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HEPEJIIK YMOBHUX ITIOBHAYEHB, CUMBOJIIB, CKOPOYEHbD I

TEPMIHIB

MEA — MoHoeTaHoJIaMIH;

ppm — MinbilOHHA YacTKa;

D — Hdiamerp ammapara, M;

A — [TuTOMa TTOBEpXHS KOHTAKTY (a3, M°/M°;
v — YacTtka eheKTUBHOI TOBEPXHI,

T — Temniepatypa mporecy, K;

P — Tuck B amapari, Ml1a;

¢ — Konnenrpartiisi pe4oBuHH, KMOJIL/MB;

v — Burtpara pe4oBHHHI B HOPMATBHIX YMOBAX, M /TO;

B — KoeditieHnT MmaconepeHOCY KOMIIOHEHTA, M/TO/;

k, — KOHCTaHTa IBHAKOCTI GIMOIEKYISPHOI peakiyii, M /(KMOIb TO);

W — OGeMHa xapaKTepHUCTUKa IHTEHCUBHOCTI Ta30p1IMHHOT XEMOCOPOLIii;
F — EdeKTHBHA OBEPXHS KOHTAKTY (a3, M’;

@ — KoedirienT mpuckopeHHs Moconepeaadi,

S — CeneKTUBHICTh MOTJIMHAHHS KOMITOHEHTA,

R — Kinetnuynuii napamerp peaxiiii ceB1o Nepioro mopsIky.
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BCTYII

Sk BimoMO Bechb BUAOOYTHUH MPHUPOAHUN Tra3 IMepel BUKOPUCTAHHSIM B
IPOMHUCIIOBOCTI UM B SIKOCTI HAJBHOTO B XUTJIOBUX OyJHMHKaxX IMOBUHEH OyTH
OYHIIEHUH BiJ] IIKIAJTUBUX TOMIIIOK, TAKUX SK CIPKOBOJEHB Ta JIOKCH]I BYTJICITIO.
BMmicT 1muMx pedoBMH B ra3l HETaTMBHO BIUIMBA€ HA CTaH TEXHOJOTIYHOIO
o0JiaTHaHHs, CKOPOUYIOUM TEPMIH 1X CIIYKOH 1 MABUIIYIOYH Kopo3ito. [Tpu nibomy
CIPKOBOJICHb € CHJIBHOIO HEPBOBO-TIAPATITHUYHOIO OTPYTOIO KOHILIEHTpALs SIKOTO
Buute | Mr/M° cMepTesbHa,

JUiss  ouMIlleHHs ra3y HalOUIbIl IIMPOKOTO 3aCTOCYBaHHS 3HAWIUIM
XEMOCOPOII1iiHI METO/IH, B TOMY YMCJIl OYUCTKA PO3YMHOM MOHOETaHOJIAMIHY.

MeTor0 1aHOi AUMIOMHOI pOOOTH € KOMIT IOTEPHE MOJEIIOBAHHS IPOLECY
OUMUIIEHHS  Ta3iB  PO3YMHOM  MOHOETAHOJAMIHOM  Ta  MPOEKTYyBaHHS
aBTOMATHU30BaHOI CHUCTEMH KEpyBaHHS TEXHOJOTIYHMM IpouecoM. Takox
PO3paxOBYETHCS EKOHOMIYHA JIOLUIbHICTh 3aCTOCYBaHHS aBTOMAaTHU3allli Ha JaHOMY
BUPOOHMITBI. BUSABISAIOTHCS TO aHAMI3YIOThCS WIKIMBI Ta HeOe3neuHl (pakropu

Ha BI/IpO6HI/IHTBi, BHU3HAYAIOTHCS 3aX00U IS 1X YCYHCHHA.
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1 Onuc npouecy OYUIEHHS Tra3iB PO3YMHOM MOHOETAHOJIAMIHY
1.1 3aranbHi BiTOMOCTI PO nMpouecH CipKOOYUCTKHU ra3y

CipkoBogieHb — 0€30apBHUM Ta3 13 3alMaxoM TYXJUX S€Ib 1 COJIOJKYBAaTUM
cmakoM. Ximiyna gopmyna — H,S. I'ycruna npu H.y. (0°C, 760 MM PT. CT.) pros™™
=1,5392 r/ems. Momsipaa maca Myps = 34,082 r/monb. Temmiepatypa KimiHHS Ty,
= — 60°C. Temneparypa masiesss T, = — 82°C. Po3unHHICT Y BOII IIPH H.y. — 3
00/00. CymMimn CIpKOBOAHIO 3 TIOBITpsIM BUOyXOHeOe3NmeuHI B  MeXKax
koHmeHTparii H,S (% 00.) — 4+45.

CipkoBOJIEHb CHJIbHA HEPBOBO-TIAPATITUYHA OTPYyTa: TOCTPE OTPYEHHS
HacTae mpu KoHuenTpaii 0,2—0,3 Mr/mM°, KoHIeHTpawis Buime 1 Mr/mM® cMepTeibHa.
['paHnyHO-TONyCTUMAa MaKCUMalbHO-Pa30Ba KOHUEHTpAIlsl CIPKOBOJIHIO B MOBITP1
Hacenenux micupb K, , = 0,008 M/,

CipKOBOJEHb - KHCJIOTA, IO BHUKIMKAE XIMIYHY 1 €JIEKTpOXIMIuHYy (B
IPUCYTHOCTI BOJM) KOpo3il0 MeraniB. Ilpu mneBHUX ymoBax BIJIOYBAEThCS
cynb(diaHe PO3TPICKYBAHHS METAIB.

Bimsnavaerbcs koposiiina mis razy 3 BmictoM 0,025 % H,S i Bumie, nei
BIJICOTOK BB@KAETHCS «IOPOTOM» KOPO31MHOI KOHIIEHTpAIlli CIPKOBOIHIO, HIKYE
aKoro mnpucyTHICTh H,S BBaxkaeTbcs «chmimamu». OpHakK HASBHICTH 1HIIHX
YHHHUKIB (BUCOKHIA TUCK, HasiBHICTH H,0, O,) MOXKyYTh IPU3BECTH 10 KOPO3ii 1 MpH
MEHIIIOMY BMICT1 CIpPKOBOJTHIO.

TakuM 4YMHOM, OYMILEHHS Tra3y BiJ CIPKOBOJHIO MOTPIOHO HE TIIBKH 3a
BUMOraMaMU CaHITapHO-TITIEHIYHOTO KOHTPOJIIO, ajieé 1 JTUKTYEThCA BHUPOOHUYOIO
HEOOX1/IHICTIO:

—3aXUCTUTU TpyOHW, amapatypy 1 oOOJajHaHHS BiA KOpo3li mpH
TpaHCIOPTYBaHH1, IEPEPOOIll Ta BUKOPUCTAHHI rasy;

—MaTu Tra3, NpUIaTHUH 71 TOOYTOBOr0, EHEPreTUYHOT0 Ta MPOMHCIOBOTO

BUKOpPHUCTAHHA.

— OTpPUMATH ULUISIXOM TNEPepOOKM OYMIIEHUX Tra3iB MPOAYKTH HaJEHKHOL
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KOHJIeHcaIlii 0e3 TOMIIIKA CIpYUCTUX CIONYK [2].
JlomycTuMuii BMICT CIpKOBOAHIO B OYHMIIIEHOMY BYTJIEBOJHEBOMY Ta3l IO
['OCT 5542-87 «I'a3u roproui NpUPOJIHI JJi MPOMHUCIOBOTO Ta KOMYHaJbHO-

noOyToBOTO mMpu3HadeHHs. TexHiyHi ymoBM» M.l1.]1 He MOBHHEH MeEpEeBUIIYBATU

0,02 r/m®[8].

1.2 OcHOBHIi TeXHOJIOTii OYMIIEHHSI TPUPOJIHOIO a3y

IcHye BenmKa KUTBKICTP METOJIB OYHCTKH MPUPOIHOTO Taszy, SKi YMOBHO
BIIHOCSITh JI0 TPhOX TPYyIl - aObCopOIiifHi, afcopOIiiiHI Ta KaTaTiTUYHI METOJH.
Haii6inpm mupoko momupeHi adcopOriifHi METOAM, IO JOMYCKaIOTh Oyab-sIKUN
MOYATKOBHUI BMICT JIOMIIIOK B ra3i. AJcopOLiiiHl IpoLecu BUKOPUCTOBYIOTh MU
HEBEJIMKOMY MOYaTKOBOMY BMICTY JIOMIIIOK (3-5% 00.), MpoTe BOHU JO3BOJISIOTH
MIMOOKO OYMCTUTH Ta3.

AOcopOIriiiHi METOAM 3a XapakTepoMm a0COpOEHTY IO BUKOPUCTOBYETHCS
JUISTh HAa METOAM XIMIuHOi abcopOrii (xemocopOiii), ¢izuunoi abcopOiii,
KOMO1HOBaHI1 1 OKHUCHI.

XeMocopOI1iiiHI MPOIECH 3aCHOBaHI HAa XIMIUHIA B3a€MOJII CIPKOBOIHIO 3
aKTUBHUM KOMIIOHEHTOM aOcopOeHTy, B SKOCTI SKOro B IUX MHpouecax
3aCcTOCOBYIOTh aMmiHu. [Iporecu xiMiuyHOI aOcopOIli XapaKTepu3yrOThCsl BUCOKOIO
BHOIPKOBICTIO T10 BIJHOIICHHIO JO KHUCIUX KOMITOHEHTIB 1 JO3BOJISIOTH JOCSATATH
BHUCOKOI'O CTYIEHSI OUUILEHHS BiJl CIPKOBOJHIO.

[Ipouecu Pizuunoi abcopOiii 3acHOBaHI Ha (HIBUYHOMY PO3UYHMHEHHI
BUI00YTHUX KOMITIOHEHTIB B Pi3HUX abcopOeHTax. Ha BiMiHY Bij XeMOCOpOIIMHIX
croco0iB, MeTo 1 (hi3UYHOT aICOPOIIiT TO3BOJISIE PA30M 3 CIPKOBOJIHEM 1 JIOKCUIOM
BYTJICIHIO BWJIyYaTH OKCHUCYJb(Dia BYTJIEII0, CIPKOBYTJCIh, MEPKaNnTaHu. ToMy B
JeAKUX BUMaAKax (IIpy BUCOKUX MapIliaJbHUX TUCKAX KUCJIMX KOMITIOHEHTIB 1 KOJIU
HE TOTPIOHO TOHKE OYMIIEHHS Ta3y) €KOHOMIYHIIIE BUKOPHCTOBYBAaTH (Di3WyH1
abcopOeHTH, AKI B TOPIBHSHHI 3 XIMIYHUMHU BIJIPI3HSIIOTHCA ICTOTHO HIDKYUMU

BUTpPATaMU Ha PETreHEpallilo.
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VY xoMOiHOBaHUX MpOLecaX BUKOPUCTOBYIOTh 3a3BUYail 3MilllaHl MOTJIMHAY1
- xeMocopOeHTH Ta abcopOeHTH. KomOiHOBaHMIT METON TO03BOJSE JOCATATH
TOHKOTO OYMIIEHHS ra3y He TUIBKW BiJI CIPKOBOJHIO 1 JIOKCHIY BYIJICIIO, a W BiJl
CIPKO-OpTaHIYHUX 3'€THAHb.

OxkucHI TpoliecH 3aCHOBaHI Ha HE3BOPOTHOMY IEPETBOPEHHI CIpKOBOJIHIO
110 TOTJIMHAETHCS COPOEHTOM B elleMeHTHY cCipky. CopOeHT B IIbOMY BHUIAIKY
MICTUTh KaTaji3aTop OKHUCJICHHS 1 ABIsAE€ COOOI0 BOJHO-TYKHUH PO3YUH
KarajgizaTopa, B SIKOCTI $IKOrO, HANpUKIAJ, BHUKOPUCTOBYIOTh KOMIUIEKCHE
3'€MHAHHA XJIOPUAY 3ajli3a 3 JIUHATPIEBOIO CULII0 ETHICHIIaMIHTETPAOITOBOI
KHCJIOTH a00 Tapssyuil pO3UMH MULI'SKOBUX COJIEH JTYy>)KHUX METAJIB.

AncopOIiiiHi METOJM OYHMIICHHS Tra3y 3acHOBaHI Ha CEJIIEKTUBHOMY
BUJIYYEHHI CIPKOBOJHIO TBEpAUMMH NOTJIMHA4YaMHu - ajacopOeHTamu. I[lpu mpomy
CIDKOBOJICHb MOX€ BCTYNAaTH B XIMIYHY B3a€MOJII0 3 ajcopOeHTOM (XIMiyHA
aacopOiisi) abo yrpumyBaTucs GIBUYHUMH cwiamMu  B3aemonii  ((pizuuHa
aacopOuis). XimiuyHa ancopOiiss He 3HaWIUIa MIMPOKOTO MTPOMMCIOBOTO
3aCTOCYBaHHSA 4Yepe3 CKJIQJHOII, II0 BUHUKAIOTh Ha CTalli pereHepaii
BIJIIPAllbOBAHOTO asicopOeHTy. @Di3uuHa aAcopOLiss BIAPIZHAETHCA JIETKICTIO
perenepaiiii aIcopOEHTyY 1 MIUPOKO BUKOPUCTOBYETHCS B MPOMUCIIOBUX IMpOIlecax
JUIST TOHKOTO OUHWIIEHHS Ta3iB BIJ CIPKOBOJHIO, JIOKCHUIY BYIJICHIO 1
CIPKOOpraHiYHMX 3'€lHaHb. SIK aJACOPOEHTH HANWOUIBIIOrO MOUIMPEHHS 3HAWIILIN
aKTHBHE BYT1JUIS 1 CHHTETHYHI IICOJIITH.

Henonikamu mpoiieciB aficopOMIiHOIO OYMUIIEHHS ra3y € BIJIHOCHO BHCOKI
eKCIUTyaTalliiiHi BUTpaTH 1 MOJYNEpIOAIYHOCTh MpOLEeCy, B 3B'SI3KYy 3 UMM I
IPOLIECH YacTillle BUKOPUCTOBYIOTh JUIsl TOHKOTO OYMILEHHS ra3y BiJ 3aJUIIKOBOI
KUIBKOCTI CIPKOBOJIHIO Ta IHIIMX KHCJIMX KOMIIOHEHTIB TICJS TOMNEPEIHBOTO
OYHIIICHHS METOA0M abCOopOITii.

Karamituuni MeToaM OYMINEHHS Tra3y BiJ KHCIMX KOMIIOHEHTIB
BUKOPUCTOBYIOTh B THX BHUIIQJKaX, KOJMU B Ta3l MPUCYTHI cipyaHi 3'€IHaHHA,

HEJIOCTAaTHBO IIOBHO BHAAISIOTHCSA 3a JIOMIOMOTOK PIAKHX IOrJIMHAYiB abo
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aJICOpOCHTIB.

Y mpOMHCIOBOCTI 3aCTOCOBYIOTHCS METOAM KaTaJIITUYHOTO TiIpyBaHHS,
3aCHOBaHI Ha B3a€MO/IIi CIpUyaHMX CIIOJYK 3 BOJHEM (T1ApyBaHHS) a00 3 BOASHOIO
naporo (rigpoini3). B skocTi kaTamizaTopiB B IIMX MPOIIECaX BUKOPHUCTOBYIOTh
OKCHJIM KOOAJIbTy, HIKEJIO 1 MOJIIOACHY, HAHECEH1 Ha OKCHJI AJTFOMIHIO.

[TpoBijHE Miclie B CBITOBIM MPaKTHUII B 00JACTI OYUIIEHHS Ta31B BiJl KUCIUX
KOMIIOHEHTIB 3aiiMalOTh aMiHOBI Ipoliecu. BoHM 3aCTOCOBYIOTBCA ISl OUMILICHHS
OPUPOJHOTO Ta3y BXKE KIIbKAa JECATHIITH, ajie JI0 TENepilllHbOro Yacy
3aJTMIIAIOTHCSI OCHOBHUMU - TIprOau3HO 70% Bij 3arajibHOTO YKCIIa YCTAaHOBOK [2].

JIns mopiBHSHHA B TaONUIl HABEIEHO MEPENiK OCHOBHHUX IMIPOIIECIB, IO
3aCTOCOBYIOTHCS JUIsl OUUIIICHHS Pi3HUX Ta3iB.

Ta6nuis 1.1 - OcHOBHI POLIECH OUYHUIIEHHS TPUPOTHOTO razy

1.3 MoHoOeTaHOJIAMIHOBHH CIIOCIO OUMCTKH ra3a

Jist MEA-cnioco0y XxeMOoCOpOEHTOM € BOAHHUI pO3UYMH MOHOETAHOJaMIHA 3
BmicToM 15-30% wmac. binem Bucokuit BMict MEA 3acTOCOBYIOTH TUTBKH TPHU
BUKOPUCTAaHHI BHCOKOE(EKTUBHHUX 1HTIOITOpIB Kopo3ii. Peakmis MEA 3

CIPKOBOJTHEM 1 IIOKCUIOM BYTJICIIIO ITPOTIKAE 3a CXEMOIO:

HO-CH,-CH,-NH, + H,0 <> (HO-CH,-CH,-NHg)* + OH™ (1.1)
H,S + H,O & HS™ + H;0" (1.2)
(HO-CHy-CH,-NHz)* + HS™ <> (HO-CH,-CH,-NH3)* HS (1.3)
CO, + 2 H,0 <> HCO;™ + H30" (1.4)

(HO-CH»-CH»-NH3)" + HCOj3™ <> (HO-CH,-CH,-NH3)" x HCO;~  (1.5)

[lepBunni 1 BropunHi aminn (MEA 1 JIEA), Ha BinMiHYy BiJ] TPETUHHUX,
3/1aTHI BCTynaTu B Oe3nocepenHio B3aeMoito 3 CO, 3 yrBOpeHHsIM KapOomarta 3a
CXEMOIO:

CO,+HO-CH,-CH,-NH; + Hy0 <> HO-CH,-CH,-NH-COO™ + Hy0%(1.6)
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HO-CH,-CH,-NH-COO™ + H30" + HO-CH,-CH,-NH, <>

< HO-CH,-CH,-NH-COO™ + (HO-CH»-CH,-NHs3)* + H,O (1.7)

Koncrantu nucomiarii MEA, H,S u H,CO3 y Boai 10piBHIOIOTH BiJIMOBIIHO
3,2:107; 6,1-10_8; 451077, 3 uMX JaHUX BUILTHBAE 00OpOTHICTh peakiliif, TOOTO
POXO/HKEHHS iX HE 10 KIHIIS, 10 JIMITY€EThCS CTYTIEHEM JAUCOIaIlii.

Pozunnun MEA 3abe3neuyrorb TOHKY ouMcTKy razy Bin H,S u CO; B
MIMPOKOMY Jiama3oHi KoHueHTpauid. MEA nerko perenepyerscsi, XiMI4HO
CTaOlIbHUI 1 B MOPIBHSIHHI 3 IHIIMMH aMiHAMHU MaJIO MOTJIMHAE BYTIIeBOAHI [4].

IctorHUMU Henonikamu MEA € 1ioro BiTHOCHO BUCOKa peakiliiiHa 3/1aTHICTh
10 BIJTHOIICHHIO IO OPraHIYHUX CHOJYK CIPKH, IO MICTSAThCS B Ta3l, 1 BUCOKa
KOpO3iiiHa aKTUBHICTh HOro po3unHiB. KpiM 11boro, Bijj3HaueHo, mo peakiis MEA
3 H,S Moxe mnpoTikaTh B HNPUCYTHOCTI CIHIAIB KUCHIO 3 YTBOPEHHSIM

HEpPEreHEePOBAHOTO 3'€IHAHHS TUOCYJIb(aTa €TaHOJaAMIHY:

2 RNH; + 2 H,S + 2 O, — (RNH;),H,S,03 + H,0 (1.8)
Kpim 1mporo, sikio B ouMilyBaHOMy rasi npucytHiii CS,, To peakuis 3
CIPKOBYTJIEIIEM K€ 3 YTBOPEHHSIM Ba)XKKO PEreHEPYEMOI CTIONYKH:

2 RNH; + CS; - RNHCSSH NH;R (1.9)

YTBOopeHuit cynbdig posknamaerbcs mpu  KumsueHHi Ha 45-50% 3

YTBOPEHHSIM ripun4Horo macia i MEA:
RNHCSSH - NH,R — RNH, + H,S + RCNS (1.10)

Peakmis MEA 3 xapOoniicynbdisy TakoX #ae 3 YTBOPEHHSIM BaXKKO

PO3KIIAAAEMO] CIIOJIYKH:
2 RNH, + COS — RNHCOSH - NH,R (1.11)

[Ipu xum'aTiHHI Taka CIOJIyKa PO3KIATAEThCsi 3 yTBOpeHHsM smire 40%

MEA, sixuii OpaB yyacTh B HOTO YTBOPEHHI!

