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YyeOHOe mocodue pa3paboTaHO B COOTBETCTBUU C THUIOBOM MPOrpaMMON TUCHUIUIMHBEI ' ABTOMAaTH-
3alus TEXHOJIOTHYCCKUX MPOUCCCOB U HpOI/ISBOI[CTB". I[I/ICIII/IHJ'II/IHa «ABTOMaTI/BaHI/IfI TEXHOJIOIrn4e-
CKHX HPOLECCOB M MPOM3BOJICTBY SBIISICTCS OJJHOW M3 OCHOBHBIX JWCIHUIUIMH 3aBEpIIAIOIINX 00yde-

HUE CTyAeHTOB 1o criermanbHocTr 210200.

B PE3yabTaTe U3YUYCHUS JUCHMINIMHBI CTYACHTHI JOJIKHBIL.

3HATh
— OoOIIyI0 TEHACHIMIO U MPOOJIEMbl aBTOMATH3AlMKM TEXHOJOTHYECKHX MPOIECCOB
oTpaciu,
— OCHOBHBIC CXEMBI aBTOMATH3AIMH THIIOBBIX OOBEKTOB 00JIACTH;
— CTPYKTYpbl U (YHKLINN aBTOMATU3UPOBAHHBIX CUCTEM YTIPABJICHHUS;
YMETh

— TPOBOAWUTH AHAIU3 TEXHOJIOTUYECKOTO MpoIlecca Kak 00BhEKTa yIpaBIeHUS U BHIOH-
paTh PYHKIIMOHAIBHYIO CXEMY aBTOMATH3AIIHH;

— ocymecTBIATh aHanu3 U pacyeT ACP npuMeHUTensHO K KOHKPETHOMY OOBEKTY.

YyeOHOe nmocobue npeaHa3HAueHO IS OKa3aHUs OMOILM CTYJCHTaM 3a09HOTO 00yuYeHUs pU U3y-
YEHUM U MOJrOTOBKE K dK3aMEHaM AMCUMIUIMHBI 'ABTOMATHU3alMs TEXHOJIOTMUYECKUX MPOLECCOB U
npousBoAcTB". Ilocobue coctout u3 nByx vacreid. [lepBas yacte — TeopeTnyeckas, B Hell IPUBEACH
KOHCIEKT JICKIIUIA MO Kypcy. Bo BTOpO#l 4acTH - MpakTUYECKUE 3aJaHus, JJIsl CAMOCTOSITEIbHOW pa-
OOTBI CTYACHTOB; TabopaTopHasi padoTa - BhINONHAETCS B 1abopaTtopuu kadeapsl, pacuer CAP mpo-
M3BOJUTCSI CAMOCTOSITENIBHO, IIPUBEACH NPUMEP pacueTa, METOJANYECKUE YKa3aHHs K BBIIOJIHEHUIO

KYpCOBOI'O ITPOCKTA. Taxoxe AaHbl BOIIPOCHI AJId TOATOTOBKH K 5K3aMCHAM.

CocraBuTtens ct. npenogasarens H.B. Ky3smenko. - AHrapck,

AT'TA, 2005.
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OCHOBHbIE MOHATUA U onpeageneHns

ABTOMaTH3aIUsl - 3TO TEXHUYECKas TUCIHUIUIMHA, KOTOpas 3aHMMAeTCs M3y4YeHHEM, pas3pa-
OO0TKO# 1 CO3TaHNEM aBTOMATHUYCCKHUX YCTPONCTB U MEXaHU3MOB (T.€. paboTaeT 03 HEMOCPEACTBEH-
HOT'O BMEIIIATEIILCTBA YCIIOBEKA).

ABTOMAaTH3aIMsg - 9TO ATall MAaIIMHHOTO MPOM3BOJCTBA, XapaKTEPHUIYIOUIUNCS Tepenadeit

(GYHKIMH YIIPaBJICHUS OT Y€JIOBEKa K aBTOMATUYECKUM yCTPOHCTBaM (TEXHUYIECKAs SHIMKIIONEINS).

TOY - TexHOIOTHYECKUN OOBEKT yNPaBICHUS - COBOKYMTHOCTh TEXHOJIOTHYECKOT0 000pya0-
BaHUs U Peajn3yeMOro Ha HEM TEXHOJIOTMYECKOI0 MpoLecca.

ACY - aBTOMaTU3MpOBaHHAs CHCTEMa YIPABJIECHUS 3TO YEJIOBEKO-MAalllMHHAs cucTeMa, odec-
MEYMBAIOIIAsl aBTOMATHU3UPOBAHHBIN cOOp M 00paboTKy HWH(pOpMAIMK, HEOOXOIUMYIO JUIsl OITH-
MaJbHOTO yIPABJICHHS B PA3TUYHBIX c(hepax 4eIoBEUECKON AeSITENbHOCTH.

Pa3BuTue XMMHUECKOM TEXHOJIOTUH U JAPYTUX OTpacieil MPOMBILIUIEHHOCTH, I/ie peoliiaaa-
IOT HEMPEPBIBHBIC TEXHOJIOTMYECKUE Mpoliecchl (HegTexumuueckas, HerenepepadarpiBaromias, Me-
TAJUTyprudeckas U Jp.) moTpedoBaio co3aaHus 0oee COBEPIICHHBIX CHCTEM YIPABICHHUS, YeM JIO-
kanpHple ACP. DTH NpUHIUMNHAIBHO HOBBIE CHUCTEMbI MOJYYWIM Ha3BaHHE aBTOMATHU3UPOBAHHBIX
CHUCTEM yIpaBJIeHUs TeXHOJornyeckumu npoueccamu - ACY TII.

Coznanne ACY TII crano BO3MOKHBIM OJyarogapsi co3ianuio DBM BTOpOro u TpeThero mo-
KOJICHUH, YBEJIMYEHHUIO UX BBIUMCIUTEIbHBIX PECYPCOB U HAJIEKHOCTH.

ACY TII - nazeBator ACY 11 BBIpaOOTKH W pean3alliy YIPaBJISIOMUX BO3ICHCTBUI Ha
TOYVY B cOOTBETCTBUU C MPUHATHIM KPUTEPHEM YIPABICHUS - MOKa3aTeIeM, XapaKTepU3YIOIUM Ka-
yecTBO paboTel TOY M nmpUHUMAIOUINM OIpeIeIeHHbIC 3HAYCHHUS B 3aBUCUMOCTH OT HCIIOJIb3YEMBIX
YIPABIISIIOIINX BO3JICHCTBHIA.

ATK - coBokymHOCTh coBMecTHO (pyHKImonupytomux TOY u ACY TII o6pa3yeT aBTomaTH-
3UPOBAHHBIN TEXHOJIOTUYECKUN KOMILIEKC.

ACY TII ornuyaercs ot jgokanbHbIXx CAP:

— ©OoJee COBEpIICHHON OpraHU3aIliel MOTOKOB WH(OpMAIINH,

— TPaKTHYECKHU MOJHON aBTOMAaTHU3aIMEl MPOLIECCOB MOIy4YeHUs, 00padOTKU U MpeCTaBICHUS
uH(pOopMaIuu,

— BO3MOKHOCTBIO aKTMBHOI'O JIMAJIOra OIEPAaTUBHOIO NepcoHaa ¢ YBM B mpouecce ynpasiie-

HUS TS BBIPAOOTKU Hanbosee 3pEeKTUBHBIX PELICHUH;

— OoJee BBICOKOW CTEMEHBIO aBTOMATU3aUUHU (DYHKIMK yIPABICHUs, BKIIOYAs IyCK U OCTAaHOB-

Ky IIPOM3BOJICTBA.

Ot cucrem yYOpaBJICHUA ABTOMATHUYCCKUMHU IIPOMU3BOJACTBAMHU THUIIA LCXOB W 3aBOJOB-
aBTOMaTOB (BbICIIAs cTyrneHb aBTomaTu3anun) ACY TII omiuyaeTcs 3HAUUTEIBHOM CTEMEHBIO yda-

CTHA YCJIOBCKA B IPpOLECCaX YIIPAaBJICHUS.



[Tepexon ot ACY TII k nomHo-

CTbIO ABTOMATUYCCKHM IIPOU3BOACTBAM

CICPKUBACTCS:

HECOBEPIIIEHCTBOM  TEXHOJIOTHU-
YECKHMX MPOIECCOB (HaIUYKe He-
MEXaHU3UPOBAHHBIX TEXHOJOTH-
YECKUX ONepaluu;

HU3KOM HaJEKHOCTRIO TEXHOJIO-
TUYECKOr0 O0OpyNOBaHUS, He-
JTOCTAaTOYHOM HaJIEKHOCTHIO
CpPEICTB aBTOMATH3AIlMU U BBI-
YHUCIIATEIbHON TEXHHUKH,
TPYAHOCTSMH MaTEMaTUYECKOIO
OMMCaHUs 3a/lay, PelIaeMbIX ye-
nosekoMm B ACY TIl u T.1.)

I'moGanpHas 1enp ynpaBiIeHHS

TOY c¢ nmomompro ACY TII coctout B

MNoAACPIKAHUN SKCTPEMAJIbBHOI'O 3HA4C-

HUsl KPUTEPUS yIIPaBJICHUS NPU BBINOJ-

HEHUU BCEX YCJIOBHUH, OMPEISISIONINX

OnepaTUBHbIH
HepCoHal
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Puc. 1. TunoBas ¢pynkunonanbHas ctpykrypa ACY TIL.

1- nepBuunas obpabdorka undopmanuu (M); 2 — o6HapyxeHue OT-
KJIOHEHHH TEXHOJIOTUYECKHMX [IAPAMETPOB M TI0Ka3aresiell COCTOSHUsI
000pyIOBaHKs OT yCTAaHOBJIEHHBIX 3HaueHuii (U1); 3 — pacuer He
U3MepsieMbIX BENUUKH H mokasareseit (1); 4 — moaroroka uudpop-
Mal[M¥ ¥ BBINOJHEHKE TIPOLELyp OOMEHa CO CMEKHBIMU M JIPYTUMH
ACY (MN); 5 — onteparuHOe 1 (MIIN) 10 BBI30BY OTOOPaKEHUE U pe-
rucTpanus HHpopManun; 6 — oIpeaeneHne PaMOHaIFHOTO PeXUMA
texHonorugeckoro npouecca (V); 7 — hopMupoBaHUE YIPaBISIO-
X BO3IEHCTBUHN, peaTu3yIOIUX BEIOPaHHBIN PEXKHM.

MHO’KECTBO JIOMYCTHUMBIX 3HAYEHUN YIPABJISIIOIINUX BO3ACHCTBUM.

B GonpmmHCcTBE ciydaeB riobanbHas 1eidb pa30UBaeTCs Ha PSJl YaCTHBIX LIl ; sl JOCTH-

KEHUS KaXI0H U3 HUX TpedyeTcs pereHne 6oee NpocToi 3a1aun yIpaBIeHHs.

Oyukuueir ACY TII Ha3pIBatOT A€WCTBUS CUCTEMBI, HAPABJICHHBIC HA TIOCTH)KEHUE OJJHOU U3

YaCTHBIX LIeJIeH yIpaBlIeHus.

YacTtHble LIEIU YHOpaBJICHU, KaK U PCAIIN3YIOIINEC UX q)YHKI_II/II/I, Haxo4dATCsa B OIIPECACIICHHOM

COIOTYMHEHUH, 00pa3ys GyHKIMOHATBHYIO CTPYKTYpY ACY TII.

Oynkuuu ACY TII:

Nudopmanmonnsie - cOop, mpeodpazoBaHue U xpaHeHue uHbopmaruu o coctossuuu TOY,

MMPpEaACTaBJICHUC 3TOU I/IH(I)OpMaI_II/II/I OINICpAaTUBHOMY IHECPCOHATY WJIM II€pe€lada €€ AJId IOCIIC-

nyromeit 00paboTkH.

[lepBuunast 06paboTka nHpOpMamK 0 TeKymeM coctosiHun TOY.

OOHapy’keHHEe OTKJIOHCHHH TEXHOJOTHMYECKHX MapaMeTPOB W TOKazaTesied COCTOSHUS 000-

pyaoBaHus OT YCTaHOBJICHHBIX 3HAYCHUM.

Pacuer 3HaueHUI HE M3MEPSIEMbIX BEJIMYMH U TOKa3aresiel (KOCBEHHBIC U3MEPEHUSs, pacueT

TOII, mporuo3upoBaHue);

OrniepaTuBHOE OTOOPAKEHHE M PErUCTpaIysi HHGOPMAITHH.



6. OOmeH uH(poOpMaLueil ¢ ornepaTuBHBIM EPCOHAIOM.

7. OOMeH uHpoOpMaIUei co CMEKHBIMU | BoiTiecTos M ACY.

Vopasnstomue QyHKIUA obec-
MEYMBAIOT TOJAJEP)KAHUE HKCTPEMaJib-
HBbIX 3HAUEHUsI KpUTEpHUs yIpPaBICHUS B
YCIOBHUSIX M3MEHSIOMICHCS MPOU3BOJICT-
BEHHOW CUTyallMW, OHU JIEJATCA Ha JIBE
TPYIIIIBL:

nepBas — OIpEJeJIeHUe ONTH-
MAJIBHBIX YIIPABIIAIOIIMX BO3/ICHCTBHIA;

BTOpasi — peanu3anus 3TOro pe-
KuMa TmyTeM (QOpMHpPOBAHUS YIIpaB-
asiroImux BozzaericTBuit Ha TOY (ctabu-
JU3alys, TMPOrpaMMHOE  yIIPaBJICHHE,
POrpaMMHO-JIOTMYECKOE YIIPABIICHHUE).

BcnomoratenbHbie byHKIUN
o0ecrieuynBalOT pEUICHHE BHYTPUCHC-
TEMHBIX 3a71a4.

Hns peanuzanuu ¢pynkumuii ACY

TII HeOOXOAUMBEI:

TEXHUYECKOE 00€eCIIEUEHNUE;
— TpOTrpaMMHOE;

— uH(pOpPMAIMOHHOE,

— OpraHU3AIHOHHOE;

—  ONEpPATUBHBIN IIEPCOHAL.

TOY
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Puc. 2. Texuuueckas crpykrypa KTC ACY TII nist pa-
OOTBI B CYyIIEpBU30PHOM PEKUME.

Texunueckas crpykrypa KTC ACY TII B pexxume HENOCPEACTBEH-

HOTO IIU(POBOTO YIIPABICHUS:
WU — ucrounnk nadopmarun; YCO — ycTpoiCTBO CBSA3U C 00B-
extoM; BK — BeraucnurensHorii komruieke; Y COII — ycrpoiicTBo
CBSI3M ¢ onepaTuBHBIM nepcoHanoM; OIl — omepaTuBHBIN mIEpco-
Hair; TCA — TexHUYeCKHe CpecTBa aBTOMATH3AINU ISl Peajli-
3anuy (YHKIUH JOKaJdbHBIX cucTteM; MY — HCIOTHUTEIbHEIC
YCTpOMCTBA.

Texuuueckoe obecnieuenne ACY TII cocraBnsier komiuieke texuuueckux cpenacts (KTC),

COJIeprKalUi CIeAYIONIUE JIEMEHTHI:

CpeJicTBa NOJyueHus: HpopMaluu o TeKyieM coctossHun TOY;

VBK (ynpainsieMblii BEIMHCIUTEIBHBIH KOMILICKC);

— TCEXHUYCCKUC CPCACTBA AJId pCain3allun q)yHKI_[I/Iﬁ JIOKAJIBHBIX CUCTEM aBTOMATHU3ALINH,

— HCIIOJIHUTCIIBHBIC yCTpOﬁCTBa, HETIOCPECACTBCHHO PCATIU3YIOUIUC YIIPABIIAONINUC BO3JCHCTBUS

gHa TOY.

B xommuiekc TC mMuHorux ACY TII BXoAsaT MEXaHHYECKUE CPENCTBAa aBTOMATU3allUU U3 CO-

craBa snekrpudeckoit Betsu ['CII.

Cnemuduyeckum kommnoHeHToM KTC sBnsiercs YBK, B cocTaB KoTOporo BXoAsST COOCTBEHHO

BeruncnutensHblid komieke (BK), yerpoiictea cesisu BK ¢ o6bexTom (YCO) U ¢ onepaTHBHBIM 1iep-

COHAaJIOM.



[lepBBIM U 10 CUX ITOp PACTIPOCTPAaHEHHBIM TUIOM TeXHU4Yeckux cTpykryp ACY TII sBusercs
[EHTpaIN30BaHHas. B cucTemMax ¢ MEeHTpaTu30BaHHOUW CTPYKTYpO# BCsi MH(MOpMAIUs, HEOOXOaMMAsT
s ynpasienusa ATK, nmoctynaer B €uHbBIN IIEHTP - ONEPATOPCKUN MYHKT, T/I€ YCTAHOBIICHBI MPaK-
Tudecku Bce TexHuuyeckue cpeactsa ACY TII, 3a uckiroueHrneM HUCTOYHHKOB MH(OpPMALUU U HUC-
MOJTHUTENIBHBIX yCTPOUCTB. Takas TeXHUYECKas CTPYKTypa Haubosee mpocTa U UMEET PSii IPeUMy-
IIECTB.

Henocratkamu eé€ aBasrorcs.

—  HeoOXomuMocCTh W30bITOYHOro yncia 3emMeHToB ACY TII mia oOecriedyeHHsT BBHICOKOIH Ha-

JEKHOCTH;

— OoJibIIKE 3aTpaThl KaOeIs.
Takue cuctemsbl 11€I€C000pa3Hbl I CPAaBHUTEIBHO HEOOJBIIMX [0 MOIIHOCTH M KOMIIaKT-

geix ATK.

B cBsA3u ¢ BHEApEHHEM MHUKpPO-

IPOLECCOPHON TEXHUKU BCE GolbIee A TOY

YYVYY
YYVYY

pacmpocTpaHeHHE IMOJydaeT pacrpee- A

N€HHAsE TeXHH4ecKas cTpykrypa ACY

TII, T.e. pacuneHEHHas Ha psl aBTO-

5] o]

HOMHBIX IIOACHUCTEM - JIOKAJIBHBIX TECX-

o )
HOJIOTHYECKUX CTAaHIOWH YIIPABJICHHA, r

TCPPUTOPHAIIBHO paCHpeI[eHéHHLIX 1o M ACY
r—-

TCXHOJIOTUYCCKUM YYaCTKaM YIIpaBJiC-

aug. Kaxmas nokampHas IIoAcHCTEMa

MPEACTABISIET COOOW OJHOTHITHO BBHI-

HOJHEHHYIO LIEHTPAJIM30BAHHYIO CTPYK-

TYpY, SIIPOM KOTOpPOH SIBJISIETCS yIpaB-
Puc. 3. Texanueckas ctpykrypa KTC ACY TII ans pa-

00THI B peKUME HETOCPEACTBEHHOI0 IU(POBOTO ynpas-
JlokasnbHbIE MOJCUCTEMBI YEpE3  JieHUS.

astontasi MUKpo-OBM.

cBOU MUKPO-OBM 00beAMHEHBI B €IUHYIO0 CUCTEMY CEThIO Mepeiaut JaHHBIX.

K cetn noxakmovaercss Heooxoaumoe ais ynpasinenus ATK uucino TepMUHAIOB Ui onepa-
TUBHOTO IEPCOHANIA.

[Iporpammuoe obecnieuenne ACY TII cBsi3pIBacT BCe 3JE€MEHTHI paclpeeiéHHON TeXHUYe-
CKOM CTPYKTYpBI B €IMHOE 11€J10€, 00J1a1at01Iee PsIIOM TOCTOUHCTB!

— BO3MOKHOCTBIO MOJIYYEHHS BBICOKMX ITOKa3aTelael Haa&KHOCTH 3a cuéT pacuiemieHus ACY
TII Ha ceMeHCTBO CpPAaBHUTEIBHO HEOOJBIINX U MEHEE CJIOXKHBIX ABTOHOMHBIX HOJICHCTEM U
JIOTIOJIHUTEIBHOTO PE3EPBUPOBAHUS KaXI0M U3 3TUX MOJCUCTEM YEPE3 CETH;

— TNpUMEHEeHHe 0oJiee HAJEKHBIX CPECTB MUKPOIIEKTPOHHON BRIYMCIUTEILHON TEXHUKH;



— 0OJbIION THOKOCTHIO MPU KOMIIO3UIMM M MOJAEPHMU3ALUU TEXHUYECKOTO0 M MPOrpaMMHOIO

oOecrieueHus U T.1.

