainus po6oToio
eaxeBaropa ET-1.
YnpapiaiHHs po6oTor0
miro3oBuka O/1-3
Jlo3yBaHHA i1bMeHITY
B peakrop Al.

Jo3yBaHHs lIbMeHITY

B peakTop A2

ABTOMAaTHYHUI pexxuM. Briarodyenns esesaropa ET-
1. BkiawouyeHHsa nuro3oBuka EJ[-1 npu: mmbepHi
3acainku WrjiAl, WinA2 3aBaHTa:keHHs i1bMeHITY B
peakTopa 3aKpHTi, Maca i1bMeHiTy B MipHUKY WinSIl
<WiaSIlmin. EJ-3,

WiaSI1>

BuMKHeHHs HIJIIO30BHKA

BHMHKaHHA egesatopa ET-1 mnpu

WinSIlmax. Pyunnii pexum. Ilyck/cron eseBaropa i
naseJi

HLJII030BHKA 3 yOpaBJIiHHA  peryJisTopa

WiaSIl oneparopcbkoi craHumii.

EnesBarop
ET-1,
HLTI030BHK

EJ-3

WiuiSlImin
WmiSIl  max
3ajaeTbesd 3
naHeJi

peryasitopa.
Jy6aioBaHHs
nmyck/cron

eileBaTropa i
ILTI030BHKA 3

nyJIbTa

omeparopa.

3anoBHeHHs MipHuKa SI2 inbMeHiTOM

3anoBHeHHs] MIPHMKA IJIbMEHITOM NPOBOAMTHCH AMCKPEeTHUM peryasaTopoM WinSI2 B pyyHomy a00 aBTOMATHYHOMY

pexunMax. Bubip pexumy, BBeJeHHSl 3aBJaHHS YNPABJIHHSA eJEeKTPOYCTATKYBAaHHAM NPOBOJMUTHCS 3 MaHeJi

peryJjastTopa. IlaHe b BUKJIUKAETHCS 3 3arajJibHOI0 Kaapy HiJ’lﬂHKH PO3KJIATAHHS a60 3 rpymu pery.lmTopiB.

WinSI2
ET-2
EI-4
WinA4

Maca inbMeHiTy B
MmipHukKy SI2.
Ynpasainasa podororo
eixearopa ET-2.
Ynpasainasa po6ororo
muto3oBuka EJ1-4.
Jlo3yBaHHA iTbMeHITY
B peakTop A3.

Jlo3yBaHHA iTbMeHITY

B peakTop A4.

ABTOMATHYHHMI pexuM. BkilodyeHHs eneBaTopa
ET-2. BriarouyenHs nuio3oBika EJI-2 npu: mmbepni
3acjainkn WinA3, Wis1A4 3aBaHTaKeHHs JIbMEHITY B
peakTop 3aKkpuTi, Maca iibMeHiTy B MipHuky WinSI2
< WiaSI2min. EJ-4

WinSI2 >

BuMkHeHHS

ET-2

IJII030BUKA

BUMHUKaHHA eJjieBaTopa npu

WiaSI2Zmax. Pyunnii pexum. Ilyck/cTon eneBartopa i
naHeJni

LIIJII030BHKAa 3 YOpaBJiHHS  peryJsiTopa

WiaSI2 oneparopcnkoi cranmii.

Enesatop
ET-2,
LIJTI030BHK

EJ-4

WinSlImin
WinSlImax
3aaeTbesa 3
naHeJii
peryasitopa.
Jy6aoBaHHs
nmycK/cTon
eileBaropa i
LIIJIIO30BMKA 3
myJabTa

omeparopa.

IpuroryBanns rapsr4oi Boau B SR4

IIpuroryBanHsi rapsi4oi Boau NPOBOAMTHCH AMCKpeTHUM pery siropom LSR903 i ananorosum perysasitopom TSR401 B pyunomy

a00 aBTOMATHYHOMY pe:kuMax. Buoip peskumy, BBeleHHsI 3aBIAHHS YIPABJIIHHSA 3aCTIHKAMU BUKOHYEThCS 3 NIaHe el yNpaBJIiHHSA

pery.siropavu. ITaHe)ti BUKINKAIOTHCS 3 3arajIbHOT0 KAAPY JUISTHKH PO3KJIaIaHHs a00 3 PYIH PeryJisiTopis.
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[Iponorxenus Tadmuili 4.9

LreSR4

TreSR4
WBSR4
WBSR4

PiBenb rapstdoi Boou B

SR4

Temneparypa BonuSR4

JosyBanus
JosyBanus

B SR4

Boau B SR4

KOHJIEHCATY

ABTOMATHYHMII pe;KMM 3aloOBHeHHsl. Binkpurrs kiamana
WBSR4 noga4i Boqu B eMHicTh 200 k1anana WKSR4 npn:
Hacoc PC4 3ynunenuii, LrBSR4 <LresSR4min. biiokyBanns

Bcix KomMaH1 Ha myck Hacoca PC4 3akpurTs KIianana npu

LreSR4> LreSR4max. ABTOMATHYHMI PeXUM TiirpiBy.
Minrpumka TemmepaTypu BillOBiTHO 10 3aBIAHHS
peryasiropa TreSR4.

PYUHUI pexum 3anoBHennsi. Bizkpurrsi/3akpurrs
3acyliHOK 3 maHendi peryiasitopa LreBSR4 omeparopcbkol
cranmii. Pyunmii pesxum HarpiBy. Pery/iioBanHst nosoxeHnst

KJI1anaHa.

3aciaiHku  Ha
TpyGonpoBoi
BOIHU i
KOHJ/IEHCATY B
emHicTb SR4.

Knaman Ha

TpyGonpoBoi
napu B

emHicTs SR4

LreSR4min
LreSR4max
3amaerbest 3
naHeni
peryJssiropa.
HyomoBan-
HA BiKp/
3aKp
3aCJIIHOK
BOIM i
KOHJIeHcaTa

3 MyJIbTa

oneparopa

IpuroryBanns mroBxarw4oi Boau B SR2 mroBxarwdoi Boau B MipHuKy SR2 nipoBouThesi iucKkpeTHuM peryJsitopom LI'BSR2

B pyunomy aGo apromarmyHOMy pesknmax, HVIA, BBeieHHsI 3aBIAHHSI NPOBOAUTLCS 3 MAaHeJIell YIPABJIIHHS PeryJisiropoM.

IManenb BUKJIMKAETHCS 3 3arAJIbHOTO KAIPY JUISTHKH PO3KJIajIaHHs 200 3 peryJisiTopis.

LTBSR2

PiBenn

BoaH B SR2

IITOBXaK40i

ABTomMaTyHmii pexxum. BinkpurTs k1anana WBSR2 npn:
3acyIiHKM J103yBaHHsl ITOBXaw4oi Boqu WI'BAL,2 3akpuri,
LreSR2 <LreSR2min. BiiokyBaHHsI KOMaH/ HA BiIKpUTTS
WI'BAL,2. 3akpurrss wianana WI'BSR2 mpn LI'BSR2>
LreSR2max. PYUHWI pexuv Bizkpurrs/3akpurrs
KIanaHa 3 namenai peryasiropa LTBSR2 oneparopcbkoi

CTAHILL.

3aciainka Ha

Tpy GonpoBoi
BoIU B SR2

3aciinka Ha
TpyOOnpoBo
ai BOOH B
SR2
LrBSR2min
LrBSR2max
3amaercst 3
naHeJi
peryJssiropa.
Hy6oBan-
HA BiIKp
/3akp
3aCIiHKI
BO/IH 3
MyJIbTa

oneparopa

IIpuroryBanHusi wroBxao4yoi Boad B MipHuky SR2 mnpoBoauthbest auckperHuM peryisitopom LTBSR3B pyunomy a6o

ABTOMATUYHOMY PEKMMaX. Bl/lﬁlp peKuMy, BBCACHHA 3aBAaHHS IPOBOAUTHCA 3 naHeJjei yl'lpaB.]'Ii]-[]-[ﬂ peryJjisiropom. Ianens

BUKJIMKAETHCA 3 3arajibHOIO KAAPY AUISHKH PO3KJIATAHHS 200 3 rPYNH PeryJisiTopis.

LTBSR3

PiBenn

Boau B SR3

IITOBXAK0Y0l

LTBSR3 Apromaruynuii pexuM. BimkpurTs ki1anaHa
WBSR3 npu: 3aciuiHky [03yBaHHSI IITOBXAI0YOI BOAM
WTBA3,4 3akpuri, LTBSR3 <LTBSR3min. BrokxyBanns
koMan1 Ha Bigkpurts WTBA34. 3akpurrst Ki1anana

WTBSR3 npu LTBSR3> LTBSR3max.

3aciainka Ha

TpyGonpoBoi
Boau B SR3

LreSR3min
LrBSR3max
3ajaerca 3
naHeJi

peryJjsiropa.
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[Iponorxenus Tadmuili 4.9

Pyuynnii pesxuM BiIKpUTTA/3aKpHUTTA KJIamaHa 3 Jdy0roBa-
naHeJi peryiastopa LTBSR3 oneparopcbkoi cranmii. HHSA
BiIKpuTH
/3akpuTH
3aCJiHKH
BO/IH 3
nyJIbTa
omneparopa
MIAITCPIB MIITHOI KACJIOTH
TckFI TEMIIEPATYPA ABTOMATHYHHI PEJKUM. NIJITPUMKA 3ATAHOI |KJIAIIAH
KHUCJI0TH mIcas F1 TEMIIEPATYPH 3I'I/ITHO 3ABJAHHSI PErVJATOPA|IIAPH ABO
TCKFI. INEPEMUKAHHSA YIPABJIIHHA|BOJU HA
3ACJIHKAMM BOJIM ABO IMAPU. PyyHuii PEXUM.| TPYBOITPO
PET'YJIIOBAHHS ITOJIOKEHHS KJATIAHA BOJI A0
TEILJIOB-
MIHHUKA
F1
Onmuc anropuTMiB onepauiii mpouecy po3KJIaIaHHs B ABTOMATHYHOMY PesKiMi
MNAPAMETPH, SIKI
Ne N BUKOHAB- |IIPUMIT-
BEPYTb YYACTb Y(HAUMEHYBAHHS 1 OIIMC AJITOPUTMY N
OH,_E T OIIEPAIISAX OINEPAIII i KA
1111 MEXAHI3M
PO3KJIAJAHHSA

HABEJIEHUHM ONUC AJITOPUTMY PO3KJAJAHHSA IS PEAKTOPA Al € AHAJIOTTYHUMM IS
IHIIUX PEAKTOPIB. YIIPABJIIHHA POBOTOIO PEAKTOPA IMMPOBOJAUTBHCA 3 ITAHEJII YIIPABJIHHSA
PEAKTOPOM. HA HAHEJII BIJOBPAXKAIOTBCA IOTOYHI 3HAYEHHA TTAPAMETPIB, 3ABJJAHHA
3ABAHTAXKEHHS PEATEHTIB, PAKTUYHO 3ABAHTAKEHA KIJIBKICTh, BUKOHYBAHA OIIEPALIIA 1
YAC il BAKOHAHHA. 3ABJAHHSI HA KOXKHY ONEPAIIIO PO3KJIAJAHHS BCTAHOBJIIOETHCS B
PEJKIMHIN KAPTI PEAKTOPA. IIPU 3HAYEHHSIX MMAPAMETPIB = 0 OIIEPALISI IPOTPAMOIO HE

BUKOHYETHCHI.
HPOﬂYBKAPEAKTOPAHOBHTHM
1 Fe3Al-  BUTPATA|BIAKPUTTSI 3ACJIHKA TOJAUYI TOBITPSI[3ACJIHKA |3,FB3AL,
MOBITPSI B|FB3A1 HA 100% (3ABJIAHHS 31FB31). SAKPUTTsI | HA ATl
TPYBOIIPO
PEAKTOP Al KJAIAHA ITICJISI 3AZIAHOTO YACY AT 1. BOII 3AJIAETBCS
IOBITPSA B|B TEX-
Al v
HIN KAPTI

PEAKTOPA
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[Tponorxenus Tadmuii 4.9

Jlo3yBaHHsI cipuaHOi KHCJIOTH

2 FB3A1- BuTpara noBitps B|Peryasstopy FB3Al BcranoBmoerbesi  3aBnannHs  3rPB3Al,|3acainka Ha|3,FB205,
peakTop Al aBTOMATHYHA MiITPUMKAa BUTPaTH NOBiTPA BiamoBizHo 10 |TpyGompoBoai WkA1/4
Dck - minbHicTs cipyaHoi [3aBIaHHSI IPOTSIrOM BUKOHAHHSI onepantii. noBiTpst B [3a1aHmii
KHCJI0TH Iyck Hacoca PC 1,2 Binkputrs kianaHa Biaciuenns KoPCl1 \ 2,|peakTop Al. 3a/1a€Tbcsl B
Wck - wmaca cipuanoi|Binkpurrs kiaamana Biacivenns KoA, Biakpurrs kianana|3acyBka Ha | TeXHOJIOTi4Hiii
KHCJI0TH no3yBaHHs KHcI0TH WeKAI npu: ki1anana fo3yBaHHs KHCIOTH B|TpyGompoBoai KapTi
peakTopi WcKkA2 ... 4 3akpuTi, KJanaH 103yBaHHSl KHCJIOTH Ha|cipyaHoi peakTopa
puOimoBanHss KoO 3akpuTmii, KjanaH [I03yBaHHsI KHCJIOTH B|KHCJIOTH B
emuicts WckSR9 \ 1 3akputnii. 3ynunka nacoca PC 1,2 npu Wck =|peakrtop Al.
WckA1 3apannii. BiokyBaHHSI KOMaH/A Ha BiAKPUTTA 3aciaiHoK siki | Binciunmii
OepyTs yuacti B onepanii. Ilicas 3ymunkm PC 1,2 3akpurTs|Kkianan HA
kiaamana Bigcivennss KoPC1 \ 2, 3akpurrst kianaHa iaciueHnsi | TpyGonposoji
KoA, 3akpuTTH KJanaHa 103yBaHHs cipuaHoi kucaoTn WekAIL cipuanoi
Maca KHCJIOTH, II0 3aBAHTAKYETHCSI B PEAKTOP 00YHCIIOETHCS B T. | KHCJIOTH.
MOHOTIpaTy. Hacoc PC8
3HayeHHs KOHLEHTPANii KHCJIOTH BH3HAYAETbCA 32 Pe3yIbTaTaAMH
ABTOMATHYHOTO BH3HAYEHHS il INiTbHOCTI.
Jlo3yBaHHs LIbMEHITY
3 FB3Al1- Butpara noBitps B|Peryastopy FB3Al BcranoBiaoerbess 3aBaannsi  33PB3Al,|3acainka Ha | AWnaSlIl,
peakTop Al aBTOMATHYHA MiITPHMKAa BHTPATH NOBIiTPA BiamoBizHo 10 |TpyGonmpoBoai Ki/k, 3;Fb3A1
WiaSI1 - maca ilbMeHiTY B|3aBJaHHS NPOTSAroM BUKOHAHHS onepaiii. noBiTps B(3anaeTbest B
Mmipauky SI1 BinkputTa mméepnoii 3acainku WB3Al nmpH BHKOHAHHI yYMOB:|peakTop Al. | TexHoI0TivHii
3aBepLIeHHs NomnepeaHbol omnepauii, 3acainka WinA2 3akpura,|llIuGepna KapTi
Maca inemenity B mipuuky WinSIl> WinSIlmax. 3axkpurrs(3aciainka peaxkTopa.
3acainkn npu WiaSIl = WiaSIHl mou - AWinSIl. Beauuuna A |3aBaHTaKeHHS
WiaSII kopuryerbes 3a GakTOM 3aBAHTAKEHHS CipYaHOI KHCJIOTH | iIbMeHITY B
3rigHo 3 KoediuienTom cniBBigHOWEeHHs ibMeHiT / kucyoTa (Ki / k) | peakTop Al
IepemimyBaHHs
4 FB3ALl- Butpata nositps B|Peryasropy FB3Al BcraHoBmoerhes 3aBaanns  34Fb3Al, |3acainka Ha|3,FB3M, A 14 -
peaxkrTop Al aBTOMATHYHA NiATPUMKAa BHUTPATH MNOBIiTPs BiANOBiAHO 10| TpyOGonpoBoai 3a/1a€TbCsl B
3aBJaHHsI NPOTArOM BHKOHAHHS omepauii. 3aBepiieHHsi omepamii | Bo3—myxa B | TeXHOJIOTiYHii
nicis 3akinyeHns yacy 4. peakTop Al. KapTi
peaxTopa.