RNHCOSH - NH,R — RNH, + H,S + RCNO (1.12)
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2 RCNO + H,0 — (RNH)zCO + CO,

(1.13)

[Tpu migBumenux temmneparypax MEA pearye 3 CO, 3 yTBOpEHHSIM HE

po3kiiafaeMux crnoiayk. Cro4arky yTBOPIOETHCS OKCA30J1A0H-2:

HO-CHz-CHZ-NHz + C02 — + HZO

Bin  yTBOprOETBCS ~ TaKOXX TPU  MOBLIBHUX

OKCIETUIKapOaMiHOBOW KUCJIOTH:

(1.14)

IIEPETBOPEHHAX  N-

HO-CH,-CH,-NHCOOH — + H,0 (1.15)
Jlam Moxe IpOTIKaTH LUTANA PO XIMIYHUX PEAKIII:

+ H,0 (1.16)

+ CO, (1.17)

[Mponykr peakmii (1.16) - BUCOKOKHMIUISYA, IOTAHO PO3YMHHA Yy BOJI

KpUCTajiyHa pedoBuHa. ToMy BoHa Moke 3a0uBatu amapatypy. [Ipoaykr peakiii
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(1.17) - noOpe po3uMHHA y BOJI pifMiHA, IO MA€ JYXHY PEaKIi€l0 1 BUKJIHKAE
HiJCHIICHY peakilito oomaaHanHs [4].

MEA TOpiBHSHO JIETKO OKHCIIOETBCS CIIOYaTKy 3 YTBOPEHHSM O-
amiHoanpjaeriga, [loTiM rminuHy, THOIKOJEBOi, IIABIEBOi 1, HAPEIITi, MypamnHOl
kucnoT. 1li KUCTOTH TakoX MPHU3BOAATH A0 KOPO3ii 3 YTBOPEHHSM HEPOIYMHHHUX
CITOJTYK 3aJi3a.

KpiM TOrOo, mpu momagaHHi B aMiHOBHM PO3UYMH OPTaHIYHUX KHUCJIOT B
abcopOepi Ha mepIIiil cTaall yTBOPIOIOThCS 3a peakiiiero (1.18) amiHOBI Muia, 110
BUKJIMKAIOTh CWIBHE MHOYTBOpeHHsS. Ha npyriii cramii mo peakmii (1.19)

YTBOPIOIOTHCA MAJIOPO3UYMHHI aMiJId KApOOHOBHUX KHUCIIOT:
RCO,H[H,N(C,H40H)]" — RCONH(C;H,OH) + H,O (1.18)
RCO;H + (HOC,H,)NH; — RCO™3[H,N(C,H4OH)]* (1.19)

AMigu KapOOHOBUX KHUCIOT MPAaKTHYHO HE MIIAAIOThCA pereHepamii 1
BUIAJIAIOTh 3 PO3YMHIB HACHYEHOIO0 1 PEreHEepOBaHOr0 amMiHIB B 30HaX
OXOJIO/DKEHHS, TOOTO YTBOPIOIOTH TBEPJl OMAad Ha BHYTPINIHIX MOBEPXHSIX
TEMJI000MIHHUKIB. KpiM TOro, po3umHu amifiB TakoX € OJHIEI0 3 MPHUYMH
criiHtoBaHHS B abcopOepi. Bimnocuno neperBopens (1.18) 1 (1.19) posunan MEA
OLIBII peakiiifHO3/aTHI, HIXK PO3YMHU IHIIMX aMiHiB. [le € oIHMM 3 HEe0JIKIB
MEA sk abcopbentiB H,S u CO,.

Temnepatypui ymoBu perenepariii pozunHiB MEA oOmexeHi, 3 OZHOTO
OOKy, N1OCHUTh BHUCOKMM THCKOM HACHYE€HHMX TapiB, MPUCKOPEHHSIM MOOIYHUX
peaxiiii 1, 3 1HIIOro OOKY, BaXXKOIO JJIs pereHeparlii uepe3 HU3bKYy KOHCTaHTHU
aucortiamii  cynbhimy MEA 1 iHmmX 3'€IHaHb TIPH  BIJHOCHO HU3BKHX
temneparypax. [lum, B cBoo yepry, oOyMOBJeHa BiJHOCHO BHCOKAa 3aJHIIIKOBA

xonnentpaiis H,S i CO, B perenepoBanomy poszunti MEA [4].

1.4 Onuc TexHOJIOriI OYMINEHHS Tra3iB  BOAHHUM  PO3YHHOM

MOHOETAHOJIAMIHA
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Ha puc. 2 mnpexncraBieHa cxema O4YMIIEHHs Tra3y po3unHoM MEA.
Hagxonsumit Ha oumMcTKy ra3 1 abcopOeHT momaroThesi B abcopbep A-1
npoTUTOKOM. HacnueHuit KucIiMMU KOMIIOHEHTaMH a3y po34yuH 3 HU3Yy abcopOepa
A-1 nmogaeTbest B BepXHIO YyacTHHY Jecopoepa [I-1, monepeaHbo miairpiBaloyuch B
Ter1oo0MiHHUKY T-2 pereHepoBanuM po3zunHoM MEA. MoHoeTaHoJ1aMiH, B CBOIO
4epry, 10JaTKOBO OXOJIO/KYIOUHUCH BOJIOIO 200 MOBITPSAM B TEIIOOOMIHHUKY T-1,
noAaeThcsa Ha Bepx abcopbOepa. Kucnuii ra3 3 gecopbepa -1 oxonomkyerbes aiis
KOHJIeHcallli BojsHOi mapu B T-3, a KoHaeHcaT- d¢ierma Oe3nepepBHO
MOBEPTAETHCSI HA3aJ[ B CUCTEMY JJIsl MIATPUMKH 3a7aHOI KOHIIEHTpAIIl PO3UYHHY
MEA. 3a3Buuaii B cxemi nependayeHo ekcranzep E-1, e 3a paxyHOK 3HUKEHHS
TUCKY HACHYEHOTO0 PO3YMHY BHUIUISIOTHCS (PI3UYHO po3YMHEHI B aOCOpOEHTI
BYIJIEBOJHI. EKCnaH3epHUid Ta3 MICHs OYMILEHHS BHKOPHUCTOBYETHCS B SIKOCTI

HAJIMBHOTO 200 KOMIIPUMYETHCS 1 TIOJJAETHCS B MOTIK BUXiTHOTO Ta3y [1].

Pucynok 1.1 - IIpuHIMIIOBa TEXHOJIOTTYHA CXE€MA OYUILEHHS ra3iB PO3YUHOM
MOHOETaHOJIAMIHY:
A-1 — abcopbep; J-1 — necopbep; 3-1 — excnanzep; E-1 — eMHicTh aJis
pererepoBaHoro abcopbenta; T-1,2,3 — rermooOminanku; H-1 — Hacoc; P-1 —

peboitnep; C-1,2 — cenapaTop

1.5 Bu0Oip napameTtpiB aMiHOBOI 0YMCTKHU

Bubip aminy.

[Tpu BuOOpI mapameTpiB aOCOPOIIIHOT OYUCTKU MOTPIOHO MATH HA yBa3i JBa
OCHOBHUX MexaHi3mMu abcopOiii CO,. Benuka wyacThHa JIOKCHAY BYTJICIIO
nornuHaeThest pozunHamu MEA 1 JIEA 3 yTBopeHHSIM KapOamaTy 3 JOCSTHEHHSIM
crynenst nornuHadHsa 0,5 Monb/mMonb. [lepeTBopeHHs KapOamaTHOI CTPYKTypH B
OikapbamaTHy 3 MOJAJBIIMM MEpPediroM KUCIOTHO-OCHOBHOI PEaKIlli J103BOJIsIE

JOCSITTA CTyINeHs mnoriauHaHHS 1  Momb/Monb. [lpu 1mboMy MiABUITYETHCS
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piBHOBakHa KkoHueHTpauiss CO, B ra3oBiii (a3l 3a paxyHOK CHOBUIbHEHHS
MIBUIKOCTI XemocopoOii. 3 TpetuHHnMu amiHamu B3aemonis CO, mo kapOamatHi
TUIY HEMOKJIMBAa 4Yepe3 BIJACYTHICTH PYXOMOI'O aTOMy BOAHIO Yy a30Ti, WIO
o0yMmoBITIoe cenektuBHe BuiydeHHs: CO2 B mpucyTHOCTI H,S.

Sxmo B rasi mo ouumiaerbes npucyTHi COS 1 CS,, TO BUKOPUCTOBYBATH
nepBuHHl aminu (MEA) HemomijapHO BHACTIIOK YTBOPEHHS 1 HAKOIMMYECHHS B
a0CcopOCHTI HEpEereHEPOBAHMX 1 BAYKKO PETCHEPOBAHUX 3'€ THAHb.

B minomy mepBuHHI aMiHM OUIBII peaKIiiHO3/IaTHI Ta PIBHOBAXXHUM THUCK
CO; u H,S Hax ix po3uMHAMHM HUX4Ye, HDK HaJ pPO3YMHAMH BTOPHMHHHUX aMiHIB.
Tomy npu 3aranbHOMY HagMipHOMY THCKY HUx4e 0,7 MIla 3acTOCOBYIOTH TIJIbKU
MEPBUHHI aMiHH.

['paHnyHO HOMycTUMA MOTJMHAIBHA 3/1aTHICTh a0COPOEHTY OOMEKYETHCS SIK
HOpMaMHU JOIyCTUMOI KOpO3ii anapaTypH, TaK 1 FPaHUYHO JOMYCTUMOIO TEIJIOTO0
xemocop6iii. Kopo3siitHi 0OMeXeHHs Ha KOHIICHTpAIlil0 TEPBUHHUX aMmiHIB B
po3uuHi cTaHoBIATH 0,5 MoJb/i, BTOpuHHUX aMiHiB - 0,85 monb/n. Temnora
peakilii KUCIuX ra3iB 3 MEPBUHHUMHU amMiHaMu Ha 25% Buile, HIXK 3 BTOPUHHUMU,
110 BH3HAYa€ JJIsl KOXKHOTO 3 aMiHIB CBOI KPUTHYHI OOMEXKEHHS MPHU OYMIICHHI
rasiB 3 BACOKHM BMICTOM KHCJIUX KOMIOHEHTIB [3].

Bubip koHIleHTpaIlii po3unHy amiHy.

BukopucTaHHs aMIHOBUX PO3YHMHIB BUCOKMX KOHIIEHTpALll A€ MOXKIIUBICTb
3MEHIIUTH OOCAT IUPKYIIOI0YOTO PO3YHHY 1 BHACIOK IOTO CKOPOTUTH BUTPATH
Ha TMepeKavyyBaHHs PO3UYHMHY, IPOTE IPU3BOAUTH J0 Py HEOAKAHUX SBUIIL:

— MIJBUINYETHCS KITBKICTh MOTJIIMHYTHUX KHUCIUX KOMIIOHEHTIB B OJMHUIII
Macy pO34HHY, IO MPU3BOJIUTH JO0 HAIMIPHOTO MIIBUIIEHHS TEMIIEpaTypy aMiHy
3a paXyHOK 30UIbLIEHHSI CyMapHOIO TEIJIOBOTO €PEKTY;

— MiABUIIYETHCSA TEMIIEpaTypa KUIIHHS PO3UMHY, a, OTKE, 301IbIIYETHCS
BUTpAaTa Mapy Ha PereHepartiio;

— 30UIBLIYETHCS  B'SI3KICTH ~ PO3UMHY, BHACHIIOK YOTO  3HUXKYIOTHCA

Koe(dillieHT Maco-1 TerulonepeAadl 1 MIJBUILYIOTbCS E€HEProBUTpaTH Ha
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HUPKYJSIII0 po3urHy. Bkl Toro, B'I3kl pO3YMHHU aMiHIB MPOSIBISIIOTH OLIBIILY
CXMJIBHICTB JIO CITIHIOBAHHS;

— 30UIBIIYETHCSA THYUYKICTh IapiB aMiHOBOTO PO3YMHY, IO MPHU3BOAUTH JI0
3pOCTaHHS BTpAT 3a paXyHOK BUIIAPOBYBAHHS;

— KOHLIGHTPOBaHI PO3YMHM MAalOTh BEJIHKY PO3YMHHY 3JaTHICTH IIO
BIJIHOIICHHIO JI0 BYIVIEBOJIHIB, IO OJIHOYACHO MPU3BOAUTH JO BHUIIJICHHS
JIOAATKOBOI KUIBKOCTI TEIJIOTH B abcopOepi 1 MiJBUIICHHS HaBaHTAXXEHHS Ha
eKCIaH3ep.

OntumansHa MacoBa yactka: MEA - 12-25%, EA - 20-30%, MJIEA- 30-
50%. BuMoru A0 3aJMILIKOBOTO 3MICTY KHUCIMX KOMIIOHEHTIB B PEreHEepOBaHUX
aMiHax BU3HAYAETHCS NMPHUPOAOID BUKOPHCTOBYEMOTO aMiHy 1 BCTAHOBIIIOETHCS B
Mexax: st MEA - 0,1 moas/mons, s JIEA - 0,02 mons/moas, 1t MJIEA - 0,03
MOJIb/MOJTB [3].

Bruus remnepatypu aGcopOirii.

3HIDKEHHSI TeMIiepaTypu adcopOIlii TPU3BOAUTH 10 MIJBUIECHHS BUITYUYCHHS
L1JTbOBUX KOMIIOHEHTIB, aJIe 3HH)KYE CEJIEKTUBHICTD MPOLIECY BHACIIOK 3pOCTAHHS
PO3YMHHOCTI BYTJICBOAHIB B aMIHOBUX PO3YMHAX 1 30UIbIIyEe WMOBIPHICTH
riIpaTOyTBOPEHHSI.

[linBuiieHHs  TeMmmepaTypu 30UIbIIYE  CEJIEKTUBHICTH MPOIECY IO
BIJHOLIEHHIO JO0 KHUCIUX KOMIIOHEHTIB, aje MOX€ IPUBECTH JO 3POCTaHHS
3aJIMIIKOBOTO BMICTY KHCIMX KOMIIOHEHTIB B oOuMIleHOMYy rasi. Kpim Toro,
M1BUIIEHHS TEMIIEpaTypy MPU3BOIUTH A0 30UTBIIEHHS BMICTY BOJIOTH OYHIIEHOTO
razy, 1o MPU3BOANUTH 0 3POCTaHHS CIOKMBAHHA TIIKOIIO HA MOTO OCYIIEHHS 1
30UIbIIyE EHEProBUTPATH Ha pereHepaiiro ocymyBada. CTymiHb BIUIUBY
TEMIIEpaTypyd Ha CEJEKTUBHICTh MPOIECY BU3HAYAETHCS MPUPOJOI0 aMiHy 1 B
OUIBILINA Mipl TOMITHA IPY BUKOPUCTAHH] TEOPETUYHHUX aMIHIB.

Bzaemonis H,S € Oynp-fikumMu amiHaMM TMPOTIKAE 3  YTBOPEHHSIM
ruapocyiabduna i cynpdimy MutTeBo. [linBUIIEHHS TeMIiepaTypy A0 TIEBHOT MEX1

(mo 70 °C) Oyne Hacammepes MO3HAYATUCA HAa OCBITY MaJIOCTIMKOIO BYT1JIbHOI
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KHCJIOTH, IO TIPU3BOJUTH JI0 3HAYHOTO 3HWKEHHs cTynens Buinydenns CO; [3].

2 RN + H,CO3 <> (R3NH),CO5 (20)
(R3NH),CO; + H,CO3 <> 2 (RsNH)HCO; (21)
2 RN + H,S <> (RsNH),S (22)
(RsNH),S + H,S <> 2 (RsNH)HS (23)
H,0 + CO, <> H,CO4 (24)

BruiB TuCKYy.

[li1BUILIEHHS TUCKY MpPH HE3MIHHUX TEMIIepaTypl 1 KOHLEHTpauii amiHy
30UIBIIY€E CTYIIHb OYMIIEHHS Tra3y BijJ KHCIUX KOMIIOHEHTIB, TaK SIK 3pOCTa€
pylIiiiHa cuia npouecy. ToMy Ko HE0OX1AHO OYMIIATH ra3 HU3BKOTO THUCKY, TO
JOLIBHO MONEPEIHBO KOMIIPUMYBATH HOT0. 3a3BUYail OUUIIEHHS ra3y po34MHaMU
aMiHy 3[1MCHIOIOTh IpH TUCKY Bia 2 10 7 MIla.

AHani3 BHIIEONMHCAHOTO MaTepialy IOKa3ye, MO0 PO3pOoOJeH] 1 YCHIIIHO
BIIPOBAKYIOTHCS B CBITI TEXHOJIOT1T CIPKOOYHUCTKH MPUPOIHOTO Ta3y pO3paxoBaHi
Ha BHUCOKI NPOJYKTUBHOCTI MO CHUPOBHMHI 1 JAJEKO HE 3aBXAU MOXYTh OyTH
amarrroBadl Uit miarorosku [IHI. BigHocHo HeBenuki oOcsrn 1 0COOJIMBOCTI
CkJaay (BUCOKHUN BMICT BaKKHX BYIJIEBOJHIB Cs., CIIBBIAHOIIEHHS CIPKOBOIHIO
JI0 BYTJIEKHCIIOTO Ta3y) MEPENIKOKAIOTh BUKOPUCTAHHIO KJIACHYHUX YCTaHOBOK
aJIKaHOJIAMIHOBOM OYMILIEHHS AJI1 BUJATICHHS CIPKOBOJHIO 3 MOMYTHOTO ra3y.

HeBig'eMHOlO cTami€l0 aMiHOBOI TEXHOJOTIi CIPKOOYHIIEHHS Ta3y €
pereHepaiiis adbcopobenty npu Horo HarpiBanHi a0 110-1300C 3 yTBOpeHHSM Kp
HEPIPOBAHHOTO AMIHOBEH PO3YMHY 1 «KHCIIOTO Ta3y», IO MICTHTh IMEPEBAKHO
CIPKOBO/ICHb 1 IIOKCH]] BYTJICIIIO.

[lepepoOka KuCIOro ra3zy BHMAara€ JIOJAaTKOBOI TEXHOJOTIT yTHIi3amil
CIPKOBO/JTHIO MEPETBOPEHHSIM B €JIEMEHTHY CIpKY B mporieci
BHCOKOTEMITEpaTYpHOTO KaTaTITUYHOTO OKHCIICHHs Ha ycraHoBI Kiayca, sika

Yepe3 BHUCOKY KAITaJIOMICTKICTh 1 €HEPrOCIOXWBAaHHS 1€ TUIBKM B CKJIaji
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BEJIMKUX Ta30NepepoOHNX KOMIUIEKCIB 1 Ma€ MPOAyKTHBHICTH He MeHie 5000

T/piK cipku [3].
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2 Po3paxyHok MaTepiajibHUX 0aj1aHCiB MpoLecy O4YMIEeHHs NPUPOIHOT0

rasy po3simHoOM MOHOCTaHOJIaMiHy

MojentoBaHHsl 1 pO3paxyHOK TEXHOJIOTIYHOI CXE€MH HpOoBOAMBCS B Aspen
HYSYS, sxuii saBisie co000 NporpaMHHil NAaKeT, MPU3HAYCHUI JJI1 MOJIETIOBaHHS
B CTAI[lOHAPHOMY 1 IMHAMIYHOMY PEKHUMaX TEXHOJOTIYHOI CXEMHU, IPOEKTYBaHHS
XIMIKO-TEXHOJIOTTYHMX BHUPOOHMIITB, KOHTPOJIO MPOJYKTHUBHOCTI OO0JaTHAHHS,
onrtuMizaiii 1 6i3Hec-TUTaHyBaHHS B 00J1acTi BUIOOYTKY 1 IEPEpOOKH BYTJIEBOIHIB 1

HadTOXIMII.
Pucynok 2.1 - T'onosHe BikHO mporpamu HYSY'S

2.1 MoaenroBaHHsI TEXHOJIOTIYHOI cXxeMH B nporpami Hysys

[TpupoaHmii ra3 HaAXOIUTh B aMiHOBUI abcopOep (Mea contactor), B skocTi
abcopOyrouoro areHTa BHUKOPUCTOBYETHCS BOJHHM PO3YMH MOHOETAHOJaMiHA 3
BMicTOM amiHy 28 Bar.%. AminoBuii abcopbep mae 20 peanbuux Tapinok. [licmus
abcopOLii HacHUYeHMH PO3YMH aMmiHy ApocemroeThes 3 70 kr/cm” mo 6 kr/em® i
nigirpiBaerbest Ao 95 °C, micisi 4oro HaJIxoAWTh B pereHeparop. Perenepartop
takok MicTuTh 20 peanbHUX Tapinok. Kucnuii ra3 BUXOAHWTH 3 pereHeparopa 3
temriepatypoto 80 °C, a perenepoBanuii amid - 3 Temreparypoto 124 °C. IloTik
pPEreHEePOBAHOTO aMiHYy OXOJIOJIKYETHCS 1 3HOBY HaJAXOIUTh y abcopOep.