BonpmmucTBo Qpynkumii ACY TII peanu3zyroTcs mporpaMMHO, TO3TOMY BaKHEUIITMM KOMIIO-
HeHtoM ACY TII sBnsercs e€ nporpammuoe obecriedenue (I10), T.e. COBOKYMHOCTh HpPOrpamm,
obecnieunBaronux peanusanuio Gpyakmuii ACY TII.

ITporpammuoe obecnieuenue ACY TII nenutcs:

— oOuzee;
— CHELHAIBHOE.

Oo6mee [10 nocTaBnseTcst B KOMIUIEKTE CO CPEICTBAMH BBIUNCIUTEIbHON TEXHUKH.

CrermanbsHoe I10 paspabarteiBaercs npu co3nanun kKoHkpeTtHoit ACY TII u BKiIto4aer mpo-
rpaMMBl, peau3yromue e€ HHPOPMAMOHHBIEC U YIIPABISIONINE (YHKIIHH.

[TporpamMHOe obecrieueHue co3aaercs Ha 0ase MaTemarndyeckoro obecrneuenus (MO). MO —
COBOKYIMHOCTb MaT€MaTUYECKHX METO0B, MOJIEJIEH U alTOPUTMOB JIJIsl pELIeHUs 3a1a4 U 00paboTKH
UH(POPMALIMU C TPUMEHEHHEM BBIYUCIUTEILHON TEXHUKH.

s peanmuzanuu wHQOPMAIMOHHBIX U yrnpasistonmx ¢yHkiuid ACY TII cozpmaror crenu-
ansHOe MO, B cocTaB KOTOPOTO BXOJISAT:

— anropuTM cbopa, 00paboTkH U NpecTaBiIeHUs HHDOpMaIUH;

— QITOPUTMBl YIPABIEHUS C MAaTEMaTUYECKUMH MOJEISIMU COOTBETCTBYIOIIUX OOBEKTOB
yIpaBlIeHUS,

—  QJITOPUTMBI JIOKAJIbHOW aBTOMAaTH3aL1H.

Bce B3aumopeiictBus kak BHyTpu ACY TII, Tak u ¢ BHENTHEH Cpeoil MPeaCTaBIsIOT OO0
paznuyHbie (OpMbl HHYOPMAITMOHHOTO 0OMEHA, HE0OXOIUMBl MACCUBBI IAHHBIX U JOKYMEHTOB, KO-
Topble obecneunBaroT pu skcrutyaraiu ACY TII BeinosnHeHue Beex €€ pyHKUui.

[IpaBuna o6mena nnpopmanueit u cama unpopmanus, uupkyiupyromas B ACY TII, obpa-
3y10T uHpopmanronnoe odecrneuenue ACY TII.

Opraam3anuonnoe oodecneuenne ACY TII mpeacraBiaseT co0oil COBOKYIMHOCTh OINMCAHUNA
(GYHKIMOHATIBLHOM, TEXHUUECKOW M OPraHU3al[MOHHON CTPYKTYP CUCTEMBI, HHCTPYKIMHA U perjiaMeH-
TOB I OTIEPATUBHOTO MEpCcoHala, o0ecneunBalonlyo 3aaanHoe ¢pynkiuonuposanue ACY TII.

Onepartunbiil nepcoHasl ACY TII cocTouT U3 TEXHOJIOTOB-ONEPATOPOB, OCYILIECTBIISIOMINX
ympasiaeaue TOY, sKCIUTyTallMOHHOTO TIEepcoHaja, obecreunBammiero ¢yHkuuonupopanue ACY
TII (omeparopst DBM, nporpaMMUCThI, IEpCOHA 110 00cayxuBanuio anmapatypsl KTC).

OnepatusHnsblii nepconan ACY TII moxer paboTaTh B KOHTYpPE YIpaBJICHHUs UM BHE HETO.

[Ipu pabote B koHTYpe ynpasienus OIl peanusyer Bce PyHKIIUH YIIpaBIeHHs WU 9acTh UX,
HCIIOJIB3YIOT PEKOMEHJAIMU 10 panroHansHOMY yrpasieHuto TOY, eipadotrannsie KTC. Takoit

pexxuM gynkunonupoBanust ACY TII Ha3bIBatoT HH(GOPMALIMOHHO - COBETYOIIUM.



Ecnu onepatuBHBIN nepcoHan paboTaeT BHE KOHTypa ympasieHus, oH 3aaact ACY TII pe-

UM pabOThl U OCYIIECTBIISIET KOHTPOJIb 3a €ro coOoieHueM. B 3ToM ciyyae, 3aBUCHMOCTH OT CO-
craBa KTC, ACY TII moxeT GpyHKIIMOHUPOBATH B IBYX PEKUMAX:

— KOMOMHHMPOBAaHHOM (CYIEPBHU30PHOM);

— B pEXHMME HETOCPEICTBEHHOT0 IIU(PPOBOTo ynpasieHus, npu koropom ¥YBK HenocpencTsen-
HO BO3JCHCTBYET HAa UCIOJIHUTEIBHBIE YCTPOUCTBA, U3MEHSS YIPABIISIONINE BO3ACHCTBUS Ha
TOV.
Cozmaune ACY TII BkiIrodaer msITh CTaIuM.
texauueckoe 3agaanue (13);
texHuueckuid mpoext (TTI);
pabounii mpoekt (PII);
BHenpenue ACY TII;

o ~c W DN

aHanu3 e€ (pyHKIIMOHUPOBAHHMS.

Ha craguu T3 OCHOBHBIM 3TamoM SIBISIIOTCSI Mpeonpoekmmubvle HAYYHO-UCCAe008aMmenbCKue
pabomer (HUP), 0OBIYHO BBIMOJHSIEMBIC HAyYHO-HCCIICAOBATCILCKOM OpraHu3amnueii COBMECTHO C
NpeAnpUuiATHEM-3aKa3uMKoM. [ TaBHas 3anava npeanpoekTHeix HUP — n3ydeHne TexHOIOrn4eckoro
npoliecca Kak o0beKkTa ynpasieHus. IIpu 3ToM onpenensior 1eib U KpUTEepUn KadecTBa (yHKIHO-
HupoBaHusi TOY, TEXHUKO-IKOHOMUYECKUE MOKA3aTeIN O0BEKTA-MPOTOTUIA, UX CBSI3U C TEXHOJIO-
THYECKUMH MMOKa3aTensa-mMu; cTpyktypy TOVY, T. e. BXOoaHbIe BO3AEHUCTBHUS (B TOM YHCIE KOHTPOJIHU-
pyeMble U HEKOHTPOJHUPYEMbIC BO3MYIIAIONINE BO3ACHCTBUSI, M YIPABISIOIINEC BO3JACHCTBUSA), BBI-
XOJIHbIE KOOPAMHATHI U CBSA3U MEXAY HUMHU; CTPYKTYpy MaTeMaTHUECKUX MOJEJEH CTaTUKU U JIMHA-
MHKH, 3HAYCHHS MTapaMeTPOB U UX CTAOMIBHOCTD (cTeneHs cTanuonapHoctu TOY); craTucTHUECKIE
XapaKTEePUCTUKHU BO3MYIIAIOIIUX BO3ACHCTBUM.

Haubonee tpynoemkasi 3amada Ha 3tane npeanpoekTHeix HUP — moctpoenne matematuue-
ckux mozeneit TOY, kotopsle B nanpHemeM ucnoinb3ytot npu cunteze ACY TII. Ilpu cunrese no-
KanbHBIX ACP 0OBIYHO HCIIONB3YIOT JTMHEAPH30BaHHBIE MOJICNIM TWHAMHUKH B BUJC JTHHEHHBIX TU}-
dbepeHImaIbHbIX ypaBHEHUH 1 — 2-TO TOpsiiKa ¢ 3ama3plBaHUEM, KOTOPBIE TOJIy4daloT 00paboTKOM
9KCIIEPUMEHTANBHBIX WM PACUETHBIX MEPEXOAHBIX (PYHKIMI 110 pa3HBIM KaHalaM Bo3aeicTBus. [{is
pelieHns 3a7ad ONTUMAJIBHOIO YIPABJIEHUS CTaTUYECKMMM PEKUMAMU HCIOJIB3YIOT KOHEUHBIE CO-
OTHOIIECHHUS, IMOJIyYeHHbIE M3 ypaBHEHUN MaTepuajbHOro M 3Heprermueckoro Oamanca TOY, wnm
ypaBHEHUs perpeccuu. B 3agadyax onTUMaIbHOIO YNPABICHUS JUHAMUYECKUMH PEKUMAMU UCIIOJIb-
3yI0T HelnuHelHble AuddepeHnnanbHble YpaBHEHNS, MTOJyYeHHbIE U3 YPaBHEHUN MaTepHaIbHOTO U
HHEPreTUYECKOro OajlaHca, 3aMCAHHBIX B TU(GepeHInaIbHON opme.

[Ipu BemMoONHEHNH npeanpoekTHeIx HYP npuMeHsaroT meTons! aHanu3a CUCTEM aBTOMaTHYe-
CKOI'0 yIpaBJICHHs, U3ydyaeMble B AUCHUIUIMHE «Teoprs aBTOMAaTHUYECKOr0 yIPAaBICHUS», U METOJIbI
MOCTPOEHUsI MaTEMaTUYECKUX MOJENEH, KOTOopble u3naratorca B Kypce «MopenupoBanue Ha OBM

00BEKTOB M CUCTEM YTPABICHUSY.



Pesynbratsl, nomyueHnHsle Ha 3tane npeanpoekTHbix HUP, ucnonb3yroT Ha 3tane sckusHot

paspabomku ACY TII, B X01€ KOTOPOTO BBIMOJTHSIIOTCS CIEAYIONTUE PaOOTHI:

BBIOOp KPUTEPHs M MaTeMaTH4YeCKas MOCTAaHOBKA 3a/la4d ONTHMAIBHOTO yrpasieHus TOVY,
ee IEKOMMO3HUIHs (TP HEOOXOIMMOCTH) U BEIOOP METOJIOB PELICHHUS TTI00ATBHOM U JIOKAJb-
HBIX 3aJ]a4 ONTUMAJIBHOTO YIIPaBJICHHs, HA OCHOBE KOTOPBIX B JAJIBHEHIIEM CTPOAT aJTOPUTM
ONTUMAJILHOTO YIIPABJICHUS,
— pa3paboTka (GyHKIMOHAIBHOU U adroputMuueckon ctpyktypsl ACY TII;
— omnpenenenue oobema uHpopmanuu o cocrosiaud TOY u pecypcoB BK (ObicTpozeiicTsue,
00bEM 3alOMHHAIONIMX YCTPOMCTB), HEOOXOAMMBIX Al peanu3aimu Beex (yHkimid ACY
TII,
— mnpensapurenbHbiid BEI0op KTC, nmpexne Bcero YBK;
— IIpelBapUTENbHBIA pacyeT TeXHUKO-3KOHOMHUUecKoi s pextuHOocTH ACY TII.
LlenTpanbHOE MECTO Cpeau paboOT ITOM CTaUM 3aHUMAET MaTeMaTH4ecKas MOCTaHOBKA 3a/1a-
91 ONTUMAaJIHOTO yrpasieHus TOVY.
OcranbHbIe 3a7a4d JaHHOTO 3Tamna (KpoMme pacueTa TEeXHHKO-3KOHOMHYECKOU 3(h(EKTHBHO-
CTH) OTHOCATCS K cucteMoTexHuueckoMmy cuatesy ACY TII, nmpu BBIOJHEHHH KOTOPOTO HIHPOKO
npUMeHsIOT MeToA aHanoruil. Hakorennsiit onbIT paspadbotku ACY TII g TOY pasnuuHoit cre-
MICHH CJIOKHOCTH TO3BOJISIET MEPEBECTH pa3paboTKy psaa PyHKIUI U alrOpUTMOB M3 KaTErOpuu Ha-
YYHBIX Pa0OT B KATETOPHIO TEXHHYECKUX, BBIIOIHAEMBIX IPOCKTHBIM IyTeM. K MX 4uciy oTHOCSTCS
MHOTHe HHpOpMaImonHbsie PyHKIUU (epBUUHAs 00paboTKa HCXOaHOM uHpopManuu, pacuetr TOII,
UHTCTPUPOBAHKE U YCPETHEHHE U JIP.), & TAKXKE THUIOBbIC (D)YHKIMHU JIOKAJIBHBIX CUCTEM aBTOMATH3a-
iy, peanmszyemsie B ACY TII nporpaMMHBIM criocoO0oM (CHTHaiIHM3anusi, MPOTHBOABapuiiHas OJo-
KHUPOBKA, PEryJIMPOBAHUE C MCIIOIh30BaHMEM THUIOBBIX 3aK0HOB Tipu HILY u np.).
3aBepuraroniuM dTanom 3cku3Hon pazpabotku ACY TII sBnsercs npedsapumenvHulil pacuem
MEXHUKO-IKOHOMUYECKOU 2¢hghexmusHocmu pa3padaTbIBaeMON CUCTEMbI. BBINONHAIOT €ro crenua-
JIUCTBI TI0 SKOHOMHUKE, OJTHAKO MCXOAHBIE JAHHBIE JUISl HUX JOJDKHBI IOATOTOBUThH CHELUAJIUCTBI 110
aBTOMAaTHU3ALMH, IOITOMY PACCMOTPHUM HEKOTOPBIE Y3JIOBBIE MOMEHTHI.
OcHOBHBIM TOKa3arenieM 3koHomuueckor ddextuBHOCTH ACY TII Cily)XUT rog0BOH 3KO-
HOMUYECKHH A3PPEKT OT ee BHEAPEHNUsI, KOTOPBIA PaCCUUTHIBAIOT MO (opMyJIe
9=(C;-S,)-(C,-S)-E, (K, -Ky),

rae C; u C; — ros10BBle 00BEMBI peayi3anuy MPOAYKIMY B ONTOBBIX LieHax 110 U rocie BHexpenust ACY TII, Teic. pyo0.;
S u S — cebecTonMOCTh NMPOAYKIMH JI0 M MOCIIE BHEAPEHUSI CUCTEMBI, ThIC. py0; K; n K, — kanuransHble 3aTpaThl Ha
ATK no u mocne BBoza B neiicteue ACY TII, teic. py0; E, — HOpMaTuBHSBIH oTpacieBoii kodagduuueHT 3 HeKTHBHOCTH
KaluTaJbHBIX BIOXKEHHUI B CPEICTBA aBTOMATH3ALUH U BEIYUCIUTEIBHYIO TEXHHUKY, pyo/pyo.

OCHOBHBIMU HCTOYHUKAMU 3KOHOMHYECKON 3(()EKTUBHOCTH CHUCTEM aBTOMATHU3AllMU XUMHU-
KO-TEXHOJIOTUYECKUX MPOLECCOB OOBIYHO SIBISIIOTCS MPUPOCT 0ObeMa peajan3alud MPOIyKUIUU U
(nnu) cHIKeHHE ee Ce0eCTOMMOCTH. YJIy4IIeHHEe STHX SKOHOMHUYECKHX TOKa3aTesei dalie BCero
JIOCTUTAETCS 3a CUET YMEHBIICHHS pacXo/ia ChIpbsi, MATEPUAIOB U YHEPTUU HA €AMHMILY MPOTYyKIIHUU

6nar0)1ap$[ Ooitee TOYHOMY MOAACPKAHUIO ONTUMAJIBHOI'O TEXHOJIOTHYCCKOI'0O PCXKMa, IMOBBINICHUTIO
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KadycCTBa HpO,Z[yKI_[I/II/I (COpTHOCTI/I ", COOTBCTCTBCHHO, I.[CHBI), YBGJII/I‘-IGHI/IIO HpOI/IBBOI[I/ITeJIBHOCTI/I
000pyIOBaHUS 3a CUET COKpAIICHHS MOTEeph pabodyero BpeMEHU M3-3a HEIUIAHOBBIX OCTAHOBOK IPO-
11ecca, BhI3BaHHBIX OITMOKaMHu yripaBiieHus u ap. Ha srane npeanpoektabix HUP nomkHBI OBITH BBI-
SIBIICHBI pe3epPBbI MIPOU3BOJICTBA, KOTOPBIE MOTYT OBITh UCIOJIH30BaHbI OJarofaps MPUMEHEHHUIO CHC-

TCEMBI aBTOMAaTHU3alluHu.

Hanpuwmep, ecnu npyu UCNONB30BaHUH JIOKAIBHONM CUCTEMbI aBTOMAaTH3aLlMU TEXHOJOTMYECKUM arperar IpoCTauBacT B
cpemem 20 % rutaHOBOrO pabodyero BpeMeHH, U3 KOTOphIX 1/4 BrI3BaHA OMIMOKAMH OMEPATHBHOTO TIEPCOHATA W3-3a He-
CBOEBPEMEHHOI'0 OOHapYKEHUS Mpe]] aBapuiHbIX cuTyauuii, To npumeHenne ACY TII, peanusyronield GyHKIMU POTHO-
3a U aHaJHM3a NMPOU3BOACTBEHHBIX CUTYAIlMi, MOXKET yCTPAaHUTH 3TH MOTepH. Torna o0beM BBITyCKaeMOM MPOAYKIUH B
HaTypaJIbHOM HCYHCIIEHHH BO3pacTeT Ha 5 %, 4TO MpHBEIET K YBEJIMYEHHIO 00beMa pealn3alii U CHIDKCHHUIO cele-
CTOUMOCTH IIPOAYKIUH.

HaxomieHHbIN OMBIT aBTOMATHU3AIIMH XUMUYECKUX MPOU3BOACTB MOKA3all, YTO PE3EPBHI IKO-
HOMHUYECKOH 3(PPEeKTUBHOCTH, KOTOPhIE MOTYT OBITh MCIOJIL30BaHBI OJlaroiapsi aBTOMAaTH3aIUN TEX-
HOJIOTUYECKUX MPOIECCOB, 00bIYHO cocTaBisitoT oT 0,5 10 6 %. [Ipu »>ToM, yeM myumie orpaboTana
TEXHOJIOTHsI, TEM, KaK MPaBUJIO, MEHbIIIE PE3EPBHI.

OnHako HE BCE BBIABICHHBIC (IMOTEHIHMAIBHBIC) PE3ePBBI SKOHOMHUYECKOH 3(deKkTuBHOCTH
MOTYT OBITh HcTIONIb30BaHbI TTocsie BHeApeHuss ACY TII. ®daktuyeckast 3¢ (HEeKTUBHOCTh OKa3bIBACTCS
MEHBIIIe MMOTEHINANbHOM u3-3a He uaeansHoct ACY TII, koTopas nposBisercs, B YaCTHOCTH, B He-
IIOJIHOM aZieKBaTHOCTU MaTemaThueckod moaenu TOY, mo KoTopoil pacCUUTHIBAETCSI ONTUMAIBHBIN
peXuM, B TOTPEIIHOCTAX MU3MEPEHHUs BBIXOIHBIX KOOPIUHAT OOBEKTa, KOTOPHIC TAKXKE BIUSIOT Ha
TOYHOCTb OMNpPEACIICHUs] ONTUMAJIBHOTO PEXUMa, B OTKa3aX JIEMEHTOB TEXHUYECKOTO U MPOTPaAMM-
HOTO OOeCIeUeHHsI, U3-3a KOTOPBIX CHIPKAETCS KaueCTBO BBHITIOJHEHUs OTACNIbHBIX PyHKINH 1 ACY
TII B uenom u T. 1. PeanbHeblil 3 ekt 00p1uHO cocTaBnsgeT ot 25 10 75 % NoTeHIIMANbHOTO, IPUYEM,
KaK MpaBuIIo, 4YeM OOJIbIlIe MOTeHIUANbHBIH 3P QeKT, TeM B MEHbILEH cTerneHn oH peanusyercs. Oc-
HOBHBIM TTOKa3aTelIeM TeXHUKO-dKOHOMHUecKoi dddexkrnBHocTH ACY TII siBisieTcst Cpok OKyTae-
MOCTHU CUCTEMBI, KOTOPBIN orpeaenseTcs no popmyiie

Tok = K2 — Kl '
(C,-S,)-(C-9)

OH nomxeH ObITh He 00JIbIlIe HOPMATUBHOIO, KOTOPBIM 111 XUMHUYECKON MPOMBIIIJIEHHOCTH paBeH 3

rojlam.

3aBepiuatoniei craaueit nepsoro srana cozganus ACY TII sBasercs pa3paboTka TeXHUYE-
CKOTO 3aJ[aHUsl Ha TIPOCKTUPOBAHKUE CHCTEMBI, KOTOPOE JOJDKHO BKJIFOYATH MOJHBIN MEpeYeHb (QyHK-
IIUH, TEXHUKO-2KOHOMHYECKOEe 000CHOBaHME 1esiecoobpasHoctu pazpadotku ACY TII, nepedyens u
06bem HUP u mutan-rpadguk co3nanus CHCTEMBI.