45




[Iponorxenus Tadmuili 4.9

Jo3yBaHHSI LITOBXal040i BOAU

Fg3A1- Burpara nosirps| Perysiisiropy FB3A1 BeranoBmoerbesi 3apaanns 35FB3Al,(3acminka Ha|35FB3A1
B peakTop Al aBTOMAaTHYHA MIATPUMKA BHTPATH MNOBITPs BifnosigHo 10| Tpydonposoni |ALTBSR2
L1BSR2 - piBeHb BOM B|3aBIaHHS NPOTATOM BUKOHAHHS ONepailii. NOBIiTpsA B|3a1a€ThCA B
MipHuky SR2 Binxpurrs 3acainkn mroBxaouoi Bomu WTBAI 3a ymoBu: |peakTop Al. | TexHoJI0Ori4
3acJTiHKA IITOBXa1040i Bomu WTBA2 B peakTop A2 3akpuTta,|3aciinka Ha|Hid  kapti
LrBSR2> LTBSR2max. TpyOOIpoBoi |peaxTopa
3akpurTa Kwianana Boau npu LtBSR2 = LtBSR2Ha4 -|mrroBxarouoi
ALTBSR2. ALTBSR2 MO3Ke po3paxoByBaTHCA 32 3aBIaHHSIM | BOIU B
KoHUeHTpanmii  po3BenenHst Cpo3e. i (axrmunoi|peaxrop Al.
KOHLIEHTPAUl KUCJIOTH i ii 3aBaHTAKeHHSI.
Hinirpis cymini
FB3Al- Butpara| Perynsitopy FB3Al BceranoBmoerbest 3apaannsi 36FB3Al,|3acainka  Ha|3gFB3Al,
NOBITPA B peakTop Al. |aBTOMATHYHA MIATPHMKA BMTPATH MOBITPsl BinnosinHo 1o |Tpybonposoai |TpAl
TpAl - TeMmeparypa(3aBIaHHsi TPOTSITOM BHMKOHAHHSI omnepauil. Binkpurrs|noBirps B|3anaHui
po3uMHy B peakTopi Al. (kIamaHa papu ©0pv  BUTpaTi NOBITPs, BiINOBigHiN |peakTop Al. |3agaerbesi B
3aBJAHHIO. Bruloyaerbest TaiiMep npoBeneHHsi migirpiBy|Kinaman — Ha|TexHosioriu
(At6). 3axiHueHHs1 onepauii mixirpiBy micys 3akiHyeHnst At6. | TpyoonpoBoni |Hiii  Kapri
napu B|peakTopa
peaxtop Al.
OcHoBHa peakuis
FB3A1-Burpara noeirpsi| Peryasitopy FB3A1 Beranommoernest 3aBnannst 37FB3Al,(3aciminka  Ha|3/F3BAL
B peakTop Al aBTOMAaTHYHA MATPUMKA BHTPATH MOBITPs BiNOBiAHO /10| TPyOOnpoBoai (3agaerbes B
PB3Al - THCK NOBITPA B|3aBIAHHS NPOTATOM BHKOHAHHA onepauii. MoMeHT |NOBITpPs B| TexHoI0TTY
peaxrop Al. 3aKiHYEeHHs1 peakuii BU3HAYAETHCH 32 XapakrepoM 3MiHM|peakTop Al. |Hiii  kapri
THCKY NOBITPS1 B peaKTop. peakrTopa
IIponyBanus miaBy
FB3A1- BUTpaTa| BinkputTs Ki1anaHa nositps B peakrop Ha 100% nporsrom|3aciiinka  Ha|AtS8, n
NOBITPs B peaktop Al. | At8, Ha N pa3iB N - KiTbKicTH MPOAYBOK. TPYOONpOBOi |3a1a€ThCs B
NoBiTpst B|TexHoJI0TIY
peakrop Al  |mili  Kapri
peakrTopa
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BuspiBannst
9 FB3A1l- BuTpata nosirpsi B|Peryasitopy FB3Al  BcraHoBmwoerbess  3aaanns  39FB3Al |3acainka Ha|3FB3A1,At9 -
peakTop Al BxiouaeTbes TaiiMep mpoBe/eHHsl Bu3piBanHs (At9). 3akinuenns | Tpydonposoai 3a1a€Thes B
onepauii BU3piBaHHs nicis 3aKkiHYeHHs At9. noBiTps B exHOMOriuHiii
peasrop Al KapTi peakTopa
Ox0J101:KeHHS ILIABY
10 FB3A1l- BuTpata nosirps B|Peryasitopy FB3Al BcranoBmwoerbesi  3aBaanHsi  3;0FB3Al.|3acainka Ha|3,,FB3A1,At10
peaxTtop Al. Brurouaerbcest TaiiMep nposeaeHHsi Bu3piBanus (Atl0). 3akindenHst | Tpy6onpoBoi - 3aga€Tbesl B
TpAl —  TemmepaTypa|omnepauii Bu3piBanHs micJist 3akinyennst Atl10 NoBiTps B exHOMOriuHiii
po3unHy B peakTopi Al. peakTop Al xapTi peakTopa
Jo3yBaHHs1 KHCJI10I BOAU
11 FB3Al- Butpara moBiTps B|Peryastopy FB3Al BcraHoBIIO€Thest  3aBAaHHs  310FB3Al|3acainka Ha| ALkBSR9\1,
peaxTop Al aBTOMATHYHA NiATPMMKAa BHUTPATH NOBiTPA BiAnoBigHO 10 |TpyGompoBoai 3,,FB3A1
LkBSRI\1 - YPOBeHb |3aBJaHHS HPOTArOM BHKOHAHHS omepauii. Binkputrsa 3acainku |moBiTps B 3a1aeThes B
KHcJ0ii Boabl B SR9/1003 3muBy WKbSR9 \ 1 3 emnocri SR9 / 1003, Bigkpurrsi 3aciiHku | peaktop Al. el
TeXHOJIOTYHIi
no3yBaHHs Kucaoi Boan WKBAI B peakTop Al 3a ymoBH: 3aciainku | 3acainka Ha .
Kkucaoi Bogu WKbA?2 ... 4 B peakTopa A2, A3, A4 3akpuTi i LkBSRY | Tpy6onpoBoai KapTi peairopa
\ 1> LkBSRY \ Imax. BiiokyBaHHs KOMaHJ Ha /103yBaHHsI KHCJIOI |3JMBY ¢
BOIM B peaktopu A2, A3, A4. 3akpurrs 3aciainku 3muBy WkBSR9 \[SR9/1003,  3ac
1 3 SRY / 1003 i 3acainkn no3yBanHs WKBAI npu LkBSRY \ | =|xiHka no3yBaHHst
LkBSR9 \ 1 Ha4 - ALkBSR9\ 1. B peaKkTop.
Jlo3yBaHHs1 rapsiyoi Boau
12 FB3A1l- BuTpata nosirps B|Peryasitopy FB3Al BcraHoBiawerbesi 3aBaanns  312FB3Al9 |3acainka Ha|ALreSR49
peaxTop Al aBTOMATHYHA MiITPUMMKa BHUTPATH NOBiTPA BiAnoBigHO 10 |TpPyGompoBoIi 3,,FB3A1
LreSR4 - piBenb rapsiuoi|3aBJaHHs NPOTAroM BHKOHAHHS omepanii BigkpurTsi 3aciainku |moBiTps B 3a1a€Thes B

Boau B SR4

BecmokTyBaHHsI KoPC4 nHacoca PC4, nyck Hacoca PC4, BinkpurTs
3acJiHKH A03yBaHHs rapsidoi Bogu WrBAl B peaktop Al mpm
yMOBax: 3acdiHKH [03yBaHHs raps4doi Boan WreA2 .. A4 B
peaktopu A2, A3, A4 3akpuTi, LrBSR4> LreSR4max. BiiokyBanus
KOMAaH/J Ha [03yBaHHs rapsuoi BOAHM B peakTopum A2, A3, A4.
3ynunka Hacoca PC4 npm LreSR4 = LreSR4Ha4 - ALrsSR4,

3akpuTTd 3acaiHok KoPC4 i nosysannst WreAl.

peakTop Al
3aciainka Ha
BCMOKTYBaHHS
Hacoca pc4 ¥ Ha
TpyGonpoBodi

rapsiyoi Boau

Hacoc PC4

TeXHOJIOriuHii

KapTi peakTopa
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Tabmug 4.10 -