2.1.1 lloyaTok po3paxyHKy

JInst po3paxyHKy CKOPUCTAEMOCS CTaHJIAPTHUM TIAKETOM aMiHIB, SIKUM
po3po6uB /I. b. PoGiHcoH. BikHO BUOOpY CTaHAAPTHUX MAKETIB PEYOBUH MOKAa3aHO

Ha PUCYHKY 2.2.

Pucynox 2.2 - Bubip cranmapTHOTO MakeTy pedyoBUH
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OOpanuii TaKeT BHKOPHCTOBYETHCS I MOJCIIOBAHHSA CHCTEM aMiHH-
BYTJIeBOIHI-Boga. O6upaemo kommoHeHTH: N,, CO,, H,S, Cy, C,, Cs, 1Cy, NCy, iCs,
nCs, Ce, C;, H,O i Mmonoeranonamin (MEA).

CkJia 1 yMOBH MOTOKY MPUPOJHOTO Ta3y HaBEACHI HA PUCYHKY 2.3.

Pucynox 2.3 - Ckiag i yMOBH ITOTOKY MPUPOJTHOTO Ta3y
ITepen po3paxyHkoM aMiHOBOTo abcopOepa Cilij 3aaTH CKJIa 1 YMOBH JIS
notoky po3umHy aminy (Mea to contactor). IlotiMm mi BenuuwHH OYIYyTh

repepaxoByBaTHCS CHCTEMOIO B perukii [16].

Pucynok 2.4 - Cknaja i yMmoBH MOTOKY po3unny MEA
2.1.2 AminoBuii abcopoep

[Ilo6 BcTanoBuTHM abcopbep oOupaemMo ormepaililo KoJioHa-abcopbep Ta
BCTAHOBJIFOEMO MMapaMeTpH KOJIOHH (pucyHOK 2.5). Ilpu BUKOpPHCTaHHI aMiHOBOTO
MaKeTa KOJIOHU PO3PaXOBYIOThCS Ha peaibHI Tapuiku. AOcopOIiiiHa e(heKTUBHICTh
TapiJioK PO3PAaXOBYETHCA CHCTEMOIO, MJisi [BOTO HEOOXIAHO 3aJaTH PO3Mipu

TapiIoK.

Pucynoxk. 2.5 - [Tapamerpu abcopbepa

3amaeMo po3Mmipu Tapiiok amiHoBoro abcopbepa (Mea Contactor) sk
noka3aHo Ha pucyHky 2.6. Lli mapamerpu 3anaroThes Ha Bkiaami «Ilapamerpmy,
cTopiHka «AMmiHU». AOcopOIiiiHa e(eKTUBHICTh Tapiiok Oyae po3paxoBaHa

BUXOJISIYM 3 BUCOTH LIAPY PIAMHM HA TapUIL 1 4acy KOHTAKTy MapH 1 piAUHHU.

Pucynox 2.6 - [Tapamerpu Tapinok abcopoepa

3amyckaeMo KOJOHY Ha po3paxyHoK. ITicist Toro, sik po3paxyHOK 31i1eThCs,
nepexogemMo Ha cTopiHky «[Ipodimi» Brmagku «Ilapamerpu» moO6 moOAUNTH

pe3yJIbTaTH MO Tapiikax (pUCyHOK 2.7).

Pucynok 2.7 - Pe3ynbratul o Tapujikax abcopoepa
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[Torik Hacuyenoro po3umny aminy (Rich MEA) magxoauts 3 abcopbepa B

npocens (VLV-100), B SKOMY THCK IOTOKY 3HHKYETBCS J10 6 KT / cMP.

Pucynok 2.8 - HanamryBaHHs gpocess

BigaineHHss yTBOpEHOTo IMICHs IPOCETIOBAHHS T'a3y BiAOYBa€ThCA B EMHOCTI

cemmapatopi (Flash TK).

Pucynox 2.9 - HamamryBanus cenapaTtopa

Pinkuit mponykr Buxomsuu 3 cemaparopa (Rich to L/R) minmirpiBaetscst B
termooOMinanKy  (E-100) kyO0oBMM  NpPOAYKTOM  KOJIOHHM  pereHeparopa
(Regenerator) mo temmeparypu 95 °C i HagXOIUTh Ha PEreHEpaIlil0 B KOJIOHY
(Regenerator) [16].

Pucynoxk 2.10 - TTotoku TemmooOMiHHUKA

2.1.3 Pereneparop

Pereneparop MojemoeThcsl K MOBHA KojioHa. Bona mictuth 20 peanbHHX

TapiioK - 18 Tapinok B TapuIbyaTii CeKIlii, a TAKOXK pedoiep 1 KOHAEHCATOP.

Pucynoxk 2.11 - HanamryBanHs perenepaTtopa

Pucynox 2.12 - Pe3ynbratu 1o Tapijikax pereneparopa

[lepenbavaeTnes, 110 €hEeKTUBHICTh TAPUIOK IIi€T KOJOHU CTaHOBUTH (0.8 miis
H,S 10.15 s CO,.

HeBenuki KUIBKOCTI BOAM BTpPAyarOTbCd B CXEMI, TOMY HEOOXITHO
nependaYnTy MiDKUBJICHHA Bojoro. CroyaTKy J10Ja€EMO HOBHUH TMOTIK BOJHM
(Makeup H20), a motim BcTanoBmoemo 3MimnryBad (MIX-100). 3amaemo ckmaf i
TemrepaTypy notoky. Ilotok perenepoBanoro pozuuny aminy (Lean from L/R) i

norok Bomu (Makeup H20) 3wmimnyroThCst MPU OJHAKOBOMY THCKY. 3aJaeMO

3MH.
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00'eMHy BUTpaTy MOTOKy micist 3mimysaua (MEA to cool) pisnoro 43 m%/rox —

Hysys Bu3HaunTh HEOOX1HY KITBKICTh IMiPKUBICHHS BOJIOTO.

Pucynok 2.13 - HanamtyBanss 3minryBaya

[ToTik pereHepoOBaHOrO aMiHy OXOJIOKY€EThC B XonoauwabHuky (E-101).

Pucynox 2.14 - HanamryBaHHS X0JI0IAILHUKA

[Torim Hacocom P-100 Bin momaetwest B abcopbep (MEA Contactor).

Pucynok 2.15 - HanamryBanHst Hacoca

3a gomomororo omepaiii  «YcrtaBka» (Set), 3agaeMo0 THCK MOTOKY
pereHepoBaHoro posunHy amidy Ha 0.05 Kr/cM’ HIDK4e, HDK THCK B IIOTOLJ
IPUPOAHOTO rasy, 110 HaAXOAUTh B abcopoep.

Tenep, koMM MOTIK, 10 HAAXOAWTh B PELHMKI, MOBHICTIO PO3PaXOBaHMUIA,
obupemo omnepaitito «Perukim». CrouaTtky mnapameTpu MOTOKY PO3YHHY aMiHy
(MEA to contactor) Oysnu 3amaHi sk mo4aTkoBi HaOmkeHHs. Ternep i mapameTpu
po3paxoBaHi cucTeMOl0. Po3paxoBaHi 3Ha4YeHHs 3 MOTOKY pEreHepOBaHOIO
pozunny aminy (MEA to recy) OynyTh nepenaHi B IMOYAaTKOBHI MOTIK PO3YHHY
aminy (MEA to contactor), Bcs cxema Oyjie mepepaxoByBaTUCs A0 THX Iip, MTOKH
penuki He 3iiaeTbes [16].

OTpuMaHna cxema OYHIIEHHS IPUPOTHOTO Ta3y POZUNHOM MOHOETAHOJIAMIHY

MoKa3aHa Ha pucyHky 2.16.

Pucynok 2.16 - OrpuMana cxema OYMIIECHHS Ta3y

2.2 AHaJi3 pe3yJbTaTiB

Buxinuuii npupomuuit raz mictuth 4.1% CO, 1 1.7% H,S. ¥V moemy

BUIIAJIKY, TP BUKOPHCTAHHI MOHOETAHOJIAMIHY 3 KOHIICHTpaIli€ro Omu3pko 32%

Apk.
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Bar. BuAasgeTbes npaktuaHo Bech H,S 1 CO,. Ckiax i yMOBH OYHMIIEHOTO Ta3y
npencTaBieHi Ha pUcyHKy 2.17. Takox Ha pucyHky 2.15, 2.16 mpezactaBiieHH1
CKJIaJl i YMOBH Ta3iB sIKi BHIUIHIIMCS 3 OCHOBHOTO MOTOKY. Jlo mpupoaHoro rasy,
KU HAJIXOAUTh Ha MEPEeKauKy B MaricTpajibHI TPyOONpPOBOIU, BUCYBAIOTHCS TaKi
BUMOTH JI0 CKJIaay Kuciux rasi: Bmict CO; He Oubiie 2.0 06.% 1 Bmict H,S He

oiunbie 4 ppm (00.). Y HammoMy BUNAAKY 11l BAMOTH BUKOHYIOTHCS ITOBHICTIO.

Pucynok 2.17 - OuuiieHuit ra3 1o BUXOAUTh 3 abcopbepa

Pucynok 2.18 - ExcrianzepHuii ras mo BUXOIUTH 3 cemapaTopa

Pucynox 2.19 - Kucni rasu mo BUXOIATh 3 pereHepaToTopa

JleTanbHUI CcKiaa 1 YMOBU BHUXIJHUX Ta30BUX MOTOKIB MPEICTABIICHI Ha
pucynkax 2.17 — 2.183aranpHuii MaTepiaJbHMM OajaHC TI0 OCHOBHHM
KOMIIOHEHTaM Tpe/icTaBiIeHuid Ha Tabmui 2.1.

Tabmug 2.1 — 3aranbHuil MaTepiaabHUM O0allaHC

3 Ttabsuii 2.1 BUAHO 10 PO3paxoBaHUN MaTepialbHUN OajaHC 31HUIIOBCA.
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3 Po3poOka nporpamMHoOro MoayJisi 1Jist adcopoiiiHoi KOJIOHH

3.1 Po3podka maTemMaTH4HOI MojeJ1i abcopOepa

[TocTanoBka 3agadi: Po3poOuTu MareMaTtuyHe 1 MporpamHe 3a0e3NedeHHs
JUTSL pO3paxyHKY MOKa3HUKIB (DYHKIIIOHYBAHHS HACAJKOBOI MPOTH TOYHOI KOJIOHHU-
peakTopa, B SKiil BiIOYBa€eThCsl OJIHOYACHE BUJIYYECHHS 3 Ta3y CipkoBogHIO H,S i1
niokcuay Byriaeio CO,.

3a3BUuail MPUHUMAETHCA, IO PEKUM PYXy Ta30BOTO IMOTOKY B HAcaJIKax
KOJIOHH OJIM3bKAM [0 MOJENl 1JeaIbHOrO BUTICHEHHS, BIAIIOBIAHO O IIHOTO
MaTeMaTUyHUi onuc o0'ekTa TpU  (DPYHKI[IOHYBaHHI B  CTallOHAPHOMY
130TEPMIYHOMY PEXUMI MOBUHEH MICTUTH PIBHAHHS MarepiajlbHUX OallaHCIB IS
BUJTy4YeHUX raszonoaioHux kommoHeHTiB H,S 1 CO, B cramionapHomy PIB. Jlnsa

OyAb-SIKOTO |-T0 KOMITOHECHTA I1i PIBHSHHS MAaOTh BUTJISA;

de . _i .
a vFVVJ (3.1)

ne 00'eMHa BUTpaTa ra3zy B poO0YMX yMOBax:

v, = v, [%] [L] (3.2)

273

O0'eMHa XapakTEepPUCTHKA, IHTEHCUBHOCTI Ta30pPIIUHHOT XeMOCOpPOIIli sika €
MOBEPXHEBUM CTOKOM BWJIYYCHHOTO 3 Ta3y |-TO KOMIIOHEHTa, BiAMOBITHO 0

PIBHSIHHSI MOKe OyTHU MpeACTaBICHA T00YTKOM:

F
Wi = Wir B == Wir (33)
EdexTnBHa MOBEpXHS KOHTAKTY (pa3 BU3HAYAETHCS 3a (HOPMYIIOH0:
DZ
Fop = YaV = Ya=—L (3.4)

Je Y - 3a7JaHe 3HA4YCHHS 4YacTKU e(EeKTUBHOI MOBEPXHI KOHTAaKTy (a3 (4acTKH
3MOYEHOI HACaJKH); O - MUTOMA MOBEPXHS HACAJIKU CTAaHOBHUTH 3a JOBIIKOBUMU
JAHUMU U1 HeperyJsipHoi Hacaaku 3 Kuieub Pammra posmipom 50xX50 mm

90M*/M°, V — 06’em Hacaaku anapata, M° [1].
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[MincrapuBmm  (3.3) B (3.1), oTpuMaemMo piBHSHHSI MaTepiaJbHUX

IMOKOMIIOHEHTHHX OaJIaHCIB:

acj _ _Fep )y

a vl Wir (3.5)

[Iponec mormuuaannst H,S pozunnom MEA mpoTikae 3a cxeMoro:

Ay + Ay — llpoaykru (p) (3.6)

1 CYNPOBOKYETHCSI, MUTTEBOIO Mai)keé HEOOOPOTHOIO PEaKI€r0 MpU 3a3BUYAN
HA/UTMIIKOBIN KOHIIEHTpAIlli XeMCOPOEHTa CIOCTEPIra€ThbCs PEKUM MOBEPXHEBOI
peakiii Ha rpanuni ['P® 3 kiHETHYHUM pIBHSHHSAM, IEPETBOPECHHS SKOTO

BIJIIOBIJTHO JI0 33JJaHUX PO3MIPHOCTEN BETMYHMH MPUBOJUTH A0 BUpA3Yy:
War = Ba.Ca, (3.7)

[Ipouec normunanns CO, pozunnom MEA npoTikae 3a cxemoro:

C(ry + 2B(p) — llpoayxtu (p) (3.8)

1 CYIpOBOJKYETbCS IIBUIKOIO peakiiero B piakid ¢asi. [lpu 3a3Buuait
HAUTUIIKOBIN KOHIICHTpaIlii XxeMcopOeHToOM Oimoniekyispa peakiis (3.8) moxke
pO3TIIAATUCA K PEAKIlis TIICeBAOMNEPIIOro TMOPSAAKY SKa MPUBOIUTH 1O
KIHETUYHOTO PIBHSAHHS Tporecy. llepeTBoproroun BIAMOBIAHO 10 3aJaHHUX

pa3MipHOCTEHN BEJIMUMH, OTPUMAEMO:

Wer =——aCc, (3.9)

B kinernunomy piBHsHHI (3.9) Koe(dimi€eHT TPUCKOpPEHHS Macomepesadi

BU3HAYAETHCS (POPMYIIaMHU:

O = th_R (310)
R_,-R
thR = % (3.11)

B IKMX KIHETUYHHUI mapaMeTp R MOXHa BUpa3UTH CIIBBIJHOIICHHSM
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R = (3.12)

Be,

ne K, KoHCTaHTa IIBUAKOCTI OIMOJEKYJISPHOI peakiii sKa BH3HAYAETHCS

EeMIIPUYHUM PIBHSIHHSM

2140

lgkz = 11,07 — (T) (3.13)

Cp - konmeHtpamissi MEA B pigkiid ¢a3i ska BHU3HAYAEThCS PIBHSHHAM

MaTepiaTbHOTO 0aNaHCy B MPOTUTOYHOMY arapari:

vm(cB,BX — CB) = vrvA(vAF — UAF,BHX) + vrvc(ccF — CCF,BHX) (3.14)

HexTyroun ajis iCTOTHOTO CHpPOIIEHHS PO3paxyHKY 3a3BHYail MajiuMu B
MIPOMUCIIOBUX yMOBaxX 3HaueHHsIMU KoHIeHTpatiil H,S 1 CO, Ha BuxoAl 3 anapary

1 mepeTBoprorouH (3.4), OTpUMaEMO HAOINKEHO:

(o)

Cp (3.15)

0 v
~ Cppx — i (CAF + ZCCF)

CenextuBHicTs BuiyueHHs1 H,S B mopiBusnHI 3 CO, NpuitHATO OIliHIOBAaTH
CHIBBITHOILICHHSIM:

_ In CAF/CARBX

In CCF/CCF’BX

(3.16)

BeiBim kinernuni piBHsSHHES (3.7) 1 (3.9) B piBHsHHS (3.5), oTpuMaemo aiis

komnoHeHTiB H,S 1 CO, BianoBigHO:

(dCA _ 1 o
dlr = —Zo—Ca. (3.17)
< BAFFecb
dCC 1 o
= o (3.18)
K ﬁCrFer I BA)KFGCP Co

Cuctema pisasiab (3.17) 1 (3.18) coinbro 3 (3.2), (3.4), (3.10), (3.13), (3.15),
(3.16) yTBOprOE MaTeMaTHYHHIA OMKC MPOTUTOYHOI HACAJKOBOI KOJIOHH-PEAKTOpa

1151 IBOKOMMoHeHTHoTo BuiydeHHs H,S 1 CO, pozunnom MEA.
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Pimenns miei cucremu uncensHUM MeTtoaoM Pynre-Kyrra yetBepToro mopsaxy 3

IpaHUYHUMH YMOBaMU.

l CaAr = CAp
_{Ccr Crox (3.19)

JTIO3BOJIIE OOUMCIUTH Mpodim Cary CCoy i S(I) s1xi, € OCHOBHMMH TOKa3HUKAMHU

eekTHBHOCTI QyHKITIOHYBaHHS anapary [1].

3.2 Metoa Pynre-KyTTa 4eTBepTOro nNopsiiky

[Ipu BupimieHHI AudepeHIianbHOro piBHAHHS MeroaoM FEilnepa Ha
KOXXHOMY KPOIIll TOTPi1OHO JIKIIIE OJTHEe 00UMCICHHS (DYyHKIIII:

Yit1 = Yi + hf (x5, yi) (3.20)

Toll sk B anroputmi Pynre-Kyrra Ha KOXKHOMY Kpolll MPOBOJUTHCS OOUYUCIIEHHS

JEKUIbKOX 3Ha4eHHb (yHKIl. 3aranbHuil Bupa3 anroputmy Pynre-Kyrra mae

BUTJISIA;
Yier = Yi +Q(x,y,h) (3.21)
ne Q(x,y, h) — anmpokcuMariist iHTerpana:
Xit+1
fxi F(x,y)dx (3.22)
J{ns anroput™ma Pynre-Kyrra uerBeproro nopsaky:
1
Yit+1 = Vi + g(kl + 2k2 + 2k3 + k4) (323)
ne
ki = hf (xi,¥:) (3.24)
ky = hf (e + 5,y + 2 (3.25)
ky = hf(x; + 5,y + 2 (3.26)
ky=hf(x;+hy; +k3) (3.27)
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TakuM YMHOM, AJITOPUTM YETBEPTOTrO MOPSIAKY MHOTpeOye Ha KOKHOMY KpOIii
YOTUPHOX 00UUCTICHD PYHKIIII.

TouHicTh pimieHHs, oTpuUMaHOro MeTogoMm Pynre-Kyrra uerBeptoro
NOPSAIKY Ha0araTto MepeBUIy€e TOUHICTh PILIEHHs, OTpUMaHoro MmetoaoM Eitnepa.

[Tpu BupimenHi nudepeHItiaabHUX PIBHSAHD 1 1X CUCTEM CIIiJI 3BepTaTH yBary
Ha a0COJIOTHI 3HA4YeHHsS TMOCTIMHUX mapamMeTpiB piBHAHb. SIKIIO BOHH
PO3PI3HAIOTECA MDK CO00I0 Ha KijgbKa TMOPSAKIB, TO CHCTEMa BBaKAETHCSA
XKOpcTKor. OnucaHi METOAM J03BOJIAIOTH OTPUMATH HAOJMXKEH1 PIIICHHS NI He

XKOPCTKUX cructeM [1].

3.3 AIropuT™M po3paxyHkKy

brok-cxema mporpaMHOro aarOpUTMY pPO3paxyHKYy HAcagOK MPOTHUTOYHOI
KOJIOHU-PEaKTOpa Jisi MPOBEAEHHS TBOKOMIOHEHTHOI xemocopOiii H,S 1 CO, 3
BUKOpPUCTTAaHHAM MeToay Pynre-KyTTa uerBepToro mopsijaky HaBeleHa B JOJIATKY
A.

B anroput™mi mporpamu NPUNHSATI MMO3HAYEHHS OJU3bKI J0 IMO3HAYEHb B
MaTeMaTUYHOMY 3a0€3MeYeHHI:

VG — BuTpaTa rasy B poOOUHX yMOBAX M /TOL;

FEF - ed)eKTHBHA TOBEPXHS KOHTAKTY (a3 M”

FF — xoedimient npuckopenns macornepenadi O;

K2 — koncTanTa mBrakocTi peakii (3.8) M*/(kMob TOX) ;

Y (1), Y(2) — BiAMoBigHO MOTOYHI KOHIIEHTpAIii C Ari Cc,.;

X — OTOYHE 3HAYEHHS BUCOTH KOJIOHHU.

Cuctema 3BuvaiiHux audepeHiianbaux piBHsSHb (3.17), (3.18) Bupimryerhes
B mianporpami RUNKUT.