IIpu pazpabotke HetunoBbix ACY TII Ha nepsblit 3Tan npuxoautcs npumepHo 25 % oOmiei
TPYAOEMKOCTH, B TOM uncie Ha npeanpoektasie HUP-15 %. [Tpu tupaxuposanuun ACY TII nepas
CTaJusl MOKET OBITh UCKITFOUEHA WJIH 3HAYUTEIHHO YMEHBIIICHA.

Crnenyronum stanom co3fanusi HeturnoBo ACY TII sBisercst pazpaboTka mexnHuueckozo

npoekma, B X04€ KOTOpOﬁ MNPUHHUMAIOTCS OCHOBHBIC TCXHUYCCKHUEC PCHICHUA, PCATIU3YIOMINC Tpe60-
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BaHUSI TEXHUYECKOTo 3ahaHus. PaboThl Ha 3TOM 3Tare BBIMOJHSAIOT HAyYHO-MCCIIEAOBATENbCKAS U
IIPOEKTHasl OpraHU3aluu.

OcHoBHBIM copnepkanneM HUP sBnsercs passButue u yriaybnenue npeanpoektasix HUP, B
YaCTHOCTH, YTOYHEHUE MaTEMAaTHYECKUX MOJIEIEN U MOCTAaHOBOK 3a/1a4 ONTUMAJIbHOTO YIIPABIICHUS,
IPOBEPKA C MOMOLIBI0 UMHTAIMOHHOTO MOJEeTHpoBaHusi Ha DBM paboTocnocoOHOCTH U AP PEKTHB-
HOCTH aJTOPUTMOB, BBIOpaHHBIX [JISl peaJu3alyy BaXXHEHIINX MHPOPMAILMOHHBIX U yHPaBISIOLINX
byukmuit ACY TII. Yrounstorcs QyHKIIMOHAIBHAS U aJTOPUTMUYECKAs CTPYKTYPHI CHCTEMBI, TIPO-
pabatpiBaroTCsi MHPOPMAIIMOHHBIEC CBSA3HM MEXTy (QDYHKUIUSIMU M alrOpuTMaMu, pazpadaTeiBaeTcs op-
raHu3anuonHas ctpykrypa ACY TII.

OdeHb BaXXHBIM M TPyAOEMKUM 3TanoM Ha craauu TII gBnsercs pazpaboTka CHELMAIbHOTO
MPOrpaMMHOTO oOecrieueHusi cucteMsl. [1o uMmeromumMes olieHKaM, TPYI0EMKOCTb CO3aHMsI CIIeIu-
anpHoro I10 6bi1a 6im3ka k obimemMy o0bemy npearnpoektHsix HUP u cocramsia 15 % ot obmmx
Tpyao3aTpar Ha coznanue ACY TII.

Ha craguu TII oxonuarensHo BeIOuparoT coctaB KTC 1 BBIIONHSAIOT pacyeTsl 10 OIEHKE Ha-
nexHocTH peann3anuu BakHermux Gynkiuit ACY TII u cuctemsr B oM. OO1ue 3aTpathl Tpyia
Ha MpOeKTUpoBaHue cocTaBisaioT npuMepHo 30 % ot 3arpaT Ha co3ganue ACY TII.

Ha cranuu Buenpenus ACY TII npousBoasTcs MOHTaXHbIE M IIyCKO-HalIaJo4yHbIe PabOTHI,
MOCJIEI0BATEIBHOCTh M CO/IEPKAaHUE KOTOPBIX M3Y4alOTCs B COOTBETCTBYIOLIEM Kypce. Tpyno3arpa-
ThI Ha OTOU CTaJIUU COCTaBIAIOT 0K0JI0 30% OT OOIIMX 3aTpar Ha CUCTEMY.

[Ipu pazpabotke ronoBHbIX o0pasnmoB ACY TII, moanexanmx B JaJIbHEUIIIEM THPaXUPOBa-
HUIO Ha OAHOTUNHBIX TOVY, BakHOE 3HaU€HUE MMEET aHaIn3 (PYHKIMOHHUPOBAHUS CUCTEMBI, B X0/
KOTOPOTO MPOBEPSIOT 3(PPEKTUBHOCTD peLIeHUH, MPUHATHIX PU €€ CO3JaHUHU, U ONPEeAeIsIoT (ak-
TUYECKYIO TEXHHKO-DKOHOMHYECKYI0 dppexTruBHOCTH ACY TII.

Jlto60e xumMuveckoe MPOU3BOICTBO MPEICTABISET MOCIEA0BATEIHHOCTh TPEX OCHOBHBIX OIle-
panuii:

1. moaroToBKa CHIPHS,
2. COOCTBCHHO XMMHYECKOE IMPEBpaIllCHNUE,
3. BBIJEJICHUE 1IEJIEBBIX TPOTYKTOB.

OTa MOCNeNOBaTENbHOCTh ONEpaluid BKIIOYAETCA B E€OUHYI CJIOXHYK XHMHKO-
TexHosornueckyr cucremy (XTC).

CoBpeMeHHOe XUMUYECKOE TPEINPHUSITHE, 3aBOJ MJIM KOMOWHAT KaK CUCTeMa OOJIBIIIOTO Mac-
mrada, COCTOUT U3 OOJBIIOr0 KOJIWYECTBA B3aUMOCBSI3aHHBIX MOJCUCTEM, MEXAY KOTOPBIMU CYIIe-

CTBYIOT OTHOIICHUA CONOJJUMHEHHOCTH B BUJC HEPAPXUUECCKON CTPYKTYPbI C TPEM OCHOBHBIMU CTY-

IICHAMMU.
Ka;ma;{ nmoaCcucTeMa XUMHNYCCKOT0 MPCANpUATUS NPEACTABIIACT coOo COBOKYIIHOCTb XUMMU-
KO-TE€XHOJOTMUYECKOM CHCTEMBI I CHCTEMBI aBTOMAaTHYECKOI'O yhpaBJI€HUA, OHU ﬂeﬁCTBYIOT KakK €au-

HOC [ICJI0C IS MOJYUCHUA 3aJaHHOTO ITPOAYKTA WA ITOJYHIPOAYKTA.
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1. CTPYKTYpHble cxeMbl 06 beKTa perynmpoBaHus

x,(2) OnuH W3 3TaroB MPOSKTHPOBAHHUS
l lz l lz CHCTEM PpETYJIMPOBAHUS TEXHOJIOIHYE-
— W.(P) > CKHMX MPOIECCOB — BBIOOP CTPYKTYPHI
X, (U)] e W —> Y
L(P) CHCTEMBI M pacyeT ONTHMAJIbHBIX Tapa-

METpOB peryniaropoB. U cTpykrypa cuc-
Puc. 1.1. CtpykTypHas cxema 0o0beKTa peryjaupoBaHusi. TEMbI, U MapaMeTPhl PEryasTOPOB OIpe-

JENSIFOTCSI CBOMCTBAMU TEXHOJOTUYECKO-
0O Tporiecca Kak 00beKTa peryJIMpoBaHusl.

JIr000# TEXHOJIOTHYECKHUI TpoIlecC Kak 00BeKT perynupoBanus (puc. 1.1) xapakTepusyercs
CJIETyIOIIMMH OCHOBHBIMU TPYTIIaMU IEPEMEHHBIX:

1. TlepeMeHHBIC, XapaKTepPH3YIOIIUE COCTOSIHUE Mpoliecca (COBOKYIMHOCTh MX OynemM 0003Ha4aTh
BEKTOPOM Y). DTH TIEpEeMEHHBIC B MPOLIECCE PEryTUPOBAHUS HEOOXOUMO MOJICPKUBATH Ha
3aJJaHHOM ypOBHE WJIM MU3MEHSATH MO 3aJaHHOMY 3aKOHY. TOYHOCTh cTaOMIM3aINK MepeMeH-
HBIX COCTOSTHUSI MOXKET OBITh PA3TUYHOM, B 3aBUCIMOCTH OT TPEOOBAHUMN, JTUKTYEMBIX TEXHO-
JIOTHEH, U BOBMOKHOCTEHN CHCTEMBI peryiupoBaHus. Kak mpaBuiio, mepeMeHHbIS, BXOISIINE B
BEKTOD Y, U3MEPSIOT HETOCPEACTBEHHO, HO WHOTJA WX MOXKHO BBIYHCIIUTE, UCIONB3YS MO-
JeNb 00BEKTa 1O IPYTHM HEMOCPEICTBEHHO M3MEPSIeMbIM TIEpEeMEHHBIM. BekTop Y "acTo Ha-
3bIBAIOT BEKTOPOM PETYJIUPYEMBIX BEIHUHUH.

2. TlepemeHHbBIC, U3MEHEHHEM KOTOPBIX CHCTEMa PEryJIHpPOBAaHUS MOXKET BO3ICHCTBOBATH Ha
00BEeKT ¢ Leiblo ynpasieHUuss. COBOKYIHOCTb ATUX NEPEMEHHBIX 0003HAYaIOT BEKTOPOM Xp
(nnm U) peryaupyromux Bo3AeHcTBUil. OOBIYHO PETyIHPYIONIMMUA BO3JACHCTBUSIMH CIIyXKat
M3MEHEHUS PACX0JI0B MaTepUAIbHBIX MOTOKOB MJIM MOTOKOB SHEPTHUH.

3. IlepeMeHnHbIe, U3MEHEHHsI KOTOPBIX HE CBSI3aHBI C BO3JCHCTBHUEM CHUCTEMBI PEryJIHpPOBAHUS.
OTH U3MEHEHUS! OTPAKAIOT BIUSHUE HA PETYIHUPYEMbIii OObEKT BHEITHUX yCIIOBUHM, U3MEHE-
HUS XapaKTEPUCTUK CAMOTO OOBEKTa U T. I. VIX Ha3bIBAIOT BO3MYIIAIOIIUMU BO3ICHCTBUSIMU
1 0003HAYAIOT BEKTOPOM X, WK Z. BeKkTOp BO3MYyIIAIONIUX BO3JECHCTBHI, B CBOIO OYEpE.ib,
MOKHO pa3OuTh Ha JIBE€ COCTABISIOUINE — MEPBYI0 MOKHO M3MEpPUTH, & BTOPYIO — HEJb34.
Bo03MOXHOCTh M3MEpEHHs BO3MYIIAIOMIETO BO3ACHCTBUS MMO3BOJISICT BBECTH B CHCTEMY pEry-
JMPOBAHUS JIOTIOJHUTENBHBIA CUTHAJ, YTO YJY4IIaeT BO3MOKHOCTH CHCTEMBI PEryJIHpOBa-
HUSL.

Hampumep, 11 U30TepMHUYECKOT0 XMMHUYECKOTO PEaKTOpa HEMpPEepBhIBHOTO NEHUCTBUS, pery-
JTUPYyEMBIMU TIEPEMEHHBIMU SIBIISIIOTCS TEMIIEpaTypa peakIMOHHOW CMECH, COCTaB TIOTOKA Ha BBIXOJIE
U3 amnmapaTa; peryJHUpyoUMMA BO3JCHCTBUSIMU MOTYT OBITh M3MEHEHHE pacxoja mapa B pyOamKy
peakTopa, U3BMEHEHHE pacxo/ia KaTajau3aTopa U pacxo/ia peakKlMOHHON CMECH; BO3MYILAIOIIUMU BO3-

JEUCTBUSIMHU SIBJISIOTCS M3MEHEHMS COCTaBa ChIPpbs, AABJICHUS I'PCIOUICTO I1apa, MpHUYEM €CJIN HaBJIC-
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HHE TPEIONIETO Mapa HETPYTHO U3MEPUTh, TO COCTAB CHIPhS BO MHOTHX CIIy4asiX MOXET OBbITh U3Me-
PCH C HU3KOW TOYHOCTHIO WJIM HEJJOCTATOYHO OTIEPATUBHO.

AHani3 TeXHOJOIHYECKOTO Mpolecca Kak 00beKTa aBTOMATHYECKOTO PETYJIMPOBAHHS MPE-
10JIaraeT OICHKY €ro CTaTHYCCKMX M JMHAMHYCCKUX CBOWCTB MO KaKIOMY M3 KaHAJIOB OT JIFOOOTO
BO3MOJXKHOT'O YTIPABIISIOIIETO BO3JACHCTBHS K JIIOOOMY BO3MOXXHOMY PETYJIHPYEMOMY Mapamerpy, a
TAK)KE OLCHKY aHAJIOTHYHBIX XapaKTEPHUCTHK IO KaHAJIAM CBSI3M PEryJIMPYEMbIX MEPEMEHHBIX C CO-
CTaBJSIFOIIMMU BEKTOpa BO3MYIIIEHH. B Xojie Takoro aHajgm3a HEOOXOJMMO BBIOpPATh CTPYKTYPY
CHCTEMbI PEryJIMPOBAHUS, T. €. PEUIUTh, C HCIOIb30BAHHEM KaKOTO PEryJIMPYIOIIET0 BO3ACHCTBHS
CJIEZIyeT yIPaBJIATh TEM WM WHBIM MMapaMeTpoOM COCTOsiHHSA. B pe3ysbrare BO MHOTHX ciiydasx (OT-
HIO/Ib HE BCET/Ia) YAAeTCs BBIICIUTh KOHTYPBI PEryJIMPOBAHUS ISl KOXKIOH M3 PEryJMpyeMbIX BEITH-
YHH, T. €. IOJyYHTh COBOKYITHOCTh OJTHOKOHTYPHBIX CHCTEM PETYIHPOBAHHUS.

BaxubiM 37eMeHTOM crHTe3a ACP TeXHOJIOTHYeCKOro mpolecca sBIseTCs pacyeT OJHOKOH-
TYpHOU CUCTEeMBbI perynupoBanus. [Ipu 3ToM TpeOyercst BBIOpaTh CTPYKTYPY M HaWTH YHCIIOBBIC 3HA-
YCHUS MapaMeTpOB PEryysaTopoB. Kak mpaBuiio, HCHONB3YIOT CICAYIOIINE TUIIOBBIE CTPYKTYPHI pe-
T'YJIHPYIONIMX YCTPOMCTB (THIIOBBIE 3aKOHBI peryaupoBanus): mpomopironansusiii (IT) perymstop
(R(p) = -Sy); unterpansusbiii (M) peryssrop (R(p) = -So/p); nponopunonansHo-uHTerpanbhbiii (ITH)
3akoH perymupoBanus (R(p) = -S — So/p) u, HakoHeln, TPONOPIHOHAIBLHO-UHTETPATBHO-
muddepentmaneupii (ITAI) 3akoH (R(P) = -S1 — So/p — Sp+p). Ilpu pacuere cucTeMbl MPOBEPSIOT
BO3MOXKHOCTh HCIIOJIb30BaHKsI HauOoJiee MPOCTOr0 3aKOHA PEryJIMPOBAHUS, KAXKIbIH pa3 OIlCHUBAS
Ka4eCTBO PEryJUPOBAHUS, U €CIIM OHO HE yIOBICTBOPSACT TPEOOBAHUAM, MEPEXOIAT K OOjee CIOXK-
HBIM 3aKOHAM WK UCTIOJIB3YIOT TaK HA3bIBAEMBIC CXEMHbLE MEMOObL VIYUUUEHUsL KA1eCmed.

B Teopuu aBTOMaTHYECKOTO PEryJIMpPOBaHuUs pa3padoTaHbl pa3inyHbIe MeTOIbI pacueta ACP
IPH 3aIJaHHBIX KPUTSPHSIX KAUeCTBA, a TAK)KE METO/IbI OI[CHKH KaueCTBa MEPEXOTHBIX MPOILIECCOB MPH
3aJlaHHBIX MapamMeTpax 00beKTa W perysstopa. [Ipu 3ToM Hapsy ¢ TOYHBIMH METOJAMH, TPeOyro-
IIAMH OOJIBIIMX 3aTpaT BPEMEHH W PYYHOTO TPy, pa3pabOoTaHbl MPUOIMKECHHBIE METO/IbI, TI03BO-
JSIFOIIE CPABHHUTEILHO OBICTPO OILICHUTH PadOYHe IMapaMeTphl PEryisiTopa WM KauyecTBO MEpexoj-
HbIX TporieccoB (Merona Ilurnepa—Hukonbsca ams pacueTa HACTPOEK PETYNISATOPOB; MPUOIMKCHHBIC
(bOpMYJIBI 17151 OILIEHKH HHTETPATBHOTO KBAJPATUYHOTO KPUTECPHS U T. II.).

[Iupokoe BHEAPEHHUE BBIYMCIUTEILHON TEXHUKU JJIS TPOCKTHPOBAHUS CUCTEM YIMPABICHUS
(CY) u peanmzaumu camoHactpauBarommxcst CY NpakTUYeCKH CHSUIO OTPaHUYCHHS, CBS3aHHBIC C
TPYJI0EMKOCThIO MeTo10B pacueta ACP. B HacTosIee BpeMsi cO3al0TCs MAKEThl MPUKIIAJAHBIX TIPO-
rpamMm Juts pacueta ACP, MO3BOJISIONINE UCTIONB30BATH AITOPUTMbI, OCHOBAaHHBIC HA TOYHBIX METO-
nax. [Ipu 5TOM MpUOIMKEHHBIE METO/IbI OOBIYHO MPUMEHSIOT /ISl BBIOOpA HaYaIbHBIX 3HAYCHUH TTe-
PEMEHHBIX B UTCPATHBHBIX METOJAX PacyeTa CIOKHBIX CHCTEM PETYJIMPOBAHUS WM HA HAYaIbHOM

cTagun HpOGKTHOﬁ pa3pa60TK1/1 CHCTCMBI aBTOMAaTU3allMH CIIOKHBIX TCXHOJTOTHYCCKHUX 0OBEKTOB.
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2. MocnepoBaTenbHOCTL BbIOOpPa CUCTEMbI aBTOMaTU3aLUUN.

OO0mas 3ana4ya ynpabJieHHs TEXHOJOTHYECKHM MpoueccoM (GopMyIupyeTcsl Kak 3ajada
MakcUMHu3alui (MHUHHUMHU3AIUK) HEKOTOPOro KpuTepusi (ce0eCTOMMOCTH, dHEpPro3aTpar, MpuObLIN)
IpY BBHINIOJHEHUH OTPAaHMYCHHH HAa TEXHOJOTHMUYECKUE MapaMeTphl, HAKIIAJBIBAEMBIX PErJIAMEHTOM.
Pemenne Takoii 3amaum ISl BCETo TpoIecca B LEIOM TPYIOEMKO, WIIM MPAKTHYECKH HEBO3MOXKHO
BBHTy OOJIBIIIOTO YHMCIa (aKTOPOB, BIMSIONIMNX Ha X0 mporecca. [ToaTomy Bech mporiecc pa3OuBaroT
Ha OTJEJIbHbIE YYaCTKH, KOTOPbIE XapaKTepU3YyIOTCS CPaBHUTEIBHO HEOOJIBIIMM YUCIOM HEpEeMEH-
HBIX. OOBIYHO 3TH YYaCTKU COBIAJAIOT C 3aKOHYCHHBIMH TE€XHOJIOTUYECKUMHU CTAIMSIMHU, JJIS KOTO-
pPBIX MOTYT OBITH C(OPMYJIMPOBAHBI CBOM IOA33Jaud YIpPAaBJICHUS, MMOJAYMHEHHbIE OOIIEH 3anaue
yIpaBJIEHUS MPOLIECCOM B LIETIOM.

3a/1a4n yIpaBICHUS OTACIBHBIMU CTAMSAMH HATIPABJICHBI HA ONTUMH3AIHIO (B YaCTHOM CITy-
Yae, cTaOWIIN3aIMI0) TEXHOJIOTHYECKOTO MapaMeTpa WM KPUTEPHsl, JIETKO BBIYHCIIIEMOrO 110 H3Me-
PCHHBIM PEXKHUMHBIM MapaMeTpam (IPOU3BOAUTEIBHOCTh, KOHIICHTPAIMS MPOAYKTa, CTENCHb Ipe-
BpAILleHUs], pacxo dHeprun). ONTHMHU3aLUI0 KPUTEPUs IPOBOIAT B paMKax OTpaHWYCHHH, 3a/1aBae-
MBIX TEXHOJIOTHUECKUM periaMeHToM. Ha ocHOBaHMHM 3a/a4M ONTHUMAJIBHOIO YIPABJICHUS OTAEIb-
HBIMHU CTaJUSIMH TIpoliecca (popMyTupyIOT 3a/1a4l aBTOMATUYECKOTO PEryJIMPOBaHUS TEXHOJIOIHYe-
CKUX TTapaMeTPOB IS OTJEIIbHBIX aIapaToB.