BrpoBaxeHHss ACY TII

Ilepenik MexaHIYHUX POOIT 1

MaTtepiajgiB HEOOXITHUX JIs

BigaineHus

Mugp IloBHe HaliMeHYBaHHS Iepenik MexaHiyHUX poodiT Iepenik maTepianis
1 2 3 4 5
BY30J1 MIArOTOBKHU LJIbMEHITY
WuaSIl [Maca inemenity B Mipuuky SI1 |[BUKOHATH NpOEKT YCTAHOBKM  TeH30JaTumMkiB  3a |JIucr6=20,CT.30,287%;
HaJaHUMM  ecKizamu (a6o ysroauTum eckism wua|Jluer6=12,Cr.3,0,2m;
BHIOTOBJIeHHS i ycTaHOBKY JaTuukiB). PeBisis icnyrounx | KpyrD4548,Cr.3,L=0,72m.1.;
noMKkpaTiB-8 mr. (Buroropiennsi i 3amina nedextHux|Kpyrll27,Cr.3,L=0,24m.11.;
netaJjieii). BUroroBjieHssi MasTHUKOBHUX onop. lemonrax | boaru M10x20 - 10mrT..
1 iCHYIOYMX TeH30JaTYHMKiB-8 IIT., MOHTAK HOBUX 8 1IT.
Wui
2 si2 Maca inbMenity B Mipauky SI2
BuroroButn 4 d¢uaanua [yS0.Bpizaru: natpydox 3 Aner 6=15-20, Cr3 - 0,16w",
L F———— Tpyéa D89 Ct.3 L=0,3 MuL;
3 Lmax |MakcumajJbHuUii  piBeHb B Boarn M16x55 - 10mr; Iaiika
sil Gynkepi STI y simrosizs gur. Jy30, cr.3 M16 - 10 mr.
(4 [Cmax |maxcnmansnmii piBeHb B
SI2 oynkepi SI2
4 [WunAl Jo3yBaHHs iIbMeHiTy B|BHKOHATH NpOEKT HAa yCTAHOBKY HIMGepHHX 3acyBok |JImer 6=27, C13 - 1 IM*; Tpyba
peakTop Al Jy200 - 4 mt. BuroroButn: 4 mepexoan /{y300/1y200; 8| D325, Cr.3, L=1,6 M.1.; Tpy6a
daanuis y200, Py1,0 MIla; 48 mmuiasoxk M20. Bpizatu | D219, Cr.3, L=l ma.; Kpyr D20,
HA KOXKHY JIiHiI0 mogayi i1bMiHiTa B peakTop: 1-mepexin i[Ct.3, L=8 mu; TaiikaM20-
2-¢pmanus Ty200. 96mIT.
— Jlo3yBaHHs iIbMeHiTy B
6 WuiA2 (peakrop Al
7 [WuaA3 Jo3yBaHHs iIbMeHiTy B
- peakTop Al
8 WuiA4 | lo3yBanHs isIbMeHiTy B
peakTop Al
9 WasAl IIponyBka ibMeHiTy nosirpsim [Bpizatn cosienoinm kiamana JIy20 na ainii mositps Tpy6a D25, L4,0 M1
B peakTop Al NPOIYBKH iIbMEHITY
10 [We3A2 TIpoayBka iibMeHITY HOBIiTPSIM
B peakTop A2
11 [We3A3 TIpoayBka iibMeHITY HOBiTPSIM
B peakTop A3
12 |Ws3A4 (IIpoayBka inbMeniTy moBiTpsiM
B peakTop A4
TenoeHeprood.ik
BukoHaTH NpoeKkT Ha ycTaHOBKY BuHTparomipa Jly 100.
3MIiHATH PO3BelleHHS KHCJIOTH - MoAady KHCIoTH B mex |JIuer 6=20, Ct.3 - 0,1 Mm% Kpyr
13 |Fck Burpara cipuaol wnenorn 8 BHKOHATH 10 BUTpaTtomipa. Burorosurn: 2 duanusa Ay |o 16, Cr3, L=1 m.n, I'aiixa M16
cxoBuie Ne5-6
100, Py 1,6 MIla .; 4 mmuasku M16. Bukonatu Bpi3ky |- 8 miT.
BHTpaToOMipa
14  |FB3l Butpata moBitps B 1-e|Pesisis BuTpaTomipHoro By3na.
BigaineHns
15 |Ps3l Tuck nositps B 1-e Bigiiennss | BuroroBurn 606umky. BpizaTtu nodipue npucrpiii Tucky. | Kpyr D30,Ct3. L=0,05ma
16 [Ts3l Temnepatypa mositpsi B 1-¢|BuroroBuTn i Bpi3aTn TemnepaTypHi KumeHi Tpy6aD20,Cr3. L=0,2m.m,
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17 | LmaxS LmaxS NS Bukonatnm mnpoext ycraHoBkH JarymkiB | JImer 6=15Crams 10X17HI13M2T -
MAKCHMAJILHOTO piBHsi. Burotosumu 4 dnanns y 50. Bpisaru 2|0,1m*  Tpyéa 050, Cram
MakceuMaibhuii piBeHb kuciaot B|mrynepu [yS0 B cxouime N 5,6. 10X17H13M2T.;Boar M 16x65 - 8
cxoBul Ne5 mr.; [aiika M16 - 8 .
MakceuMaIbHHii piBeHb KHCJIOTH B
18 [ Lmax6
cxoBuILji Ne6
BuxoHaTH NpoeKT HA YCTAHOBKY MACOBOIO BUTpaToMmipa. Y
. l:: y. " 60 pATONIp .| JIuer 6=20, Crams 10X17H13M2T -
eKTi nepeIdaunTH KpiIUIeHHs! BOIy KHCJIOTH /IO i
19 e pe P TPYROTPIBONY 0,08 M.Borr MI6x65 - 8
micas npuiagy. 3MIHUTH PO3BeIeHHsI TPYOOIPOBOIY KHCJIOTH.
TIaiia M16- 8 mit.
Wek Maca KHCJIOTH B peakTopi BuroroButu 2 duianus y80
Dck LIU1bHiCTH KHCIOTH B peakTopi
Texk Temmnepatypa KUCJIOTH B peakTopi
B vooni v | Irer6=20,Cr3.0,1770;
HMKOHATH NPOEKT HA YCTAHOBKY TeILIOOOMIHHMKA. Y TNPOeKTi
Kpyrol6,Cr3,L-1,1m.an;
niepedaYUTH MOBOPOTHI 3aciHKU Hanopy-/ly80; Ha Jiinii MitHol
KpyrCULCrams  10X17H13M2T
Temmeparypa  KHCIOTH — WHCIS | KHCJIOTH, THCASL TeIUIOOOMIHHMKA- KHILEHIO VISl IaT4MKa
20 | TckFl oSminm B 2 g 80, Pyd0 Mila; 8 (06XH28M/T), L-0,05 m.i; Tpy6a
TeIL101I000MiHHIKa TemnepatypH. BuroroBumi: AHIIS A X H
P Tpr 16 60 B . |020,10X17H13M2T
umwibok - Mx16; MIIKY, KHIIeHIO. Buxonarnm: BpiBKy
N o (O6XH28M/IT), b~02m.; Taiika
TIOBOPOTHHX 3aCJIIHOK HA JIHisIX oAy napu.
M16 -16 mr.
21 |KoPCI2 |Binciuka BcMOKTYBaHHsI — Hacoca | BUKoHaTH MPOEKT Ha BPi3Ky noBopoTHuX 3acitiHok Ty 100-2ur .: | JTucr 6=20, Crans 10X17H13M2T -
PC1\2 HA BCMOKTYBaHHI Hacoca i micsist TensioodMiHHuKA. Burorosuru 4 0,16m% Kpyr o 16, Cr.3, , Iaiika
(omanms [Iy100, Py1,6 MIla, 8 mmwimok M16. BpBatn 3acainky. | M16 -16 mir.
22 |KoA Binciuka 103yBaHHSI KHCIOTH
Jlo3yBaHns1 cipyaHoi kucj10Ti B peaktop Al Buxonatu KT HA
I . . . vea P . ;alml; fipoe Jluer 6=20, Crans 10X17H13M2T-
03yBaHHSI cipYaHOi KHCIOTH B|Bpi3Ky MOBOPOTHHX 3aC/IHOK INT.: TIepen peaKTopaMu
23 |WckAl P oIy pen peaciop 04m%Kpyr o 16, Cr.3, 142,25 mun,
peaxrop Al A1-A4. BuroroBumi: 8 duianuis /Iy100, Py1,6 MIla, 16 nmmuwisox
I'aiixaM 16- 32 .
M16. BpizaTu: 4 1I0BOPOTHHX 32C/IIHKH.
24 (WCKA2 |lo3yBauusi cipyaHOi KHCIOTH B
peaxTop A2
25 (WCKA3 (lo3yBannsi cipyaHoi KHCIOTH B
peaxrop A3
26 (WckA4 |MlosyBauusi cipyaHoi KHCIOTH B
peaxrop A4
By30J1 miAroroBKH MITOBXa1040i BOAH
27 |LtBSR2 | PiBenn Boau B MipHIKy SR2 BUKOHATH TPOEKT YCTAHOBKH JATSHKIiB BUMIpioammsi pismst. [Jhucr 6=15-20, Ct. 3 - 0,194V
Buroroutu 4 duianus [y 100, Py 1,0MITa. Bpizam 2 mrrynepu | Tpy6a o 108, Cr.3 b=0,3m.11.; Boorr
[y 100 B mipauxu SR2, SR3 MI6XG5 - 8 wrr.; Taiika M16 - 8 1.
28 |L1BSR3 | PiBenb Bomu B MipHHKY SR3
29 (WBSR2 |3anoBuennsi Booio mipnia SR2 | Burorosurmn: 4 duanms Jy50 Pyl.6 MIT; 8 duianuis nakwmnx | Jucr 6=20, Cr.3-0,5m% Kpyr o 16,
Jy100, Py1,6 Mna; 24 mmwisku M16. Bpizamu: 2 3acuinku IyS0| C13, L*3,5 M., Tpyoda
Ha noaayi Bom B Mipuuku SR1 i SR2; 4 3acininku Iy 100 Ha | nosinporwienosa o 110, L=1,6 man
JTiHIAX nogavi Bo/u B peakTopu Al -A4.
30 |[WBSR3 |3anoBHenns Boaoio miptika SR3
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31 |WrBAI |/[lo3yBaHHS LITOBXaKO4Oi BOIM B
peaxTop Al
BuroroBurn: 4 nakwanux duianus dy 150, Py 1,6 MIla; 24
mmwibkn M16; 2 Bindoprosku [ly 150. Buxonatn o0B'sBKy
30ipKH i 3MOHTYBATH NIOBOPOTHi 3aC/TIHKH HA JIHIsIX: 3aNI0BHEHHSI
Bojoro /ly 100, 3anoBHeHHsi konaeHcatoM JlyS0, HarpiB Bomm
Jlo3yBaHHs1 rapsruoi Bomu B peaktop| y80 (map 0,6 MIla), Binciuennss nacoca [y 150, nosyBanust
32 |WrBAl (Al rapstaoi Boru Ly 100 - 4 1T B Ko)keH peakTop.
33 |WrBA2 | lo3yBaHHSsI rapsiioi BOM B PeakTop
A2
34 |WrBA3 | /lo3yBaHHSI rapsr4oi BOM B PeaKTop
A3
35 |WrBA4 | [lo3yBaHHSI rapsryoi BOM B PeaKTop
A4
PeakTopn poskiagaHHst
BuroroBuru: 8 duianuis ly 100, Py 1,6 MIla; 16 nmuwisoxk M16;
Jemonrax icayiounx cranmamis Jy 100 - 4 wr, Monrax|Jhuer 6=20, C13-04 m% Kpyr o 16,
noBopoTHUX 3acaiHok [y 100 4 wir .; peidisi BuTparomipaux [ Cr.3, L=2.1 M., "aiikaM16-32 .
36 |FB3A1 |Burpara nosiTps B peaktop Al BY3IB -4 IIT.
37 |FB3A2 |Burpara noBitps B peaktop A2
38 |FB3A3 |Burpara nositps B peaktop A3
39 |FB3A4 |Burpara noBitps B peaktop A4
BuroroBurn 4 Godmuxu. Bpidatn 4 Godumxn B OIpPOBIT
40 |P3Al | Tuck nositps B peaktop Al CTUCHEHOTO NOBITPSI. " i Kpyr D30, Cr3 1025 .
41 |PB3A2 | Tuck noBiTpsi B peakTop A2
42 |Pe3A3 | Tuck nositpsi B peaktop A3
43 |PB3A4 | Tuck nositps B peaktop A4
Temmeparypa po3uuny B peakrtopi| PeBidisi icHyrounx kuiienb 4 -mr. Buroromiennss Ta 3amiHa
44 | TpAl Al JeheKTHHX KHILIeHb.
45 | TpA2 | Temmeparypa po3unHy B peaKTopi
A2
46 |TpA3 |Temmeparypa po3uuHy B peaxTopi
A3
47 (TpA4 | Temmeparypa po3umHy B peakTopi
A4
BuxonaT! NpoeKT Ha BPi3KY IOBOPOTHHX 3acIiHOK J1y80 4 mir. Ha
ninli momayi MApH B KOJEKTOp napomoBiTpsmoi  cymimi. | Jhuer 6=20, Cr.3 - 0.4 M Kpyr o 16,
Burorosumn 8 duianmis Jy80, Py4,0 MIla, 16 mmumsox M 16.| Cr.3,L=2.1 m.n, I'aiikaM16-321ur.
48 |WnAl | HarpiBanus po3uuny B peaktopi Al | BukonaTu Bpi3Ky noBoporHux 3aciiiHok 1y80 4 mr.
49 (WnA2 | HarpisanHsi po3unHy B peakTopi A2
50 (WnA3 | Harpisanust po3unHy B peaktopi A3
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4.5 TlpoBeieHHS TEXHOJIOTTYHOTO PEXKUMY

OcHOBHI peaxirii mporecy po3KIaaaHHs:
Ti0, + H,SO, = TiOSO, + H,0 + 24,5x10% [k,
Fe0 + H,SO, = FeSO, + H,0 + 122,8 x10°[x,
Fe,05 + 3H,S0, = Fe, (S0,); + 3H,0 + 142x 10°/Tx,
ALQ; + 3H,S0, = Al (S04); + 3H,0,
MnO + H,SO4 = MnSO, + H,0,
Mg0 + H,SO, = MgSO, + H,0,
Ca0 + H,SO, = CaS0O, + H,0, Cr0; + 3H,SO, = Cr, (SO); + 3H,

4.6 Ilopsinok miArOTOBKU MPOBEJIEHHS MPOLIECY B aBBTOMAaTUYHOMY PEXHUMI

JUis mATOTOBKHM peakTopa /10 aBTOMAaTUYHOI'O MPOBEACHHS MPOLIECY allapaTHUK
MOBUHEH:
- IPOBECTHU BI3yaJbHUI OIJIA] CTIH 1 JHUILA PEAKTOPA;
- BIAKPUTH PYYHI 3aCYBKHM Ha TpyOONpOBOAAaX IITOBXAKOYOi, rapsyoi, KUCJIOi BOIH,
CIpYaHOi KUCIIOTH, MapH, CTUCHYTOTO MOBITPSI B PEAKTOP 1 HA IPOYBKY LIbMEHITY;
- 3aKpUTHU JOHHY 3aCYBKY peakTopa.
B aBTomMaTMuHOMY BEAEHHI NPOLECY PO3KIANaHHS - 3a/isHI Taki BHUKOHAaBY1
MEXaHI13MHU:
- KJIalaH Mmojadi cipyaHoi KUCIIOTH B PEaKkTop;
- IMOepHa 3aCiiHKa 3aBaHTAXXEHHS LIbMEHITY B PEaKTOP;
- 3aCJIIHKA MTPOTYBKH 1JIbMEHITY;
- 3aCJIIHKA PEryJIIOBaHHS BUTPATU MOBITPS B PEAKTOP;
- 3aCJIIHKA MOJa4l IIITOBXalo40l BOAU,

- 3aCJIIHKA 1014l Tapu B PEAKTOP.
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4.7 3aBaaHHs TEXHOJIOTIYHOTO PEKUMY PO3KIaIaHHS

3aBiaHHs TEXHOJIOTIYHOTO PEXHUMY TMPOIECY PO3KIagaHHs MPOBOJUTHCS B
PEKUMHIN KapTi peakTopa TEXHOJOTOM BiJJUIeHHS a0o mexy. Ha maHesi rojgoBHOTO
MEHIO HAaTUCKAEThCS KHOIKA «pexXuMHa kapta 1-4» PexxnmHa kapra ckinagaerbes 3 13
oreparliii, ki MOXyTh OyTH BHKOHaHI B Ipolieci po3kiananus. KoxkHa omepariisi mae
3adadl Jii, sKi HEoOXITHO BHWKOHATH JUIS TIEPeXOoJy 10 HACTyIHOI orepartii.
CriocTepekeHHsI MOKHA IMTPOBOAUTH 3 MHEMOCXEMH 1 3 MOHITOpA.

Onmnepariist ~ 1 - npoayBaHHs peakTOpa BCTAHOBJIIOETHCS: BUTpATa MOBITPA 1 Yac
POTYBKH.

Omnepariis ~ 2 - 3aBaHT@XEHHSA CIpYaHOI KHUCJIOTH BCTAHOBJIOETHCS: BHUTpaTa
MOBITPS, KUIBKICTh 3aBaHTAXXyBAaHOI KHUCJIOTHM B TOHHAX MOHOTIpaTy 1 B TOHHaxX
HaTypH.

Omneparrisi ~ 3 - 3aBaHTaXEHHS UIBMEHITY BCTAaHOBJIIOETHCS: BUTpaTa MOBITPS

KUIBKICTh 3aBaHTaXXKEHOTO UTbMEHITY, KOS(ILIEHT CITIBBITHOIICHHS.

Onepanisi ~ 4 - mnepeMilllyBaHHS BCTAaHOBIIIOETHCS: BHUTpaTa MOBITPS, Yac
nepeMilTyBaHHs.
Onepanisi ~ 5 - 103yBaHHS IITOBXAKOUOi BOJM BCTAHOBJIIOETHCSA: BUTpaTa

TOBITPS, KiJbKICTh 3aBaHTAXyBaHOI BOJAM B M, KOHIIEHTPAI[iSl PO3BEICHHS.

Omnepariiss ~ 6 - mWIrpiB CyMilll BCTAHOBIIOETHCS: BUTpaTa TMOBITPS,
TeMIiepaTypa J0 AK0i HEOOX1AHO MIAITPITH CYMIII B pEaKTopi, a00 yac HarpiBaHHS.

Onmepariisi ~ 7 - OCHOBHA peakKIlisi BCTAHOBJIIOETHCSI BUTPATa MOBITPSI.

Omnepauis ~ 8 - NpOAyBaHHS IUIaBY BCTAHOBJIIOETHCS: BUTpaTa IOBITPS,
KUIBKICTh TPOJYBOK, YacC MPOIYBKH.

Onmnepartist ~ 9 - BU3piBaHHS BCTAHOBIIOETHCA: BUTPATa MOBITPS - YaC BU3PIBAHHS

Onmnepariist ~ 10 - 0X0JIOMKEHHSI TJIaBy BCTAHOBIIOETHCA: BUTpaTa MOBITPS, 4ac
OXOJIOJIKEHHSI, a00 TeMIeparypa, A0 SKOi HE0OX1IHO OXOJIOIUTH IJIaB.

Omnepartisi ~11 - g03yBaHHS KHCIOi BOJIM BCTAHOBIIOETHCS BHUTpATa MOBITPS,

KUIBKICTh 3aBaHTaXKEHOT'O B PEAKTOP KUCJIOTO po34uHY B%.

52



Onmneparis ~ 12 - mo3yBaHHS raps4oi BOAW BCTAHOBIIOETHCS: BUTpaTa MOBITPA,
KIJIBKICTh 3aBaHTa)KyBAHOI B PEAKTOP Tapsdoi BOAU B M°, KOS(ILI€HT CIIiBBIHOIICHHS.
KoeoilieHT CmiBBIAHOMICHHS] BCTAHOBIIOE KIJIBKICTh TapsAdoi BOAM Ha | TOHHY
3aBaHTaXEHOTO 1JIbMEHITY.

Omneparnis ~ 13 - BWIYyroByBaHHS BCTaHOBIIOETHCA: BHUTpaTa MOBITPS, Yac

BUJIyTOBYBAHHS.