VEC(1), VEC(2) - mpasi wactuau nudepeHitianbaux piBHsaab (3.17), (3.18)

K1 po3paxoByroThes B mignporpami FUNC, ska Bxoauts B RUNKUT.
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3.4 Po3po6ka nmporpaMHOro MoayJisi B iHTerpOBaHOMY KOMII'IOTEPHOMY

cepenoBuii C#

JlicTuHr 3 peanizalli€ro JOT1KH MporpamMu

Touka crapTy nporpamu

static void Main(string[] args)

{
Y[0] = CAN;
Y[1] = CCN;
VG =VGO *(0.01/P) *(T/273),
FEF=ksi* A*L*3.14*D*D/4;
K2 = Math.Pow(10, 11.07 - 2140/ T);

Mk po3paxyHKy MO KOOPAUHATI TOBKUHU

for (X =0; X < XK; X++)
{
Console.WriteLine(X + 1 +" " + Y[0].ToString("\t0.##E+0\t") + Y[1]. ToString(""\t0O.##E+0\{\t")
+ S.ToString("0.##E+0\t"));
FFO;
RUNKUT();
S = Math.Log(Y[0] / CAN) / (Math.Log(Y[1] / CCN));
}
}

[Tinmporpama po3paxyHKy Koe]ilieHTa IPUCKOPEHHS MPU XeMocopOIii
kommnoHeHTa C

static void FF()
{
C=Y[0] +2*Y[1];
CBO=CBN-C*VG/VL;
R = Math.Sqrt(K2 * DCL * CBO) / BCL;
THR = (Math.Exp(R) - Math.Exp(-R)) / (Math.Exp(R) - Math.Exp(-R));
FFF=R/THR;

[Tinmporpama po3paxyHKy MpaBUX YacTHH IU(epeHIiabHUX PIBHSIHb

static void FUNC()

{

VEC[0] = -Y[0] * BAG * FEF / (L * VG);

VEC[1] =-Y[1] / (L * VG / FEF * (1/ BCG + HC/ (BCL * FFF)));
}

[Tinmporpama peanizaii metona Pynre-Kyrra
static void RUNKUTY()

double[] T1 = new double[2];
double[] T2 = new double[2];
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double[] T3 = new double[2];
double[] T4 = new double[2];
for (intj=0; ) <0.5; j++)

for (inti=0;i<N;i++)
{
G[i] = YTi];

FUNC();
for (inti=0;i<N;i+t)
{
T1[i] = H * VECIi];
Y[i] = G[i] + T1[i]/ 2;
}
FUNC();
for (inti=0;i<N;i++)

T2[i] = H * VECII;
Y[i] = G[i] + T2[i] / 2:

FUNC();
for (inti=0;i<N;i++)
{
T3[i] = H * VEC]i];
Y[i] = G[i] + T3[i];
}
FUNC();
for (inti=0;i<N;i+t)
{
T4[i] = H * VECJi];
G[i] = G[i] + (T1[i] + 2 * (T2[i] + T3[i]) + T4][i]) / 6;
for (inti=0;i<N;i++)

Y[i] = G[il;

Ha pucynky 3.2 mokazanuii rpadiunmii iHTepdeiic mporpamu: B JiBii

YaCTUHI BIKHA 3HAXOIUTHCA Ipadik OTPUMAHMX KOHLEHTpALil MO BUCOTI KOJOHH,

Mo cepeanHl TabJIMIST pO3paxOBaHUX 3HAYCHHb KOHIICHTpAIlid, crpaBa MOJIS s

BBEJICHSI KOPUCTYyBaue€M BHUXIJHHUX JAHHMX a TAKOXK KHOMKA PO3paxyHKY, JOBIAKH 1

nepe3arycKy Iporpamu.

JloBilKa B CBOIO 4Yepry MICTUTh BIKHO 3 TIOSICHEHHSMH JO BHXIJHUX

KoedirienTiB (pucyHok 3.3).
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Pucynok 3.2 - I'padiunnii inTepdeiic mporpamu

Pucynoxk 3.3 - Ilo3HaueHHs Koe]iIl€HTIB IporpaMu

[ToBHMIT KO TTpOrpaMu 3 peatizaliiero iHTepdeicy KoprucTyBada HaBEeICHU I

B noaarky /l.

3.5 AHaJi3 oTpuMaHuX pe3yJbTaTiB

B pesynbrari BHUKOHAaHHA TPOTpaMH OTpUMaHa TaONWId 3HAYCHB
KOHLIEHTpaliid Ta rpadiyHa 1HTepHpeTaliss pe3yJbTaTiB PO3PaxXyHKy Yy BUIJISAIL
npodinsg kouueHtpariii H,S i CO, o Bucoti kosionu (pucynok 3.4). OueBuaHoO,
10 MIBUAKICTH MorauHaHHsg H,S 3HauHO mepeBuinye mBuakicts noriauHanag CO,,
npu 3meHmeHHi Bmicty CO, y rasi jume B 2 pa3u KoHmeHrtpaiis H,S

3MmeHuyeTses B 10000 pa3is.

Pucynox 3.4 - Otpumani pe3yiabTaTh PO3paXyHKY

30UTbLIEHHST JIlaMeTpy amapara, MUTOMOI MOBEPXHI KOHTaKTy (a3, 4acTKy
edeKTHUBHOT TOBEPXHI, THUCKY — MPHUCKOPIOE TMOTJIMHAHHA 000X KOMITOHEHTIB

(pucyHok 3.5).

Pucynox 3.5 - BriiuB 3011bI1IEHHS TapaMeTpPiB

B cBoro depry miIBHINEHHS TEMIEPATypU ICTOTHO TMPHUIIBUIIIYE JIHIIEC

IIBUJIKICTD MOTIMHAHHA kKommioHeHTa C (pucyHok 3.6).

Pucynox 3.5 — [ligBuiieHHs TemMneparypu mporecy
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Toni sik miBHUIIEHHS KOHCTAaHTH ()a30BOi pIBHOBArW HABIAKH CIIOBLIIOHIOE

noryinHaHHs: komnoHeHTa C (pucyHok 3.7).

Pucynok 3.5 — IligBuiiieHHs: KOHCTaHTH (pa30BOi pIBHOBAru

Takox 3a AOMOMOrOK JAaHOI MNPOrpaMH O EKCIIEPUMEHTAIBHUM JIaHUM

6YJ'II/I BU3HAYCHI ONTUMAaJIbHI HaJIalITYBAaHHA KOJIOHHU pCaKTOpa.

Apk.
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4 ABTOMATH3aliA TEXHOJOTIYHOI CXeMHM MNpOLeCy OYHUIIEHHHA ra3iB

PO3YNHOM MOHoeTaHOJIMiHy

CucremMr aBTOMATHU30BAaHOTO YIPABIIHHS CTaJIM HEBII'€MHOI0 YacCTHUHOIO
TEXHIYHOTO OCHAIEHHS CYyYaCHOTO BHUPOOHUIITBA, 3a0€3MEUyIOYHN ITiIBUIICHHS
SKOCTI TIPOAYKIIi Ta TIOJIMIICHHS €KOHOMIYHMX ITOKa3HUKIB BHUPOOHUIITBA 3a
pPaxyHOK BHOOPY 1 MATPUMKH ONITUMAIBHUX TEXHOJOTTUHUX PEKUMIB.

MeTo10 CTBOPEHHS CHCTEMH aBTOMATH3aIlii €:

— 3a0e3neueHHs  Oe3aBapiiHOI POOOTH TEXHOJOTIYHOTO  OOJa HAHHS
YCTaHOBOK;

— TIJBUIIECHHS PIBHS €KOJIOTIYHO1 O€3MeKHU BUPOOHUIITBA,;

— 3HWKEHHS HENPOJAYKTUBHHUX BTpAT MaTepiajlbHO-TEXHIYHUX 1 MAaJIUBHO-
EHEPreTUYHUX PECypPCiB, CKOPOUCHHSI €KCIUTyaTalliiHUX BUTPAT;

— MOJIMUIEHHS YMOB YIPaBJiHHSA BUPOOHUUTBOM 3a PaxyHOK Oprasizarii

aBTOMAaTU30BaHUX POOOUYMX MICIb ONEPATUBHOTO TEXHOJIOTTYHOIO MIEPCOHAITY.

4.1 A”agi3 napamMeTpiB TeXHOJIOTIYHOI CXeMH

3aB/1aHHs TEXHOJIOTTYHOTO MPOIIECY MOJISATae B OTPUMaHI1 rasy B IKOMY
koHueHTpauis CO, ta H,S He nepeBullye rpaHiyHO TOMYCTUME 3HAYCHHs. AHaIi3
TEXHOJIOTTYHOT CXEMH TI0Ka3aB, 1110 /IS 3a0€3MeYCHHS BUXOY MPOAYKTY
HEOOX1THOT SIKOCTI, B HEOOX1AHIHM KIJTLKOCTI Ta MPOTIKAHHS MPOIIECY 3a TEXHIYHUM
peraaMeHToM HeoOXiTHO PETyIIOBAaTH Ta KOHTPOIIOBATH HACTYIHI MapaMeTpu:

— temneparypy po3unHy MEA B peunukii Ha Bxoai B aOcopOep,
TEeMIIepaTypy pO3UrHY B JecopOepi, Ha BUXO/I1 3 KU ITUJIFHUKA Ta CernapaTopa;

— BUTpATy BXIAHUX TMOTOKIB B abcopOep peuoBHH, BUXIAHOTO MOTOKY
abcopOepa, aerMu 1o MOBEPTAETHCS B IecopoOep;

— piBeHb B HUKHIM yacTuHi abcopOepa Ta necopoepa;
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— KOHILIGHTpAILllI0 ra3y Ha BUXOAl 3 abcopOepa a TakoX BMICT TOKCUYHHX
PEUOBUH Y BUPOOHUUOMY 11eXy, KOHIIEHTpaIlito po3unny MEA micns 3minryBaya.

AHamni3 TEXHOJOrIYHOi CXEeMHM II0Ka3aB, IO TOJIOBHUMH HamnpsIMKaMH
aBTOMaTH3allli € KOHTPOJIb BXITHUX (BUTpaTa, TEMIIEpaTypa THUCK) Ta BHUXIJHUX
napameTpiB (BUTpaTa, THCK) aOcopOepa Ta jgecopOepa a TakoX MiATPUMKA
po6oUoro piBHS B HUX.

Ha miacraBi gaHoro aHamizy TEXHOJOTIYHOI cxeMu Oylio BHU3HAYEHO
HEOOXIMHUW piBEHb aBTOMAaTHU3allii BUPOOHHIITBA, OOpaHO peryjabOBaHi 1
peryioUl mapaMerpu, 00’€KTH aBTOMAaTH3allli, a TaKOXK BHU3HAYEHO MapameTpu
KOHTPOJTIO, PEECTpAIIil Ta PETryIIOBaHHS.

BianoinHo ayis oOpaHUX MapaMeTpiB PEryiarOBaHHs, OyJM BHOpaHi MiCIIs
JUIsSL 3aMipy TlapaMeTpiB Ha TEXHOJIOTIYHOMY OO0’ €KTI, HOMIHAJIbHI 3HAYCHHS
napameTpiB Ta HEOOX1AHY TOYHICTh BUMIPIOBaHHS 1 peryntoBaHHs. Bcei gaHi mpo
HEOoOX1/1HI TapaMeTpU PETYyJIIOBaHHS Ta KOHTPOJIIO BUPOOHUIITBA HABEJICHO HIDKYE

B Ta0um 4.1.

4.2 BuzHaveHHsI mapaMeTpiB aBTOMAaTH3 M|l

Jist  Oe3neyHoi poOOTH CXEeMH, MIATPUMAHHA pOOOYUX MapaMeTpiB,
OTPUMaHHS IUJIBOBOTO TPOJYKTY 1 TMOMEPEIKEHHs aBapiiiHoi cutyarii Oymo
0o0paHO HACTYITHI MApaMETPU PETyJIFOBaHHS, SIK1 HaBe/IeH1 y Ta0nuil 4.1.

Ha ocHoBi 00panux mapaMeTpiB 0OMparOTh TEXHIYHI 3aCO0M aBTOMAaTHU3AaIlIi.
3aco0u aBTOMaTH3aIlli MiAOUPAIOTh, BPAXOBYIOUM OCOOJIUBOCTI TEXHOJOTIYHOTO
pexumy. [Tpu iboMy citig TOTpUMYBATUCS HACTYITHUX TTPaBUJL:

— JJIE  PEeryJIOBaHHS OJHAKOBUX IapaMETPiB TEXHOJOTIYHOTO MPOIIECY
3aCTOCOBYEMO OJHOTHITHI 3aCO0M aBTOMATH3AIl;

— KJIac TOYHOCTI MPUJIa/IiB TOBUHEH BIJMOBIIATH TEXHOJIOTITYHUM BUMOTaM;

— Jlana3oH BHUMIPIOBaHHSA TpWIaJiB TOBMHEH BIANOBIAATH J1ala3oHy

TEXHOJIOTIYHUX TapaMEeTPIB, M0 PETYITIOIOTHCS.
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Tabmui 4.1 — IlapameTpu peryntoBaHHS Ta KOHTPOJIIO BUPOOHHUIITBA

Ha ocHoBi HaBeneHux naHux y Tabmuii 4.1 Ta mpaBWi 3a3HAYCHHUX BHIIE,
po3po0iIeHa cXxemMa aBTOMAaTHU3aIli] MTPOIIeCy OUYHIIECHH Ta3iB posunHoM MEA. Jls
JlaHOT CXeMHU MiaiopaHi HEOOXiJHI TeXHIYHI 3acoOu (TMEepBUHHI Ta MPOMIXKHI
MepeTBOPIOBaYi, BTOPUHHI MPHIIAJIA, PETYISATOPH, BUKOHABY1 MEXaHI3MHU TOIIO) 3a
JOTIOMOTOI0  KaTaJIOTiB BHPOOHUWKIB TEXHIYHUX 3aco0iB aBromaTm3arii[11-14].

3acobu aBTOMaTH3AIlli MpeCcTaBlICH] B crienudikariii, ska HaBeJIeHa B JOJaTKy B .

4.3 Onuc cxeMH aBTOMATH3ALIL

Koutpoas Ta perynawBanusi BUTPaTH. J[Ji1 KOHTPOIIO Ta PEryJIIOBAHHS
BUTPATU BUKOPHUCTOBYETHCS 3BYKYIOuuil mpuctpiii niagparma kamepna JAKC 10-
150 (mo3. 1-1, 2-1, 15-1) 3 miameTpoM ymoBHOTO Tipoxoay 150 mm, Ta JIKC 10-50
(mo3. 14-1) 3 giameTpoM yMOBHOTO mpoxoay 50 MM, BUTOTOBJIEHI 31 CTall MapKu
12X18H10T. 3 BuTpaTOoMipa CUrHaj MOCTYMAa€ Ha AUPMAHOMETP MEMOpaHHUI Oe3
mkanpHui JIM-3583 M (mo3. 1-2, 2-2, 14-2, 15-2), BUXiiHUI CUTHAI SIKOTO €
BX1JIHUM Ha MPHJIaJ KOHTPOJIIO Ta peryatoBanHs Butparu PIT 120-30 (mos. 1-3, 2-
3, 14-3, 15-3), micas 4oro CHrHaJl HOJA€Thcs HAa BUKOHaBUMi MexaHisMm MEO-
40/10-0,25-99K (m03. 1-4, 2-4, 14-4).

KonTposs Ta perymoBanHsi Temmnepatrypu. Jlis BuMiproBaHHs
TEMIEPATYPU BUKOPUCTOBYIOTHCS TEPMOEJIEKTPUYHI IEPETBOPIOBAYl OMOPY MapKU
KTCM 0193 (mo3. 7-1, 8-1, 10-1, 13-1) 3 mianma3oHoM BuMiptoBaHHs Temreparypu 0
mo 150 'C, mo npusHAaueHi I BHMIPIOBAHHS TEMIEPaTypH Y PiAKHX,
ra3onoAiOHUX Ta CHUIYYUMX pPEYOBMHAX ILJISXOM IIEPETBOPEHHS OINOpYy B
yHi(pikoBaHu#t curnan 4-20 MA. [ani curnan nmopaethcs Ha enekTpuunuit TTIJ1-
perynstop mapku MTM 620 (no3. 7-2, 8-2, 10-2, 13-2), sikuii Buia€ peryro0unii
BIUIMB Ha BUKOHABUMN MEXaHI3M, ab0 MOCUIIa€ KOPErYIOUni CUTHAIl Ha PETYJIsITOp

KepyBaHHs BUTpaToro (mo3. 7-3, 8-3,10-3).
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KonTposs Ta peryiawoBaHHs PpiBHA. [[19 KoHTpomo piBHA B
pekTudiKaliifHUX KOJOHAX, 3aCTOCOBYETHCSI KOMILJIEKT peryntoBanHs piBHs CAY-
M6, skuii BKIOYae B ceOe KOHAYKTOMETpHUUHHK aarduk (mo3. 3-1, 5-1) Ta
SIIEKTpOHHM peryisatop piBHs piauan EPCY-3 (mo3. 3-2, 5-2). /lanuii KOMITIEKT
MPU3HAYEHUN JJI1 PETYIIOBAHHS Ta MIATPUMKH B 33JaHUX MEXKax piBHS PIAMHU B
kojioHax. Ilpu 3aHanTo BenuKiil 3MiHI PIBHS PIIMHU B KOJIOHAX MPUJIAJ TOJA€
CUTHAJ Ha PEryJsTop, KU 3MIHIOE BUTPATy MOTOKIB, 1 K HACIIIOK CTaOLIizye
PIBEHB PiMHU B KOJIOHAX.

KonTpoJib Ta peryawoBanHs koHueHTpauii. /[ xontpomio Bmicty CO; Ta
H,S B razoBoMy moTOIli BUKOPUCTOBYETHLCS JBOKAHATbHA Ta30aHATITHYHA CHCTEMA
KI'O (mo3. 11-1, 11-2) Briouae B cebe mpoOoBinOipHUK. s peryitoBaHHS
koHUeHTpanii MEA B pereHepoBaHOMY pO3YMHI BUKOPUCTOBYETHCS aHAII3aTOP
pigkux cepemoBum; AXK-3101 (mo3. 9-1, 9-2) sxuii momaer curHaia Ha
BUKOHABYMH MEXaHi3M pPEryJItoBaHHs BUTpaTH (1103. 9-3).

Curnanizanis koHuenrpamii. /[ curHamizauii npo MEpPEBHUILECHHS
IPaHUYHO JOMYCTUMOI HOPMHU H,S BUKOPHUCTOBYIOTH KOMILJIEKT JJI BUMIPIOBAHHS
konneHrpanii OKA-T-H,S (mo3. 16-1, 16-2), 10 AKOro BXOIATh ONTHYHHHA Ta
CJICKTPUYHUN JATUYUKH, IM1JICUITIOBAY CUTHAITY, peecTparop Ta curnanizaris JIC-47
(mo3. HL1).

KonTposs Ta peryaioBanHsi TucKy. [l epeKTHBHOTO KOHTPOIIO Ta
pETyIIOBaHHS TUCKY Oys0 BHOpaHO MEpEeTBOPIOBAY TUCKY BUMIpIOBabHUN (1103. 4-
1, 6-1, 12-1) CAII®UP-22M, npu3HaueHU# Ui BUMIPIOBaHHS Mepenaay TUCKIB 3
BepxHIMM Mexxkamu BumiptoBanb Big 0,16 kIIA nmo 100 MIla. Ha mwuri
po3mimyerbest  npomucioBuit  [IIJ[-perynarop 3 BOynoBaHUM MOKa3ylOUUM
npuctpoem TPM-212-H-PP (mo3. 4-2, 6-2, 12-2). Jlnsg kepyBaHHS HAacoCOM
BCTAHOBJIIOETHCS yacToTHHI nepeTBoproBad VFDO15EL43A (rmo3. 6-3, 12-3). [l
3HUKEHHS TUCKY BCTAHOBJIIOETHCS peryistop TucKy PATIB DK®DO (mo3. 4-3).