BaxapIM 3TanoM B pa3paboTKe CHCTEMBI aBTOMATH3AIUH SBISICTCS aHAJIN3 OCHOBHBIX aIlia-
paToB Kak OOBEKTOB PETyJIUPOBaHMs, T. €. BBISIBICHHE BCEX CYIIECTBEHHBIX BXOJHBIX U BBIXOJHBIX
HNEPEMEHHBIX U aHAJIN3 CTATUYECKUX M TUHAMUYECKUX XapaKTEPUCTUK KaHAJIOB BO3MYILEHHS U pery-
AupoBaHMs. VICXOMHBIMU NaHHBIMH TIPU 3TOM CIy)KaT MaTeMaThdecKas MOJENb mporecca U (Kak
HIepBOE MPUOJIMIKCHUE) CTATUYECKAsi MOJIC)Ib B BUJIC YPaBHEHHI MaTePHAIbHOTO U TEIUIOBOTO OasaH-
coB. Ha ocHOBe 3THX ypaBHEHMI C yYETOM pealbHbIX YCIOBUN pabOTHI anmnapaTa Bce CyIECTBEHHBIE
(akTOopbl, BIUSIONINE Ha MTPOLECC, Pa30MBAIOTCS Ha CIEAYIOIINE TPYIIIHL.

Bo3mymenus, 1onyckawmme cTaduiIn3anui — 3TO HE3aBUCUMBbIE TEXHOJIOTUYECKHE Tapa-
METPBI, KOTOPBIE MOTYT HCIIBITHIBATh, CYIIECTBEHHBIC KOJIEOaHMs, OJJHAKO 10 YCIOBUSAM PabOTHI MO-
I'yT ObITh CTAaOMJIM3UPOBAHBI C MOMOILBIO aBTOMATUYECKOH cucTeMbl peryiaupoBanus. K takum ma-
paMeTpaM OOBIYHO OTHOCSTCS HEKOTOpBIE IMOKAa3aTeNd BXOIHBIX MOTOKOB. Tak, pacxox MUTaHUS
MOYKHO CTaOMIM3UPOBATh, €CIU MEPe]] anmnapaToM uMeeTcst Oy(depHas eMKOCTh, CTIaKUBAIOIIas KO-
neGaHMsl pacxoJa Ha BBIXOJE M3 TPEABLIYINEro ammapara; CTaOMIU3aIisl TeMIIepaTyphl MHTAHUS
BO3MOXHA, €CJIM IIepeJl annaparoM YCTaHOBJIEH TEIUIOOOMEHHUK, U T. 1. [Ipu npoekTupoBaHum cuc-
TEMBbI yIPaABJICHUS LEIeCO00pa3HO MPEeayCMOTPETh aBTOMAaTHUECKYIO CTaOMIIM3AllUI0 TaKUX BO3MY-
IeHUI. DTO MO3BOJIMT MOBBICUTH KAYECTBO YIPaBIICHUS MPOLIECCOM B LIel0M. B mpocreiimux cimyya-
X HAa OCHOBE TAKMX CHUCTEM aBTOMAaTHYECKOW CTAOMIIM3AIMKA BO3MYIIEHHH CTPOST PAa30MKHYTYIO
(OTHOCHTETIFHO OCHOBHOTO TIOKa3aTellsl Mpolecca) CHCTEMY aBTOMATH3aIMU, 00SCICYHBAIOIIYIO YC-

TOMYMBOE BeACHUE nmponecca B paMKax TEXHOJIOTHYCCKOI'O pCrilaMCHTA.
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KonTposnpyembie BO3MyIIEHHsI — 3TO T€ BO3MYILEHUS, KOTOPbIE MOKHO U3MEPUTh, HO He-
BO3MOXKHO WJIM HEJIOMYCTHUMO CTaOMIM3MPOBaTh (pacxoj| MUTAHUS, MMOJABACMOT0 HEMOCPEACTBCHHO
U3 TpeABIIYIIero ammapara; TeMIepaTypa OKpyXaromei cpeasl U T 1.). Hamuume cyniecTBeHHBIX
HECTaOMIN3UPYEMBIX BO3MYILIEHUH TpeOyeT MpUMeHEeHHs MO0 3aMKHYTHIX [0 OCHOBHOMY IOKa3a-
TEJIO TPOIIecCa CUCTEM PEryJIHpOBaHus, 1100 KOMOMHUPOBaHHBIX ACP, B KOTOPBIX KaueCTBO pery-
JIMPOBAHMS NOBBIIIACTCS BBEACHUEM JUHAMUYECKON KOMIIEHCALIUA BO3MYILCHHUS.

HexkonTposupyembie BO3MYIIEHHS] — BO3MYLICHHsI, KOTOPbIE HEBO3MOXHO HJIM HELEIECOo-
00pa3HO U3MEPATh HEMOCPEACTBEHHO. [lepBble — 3TO MajieHne aKTUBHOCTH KaTaau3aTopa U3MEHEHHE
K03 PHUIIMEHTOB TEIUIO- U Macconepeaur U T.11. [[puMepoM TOMy MOXKET CIIy>KUTh JJaBJIEHHE TPEro-
IIETO Mapa B 3aBOJICKOM CETH, KOTOpOe KOJeOIeTcs CaydaiiHbIM 00pa3oM H SIBIISIETCSI HICTOUHHUKOM
BO3MYIIICHHS B TEIUIOBBIX IpoLeccax. BIsABICHNE BO3MOKHBIX HEKOHTPOJIIMPYEMBIX BO3MYIICHHN —
BA)XXKHBIH 3Tall B UCCIIEJOBAHUU IIpolecca U pa3paboTKe CUCTEMbI yrpaBieHus. Hanuuue Takux Bo3-
MyILIeHUH TpeOyeT, KaKk U B MPebIAyLIeM ciaydae, 00s3aTeIbHOr0 MPUMEHEHUS! 3aMKHYTHIX MO OC-
HOBHOMY I10Ka3aTeJIIo MpoLecca CUCTEM aBTOMAaTU3alliH.

Bo3MoxxHBIE peryIupyomue BO3AEHCTBYsL. DTO MaTEPUAIIbHBIE WIIU TEIUIOBBIEC IOTOKH, KOTO-
pBIE MOKHO U3MEHATh ABTOMAaTUYECKH JUIS MOAAEP KAHNS PETYINPYEMBIX TapaMETPOB.

BbIxoaHble mepeMeHHble. 3 uX uyucia BRIOMpAIOT peryiaupyemble KoopauHatsl. [Ipu mo-
CTPOEHUM 3aMKHYTBIX CHCTEM PEryJHMpPOBAaHUS B KAaUECTBE PETYJIHUPYEMBIX KOOPAMHAT BBIOMPAIOT
TEXHOJIOTMYECKHUE MTapaMeTpbl, U3MEHEHNE KOTOPBIX CBUAETEIBCTBYET O HAPYIIEHUH MaTEPUAIIBHOIO
WX TEMJIOBOro OajaHca B anmnapare.

K HUM OTHOCATCS: ypOBEHb XHJIKOCTH - IOKa3aTesb OajaHca Mo XKHUIKOH (ase; naBieHue —
nokasaresb OajlaHca 1o Ta30Boi (ase; Temneparypa — MOKas3aTelb TeIJIOBOTO OalaHca B ammapare;
KOHIIEHTpaLUs - I0Ka3aTelb MaTepUaIbHOIO OajaHca 10 KOMIIOHEHTY.

AHain3 BO3MOXHBIX PEryJIMPYIOIUX BO3JAEHCTBUM U BBIXOJHBIX KOOPAMHAT 0OBEKTa M03BO-
JsieT BbIOpaTh KaHaibl perynupoBaHus i npoektupyeMmbix ACP. Ilpu 3ToMm B ofHHX ciaydasx pe-
IIEHUE OMpPEIEINeTCs] OAHO3HAYHO, a B IPYTHMX UMEETCS BO3MOXKHOCTH BBIOOpA, KaK PEryJIHpyeMoi
KOOPJMHATHI, TaK U PETYJIUPYIOLIEro BO3AECUCTBUS Ul 3aJJaHHOrO BbIXxoJa. OKOHYATENbHBIH BHIOOD
KAaHAJIOB PETYJIMPOBAaHMs NPOBOJAT HA OCHOBE CPABHUTEIBHOIO aHAIM3a CTATUYECKUX U JUHAMMYE-
CKUX XapaKTepUCTHK pa3IMYHbIX KaHaoB. [Ipu 3TOM y4MTBIBAaIOT Takue MOKa3aTeld, Kak Kodpdu-
IIUEHT YCUJICHUS, BPeMsl YHCTOTO 3ala3/bIBaHus, €ro OTHOIICHNWE K HauOoJbIIel MOCTOSHHOW Bpe-
menu kanana t/T.

Ha ocHoBe aHanm3a TEXHOJIOIMUECKOIo Mpoliecca Kak 00bEKTa PEryJIMPOBAHUS IPOEKTUPYIOT
CHCTEMY aBTOMATH3allMHU, 00ECIEYMBAOLIYIO PEIIEHUE IOCTaBIEHHON 3ajaun peryiauposaHus. Ha-
YUHAIOT C IPOEKTUPOBAaHUS OJHOKOHTYpHBIX ACP oTenbHBIX MapaMeTpoB: OHU HauboJjiee MPOCTHI B
HaJIaJKEe U HAJCKHBI B paboTe, MOITOMY HIMPOKO UCHOJB3YIOTCS MPU AaBTOMATU3AIMH TEXHOJIOrHYe-

CKUX 00OBEKTOB.
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OnHako mpHu HEONAroNMPHUATHBIX JAUHAMHUYECKUX XapaKTEPUCTUKAX KAHAJOB PErYJIHPOBAHUS
(OonpIIOM YKCTOM 3ama3/bIBaHuH, 00JbIIOM OoTHOLIeHUH T/T) Haxe B cilyyae ONTUMAaIbHBIX HACTPO-
€K PEeryJIITOpPOB KauyeCTBO MEPEXOAHBIX MPOLECCOB B OAHOKOHTYpHBIX ACP MOXeT okazaTbcs He-
YAOBJIETBOPUTENbHBIM. /{7151 TakuX OOBEKTOB aHAIM3HPYIOT BO3MOKHOCTH IOCTPOEHHSI MHOT'OKOH-
TypHbIX ACP, B KOTOpPBIX Ka4€CTBO PErYJIUPOBAHUS MOKHO IOBBICUTB, YCIOXKHSIS CXEMbl aBTOMATH-
3a1uH, T. €. IPUMEHs KacKaJHble, KOMOMHUpPOBaHHBIE, B3auMocBs3aHHbie ACP.

OxoHYaTeIbHOE pEeUIEHNE O IPUMEHEHNUU TOM WM MHOM CXEMbl aBTOMAaTH3aLuU IPUHUMAIOT
nociue MozenupoBanus pa3nnyHbix ACP 1 cpaBHEHHs KauecTBa MOJYyYaeMBbIX MPOLIECCOB PEryIHpO-

BaHMSL.
3. PerynMpOBaHMe OCHOBHbIX TEXHOJIOTN4YEeCKUX napamMmeTposB.

3.1. PeaynupoeaHue pacxoda, COOMHOWeHUs1 pacxodoe

B cuctemax perynupoBaHus pacxo/a NPUMEHSIOT OMH U3 TPEX CIIOCOOOB M3MEHEHHS pacXo-
na:

1. nmpoccenupoBaHHE TOTOKAa BEIIECTBA Yepe3 PETYIHPYIOIIUM OpraH, yCTaHAaBIMBAaEMbIH Ha
TpyOonpoBoje (knanaH, mubdep, 3aCI0OHKa);

2. W3MCHEHHE Haropa B TPyOONPOBOJE C IMOMOIIBIO PEryJIMPyeMOro MCTOYHUKA dHEpruu (Ha-
npuMep, U3MEHEHHEM YKciia 000pOTOB JBHTATENsl HAcOCa WM yTIia MOBOPOTA JIONAcTel BEH-
THIIATOPA);

3. OaiimacupoBaHue, T €. mepedpoc M30BITKA BEIIECTBA U3 OCHOBHOIO TPyOOMpoBoja B 0OBO/I-
HYIO JINHHIO.

PerynupoBanue pacxofa mocie IEHTPOOEKHOro HAcoca OCYILIECTBISIETCS PEryJUpYyIOIIUM
KJIallaHOM, YCTaHABJIMBAaEMbIM Ha HarHeTarenbHoM TpyOomnposoae (puc. 3.1, a). [Ipu ucnonb3oBaHuK
MOPIITHEBOTO Hacoca, nmpuMeHeHne nogoonor ACP HemomycTrMo, Tak Kak mpu paboTe peryssitopa
KJIallaH MOXKET 3aKPBIThCS TMOTHOCTBIO, YTO MPUBEIET K pa3pbiBy TPyOOmpoBoaa (MM K MOMIAXKY,
€CITM KJIallaH YCTaHOBJICH Ha Bcace Hacoca). B aToM ciydae [uist peryIMpoBaHHs pacXxoja UCIOJb3Y-

10T OaiinacupoBaHue nmoToka (puc. 3.1, 6).
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Puc. 3.1. CxemblI peryIMpoBaHus pacxoa mocjie eHTpoOeKHOTo (@) 1 MopIIHEBOTo (6) HACOCOB.
1 — u3MmepuTens pacxona; 2 — peryIHpYONINNA KamaH, 3 — peryisarop; 4 — Hacoc.
PerynupoBanue pacxoaa ChIITy4uX BEIIECTB OCYIIECTBISAECTCS U3MEHEHUEM CTEIEHU OTKPbI-

THS PEryJHpYyIONIel 3aclIOHKM Ha BbIxoae u3 OyHkepa (puc 3.2, a), muOO0 M3MEHEHHEM CKOpPOCTH
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JBUKEHHUs JICHTBI TpaHcnoprepa. M3Mepurenem pacxona IIpy TaKOM BAPUAHTE CIIY>KUT B3BELIMBAIO-

1Iee yCTPOMCTBO, KOTOPOE ONpEACIsieT MacCy MaTepualia Ha JIeHTe TpaHcrnoptepa (puc 3.2, 6).

Puc. 3.2. CxeMbl perynupoBaHusi pacXoJ0B CHITyYHX BEIIECTB!

1 —OyHkep; 2 — TpaHcnoprep; 3 — peryisTop; 4 — peryupyromas 3aciIoHKa; 5 — 3J1eKTPoABUTATEb.
PerynupoBanre COOTHOIICHHs PACXOJI0B JIBYX BEIIECTB MOXHO OCYIIECTBIIATH TPEMS CIIOCO-

O6amu:

1. Tlpu HezamaHHOHW OOIIEH MPOM3BOAMUTEIBLHOCTH pacxoi ofHoro BemectBa (puc. 3.3, a) Gy,
HA3BIBAEMBINA «BEAYIIUM», MOKET MEHSATHCS MMPOU3BOJBLHO; BTOPOE BEIIESCTBO TOJACTCS TPU
MOCTOSTHHOM COOTHOIICHWH Y C TIEPBBIM, TaK YTO «BEIOMBII» pacxox paBeH yGi. MHorma
BMECTO PETyJISITOPa COOTHONICHHS HCIIOJB3YIOT PEie COOTHOIICHHUS Y OOBIYHBINA PETYJISATOP
JUTs OIHOM mepeMenHo# (puc. 3.3, 6). BbixomHoli curaan pesie 6, ycraHaBIMBAIOLIETO 3a/1aH-
HBIA KO3 PUITMCHT COOTHOIICHHS Y, TIOJIAETCS B BUJIC 3aJaHUsI PETYIIATOPY 5, o0ecnieunBaro-

IeMy TIOJIZICpYKaHUE «BEJOMOT0» pacxo/a.

| >
O O
4 4
a 3 6 6 5

[6)]
6]

Puc. 3.3. Cxembl pery1mpoBaHusi COOTHOIICHHUS PACXOJIOB.

1, 2 — u3mepuTenu pacxona, 3 — peryJsiTop COOTHoOLIeHUs, 4, 7 — peryIupyroye KianaHsl; 5
— peryJsTop pacxonaa, 6 — pene COOTHOILICHHUS, 8 — PEryJsiTop TeMIepaTypbl, 9 — yCTpOHCTBO
OIpaHUYECHMUS.
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2. Ilpu 3amanHOM «Benymem» pacxoae kpome ACP coorHomenus npumenstor u ACP «Bemy-
mrero» pacxona (puc. 3.3, 6). [Ipu Takoi cxeme B cirydae U3MEHEHHs 3a7aHus 1o pacxony Gi
aBTOMATHUYECKH M3MEHUTCS U pacxoj Gy (B 3amaHHOM cooTHomIeHUH ¢ Gy).

3. Ilpu 3amanHHOil 001Iel Harpy3Ke U KOppeKiuu ko3 uirenTa no tperbemy napamerpy. ACP
COOTHOILIEHUS PACXOJIOB SIBJIIETCSI BHYTPEHHUM KOHTYPOM B KacKaJHOH CHCTEME perysupo-
BaHMS TPETHEro TEXHOJIOTMYECKOT0 mapamerpa Y (HampumMep, TeMineparypsl B anmnapate). [Ipu
9TOM 3aJaHHBIH KO3()(OUIIMEHT COOTHOIICHHUS yCTaHABIMBACTCSI BHEITHUM PETYJISITOPOM B 3a-
BHCHMOCTH OT 3TOT0 mapamerpa, Tak uto Gy = y(y)G; (puc. 3.3, 2). OcoOeHHOCTh HACTPOWKH
kackagHbIX ACP cocTOUT B TOM, YTO Ha 3a/laHUEe BHYTPEHHEMY PETYJISATOPY YCTaHABIMBAIOT
OTPaHHYEHUE Xy, <X, < Xpe. 111 ACP COOTHOIIEHHUS pacXOJ0B 9TO COOTBETCTBYET OrPaHUYe-
HUIO ), <y <7, Eciu BBIXOIHOW CHTHaJ BHEUIHETO PETyJISATOpa BBIXOAHUT 32 MPEICIIbI
[Xon:Xps], TO 3a1aHKE PETYIATOPY COOTHOLICHUSI OCTACTCS HA TMPEAEIBHO JOIYyCTUMOM 3Haye-

HUH ) (T. €.y, WIH Yg).

3.2. Pee2ynuposaHue ypoOeHsi.

VYpoBeHb SABISETCS KOCBEHHBIM MMOKA3aTEIeM THAPOJNHAMUYECKOTO PAaBHOBECHS B arllapare.
[TocTOSTHCTBO YpOBHSI CBHIETENBCTBYET O COOJIIOJIGHUH MaTepuajbHOro OanaHca, KOorjaa IMpHUTOK
KUJKOCTU PABEH CTOKY, U CKOPOCTh U3MEHEHHsI YPOBHS PaBHA HYIIO.

B o0miem cirydae n3MEHEHUE YPOBHS OMUCHIBACTCS ypaBHEHHEM BUIA

dL

S—=G, -G, *G,,
at -

B8blX

rjae S— miomaas ropu30HTAIBHOTO (CBOOOIHOTO) ceueHust ammapara; G,,,G,,, — PACXOMbI )KUAKOCTH Ha BXOJIC B ammapar
U BbIX0Jie U3 Hero; G,; — KOMMYECTBO KUAKOCTH, 00pa3yroleicst (in pacxoyeMoil) B anmapare B SIHHHUILY BPEMEHH.

B 3aBucumocTH OoT TpeOyeMol TOYHOCTH MOAJEP>KAHHsS YPOBHS NMPUMEHSIOT OJWH M3 CJe-
JYIOIIUX JIBYX CIIOCOOOB pEryJIMpOBaHUS:

1. mO3UIMOHHOE  PEeryJIupOBaHHE,

pu KOTOPOM YPOBEHb B armapa-

TC MOAACPIKUBACTCA B 3aJIaHHBIX,

JAOCTAaTOYHO IIUPOKHUX IIpeAciiax:

Ls <L <L,. Takue cucrtemnl pe-

TyJIUupOBaHHA YCTAHABJIMBAIOT Ha

cOOpHUKAX >KUAKOCTH WM TIPO-

MEKYTOYHBIX ~ e€MKOCTsX  (pHC.

3.4). TIpu poctmwxkennn npepenp- PHC. 3.4. Cxema MO3HIMOHHOIO PEryIHPOBAHUS YPOB-

HOTO 3HA4YEeHHUs YPOBHS mpoucxo-  HA:

1 — Hacoc; 2 — anmapar; 3 — CHIHaJIM3aTop YPOBHsI; 4 — peryisarop
ypoBHST; 5,6 — peryaupyromiye KiamnaHsl.