4.8 Bubip pexxumy nepeBipKH OIepIii

[Tepen mouaTkoMm poOOTH 3 PEAKTOPOM UYEpe3 ONMEPATOPCHKY CTAHIIII0 HEOOX1THO
MEPEKOHATHUCS, 1110 BUKOHABYI MEXaHI3MHM YIPABIIHHSAM peakTopa MiJKII0UYeHI 0
KoHTpoJiepa. [Ipu BIOKIIIOUEHHI peakTopa BiJl KOHTpPOJEpa Y BEpXHIA KOMIPI Apyroi
KOJIOHKU BHUCBIUY€TbCsI «P». JlJis MIAKIIOUEHHS peakTopa J0 KOHTposiepa HEOOXiTHO
Ha MYJbTI PYYHOTO YMIPABIIHHS MEPEBECTH MEPEMHUKAY PEKUMY JAHOTO peakTopa B
noJIokKeHHS «A». [Ipu 11boMy B IpyTiii KOJOHIII ITAHEI1 YIPABIIHHS BUCBIUYETHCS «A.
bynb-sika omnepaiiisi mporecy po3KJiagaHHs MOKE MPOBOJUTUCA B aBTOMAaTUYHOMY ab0
pyuyHoMy pexxuMi. Bubip crnocoOy mpoBeneHHs omneparli 3A1HMCHIOETbCS HA MaHel
yOpaBiiHHA peaktopoM. Ilpukian naHenl yOpaBiiHHS peakTopa IOKa3aHUM Ha
nonatok B. Ha maneni kepyBaHHS HaBNPOTH KOKHOI CTail 3HAXOAMTHCS KHOIIKA
BuOOpy pexumy. llonoxeHHss kHONKH «P» O3Hayae pydyHuUld PEXUM NPOBEICHHS
omepartii. [lomokeHHST KHOMKU «A» O3HaYae€ aBTOMATUYHUN PEKUM TMPOBEICHHS
omepariii. Y TpeTiii KOJIOHII MaHel «BUKOHABYMH MEXaHI3M» IO3HAuYCHI 3aCIHKH 1
HacoCH, fKI 3ajisHi B BUKOHAHHI JaHOi omepamii. Y pexumi «P» B KOJOHII
«BUKOHABYMH MEXaHI3M» 3HAXOJATHCS KHONKH BIAKPUTTSA/3aKpPHUTTS 3aciIiHKH 1
MyCKY/3yIUHKM HAcOCiB. 3a JIOMOMOTOI0 ITMX KHOIIOK arapaTHUKOM IPOBOIUTHCS
JUCTAHIIHHE KEepyBaHHS 3acJIHKaMHU 1 HacocaMH TiJ] yac BUKOHaHHsS ormeparitii. [Tpu
nepexoi Ha HACTYIIHY OMEepallito Jisi KHOTIOK OJIOKY€ThCs. 3aBIaHHS BUTPATHU MOBITPS
MIPOBOJIUTHCS Ha TAHEJi PEeryjsTopa BUTPATH TMOBITPS, SKUH 3HAXOIUTHCSA 3 MPABOTO

OOKy maHen ynpaBJiHHS. 3aKiHYCHHS MPOBEACHHS omneparlii PiKCyeThCsl HATUCKAHHSIM
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KHOITKH «3» B KOJIOHIII 3aBEPIICHHS orepartii. ¥ pexumi «A» B KOJIOHI[ «BUKOHABUNN
MEXaHI3M» 3HaXOJIUThCS TUIBKM CHUTHAJI3alllsl CTaHy BHUKOHABYOTO MeEXaHI3MYy.
YropaBiaiHHS TPOBOAUTHCS MPOTPaMOI0  TPOIECY  BIAMOBIAHO 10  3aBIaHHSA,

BCTAHOBJICHOTO: B PEKUMHIN KapTi.

4.9 Ilyck peaktopa B poOOTYy

[Ticns 3akiHUYEHHS BUOOPY pEXUMY TPOBEJICHHS Olepaliidi MPOBOJUTHCS MYCK
nporpamMu IpoBeAeHHs mnporiecy. IIyck MpoBOAUTHCS 3 PEKUMHOI KapTH pPEaKTOPIB
IIUITXOM HATHCKaHHS KJIaBIII «ITyCK peakTopa» aoAd. I'. 3 myckoM mporpamMu modYnHae
BUKOHYBATHCs nepiia oneparis. Ceigonrso npo Il BUKoHaHHI Ha maHeni ynpasiiHHS
MOYMHAE MPaIIOBATH TalkMep orepallii 1 BCTAHOBIIIOETHCS BUTpATa MOBITPS BIAMOBITHO

JI0 3aBJaHHsA go.. /.

4.10 IopsoKk IPOBENCHHS MPOIIECY B ABTOMATUYHOMY PEXKUMI

Bci omneparii, mjo MaroTh aBTOMAaTUYHUI pEeXUM pOOOTH, BUKOHYIOTHCA B
3aJlaHiii MOCIIJOBHOCTI 0€3 BTpyuYaHHs amapartHuka. Ha manHeni ynpaBiiHHS 3€JIE€HOIO
CTPIUKOIO MMO3HAYAETHCS BUKOHYBaHa onepanis. Ha 3aransHoMy kaapi «Po3kiiagaHHs»
1 HA KOXHOMY pEaKTopi BiOOpakaeTbCcs BUKOHYBaHa oOIlepallis, BUTpaTa 1 THCK
MOBITPSI, TEMIIEpATypa B PEaKTOPi, MOJOKEHHS BCIX 3aCIIHOK. 3 BIAKPUTTSIM 3aCIiHKH
3MIHIOETHCS 1 KOJIIp JIiHI1, KA MOKa3y€e HAPSIMOK PyXy MOTOKY.

[Ipu migxomi g0 omepariii 3 pexxumoMm poboTu «P» mporpama 3ynuHSETHCS 1
yeKae i anapaTHUKa. AMAapaTHUK MOBOAUTH YIPABIIHHS 3aCIiHKAMU 1 HACOCAMH B
pyYHOMY peXuMi nuctaniiido. [licns 3akiHueHHS omeparlii Ha MMaHell yInpaBiiHHS B
KOJIOHII «3aBepIIeHHS Omeparlii» HATUCKAEThCA KHOMKA «3» 1 mporpaMa mepexoauTh
70 BUKOHAHHS HACTYIHOI oOmepallii, SKII0 BOHA 3HAXOIUTHCS B aBTOMATHYHOMY

peXUMI.

54



[IpoayBaHHS. PGFy.TISITOpy BHUTpPATH HOBiTpH BCTAHOBJIIOETHCA 3aBJaHHA 3FiIIHO

PeKMMHOI KapTH peakTtopa. Bxirodaetbes TalimMep omepanii. I[lpoayBaHHs
3aKIHUY€E€ThCS MO 3aKiHYEHH1 3amaHoro vacy. Ilporpama mepexoauTh 0 BUKOHAHHS
HACTYITHOI omeparti.

3aBaHTa)XEHHS CipyaHOi KucaoTd. llepes modaTkoM BHUKOHAHHS —oOIepariii

3aBAHTAXXEHHS TEPEBIPAETHCS TOJOXKEHHS 3aCIHOK 3aBaHTAKEHHS KHUCJIOTH B
peaktopu 1 Hacocu PCl, PCRI. fkmo Bce 3aciiHKU 3HAXOASATHCS B 3aKPUTOMY
MIOJIO’KEHH1, TO OTepallis BUKOHYEThCS. SIKIIO € CUTHAI BIAKPUTTS Oy1b-AKOi 3aCIIIHKH,
Ha MaHeNl yIpaBIiHHI PeakTOpoM 3'sBIsie€Thes Harmuc «IM He BIAMOBiAa€ BUKOHYBaHIM
ormepaitlii», a B KOJOHIIl «omepalis 3aBepiieHa» kHomka «OK». B mpomy Bumaaky
arapaTHUK MOBUHEH 3'SICYBAaTH MPHUYMHY MOBITOMIICHHS, YCYHYTH 11 200 TIPOJOBKUTH
BUKOHAHHS omepanii, HaTUCHYBIIM KHONKY «OK». Onepatiisi peakTop BUKOHYETHCS B
HACTYIHIM MOCIITIOBHOCTI:

- BIJIKPUBAETHCA 3aClliHKA 3aBAaHTAKEHHS KHUCIOTH B PEAKTOp MpPU IBOMY
OJIOKYIOTbCSI KOMaH/IM Ha BIJIKPUTTSA 3acCJIHOK B IHIII PEAKTOpH, B €MHICTh 9/1, B
no3arop 4/5;

- BIJIKpMBAETHCS 3aciliHKa Ha BCMOKTyBaHHI Hacoca PC, BKiIIoUa€eThCsl HacOC; uepes
2 cex BIIKPUBAETHCS 3aCiIIHKA HA HATHITAHHI HACOCA;

- KUIBKICTh KHUCJIOTH, IO HAIXOJWUTh, BUMIPIOETHCSI MACOBUM BHUTPATOMIPOM,
BCTAHOBJICHUM Ha BCMOKTYBaHHI Hacoca.

BumiproBaHHS TPOBOAUTHCA B TOHAX MOHOTiApaTy (MHT.) 1 B ToHax (T). CymapHe
3HAYCHHsS 3aBaHTaXXyBaHO! KHCJIOTH B pEAKTOp IIOKAa3aHO B KOJOHLI «IOTOYHE
3HAYCHHs». SIKIIO B TIAHEN1 yNpaBIIiHHA 3a7aHe 3aBAaHTAKEHHS KHCJIOTH B TOHHAX MHT.
(ITokxazana kHomnka «TM»), TO Ip1 pIBHOCTI CYMAapHOTO 3HAYEHHS 1 3aBJAAHHS B T. MHT.
3aBaHTAKCHHS 3yNMHUHIETHCS. SKIO B TaHENl yHpaBIIHHS -3aBJaHHS 3aBAHTAXKCHHS
KHCJIOTH B TOHHaX (MOKa3aHa KHOMKa «T»), TO mpu piBHOCTI CyMapHOrO 3HAYEHHS 1
3aBJlaHHS B T., 3aBaHTAXCHHsI 3YMUHSAETHCS; MPHU 3YNMUHLI OJTHOYACHO 3aKPHUBAIOTHCS
3aCJIIHKM 3aBAaHTAXEHHS KUCIOTH B PEAKTOp 1 Ha HArHITaHHI HAcoca, 3YMUHSETHCS
HAcOC, 4Yepe3 KIIbKAa CEKyHJ 3aKpHBAE€ThCS 3acliHKa Ha BCMOKTYBaHHI Hacoca 1

3HIMAETHCS OJOKYBAaHHS KOMaH]l Ha BIAKPUTTS IHIIMX 3aCIIHOK CIpYaHOi KHCIIOTH.
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[Ticns 3akiH4YeHHs omeparllii B KOJOHII «(dakT» (IMaHexl yrpaBliHHS) B1I0OpakaroThCs
Maca (paKTUYHO 3aBAHTKEHOT KUCIOTU. 3HaueHHS (DaKTMYHO 3aBAHTAKEHOI KHCIOTH
HiJCYMOBY€ETHCSI OKPEMO 1 BUKOPUCTOBYETHCS B QYHKINT «OOTIK».

3aBaHTaKCHHS iJII)MeHiTV. Hepezl ITIOYAaTKOM  3aBaHTAXXCHHI HCpCBipHGTBCH

HAsBHICTh UIBMEHITY B MIpHHKY Sil. Maca ibMeHITY B MIpHUKY IMOBHHHA OYyTH
piBHOIO a00 OUTBIIOI 3a MAaKCUMAaJbHY Macy, 3aJlaHy B PETyJIATOpl 3alOBHEHHS
MmipHuka Si 1. Jlo3yBaHHS LJIBMEHITY B PEAKTOP MOXKE MPOBOJUTHUCS B aBTOMAaTUYHOMY
PEeXHMI 1 PEKHUMI CHIBBIAHOIICHHS. B aBTOMaTHYHOMY pexXuMi J103yBaHHS 1JIbMEHITY
MIPOBOJAMUTHCS 3T1IHO 13 3aBJaHHSAM, BCTAHOBJICHUM B PEXKUMHIN KapTi.

VY pexumi CHiBBIAHOLIEHHS (BKJIIOYA€THCSA HATUCHEHHSAM KHONKH «C»)
3aBAHTAXKECHHS 1JIbMEHITY B1JIOYBA€THCA BIAMOBIIHO 10 KOE(DII[IEHTA CIIBBIIHOIICHHS.
KoeditieHT criBBiAHOIIEHHS BU3HAYa€, B SKOMY CHIBBIJIHOUICHHI 1JIbMEHIT MOBHUHEH
OyTH 3aBaHTAKEHUU J10 KUIBKOCTI 3aBaHTaXeHO1 KUcJIoTH. Hanpuknazn, npu (pakTHIHO
3aBaHTaXCHIN KucioTi 49 T. 1 koedimieHTi cmiBBigHOmEeHH] 1.77 3aBaaHHA Ha
3aBaHTAXKCHHS 11bMeHITY ckiane 49 / 1.77 = 27.68 1. 1lg BenuunHa cTae 3aBJIaHHAM 1
BIJIOMBAETbCA B KOJIOHLI «3aBJaHHA» MaHeml ynpaBiiHHS. Jlo3yBaHHS 1IbMEHITY
MIPOBOJIUTHCS B HACTYITHIN TTOCIIIIOBHOCTI:

- BIAKPUBAETHCS KJIAIaH M0/1aul MOBITPS HA MPOAYBKY UIBMEHITY;

- BIAKPUBAETHCS IMOEPHA 3aC/IIHKA 3aBAHTAKEHHSI NIBMEHITY B PEAKTOD;
- 3aKPUBAETHCS KJIallaH MOBITPS MPU 3aBaHTaXXEHHS 96% BiJ1 3aBJIaHHS;

- 3aKpUTTS IKMOEPHOT 3aCTIHKH MPU 3aKIHYEHH] 3aBAHTAKEHHS.

3aKiHUYCHHS 3aBaHTA)XEHHSI BU3HAYAETHCS 3a OJIHAKOBOI KUIBKOCTI PI3HMIN MK
Macol0 UIBMEHITY Ha MOMEHT BIAKPHUTTS HMIMOEPHOT 3aCIHKK 1 TOTOYHOMY 3aBJ/IaHHI,
BCTAHOBJIEHOMY B KOJIOHIIl «3aBAaHHs» MaHesl ynpaiiHHA. [1o 3akiHUeHHIO omnepartiii
B KOJIOHII «(}akT» (maHesl yrmpaBJIiHHS) MOKa3yeThCs Maca (PaKTUYHO 3aBAHTAKEHOTO
1JIbMEHITY.