Po3pobnena cxema aBTOMaTH3alli 3a0e3medyye IMPOBEJCHHS MpOoLecy

OYUIIEHHS TPUPOIHOTO Ta3y BIAMOBIIHO 10 TEXHOJIOTIYHOTO PETJIAMEHTY.
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5 ExoHOMiKO0 — opraHi3auniiiHi po3paxyHKu

5.1 Lex Ha miaANPHEMCTBI Yy IPOMMCJIOBIH CTPYKTYPI AepKaBu
KiacudikariiifHi o3Haku MiAIPUEMCTBA Ha IKOMY 3HAXOJIUTHCS 1EX:
— 3a ()OpPMOIO BJIIACHOCTI — MPUBATHE I AMPUEMCTBO;

— 3a OpTraHi3aIiiHO-TIPaBOBOIO (OPMOIO — TOBAPUCTBO 3 OOMEKECHOIO

BIJIITOB1JAJIbHICTIO;

3a BJJACHUKOM — HOPUANYHA 0c00a;

— 3a MacmTaboM BUPOOHUIITBA — OJTMHOYHE;

— 3a CTPYKTYPOIO BUPOOHHUIITBA — BY3bKOCIIEI1aJI130BaHi;

— 3a pecypcaMu 10 CIOKHBAIOTHCS — MaTEP1aIOMICTKI;

— 3a MMOTY>KHICTIO — CEPEJTHE;

— 32 BUITYCKOM IPOJIYKIIIi — CepeTHE

— 32 YHCEJIbHICTIO TIEPCOHATY — MaJie

— 3a PSKUMOM POOOTH — MT03aCE30HHE;

— 3a IPU3HAYCHHSAM MPOIYKITii — IPOMUCIOBOTO TPU3HAYCHHS;

— cdepa IIsITbHOCTI — OYKMCTKA Ta3y;

['onoBHUM 3aBIaHHSM IIeXy € BUPOOHHUIITBO razy 0e3 MepeBUIleHHS 3a1aHo0l
KOHIIEHTpAIlii JOMIIIIOK.

Bun exonomiuHoi mistbHOCTI: BupoOHuuTBO rasy (35.21) — BUPOOHHIITBO
ra3ornoAiOHOTO TMajgruBa BU3HAYEHOI MUTOMOI TEIMJIOTH 3TOPSIHHS 3 Ta3y pi3HOTO
MOXO/KCHHS, Y T.4. TIPUPOJTHOTO Ta3y, MUITXOM HOTO OYMINEHHS, 3MIITyBaHHS Ta

IHITUX MPOIIECIB IEPEPOOIICHHS.

Pucynxkok 5.1 - OpranizamiiiHa CTpyKTypa Hexy
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5.2 Knacugikanis BUpoOHHYMX NpPoLeciB B LeXy Ta ONTUMAJIbHUI BU/
PYXy npeaMeTiB npami

OcHOBHI BUpPOOHUY1 TIPOIIECH:

1) Tlomaya Ta miaAroTOBKA BOJIU

2) TlizroroBka MOHOETaHOJAMIHY

3) Oumncrka ra3sy

4) TIpoBeneHHS aHAIII31B OYHUIIICHOTO a3y

JlormoMikHi:

3akyniBisi aOCOpOEHTY, KOMIIpECis, €Hepro30epekeHHs, 00CIyrOBYBaHHS,
PEMOHT TEXHOJIOTTYHOTO 00JIa THAHHS.

[To614Hi:

BukopucTtaHnHs TemoBUX e€(QEKTIB peakiiid g OXOJOJKEHHS 4H
HarpiBaHHs anapariB (yTHIIi3allisl Teia), yTUIi3allis BiJIX0/IiB.

Ta6mui 5.1 - Yac BUKOHAHHS TEXHOJIOTIYHUX OIepariiit

Tak sx ouncrtka ra3y(3) BimOyBaeTbcs 0e3 0Oe3mocepeHbOl  ydacTi
nepcoHady MpoBeNeHHS aHami3iB(4) BiOyBAa€ThCsS OJHOYACHO 3 OYHUCTKOHO 20
XBUJIUH 32 KOXKEH ITUKIT OUYHCTKH.

[Mocminosauii BPIIII.

Pucynox 5.2 - I'padik nocnigosaoro BPIIIT

B = Lo

24 -60 LIMKJIIB
= = =16—
o b 90 JleHb

TN = B Y t; =2 (10 + 20 + 60) = 1440 xs

n
i=1
Tax six 1-2 Ta 4 onepaliii MOBUHHI BUKOHYBAaTH POOITHUKHU 3 PI13HOIO

KBaTi(piKaIi€ro

LI=2 N06n=1
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[Tapanensnui BPIIII

Pucynok 5.3 - I'padik nmapanensnoro BPIIIT

B = tios — 2 ti _ 2460 —90 _ 99 SuI/IKJIiB
tmax 60 ’ JICHb

n
Ta ™ = Z t;+ (B— Dtyax = 100 + (2 — 1) - 60 = 1440 xB

N06J'I = 2, =4
CunxponizoBanuit BPIIIT
tios — 2 ti 24-60— 60 UKIIIB HKIIIB
ST b . S + - 760

B=——+1 — —
R 60 JIEHb piK

Tomx = Y1t + (B— 1)R =60+ (24 — 1) - 60 = 1440 xB. = 24 rox

Nyg, =1, U=2

Pucynok 5.4 - I'padik cunxponizoanoro BPIIII

OnTuManbHUM BaplaHTOM y MO€EMY BUNAAKYy € cuHXpoHizoBaHuii BPIIII
TOMY II0 B TOPIBHAHHI 3 TMOCHIJOBHUM BIH palllOHAJIbHINIE MO 4Yacy, a B

MOPIBHSHHI 3 MapajeIbHUM 0 KUIbKOCTI 00JIaTHAHHS.

5.3 Bu3HaueHHsI cepeIHbOPIYHOI TPHUBAJOCTI BHPOOHHYOIO IUKIY,

PIYHOI0 BMILYCKY NPOAYKUil s cuHXxpoHizoBanoro BPIIII.

Ilex mparrtoe 24 roauH 7 AHIB HA THXACHB 365 MHIB y porli. Pobounii neHs -
3 3Minu mo 8 roauH. 3a oaMH BUPOOHMUHT KT BinbTpyeThest — 1000 M° rasy.
TpuBanicts BupoOHUYOTO UKy 60 XBUITHH.

CepennpopiuHa TPUBATICTh pOOOTH BUPOOHHIITBA 32 0Opanum BPIIII:
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Tcp.p _ Dk-24 _ 36524

BI Tp'Dp Bu—m . 24 - 365 = 8760 rona

ne: 24 — xinmpkicth rogun Ha m00y; D, — kimbkicTh KajeHIapHuUX OHIB Yy

pomi, T ,D, — TpuBanicts poGoTH NExy MpoTAroM A00H i KiNbKICTh pOOOUMX IHIB

d) .
LeXy TPOTATOM poKy, T — haKTHYHA TPUBAIICTS.

Piunmii Bumyck npoayxkiii ans oopanoro BPIIIIL:

By = 8760 - 1000 = 8760000
pik

5.4 Po3paxyHOK KiJIBKOCTI OJHHHUIL OOJIAJHAHHA, YHCEJIbHOCTI

MePCOHAJLY SIBOYHY i 3a ClTUCKOM, rpadik 3MiHHOCTI

Tabmunsa 5.2 - HeoOxigHa KIIBKICTH OJQUHHIL OOJAIHAHHSA Ta JIIOAEH II0

oreparisax 3a 3MiHy

Tabmurs 5.3 - KinpkicTh IEpcoHANy B IIEXY

1 3mina: 24.00 — 8.00 rogx;
2 3miHa: 8.00 — 16.00 ro;
3 3mina: 16.00 — 24.00 rox;

Tabnuis 5.4 - I'padik 3MIHHOCTI BUPOOHUYOTO MEPCOHATY

TpusanicTe pobotu nexy Ha pik: Ty, = 365+ 24 = 8760 rox

TpuBanicts poOOTH MpalliBHUKA HA PIK:
365

365
Tnpau =T (T3M/o6 — Thux ) * Uominn = E ' (12 -3 ) - 8= 2190

T3M /00

YucenbHICTh pobOUNX siBOUHA: YU, = 4

: Tui 8760
YucenpHicTh pobounx 3a cuckom: U, = U, - ——=4-—— =16
Tupan 2190
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Jliist po6ovoro mepcoHay MaeMO — 3MiHa CKIAJAEThCs 3 JTabOpaHTiB (2) Ta
pPOOITHUKIB (2)— 11€ Ti SIKI MAIOTh YOTUPHU-3MIHHUM Tpadik poOOTH, a B OAHY 3MIHY

paLoTh — HauaabHUK(1) Ta romoBuuit imkenep (1).

5.5 BuzHauyeHHsI MOPSIIKY TEXHIYHOI0 KOHTPOJIO: 00’€KTH, Cy0’€KTH,

BH/IY I METOAM KOHTPOJII0, BUKOHABII

TexHiyHMI KOHTPOJIb — CYKYNHICTh METOIB, 3aXOJiB 1 3aco0iB, IO
3a0€3MeuyoTh  BIJAMOBIIHICT,  SKOCTI TPOJYKII BHMOTaM CTaHAApTIB 1
HOPMATHBIB.

Ha nmanomy BHpOOHHIITBI TEXHIYHWNA KOHTPOJb MOAUISETHCS Ha BXITHUHU 1
3aKJIFOYHUM.

1) Bxigauii KoHTpob. Cy0’€KTOM JTaHOTO €Taly KOHTPOJIO € JIAOOpaHT .
OO0’€KTOM KOHTpPOJIO € TMOCTYNalouui ras, 10 MEepEeBIPSEThCS HA TOYATKOBHM
BMICT JOMIIIOK. Pe3yJbTaTy KOHTPOJIIO BHOCATH B ’KYpPHAJI BX1IHOTO KOHTPOJIIO.

2) 3akrouHAl KOHTPOJib. Cy0’€KTOM JTAHOTO €Taly KOHTPOJIIO € JJa0OpaHT.
O06’€KTOM KOHTPOJIIO oOuuieHuH ra3. OCHOBHAa MeTa KOHTPOJIIO BH3HAYCHHS
KOHIICHTpAIlli JOMIIIKIB. AHaJi3 TOTOBOI MPOAYKIli MPOBOASATH 3a JIOMOMOIOIO
xpomartorpady. Pe3ynbTaTé JOCHIIKEHb 3aMHCYIOTHCSA M0 KYpPHATY BHXIJIHOTO
KOHTPOJIFO, Ha IIiJICTaBl SIKOTO TOJIOBHUM I1HXKEHEPOM 3aIllOBHIOETHCS MACHOPT
SKOCTI Ha MPOJYKIIiIO, SKUM MEPEeaacThCcsl HA MIANUC 0€3MOCePEeIHhO HAYaIbHUKY

1exy. 3a TeXHIYHUM PIBHEM BC1 BUJIM KOHTPOJIIO € aBTOMATUYHUMU.

5.6 MarepiagbHa, [OKYMEHTAaJIbHA Ta OprasizamiiiHo-TexXHiuHa

MiAr0TOBKAa BUPOOHUIITBA
5.6.1 BajiaHc cOKMBAHHSI 000POTHHUX 3aCO0iB 1eXy

OcHoBHI 3aco0u — 11 3ac00m Tiparli, sSKi 6araTopa3oBo MPUNMAIOTh Y9acTh B
npolieci BApOOHUIITBA 31 30€peKEHHSAM CBO€i MaTepianbHOi PopMHu.

J1lo ocHOBHMX 3aC001B HAJIC)KATh:
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— OyniBii 1 cCIOPYaU
— MAaIlIuHY 1 001 JHAHHS
— BHUPOOHUYIH 1 rOCTIOAAPCHKHM IHBEHTAp

— He MaTrepialibHI aKTUBH

Tabmums 5.5 - BapTicTh OCHOBHUX 3aC00iB

Bapricts O3:
O3 = 1500000 + 150000 + 50000 + 150000 + 300000 + 70000 + 40000
= 2260000 rps.
AMopTH3aris.
A =1500000/20 + 150000/10 + 50000/10 + 150000/10 + 300000/20
+ 70000/5 + 40000/5 = 147000;?

O6GopoTHi 3acobu — mpeaMeTd Tmpaili, SKi TOBHICTIO BHUTPAYalOTHCS B
BUPOOHMYOMY LMK 1 IEPEHOCATh CBOIO BAPTICTh HA BAPTICTh TOTOBOI MPOAYKIIIT
MOBHICTIO 1 O/Ipa3sy.

J1o 060pOTHHX 3aCO0H BITHOCSTD:

— MoHoeTaHoIaMiH

— Bona

— Enextpoenepris.

— 3apoliTHa 1ara.

1) BapricTh CHPOBUHH

Butparu Ha Bogy — 40 - 60 - 8760 = 6447360

rpH

rpH

Butpartu Ha MoHOeTaHOnamiH —16 * 46 - 8760 = 2102400

CyMapHi BUTpaTH Ha CUPOBUHY — 8549760 i
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2) Butpatu Ha enextpoenepritoo: [lotyxHicte obnamnanas N= 20 kBt/rox.

Cepenns 11iHa Ha eJEKTpoeHeprio — 2,5 rpH KB1/Tox

Butpatu Ha enexkrpoenepriio:3, . = 20 - 24 - 365 - 2,5 = 438000 ;pT:.

3) [Mociryrn criemianizoBaHOi KIIIHIHTOBOT KOMIIAHIT JIISI MUHKHA Ta OYHCTKH
oOJaJiHaHHS Ta MPOMUCIIOBOI 30HU pa3 B HeALT0. 3araioMm B pik — 40000 rpu

4) 3apoOiTHa I1aTa:
40-1147+1,4-40-5734+40-(2-312+2-1,4-156)

3y = — = 10000
L. 48-1147+1,4-48-573+48-(2-312+2- 1,4 156)
3 = = = 12000

ne 40 ta 48 — 3apo0biTHa 1aTa 3a roguny, 1147 — roguH neHHOTO Yacy 0e3
ypaxyBaHHS BUXIJHUX Ta CBATKOBHX JAHIB, 573 — TOJIMH HIYHOro yacy 0e3
ypaxyBaHHS BUXIJHHX Ta CBSTKOBUX JHIB, 312 — ToAMH JEHHOIO 4yacy poOOTH y

BUXIJIHI Ta CBATKOBI JH1, 156— TOIWH HIYHOTO Yacy poOOTH y BUXIJHI Ta CBATKOBI

JTHI.
Ta6muis 5.6 - 3apoOiTHA M1aTa 3a MicsIb
TPH
®OII = HapaxyBanns + 311 = 3132960 .
TpH
063 = 3132960 + 40000 + 438000 + 8549760 = 12160720 E
5.6.2 Po3paxyHok cobiBaprocTi, mMpuOYTKY Ta 4Yacy IOBEPHEHHS
KaNmiTAJI0BKJIA€HD

CoGisapricts: C = A + 063 = 147000 + 12160720 = 12307720

I, = 1,5 rpa/™°®
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3
By = 8760 - 1000 = 8760000;‘E
Hina: =By, - Hox = 13140000 rpu/pix
[pu6yrox: IT = 1] — C = 13140000 — 12307720 = 832280;%1

. I 832280
PenrabenpHICT: P = — = ——
C 12307720

Kamranosxinanenas:K = O3 + 063 = 2260000 + 12160720 =
14420720 rpu

+100% = 6,8%

832280

.. o : 1
Koedimient ekonomiunoi ehekTuBHOCTI:E = — = ——— = 0.06
K 14420720
: . 1 1
TepMmiH MOBEpHEHHS KamTalOBKIAAEeHHS: T o, = E T T0e = 17 poxu
. B-llon _ 13140000
®onposignava: OB = = = 5,8
JIOBLIL 03 2260000 ’
: 1 1
dounoemuicte: PE = —=—= 0.17
®B 58

Tabmuusg 5.7 - KanpKynsuis Ha BUJ POTYKIIIT
Taomung 5.8 - TeXHIKO-eKOHOMIYHI ITOKa3HUKHU

5.7 Po3paxyHKH 3 ypaxyBaHHSIM aBTOMAaTu3alii BUPOOHUIITBA

[lin vac BHUKOHAHHS JAHOTO JMIUIOMHOTO TPOEKTy OyB po3poOiaeHui
IpOrpaMHUN MOAYJb, KM Ma€e Ha METI PO3PaxyHOK Ta MOJIEIIOBAHHS MPOIECY
OUYHUIICHHS TPUPOJHOTO Ta3y pO3YMHOM MOHOeTaHoiaMiHy. [IpoBeneHa
aBTOMAaTH3alllsl BHUPOOHUIITBA, IO MAaE€ Ha MeETI KepyBaHHS mpolecoM 0e3
BTpy4aHHs JoAuHu. OTXe, IpU 3aCTOCYBaHHI BUILE NIEpepaxoBaHUX KOMILIEKCIB,
MO>KHa CKOPOTUTH KUIBKICTh MEPCOHATy Ha BUPOOHUIITBI, 110, B CBOIO YEpPry,
BIIOOpa3UThCS Ha TEXHIKO-€KOHOMIYHHMX ITOKa3HMKax. Po3paxyeMo TexHIKo-
€KOHOMIYHI MOKa3HUKHA BUPOOHHUIITBA MPU BUKOPUCTAHHI MPOrPAMHOIO MOJYJISI Ta
KOHTYpIB aBTOMaTH3allli Ha BUPOOHUIITBI.

KinpkicTh mpariBHHUKIB, 10 MPAIfOBATUMYTh B aBTOMAaTHU30BAHOMY IIEXY
npuBezAeHi B Tabnuii 5.9

Tabmus 5.9 - [lepconain nexy npu aBTOMaTU30BaHOMY BUPOOHUIITBI

3MH.
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YucenbHICTh poOOUNX siBOYHA: Y, = 2

: Tui 8760
YucenpHicTh pobounx 3a cuckoMm: U, =Y, - ——=2-——=8
Tupan 2190

[Tepepaxyemo ¢ona 3apoOITHOT TUIATH

Tabmums 5.10 - 3apoOiTHa 1aTa 32 MICAIb

®OII = Hapaxyauus + 311 = 1844640 =

piK
Pozpaxyemo BapTicTh mporpamu. BapTicte poOoTu mporpamMicra CKiIaaae
600 rpH 3a roquHy po6oTtu. Ha HanMcaHHs nporpaMHOro Moaysist OyJio BUTPAuY€HO
5 AHIB MO 6 TOIUH POOOTH KOXHOTO JHA. HamucanHs mporpamMHOro MOJyJist
BKJIIOUYA€ B ce0€ BUTPATH HA CBITJIO. 3a TOAUHY pOOOTH KoMIT 0Tep croxuBae 500
Br. Ilpu po3paxyHky Ha 6 nHIB 1o 5 roauH poOotu otpumyemo — 15 kBT.
Bapricte enekrtpoeHeprii ctraHoBUTHh 2,5 TpH/KBT. OTxe, BapTICTh Nporpamu
CKpaJae:
15-2,5+600-5-6 = 18040 rpu
[lepepaxyemo piuHi BUTpAaTH Ha EJEKTPOCHEPTil0 3 ypaxyBaHHSAM
BUKOPHUCTAHHS KOMIT IOTEPIB:
3¢/e = (20+5)-24-365-2,5 = 547500rpr.
pIK

ITepepaxyemo BapTicTh 000OPOTHHUX 3aCO0IB
IpH

piK

063 = 1844640 + 40000 + 547500 + 8549760 = 10981900

J1o po3paxoBaHOi paHiille BApTOCTI OCHOBHUX (POHJIIB JO/IA€EMO BapTICTh

IpOrpamMu Ta KOMI FOTEPIB:

Tabmuns 5.11 - BapTicTh OCHOBHUX 3aC001B

[Tepepaxyemo Baprictsh O3:
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O3 = 1500000 + 150000 + 50000 + 150000 + 300000 + 70000 + 40000
+ 18040 + 30000 = 2308040 rp=.

[Tepepaxyemo amopTH3aiiro. J[o po3paxoBaHoi paHilie aMmopTH3aIlii
J0JTAEMO BapTiCTh MPOTPAMH Ta KOMII FOTEPIB.

1500000 . 150000 N 50000 s 150000 s 300000 s 70000 s 40000
20 10 10 10 20 5 5
18040 N 30000 IpH

= 156608
5 5 piK

Tabmurs 5.12 - Kanpkymsiiis Ha BUI TPOAYKIIi1

5.7.1 Po3paxyHok cob6iBapTocTi, NMpUOYTKY Ta 4acy TIOBEepPHEHHS

KaIlliTAJI0BKJIA/ICHb
CobiBapricts: C = A + 063 = 156608 + 10981900 = 11138508%
.= 1,5 rpH/M3
B,y = 8760 - 1000 = 8760000;:71
Hina: H=Byy - Loy = 13140000 rpu/pix
[Tpubytok: IT = I — C = 13140000 — 111385082%I = 20014922

pix

i I 2001492
PenrtabenpHiCTh: P = — =
C 11138508

Kamiranosknanenus:K = O3 + 063 = 2308040 + 10981900 =
13289940 rpn

+100% = 18%

1=

2001492

KoedimienT ekonomiuHoi ehekTuBHOCTI:E = — = = 0,15
K 13289940
: ) 1 1 )
TepMiH TOBEpHEHHS KamiTalOBKIaAeHHS: T, = ST 6,6 pokiB
) Bllox 13140000
donnosigraya: B = ox _ =57
03 2308040
) 1 1
dounoemuicts: PE = — =—= (.18
®B 55
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[lopiBHSIHHS ~ TEXHIKO-€KOHOMIYHMX  IMOKa3HHUKIB  BHpOOHHITBa  0e€3

aBTOMAaTH3aIlii Ta 3 aBTOMATH3AIlI€I0 TIPUBE/ICH] B 10o1aTKy I .