YCHMC II0TOKA HA 3alIaCHYI0 €MKOCTb,

AUT aBTOMATHUYCCKOC IICPCKIIIO-

2. HETmpephIBHOE PETYJIMPOBAHUE, TP KOTOPOM OOECIIeYMBACTCS CTaOMIM3aIis YPOBHS Ha 3a-

JTAHHOM 3HayeHuu, T. €. L = LO.
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Oco0eHHO BbICOKHE TPEOOBAHUS MPEIBABIAIOTCA K TOUHOCTH PETYJIUPOBAHUS YPOBHS B Tell-

JIOOOMEHHBIX arrmaparax, B KOTOPbIX YPOBCHLb KHUAKOCTU CYHICCTBCHHO BJIMSACT Ha TCILUIOBBLIC ITPO-

neccel. Hampumep, B mapoBbIX TEMJI00OMEHHHKAaX YPOBEHb KOHJIEHCATa OMpefeiseT (PakTUUeCKylo

NOBEpPXHOCTh TertoooMeHa. B takux ACP 11t perynupoBaHusi ypoBHs 0€3 CTaTUYECKOM MOIPEIIHO-

ctu npuMeHstor [IH—perynsaropel. I1—-peryiaropsl HCIIOJIB3YIOT JIMIIBL B TEX ClIydasiX, KOIJa He Tpe-

OyeTcsi BBICOKOE KaueCTBO PEryJIMpOBaHUS M BO3MYLIEHMS] B CUCTEME HE MMEIOT IOCTOSHHOW CO-

CT&BHHIOIHeﬁ, KOTOpasa MOXKET NPHUBECTU K HAKOIIJICHHUIO CTAaTHYCCKOM IMOrpCIIHOCTH.

[Tpu oTcyTcTBHM (ha30BBIX MPEBPALICHUN B anmapaTe YPOBEHb B HEM PETYJIUPYIOT OJHUM U3

TpeX CocoOO0B:

1. W3MCHEHHEM pacxXoja >KUAKOCTH Ha BXOj€ B ammapar (peryJupoBaHUE «HA MPHTOKEY», PHC.

3.5, a);
2. W3MEHEHHEM pacxoja )KUIKOCTH Ha BBIXOJE U3 ammapara (peryJupoBaHHe «Ha CTOKE», PHC.
3.5, 0);
2
1

Puc. 3.5. CxeMbl HEPEPHIBHOTO PETYIUPOBAHUS YPOBHS:

@ — PeryaupoBaHue «HA MPUTOKE»; O — PEryJIMpOBaHHE «HA CTOKe», 8 — KackagHas ACP (1 — perynsaTop ypoBHs, 2 — peryiu-

pyromumii KinamnaH, 3, 4 — U3MEPUTENH pacxoa, 5 — peryasTop COOTHOLIEHHS).

3. peryiaupoBaHHEM COOTHOIICHHS PAaCXOJ0B >KUIKOCTH Ha
BXOJIE B ammapaT M BBIXOAE M3 HEr0 C KOPPEKUHUEH o
ypoHio (kackaanas ACP, puc. 3.5, 6); oTkII0UEeHHE KOP-
PEKTUPYIOLIEr0 KOHTYpPa MOYKET IIPUBECTU K HAKOIUICHUIO
OIIMOKU TPU PETYJTUPOBAHUU YPOBHSI, TaK KaK BCIEACT-
BHE HEM30CKHBIX MOTPEITHOCTEH B HACTPOUKE PETYJISITO-
pa COOTHOLLIEHMS PacXObl KUIAKOCTH HA BXOJE U BBIXOJIE
anmapara He OyAyT TOUYHO PaBHBI IPYT APYTY, U BCIEACT-
BHE€ MHTETPUPYIOIIUX CBOWCTB O0BEKTA, YPOBEHH B allma-

pare OyJeT HelpepbIBHO HapacTaTh (WM yOBIBATH).
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Puc. 3.6. Cxema perynupoBa-
HUS YPOBHS B UCIIAPUTEIIE:

1 — ucnapurens; 2 — peryysiTop ypoB-
Hs, 3 — PeryJMpyONIMi KIlaraH.



B ciydae, korma ruipoJMHaMHUYECKUE MPOLECCHl B alapaTe COMPOBOXKIAIOTCS (Ha30BBIMU
NpEBpAIICHUSIMH, MOXKHO PETYJIMPOBATh YPOBEHh U3MCHEHHEM I10JIa4M TEIUIOHOCUTENs (MITH XJiaa-
reHTa). B Takux ammaparax ypoBeHb B3aMMOCBSI3aH C JPYyTHMMH IapaMmeTpaMu (HanpuMep, JaBiIeHH-

3epHuCTHIi 3epHuCTHIi €M), MOITOMY BBIOOp crocoba peryaupo-

BAaHMS YPOBHS B KaXJ0M KOHKPETHOM CIIy-

marepuan Marepua

9yae JOJDKEH BBITIOJHATBCA C Y4ETOM OC-
TaJIbHBIX KOHTYPOB PETYJIMPOBAHHUS.
Ocoboe MecTo B cUCTEMax peryJiu-
poBanust ypoBHs 3aHuMaroT ACP ypoBHs B
amnmaparax ¢ KHUISIMM (IICEBIOCKUKCH-
HBIM) CJIOEM 3E€PHHCTOr0 Marepuaia (puc.

a Taz ‘l‘

Puc. 3.7. PerynupoBanue ypoBHS KHUIISIIETO CIIOS: KHUIIAIICTO CJI0S BO3MOXKHO B JTOCTaTOYHO

3.7). VYcroitunBoe NOAICPKAHUE YPOBHS

a — OTBOJIOM 3€pHUCTOrO MaTepuala, 6 — U3MEHEHUEM pacxoja  Y3KHX IIPElCIax COOTHONIICHUS pacxona
raza (1 — anmapar ¢ KUISIIIHAM CII0eM, 2 — PETYIIATOpP YPOBHS, 3 —

peryaupyromuii oprat). raza u maccel cios. Ilpu 3HaAYUTETBHBIX
KOJIEOAHMIX pacxoda rasa (I/IJ'II/I pacxonda 3€pHHUCTOTIO MaTepI/Iaﬂa) HAaCTYyIIaCT PCKUM YHOCA CJIOS UIIN
ero ocefanus. [103TOMy K TOYHOCTH PEryJHMpOBAaHUS YPOBHS KHIIALIETO CIIOS MPEXbSIBISAIOT 0CO00
BbICOKHME TpeOoBaHUS. B kauecTBe perynupyromux BO3JEHCTBUN HCIONb3YIOT Pacxoi 3€pHUCTOrO

MaTepHualia Ha BXOJIC WM BbIXoje ammapara (puc. 3.7, @) Wik pacxoj ra3a Ha OXIKeHHe ciiost (puc.

3.7, 6).

3.3. PeaynupoeaHue OaesieHus

JlaBiieHue sSBISETCS TIOKA3aTeIeM COOTHOIICHUS PACX0/I0B Ta30BOH (ha3bl Ha BXOJE B ammapaT
U BBIXO/I¢ M3 Hero. [IoCTOSHCTBO JaBIICHUSI CBHICTEIBCTBYET O COOJIIOICHUN MaTEepHAILHOTO OaaH-
ca 10 ra3oBoii ¢aze. OObIYHO HaBiIeHUe (MM pa3peKeHHE) B TEXHOJIOTHYECKON YCTaHOBKE CTAOMIIH-
3UPYIOT B KAKOM-JIMOO OJTHOM arlapare, a 1Mo BCeH CUCTEME OHO YCTAHABJIMBAETCS B COOTBETCTBUU C
TUAPABIMYECKUM COIPOTUBJICHUEM JIMHUM U annaparos. Hampumep, B MHOTOKOPILYCHOM BBIIIAPHOU
ycraHoBKe (cM. puc. 3.8, a) cTaOMIM3HPYIOT pa3pekeHUe B MOCICIHEM BBIAPHOM ammapare. B oc-
TaJIGHBIX ammapaTax MpH OTCYTCTBHH BO3MYIICHUH yCTaHABIMBACTCS Pa3pekeHUE, KOTOPOE OIpeie-
JSIETCSL U3 YCIIOBHM MAaTEPUAIbHOTO U TEIUIOBOTO OaJlaHCOB C YYETOM THUAPABIMYECKOTO COMPOTHB-
JICHUSI TEXHOJIOTHYECKON JINHUU.

B Tex ciyuasix, KOraa JaBieHHE CYIIESCTBEHHO BIUSET HAa KMHETHKY Ipoliecca (Hampumep, B
npoiiecce pekTHu(GUKAIMN), TPSIyCMaTPHUBACTCS CHCTEMa CTAOWIIM3AIMN aBJICHHUS B OTACIbHBIX all-
naparax (puc. 3.8, 6). Kpome Toro, npu peryimpoBaHuu mpoiecca ONHAPHOH PeKTH(HUKAIINN YacTo B
KauyeCTBE KOCBEHHOTO TMOKAa3aTeNsl COCTaBa CMECH HCIONB3YIOT €€ TEMIEPaTypy KHUIICHHS, KOTOpas
OIHO3HAYHO CBsA3aHAa C COCTABOM JIMIIb IPHU NOCTOSIHHOM JIaBJICHUU. HOE)TOMy B NPOAYKTOBLIX PCK-
TU(PUKAIIMOHHBIX KOJIOHHAX OOBIYHO TMPEAyCMATPHBAIOT CIECIHATbHBIC CUCTEMbI CTA0OMIN3aluH JaB-

JICHUS.
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N
XBOCTOBBIE
PactBop rassl
-
I'perommit
nap Huctunnsat
YnapeHnubiii
a pacTBop 6

Puc. 3.8

a — perylIupoBaHHE pa3psHKEHUS B MHOTOKOp- 6 — ACP naBieHust B peKTU(UKAIMOHHOW KO-

IyCHOM BBIMMAPHOW YCTAHOBKE:

1,2 — BeimapHble annaparbl; 3 — 0apOMETPUYECKHH KOH-

JIEHCATOP; 4 — PETYIATOp paspexkeHus; 5 — PEryaupyomui 1 — kononna; 2 — nednermarop; 3 — GuermoBast éMxocTh; 4

KJIamaH. — pETyIIATOp NABJICHUS, S5 — peryIUpYOLIHA KIIamaH.
PerynupoBanue paspsike-

JIOHHEC:

HUA B MHOFOKOpHyCHOﬁ BbIIIap-

—— [
HOM ycTaHOBKe. B nanHOM cucre-
1 ~
M€ pEryJMpyIOIIUM BO3JIECHCTBUEM
ABIIICTCS  Pacxo]] OXJIAXKIAKoIEen
r
BOJIbI B 0apOMETPUUECKUI KOH/IEH- %
caTop, KOTOpBIM BIUSAET HA CKO-
pPOCTb KOHJEHCAllMH BTOPUYHOTO r ~ 3
a3

a
napa.
Puc. 3.9. Cxema perynupoBaHus niepernaja JaBJIeHUs:
PerynupoBanus nepenajga
a — B KOJIOHHOM ammapare ¢ HacaJKol; 6 — B anmapaTe C KUIAIIEM CI0eM

AaBJieHMs. B Takux anmaparax pe- (1 — ammapar; 2 — perynsTop Iepenajia NaBleHHs; 3 — peryaupyromuii
KJIaIaH).

TyJIMpyeTcst Iiepenaja JaBJICHUd,

XapaKTEPU3YIOIINN THAPOAMHAMUYECCKAN PEKUM, KOTOPBIA BIMACT HAa MpOTEKaHue mpoiiecca (puc.

3.9).

3.4. PeeynuposaHue memmnepamypabil.

Temnepatypa sIBIs€TCS TOKa3aTeleM TEPMOJNHAMUYECKOTO COCTOSIHUSI CUCTEMBI U UCIOJIb-
3yeTcsl KaK BBIXOJHAsl KOOpAMHATA MPU PEryJIMpPOBaHUM TEIUIOBBIX MPOLECCOB. JIMHAMUUYECKUE Xa-
PAKTEPUCTUKH OOBEKTOB B CUCTEMAX PEryJIMPOBAHUS TEMIIEPATYPHI 3aBUCAT OT (PU3UKO-XUMHUUECKUX
napaMeTpoB Ipoliecca U KOHCTpyKUuH annapata. [lostomy obmue pexkomenaanuu no Beioopy ACP

TeMIepaTypbl chopMyIupoBaTh HEBO3MOXKHO, M TPeOYETCs aHAIN3 KaXKI0T0 KOHKPETHOTO MpoLecca.
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K 00mmm ocobennoctsim ACP teMniepaTypbl MOXKHO OTHECTH 3HAUYUTENIbHYIO HHEPLIMOHHOCTD
TEIUIOBBIX IPOLECCOB U MPOMBIIUIEHHBIX JaTYUKOB TemnepaTypsl. [lo3ToMmy o/Ha U3 OCHOBHBIX 3a-
nad npu npoexktupoanun ACP temnepaTypbl — yMeHbIIEHHE HHEPLIUOHHOCTH JJTaTYUKOB.

PaccmoTpuM, HampuMmep, TMHAMHUYECKHE XapaKTEPUCTHKH TEPMOMETpa B 3aAILUTHOM 4YexJie

(puc. 3.10).

123 006,

Y

YY

0
Puc. 3.10. [IpunuunuanbHas () u CTpyKTypHas (6) cXeMbl TEPMOMETpA!

1 — 3amuTHBIH Yexour, 2 — BO3AyIIHAs IPOCTIOiiKa, 3 — CTeHKa TepMoMeTpa; 4 — pabodast KUIKOCTb.
CTpyKTypHYIO CXeMy TepMOMETpPa MOKHO IPEJICTaBUTh KaK IOCJIEJOBATEIBHOE COCTUHEHUE YEThI-
pex TemioBbix eMkoctel (puc. 3.10, 6): 3ammuTHOrO Yexia 1, BO3AYIIHOW MPOCIOWKU 2, CTCHKH Tep-
MomeTpa 3 U cOOCTBEHHO paboueii xuakocTu 4. Ecnu nmpeHeOpeysb TeTUIOBBIM COMPOTUBIICHUEM Ka-
JKJOTO CJI05, TO BCE 3JIEMEHTHI MOKHO alMPOKCUMHUPOBAThH allepUOANYECKUMU 3BEHbsIMU 1-T0 mopsi-

K4, YPaBHEHUSI KOTOPBIX UMEIOT BU/L:

/g

do.
M;Ca d_tJ - ailel(ej—l _‘91)_“1'2':12(91 _91+1) '

=14, 6.=0
1581051
TJE“F@] =kj19j_1+kj249j+1,
rac
Tj: Mjcpl :
ochF]l—ocszJ2 3.1)
K. — a;Fy . a;F,
j1 j2
ToanF-aF, T aF—aF,

M; — Macca COOTBETCTBEHHO 4€XJIa, BO3IYIIHOW MPOCIONKH, CTEHKU U JKUAKOCTH; Cp — yAEIbHBIC
TEIJIOEMKOCTH; 01, 0j2 — KodduuuenTs! Teroornaun; Fai, Fj —nosepxnoctu temnoornayn.
Kak BumHO u3 ypaBHeHu# (3.1), OCHOBHBIMU HAIPaBICHUSIMA YMEHBIICHUS UHEPIIMOHHOCTH
JaTYUKOB TEMIIEPATYPBHL ABJISIOTCS.
— TOBBIIICHHE KO3()(PUIMEHTOB TEIUIOOTAauM OT CPEeAbl K YeXJy B pe3ysbTaTe MPaBUIBLHOTIO
BBIOOpA MeCTa yCTAHOBKH JIaTYHMKA, IPU 3TOM CKOPOCThH JIBHIKEHUS CPEJbl TOJKHA OBITh MaK-

CHMaHBHOfI; IIpH IPOYUX PABHBIX YCIIOBHAX Ooiee MMpEANoOYTUTCIIbHA YCTaAaHOBKA TCPMOMCT-
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poB B xxuaKoi (asze (1o cpaBHEHHUIO ¢ ra3000pa3HoOii), B KOHICHCHPYIOEMCs mape (1o cpas-
HCHUIO C KOHJICHCATOM) U T. II.;

— YMEHBIIICHHE TEIUIOBOIO CONPOTUBIICHHS U TEIUIOBON €MKOCTH 3aIlIMTHOTO YeXJia B pe3yJibTa-
T€ BbIOOpa ero MaTepuaia U TOJIIHUHBI,

— YMCHBIICHUE TMOCTOSIHHOW BPEMEHH BO3JYIIHOM MPOCIOWKHU 32 CUET MPUMCHEHHs HATIOJHU-
Teneilt (KMIKOCTh, METAUITMYECKash CTPYXKKA); Y TEPMODICKTPHUSCKHX MpeoOpa3zoBaTeseit
(Tepmomniap) paboumii criaii mpuUanBaeTCs K 3alIUTHOMY YEXJTy;

— BBIOOp THIIA MEPBUYHOTO MPeoOpa3oBaTess; HAMPUMED, MPU BHIOOPE TEPMOMETPA COMPOTHUB-
JICHUSI, TEPMOTIAphl UM MAaHOMETPUYECKOTO TEPMOMETPa HEOOXOAUMO YUUTHIBATh, YTO HAH-
MEHbLICH MHEPIHOHHOCTHIO 00JagacT TepMorapa B MaJOWHEPIIMOHHOM HCIIOJHEHUH, Hau-

OoJbIIeH — MAHOMETPUIECKHI TEPMOMETDP.

3.5. PeeynupoeaHue pH.

Cucremsl perynupoBanuss pH MoxHO mnoa- PHA "
pas3fenuTh Ha JBa THUIA, B 3aBUCUMOCTU OT Tpedye-
MOH TOYHOCTH perynupoBaHus. Eciu ckopoctbs u3-
MeHeHMs pH HeBenuka, a JOIyCTHMBIE MpPElesbl ee 7 — |
KoJIeOaHUH JAOCTATOYHO IIMPOKH, NPUMEHSIOT MO3H-

HUOHHBIC CHUCTEMBbI PETYJIUPOBAHUSA, IMOAACPIKUBAIO- I

ume pH B 3amannbix npenenax: pHy < pH < pH;. Ko 0

G,
Puc. 3.11. 3aBucumocth BemuuuHbl pH OT
pacxopa peareHra.

eTcs TOYHOE mojiepkanne PH Ha 3aaHHOM 3HAa4YeHUH (HAMpPUMEp, B MPOIECcax HEeHTpalU3allu).

BTOPOMY THILy OTHOCATCS CHCTEMBbI, 00ecrednBaro-

1€ PEryJUpOBaHUE MPOIIECCOB, B KOTOPBIX TpeOy-

s ux peryaupoBaHus UCIOIb3YIOT HenpepbiBHbIE 11— nnu [TW/I-perynaropsl.

O01m1eit 0cOOEHHOCTBIO 0OBEKTOB MPH perynrupoBaHiy pH sBiISEeTCS HEMUHEWHOCTh UX CTaTH-
YECKHUX XapaKTEpUCTHK, CBA3aHHAs C HEJIMHEWHOW 3aBHCHMMOCTBIO pH oT pacxomoB pearentoB. Ha
puc. 3.11 noka3aHa KpuBas TUTPOBAHHUS, XapaKTePHU3YIOLIas 3aBUCUMOCTb pH 0T pacxoja KUCIOTHI
Gi1. lns pa3nuuHbIX 33JaHHBIX 3HaUYeHUH pH Ha 3TON KPUBOH MOXKHO BBIACIUTH TPH XapaKTEPHBIX
ydacTKa: MepBblii (CpeHui), OTHOCAIIMNCS K MOYTH HEUTPAIbHBIM cpeaM, OJH30K K JIMHCHHOMY |
XapakTepu3yeTcs O4eHb OOJIBIIMM KO3(D(PULIHMEHTOM YCHIIEHUs; BTOPOH U TPETUHl y4acTKH, OTHOCS-
IIMEeCs K CUJIBbHO IIEJI0YHBIM WM KUCIIBIM cpesiaM, 00J1a/1at0T HauboJbIleil KpUBU3HOM.