[lepemintyBanHs. Perymaropy BUTpaTu MOBITPS BCTAHOBIIOETHCS 3aBIaHHS

3TITHO CXEMHOI KapTH peakTopa. BrmrodaeThcs TaiimMep omeparlii mepeMinryBaHHS.
[licnst 3akiHYEHHS 3aJaHOTO 4Yacy ISl MEepeMilllyBaHHs IporpaMa MNepeXoJuTh 0

BHUKOHAHS HACTYITHOI Oneparii.
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3aBaHTaKCHHS IITOBXAKYO0l1 BOJH. Hep ca IIOYaTKOM 3aBaHTAaXCHHA

nepeBIpsIETHCS HAsIBHICTh BOJW B MipHUKY SR2, SR3: piBeHb BOJM B MIpHUKY ITOBUHEH
JOpiBHIOBaTH a0o0 Oibllle MaKCHUMAaJbHOTO pIiBHSA, BCTAHOBIIEHOTO B PETYJISATOPI
3aII0BHEHHS MIpHHMKA. 3aBaHTAXCHHS ILITOBXA0UO01 BOJU MOXKE POBOJUTHUCS B PEKUMI
«aBTOMAaT» 1 KOPEKIi KOHIIEHTpaIlii po3BeneHHs - KHomka «KP». ¥V pexumi «A»
HITOBXar4a BOJA 3aJIMBAETHCS BIAMOBITHO O 3aBAAaHHS, BCTAHOBJICHOTO B PEXKUMHIN
kapTi. [licns 3akiHYeHHS 3aJaHOTO 4Yacy AJs MEepeMillyBaHHS Iporpama MepexoauTh
710 BUKOHAHHS HACTYITHOT omepartii.

3aBaHTaKCHHS IITOBXAKY0l BOJH. Hepen IIOYaTKOM 3aBaHTAXCHHS

nepeBIpsAETHCS HAABHICTh BOJU B MipHUKY SR2, SR3: piBeHb BOAM B MIpHUKY ITOBUHEH
JIOPIBHIOBATH a00 OUIbIlIEe HA 37UB IITOBXar4oi BOAU. BigKpuBaeThCs 3aciuiHKa mojayi
BOJAU B peakTop. BioKyeThcs KOMaHIM Ha BIIKPUTTS 3aciIHOK Ha 1HIIL peakTopa.
Perynsarop moBITps BCTaHOBIIIOE HEOOX1HY BUTpaTy. BuMiproBaHHS KIJIBKOCTI BOJH,
[0 3JIMBAETHCS, MPOBOANUTECS B M. Ilicist 3aKiHYeHHs orepallii B KOJOHI «(haKT»
(man”eni ynpasiiHHS) BIZOOpakaeThCsl KIIbKICTh 3aBaHTAXKEHOT BOJIU B PEAKTOP.

[TixirpiB. BigkpuBaeThes KianaH mnojayi napu B peaktop. Perynstopy BuTpatu
HOBITPS. BCTAHOBJIIOETHCS 3aBJAHHS 3T1IHO PEKHUMHOI KapTU peakTtopa. Y PeKUMHIN
KapTl BCTAaHOBJIIOETHCS TeMIeparypa HarpiBy abo uvac HarpiBaHHs. [lpu 3aBnaHHI
TEeMIIepaTypy HarpiBy olepalis TPUBA€E 10 JOCSITHEHHS 3a]aHOi TeMIIEpaTypHu HarpiBy.
[Tpu 3aBnaHHI yacy HarpiBy oreparis TPUBAE 0 3aKiHYEHHS 4acy HarpiBy.

OcHoBHa peakuis. Perynsitopy BUTpaTH TOBITPS BCTAHOBIIOETHCA 3aBIAaHHS

3TiAHO PEKHUMHOT KapTH peakTopa. CHUCTEMOIO yNpaBIiHHSA KOHTPOJIIOETCA XapaKTep
3MIHM THCKY TOBITps mia 4dac omepariii. OCHOBHA peaKkilisi BBAXKAETHCSA 3aKIHUCHOIO
iCIIst 3aKIHYSHHSI 3-X XBWJIMH MICIsI 3MEHIIIEHHS TUCKY MOBITpst Ha 0.3 ATMm.

[IponyBanHs. Perynaropy BUTpaTu TOBITPS BCTAHOBIIIOETHCS 3aBJIaHHS 3T1IHO

PEXKUMHOT KapTH peakTopa. KiTbKiCTh NPOAYBOK BCTAHOBIIIOETHCS B PEXKUMHIN KapTi.

BuspiBanns. Perynsitopy BUTpaTH TOBITPS BCTAHOBIIOETHCS 3aBAaHHS 3T1IHO
peKUMHIN KapTi peakTopa. BkiouaeTscs TailiMep omeparlii BuspiBaHHs. [lics
3aKIHYEHHS 3alaHOTO 4Yacy JJIs BHU3pIBaHHS TMporpamMa MEepexOauTh JO0 BHUKOHAHHS
HACTYITHOI onepartii.
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OXOJIOII}KCHHSI. PGFy.TISITOpy BHUTpPATH l'IOBiTpH BCTAHOBJIFOETHCA 3aBJaHHA 3Fi,ZIHO

PEXKUMHOI KapTH peakTopa. Y PEeKHMHIA KapTi BCTAHOBIIOETHCS YaC OXOJOKECHHS
abo TeMriepaTypa o0xoJio/pKeHHs. [Ipyu mpoBeaeHH1 oneparlii 3a 4acoM BHTpaTa MOBITPS
3QJIMIIAETHCS CTA0ILHOIO J10 3aKIHUCHHS 33a/1aHoro vacy. [Ipu npoBeeHHi onepariiii 1o
TEMIIepaTypi BUTpATa MOBITPS 3aIUIIAETHCS CTAOUTHPHOIO A0 JOCSITHEHHS 3aJaHoi
Temrnepatypu. Y pasl 3aBIaHHS B PEXKUMHIN KapTi BUTPATHU MOBITPSA 1 TeMmepaTypu
oxoJIoKeHHS piBHUM (), TaHa omepallis MporpaMor0 He BUKOHYETHCS 1 MEPEXOAUTH 10
BHKOHAHHS HACTYITHOI omepariii.

J103yBaHHSI KMCJIOTO PO3YHHY. Hepen ITIOYAaTKOM 3aBaHTAXCHH HGpGBipiIETBCiI

HasBHICTh KUCJIOT Boau B MipHUKY SR\9. PiBeHb BOIM B MIpHHKY Ma€ JOPIBHIOBATH
abo OurplIe MIHIMQJIBHOIO pIBHS B MIPHUKY. B 1HIIOMYy BHIOaaky ormnepamis He
BUKOHYETHCS. 3aKIHUCHHS JI03YBaHHS KUCIIOT BOAM BIIOYBAETHCS MIPU PIBHOCTI Pi3HUILII
pPIBHIB Ha MOMEHT BIAKPHUTTS 3aCIIHKM 3JMBY 1 MOTOYHOTO, 3aJaHOTO B PEKHUMHIM
KapTi peakrtopa. [licis 3akiHUeHHs omepailii B KOJOHII «(akT» (maHemnl yrnpaBiIiHHS
peakTopa) BiIoOpakaeThCs KUTbKICTh 3aBAaHTAXEHOI BOJIA B PEAKTOP.

Jlo3yBaHHsl rapsdoi Boau. llepen moyaTkoMm 3aBaHTaKEHHS NEPEBIPSIETHCS

HAsBHICTh rapsiyoi Boau B MipHUKY SR4. PiBeHb BOAM B MIpPHUKY ITOBHHEH
JOPIBHIOBaTH a00 Oubllle MaKCMMaJbHOTO pIBHS; BCTAHOBJIEHOTO B PErYJsATOPI
3anoBHeHHs MipHUKa (WSR4). B iHmomy Bunaaky omneparis He BUKOHY€EThCA 1 B BIKHI
MIPOBENICHOI OTIepallii BUCBIUYEThCS MTOBITOMIICHHSI. 3aBaHTAXKEHHS MOYKE TTPOBOIUTHUCS
B PEXHUMI «aBTOMaT» al00 «CIHIBBIIHOIICHHS». Y pexumi «A» rapsya Boja
3QJIMBAETHCS BIIMOBIAHO JI0 3aBIaHHS, BCTAHOBJIICHOTO B PEXKHMMHIN KapTi peakTopa. Y
PEXKUMHIN KapTi KUIbKICTh BOJAM, IO 3aBAaHTAXKYETHCH, 3aTa€ThCsi B%. Y pPEXUMI
«CHIBBIHOIICHHS» 3aBAaHTAKEHHS Tapsiyoi BOAM BiIOYBA€ThCS BIAMOBIAHO O
KoedillieHTa CITiBBIAHOMICHHS 0 KIIbKOCTI (JaKTHYHO 3aBaHTAXKEHOTO 1JIbMEHITY.
3aBaHTaXXEHHS BOJY MTPOBOAUTHLCS B TaKik MOCIIIOBHOCTI:

® BIJIKPUBAETHLCS 3aClliHKa HA BCMOKTyBaHH1 Hacoca PCo;

®[IpOBOANTHCS MycK Hacoca PC6;

® BIJIKPUBAETHCS 3aC/IIHKA HA 3aBAHTAXKEHHSA Tapsiuoi BOAU B PEaKTOP;
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¢ OJIOKYIOTHCSI KOMaHIM Ha BIIKPUTTS 3aCIIHOK Tapsiuoi BOJIU B 1HIII PEaKTOPH;
eIliciIsl 3aKiHUEHHS 3aBaHTAXCHHs 3yNMUHsAEThCS Hacoc PCO, uepes3 KijgbKa CEKyHI
3aKpUBAETHCS 3aCIIiHKA 3aBaHTAXCHHS B PEaKTOp 1 HA BCMOKTYBaHHI Hacoca.
3aKkiH4eHHA J03yBaHHS BiAOYBAa€TbCA MPH PIBHOCTI PI3HUII PIBHIB HA MOMEHT
nycky Hacoca PC 1 morouHomy, 3aJaHoMy B pEeXHMHINH kapTi peakropa. [licms
3aKiHYeHHS omeparmii B KOJOHI «dakT» (MaHedl yOpaBiIiHHS  peakTopa)

BiJIOOpaKA€THCS KUTBKICTh 3aBaHTAXKEHOI BOJH B PEAKTOP.

BuiniyroByBanHs. Peryisitopy BUTpaTH MOBITPS BCTAHOBIIOETHCS 3aBJIaHHS 3T1IHO
PEKUMHOI KapTH peakTtopa. Taiimep omeparrii BU3piBaHHS BKIIOYAETHCA HA MOYATKY
3aBaHTaXKeHHS Kucyoi Boau. Ilicis 3akiHUEHHS 3aJlaHOTO Yacy JJis BUJIYTOBYBaHHS
mporpaMa 3ynuHsi€ mpolec. BuTpara MmoBiTpsi BCTAHOBIIOETHCS PiBHOIWO «O0». Jlns
MPOBEJICHHS BIJKAUyBaHHS PO3YMHY 3 PpEAKTOpa BIAKPUBAETHCA 3acCyBKa 3JIMBY

PO34YMHY BPYUHY.

4.11 Iopsmok po6oTH OJIO0KYBaHb

Ha BciX BHKOHAaBUMX MeEXaHI3Max, IO OepyTb YydacTb Yy 3aBaHTaKEHHI
KOMITIOHEHTIB B PEaKTOpP BCTAHOBJICHI KIHIIEBI BHMHKadYi, SIKI CHTHAJI3YIOTh PO
(bakTUYHUN CTaH BMKOHABUOI'O MexaHI3My. Bci curHaiau Bij KIiHIIEBUX BUMHUKAYIB
HaaxosaTh B KOHTposiep ACY 1 BUHOCHY CXeMy AUISIHKY PO3KJIaJaHHs. Y KOHTpOJepl
BIIOYBAa€EThCS X OJMOKYBaHHS a00 yHpaBiIiHHS 3aciiHKamu. BiokyBaHHS ympaBiliHHS
3aCJIIHKaM¥ TIPOBOIUTKCS 110 TPYIIax:
® 3aCJIIHKHU 3aBaHTaXEHHs cipuyaHoi kuciaoTu B peaktopu Al =4, B SRI/1, B SR4\5;

3aCNIIHKM 3aBaHT@KEHHS IITOBXal4oi Boau B peaktopu Al,2 1 3aciiHka

3anoBHEHHS SR2 BO0}10;
® 3aCHIHKH 3aBaHTAXCHHS INTOBXalouoi Boau B peaktopu A3,4 1 3acimiHka
3anoBHeHHA SR3 Bo10I0;

® 3aCJIHKM JI03yBaHHS KUCJOi BOIU B peakTopu Al =4;
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e 3acimiHka 3muBYy 3 eMHOCTI SRO\l 3 3acminkamu 3amoBHeHHS SRO\1 Bomoro i
KHCJIOTOIO;

® 3aCIIIHKH JI03yBaHHS rapsdoi Boau B peaktopu Al =4;

e 3aciiHka BcMoOKTyBaHHs Hacoca PC i1 3acminka 3armoBHeHHs SR4 Bomo10;

® 3aCJIIHKU JI03YBaHHS 1JIbMEHITY B peakTopu Al, A2 1 pobota pemiepy ET1;

® 3aCJIHKM JI03yBaHHS UIbMEHITY B peaktopu A3, A4 i pobota pemiepy ET2.

S0 peakTop MAKIIOYEHUN 0 KOHTPOJEPA, TO 3aCIIHKU 1 HACOCH, 110 OEpyTh
y4acTh B MOro poOOTi, KOHTPOJIIOIOTHCS CHUCTEMOIO ympaBiiHHS. Hampukinaz, sKimo
MPOBOJUTHCA 3aBAHTAXKEHHSI CIpYaHOi KUCIOTH B peaktop Al, To OJIOKyeThCs
BIJIKPHUTTS 3aCJIiHOK B peakTopu A2 =4 i emHocti SR9/1, 1 SR4\5211 = 1.

briokyBaHHS i€ Ha aBTOMATHUYHUN 1 PYYHUN PEKUMHU YIPABIIHHSA PEAKTOPOM.
SAxio mijg yac aBTOMaTUYHOTO BUKOHAHHS OMepalii 3aBaHTaKEHHS CIpYyaHOl KUCIOTH
BUSIBWINCS BIIKpUTI (200 HAAXOASATh CHUTHAIIM, IO BIAKPUTI) 1HIII 3aCIIHKH, TO
nporpama 3ynUHSETHCS 1 Y BIKHI MPOBENEHOT orepallii BUCBIYYETbCS MOBIIOMIICHHS
«BM He BiamoBigae mpoBeAeHIN ormeparlii» AnapaTHUK MOBUHEH MEPEBIPUTH CTaH
3aCYBKM Ha TpPyOOIPOBOJI 1 MOE MPOJOBXKUTH OIEpallilo, HATUCHYBIIM KHOIKY
«OK». Peaktop Moxe OyTH BIIKIIOUEHHI BiJ KOHTpoJsiepa. BilKiIoueHHs peakTopa
IIPOBOJUTHCSA HA MYyJIbTI PYYHOTO YIPABIiHHS MEPEKIAIOM KI04a B MOJIOKEHHS «Py.
Ha maneni ympaBniHHA BHCBIUyeThcs OykBa «P» B 1boMy BUNaaxky yrpaBiiHHS
3acCJIIHKaMU BUKOHYETHCS 3 MyJIbTa HA PO3CY/]I allapaTHUKA.

Bce 3acninku peakTopa i EeMHOCTEHN BiJl CUCTEMU OJIOKYBAaHHSI BIAKITIOYAIOTHCS.

4.12 Ilopsnok poOOTH 3 peryasaropamu

[lepexin B kaap 1HAMBIAYATBHOTO PETYJSATOPA MOKE MPOBOAUTHCS 3 3arajlbHOrO
KaJIpy AUISTHKY 1 3 TTaHEN1 Tpyn peryisaTopiB. [I[poBoIUThCS BCTAHOBIEHHS KypCOpy Ha
HEOOX1IHUN PErynsTop, NpU LBOMY aKTUBYEThCS paMka. HaTHUCkaHHSM Ha KiaBilly

«MMILID» BIIKPUBAETHCS BIKHO HEOOX1THOTO PEryJsTopa.