BucHoBoOK 3a po3aijiom

SIk BUOHO 3 BHINE NPHUBEACHUX PpO3PAXyHKIB, aBTOMAaTHU30BaHE
BUPOOHMIITBO, WIO0 KEPYETHCS OTPUMAHUMHU PO3pAaXyHKaMU 3a JIOIIOMOTOIO
OpOrpaMHOTO  MOAYJsS, € 3Ha4yHO edekTtuBHimUM. llepion moBepHEHHs
KaImTAJIOBKJIAICHh B TaKe BUPOOHUIITBO CKOpodyeThcs 3 17 pokiB a0 6,6.
Bignochuit mpuOytok 30uibmuBcs 3 832280 rpH/pik g0 2001492 rpu/pik.

3arasoM eKOHOMIYHI MOKa3HUKHU LIEXY 3HAYHO 3pOCTAIOTh.
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6 Oxopona npaui

B mipoMy numiioMHOMY MPOEKTI po3pobiieHuit po3ait «OXopoHa mpari» Asis
TeMu: «KoMII'FOTEpHE MOJCIIOBAHHS Ta aBTOMATH3AIlisl IPOIECCY OYHMIICHHS
MPUPOIHOTO Ta3y POZUMHOM MOHOETAHOJIAMIHY.

3riIH0O 3 TEMOI JUIJIOMHOTO IIPOCKTY OIepaTop 3HAXOAUTHCSI B
MPUMIILICHH], K€ MICTUTB JBa pOOOYMX MICISI Ta Ma€ PO3MIPH: 3arajbHa IUIOIa —
50M° Ta 06°eM — 150M°, Ha OHOTO OMeEpaTopa MPUXOAUTHCS 25 M IO Ta 75 M°

00’eMy, 110 1iJIKoM Biamnosigae Hopmam JJTHAOIT 0.00-1.31-99 .

6.1 BusiBjieHHs 1 aHadi3 WKIAIMBUX i He0e3me4yHUX (PaKTOpiB HA

00’€KTI, 10 MPOEKTYEThCH

Ha nepconain 3aiiHSATHII eKCIUTyaTali€l0 YCTAaHOBKM OYUIIEHHS MPUPOJIHOIO
ra3y BiJ KHCJIMX KOMIIOHCHTIB BIUIMBaIOTh HEOE3IEUYHI 1 MIKIJIMBI BUPOOHMYI
dakropu.

®di3uuHI (haKTOpH:

1. Pyxomi MamuHH 1 MEXaHI3MH, PYyXOMi YacTUHU BHUPOOHUYOTO
oO0J1aTHAHHS.

Jlo 1€l  kateropii BIIHOCUTHCA BHYTPINIHbO3aBOJCHKUI TPaHCIOPT,
BAaHTAKOMIAMOMHI  KpaHW, OOEpTOBI YAaCTUHHM  HACOCHOTO  OOJIaHAHHS,
BEHTUJISITOPIB, allapaTiB MOBITPSHOTO OXOJIOKEHHS.

2. IligBuIeHa 3ara30BaHICTh 1 3aITUJICHICTD MOBITPS POOOYOi 30HHU.

HaBiTh mpu HOpManbHI pOOOTI TEXHOJIOTIYHOI YCTAHOBKM B TOBITPS
poOoO4Oi  30HM  BHUIAUISAIOTBCS  IIKIUIMBI ~ PEYOBMHU: TpPU  MNPOBEIEHHI
ra3oHe6e3neyHnx pooiT, yepe3 HeMUILHOCTI Y (prIaHIIeBUX 3'€THAHHSX.

B aBapiiinux curtyanisx (pyidHyBaHHsI 0OJaHAHHS) BUAUICHHS IIKIJJIMBUX

PEYOBHH Y TIOBITPSI p0OOUOT 30HH 301IBIIYETHCS B COTHI 1 TUCSY1 pasiB.
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Jnisg  3axucTy OOCIYyroBYIOYOTO TMEpPCOHATy BiJ IMIKIIAJUBUX PEUYOBUH
3aCTOCOBYIOTHCSI 3aCO0M 1HIMBITyalbHOTO Ta KOJEKTUBHOTO 3aXHCTY: MPOTUTA3H
Mapku bK®, ntanrosi npoturasu - [TH1-1, TTI-2, i301t0r09i anapatu AJ[-342.

3. IligBumiena abo TOHMIKEHA TeMIepaTypa IOBEpXOHb OOJaJHaHHS,
MaTtepiaiB.

Bucoka temmneparypa (mo + 200 °© C) cTBOpro€ 3arpo3y BaKKHUX OIIKiB,
HU3bKa Temmepatypa (10 -30 © C) cTBOpIo€e 3arpo3y 0OMOpPOKEHb.

JUist 3aXUcCTy TMepcoHaNy BiJ] MOHUXEHOI a0 IMIiJBUILEHOI TeMIepaTypu
3aCTOCOBYETHCS TETUIOI30JIAIIISI TOBEPXOHb TPYyOONPOBOJIB 1 amapaTiB, OTOPOXKY
rapsiaux AUISHOK.

4. TTinBuUIIEeHHI pIBEHDb IIIyMY Ha poOOYOMY MICIII.

Ha Teputopii mianpuemcTBa (Ha poOo4YoMy Micii, B poOOYMX 30HAX, B
BUPOOHMYMX TPUMIMICHHSIX) BCTAaHOBJIEHO JOMYCTUMHUWA pIBEHb IIyMy 1
CKBIBaJICHTHUH piBEHb 3BYKY - 85 1b.

VY 3B'I3Ky 13 3aCTOCYBaHHSIM HACOCHO-KOMIIPECOPHOIO YCTaTKyBaHHS
BEJIMKOI OJIMHUYHOI TOTYXHOCTI, €KBIBAJICHTHUN PiBEHb 3BYKY nocsrae 95-100 nb.

JI71s1 3aXMCTy BiJI MIABUIIIEHOTO PIBHS IIIYMY 3aCTOCOBYIOTHCS:

— KOJICKTHBHI 3aco0u 3axucTy (TPOTUIIYMHI KaOlHM, UTyMOIOTJIMHAKOY1
MIePETOPOIKH, 130JISIT1);

— 1HAMBIAYalbHI 3aCO0M 3aXUCTy (HaBYLIHUKH, BKIaAUII «bepyiiy).

5. [liiBuILIEeHNI PIBEHb CTATUYHOI €JIEKTPUKHU.

[Ipu pyci razy i1 piiuH N0 METaJeBUX TPyOax, BCEPEAMHI TEXHOJIOTTUHOTO
oOnamHaHHS, HAKOMUYYEThCS CTAaTHMYHA ENEKTPHUKAa 3 BHCOKAM TMOTEHIIIAaJIOM
10000-15000 B. Po3psan cTaTMYHOI €JNEKTPUKHM MOKE NPHU3BECTU A0 BUOYXIB,
MTOXKEXK, aBapi.

OCHOBHHMM METOZOM 3HSATTSI CTATUYHOI €NEKTPUKHU €: HaJiiiHEe 3a3eMJICHHS,
BUKJIFOYCHHS BIJILHOTO CTPYMEHS MPH 3aBAHTAXKEHI 1 BUBAHTAKEHI MPOYKTIB.

6. [TigBuIeHnii piBeHb BiOpaIrii.
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3 MeTol MNpOQUIAKTUKH HECHPUATIMBOTO BIUIMBY JIOKAJIbHOI BiOparii
pPOOITHUKM MOBUHHI BUKOPUCTOBYBATH 1HAMBIAyalbHI 3aCO0M 3aXUCTY: PyKaBHII,
crieliajibHe BIOpO3axucHe B3yTTS.

J171g 3aXUCTy BiJl 3arajibHOI BiOpallii BAKOPUCTOBYIOTHCA MPOKIIAIKHU 3 BiOpoO-
MOTJIMHAIOYOTO MaTtepialy; MacHuBHI (yHJAaMEHTH I TPyOOINpOBOIM, amapaTu,
MalIuHU, MEXaHI13MHU.

XimiuHi (aKkTopH:

B po6ouy 30HY yCTaHOBKM MOXYTh BHUIIUIUTHCS HACTYNHI PEUYOBUHU:
BYTJICBOJIHI, MEPKANTaHU, CIPKOBOJICHbB, TIOKCHJ CIPKH, OKHC BYTJICIIIO.

1. ByrneBoaHi - pedoBuMHM 4 Kiacy HeOesneku. BrumBae Ha opraHizm
JIOIMHH depe3 IuXanbHi mumsixd, depe3 mkipy. ITJIK ByrmeBogis - 300 mr/m°, B
CyMIiIIIi 3 CIpKOBOJHEM - 3 mr/m’,

I'azononioni ByrieBogHi (Ci-C3) - BIUIMBarOuUM 4epe3 IUXadbHI MUIIXH
BUKJIMKAIOTh 30Y/DKEHHS, TOJIOBHMM Ol1b; MNpU KOHIEHTpamiax Bume 1,5%
00'€MHHUX - CMEPTH BIJI 3aIyXH.

Pinki ByrneBogHi (Cs 1 BHILlE) - BUKJIMKAIOTh TOYEPBOHIHHS, aJepriuyHy
peaxkuito mkipu. [Ipu npuitomi BcepeinHy OTPYEHHS OPTraHi3My.

2. CipxoBoaenb (H,S) - peuoBuna 2 kiaacy HeOe3neku. Ha opranizm a0 quHu
Jli€ dyepe3 AuXalibHi nuissxyu. HepBoBo-mapamiTHYHMIA ra3 13 3a1axoM TYXJIHUX S€llb.
I'JIK B poGouiii 30mi - 10 Mr/m°, a B cymimi 3 ByraeBommsimu - 3 mr/m°. ITopir
cnpuiHATTS HioxoM JroguHu - 0,0001% o6'emnux. HaiiGinpima HeGesmneka
CIPKOBOZHIO MOJSITa€ B TOMY, IO TPH KOHIEHTparii 40 Mr/M° MpHTYILISETHCS
HioX. [lis H,S Ha opranisMm J0JIMHU 3aJ€XHUTh BiJl KOHIIEHTPALli B MOBITPIHOMY
cepenosumii. [Tpu xoumentpauii 100-300 mr/m® -rosoBawuit Ginb, HYy/I0Ta, OJIFOBOTA;
500-900 mr/m® - BTpaTa cBimomocti, KiiHiuHa cMmepTh; 1000 Mr/m° i Bume -
MUTTEBA CMEPTh BiJ 3yITUHKH JTUXAHHS.

OcHOBHAa  BJIACTUBICTh  CIPKOBOJHIO - HAKONUYEHHS B  HHU3BKHUX
BEHTUJIHOBAHUX TMPHUMIIIEHHSAX 3 BUTICHEHHSM KHUCHIO. E(eKT oTpyeHHS B Takux

MICIISIX TIOETHYETHCS 3 KUCHEBUM TOJIOTYBAHHSIM (ac(iKCi€ro).
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3. MepkanTanu - neTrki 0e30apBHI PIAUHU 3 MIUIBHICTIO MEHIIE OJIMHMIII.
PevoBunu 2 xnacy nebesneku. I'JIK B moBiTpi pobouoi 30uu -1 mr/m. Mepkantanu
BUKJIMKAIOTh peICKTOPHY HYIOTY 1 TOJOBHUN OLIb BHACIIAOK MOTAaHOTO 3amaxy.
Hapxotuunum eexToM, 10 XapaKTepu3yeTbCss 0COOIMBOIO M'SI30BO1 CKYTICTIO. Y
BEJIMKUX KOHIIEHTpAIIAX JII0Th Ha LIEHTPaJIbHYy HEPBOBY CHUCTEMY, BUKIMKAIOUU
CYJIOMHU 1 TIapajiiy, CMepTh HACTA€ BiJl 3yIUHKH TUXAHHS.

4 MDA (MoHOeTaHOJaMiH) - 3a CTYNEHEM BIUIMBY HAa OpPraHi3M JIIOJUHU €
MOMIPHO HEOE3NMEUYHHMMHU PEUYOBHMHAMHU 1 BITHOCATHCSA A0 3 Kiacy HeOe3IeKku 3a
['OCT 12.1.007.76. TAK B moBitpi pobouoi 30Hu 5 mr/m. MEA He yTBOpIOE
BHOyxoHeOe3neunnx cymimiei 3 nopitpsim, mo 'OCT 12.1.044.89 BigHOCATHCS 110
TPy TOPIOYUX PIIUH.

Temmneparypa camo3zaiimanns - 270 °C, canmaxy - 120 °C.

Bnuxanus mnapiB aOCopOEHTY MOKE€ BHUKIMKATH Kalllelb 1 HEMpHEMHI
BiIuyTTs B ropii. KoHTakT 31 miKkiporo - ciabke mojpa3HeHHs mKipu. KoHTakT 3
ounMa - CHJIbHE TMOJpa3HEHHs, HAOpSAKaHHS KOHBIOKTIBIB OYE€H 3 MOMKIHUBUM
xiMiyHUM omikoM. [Ipuiiom BcepenuHy - MOApPa3HEHHS POTOBOI MOPOKHUHH,
ropJia, CTpaBOXOAy 1 IITyHKa, Hy10Ta, OJIFOBOTA, HEMPUTOMHUMN CTaH.

[Tpu momanganHi abcopOEHTY Ha MIKIPY - BUMUTH 1€ MICIIE 3 MHJIOM, OJSIT
Burnpaty. [Ipu BauxaHH1 mapiB - BUBECTH MOCTPAXKIAIOr0 Ha CBiXKE TOBITps. [Ipu
MOMaJaHHl B OYl - MPOMUTH OYl BEJIMKOI KUIBKICTIO BOJAM 1 MPOMMBATH iX HE
menmie 15 xBunud. [Ipu mpuitomi BcepenMHy BUIIMTH HE MEHINE JBOX CKIISTHOK

MoJioKka a00 Boau. Buknukartu mikaps.

6.1.1 BupoOoHuYe oCBiT/IEeHHS

VY neHHMl Yac B ONEpaTopChKid TepeadadeHe JEHHE OCBITIICHHS 3T1THO
JIHBb B 25.28-2006. Po6oTH, BUKOHYBaHI B ONEPATOPCHKI, MOB’sA3aH1 31 3HATTAM
MOKa3aHb 3 KOHTPOJIHHO-BUMIPIOBAILHOI amapaTtypu, BigHocaTbest A0 111 pospsimy

30pOBHUX POOIT.
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YV npumimenni KBII 1 A e Bikaa po3mipom 33002300 mm. Bonu
3a0e3MeuyoTh 3HaUeHHs KoedilieHTa MPUPOAHOTo ocBiTiIeHH: 7 - 9 %.

KIIO nns pmanoro pospsiny poOIT Mpu BEPXHBOMY 1 KOMOIHOBaAaHOMY
ocBiTieHH1 cknanae 5 %. Omxke, paktuyne 3HaueHHs KI1O Bignosigae Hopmam.

VY TeMHuii yac n10OM BUKOPUCTOBYIOTH ITyuyHe BuUCBITIeHHs. [lo IHb B
25.28- 2006 ocitnenicts BignoBimHa Il po3psay 3opoBux poOiT mnpu
razopo3psaHux Jammax nouaHa 0yt E,=250 JIk, F,=2800 JIm cBiT/IOBHIA MOTIK
razopo3psauux jamil. [Ipuitmemo mammu tumy JIAI[15-4 xinekictio N=16 mryk.
ITpn npoMy E o =260 JIk.

OcaiTienicTs nmpuminieHHs Bignosigae Hopmam J[HBb B 25.28-2006.

6.1.2 IloBiTps pobo4o0i 30HH

Jlo 3aco6iB  HopMami3allii MOBITPSHOTO CEPENOBUINA BUPOOHUYUX
MPUMIIICHB 1 POOOYUX MICIb CTaBJISATHCS MPUCTPOI BEHTUJIALII, KOHAUIIFOBAaHHS 1
OUHWIIICHHS TIOBITPS, ONAJCHHS, AaBTOMATUYHOTO KOHTPOIIO JOBHOYXOBUX
KOHIICHTpAIi} 1 CUTHai3aIli.

PedoBuHM 1110 SBISIOTHCA BIIXOAaMHU B MPOIIECI OYUCTKU BOJAM € B Tl 4uu
THITH Mip1 WKIJTUBUME (200 TPOMHUCTIOBUMHU OTPYTAMH).

['irieHiuHe HOPMYBaHHS WIKIJJIMBUX PEYOBUH MPOBOMASTH MO TPAHUYHO
nonyctuMux KouueHnrtpamisx (I'IK, Mr/M°) y BIAMOBIJHOCTI 3 HOPMAaTHBHUMU
JOKyMEHTaMHu: JJii poOOYMX MICIb BHU3HAYAETHCA TPAHUYHO JOIMYyCTHUMA
KoHIeHTpalliss B podouiit 30H1 — ['IKp3 (I'OCT 12.1.00588/98). T'irieHiune
HOPMYBaHHS BUMarae, o0 (akTuyHa KOHLUEHTpalid 3a0pyJHIOI0Y0i pEYOBUHU HE
nepesuityBana I'JIK (Cgpaer < 1).

I'’IKp3 — me MakcuMallbHa KOHUEHTpalis, 10 NpHU IIOACHHIA (KpiM
BUXIJTHUX JHIB) POOOTI y MPOJAOBXKEHHS 8 TOJ YM MPU 1HIIN TPUBAIOCTI, aje He
Oubir 41 Tox y TWXKIAEHB, IPOTATOM YChOTO CTaXY (25 pOKiB) HE MOYKE BUKJIMKATH

3aXBOPIOBAHbL YH BiIIXI/IJ'IeHB CTaHny 3)10pOB,$I, IO BHABJIAIOTBCA CYYaCHHUMMH
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METOJaMH JOCIIKEHb Yy TIpoieci poOOTH UM y BIAJAJICHUNA TEPIOa KUTTSI
CY4YacHOTO 1 HACTYITHUX MOKOJIIHb.

[Toxa3zHukamu, M0 XapaKTEePU3yIOTh MIKPOKIIIMAT, €:

1) Temmieparypa moBiTpS;

2) BiTHOCHA BOJIOTICTh MTOBITPS;

3) WIBUAKICTH PyXY MOBITPS;

4) IHTEHCHBHICTh TEIIJIOBOTO BUIPOMiHIOBAHHSI.

daKkTUYHI METEOPOJIOTIYHI YMOBH B OINEPATOPCHKIN Il poOOTH CepeaHbOl
Ba)KKOCTI.

— Temmeparypa noBiTps, °C. Ilepexinuuii Ta XxomoaHU#N Tepioa poky — 18-
24 °C. Tennwii nepioa poky — 19-28 °C. dakTuyHi MeTeOpoJIOTiuHi yMOBU — 21-24
°C.

— BimHocHa Bosoricte moBiTps, %. XoiomgHWi miepiom poky — 45-65%.
Tennwmit nepioa poky — 40-75 %. @akTruHI METEOPOJIOTIUHI yMOBH — 35-60%.

— IIBunkicTe pyxy mnoBiTps, M/c. Xomomnuii mepiox poky — 0,15 wm/c.
Tennuit nepioa poxy — 0,25 m/c. @aktuuni Mereoposoriuni ymosu — 0,08 m/c.

Jlns ouniieHHs poO60YOTo cepeIOBUINA Bl IIKIIJTUBUX PEUYOBHH 10 MOXKYTh
y HBOTO TOTPAIUISTH a TaKOX JJIA TO0Jladl CBIKOTO TOBITPS BUKOPHUCTOBYETHCS
MPUTUTMBHO-BUTSDKHA BEHTHIISIIIS.

Jlo 3aco0iB HOpMadi3ailii OCBITJICHHS BUPOOHWYHUX MPUMIIIEHb 1 pOOOYNX
MICIIb CTaBJIATHCS OCBITIIOBAILHI MPUJIAIHU, CBITIIOBI MPOPI3H.

JlomaTKOBO 10 TEXHOJOTIYHHMX 3aXOAIB CHCTEMaMH OIaJCHHS M BEHTHIIAILIT
MOBITPSTHE CEPEIOBUILE B TPUMIIICHHIX JTOBOAUTHCS JJO BUMOT CAaHITAPHUX HOPM 1
npaBui TexHIKM Oe3neku. OnajleHHs BUPOOHUYMX MPUMIIIEHb — TMOBITPSHE,
CTOJYYEHE 13 MPUTOYHOIO BEHTHIISALIIEIO.

@DakTUYHI METEOPOJIOTIYHI YMOBHM 3a/I0BOJIBHSIIOTH JOMYCTUMUM HOpMaM

JICH3.3.6.042-99.
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6.1.3 Enexrpobe3nexa

Opranizaiis eJIeKTPOIIOCTaYaHHsI 3MIMCHIOEThCS Yepe3 ABl He3aJIekKH1 JiHii
o 20 kB, Ha TepuTOpii pO3MIIIEHO JBI I1ICTAHIIII.