Ha nepBom yyacTke 00BEKT IO CBOEH CTaTHUECKOM XapaKTepUCTUKE MpUOIIMKaeTcs K peneii-
HOMY 3JIeMeHTY. [IpakTuuecku 3T0 03HadaeT, 4To npu pacyere juHeitHONH ACP koaddumnment ycu-
JIEHUS] PETyJIATOpa HACTOJIBKO Mall, YTO BBIXOJUT 3a Mpefelibl pabounx HACTPOEK MPOMBIIIIEHHBIX
perynsaTopoB. Tak Kak COOCTBEHHO peaklMs HeHTpaln3aluu MPOXOIUT MPAKTUYECKHM MIHOBEHHO,
JUHAMHAYECKHE XapaKTEPUCTUKU alIapaToB OMPEACIIOTCS IIPOLIECCOM CMEIIEHUs U B ammaparax ¢

NepEeMEIINBAIOIIMMU YCTPOHCTBAMHU TIOCTATOYHO TOYHO OIMHUCHIBAIOTCS IU((HEepeHIIHaTbHBIMU YpaB-
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HEHHSIMU 1-TO MnopsJaKa € 3arna3bIBaAaHUCM. HpI/I 9TOM, Y€M MCHBIIC IMMOCTOAAHHAA BPCMCHHU allrapara,

TEM CJI0KHEE 00eCHeUYUTh YCTOI\/JI‘II/IBoe PEryJIMpoBaHuC IPOILECCa, TaK KaK HAYMHAIOT CKa3bIBATLCA

MHEPLUOHHOCTh TPUOOPOB U PETyJISTOPA U 3aMa3/ibIBaHUE B UMITYJILCHBIX JTUHUSAX. 1 oOecriedeHust

yCTOWYMBOro peryinupoBanus pH mpumensitor cneuuanbHble cucteMbl. Ha puc. 3.12, a nokasan

IIPUMED CUCTEMBI PETYJIINPOBAHUA C ABYM peryjaiu HOIIUMMU KJ1allaHAMU.
y H ¢ nBy yaupy

-

G, S/

1

Puc. 3.12. Ilpumep cuctemsl perynupoBanus pH:
a — QyHKIHOHABHASI CXeMa; § — CTAaTUYECKHUe XapaKTepuCTUKH knamanoB (1, 2 — perymu-

pyromuii knanas; 3 — perynsitop pH).

Knanan 1, obnanaronuii 601bIIUM YCIOBHBIM AMAMETPOM, CIIYKMT il TpyOoro peryaupo-

BaHUA pacXoada U HACTPOCH Ha MaKCHUMaJILHBIN Auana3oH U3MCHCHUS BBIXOAHOTI'O CUTHAJIA PECryJIATO-

pa [XpuXps] (puc. 3.12, 6, kpusas 1). Kinanan 2, ciryxamuii 11 TOYHOTO PeryINpOBaHUs, PACCUNTaH

Ha MEHBIIYIO IPOITyCKHYIO CIIOCOOHOCTh M HACTPOEH TaKUM 00pa3oM, YTO MpHU X, = XOp + A oH non-

-0
HOCTBIO OTKPBIT, @ IIPU X, = X p - A — IOJHOCTBIO 3aKpHIT (KpuBas 2). Takum o0pa3oM, Mpu HE3HAYH-

TEJIbHOM OTKJIOHeHuu pH ot pHO, Korja XOp -A<X,< XOp + A, creneHp OTKpbITH KianaHa 1 mpak-

THYECKH HE U3MEHSCTCS, U PEryJIHpoBaHue BeeTcs KianaHoM 2. Eciu [X,, - X0p|, KJIamaH 2 OCTaeTCs B

KpaiiHeM MOJI0XKEHHUH, U PETYJIUPOBAaHUE OCYIIECTBIsSETCS KianaHoM 1.

Ha BrOopoM u TpeTheM ydacTKax
cTaTuueckor xapakrepuctuku (puc. 3.12,
0) ee JIMHEWHas aNMPOKCUMAIUS CIpPaBe]l-
J¥Ba JIUIIb B OYEHb y3KOM JHAra3oHe W3-
MeHeHHs pH, M B peanbHBIX YCIOBHAX
omMOKa PeryJIMpoBaHus 3a CUET JIMHEeapH-
3allMd  MOXXET OKa3aThCs HEJOIyCTUMO
Oonbiioi. B aTOoM ciyuyae Oosee TOuUHBbIE
pe3ysibTaThl JaeT KyCOYHO-JIHMHEHHas ar-
npokcuMmarmsi (puc. 3.13), mpu KoTopoit
JTMHEAPU30BaHHBI OOBEKT HMeEeT Tepe-
MEHHBIN KO UIHESHT YCUIICHUS.

Ha puc. 3.14 npuBeneHa CTpyKTyp-

pHA ApH A

ApH =k,AG, +«,

H+5F--------1
PR+ ApH = kAG, +a,
pHOp--------

pHO =5 | --=

AG,

=
>

Glo G,

Puc. 3.13. KycouHo-nuHeiiHas anmnpokcuManus cra-
TUYECKOM XapaKTEepUCTUKH OOBEKTa MPHU PEryaupo-
BaHuu pH.

Has cxema Takoit ACP. B 3aBucumoctu ot paccornacoBanus pH, Bkirodaercs B paboTy OJUH U3 pe-

T'YJSTOPOB, HACTPOCHHBINA HA COOTBETCTBYIOMINN KOI(D(DUIIMEHT yCUIeHUsI 00bEKTA.

25



OO0BEKT pH

Y
Y

(<
_)<g)(_ R | |ApH| <5

R | sign(ApH -9)

R

Puc. 3.14. CtpyKkTypHas cxeMa CHCTEMBI PeryJupo-
BaHus pH ¢ AByMs peryisTopamu.

3.6. Pe2ynupoeaHue napamempoe cocmaea U Kayecmea

B npoueccax XUMHUYECKOW TEXHOJOTUU OOJBIIYIO POJIb UTPAET TOYHOE IMOJAJIEpKaHuEe Kaue-
CTBEHHBIX IMAPaMETPOB MPOAYKTOB (KOHIIEHTPAIIUS OMPEACICHHOTO BEIIECTBA B MIOTOKE U T.I1.). DTH
napamMeTphbl CI0KHO U3MEPUTh. B HEKOTOPBIX Cyyasx AJisi U3MEPEHHUs COCTaBa MCIOJIb3YIOT XpOoMa-
Torpadbl, KOTOPbIE BBIIAIOT PE3YJIbTAThl K3MEPEHHS B JIUCKPETHBIC MOMEHTHI BpeMeHH (110 TpOJ10JI-
YKUTEIBHOCTH IIHKJIa PabOTHI XpoMaTorpada).

JIMCKpPEeTHOCTh U3MEPEHHUsT MOKET MPUBECTU K 3HAUUTEIHHBIM JOMOIHUTEIBHBIM 3aMa3/IbiBa-
HUSM U CHIDKEHHUIO TUHAMUYECKOW TOYHOCTH peryiupoBaHus. UTOOBI YMEHBIIUTh HEXKeIaTelbHOE
BIIMSIHUE 3aJI€P’KKU U3MEPEHHUS, UCTIONB3YIOT MOJIENbh CBSA3M KauecTBa MPOAYKTa C MEPEMEHHBIMH,
KOTOPBIE M3MEPSIOT HEMPEPHIBHO. JTa MOJEIh MOXKET OBITh JTOCTATOYHO MPOCTON; KOIOUIIMEHTHI

MOACIIN YTOUYHAKOT, CpaBHUBAsA paCCUHUTAH-

HOE 10 Hell M HaliZICHHOE B pe3yJbTare oue- X, () 1 y(t)
PEAHOro aHanM3a 3HaYCHHE KaueCTBEHHOTO

y(t
napametpa. Takum oOpazoMm, OZHUM U3 pa- 4 ye 2

LMOHAJIBHBIX CIIOCOOOB pEeryJjIupoBaHUs Ka- X (t)

y/(ti)
YgeCTBa ABIIICTCA perJII/IpOBaHI/Ie II0 KOC-

BCHHOMY BBIYHCIEICMOMY IIOKAa3aTCIIO C

Puc. 3.15. biok-cxema ACP mapamerpa KadecTBa
YTOYHCHMCM ajIrOpuT™Ma Cro pacdcra IO  npoayKra:
1 — 00BeKT; 2 —aHaIM3aToOp KAuyeCTBa; 3 — BBIYHMCIHMTEILHOE

JAHHBIM TPAMBIX aHAIW30B. B mpomexyT- yCTpOHCTRO; 4 — perymsTop

Kax MeXIy U3MEPEHUSIMHU TOKa3aTellb KayecTBa MPOAYKTa MOKET ObITh paCCUMTAH HKCTPAMOJISIIHEH
paHee U3MEPEHHBIX 3HAYCHUM.
bnok-cxema crcTeMbl peryJIMpoBaHus MapamMeTpa KauyecTBa MpoayKTa rnokaszaHa Ha puc. 3.15.
BoruncnuTenbHoOe yCTpOMCTBO B 00IIEM Cily4yae HEMPEPhIBHO PACCUMTHIBAET OLIEHKY IOKa3a-

Tens kadectBa X(t) mo gpopmyie

X(1) = F(Y0) + Fo((t - t,), y(t), y(ti 1)),
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B KOTOPOH TEPBOE CIaracMo€e OTPAKAET 3aBUCUMOCTh X OT HENPEPHIBHO U3MEPSAEMBIX MIEPEMEHHBIX
mporecca Wik BeTUYHH, TUHAMUYECKU ¢ HUMH CBS3aHHBIX, HAIIPUMEP MPOU3BOJHBIX, & BTOPOE — OT
BBIX0/1a SKCTPANOINPYIOMIETo (PHiIbTpa.

J171s OBBILLIEHUS] TOYHOCTH PETYJIUPOBAHUS COCTAaBa U KayecTBa MPUMEHSIOT MPUOOPHI C YCTPOUCT-
BOM aBTOMAaTHUYECKON KaluOpoBKHU. B TOM ciydae cuctema yrnpaBieHHUS MPOU3BOAUT MEpUOaAMYE-

CKYI0 KaJIMOPOBKY aHAJIM3aTOPOB COCTaBa, KOPPEKTHPYS UX XAPAKTEPUCTHUKH.

ABTOMaTU3aLMA OCHOBHbIX NPOLLECCOB XUMNYECKOM

TexXHosmnormum

4. ABTOMaTM3aUuAa ruapomMmexaHnyeckux npoLeccon

4.1. Aemomamu3ayusi npoyeccoe nepemeueHus xuokocmeli u 2a308.

[Iponeccsl mepemMeneHns JKUAKOCTEH U ra30B M MPOLECCHl Pa3/IeiCHUsI U OYUCTKH HEOIHO-
POIHBIX CUCTEM OTHOCAT K THAPOMEXaHHYECKHUM IPOLeccaMm.
B xuMmuueckoil mpOMBIIIICHHOCTH JJsl TPAHCHOPTUPOBKM >KUIKOCTEH IO TpyOompoBoaam
HanboJiee yacTo NPUMEHSIOT:
1. [eHTpobexHbIE HACOCHI.
2. TlopurHeBbie HACOCHI.
Jlnis mepeMenieHust ra30B MPUMEHSIOT MOPLIHEBBIE KOMITPECCOPBHI.
PerynupoBanue paboThl HACOCOB M KOMIIPECCOPOB OOBIYHO COCTOUT B MOAEPKAHUU MX 32-

JAHHOW MPOU3BOIUTEIHLHOCTH.
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Ty

gua
TeMIepaTypa

erjJaMenTa
tion.
Omuodka! 3akiaaka He onpe/esieHa.

Puc. 4.1. XapakrepucTuka IeHTpOOEKHOI0 Hacoca
XapakTeprcTHKa IIEHTPOOSIKHOTO Hacoca (3aBUCMMOCTh MKy Pa3BUBAacMbIM HarmopoM L u
POM3BOAUTENLHOCTRIO F ) puc. 4.1.
Kpugas 1 xapakrepucTika LHeHTpOOEkKHOI0 Hacoca.
Kpussie 2-4 xapakTepUCTUKU MECTHBIX THAPABIMYECKUX CONPOTHUBICHUN HArHETATEILHOTO
TpyOOIpoBOIa.
KpuBast 2 cooTBeTCTBYeT HanOoIbIIEMY IT'HIPABIMUYECKOMY CONPOTHUBICHUIO U HAaUMEHBLIECH

MMPOU3BOAUTCIILHOCTH HACOCA Fl .

KpuBas 4 cooTBeTCTBYeT HaUMEHbILIEMY THPABINYECKOMY CONPOTHUBIECHUIO U HauOOJbIIEH

IPOU3BOAUTENBHOCTH Fy

Takum 00pa3oMm, npoccenupysi NOTOK MOXHO M3MEHMUTH MPOU3BOJAUTENBHOCTh Hacoca. ITOT
METOJl PETYJIMPOBAHMS NPOU3BOAUTEIBHOCTH HACOCA HE SABJIACTCS JKOHOMHYHBIM BCIIEICTBHUE J0-
HOJHUTENBHBIX MOTEPh SHEPTHH, 00YCIaBIMBAEMbIX THAPABIMYECKUM COIPOTUBIEHUEM IPOCCENs,
OJIHAKO 3TOT METOJ OTJIMYAETCA MPOCTOTOH, [I03TOMY €TI0 4aCTO UCIOJIb3YIOT.

UysctBurenbHbli nieMeHT ACP, nanpumep auadparma, MOHTHPYETCS Ha HarHeTaTelbHON

JUHUM [Iepe]l KJIanaHoM, yTo o0ecreyrBaeT MEHBIIYI0 K0lIeOaTeIbHOCTh MPoliecca PeryIupoBaHusl.

HpI/I YBCIIMUCHUHN PACXOJa KUAKOCTU IMPOXOAHOC CCUYCHUC KJIAlldaHA YMCHBIIACTCS, IIPU 3TOM IIOBBI-
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macTcsa CyMMapHOC T'uApPaBINYCCKOC COMMPOTUBJIICHUC JIMHUHW, U paCXOJ KUAKOCTU YMCHBIIACTCA 0

3aJaHHOI'O 3HAYCHHA.

KJamaHa Pacxon
_—

(mpoccens)

@ Ceuenne

Puc. 4.2. Cxema peryaupoBaHusi TPOU3BOAUTEIBHOCTH IIEHTPOOCIKHBIX HACOCOB.
JlpoccenupoBaTh TUHHUIO BCACBIBAHMS IIEHTPOOESKHBIX HACOCOB HE PEKOMEHIYeTCs, T. K. 3TO
BBI3BIBACT KABHTAIIMIO, KOTOpAs MPUBOJIUT K OBICTPOMY pa3pyIICHHIO HACOCa, a TAKXKE K PE3KOMY
MOHW)KCHUIO TTPOU3BOIUTEIILHOCTH M Hamopa Hacoca. KiiamaH Ha HarHeTaTelIbHOH JIMHUHM Hacoca

MOXKECT pa6OTaTB H OT pEeryJisiTOpOB APYTUX BEJIUYHUH, YTO OMPCACIIACTCA Tpe6OBaHI/I$IMI/I TCXHOJIOI'HH.

ITap @
FE
_/

1 2
H
<
Q
&
= W
o i
o
4
Ceuenne KonuuectBo Yuciio Xxo10B
KJarmaHa mapa - TIOPIIHS - Pacxon
—_— k, > k, > K, —
KoanuectBo Yucnao Xxon0B
mapa TTIOPIITHS - Pacxong
e L >k, ———>

Puc. 4.3. Cxema cTabunm3anuu Npor3BOAUTEILHOCTH OPIIHEBBIX HACOCOB.
1 —napoBas MamuHa; 2 — MOPIIHEBO HACOC.

B ciydae npuMeHeHsI 00beMHBIX MOPIIHEBBIX HACOCOB JIaBJIcHUE, 00yCIaBIMBalolIee Te-
PEMCUICHUC KUAKOCTHU, CO3OACTCA NPHU INMEPHOANIYCCKOM BBLITCCHCHUH M3 3aMKHYTOI'O o0beMa BO3-
BpPaTHO-TIOCTYTATEIBHO JBMKYIIUMCS MOPIIHEM. [Ipor3BOAMTEIFHOCTh MOPITHEBOTO HAcoca IMpak-
TUYCCKU MTOCTOSIHHA U HC 3aBUCUT OT HAIIOpa. HOpH_IHCBLIe HAaCOCHI IPUBOIATCS B HCI}’ICTBI/IC MapoOBbI-
MU MalllIuHaM¥ WA 3JICKTPOABUTATCIIAMU.

[Ipon3BOAUTENBHOCTH MOPIIHEBOIO HACOCA C MAPOBBIM IPUBOJIOM PETYIHPYEMCS U3MEHEHU-
€M TI0J1aY¥ Mapa B IWIMHAP NpuUBoJa. J[1s 3TOro Ha maponpoBo/ie YCTaHABIMBAIOT KJIamaH, MPU OT-
KPBITHHU TPOXOAHOI'O0 CCUCHUSA KOTOPOI'O K ITPUBOAY HACOCa 6YI[CT noaaBaTbCA Pa3JIMIHOC KOJINYCCT-

BO Imapa, onpeCAC/IArOICce Y1UCJIO XO0O0B MOPHIHA HACcOCa U TEM CaMbIM HM3MCHAA €T0 IMMPOU3BOAUTCIIb-
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HOCTb. YIIPaBJIAIOILIEE BO3JACUCTBUE HA KIIANAH MOAAKOT OT PETyJISITOpa PacXxoaad, a YyBCTBUTEIIBHBIN

OJICMCHT CUCTCMbI YCTAaHABJIMBAIOT Ha HarHeTaTeNIbHOUN JTUHUH Hacoca. Ilo CpaBHCHHIO C APOCCEIIN-

poBaHHEM 3TO OoJiee pallMOHATBHBIA METO/I.

[Ipun yvacto u pe3ko u3zMe-
HAIOIIEMCSl JIaBJICHUU Mapa Mpu-
MEHSIOT KacKaJHYyl0 CHCTEMY pe-

TYJIUpPOBAaHUS JIaBJICHUS Tapa ¢

KOppEKLHEH o pacxony
HarHeTaeMoro npoayKra.
PerynupoBanne mpowusBo-

JUTEIIBHOCTH MOPUIHEBBIX HACOCOB
C NPUBOJOM OT 3JIEKTPOJBUTaTEIsS
OCYILECTBIIACTCA IIyTEM IIEPEIyCKa
4acTU JKUAKOCTU C HarHerareib-
HOM JIMHUY Ha BcachiBarollyro. Ta-
KM K€ 00pa3oM peryjJupyroT
IIPOU3BOJUTENIBHOCTh  IIECTEPEH-
YaThIX U JOMACTHBIX HACOCOB.
[Ipon3BoauTENBHOCT LIEH-
TPOOEKHBIX KOMIIPECCOPOB (razo-
IyBOK) CTaOMJIM3UPYETCSI CHCTe-
MaMM C KJIAIlaHOM, YCTaHOBJICH-
HOM Ha BCaChIBAOILEH JTUHUMU.
Takue xommpeccopsl Heyc-
TOWYMBO paboTatoT B o01acTU
[IOMIIaXa,  XapaKTEPU3yIOLIUNC

HaIU4YMEM OOJIBIINX )IaBJ'IeHI/Iﬁ u

MaJbIX PacXxoJoB. TpH paboTe B

9TOH oOJacTu YMCHBIICHUE I10-

PRC
CraObumn3upyromui Koppexrupyrommii
Map peryisaTop perynsarop @
1 2
FE
H
S U
Q:E
=
5 WA
<
Puc. 4.4. Kackagnas cucteMa peryJMpOBaHUS IPOU3BOJIH-

TEJIbHOCTU NOPIIHEBLIX HACOCOB.
1 — mapoBast MammHa; 2 — IOPITHEBOH HACOC.

/
Puc. 4.5. Cxema peryaupoBaHus TPOU3BOAUTEIBHOCTH TTOPIII-
HEBOT'O HAcOCa € AIIEKTPOIPUBOJIOM.

K pecusepy

@ -
i

Puc. 4.6. Cxema peryinmpoBaHUsl TPOU3BOJUTEIHHOCTH IEH-
TPOOEIKHOTO KoMIIpeccopa (ra3oLyBKHU) ¢ MPOTHBOMOMITAKHON
3aIUTON.

K motpeburemnto

&

TpeOyieHus ra3a NPUBOJUT K KPAaTKOBPEMEHHOMY M3MEHEHHIO MTOTOKAa HarpaBieHus rasza. Ilpu stom

BO3HUKAIOT OOJIBIIME KOJICOAHMsI JABJICHUS Ta3a, KOTOPBIE MOTYT BBI3BATh MOJOMKY KOMIIpECCOopa.