60



[lepexin B Kaap Tpynu pPEryjsTOPIB NMPOBOAUTHCS HATUCHEHHSIM HAa HOMEP
rpynu. [Ipu 11poMy BIJIKpUBA€ETHCS MaHENb peryyaropa ado maHeni oOpaHOi rpymnu 3
TPEHIOM TOTOYHUX 3HauYeHb mapameTpiB. [loToyHe 3HAYeHHS 3MIHHHX, SKi
CYNPOBOIKYIOTh POOOTY LIMX PETYIATOPIB, MPEJCTABICHI B HIKHIM YacTUHI Kaapy. Y
HIDKHIM YacTHHI MaHENl PEeryisaTopiB BioOpa)karoThCS MINCHI 3HAUYEHHS 3MIHHUX.
CroBmyacTi Alarpamu Mokas3ykoTh:

- MIEpIINI CTOBMYUK - IOTOYHE 3HAUYCHHSI PEryJIbOBAaHOT BEJIUYNHH,
- IPYTH CTOBIYMK - 3HAYCHHS 3aBJaHHSI, [II0 BBEICHE OTIEPATOPOM;
- TPETiH - JisI BAKOHABYOTO MEXaHI13My 10 BUKOHAHHIO 3aBIaHHS.

VY pasi poboTH peryisTopa B pydHOMY PEKUMI OTOYHE 3HAYEHHS PETyIbOBaHO1
BEJIMYMHU 301ra€ThCsi 3 KPHUBOKO [1i BUKOHABUOTO MEXaHI3My. Y HWXKHIA YacTUHI
perymisiTopa 3HaXOAWThCS KiaBima «IlcTopis», NMpU HATUCKaHHI SKOi BiIOYBA€ThCS
nepexiy B KaJp I1HAUBIAyaJdbHOro peryisaropa. KoxeH perynsTop 3ade3neueHuit
Tabnuiero KoedilieHTiB HaMamTyBaHHs (KHONIKY «HanamtyBanHs PIDy»). Koedimientu
HAJIAIITYBAHHS CIIY>KaTb JJIsl PETYJIIOBaHHS HIBUAKOCTI 1 Yacy BUKOHAHHS BBEICHOIO
oneparopoM 3aBaaHHs. KoedinieHTn MOXyTh OyTH 3MIHEH] B MPOIEC] HAIAIITYBAHHS
perynsropa. HanamryBaHHs peryiasiTopa BUKOHY€E BIANOBIIaJbHUM 32 TEXHIYHUNA CTaH

1 ekcrutyataiito ACYTII «Po3knaganHsy.
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5 JOCJI/PKEHHSA I MOAEJIFOBAHHA ACY TII BUPOBHULITBA IBOOKUCY
TUTAHY

5.1 3aranpH1 YKCeIbHI JaH1 MACUCTEMHU PEaKTopa PO3KIIaIaHHs

Y peaktop pO3KJIamaHHS 3 TOCTIHHUM O0'€eMOM PEaKIiiHOI  CyMIII,
3aBaHTaXyeTbCs pinka cymim pedoBuH A, B, C, D temmneparypoio t,, = 80 °C,
xoutentpamiit C,™ = 354,8 moas/m®, Cg™ = 42,0 moms/m®, Cc™ = 13,8 moms/m° i Cp™

= 32,9 monb/M3. Y peakTopi MPOTIKAE XIMIYHA PEAKIIIS 32 CXEMOIO

A+B+C+D PE+F+G+)

31 mBuAKicTo peakuiir = A *exp (-E/ (R * T) * C; * Cj mons / (v * ¢). TyT MHOXKHHEK
A = 30 (momp*c*m’)?, enepris aktupaiii E = 12000 J[>x/mMoib, yHIBEpcaabHa ra3zona
craa R = 8.314 JIx / (mons*K) 1 Temneparypa cymimn B peakropi T, K. TemnoBuit
eeKT ex30TepMiuHoi XiMiuHO1 peakuii 287200 J{»/Moib. [ MIATPUMKHA HEOOX1THUX
YMOB TPOTIKaHHS peakuii B COPOYKY JUJII HarpiBy TMOJAETbCA TEIUIOHOCIH
Temmeparypoo t,” = 150°C, ams oxomomkeHHs tn™ = 70°C. KoedimieHT
Terionepeaayi Bij TeIioHocis A0 peakuiitHoi maci K, = 1000 Jx/(M**c*K). Ha Bxoxi
B COpPOYKY BCTAHOBJICHI KJIamaHU JJIs MOJadl rapsidoro 1 XOJIOJHOTO TEIJIOHOCIS 3
MPOMYCKHOIO cripoMoskHICTIO Kyg 1 K, BiimoBiIHO. THCK TEMIOHOCIS Mepe] KiiarnaHOM
P1=230000 ITa. Tuck temmonocis B copouri P, = 101325 Ila. TemmoemHOCTI 1
IIIJILHOCTI PEAKIIMHOT MacH 1 TEIJIOHOCIS BBAXKAIOTHCS TMOCTIMHUMHU 1 JIOPIBHIOIOTH
BianoBigHo Cpy = 3500 JIx/(xr*K), p,= 800 kr/m’; C, = 4100 Jx/(kr*K),
0,=1000 Kr/nm°. [Tapamerpn cucremu perymoBanHs: III - perymsatop, 30Ha
HeuyTIIMBOCTI A = 0%, iHepiiiHicTh natuuka T = 170 ¢, giana3oH Bumipy Bia - 50 10

+ 120 °C.
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5.2 IlomanHs peakTopa po3KiaiaHHs sIK 00'eKTa yrpaBiIiHHS

PosrnsaeMo XiMiYHHI peakTop po3KIaJaHHA K 00'€KT ynpaBiiHHS. Byab-skuii
TEXHOJOTIYHUN TMpolec K O0'€KT YHpPaBIiHHSA XapaKTepU3YETbCS HACTYIHUMU
OCHOBHUMHU T'pYyIlaMH 3MiHHUX.

1. 3MiHHI, 3MIHOIO SKHX CHCTEMa PETyJIIOBaHHS MOXXE BIUIMBATH Ha 00'€KT 3
MeTol0 ynpaBiiHHA. CyKyNnHICTh IUX 3MIHHUX Ha3WBAaIOThb BEKTOPOM PETYJIIOIYHUX
BIUIMBIB. 3a3BWYail PEryiiOl0YMMH BIUIMBAMH CIY>KaTh 3MIHM BUTpAT MaTeplalbHHUX
MOTOKIB 200 MOTOKIB €HEPTii.

2. 3MiHHI, 3MIHA SIKUX HE MOB'A3aH1 3 BIUIMBOM CUCTEMU peryitoBaHHs. L1 3minu
BIIOOpaXkaloTh BIUIMB HA PpEryJbOBaHUA OO0'€KT 30BHIINIHIX YMOB, 3MIHHU
XapaKTEPUCTHK CaMOro 00'eKTa i T.II. IX Ha3MBaIOTh 30ypIOIOYUMH BILIUBAMH

B nmepmy rpyny BXxigHUX 3MIHHHUX HeoOxigHO Bkitouutu Gt 1 Tt, a y npyry-

CA-sx CB~3x CC-ex C

Dex - T., Py 1 Pa. Buximai 3miHHI 00'€KTa - 1€ T1, 3HAUCHHS SKI

BHACIIIIOK 3MIiHM BXiJHUX 3MIHHMX 3MIiHIOIOTHECS. Y HAIIOMy BMNanKy Takumu € C, .

C C C C C C

B-6ux 1 C-gux 1 D-sux » E-6ux 1 F-6ux » G-6ux 1 CJ-eux ) GTBI/IX) TtBI/IX) TBI/IX'

Takum 4MHOM, XIMIYHUN PEAKTOpP PO3KIaIaHHs MOKe OyTH MPOUTIOCTPOBAHUI HA pUC.

5.1.
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CABx CBBJ( CCBx CDBx pl Pa TBX

{q

A-guix
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I
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Pucynok 5.1 - Ximiunuit peaktop poskiagaHus sk OY

5.3 MaTtemMaTu4HHI ONMKUC JTUHAMIKH 00'€KTa yIpaBIiHHS
3anuiieMo piBHSHHS JTUHAMIYHUX PEXKUMIB JOCIIKYBaHOTO 00'ekTa. CKiIaaemMo
BIJIMOBIAHI PIBHSHHS JIs KOXKHO1 3 BX1THUX 3MIHHHX.

1) [TokoMIIOHEHTHUI MaTepialIbHUI OadaHC B IMHAMIYHOMY PEKUMI OTPUMYEMO TaK:

[Hakonmuenns koM. X] = [mpuxig koMmir. X] - [yOyBaHHS KOMIT. X |
A(Ca* V) =G * Cane *AL - 1% V%A,

[TomHOXMMO 11€ piBHSIHHS Ha 1/At 1 cripsimyemo At 10 HyJIs1, 32 YMOBH, 110 00CAT

CYMIIIIl B amaparti 3aJIIIAETHCS TOCTIHHUM V1 = const, TO/I1 MaeMO:
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Vy*0d(CA) =G *Came—F * Vi (5.1)
CA|t=0 :CABX

VY piBusnHI (3.1) 1 - MBUAKICTh HAKOTMYEHHS KOMIIOHEHTA, C; Vi - 00'eM cymiti

B amapati, [Mois/(M>*¢)].

Tak sk B HalIOMy BHMAJKy B peakTOpl MpOTIKae HEOOOPOTHA E€HAOTEepMIYHA

peaxirisi 3a CXeMO0

A+B+C+D—— E+F+G+J+AH,

ne k - KoHCTaHTa MBUAKOCTI XIMIYHOT peaKitii

k=A*exp(-E/RT)
rij:k * Ci* Cj
rj =-A *eXp(-E/(R*T))*Ci*Cj (5.1")

T.4. BpaxoByIOUd MEPIOAUYHICTH MPOIIECY 1 JOMYCKAIOUH, 10 OOCAT peakTopa

3aIIOBHKOETHCA HOBHiCTI-O 3a OMWH IMHUKJI, OTPUMYEMO piBHHHHH AJIs1 pCHOBHUHHU A:
dC/dt= - A *exp(-E/(R*T))*(Co*Cy+ Co*Ce+ Ca*Cp) (5.2)

Hns xomnonenTiB B, C, D, E, F, G, J no ananorii orpumaemo:

dCg/dt= - A *exp(-E/(R*T))*C,*Cg (5.3)
Cs | t=0 =Chax

dCc/dt= - A *exp(-E/(R*T))*CA*Ce (5.4)
CC | t=0 :CCBX

dCp/dt= - A *exp(-E/(R*T))*C,*Cp (5.5)
Co | t=0 =Cpx
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dCe/dt= A *exp(-E/(R*T))* (Ca*Cg+ Co*Cct Co*Cp) (5.6)

Ce ‘ t=0 =0

dCH/dt= A *exp(-E/(R*T))*C,*Cy (5.7)
Ce ‘ t=0 =0

dCg/dt= A *exp(-E/(R*T))*Co*Cc (5.8)
Ce | t=0 =0

dC,/dt= A *exp(-E/(R*T))*C,*Cp (5.9)
Cy =0 =0

Tyt Ca, Cg, Cc, Cp, Cg, C, Cg, C; - konnentpartii peuoBun A, B, C, D, E, F, G,
J Bigmosimmo, [Mons/m’]; T- Temmeparypa cymimi Ha Buxomi, [°C]; A- TeruioBmii
MHOXKHHK, [Monb/c*M°]; E - emeprist aktusarii, [[x/monb]; R = 8,31 [[lx/Mons*K]
ra3oBa IOCTIiHa;

2) 3anumieMo TEMJIOBUM (€HEpreTUyHUi) OanaHc 11 00’eMy peakTopa,

BPaxOBYIOUH, IO MPUXIJ 1 BIAX1] KOMIIOHEHTIB BiJICYTHIH:

A(C pl*p l*Vl*TBHX) = K*S* (TTBLIX-TBLIX) *At+
+AH*A*exp(-E/(R*T))*(CA*Cy+Ca*Ce+ Co*Cp)*Vi*At  (5.10)
T o =Tex

ne K-xoediuienr termomepemaui [[Lx/(M**c*K)]; S - mioma 6i4HOi mOBepxHi
peakTopa, [M%]; Cp; - TenoemHicts cymimi [[x/(kr*K)]; Vi-00'em peakTopa, M%]; p1
- winbHicTs cymimmi, [kr/M°]; AH- entanbmis, [IK/Mos].

[TeperBopumo piusiaHs (5.10)
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Cpl*p1*VI*AT ,yd At=K*S* (T T ) +

+AH*A*eXp(-E/(R*T))*(CA*Cg+Ca*Cct Ca*Cp)*V;

T | t=0 = I Bx
3) 3anuieMo TEIUIOBHA OallaHC ISt COPOYKH:

A (C pZ* pZ*VZ*TTBHX) = GTBX* P2 * C pZ* (TTBX_TTBBIX) *At'
- K*S* (TTBLIX-TBLIX) *At
TT ‘ t=0 :TTBX

(5.11)

(5.12)

Cp; - TerioemHicThb Teronocis [x/(kr*K)]; V,-00'em copouku, [M]; P2 - IUJIBHICTh

- 3 - 3
TerioHoclis, [Kr/m”|; GT - BUTpara TerioHocis, [M/c].

[TeperBoprmo piBHsHHS (5.12):

sz*Pz*Vz*d (TTBHX)/dt:GTBx*pZ*CpZ*(TTBX'TTBHX)'
- K*S* (TTBLIX'TBLIX)
TT ‘ t=0 :TTBX

4) MarepianbHuil 6aaHc JUIisl COPOUYKH:

3anuiiemMo 3araJbHui MaTepiaabHU OanaHc:

GT1BX = GTBUX

G, =O.1*(kvl+kvz)*( P —EJ/%OO

P>

(5.13)

(5.14)

- ne ky 1 ky, - mporyckHa 371aTHICTh KJamaHiB raps4oro 1 XOJIOAHOTO TEIUIOHOCIS

BiAMOBIAHO; P- THCk TemoHocis mnepen kiamaHowm, Ila; P, - Tuck TeroHociss B

copouriti, I1a.
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OTxe, € OMMHAALSATH PIBHSHD U1l BU3HAYCHHS 3HAYCHD OMHAISATH BUXITHUX
sMiHHUX Cu, Cg, Cq, Cp, Cg, Cr Co, Ci, GTame TTeux, Teuxe TAKUM YHHOM,
MaTeMaTHUYHUHN OMUC AUHAMIKH peakTopa pO3KJIaJaHHs MEePIOJUYHOI Aii SBJISE€ COOOIO
cucremy audepenuianpbaux piBusaab (5.2), (5.3), (5.4), (5.5), (5.6), (5.7), (5.8), (5.9),
(5.11), (5.13), (5.14) 3 mOYaTKOBUMHU YMOBaMH.