[TpumimieHHsT ONepaTopcbkoi BITHOCUTHCSA O MPHUMIIICHb 3 IiJBHUILIEHOIO
HEOE3MEeKOI MO CTYNEHI0 BPAXKEHHS EJNEeKTPUYHUM CTPyMOM, TaK SK Ha
CTPYMONPOBIIHUMA 1 MOKJIMBO OJIHOYACHUM JOTHUK JIIOAMHHU JI0 METaJeBUX
KOHCTPYKILINA OyIWHKY, IO Ma€ 3’ €IHAHHSA 3 3e€MJICI0 1 METAJeBHUM KOPITyCOM
€JIEKTPOYCTAaTKyBaHHS 1 MPUJIA/IIB.

VY omnepaTopchKiii BCTAaHOBJIEH] MPUJIaAM, IO MPAIIO0Th M1l Hanpyrow 220
B, wactororo 50 I'u. Mepexa 3 13071b0BaHOI0 HEUTPAILITIO.

VY omeparopchKid TpH eKCIUTyaTallii eJleKTpOyCTaTKyBaHHS 1 MpPHIIaJIiB
MOJKJIBA TOsiBa HEOE3MEKH YpaKEeHHS ENEeKTPUYHUM CTPYMOM Yy HACIHiJIOK
HACTYIHUX MPUYHH:

1) yIIKO/DKEHHSI CTPYMOIIPOBITHUX JIIHIN eleKTpokaleiB, MOPYIICHHS
130J1511011 1 3a3€MJIEHHS IIMTIB, MYJIbTIB 1 €JIEKTPOYCTATKYBAHHS;

2) HeTpaBWIIbHA CKCILTyaTallisl IEPEHOCHOTO OCBITIICHHS;

3) MOpyIIeHHST ~ MPaBHJ  CJICKTPOHEOE3MEUYHOCTI  NpH  eKCIUTyaTarlii
CJIEKTPUYHOTO YCTAaTKyBaHHS 1 OCBITJIEHHSA (CIpOOM CaMOBUIBHOTO YCYHEHHS
HECIPaBHOCTEM, 3aMIHU CBITUJILHUKIB);

4) poboTa Ha HECTIPAaBHOMY YCTAaTKyBaHHI;

5) AOTHK 10 BIAKPUTHX MPOBOJOK CTPYMOBEAYUHX YACTHH;

6) npo0ili Ha yCTaHOBIII (HaNpyra JIOTHKY);

7) KpOKOBa HATIPyTa;

8) enexkTpuuHa ayra.

3rigno 'OCT 12.1.038-92 nonyctumi piBHi Hanpyr notuky (U,) 1 ctpymy,
10 TIPOXOAUTH 4yepe3 TuIo Jroauau (I;) piBHI: Mpu HOPMATLHOMY PEXHMI poOOTH
enekTpuuHoro BcrarkyBanus U, =2 B, a I, = 0,3 MA; nipu aBapiitnomy U, = 36 B,

al, =6MA.
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Haityactime BigOyBaeThcsi OAHOGA3HUNA JOTHK JIIOAMHA JIO0 MEpPEexi
3MIHHOTO cTpyMy. Cujia cTpymy, IO IPOXOAUTH Yepe3 JIIOJUHY, PO3PAXOBYETHCS
SAK:

I, = U, 10°/ (R, + Ry), MA;

ne Uy — 220 — dasna manpyra, B; R, = 3000 — 3araneHuii omip Tina
mroauHu, OMm;

Ro = 4 — omip po6odoro 3a3zemieHHs HelTpani, Owm;

L= 220/(3000 + 4)= 73-10°A = 73 MA;

Us=1, Ry B;

U,=73-10° 3000 =219 B.

[TopiBHSABIIM PO3PAXyHKOBI 3HAYEHHA 3 HOPMATUBHUMHU, MOKHA 3pOOUTH
BHUCHOBOK, 10 npu nopymeHHl BuMor IIBE B mexy MoxyTb OyTH €IeKTpUYHI
TpaBMH 3 BAXKKUMHU HACITI1IKAMHU.

Jlo 3axofiB MO0 3aXUCTy BIJ TMOpPa3Ku EIEKTPUUYHUM CTPYMOM
BIJTHOCSITHCS:

1) I3omsIis B €EKTPOYCTAaHOBKAX.

[3omstis — map JaieNeKTprKa, SKUM OKPUBAIOTHh TTOBEPXHIO CTPYMOBEIYUNX
€JIEMEHTIB, a00 KOHCTPYKI[iSl 3 HEMPOBIAHOTO MaTepiaiy, 3a JOMOMOTOI0 SIKOT
CTPYMOBEy4l YaCTUHU B1JIOKPEMITFOIOThCS BIJI THITHAX YaCTUH
€JIEKTPOOOIIaTHAHHSI.

BuxopuctoByeThCs 130715111 TBOX BUAIB (poOoUa Ta 107aTKOBA).

Poboua 13051 - €JEKTpUYHA 130J5Ii CTPYMOBEAYYUX HYACTHH
€JIEKTPOYCTAaHOBKH, 110 3a0e3mnedye il HOpMajbHy pOOOTY 1 3aXMCT BiJ MOpa3Ku
CJIIEKTPUYHUM CTPYMOM.

JlonaTkoBa 130JIS11is1 - €JEKTPUYHA 1301118, mepeadadyeHa J0AaTKOBO 0
po0OoyOi 130JIAMil [T 3aXWCTY BIJ ypaX€HHS EJICKTPUYHUM CTPyMOM B pasi
YIIKOJKEHHS po00U0i 130JIA1L].

Onip 13051111 Mae Oytu He Men1ie 0,5 MOw.

2) brokyBaHHS.

Apk.

Arn XA 5108 1490 001 M3

3MH.

ApK. Ne gokym. Mignnc | Oata




[lo mpunmmmy  aii  OJOKyBaHHS — PO3AUISIOTECA  HAa ~ MEXaHIuHI,
CJIEKTPOMArHiTHI 1 €NeKTpuuHi. B 11eXy 3acTOCOBYIOTHCSA, B OCHOBHOMY,
CJIEKTPUUHI OJIOKYBaHHS. EJEKTpUYHI — 3aCTOCOBYIOTHCS B €JIEKTPOYCTAHOBKAX
MPUBO/IIB 1 KOMIUIEKTHHUX BY3JiB YaCTOTHO-PETYJIHOBAHOTO.

Marna Hanpyra — 11e HoMiHaJbHa Harpyra He Oubie 42 B Mixk ¢dazamu 1 o
BIJIHOIICHHIO JIO 3€MJIi, 3aCTOCOBYEThCA Yy UUIAX 3aXHUCTY Bl YpaKeHHS
CIIEKTPUYHUM CTpyMOM. BmpoBamkeHa BcepeinHi Ha po3eTkax B madax 3
aBTOMAaTU3aIli 11 MICLIEBOTO OCBITJICHHS.

3) OpieHTalis B €NEKTPOYCTAHOBKAX.

3aco0u opieHTalli AO3BOJIAIOTh MEPCOHANY OpPIEHTYBAaTUCA NMPU BUKOHAHHI
poOIT 1 3acTepiraloTh WOro BiJ MOMUIKOBHUX [iid. OpieHTaiiio 3abe3neyye
MapKipoOBKa YaCTHH €JIEKTPOOOIaHAHHS.

4) 3axucHe 3a3eMIICHHSI.

€ eexTUBHUM METOJOM 3aXHUCTy MpPHU >KUBJICHHI €JIeKTpOOOIaTHAHHS BiJl
eJeKTpUYHUX Mepexk Hampyrow 10 1000 B 3 i3omiorouoro HelTpanwio. Jlist
3a3eMJICHHSI OCHOBAHA HA 3HW)KECHHI HANPYTU JOTUKY, 10 JOCITAETHCS 32 PaXyHOK
MaJIOTO OTIOPY 3a3€MJICHHS B €IEKTPOYCTAHOBKAX 3 130JII0I0UO0I0 HEUTPAJIbIO.

3axuCcT BiJ BHUCOKOTO IOTEHIIAMy 1 CTAaTUYHOI EJEKTPUKU BUKOHYIOTHCS
[UIIXOM TMPUETHAHHS HAa BBOJAxX y OyAiBIl yCiX MeTalieBUX TPyOOIPOBOJIIB Ta
MeTaJeBUX YaCTUH OYy/IBEIbHUX KOHCTPYKIIM A0 MPUCTPOIO 3a3€MJIICHHS.

[Tpoexrom mpuitHsTa cucrema 3a3zemiieHHsT TN-C-S 3 po3aiibHUM HYJIBOBUM
pobounm «N» 1 HyJIbOBUM 3aXUCHUM «PE» npoBiAHUKaMU, TPAIIOI0YUMH PO3ALUTEHO
10 BCii Mepexi KUBJICHHS 1 00'eqHaHNX Mik co00t0 B muTi 0,4 kB «I1[K».

JUis ~ 3aXMCHOTO  3a3€MJIGHHA  BIAKPUTUX  MPOBIJHUX  YaCTUH
€JIEKTPOOOJIaJTHAHHS BUKOPUCTOBYETHCS  CAMOCTIMHUN  HYJIbOBUH  3aXUCHUUN

npoBigHuK «PE» TpeTiit B omHOba3HIN Mepexi 1 'atuid B TprudazHiid Mepexi.
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6.1.4 IMoxke:xkHa 0e3meKa

Bucokuii  THCK  mpolecy, BHUKOPHUCTAaHHS  €IEKTPUYHOI  E€Heprii,
BOrHEHeOe3MeyH1 poOOTH XapaKTEpHI JIJIsl YCTAHOBOK OYHUIIICHHS Tazy.

OCHOBHMMH BOTHEHEOE3MEYHHUMH pPEUOBHHAMH €. JIETKI BYTJIEBOJHI,
nipodopHi CroTyku. MOXKIIMBI TaKOXK 3arOPSIHHS €JIEKTPOOOIaIHAHHS.

[TonepemkeHHs yYTBOPEHHS MOXKEX1 B 1eXy 3a0€3MeuyeTbCcsl HACTYIHUMHU
3araJbHUMHU 3aX0JIaMU:

— MIATPUMYIOTHCS BIJAMOBIIHI 3HAYEHHS TEMIIEpaTyp Ta TUCKY CEpeOBHUIIA,
3a AKUX MOUTUPEHHS MOIYyM sl BUKITIOYAETHCS;

— MaKCHMaJIbHO MEXaHI130BaHI Ta aBTOMATU30BaHI TEXHOJIOT14HI IPOLECH;

— BUJIATISIOTHCA MOXKEKOHEOE3MEeUH1 BIIX011 BUPOOHUIITBA.

— BUKOPHUCTOBYIOTHCSI MAIIMHU, MEXaHI3MH, YCTAaTKyBaHHS, MPUCTPOL, MIPH
eKCIUTyaTallii IKUX He YTBOPIOIOTHCS JHKepenia 3araltoBaHHs;

— BUKOPHUCTOBYIOTHCS IIBHJKOMAINMHI 3acO0M 3aXMCHOTO  BIIKJIIOYEHHS
MO>KJIMBHX JDKEPETT 3aIllallOBaHHS;

— BUKOPHUCTOBYIOTHCS TEXHOJIOTIYHI TMPOIECH 1 YCTAaTKyBaHHS, IO
3aJI0BOJIbHSIE BUMOT'aM CTaTUYHOI 1CKPOOE3NEeKH;

— TeMIepaTypu HarpiBy IOBEPXHI MalllMH, YCTAaTKyBaHHS, TPUCTPOIB,
PEYOBHH 1 MarepiajiB, Kl MOXKYTh YBIUTH B KOHTaKT 3 TOPIOYMM CEPEIOBUILEM,
MIATPUMYIOTHCSI HUXKYE TPAHUYHO JIOMYCTHMOI, SIKa HE MOBHWHHA IEPEBUIIYBATH
80% TemnepaTypu camMO3aiiMaHHs TOPIOYOTO CEPEAOBUILIA;

— BUKIIIOYAETHCA MOKJIUBICTH TOSIBJICHHS 1ICKPOBOTO PO3PSIY B TOPIOUOMY
CEpENIOBHUIIIl 3 EHEPTri€lo, sKa JOPIBHIOE a00 TEPEeBUIIYE MiHIMaJIbHY EHEPTI0
3araglOBaHHs;;

— BUKOPHUCTOBYETHCA 1HCTPYMEHT, poOOYMil oOmsIr 1 B3YTTA, SIKI HE
BUKJIMKAIOTh 1ICKPOYTBOPEHHSI IPY BUKOHAHHI POOIT;

— 3MGHINYETHCSI PO3MIp TOPIOYOTO CEPEAOBWINA HIDKYE TPAHUIHO

JOMYCTUMOTO 3a TOPIOYICTIO;
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— BUKOHYIOTHCS BUMOTHU YMHHUX CTaHAAPTIB, HOPM Ta MPABUI MOXKEKHOL
Oe3IeKH;

— BUKOPHUCTOBYETHCS €JIEKTPOYCTAaTKyBaHHS, 110 BIJANOBIA€ 3a CBOIM
BUKOHAHHSIM TMOXEKOHEOE3MeUHUM Ta BUOYyXOHEOE3NeYyHUM 30HaM, Tpynam Ta
KaTeropisiM BUOYXOHEOE3MEUHUX CYMIIICH.

Ha ycranoBui ouunlieHHs razy nepeadadyeHa cUcTeMa aBapiiHOI MOMXKEHKHOT
CUTHaII3aIlll MPO MiABUIIEHHS TPAaHUYHO JOMYCTUMHUX KOHIICHTpAIlld BYTJICBOIHIB
B MpHUMilleHHI. Bin naTdukiB, sIKi pearyloTh Ha MIABUIICHHS TEMIIEpATypu MpHU
HAsSIBHOCTI TIOJIyM'sl, HAJIXOJIUTh CUTHAJI HA IIUT B JUCHETYEPCHKY, 13 3a3HAUCHHIM
IPUMILICHHS.

YcTaHOBKa KOMIUIEKTYETHCS HACTYITHUMH 3ac00aMH  TOXKEKOTACIHHS:
nopornikoBi BorHeracHuku OII-10 B kinbkocTi 5 mityk, BorHeracHuku OII-50 B
KUIBKOCTI 7 INTYK, $KI 3HAaXOAAThCS HA 30BHIIIHIM TEPUTOPIi YCTAHOBKHU;
BorHeracHUku OVY-5 B KUIBKOCTI 3-X HITYK, SIKI BUKOPUCTOBYIOTBCS JUIsl TaCiHHS
CJIEKTPOYCTAaTKyBaHHS, 1110 3HAXOJAUThCA i Hampyroo ao 1000B. Ha tepuropii
YCTAHOBKHU € HIICTh SAIIUKIB 3 MICKOM, KOXEH 3 SIKMX OCHAILCHUH JIONaToro, 0arpom,
COKHPOIO, BIIPOM.

[lo mepuMeTpy TEXHOJOTIUHOTO BIJIICHHS 30BHI 1 BCEPEIMHI ONEPATOPHOI
BCTAHOBJICHI CUTHAJIbHI KHOTIKOBI CTIOBIIyBayi, 3 BUBEICHHSIM Ha ITHUT.

Jlo cramioHapHUX 3ac0o0iB MOXKEKOTACIHHS Ha YCTaHOBINl BITHOCSATHCS CiM
MOXKEKHUX TIIPAHTIB I MIIKIIOYEHHS MOXKEKHOI MalIMHU, TpU JadeTHHUX
CTBOJIA, CIM CyXOTpYOiB.

TpyOonpoBoau napo- Ta a30TOTYIIEHIS 3a0€3MeUeH] CTOIKaMU 3 BEHTUJISIMU
1 nutanramu. Cucrtema mojayi aBToMatuyHa. [loKeKHMI BOJOMPOBIA Mae Ha

KOKHOMY KpaHi MOKEXH1 pyKaBU 3aBJIOBXKKHU HE MEHIIE 15 M.
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6.2 3acoOu iHAMBIAYAJBLHOI0 3aXHCTY NPALIBHUKIB

BiamoBimHO 10 Taily3eBMX HOPMATHBIB, KOXXEH MPAIIOIOYNN HA YCTAHOBII
MOBUHEH OYyTH 3a0e3MeueHi 3ac00aMU 1HAUBITyaTbHOTO 3aXUCTY:

1. Cnenonsr:

- KOCTIOM OaBOBHSIHMI, BUAAETHCS Ha 12 MICSIIB;

- KOCTIOM BaTHUM, BUJAETHCS HA 24 MIcCAIli;

- CTIeTiaJIbHE B3YTTS (YEPEBUKH, YOOOTH), BUIAETHCS HA 12 MiCSIIiB;

- BJITHKH, BUJIAIOTHCSA HA 36 MICSAIB;

- pPyKaBHUIIl - O/IHA T1apa, Ha OJIUH MICSIb;

- KacKy, Ha JIBa POKH.

2. 3aco0u 1HUBITyaIBHOTO 3aXHCTY:

- IpOMUCIOBHIA PuIbTpyrounii nmpotura3 mapku bK®, nis 3axucty oprasiB
JTUXaHHS, P BMICTI MIKMBUX Ta3iB 10 0,5% o00'eMHMNX, kucHio He MeHIe 18%.

Crenozsr 30epiraeThCsi B CreliaibHO 00JaJHAHOMY MPUMIIICHH], B madi 3
MO/IAY€I0 MIIrPITOrO MOBITPA JUIsl CYIIIHHA. JIJIsl MpaHHA 1 XIMIYHOTO YWIIEHHS
CHenoaary oO0JaJHaHO TpayibHE BIJIUICHHS, JI€ TaKOX 31ACHIOETHCS PEMOHTY
CHEIOJIATY.

[HauBiAyansHl MpOTHra3u 30epiraloThCcs B OMNEPATOPHOi, B CHEIladbHIN
madi. [IpoTturaszu nepeBipsArOTHCS pa3 B TPU MICSII B JIaDOpaTopii, pa3 Ha MIcCsAIlb
Ha YCTaHOBII, IIIOMICSIIS BJIACHUKAMH.

Yeprogi Ta aBapiitai 313, mo 30epiraroThCcsi B Mamzaii:

1. IIporurasu bBK®-5 mryk.

. [Ipoturazu I111I-1 - 2 mTykwu.

. [ToBiTpsiHO-130m0t041 TipoTUTaszu AJ[-342 - 3 mtykwu.
. 'ymoBi wobotu - 1 mapa.

. BuOyxo3axuiieni jgixrapi - 2 mTyKH.

. PATyBasibHI OSICH - 2 IITYKH.

N N W B~ WD

. HaGip 1HCTpyMEHTIB - 2 KOMILJIEKTH.
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8. [1apoHiTOBI MPOKIAIKH - 1 KOMIUIEKT.

9. 3araymku pi3HUX PO3MIpPIB - | KOMILJIEKT.

10. CanbHukoBa HaOUBKa - 3 KT.

11. Boraeracauk OI1-50 - 7 mTyk.

12. Boraeracuuk OI1-10- 4 mTykn

VY oneparopHOi 3HAXOAATHCA:

1. [ToBiTpsiHO-130m0t04i1 ipoTurasu AJ[-342 - 9 mTyk.
2. Borueracuuk OY-3 - 2 ITyKH.

Hnanrosi mporurazu I1HI-1, TTHI-2 BUKOPUCTOBYIOThCS sl pOOOTH B

amaparax, KOJIOIA35X Ta THIIUX MICUSIX, /1€ 3HM>KEHUN BMICT KUCHIO.

[ToBiTpsiHo-130m0t0unii nipoturas AJl-342 mepeBipseTbcsi OJMH pa3 B TPH

Mmicani. I'CC 3aiiicHIOE X HEOOX1AHUI PEMOHT 1 3aKauyyBaHHSA OaJOHIB MOBITPSIM.

[1III-1, TTHI-2 nepeBipseTbes cyK0010 OJIUH pa3 B 6 MICSIIIB.

Asapiitni 313 1 aBapifiHMII 1HCTpyMEHT 30€piraroThCsi B CICIIAJIbHIN

aBapiiiHiil madi, siKa nepeBipA€TbCs, MIOMOYETHCS 1HKEHEPOM 32 OIUCOM.

Takox B omepaTopHi 1 B Mall3alli 3HAXOJUTHCSA anTedyka 3 HabOpoM

MEIMYHUX 3ac001B, JJIsI HaJAAHHS MEPIIOi MEUYHOI JOTIOMOTH, BOHA BKJIIOYAE JI0

CBOT'O CKJaay: OMHTH, BaTy, CEpIEBl 3aCO0H, ITUTYHKOBI, 00JI€3aCIIOKIHINBI 3ac00M,

Ma3b OOpHY, JXKTYT KPOBOCIIMHHUM 1 T.J.

6.3 3axoam 1u1s 3a0e3meYeHHSI OXOPOHM Ipalli

Jlo HeOe3neuHux poOIT Ha YCTAHOBLI BITHOCSATHCA:
1. TexHOJIOT14HI - TTyCK, MEPEeMUKAHHs, 3yITUHKA, B1101p TIpoo.
2. PeMoHTHI1 poOOTH.