Onnako K03h(UIMEHT MOJIE3HOTO JACHCTBUS KOMIIPECCOpAa UMEeT HauOOoJIbIle 3HaUYeHne BOIHM3U 00-

JJaCTH IMOMIIaxKa.
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Yuciio X010B NOPIIHA

-

JpoccennpoBanue MoToka IMpon3BOANTENBEHOCTE (PAacXo)

—-> >

Baiinacuposanue

Puc. 4.7. CtpykrypHas cxema Npou3BOAUTEIILHOCTH pabOThl MOPLIHEBBIX KOMIIPECCOPOB.

Jnst obecrieuenus: paboThl KOMIPEccopa B 3TUX YCJIOBUSAX HEOOXOIMMO UMETh MPOTUBOIIOM-
MNaXXHYIO aBTOMATHYCCKYIO 3allUTy.

B kauecTBe Tako# 3alMThl MOXET MCIOJB30BaThCSA cHcTeMa cOpoca YacTH CKAaToro rasa B
pecuBEp MpU YMEHBIIEHUH €T0 Pacxojia B JIMHUIO K moTpedutento. [lpu npubnuxeHnn K 061acTu
MOMITaXKa PETYJISITOP Pacxojia OTKPOET KIIalaH, yCTAHOBJICHHBIN HA TMHUH K pecUBepy. D10 00ycIo-
BUT YBCIIMYCHUC ITPOU3BOJUTCIIBHOCTH KOMIIPECCOPA, CHMIKCHUC TaBJICHUA B HarHeTaTeIbHOM JTUHHUHN
Y TIOBBIIIICHHE JaBJICHUS BO BCACBHIBAIOIICH JIMHHUH, YTO PEJOTBPATUT IMOMIIAXK KOMIIpECCOpa.

PerynupoBanue mpou3BOAUTENHFHOCTH MOPIIHEBBIX KOMIIPECCOPOB, Pa3BUBAIOUINX OOJb-
mmMe aaBJICHUA, O6BI‘-IHO OCYHICCTBIACTCA MECTOAOM INICPCITYCKAa 4YaCTHU rasa € Har"geTaTeJabHON JIMHUU
BO BCACBIBAIOIIYIO 0 OaifItacHOMY TpyOOIIPOBOIY.

PabGoTa Takoil cUCTEMBI peryJupoBaHUs B 3HAYUTEIHHOW CTENEHHM OOJIerdaeTcss MEHbIIEH

nynbcauueﬁ JaBJICHHA BCICACTBUC C)KMMACMOCTH I'a30B.

4.2. Aemomamusauusi pa3desieHUs U 04UCMKU HEOOHOPOOHbIX
cucmem.

Pa3neneHne KUIKUX CHCTEM B XUMHYECKOH MPOMBIIUICHHOCTH MPOU3BOIAT B OTCTOMHUKAX,
¢GuabTpax M HeHTpUPYyrax, a OYMCTKY ra30BbIX CHCTEM — B IIUKIJIOHAX, QUIBTpaX, CKpyOOepax, amek-
TPOPMIBTPaAX.

PerynupoBanue OTCTOWHUKOB 3aKJIIOYAETCS B IMOJJCPKAHUM HA MUHHMAJIbHO BO3MOKHOM
3HAYEHHH KOHIIEHTpAIWU TBEPAOH (Pa3bl B OCBETIEHHON KUIKOCTH IPU M3MEHEHHH PAacXo/a NCXOI-
HOI CyCIIeH3MH U KOHICHTpauuu TBEPAOH (a3bl (IEHHOTo MPOAYKTa) B CycreH3uu. s aToro mon-
OMparoT AMaMeTp OTCTOMHHKA, YTOObI BpeMsl HaXOKICHMsS >KUIKOW (a3bl B ammapare MPeBBIIIAIo
BpeMsi, HEOOXOIMMOe ISl OCelaHusl TBEPABIX YacTHIl B OyHkepe. OcBeTIIEHHAs KHUIKOCTh BBIBO/INT-
sl M3 OTCTOMHMKA Oyiarosaps MepeinBy, a TpaHHULA pa3Jiesia 30H OCAKACHUS M YIUIOTHEHHS MOJIep-
KHUBAETCS Ha TIOCTOSIHHOW BBICOTE PEryJIATOPOM YpPOBHS, BO3JCHCTBYIOIIMM Ha PacXof CTYHIEHHOM
CYCIEH3UH.

Jnst GuiabTpanuy KUIKUX HEOAHOPOJHBIX CHUCTEM C OOJIBIIONW MPOU3BOAMTEIBHOCTBIO TPH-

MCHSAIOT 6apa6aHHbI€, JUCKOBBIC, KapyCCIbHBIC W JICHTOYHBIC BaKVVM'd)I/IJ'IBTDBI. PGFYJ'II/IPOBaHI/Ie

nporecca (pUIbTPOBAHUS UMEET CBOEH 3ajadell MosryueHHue MMUHUMAJIbHOW BO3MOXKHOM BIIQXKHOCTH
ocaJKka IpU U3MEHEHUH KOHLEHTPALMU U pacxola CYCIIEH3UH, BA3KOCTU OCaJKa, QUCIIEPCHOIO CO-
ctaBa TBEpABIX yacTull. Ilpu mcnonp3oBaHuM, Hanpumep, 0apabaHHBIX (QHIBTPOB OOBIYHO PETYJIIH-

PYIOT YPOBEHb CYCIEH3UH B BaHHE, U3MEHsIS TIOCTYIUIEHUE UCXOIHOM cycneH3nu. Ocalok CHUMaeTCs
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¢ GapabaHa HOXXOM. B ciyyae HEOOXOQMMOCTH TOJNIIMHA OCAJKa PEryJIUPYETCsl MyTEM HW3MEHEHHS
CTENEHU BaKYyMHUPOBaHUS WM CKOPOCTH BpallieHus: OapabaHa.

LenTpudyrupoBanue KHUIKHUX CUCTEM OCYILIECTBIISIETCA B Pa3HOOOPA3HBIX MO KOHCTPYKIUHU
OTCTOMHBIX WU (UIBTPYIOIIUX HeHTpudyrax. Ha 3ToT mporecc BO3AEHCTBYIOT T€ K€ OCHOBHBIC
BO3MYIIEHHUS, YTO M Ha Tpolecc GUIbTPALUH; LeTH PEryJIupoBaHus TaK K€ OJUHAaKOBHI. Jlns moc-
TH)KEHUSI MUHAMAJIBHO BO3MOKHOW BJIKHOCTH OCaJIKa MPUMEHSIOT HEHTPU(PYTH ¢ BHICOKOH pasjie-
JISIONMIEH CIOCOOHOCTHIO, OOecTieurBaromell TpedyemMoe KadeCTBO Pa3feiCHHs MPH 3HAYUTEITbHBIX
Kosie0aHusAX Bo3MyIueHui. [1pyu neHTpudyrupoBaHuu peryiupoBaHU0 B OCHOBHOM IOJJIEKUT pac-
XOJ UCXOZHOM CYCIeH3HH, YTO 00€CIeUnBaET MOCTOSHHYIO TPOU3BOIUTENLHOCTE anmnapara. dyrat u
0CaZIOK OTBOAMTCS IyTEM CBOOOIHOTO yIAICHUSI.

OuncTKy Ta30B OT YacCTHI] MbUIH pazmepoM Oosee 10 MKM MPOBOAST B LMKIOHAX. [IMKIOHBI
YyBCTBUTEJbHBI K KOJIEOaHUAM HArpy3KH 10 I'a3y U pacCUUTHIBAIOTCS Ha ONPEACIEHHYIO IPOU3BOIU-
TEJILHOCTB I10 Ta3y € JOIyCTUMBIM COJIEp)KaHHEM B HEM Nbu. EClii TeXHOIOTHYECKHE yCIOBHSA T10-
3BOJISIFOT, TO HArpy3Ky IIMKJIOHOB TI0 Ta3y CTaOMIN3UPYIOT.

[Ipouecc punpTpoBaHUs ra3oBbIX CUCTEM B (MIBTpPaX 3aKIHOYAECTCS B MPOXOXKIACHUU 3aIlbl-
JAEHHOTO ra3a yepe3 NOpPHUCThIe IEPErOPOIKH, 3a/IePKUBAIOIINE HA CBOEH OBEPXHOCTH TBEPABIC Yac-
TUIIBL. PerynmpoBaHue Takoro mporecca 3aKiIoyaeTcs B MOAepKaHHH Ha MUHUMAJIbHO BO3MOXKHOM
3HAYEHWHW KOHIIEHTPAIIMH YaCTHUI] TBEPIOTO BEIIECTBA B ra3e Ha BBIXOJE U3 QIIIBTPA.

Perenepanust GpuiIbTPyIONIMX MOBEPXHOCTEH, HANPHMEP, B PyKaBHBIX (QHIBTPaxX, MPOU3BO-
JTUTCS CKAThIM BO3AYXOM, MEPUOJUYECKH T0JJaBAaEMBIM Uepe3 COIia B pyKaBa € LEbio AedopMaun
¢buIbTpyIOIIel TKaHHU, IPUBOJAIIEH K TOMY, UTO MbUIb ¢ He€ cOuBaeTcs. [l 3TOro peryaupyroT me-
peran nasieHus Ha GuibTpe. [Ipu JOCTHKEHNH MaKCHMAJIBHOTO 3HAYSHHS TTO3UIIMOHHBIN PETyIsSTOp
BBIIAET CUTHAJ HA MPOAYBKY (QMIBTPA CXKATHIM BO3MyXOoM. OUIBTP MPOIYBArOT 10 TEX IMOP, TTOKA Tie-
penaj qaBieHHs He CHU3UTCS O MUHUMAJIBHOTO 3HaYeHus. Bo3/lyX Ha MpoAyBKY JOKEH MOCTYIATh
C JaBJICHHEM, 3HAUEHHE KOTOPOTO YCTaHABIMBACTCSA OTAEIBbHBIM PEryisaTopoM. B cBs3u ¢ TpyaHo-
CTBIO U3MEPEHHS Tiepenaja qaBlieHus Ha uibTpe (3aCOpEeHHe UMITYJILCHBIX TPYOOK MBLIBI0) pereHe-
panuo GUIBTPYIOMKUX MOBEPXHOCTEH MPOBOAAT TAKXKE MO 3apaHee 3aJlaHHOW BPEMEHHOW IpOrpam-
Me, B KOTOPOW yCTaHaBIMBAETCS ONpeAeNEHHas ATUTENbHOCTh MEPUOI0B GUIBTPAIIMN U pereHepa-

uu. Takast mporpamma peaan3yercs ¢ OMOILBI0 KOMaHTHOTO Ipudopa.

5. ABTOMaTu3aums TennoBbIX NPOLLeCcCOoB.

TennoBble MPOIIECCH UTPAIOT 3HAYUTEIBHYIO POJIb B XUMHUECKOW TEXHOJOTUH. XUMUYECKHE
peakiuu BEIIECTB ¢ Takke MX (hpu3MuecKkue MpeBpalleHus COMPOBOXKIAIOTCA, KaK MPaBUIIO, TEIUIO-
BBIMHA Bq)(i)eKTaMI/I. TCHJIOBI:IG ABJICHHUA 4aCTO COCTABJIAKOT OCHOBy TEXHOJIOTHNYCCKUX HpOLIeCCOB.

[lepemgady Temia OT ropsAYUX TETUIOHOCUTENEH K 00Jiee XOJOMAHBIM OCYIIECTBISIOT B TEMJIO-
00MEHHHMKAX.

Pa3znnyaroT TeMI000OMEHHHKH .
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1. HeHOCpeIICTBeHHOFO CMCIIICHUA TeHHOHOCHTeHeﬁ;
2. TIOBEPXHOCTHBIC TEINIOOOMEHHUKH, B KOTOPBIX TEIUIO MEPENACTCSA Yepe3 TIYXYIO pasieiu-
TEIBHYIO CTEHKY:
—  TemIonepeaya MOKET IPOTEKaTh 0€3 M3MEHEHUST arperaTHOr0 COCTOSIHUS TEILIOHOCHUTE-
Jei (HarpeBaTeNd, XOJOUIbHUKN);
— ¢ U3MEHEHHMEM arperaTHOro COCTOSHHS (MCIIApUTENH, KOHIEHCATOPEI).

HaneBaHI/Ie MMPOAYKTOB IMPOBOJAT TAKIKC B Tp}I6‘IaTLIX né4ax TOIIOYHBIMHU I'a3aMH.

5.1 PeaynupoeaHue mens1006MeHHUKO8 CMeWeHUsl.

PeryaupoBanue Temio00MeHHHMKOB cMellle-

HHUSA 3aKIH0YacTCA B NOAACPKAHNU ITOCTOSAHCTBA TCM-

neparypsl 7., CyMMapHOro MmoTtoka Ha Bbixozae. s

il

CO31aHUA HCO6XOI[I/IMOFO TEMIICPATYPHOI'O0 PEKHUMa B

XUMUMECKUX aINapaTax MCHONB3YIOT NEPENaty SHEP-  pue 51 CrpykTypHas cXeMa DeryJmpo-

UM B pe3yJbTaTe CMEIIECHHUs BYX U 0o0Jiee BEIIECTB C S V——
Pa3HBIMM TEIUIOCOAEP KAHUAMH.

Bo MHoOrux 3amadax peryJMpoBaHMs COCTaBa WM TEMIIEPATyphbl B PE3EpByape C MEIIAIKON
IpU OTPENICTICHUN NepeaTOuHbIX (PYHKUMH MPUHUMAIOT MEepeMeIInBaHue uiaealbHbIM. Torna o0b-
eKT onuchiBaeTcs auddepeHnnanbHbIM ypaBHEHHEM TIEPBOTO MOPSIKA C TIOCTOSHHOW BPEMEHH, PaB-
HO BpeMeHHU NpeObIBaHus B pe3epByape. OJJHAKO Ha IMPAKTUKE OTMEYAETCs 3ana3blBaHKe, [0 UCTe-
YEHUHM KOTOPOT0 M3MEHEHHE KOHLICHTPALMU WM TEMIIEpPAaTypbl IUTAHUS IPOUCXOAUT Ha BBIXOJE U3
pe3epByapa. JTo 3ama3/biBaHue (3ama3plBaHUE CMEIICHHS) 3aBUCUT OT pa3MepoOB pe3epByapa, Bsi3-
KOCTH KHMJIKOCTH, KOHCTPYKLIUU U CKOPOCTH BpALIEHUS MELIAIKH, ONpPEIESIOINX HHTEHCUBHOCTD

NnepeMEIIBaHus.

Ecim T, >T_  >T,, npu 3TOM TEMIOEMKOCTH M IUIOTHOCTH JKUAKOCTEH OJUHAKOBBI, TO

F
T,=T,+ ﬁ (T, —T,), (moTepsiMu B OKpy>KarOLIyIO Cpeay mpeHedperaem)
1 + 2

OcTaHoBUMCS Ha OCOOEGHHOCTSIX CTaTUYECKOW XapaKTePUCTHKH COOCTBEHHO IMpoIlecca cMe-
nieHus. PaccMoTpuM [u1s mpuMmepa anmnapaTr HEIPEPBIBHOTO IEUCTBHS, B KOTOPOM CMELIMBAIOTCS JBa
noroka ¢ pacxogamu Gi u Gy, remmneparypamu 01 1 6, yIeIbHBIMU TEIIOEMKOCTAMHU Cp1 M Cp2 (pHC.
5.2).

IlycTe 3aaya peryJMpoBaHus COCTOUT B MOAACPKAHUU 3aJaHHOIO 3HAYCHUS ¢ TeMIIEpaTy-
pBI BBIXOAHOI'O ITOTOKA HYTéM N3MCHCHUS pacxoz[a Gl HpI/I YCJ'IOBI/II/I, YTO OCHOBHBIMHU MCTOYHUKAMU

BO3MYIIIEHUH SIBIISIIOTCS pacxoJ M TemrepaTypa Broporo notoka Gy u 6, a remneparypa 61 u yienb-

HbIE TEINIOEMKOCTH BEIIECTB MOCTOSHHBI U PpaBHBbI 910, C, Hu sz . Haiimem ctaruueckue XapaKTepu-

pl
CTUKHU 00BEKTa MO KaHany perynupoBanusi G, —6@ u kaHanam BosmyieHuss G, —6 u 0, — 0 (puc.

5.3). Jlnst aTOTO 3amuineM ypaBHEHHUE TEIIOBOTO OaaHca:
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G,0°C,, +G,0,C,, = (G, +G,)fk,,

rhe c, = (Glcpl + Gchz)/(G1 +G,) -

Orcrona
G,0.c G,0,C
- ey e (5.1)
Gcy +G,C,,  Giey +G,C
Kaxk Buano u3 (5.1), xapakTepHoii G,,0,,C G,,0,,C

1101, bp1 21Y2:5p2

0COOEHHOCTBIO TEIIOOOMEHHHMKOB CMe-
IIEHUS SIBIISICTCS HEIMHEMHOCTh CTaTH-

YEeCKUX XapaKTECPHUCTHK II0 TeMIIepaTyp- G, +Gz,9,cp

HBIM KaHajaM, 1 —0u b6, —0 .
Puc. 5.2. IlpunnunuanpHas cXeMa TETI00OMEHHUKA
[Ipu ycnoBHUM MallbIX OTKJIOHEHUH  cyelmeHus.
KOOPJIMHAT OOBEKTa OT HX 3aJaHHBIX o G| 6, z

3HAYCHUH MOXKHO IMPOBECTU JIMHCApU3a-

o 3aBucuMocT (5.1) W HaWTH TpH- G 0

Y
Y

OMmKeHHO KO3((UIMEHThl  yCHUJIeHUS

00BeKTa M0 KAKOMY KaHaIy. Puc. 5.3. CTpykTypHas cxeMa TEIIIOOOMEHHHMKA CMeE-

O003HauUuM 3aJaHHbBIE 3HAyeHus UCHUA.
BXOJIHBIX M BBIXOHBIX KoopauHaT uepes G, G5, 07 u pasnoxum dpynkumio (5.1) B psaa Teiinopa B
manoit okpectaoctn G, GJ, 65
0=6°+ (ﬁ]O(G -G+ (a—ejo(G -G+ [8—9]0(9 -6?)
oG, )~ T leG,) " TP \ee, )t T

rac

06 ° _ chplcpZ(elo _920) )
oG, (Glc,, +Gsc,,)?

0
00 J _ chplcpz (020 - 910) . (52)

0G,) (Gl +Glc,,)?

00) G,
00, Glc,, +Gyc,,

. =G, -G}, X, =0,-67, nomyaum ypas-

6

Tlepexonst K OTKIOHeHUsM Y =6 —0°, X, =G, - G, X
HEHHME CTATUYECKON XapaKTEPUCTUKHU B BH/IE:

y= kp X, + K X, +K,X,,, (5.3

0 0 0
» | oG, oG, 00,

Amnanus 3aBucumocteit (5.3) mokaspiBaeT, 4TO Ja)ke MPU OOBIYHBIX BO3MYIIECHHUSX, HAOIFO-

JAEMBIX Ha TPAKTHKE, OIIMOKa B pe3yJbTaTe JIMHEApH3aIllMl MOXET OKa3aThCs CyIllecTBeHHOU. Ha-
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npumep, npu ysenundeHuu pacxona G, Ha 30 % no cpaBHEHHIO ¢ 3alaHHBIM KO3((ULIUEHT yCUIIEHHS
k, Moxer m3menntcst Ha 5-20%, a K, — Ha 25-40% OT pacyeTHBIX, B 3aBUCUMOCTH OT COOTHOLICHHUS
pacxonoB Gi u Gy. Crabwmsanus otHomenus G, /G, = 7/0 MO3BOJISICT YMEHBIIUTh BJIUSIHAE JTOU

HEIUHENHOCTH, TaK KaK

0 0 0 0
9 _ 01 Cpl 02 Cp2 _ 01 Cpl 92 Cp2
B Gz Gz B 1 ]/OC +C
< < R 1 2
Cat g Gz g CntCa Cat 4Gy n T
1 1

U TIPU OTCYTCTBHMHU JIPYTUX BO3MYyUIeHUH, kKpome Gy, OyneT oOecrieunBaThCs MOCTOSHCTBO BBIXOIHOM

TEMIIePaTyPHI.
Hanudue Apyrux NCTOYHHMKOB BO3MYIIEHHS, kKpoMme Gy, oTpedyeT BBe/eHIe KOPPEKIHuH ¥ °

HaIpuMep, B 3aBUCUMOCTH OT 3HA4YCHHs BBIXOJHOW TemmepaTypsl € (cM. npumep kackaanoir ACP,
puc. 5.7).

PaccMOTprM HACKONBKO BapUaHTOB CUCTEM aBTOMATU3alMM TEILIOOOMEHHHKOB CMEILEHUS U
IIPOBEJEM MX CPABHUTEIIbHBIN aHAJIN3 110 KAYECTBY IIPOLECCOB PETYIUPOBAHMUS.