5.4 MopentoBaHHSI JUHAMIKU 00'€KTa YIPaBIIiHHA 1 TPOIIECIB, 1110 BiI0OYBAIOTHCS

B HbOMY

JUist oTpuMaHHS JEAKOI MEepexigHOI XapaKTEpPUCTHKU OO0'€KTa yHpPaBIIHHS
HEOOX1JTHO KOXKEH pa3 BUPILIYBAaTH CUCTEMY PIBHSHbB, 1110 OMUCYE HOT0 JTUHAMIKY, SIKY
MU 3alycalii B TMOMNEPEIHbOMY PO3/LIl. 3a JOMOMOIror poOOYOoro cepeaoBHIla
MATLAB mu po3pobunu nporpamy (omatoxk A), sika MOJAETIOE€ AMHAMIKY HAIIOro
00'eKTa ympaBIiHHS MpU MO/aul TEIJIOHOCIS B COPOYKY peakTopa po3kiananHs. bymu

oTpuMaHi rpadiky nepexiTHIX XapaKTEePUCTHUK, K1 HaBeleHl Ha puc. 5.2, 5.3.
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GRAFIKI KONCENTRACTY
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Pucynok 5.2 - Ilepeximni xapaktepuctuku KoMmmoHEHTIB Ca(t), Cgp(t), Cc(t), Cp(t),

Ce(t), Cg(t), Cg(t), Cyi(t), ob'ekTa mpu mojadi rapsA4oro TEIUIOHOCISI B COPOYKY

(CTIiBBIHOIIIEHHS CIpYaHO1 KMCJIOTU Ta IbMEHITOBOTO KOHIIEHTpaTy 1:1).
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Pucynok 5.3 - Ilepexiani xapakrepucturu T(t), Tt(t) o0'exTa npu momaui raps4oro

GRAFIKI TEMPERATUR

TEIJIOHOCIA B COPOUKY

10000
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3 rpadika (puc. 5.2) mepeximHoi xapakrepucTHku KoMIOHEHTIB Ca(t), Cg(t),
Cc(t), Cp(t), Ce(t), Cg(t), Cg(t), Cy(t) BuaHO , IO MPHU CHIBBIIHOIIECHHI CIpYaHOl
KHUCJIOTHU Ta 1JIbMEHITOBOTO KOHIIEHTpaTy 1:1 BCi KOMIIOHEHTH BCTYNAlOTh B peakilito. B
pe3yJbTaTi 4oro KUIbKICTh HEBUKOPHUCTAHMX KOMIIOHEHTIB JIOpPIBHIOE HYIIO. A
MOJIIPHOE YHMCIIO BUX1THUX KOMIOHEHTIB JJOPIBHIOE MOJIIPHOMY YHCITY BX1AHHX.

I'padix mepexigaux xapakrepuctuk T(t), Ty(t) (puc. 5.3) npu mogadi raps4oro
TEIUIOHOCISI B COPOYKY IIOKa3zye, IO TeMmIepaTypa B pPeakTopi po3KJIaJaHHs
BCTAHOBIIOEThCS Ha 3HadeHH] 104°C i mOCTIifHO MATPHMY€EThCS Ha OXHOMY DiBHI 3a

JOIIOMOI'OIO TETJIOHOCIS B COpO‘IHi PCaKTOpPA.

5.5 MogentoBaHHs JUHAMIKM O00'€KTa YIpaBIiHHSA NHpPHU BXIJHOMY 3aJaHOMY

BILJIMBI1 Y BUTJISII KYCOYHO-TIIHIAHOT 3aJI€KHOCTI

Bynu oTpumani mepexiaHi XapakTepucTHKH 00'ekta 1o KaHamax Gy ,T° —
CABI/IX’ CBBI/IX’ CCBI/IX’ CDBI/IX ’ CEBI/IX ’ CFBI/IX , CGBI/IX : CJBI/IX’ TtBI/IX’ TBI/IX pu HOI[&‘-Ii TeIIOHOCIS
B COPOYKY, B pa3i, AKIIO Ha 00'€KT /i€ MOCTAITHUM BILIMB, IPEACTaBICHUN Ha puc. 5.4.
Jlaauii BIUIMB, IO 3aJA€THCS, MOXKJIMBO, 3MIHIOBATH B 3aJICKHOCTI BIJ Oa)kaHHX
pE3yNbTaTiB, SIKI BUCYBAaIOThCS A0 MIJCUCTEMHU «PEAKTOP po3KiadaHHs». OTpumaHi
nepexiJiHi Xxapakrepuctuku Oynu noOymosani B cepenopuini MATLAB 3a gonomororo

nporpamu (nuB. Jlonatok b), i npencrarieni Ha rpadikax (puc. 5.5- 5.6).
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Pucynok 5.5 - Ilepexigna xapakrepuctrka o0'ekta mo kanamax Cp”", Cg™, Cc™,

Cp™™ , C&™ , G, C™ , C,"™ B pasi, sKII0 Ha 00'€KT [i€ CTyleHeBe 30ypeHHs

(cTIiBB1IHOIIIEHHS CipYaHOi KUCIOTH Ta UTbMEHITOBOTO KOHIIEHTpaTy 1:1).
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GRAFIKI TEMPERATUR.
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Pucynox 5.6 - [lepexigna xapakreprucTrka 00'ekta mo kanaizax Teux, TB, TtBux B pa3i,

AKIIO HA 00'€KT JIi€ CTyNeHEeBE 30ypEeHHS

3 rpadika (puc. 5.5) mepeximHoi xapaktepucTuku KOMIOHEHTIB Ca(t), Cp(t),
Cc(t), Cp(t), Ce(t), Cr(t), Cg(t), Cy(t) BuAHO, 1IO TPH CHIBBIAHOIICHHI CipYaHOT
KHCJIOTH Ta JIbMEHITOBOI'O KOHIIEHTpaTy 1:1 BCl KOMIIOHEHTH BCTYyNalOTh B peakilito. B
pe3yNbTaTi 4YOTO KUIBKICTh HEBUKOPUCTAHUX KOMIIOHEHTIB [IOPIBHIOE HYIO. A
MOJISIPHOE YMCJIO BUXITHUX KOMIIOHEHTIB JOPIBHIOE MOJIIPHOMY YMCIy BXigHuX. JlaHi
NEepexiJIHl  XapaKTEepPUCTUKH  BOJOMIIOTh OLIBIIOK MIpOK  1HEPLINHHOCTI, IO
MMO3HAYAETHCS HA MIBUJKOIT MIJCUCTEMH B IIIJIOMY.

I'padix mepeximuux xapakrepuctuk T(t), Tt(t) (puc. 5.6) mpu momadi raps4oro
TEIUIOHOCISI B COPOYKY IOKa3zye, IO TeMIlepaTypa B pEaKkTOpl pPO3KJIaJaHHS He
BIJINOBIJIa€ BIUIMBY, 1110 33Ja€ThCcs. PekoMeHmarlis moa0 yCyHEeHHST HEIOIKIB MOJIsITae

B HACTYITHOMY: BKJIIOUMTH JIAHKY PETYJIIOBaHHS B 00'€KT yIpaBIiHHS.
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5.6 MogentoBaHHs aBTOMAaTH30BAaHOI CUCTEMH pPEryJjlOBaHHS peakTopa

PO3KIadaHHA

JIns perysaroBaHHS TeMIIepaTypHd CyMillll Ha BUXOJII pEeaKTopa, IO BIAMOBIIAE
HOMIHAJILHOMY CTaTMYHOMY PEXUMY, MOKHA 3MIHIOBaTH IMPOIYCKHY 3/JaTHICTh
KJIaMaHiB Taps4oro 1 XOJIOJHOTO TEIJIOHOCIIB Ha BXOJ1 B COPOYKY, MOJAIOYM iX
nonepeMiHHO. HeoOXiIHO TakoX MigiOpaTH ONTUMAaNIbHI HaNAIITYBaHHS PETyisaTOpa,
npu SKUX 00'eKT Oyne MaTH XapaKTepUCTHKY, MAaKCUMaJIbHO HAOIMKEHY 10 33JaHOTO
3HaueHHS. B sIKOCTI 4yTIMBOTO €JIeMEHTa € aTYNK TEMIEpaTypy Ha BUXOJII peakTopa.

CrpyktypHa cxema 11ie€i ACP npencrasnena Ha puc.5.7.

GTBHX! TtBl/IX
Tax, CAax- CBax,

CCBX! CDB)U |

A
Tt1 {>Q Kv1
] H
Tt2 > Kv2
<-d—>
O v
D
- > TBHX, CA.\ CB, CC, CD.
> CE, CF, CG, CJ.-
{_Perynatop

Pucynok 5.7 - Cxema ACP temneparypu cymilii Ha BUXO/Il 3 peakTopa

Jns MopenmtoBaHHA nepexinHux mnpoueciB B ACP temmeparypu cywimii B

peakTopi, HEOOX1IHO MaTH MaTEMATUYHHI OIHKC 111€1 CHCTEMHU PETYIFOBAHHSI.
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PiBHsHHS perynsTopa, B SKOCTI SKOrO B HalIoMy Bumaaky oOpanuii I1I-
perynsatop (00'eKT iHepLIMHU), 3 BBEACHHAM JUHAMIYHOI TIOMUJIKH JUIS 3a7aHOT 30HU
HEYYTJIMBOCTI 1 B 3aJaHOMy Jiama3oHi BUMIPIOBAHHS TEMIEPATypu, BUIJISIIAE
HACTYITHUM YHHOM:

Xp=Kp*E+1/T JE*dt,

ne E = Tsum - Tvx/Eo*100 - nunamiuyHa moMuika peryiroBanHs; Eo-po3max mikanu;
Xp - BIANOBIZA€ 3a BIAKPUTTSA KJIallaHIB 1 3HAXOAUTHCA B MeXaxX OOMEXKEHHS Ha
BUXIJHI 3HAYCHHs BUX1qHOTO curHay; Kp - koedimieHnT nepenadi perymnstopa; Ti- gac
1301poma [c].

3anuiemMo piBHHHHH ML AaTYUKA TCMIICPATYPH Ha BI/IXOI[i peryisropa:

Td* dTBum /dt= -TBum+T,

ne Td-iHepuiiiHicTh naTumka, ¢; TBUM- Temmeparypa CyMilli, SIKa BHUMIPIOETHCS
JTATYMKOM Ha BUXOJ1; T- Temmeparypa cyMmillil Ha BUXO/Il 3 peakTopa.

Jlist Toro, mo6 po3paxysatu nepexignui npomec B ACP temneparypu cymillli B
peaKkTopi, SAKILIO Ha CUCTEMY Jl€ MPEACTABICHUIN Ha puc. 5.4 30yprorounii BIIUB, Oya
po3pobiiena mporpama (nuB. JlomaTtoxk A), mpu 1boMy TBX B dYaci 3MIHIOBAJOCS
BIJIMOBIAHO A0 3aBJaHHS, a IHIN BXIJHI 3MIHHI 3aJaBaJIMCS 3TIJTHO HOMIHAJIBHOTO
CTaTUYHOTO PEXUMY.

Ha puc. 5.8- 5.12 moka3ani mepexiaHi mpoiecu MpH 3agaHomy BriuBi Tv(t),
MpeACTaBIeHOMY Ha puc. 9.4 3 BukopuctanHsMm [ll-perynaropa, mepexigHi mpoiecu
JMHAMIKHM 3MIHU KOMIIOHEHTIB B P€aKTOpl PO3KIJIaJIaHHA, a TAKOX 3MiHA PETYJIIOI0UY0ro

3HaueHHA Xp B Yacl IpHu ONTUMAIbHUX HAJAIITYBAHHSIX PETYJIATOpA.
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GRAFIK] KOMNCENTRACIY
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Pucynok 5.8 - Ilepexinna xapakrepuctuka ACP B pa3i, sxmio Ha 00’

30ypeHHs (CIiBBIIHOIICHHS CipYyaHOi KUCIOTH Ta 1JIbMEHITOBOTO KOHIIEHTpaTy 1:1)

GRAFIKI KOMCENTRACTY

A== = — -

T

de e e oo

.

[T —

g P S
[l
1
1
1
1

de e e oo

.

1000 2000

70 -----

60 |-k ----

50 |- -

30 -f----

10000

5000 6000 70OO 8000 9000

3000 4000

0

Pucynok 5.9 - Ilepexinna xapakrepuctrka ACP B pasi, SIKIIO Ha 00'€KT JIl€ CTyIIEHEBE

30ypeHHs (CMIBBIIHOIICHHS CipYaHO1 KUCIOTH Ta 1JIbMEHITOBOTO KOHIEHTpaTy 2:1).
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GRAFIK] KOMNCENTRACIHY
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Pucynok 5.10 - Ilepeximna xapaktepuctuka ACP B pasi, Akmo Ha 00'eKT i€
CTyleHeBe 30ypeHHs (CIIBBIOHOIIEHHS CIPYaHOi KHUCJIOTA Ta 1JIbMEHITOBOTO

KOHIIEHTpaTy 1:2).

3 rpadikiB (puc. 5.8- 5.10) mepexigHux xapakrepucTuk KOMIOHEHTIB Cx(t),
Cg(t), Cc(t), Cp(t), Ce(t), Cr(t), Co(t), Cy(t) BHmHO, 110 TPH CIIBBIIHOILICHHI CipYaHOT
KHCJIOTH Ta 1JIbMEHITOBOTO KOHUEHTpary 1:1, BC1 KOMIIOHEHTH BCTYIMAIOTh B PEAKIIIIO.
B pesynbrari 4oro KiuIbKICTh HEBUKOPUCTAHMX KOMIIOHEHTIB JOPIBHIOE HYJIO. A
MOJISIPHOE YMCJIO BUXIJIHMX KOMIIOHEHTIB JOPIBHIOE MOJIIPHOMY 4YHUCHy BXigHUX. [Tpu
CHiBBIHOIIEHHI 2:1 cipyaHOi KMCJIOTU O UJIBMEHITOBOTO KOHIIEHTpATy, YUCIO MOJieh
1JTbMEHITY TIOBHICTIO BiipearyBaid 3 YHCIIOM MOJICH CipyaHOi KUCIIOTH, ajie MPU [IbOMY
3QJIMIIAETHCS BEJIMKA KUIBKICTh MOJIEH CIpyaHOi KHUCJIOTH, IO HE MpopearyBaiu.
Cipuana KuclOTa, 10 HE MpopearyBajia, 3aJMIIAETECA B PEAKTOPl 1 TUM CaMHUM
MOTIPIITy€E 3araJibHUl CTaH CYCIMEH3ili, TOOTO TOrIpIIye KiHIEeBHM MpoaykT. [lpu
CHIBBIHOIIEHHI 1: 2 cipyaHOi KMCJIOTH J0 LIbMEHITOBOTO KOHIICHTPATY, YACIIO MOJieH
CipuaHOi KHCJIOTH TIOBHICTIO BiJpearyBajii 3 UIBMEHITOM. A 4YHCJIO MoOJel

IbMEHITOBOTO KOHLIEHTpaTy B TOBHOMY 00CS31 BipearyBajio, TAKUM YAHOM 1JIbMEHIT,
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0 HE TpopearyBaB, TaKOXX 3ajJMINAEThCS B peakTopi poskinananHs. lle Beme mo
HETPaBWIHLHOTO TEXHOJIOTTYHOTO MPOIIECY 1, SIK HACIIIO0K, OpaKky Ha BUXO/I].