3. Pobotu 3 mikBimauii aBapiii - aBapiiiHa 3yNnHMHKA, YCYHEHHS IPOITYCKIB

rasy, TaCiHHS MOXKEeX1

I'azonebe3neuyni poOOTH - 1€ poOOTH, MOB'S3aHI 3 OIJISJOM, UYMIICHHSM,

PEMOHTOM amapaTiB 1 TpyOONpPOBOMIB, PO3rEPMETH3AIIEI0 TEXHOJOTTYHOTO
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oOnamHaHHS Ta KoMyHikamid. [Ipu mnpoBeaeHHI razoHeOe3MeUHUX pOOIT €
MOJKJIMBICTh BHJIJICHHS B po004y 30HY BHOYXOMOXKEKOHEOE3MEUHUX Ta
IIKIJIMBUX Ta3iB ab0 1HIUX pedyoBUH. POOOTH TIpH HETOCTATHROMY BMICTI KMCHIO
(menmre 20% 00'eMHHX) TaKOX BITHOCSTHCS JO Ta30HEOE3MEUHUX, 1 MPOBOASITHCS
BIJIMOBITHO JI0 IHCTPYKIIIT 3 MPOBEICHHS Ta30HEOE3MEYHNX POOIT.

PoGotu 1 xareropii razone0e3nexku MpoOBOAITHCS 3 OGOPMIICHHSIM Haps1y-
JOMYCKyY, 2 Kareropii - 6e3 ohopMIICHHS Hapsay-IOMyCKy, ajle 3 PEECTPAIlIEI0 B
CIeliaJIbHOMY JKypHaji, 3 Kareropii razoHebe3rneku - e poOOTH Mo JKBiAaIi
MOKJIMBUX aBapiii 1 aBapiiHUX CHTYyaIlild, BUKOHYIOTHCS BIATOBIAHO 70 3aXOJiB,
pO3p00JICHHX B IJIaHI JIIKB1AAIlT aBapiid.

Boruesi po6otu - poboTH, sIKI MOB'SI3aHI 13 3aCTOCYBaHHSIM BIAKPUTOTO
BOTHIO, ICKPOYTBOPEHHS 1 HarpiBaHHSAM [0 TEMIIepaTyp, 3JaTHUX BHUKJIUKATH
3aiiMaHHs MarepiajiiB, KOHCTpykmii. Ilepen mpoBeneHHSIM BOTHEBUX pPOOIT
MOBUHHO OyTHM 0(OPMIIEHO J03BUI HAa MPOBEJEHHS BOrHeBUX poOiT. HeoOxigHO
MIArOTYBaTH MiCIl€ IPOBENECHHS POOIT: BIICIKTH PEMOHTHI JUISTHKA TPyOOIPOBOIY
abo amapara BiJ J1I0Y0i 3amipHOl apMaTypu 3arjiaylIkamH, TEpeBIPUTH
repMETUYHICTh (DJIAaHUEBHX 3'€THAHb B pajiiycl - 20 M, BUSBJIEHI BUTOKH YCYHYTH.
[Ticns aHamizy TOBITPSHOTO CEPEJOBHINA  CIiJ BHU3HAYUTH MOXJIHUBICThH
MPOBENICHHSI BOTHEBUX pPoOOIT (X MOXKHA MOYATH TPH TMO3UTUBHHUX Pe3yJbTaTax
anamizy). Ilicia npoBeneHHsST BOTHEBUX pOOIT HEOOXITHO NEPEBIPUTH MICLE
MPOBENICHHS IIUX POOIT Ha BIJICYTHICTH 3aTOPSHHS MPOTITOM TPbOX TOIMH.

Excrutyarariist anaparis, O MPAaLOOTh MiJ TUCKOM, IOBUHHA MPOBOJUTHCS
BIIMOBIHO /10 BUMOT mpaBui no «EkcmutyaTalnii amaparTiB, IO MPaLIOIOTh i
TUCKOMY». Ha amaparti npaitoroumum 1iJ] THCKOM MMOBUHHA OyTH TaOJIMYKa pO3MipoM
150-200 MM2, JI€ 3a3HAYEHO:

- peecCTpaIiitHuil HoMep;

- MaKCUMaJIbHUN POOOUNii TUCK;

- JlaTa HACTYIHOTO OMOCBITYCHHS.
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Jnsa pobGotu amapar Mae OyTu 3abe3neueH HEOOXIIHMMHU MpUIIafamH,
3aITPHOIO 1 PETYIIOI0YO0I0 apMaTyPOI0, 3aM001KHUMHU TIPUCTPOSMHU.

3a mpamorduM  oOJlaHAHHSAM  HEOOXIIHMM  MOCTIMHUNA  KOHTPOJb
00CITyrOBYIOYOTO TIEPCOHATY.

Jlo ekcrumyaTaltii He TOMyCKarThCsI almapaTh:

— 3 BUYEPIIAHUM TEPMIHOM OIIOCBITYCHHS, 1 6€3 J03BOJy Ha MEPEHECCHHS
TEPMiHIB;

— TIPH BiACYTHOCTI B MACHOPTI J03BOJIY Ha EKCIUTyaTaIlilo;

— B aBapiiiHUX BUIIaJIKaX, Mepe10auyeHuX 1HCTPYKIIEIO 3 €KCILTyaTallii.

[Ipu po6oTi 3 enekTpooOIaHAHHAM MOBUHHI JOTPUMYBATHUCS TPaBUIIA, 110
3a0€3MeuyIoTh €JIeKTPOOE3NEKy.

J1o roJIOBHUX 3aXO0/I1B €IEKTPOOE3MEKH MOYKHA BiJTHECTH:

— eNIeKTpooOIagHaHHSI TOBUHHO OyTH CIIPABHHM;

— HaAlWHA 1304101 1 3a3¢MJICHHS,

— dBTOMATHU4YHC BiI[KJ'HO‘-ICHHH;

cipaBHI 3aco0M 1HAMBIAYAJBHOTO 3aXUCTy (PYKaBUYKH, KWJIHMKH,
IJICTUAIIKH ),

— Ha madax BUCOKOI HalIpyry NOBUHHI OYTH IJIAKaTH «CMEPTEIHLHOY;

— madu 3 eNeKTPOUIUTAMU TOBUHHI OYTH 3aKpHTI;

— HE MOYKHA 3axapallyBaTu MPOXOJH JI0 €JIEKTPOYCTaHOBOK;

— B pa3l mepepBU MOJAaul EIEKTPUYHOTO CTPYMY - €IeKTpooOJIagHaHHS
MOBUHHO OYyTH BIJKITIOUEHO;

— racutu enekrpoycraHoBku BorHeracHukom OII-10 abGo OII-50, abo
a30ecTOBUM (TIOBCTSIHUM ) TIOKPHUBAJIOM.

BenTunamiitHi  yCTaHOBKM TIpW3HAYeHI Ui BUJAQJICHHS 3 Po0O0OYOro
NPUMIIICHHS HAJUIMIIKY TeIjia, BOJIOTH, IIKIVIMBHX PEYOBHH 1 TOJAIOTh B

MPUMIIICHHS YHCTE TOBITPSI.
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Jlyist Ge3nexu eKcruTyartailii CHCTeMU BeHTUIIAIT He0OX1HO JOTPUMYBATHUCS
BHUMOT:

— CTEXHUTH 3a CIIPAaBHOI POOOTOH BEHTWJIAILIIMHUX arperaTriB 1 CTYMiHb
HarpiBy kKajopudepi, eISKTPOBUTYHA, i IITAITHUKIB;

— EKCIUTyaTyBaTH TIJILKH CTPABHY BEHTUJISIIHHY CUCTEMY

— BC1 00epTOB1 YaCTUHU MMOBUHHI OYTH OTOPOKEH1 I'paTaMU, KOKyXaMHu;

— EJIEKTPOJBUTYHHU Ta BEHTUJISITOPU MTOBUHHI OyTH 3a3E€MJICHI;

— MPUMIIIECHHS BEHTWISIIHHOI KaMepy OBUHHO OyTH 3aKpUTHUM;

— HE MOJKHA 3axapallyBaTd BEHTWIALIHHY KaMepy;

— Y BEHTWIALIIHINA KaMmepl MOBUHHA OyTH BHBIIIEHA CX€Ma BEHTHIISILIIAHOL
YCTaHOBKH.

Jliist 3a6e3neuenns 0e3MevHol eKCIuTyaTallii yCTaHOBKM Ha poOodoMy MicIil 1
y HayaJbHUKa YCTAHOBKHM € IHCTPYKUII MO €KCIUTyaTalii YCTaHOBKHU 1 ii OKpeMHX
amapaTiB, I1HCTPYKIi 3 TEXHIKM O€3MeKH, Tra300e3meKH, I0KEKOHEOE3IeKH,
€JIEKTPOOE3NEeKH BIAMOBIAHO /10 MEPETiKy HOPMATUBHO TEXHIYHOI JIOKYMEHTAIlli,
TJIaH JIKBIJALIT aBapiid, TEXHOJIOTIYHI Ta 1HII CXEMH, CTEHM 1 IJIaKaTH 3 OXOPOHU
mpar.

[Ipu mnpuiiomi Ha poOOTY NPOBOAUTHCA BCTYNMHHUM ITHCTPYKTAX, MICIIS
CTa)XyBaHHS Ha pobodyomy Micili (He MeHie HixK 10 3MiH) IPOBOIUTHCS MEepeBipKa
3HaHb Ha JOMYCK JI0 poOOTH (3 OXOpPOHM TIpalli Ta 3HaHb 3 EKCIUTyaTarlii
oOJiaTHaHHS ).

[IlopiuHo 3a 3aTBepIKEHUM TpadikoM MPOBOAUTHCS TEPEeBIpKa 3HAHb Y
NpaliBHUKIB MO TeXHill Oe3NeKkdu Ha JOMyCK JO CaMOCTIiiHOI po0oTH,
eJIEKTPOOE3NeKy, MpaBuiaaM OyaoBH 1 O€3MEeYHOi eKCIUTyartallii amapariB, II0
MPAITIOIOTh IT1]T TUCKOM.

BianoBigHO 10 TPYI0BOTO 3aKOHOIABCTBA HA aIMIHICTPAIIIIO MTOKJIAIal0ThCS

00OB'S3KM IO KOHTPOJIO 32 JOTPUMAHHSAM TEXHIKHA O€3MEKH 1 BUMOT 1HCTPYKITIH.
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[[oxBapTamy Ha4aJbHUK YCTAHOBKH MPOBOAWTH MOTOYHHUM THCTPYKTAXK 3 TEXHIKH
0e3MeKu, a TaKOXk MPOBOIUTH MO3aYEProBi 1 pa30Bi IHCTPYKTAXKI.

Ha 3aBomi icHye ciyx0a OXOpOHH TIipalll, B 3aBAaHHSA SIKOi BXOIUTH
3a0e3MeyYeHHsl, 1 KOHTPOJb 3a JOTPUMAaHHAM TMPAaBHJI TEXHIKM Oe3meku 1
MIPOMUCIIOBOT caHiTapii, po3poOka 3axOJIB IIOJAO0 IIJABUIICHHS PIBHSI OXOPOHU
mparii, BIPOBA/PKCHHS HAYKOBOI OpraHi3allii mparfi.

Ha 3aBoxi € kabiHeT 3 OXOpOoHU mpailli. BilmoBigadpHICTh 3a OpraHi3alliio,
oOnaHaHHS, a TAaKOXXK KOHTPOIb 32 HOro poOOTOI0 MOKIATAEThCS HA 3aCTyIMHHUKA

TOJIOBHOTO 1HKEHEpa 3 TEXHIKH O€3MeKH.
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BUCHOBKHA

VY IWMIOMHOMY TIPOEKTI PO3TJSHYTO MPOIEC OYMINCHHS Ta3iB PO3YUHOM
MOHOETaHoJIaM1Hy. BupilieHo HacTyIHI 3a1a4i:

1. Po3ryisiHyTI OCHOBHI METOIM OYHIICHHS Ta3iB Ta OKPEMO OYHWIIEHHS
PO3YMHOM MOHOETAHOJIAMIHY.

2. IlpoBemeHO pO3paxyHOK MaTepiaIbHOTO OallaHCy TEXHOJIOTIYHOTO
MpoIIeCcy B MOJIEIIOI0Yii mporpami Hysys.

3. BiamoBiHO 70 TEXHOJOTIYHOIO 3aBJaHHS PO3POOJIECHO MaTEMAaTHYHY
MOJIE/Ib Ta AJITOPUTM PO3PaxyHKY aOCOpOIIHHOI KOJIOHHU. PO3po6sieHO MOy b IS
KOMIT FOTEPHOTO MOJICITIOBAHHS TIPOIIECY B IHTETPOBAHOMY KOMIT IOTEPHOMY
cepenopuil C#.

4. TlpoBeaeHO aHaNI3 TEXHOJOTIYHOI CXEMH SIK 00’€KTy aBTOMAaTH3allii.
Po3pobneno cxeMmy aBTOMaTH3alii MpOIECYy OYMINCHHS Ta3iB PO3YUHOM
MOHOETaHOJIaMIHY, IiI0paHi HeOOX1aHI TeXHIYH1 3ac001 aBTOMAaTH3AIli.

5. Po3paxoBaHO TEXHIKO-€KOHOMIYHI MOKA3HUKH BUPOOHUYOrO OYMILECHHS
ra3iB po34YMHOM MOHOETAHOJAMIHY, 3a SIKUM BH3HA4YE€HO, IO JaHE BUPOOHUIITBO €
JTOLIIJIHUM.

6 BusBieHO TO MpoaHaII30BaHO WIKIJIMBI Ta HeOe3medHl (akTopuu Ha

BUPOOHUIITBI, BU3HAYCHO 3aXOH JIUIA 1X YCYHEHHS.

Apk.

Arn XA 5108 1490 001 M3

3MH.

ApK. Ne gokym. Mignnc | Oata




CIIMCOK BUKOPUCTAHUX IKEPEJI

1. HapeBa 3.M. OCHOBBI TE€OpPHUHM XUMHUYECKHUX peakTopoB. M.: Bricmias
mKoua, 1997. —624c.

2. Curapy O. Xumus opranuyeckux coefauHenuii cepsl / O. Curapy. M.:
Xumus. 1975. 512 c.

3. ManossH A.K. TexHonorust nepBU4HON nepepadboTKu HEPTH U
npupoHoro raza /A. K. Manossin. M.: Xumus. 2001. 568 c.

4, bexkupoB T.M. IlepBuunas mnepepaboTka mpUPOAHBIX Ta3zoB/ T.M.
bexknpos. M.: Xumus. 1987. 256 c.

5. Jlanmmenkos, ['.1. ABTOMaTu3anus Nporu3BOJACTBEHHBIX IPOLIECCOB B
xumudeckoit mpomeinieHHocTH // I'.W. Jlammenkos, JI.M. ITonoukuit. — M.:
Xumus, 1988. — 287¢

6. Hukonaes B.B. OcHoBHbIe mporiecchl (usudyeckoil U QuU3MKO-
XxuMu4eckoil nepepabortku rasza / B.B. Hukomnaes, H.B. Byceiruna, U.I'. byceirun.
M.: OAO UzparensctBo «Hempa».1998. 184 c.

7. CtpwxoB U.H. Jo6brua raza / U.H. Ctpuxos, N.E. XonanoBuu. Mocksa-
NxeBck: MHCTUTYT KOMIIBIOTEPHBIX UccnenoBanui. 2003. 376 c.

8. 'OCT 5542-87. T'a3pl roproune OPHUPOAHBIC JISI MPOMBINIICHHOTO |
KOMMYHaJIb- HO-ObITOBOTO HazHaueHus. Bzamen ['OCT 5542-78; Been. 1988-01-01
M.: UIIK UznarensctBO ctanaapros. 2000. 3 c.

9. byraesa, JL.M. CucremHuii aHaji3 XiMIKO-T€XHOJIOTIYHHUX KOMIUICKCIB
[Texct] // JLM. byraepa, FO0.0. be3nocuk, I'.O. Cratioxa — K.: HTYY «KIIl»,
2014. - 132 c.

10. MeroanuHi BKa3iBKHU 10 BUKOHAHHS TUTIJIOMHOTO TIPOEKTY OCBITHBO —
KBamikamiitHoro piBHsA  “OakanaBp” 3a HampsMoMm  migrotoBku 0925
“ABTOMaTH3aIlIs Ta KOMITIOTEpHO iHTerpoBaHi TexHojorii” // I'.O. CraTioxa Ta iH.;

HTVYY «KIIl» — K.: TBII “Tlomtexnika”, 2007. — 55 c.

Apk.

Arn XA 5108 1490 001 M3

3MH.

ApK. Ne gokym. Mignnc | Oata




11. Jlykimrok M. B. ABromaruzamisi THUIIOBUX  TEXHOJOTIYHUX
MPOIECIB: TEXHOJOTIUHI 00’ €KTH KepyBaHHs Ta CXEMH aBTOMAaTH3allii: HaB4. MOCiO.
JUISL CTyJ. BHILl. HAaB4Y. 3aK]d., SIKI HABUAIOThCS 3a HAMPAMOM «ABTOMaTH3alls 1
KOMII 1OT.-iHTerp. TexHonorii» / M. B. Jlykintok. — K.: HTYVY «KIIl», 2008. —
236 c. : 11. — bi6miorp.: c. 230-231. — 200 np. — ISBN 978-966-622-287-2.

12. O6opynoanne KHWIIMA - paryuku [JaBieHHs, YPOBHEMEPHI,
MaHOMETPBI, PACXOJIOMEPHI, Ta30aHANIU3ATOPHI, TEIUIOCUETYNKH, JATYMKH YPOBHI,
npeoOpazoBarenu AasiaeHus [Enextponnuii pecypc] / HITO "PU3YP" // Karanor
o0naHaHHS KOHTPOJIbHO-BUMIPIOBAJILHUX MpHIaAiB Ta aBromatusaiii. — 2007. —
Pexxum noctyny 1o xaranory: http://rizur.ru/.

13.  JlaTuuKu BIAXKHOCTH, TepMoOperynartopsl, tepmonapsl. KUIIMA ot
npousBoautens [Enexktponnunii pecypc] / HBK «Pancu6y // Karanor o6nagHaHHs
KOHTPOJIbHO-BUMIPIOBAJIbHUX MpuiiafiB Ta aBroMaru3aiii. — 2007. — Pexum
JTOCTyMy 110 Katayory: http://www.relsib.com/.

14, KWIIMA - KOHTpPOJBHO HW3MEpPUTENbHbIE NTPUOOPHL: JTATYUKH,
KOHTPOJUIEPBI,  PEryJATOpPbl,  U3MEPUTENH, TEPMOPEryiaaropsl. Jlaruuku
TeMmIeparypsl, naBiaeHus U ypoBHs npous3BoacTBo Kull OBEH Ykpanna Xapbkos
[Enextponnnii pecype] / Kommanuss OBEH // Kartanor o6nagHaHHs KOHTPOJIBHO-
BUMIPIOBAIBHUX TpwiIadiB Ta apromatuzarmii. — 2007. — Pexum npocrymy 10
katayory: http://owen.com.ua/.

15. [ximmBi peuoBunu. Knacudikariis 1 3araabHi BUMOTH OE€3MEKH.:
['OCT 12.1.007-76. — [Uunnuit Big 1976-03-10]. — M.: MixkHapoaHuii cTaHIapT
1999. -4 c.

16. JlomanocoB 1. 0., byraeBa JI. M., be3snocuk 0. O.
MOJIEJTFOBAHHSI ABCOPEIIMHOI'O OYUILEHHS ITPUPOJIHOT'O T'A3Y.
3BIPHMK HAYKOBHWX CTATEM ChoMOi MiHApOJHOI HAYKOBO-TIPAKTHYHOI
koH(pepeHIlii «KoMIT'roTepHe MOJEIIOBaHHS B XiMii 1 TEXHOJIOTISX Ta CHCTEMax
crainoro po3BUTKy — KMXT2019», Kuis 6-8 tpaBus 2019 poxy. Kuis, 2018.
C.313-320.

Apk.

Arn XA 5108 1490 001 M3

3MH.

ApK. Ne gokym. Mignnc | Oata




JOJATKH

3MH.

ApK.

Ne gokym.

Mignnc

Data

Arn XA 5108 1490 001 M3

Apk.

73




JlopaTok A

3MH.

ApK.

Ne gokym.

Mignnc

Data

Arn XA 5108 1490 001 M3

Apk.

74




Jlonarok b

3MH.

ApK.

Ne gokym.

Mignnc

Data

Arn XA 5108 1490 001 M3

Apk.

75




JlonaTox B

3MH.

ApK.

Ne gokym.

Mignnc

Data

Arn XA 5108 1490 001 M3

Apk.

76




Homarok I

3MH.

ApK.

Ne gokym.

Mignnc

Data

Arn XA 5108 1490 001 M3

Apk.

77




Homarox [{

3MH.

ApK.

Ne gokym.

Mignnc

Data

Arn XA 5108 1490 001 M3

Apk.

78




Jonarok E

3MH.

ApK.

Ne gokym.

Mignnc

Data

Arn XA 5108 1490 001 M3

Apk.

79