Jlani rpadikd HAOYHO TOKa3ylOTh MPOTIKAHHS PEakilii OTPUMAaHHS TBOOKHCY
TUTaHY CyJb(paTHUM crocoOoM. | MoJiens TOBHICTIO BIJIOBIJIA€ pealbHOMY 00'€KTY,

e 0yJIOo POJIEMOHCTPOBAHO BUIIIE.
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Pucynox 5.11 - [lepexinna xapakrepuctuka ACP no kanamnax Tsux, T, Tteux, En B

pasi, AKIIO Ha 00'€KT Ji€ CTyNeHeBe 30ypeHHs

I'padix mepexiguux xapakrepuctuk T(t), Tt(t) (puc. 5.11) nmpu nogaui rapsuoro
TEIUIOHOCISI B COPOYKY TIOKa3zye, MI0 TeMmIepaTypa B peakTopi po3KJIaJaHHs
HNIATPUMYETHCSA HA  BCTAHOBIEHOMY piBHI. JlaTuWk TemmepaTtypu BUMIPIOE
TEMIIEpaTypy peakTopa po3KJIaJaHHi NpPaBUIbHO, SK T[IOKa3aHO Ha Tpadiky.

[HepuiHICTh NEepEeXITHUX XapaKTEPUCTUK BUKIMKAHA IIBUKICTIO MPOTIKAHHS PEaKIlii.
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Pucynok 5.12 - [lepexigHa xapakTepuCTHKa 3MIHU PETYIIIOI0YOT0 3HaYEHHSI Xp B Yaci

Takox npu anamisi rpadiki (puc. 5.11- 5.12) Gyno BusiBIEHO, 1O MEPEXiaHI

XapaKTEPUCTUKHU TEMIIEPATYPH MaIOTh HEIIHIWHICTD, 1€ BIUIUB PETYJISTOPA.

Takum 4WHOM, AOCHIKEHA NWHAMIKa 00'€KTa yMHpaBiIiHHA, AUHAMIKa 00'e€KTa

VOpaBIiHHSA TPU 3aJaHOMy BIUMBI 1 auHamika mnoBeaiHnku ACP B peakTopi

PO3KJIaJJaHHsl TeMIepaTypy CyMIllll Ha BHUXOJl 3 €MHOCTI B PI3HUX CHUTyalldX HpH

PI3HUX TapaMeTpax HaJalllTyBaHHS PEryJisTopa, MPOIYCKHOI 3JaTHOCTI KJIAIaHiB 1

3aKoHaX perymoBaHHA. lle nmamo meBHy iHGOpPMAIliI0O PO CUCTEMY DPETYJIIOBAaHHS 1

JTIO3BOJIUJIO BUSIBUTH ii XapaKTEPHI OCOOJIMBOCTI 1 HEJIOTIKH.
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6 OXOPOHA IIPAIII

OxopoHa mpami - 1[e cucTeMa ITPaBOBUX, COLIabHO-€KOHOMIYHUX,
OpraHi3aliifHO-TEXHIYHUX,  CAHITAPHO-TITI€HIYHUX,  JIKYyBaJIbHO-MPO(UIAKTUIHIX
3ac001B 1 3aX0/1iB, CIIPIMOBAHMUX Ha 30€pEKEHHS 3I0pOB's 1 MpaIe3JaTHOCTI JIOANHH B
nporieci poootu. (JICTY 2293-00).

[Ipu poOoTi BiAAIIEHHS PO3KJIalaHHS 1IbMEHITOBOTO KOHIIEHTPATy Ha poOounit

nepcoHal AiF0Th HeOe3MeuH1 Ta MIKUIUBI (haKTOpH MepepaxoBaHi B Tabyumii 6.1.

Tabmuns 6.1-Ilepenik mkiymBUX 1 HeOe3neyHux BupoOHWUMX ¢akropiB mo JACT

12.0.003-74

[xinmuBi 1 HeOe3meuHi hakTopu Jlxepeno ¢akropiB

1. IligBumenwii piBeHs nrymy i BiOpanii, 80 n1b | Hacocu, BeHTHISITOpH

2. IligBumena nanpyra 220-380 B IuT yrpaBiiHHS, HACOCH

3. HecnpusriauBuii MikpokiiMar (miaBuimieHa | TpyOompoBoau, peakTop

TEeMIIepaTypa CTiH 00JIaTHAHHS)

. 3 :
4. Cipuana kucinora, ['’JIK=1mr/m TexHonoriune 00JIaHAHHA:

1 OKCUJ] TUTaHY [T JIK=10mr/m° peakTop, TpyOorpoBoaAn

Ilpomucnosa canimapis. OOpoOKa 1JILMEHITOBOTO KOHIIGHTPATY TOJISITAa€ B MOTO
pO3KJIalaHH1 Tij Ai€r0 cipyaHoi KuciaoTu npu temrepatypi 100-120°C, 3 BuaiieHHAM
okcuay tutany TiO,. OcTaHHIiI BUKOPHCTOBYETHCS SIK IMITMEHT JJii BUTOTOBJICHHS
bap6. Yepe3 HErepMEeTUYHICTh TEXHOJIOTIYHOTO O0JaJHAHHS B MOBITPSL poOOUYOT 30HU
MOXXYTh TMOTPAIUIATUA TAapH, B SKUX MICTHTHCS CipuyaHa KucioTa. KoHIeHTparis 1ux
napiB Bignosigae I'JIK. T'ZIK B noBiTpi po6oyoi 3ouu 1 mo ACT 12.1.007-88 CCBT
nopiBHIOE: 1u1s cipuanoi kuciotu ['JIK = 1 MI/M° @ J15 OKCH tutany I'JIK =10 mr/m’,

Criocobu yCyHEHHS Ta 3aXHCTY BiJl IIKIJTMBUX (aKTOPiB IpuBeAeH] B Tabnuili 6.2.
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Tabmuisg 6.2 - CnocoOu yCyHEHHS Ta 3axUCTy BijJ IIKIIJIMBUX 1 HEOE3MEeYHUX

BUPOOHNYUX (HaKTOPIB

IxignuBi 1 HeOe3IeyHl

BUPOOHMYI (pakTOpH

[[)Kepeno BHHUKHCHH

CnocoOu ycyHEeHHs Ta 3aXUCTY

OKCHU A TUTAHY

peakTopa, TpyOoTpoBOIH

1. [linBumenuii  piBensb | Hacocu i BeHTHISATOPH 3BYKOI30JI11i51 KOXKYXaMH,

urymy i Biopamii,80 n1b BiOpoizosswis, BiOpomeMIpyBaHHS
YCTaHOBOK

2. IlinBuniena Harnpyra | EnexkrpoaBurynu [Bossimiiss mpoBOMIB 1 3aXHCHE

220-380 B 3azenwsieHHs  oOmamHanHa [OCT
12.1.030-81

3. HecnipusitnuBuii [TaporipoBoau 1 | Buxopucranus TETUTO130IIS i1

MiKpoOKJIiMaT (IiBUILEHA | pEaKTOpH o0JIaTHaHHS BEHTHUJISAIIIS IPUMIIIICHb

TeMIeparypa CTiH

oOnaHaHHS)

4.Cipuana kuciota 1 | €EMHOCTI st 30epiranss, | ['epmerunsaiis o0iagHaHHS, CIIOCOOH

THIMBITyaTBHOTO 3aXUCTY

Bigninenns po3kiagaHHs

UIbMEHITOBOTO KOHIIGHTpATy TMepedyBaloTh Ha

BiikputoMy mnoBiTpi. Ilex KBII 1 onepaTopcbka po3MilllyIOTbCSI OKPEMO 33 MEKaMu

TEXHOJIOTIYHOTO 00'ekTa. BIIMB MmKIIIMBUX 1 HeOe3meuHux (PaKkTOpiB MOKIUBUN

TITBKH TIPU TPOBEJICHHI PEMOHTHHUX POOIT. Y MPUMIILIEHH] 1[EXiB BUKOPUCTOBYETHCS

IEHTpaJbHE BOJSHE ONAaJEHHA Ta KOHJULIIOBAHHS TMOBITPS ISl  MIATPUMKH

TemrnepaTypu B omeparopchkiii 30H1 3rigHo CH 1 IT 2.04.05.-92. Kareropist poOit -

cepeupoi ckramuocti I1° (emepro Brpatn 172-232 Bt -texHonoru i npauiBaukn KBIT

1 A). ITapametpu MmikpoxiimMaty mpuBeaeHi B Tabmuimi 6.3. Ilicis BXUTHX 3axX0fiB

MIKPOKJIIMAT B MPUMIIIICHH] ITUTOBOI Biamosigae Bumoram JIHC 3.36-042-99.
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Tabnuis 6.3-/{onmycTuMi HOpMU MIKpOKJIiMarty B oneparopchbkiii KBIT

[Tepiox poxy | Kareropis Temneparypa, | Bomoricts, | llIBuakicTs
poOit °Cc % MOBITPS, M/C
XO0JI0JHUN Cepennboi
17-23 <75 0,2

PR
ckiaamuaocTi 11

Tenmui Cepeanboi
. 18 - 23 <75 03-04
ckiaamuaocTi 11

Benmunayis. Tak $SK TEXHOJOTIYHHN OO'€EKT € BIAKPUTUM CIOPYIO0IO, a
omnepaTopcbka BHHECEHA 3a MOro MeXi, TO BEHTWISIS B IUX MNPUMINICHHAX HE
nepeadayeHa. [cHyroua cucremMa KOHAMIIIOHYBaHHS TiepeidayeHa JJis MmITPUMKH YMOB
MIKpOKJIIMATY B  ONEpPAaTOPChbKIA, OOYMOBJIEHMX B MONEPEAHBOMY  ITYHKTI.

Ocgimnenns. 3rimgo CHull 2-4-79, mis IV ™ Emin nopiBaoe 200 1k, a
KOC(QIIIIEHT MPUPOJTHOTO OCBITIECHHS K.IL.O. (€,) - 1.5%. OCBITJICHHS B ONEpaTOPChKii
BUKOPHUCTOBYETHCSI KOMOIHOBaHE. Y CBITJIMI 4ac JOOW BUKOPUCTOBYETHCS MPUPOIHE
OCBITJICHHS, @ B TEMHHH - ITy4YHE.

VY npuminieHHsAX nependadeHe aBapiiiHe OCBITJIEHHS ISl MPOAOBXKEHHS pOOIT
Ipyu  BIAKIIOYEHHI  poOouoro  ocBiTieHHA. J[iig  aBapifHOrO  OCBITJICHHS
BUKOPHCTOBYIOTHCS JIAMITU PO3KAPIOBAHHS 3 JHKEPEIIOM JKUBJICHHSI Bl aKyMYJISITOpA.

Illym i sibpayis. Y BIAAUICHHSX PO3KJIaJaHHS UIBMEHITOBOTO KOHIICHTPATY
JoKepenioM  mymy 1 BiOpamii € Hacocu. s 3HWKEHHS mymy 1 BiOparrii
BUKOPUCTOBYIOTh TOKpAIICHUN PEXUM EKCIUTyaTalii oO0JaJiHaHHS, [IEHTPYBaHHS 1
OallaHCyBaHHS MEXaHI3MIB, BHUKOPHCTOBYIOTh Marepiajid, W0 JIeMOyooTh -
KalpoOHOBOE BOJIOKHO 1 MOPHUCTY IITYKAaTypKy. B pe3ysibTaTi BXKUTHUX 3aXOIB, PIBEHb
myMy 1 BiOpaii Bianosigae Bumoram ['OCT 12.1.003 - 83 1 'OCT 12.1.012 - 90.

Texnixa 6e3nexu. JIo oOciayroByBaHHsI 0OJagHAHHS JOIMYCKAIOTHCS OCOOH, SIKI
MPOUIIIN CHEIliadbHy MIATOTOBKY 3 TEXHIKM O€3MEKH 1 MPOTHIOKEKHOI Oe3IMeKH,
O3HAHOMJICHI 3 KOHCTPYKIII€IO anapaTiB, YCTAaHOBOK, T€X. IMPOILECY, IHCTPYKUIAMH 3

eKCIUTyaTarii OCHOBHOTO 1 KOMIUIEKCHOTO oOmamHanHg. OOmamHaHHS — Ta
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TpyOONpPOBOAM, SIKI MarOTh Trapsdl MOBEPXHI, 130JIbOBaHI a30€CTOBHUM IOKPHUTTSIM.
AmapatH, sIKi MpaIoTh MiJ] THCKOM, BCTAHOBJIEHI MAaHOMETPH 1 3aMO0DKHI KJIalaHH.
Y mpoekTi mepeadadeHa cuUcTeMa aBapiiHOI CHUTHANI3alii Ha MyJbTI yNpaBIiHHS, a
BukoprctanHs EOM 1o3Bosisie MpOrHO3yBaTH 1 BUKITIOYATH aBapiiiHi cUTyarlii.

Enexmpobesnexa. 3a HEO0E3NMEKOI YypaKCHHS  EIEKTPUYHHUM  CTPYMOM
NPUMILIEHHS HaNeXuTh, 3riaHo [IYE-87, no mpumiiieHs 3 miABUILEHOI0 HEOE3MEKOIO,
TaK SIK JUTsl )KUBJICHHS MIPWJIAJIiB BUKOPUCTOBYETHCS 3MiHHA Hampyra 220 B gacTororo
50 I'm. Ha ycraHoBmi 1 B omepaTopChKiil mepemndadeHo 3axucHE 3a3eMJICHHS BCIX
muTiB, myasTiB KBII, HacociB 3rigao I'OCT 12.1.030-81.

Tooicesicna 6e3nexa. BinaineHHs po3kiaaHHs 1JIbMEHITOBOTO KOHIICHTPATY HE €
BUOYXOMOXKEKOHEOE3[IEYHUM BUPOOHULTBOM. JI)KEperaoM BHHHMKHEHHS IOXEXKI
MOXYTbh OyTH papOu 1 MacTuiibHI Matepianu. Kareropis srimno OHTII 24-86 1 cTymiHb

BoruecrinkocTi 3rimao CHill 2.01.02-85 nHaBexeuni B Tadmui 6.4.

Tabmuus 6.4 - Kareropii npoBa/pkeHHS y BUOyXOHeOe3neuHid Oe3MeKu 1 CTyNeHs

BOTHECTIMKOCTI LIEXY

bynunok, cnopyna Kareropis Cryminp BOrHECTIHKOCTI
BUPOOHHMIITBA OyxiBmi
1. ITpumimieHHs NynbTiB ynpaBmiHHA | /[I- mojke:xxoHeOe3nevyHa 2
2. YcraHOBKa pO3KJIaaHHs UTbMeHITy | JI- moskexoHeOe3neyna 2

MeTtonu momepe/KEHHsT PO TOXKEeX1 - 3B'SA30K 1 curHamizamig. [lepepaxyBanHs

NEPBUHHMUX CIOCO0IB MOKEKOTACIHHS HaBeACHI B TabuiIli 6.5.

82



Ta6nuis 6.5-IlepBuHHI 3ac00M MOMKEKETACIHHS

[TpuminieHHs ITnoma , e [TepBuHHI 3aco0u moxexoracinas | KinbKicTb, mT.

[Toxxe)kHUI IUT: pyYHi BOTHETAaCHUKH
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= 720 i

S Sk 3 mckoMm 3
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