BapuanT 1. 3agaua crabuimsaiy BEIXOJAHON TeMIepaTypbl cMecu € pemraeTcsi IpUMEHEHU-
€M OJHOKOHTYPHOH 3aMKHYTOW CHUCTEMBI PETYJUPOBAHHUSA, B KOTOPOM PETYIHMPYIOIIUM BO3AECHCTBU-
eM sBisiercs pacxoq G, (puc. 5.4). Vicnonp3oBaHue perynsTopa ¢ HHTETPAIbHON COCTABIAIONMIEH U
3akoHe perymupoBanus (I11- wim [TU/I-perynstop) rapaHTHpyeT NOAJACpKaHUE 3aJaHHOTO 3HaYe-
HUs 0 B yCTAaHOBUBLIEMCS] PEKUME, OJJHAKO KAaUYeCTBO MEPEXOJHOI0O MPOLECCa MOXKET OKA3aThCs He-
yZIOBJIETBOPUTEIBHBIM MIPU OOJIBIION MHEPIIMOHHOCTH KaHalla PETYJIUPOBAHUS U CUIIBHBIX BO3MYILE-

HHAX.

G1 GZ 91 GZ 02

Y

-

z
7
9°
P Pecynamop (—-@(—-

a 7]

Obvekm

Puc. 5.4. ®ynkuuonanpHas (a) U CTpYKTypHas (6) cxeMbl 3aMKHYTO#H 0HOKOHTYpHOH ACP Temre-
paTyphl B TEINIOOOMEHHUKE CMELICHHS.

Bapuant 2 BKIIOYaeT CHCTEMY PEryJHUpOBaHHs COOTHOIIEHUS pacxonoB Gi u G, (puc. 5.5).
DTO pa30MKHYTasi CHCTEMa PETYJIMPOBAHUS, CIOCOOHOCTh 00ECIIEYNTh HHBAPHAHTHOCTh PETYIUpYe-
MOH TeMIlepaTypbl cMecH ¢ K BO3MYIICHUSIM 110 pacxony G,, ofHaKO NMpH HAIMYWH JIIOOO0TO APYro-
ro BO3MyIIeHUs € He OyJeT paBHA 3aJaHHOU.

BapwuanT 3 (puc. 5,6) otnmyaercst komreHcaTopoM Bo3MymieHus o 6, .Takum o6pa3omM, naH-

Hasa CUCTEMa PETYJIMPOBAaHUA MOKCT obecneynuTh HE3aBHCHUMOCTD BBIXOJTHOM TEMIICPATYPhI OT ABYX
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OCHOBHBIX Bo3MymieHnid G, u 6,. OqHako npu HaaM4yKMe OPYTHX BO3MYIIEHHH (HampuMmep, H3MeHe-

HHE TEIUIONOTEPh B OKPYKAOIIYIO Cpelly) Temreparypa OyJIeT OTKIOHATHCS OT 3a1aHHO.

Bapuantel 4 u 5 ABASAIOTCS pa3sHOBUAHOCTSIMU KOoMOMHHpoBaHHBIX ACP, B KOoTOpBIX 0becre-

YUBACTCS] KOMITEHCAIUSI OCHOBHBIX BO3MYIICHHI U BBOJIUTCS O0OpaTHAs CBSI3b IO PETyIUPYEeMOH KO-

OpJHMHATE.
Peeynamop
70
G, z
l R
- — A\\EA
G, Obvexm

Puc. 5.5. ®ynkimonanshas (@) u CTpyKTypHas (6) CXeMbl pa3oOMKHYTOH OAHOKOHTYpHOU ACP Tem-
nepaTypsl B TEINIOOOMEHHUKE CMEIIICHUSI.

BapuaHnT 4 — cuctema peryipoBaHusi cOOTHOIIeHHs pacxonoB G, u G, ¢ Koppekuuei Ko-
s¢durrenTa mo BLIXOAHOH Temmeparype cmecu € (puc. 5,7), T.e. nByxkackaaHas ACP. OCHOBHBIM
(BHEITHMM) PETYJISITOPOM SIBIISIETCS PETYJISTOp TeMueparypsl 1, a BcrmomMoraTeabHbIM (BHYTPSHHHUM)

— PETYJISTOpP COOTHOIIEHHUS 2, OCYIIECTBISIOINI KOMIIEHCALIMIO BO3MYIIEHUS 110 pacxony G,.

2 Komnencamop ;
R 41 2
k
Peeynamop G, Z
7/0
R Y

! ’

G, Obvekm

Puc. 5.6. ®ynkuuonansHas (a) u crpykrypHas (0) cxembl pazomkHyToii ACP Temneparypsl B Ten-

JIOOOMEHHHKE CMEIIEHHUS C KOMHGHC&I_[I/IGI‘/’I ABYX BO3MYH_IGHPII>'I:
1 — peryasiTop COOTHOLICHUS; 2 — KOMIIEHCATOD.

BapuanT 5 — cuctema peryJupoBaHUs TEMIIEPATypbl CMECH C KOPPEKIMEH MO0 ABYM BO3MY-
mennsmM G, u 6,, 1.e. komOunupoBanHast ACP. [lunammdeckuit komnencarop 2 (puc. 5,8) B tanHHOM

cllydae JOJDKEH COJAEpPKaTh BBIYMCIUTEIBHOE YCTPOMCTBO ISl pacuéra KOPPEKTUPYIOLIEH NONpaBKU
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Ha 33/IaHUE TI0 BBIXOJHOW TEMIIepaType peryisaTopy 1 B 3aBUCUMOCTH OT TeMIepaTypbl U pacxoja

BTOPOT'O IMOTOKA.

Pecynamop ; G, 6, 7
"
R
I :
G, Obvexm
Peeynamopl .
%
: 9

Puc. 5.7. ®yuknuonansHas (@) u cTpykrypHas (6) cxembl kackanHoit ACP temmeparypbl B TeIuio-
OOMEHHUKE CMEIICHHUS:
1 — peryssiTop TeMIIEpaTyphl; 2 — PEryJsSTOp COOTHOICHHUS PACXOO0B.

W3 paccMOTpeHHBIX IPUMEPOB CHCTEM aBTOMATH3allMU HAWIy4lllee KaYeCTBO PEryIMPOBaAHUS
oOecrieyar /1Ba nocienHux Bapuanta. [Ipu aTtom B ciayuyae npuOOpHOI peann3anuu CUCTEM MPeanoy-
TUTENbHEE YeTBEPTHI BapUAHT, KOTOPHIN JIETKO BBIMOJIHICTCS HA CEPUIHBIX MPOMBIILICHHBIX PEry-
astopax. [Ipu ucnonps3zoBanuu LIBM uimum MEUKpONIpOLIECCOPHOIN TEXHUKH pearu3alis JI000H U3 3TUX

CUCTEM HE IPE/ICTABISAET 3aTPyAHEHUH.

Komneuncamop

0, V4
R
k G,
G, 0
Obvexkm
0
R [

Peeynsmop
( )tﬁ
a 9]

Puc. 5.8. OynknuonanbHas (a) u crpykrypHas (6) cxembl komOuHMpoBaHHOi ACP Temmeparypsl B

TeI000MEHHUKE CMEIICHHS.
1 — peryssitop TemrepaTtypbl; 2 — KOMIIEHCATOD.
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5.2. PeaynupoeaHue NMoeepxHOCMHbIX mennoo06MeHHUKOS.

PeryjupoBanue mnoOBepXHOCTHBIX TeNJI000MeH- T, I
—_— - - = —
HHMKOB 3aKJII0YaeTCs B TIOJIJIEP>KaHUH TTOCTOSTHCTBA TEMIIE- ¢ * q * * @
paTypbl OJTHOTO U3 TEIJIOHOCUTENEH Ha BBIXOJE U3 TEIlIo- ET _________ ) T

X2 x1

0OMEHHNKa, HANPUMED, Tyo. Puc. 5.9. CrpykrypHas cxema T0-

Temneparypa Ty 3aBHCHT OT CKOPOCTH TMEpEAayd  BEPXHOCTHOTO MPOTHBOTOKOBOTO TEI-
) JIOOOMEHHHKA.
TeIUIa WM TEIJIOBOTO TOTOKa (] 4epe3 CTEHKY,; B CBOIO
odepe]ib 3Ta TeMITepaTypa ONpeaesseTCs IBIKYINEH CHIION IIpolrecca WM CPETHUM TeMIICPaTyPHBIM

HanopoM AT.,. Bennunna AT, npeacrasiser co0oii torapupMUIECKyt0 pa3sHOCTb TEMIIEPATyp

— (Trl _TXZ) B (Tr2 _Txl)

AT, (5.4)
g In Trl _TXZ
Tr2 _Txl
Bennunna AT, 3aBHCUT OT 3Ha4eHHUil TeMmIeparyp 7

TEIUIOHOCUTEIIEH Ha BXOJE€ M BBIXOJE TEIJIOOOMEHHHUKA U,
B YACTHOCTH, OT TemmepaTypsl Iyp. C Bo3pacTanuem Ty
JIBUXKYINAS CUJIa TIPOIECCa YMEHBIIAETCS U HA000pOT. DTO

T
CBHUJICTETILCTBYET O TOM, UYTO IMOBEPXHOCTHBIE TEIJI000- XZ¥T
x1

MCHHUKH O6J'Ia,£[aIOT CBOMCTBOM CaMOBBbIpaBHHBAaHUA.
I

b
>

Tel B Tx2

Ecimu oTHOMmICHUE < 4’ TO JIBWXKYUIYIO Puc. 5.10. Fpa(bm( HN3MCHCHUS TEMIIC-

2~ Ty paTypsl TEIUIOHOCHUTEIIEH.
CUITy TIpoliecca MpU MHKEHEPHBIX pacuéTax MOXKHO OMPEAENUTh M0 cpeaHeapudpMeTHIeCKONH pa3Ho-
CTH TEMIIEPATYP:
_ (Trl _sz) — (Tr2 -T 1)

AT, ; x (5.5)

[MorpenrHocTs Takoit 3ameHsl He npeBbimaeT 10 %.

OcHoBHoe ypaBHeHHe TemnoooMeHHrKa ( = KAAT, , B 9TOM citydae HpUMET BHJL

(Trl _sz) - (Tr2 _Txl)
2

rae K — koaddumuent terionepenaun CTeHKH; A — TOBEPXHOCTh TETNIOOOMEHHHKA.

q=KA : (5.6)

YcTranoBUM 3aBUCHMOCTH MCXKIY TeMnepaTypoﬁ XOJOJHOTI'O TCIIJIOHOCHUTCIISA Ha BBIXOAC sz )51
MacCCOBBIMH BBIXOJaMH TCIUIOHOCHTEIICH B B cjIydae, Kkorga O6M€HI/IBaIOH_II/IeC$I TCIIJIOM KHUJIKOCTHU HE

HU3MCHAIOT CBOCTO arp€raTHoro COCTOAHMA.

TemnnoBoii moToK ( 4epe3 CTCHKY BBIpa3uM JABYMs CJICAYIOIIHMMHA 0aJIaHCOBBIMH YpaBHCHU-

MMU.

q = Cz F,wa (Trl _Tr2) , (57)

gq= Cx F,wx (Txl _TXZ) ’ (58)

rae C, ¥ C, — yIeIbHbIe TeIUIOEMKOCTH TeTutoHocurenel, F,, u F,, — ux MaccoBbie pacxobl.
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W3 3tux ypaBHeHH HalAEM TeMIeparypsl Ty U T.2 1 IOACTaBUM UX B ypaBHeHue (5.6)

KA q o}
=T, | T, + +| T, - -T
2 rl x1 CF ri CF x1

X MX 2l Me
W3 nocneguero PpaBCHCTBA OIIPEACIINM TEIIOBOM MOTOK

T,-T
q — rl x1 (59)
1 1 1 1

R — +
KA 2\ckF,. CcF,

PaznenuB paserctro (5.8) Ha (5.9), MoNMyYnM 3aBUCHMOCTH UCKOMOH OTHOCHTEIBHOM TeMIIe-
paTyphl OT IPYyrUX BEIUYHH IIpoIiecca
To—Ta _ 1
T1i-Ta ﬂ n 1 1+ C.F.
KA 2 cF.

(5.10)

[lonyuyeHHas 3aBUCMMOCTD B BUJE CEMEMCTBA KPUBBIX IIpUBEEHA Ha puc. 9.11, rae nokazano

BJIMSIHAE MAaCCOBBIX PACXO/0B TEINIOHOCHUTENIECH Ha TeMIepaTypy Txe.

1,0 10

c.F,

X MX - 1 C’F"2

e he
2 T,-T

x2 x1 0’5 / x2 x1 0’5

T,-T

1T | — .- T, N
4 \%

T,-T,

Puc. 5.11. 3aBucuMocTh TeMIIepaTyphbl Ha BBIXOJI€ TEIUIOOOMEHHHUKA Ty OT Macco-
BBIX PACXO0I0B XOJOAHOTO (X) U ropstuero (T) TEIIOHOCUTEIeH

N3 3Tux 3aBUCHMOCTEH ClieyeT, uTo TeMreparypa Iy 3aBucut ot F,. u F,,. Ilockonbky mo-
TOK HarpeBaeMoro MpojayKTa MpeACTaBisieT co00i HArpy3Ky OOBEeKTa, IS MOICPKAHUS TTOCTOSTHCT-
Ba TEMIEPaTyphl Tyx» MOXKET OBITh PEKOMEHJIOBaHA CXEMa pEeryJIMpOoBaHUs, MpUBeAEHHAs Ha puc. 41,
@, TI0 KOTOPOH TemIieparypy MpoayKTa Ha BBIXOJIE U3 TEIUIOOOMEHHHUKA PEryIHPYIOT IMyTEM BO3JIEH-
CTBHSI HA pacXo/I APYroro TeIoHocHTens F ..

Onnako u3 3aBucumocrteii (puc. 5.11), cnenyer, uto Temneparypa Ty Oosee 4yBCTBUTENbHA K
Harpy3Ke XOJIOJHOTO TETJIOHOCUTENIS, YeM K pacxoay ropsiuero TErIOHOCHTENs. B ¢Bs3M ¢ 3TUM 3a-
TPYAHAETCS KAUeCTBEHHOE PETryJIMPOBAHUE TEIJIOOOMEHHHMKOB B IIMPOKOM HHTEpBAJIC W3MEHEHHS
PacxoJI0B TEIUIOHOCUTENCH, U TPEOYIOTCS PETYISITOPHI ¢ MU PepeHIUPYIONIEH COCTABISIONMEH.

Ecnu 1o yci0BHSM TEXHOJIOTUU HE JOMYCKAeTCs M3MEHEHHE MOTOKOB TEIUIOHOCUTENEH, TO
TeMIepaTypy IpoaAyKTa Ha BBIXO/E U3 TEIUIOOOMEHHUKA PETyIUPYIOT IMyTéM OaliacupoBaHUs YacTH

IIPOJYKTa U U3MEHEHUs ero pacxona. [Ipu atom perynupyronuil kjianad ycTaHaBIMBatOT Ha Oaimnac-

39



HOW JinHUU. Takue cxembl NPUMEHSIOT, HalpUMeEp, NPU HCIOJb30BAaHNUU TEIUIA TOPAUYUX IPOMEXKY-
TOYHBIX WJIM KOHEYHBIX MPOAYKTOB JJIsi HAarpeBa MCXOMHOTO ChIpbi. OTMETHM, 4TO OaiflmacupoBaHue
OJJHOTO M3 TEIUIOHOCHUTEIEH TpeOyeT HEKOTOPOro YBEJIMYEHUS MOBEPXHOCTH TEMJIOOOMEHHHKAa U
OOmbIIIEr0 pacxoja Iperoliero areHra (A NepeoXJIaKACHHS WM IeperpeBa MpoayKTa) 4eM HpH
npoccenrpoBaHuy. OJIHAKO MPU 3TOM YJIy4dlIarOTCs JUHAMUYECKHE XapaKTEPUCTUKHU CUCTEMBI pEry-
JIMPOBAHUS BCJEICTBUE UCKIIOUEHUS TEIJIOOOMEHHHMKA M3 KOHTYpa PEryJupOBaHUS U YMEHbIICHUS
BPEMEHU 3ama3/ibIBaHusl O0BEKTA.
IIpy wu3MEHEHMM arperaTHoro co-

CTOSIHUS TEIUIOHOCUTENIEH UX TeMIleparypa B

TEIJI00OOMECHHUKE MPAKTUYCCKU HE HU3MCHA-

X OJIOTHBIN

€TCA M CKOPOCTh TEIUIONEPENaud (| MOXKHO oo 0

ONPCACIIUTD 110 PABCHCTBY

q=rF,, (5.11)
. Topstumii
rae I — TemioTa (ba3030r0 nepexona, FM — MacCCOBbIA TEIUIOHOCUTEID
pacxon cpensl.
Ecnu B kadecTBe rperomiero areHra T l l/T
x1 rl
IIPUMEHSIOT BOJSHOM Iap, TO TEeMIEpaTypy =
Me - -
TEXHOJOTHYECKOTO MPOAYKTa OOBIYHO pery- F. S~a T,
—> e e

JUPYIOT MOYTEM HW3MEHEHMS IMOJayu Iapa.

HpI/I 3HAUUTEBLHBIX KOJEeOaHMSIX JaBJICHUS Puc. 512 Cxema peryjmpoBaHust MOBEPXHOCTHOI'O
TEIUI00OMEHHUKA BO3)ICI>1CTBHCM Ha pacxo ropsyc-

napa NpuMCEHAOT KaCKaAHYIO0 CUCTEMY pPCry- I'0 TeIUIOHOCHTEIIS

JMPOBAHUS JAABJICHUS NIapa ¢ KOPPEKLHUEN 0 TEMIIEpAaType HarpeTOro NpoayKTa.

B03MOXHO Takke peryiIMpoBaHHE T’ZI

CKOPOCTH TeIUIoNepeiadu MyTEM MOAIEPKU-
F

mx ! Txl X2

BaHUs MTOCTOAHCTBA TEMIICPATYPbI MMPOAYKTA TTpomykT

Ha BBIXOJC M3 TEIIOOOMEHHHUKA KJ1ariaHoM, T @

YCTAaHOBJICHHBIM Ha JIMHUHW OTBOJA KOHJCH- TerIoHOCHTENTh

caTa. DTO NPUBOJUT K YACTHYHOMY 3aMellle- FrorTa

HHUIO TEINIOOOMEHHHUKA KOHACHCATOM, 4YTO B

.

- D>

1 ~

CBOIO OYUCPCAb CKaXCTCA Ha CYMMapHOP'I BC-

Y
Y

Tl
1
_|

N

anyuHe Kod((uIMeHTa nepeaayd Teriaoo0-

Y

N

MCHHHUKA, a CJICAOBATCIIbHO, U Ha CKOPOCTHU

Teruionepenayn. Takas cUCTeMa pearupyer

Oonee MCAJICHHO, 4YCEM CHCTCMa C KJaIlaHOM

Ha JIMHUU Tapa, e€ npumMeHenue pekomenay- Puc. 5.13. Cxema peryimpoBaHus TTOBEPXHOCTHOTO
TEIJIOOOMEHHUKA OalMmacupoBaHUEM  XOJOJHOTO

€TCS JIMIIb TPH OTCYTCTBHU PE3KHUX BO3MY-
TEIIOHOCUTEIS (TIPOIYKTA).

nieHud no Harpyske. Ho Bmecte ¢ Tem oOHa

IMO3BOJIACT JIy4IIC MCIIOJb30BaTh TCIIJIO BOASHOIO IIapa, TaK KaK 3HAYCHUA €TI0 JaBJICHUA U TEMIICpa-

40



TYPEL 60.]'[66 BBICOKH BCJICACTBUC OTCYTCTBUA JOMOJHUTCIIbHBIX THAPABINYCCKUX COHpOTI/IBJIeHI/If/'I Ha
napompoBoac, a OTBO)IPIMI)Iﬁ KOHACHCAT NPHUHUMACT TEMIICPATYPy HCCKOJIbKO MCHBIIYIO, UYEM TCM-
nepaTypa KOHJICHCAIUM TMapa. JTO MO3BOJSET MOBBICHTH 3P(HEKTUBHOCTh PabOTHI TETIIO0OOMEHHHKA
Ha 5-7 %. Kpome Toro, mo pazmepam KJiamnaH, yCTAaHOBJICHHBIN HA JIMHUKM OTBOJIa KOHJCHCATa OyIeT

MEHBIIIE TOT0, KOTOPBIM YCTaHOBIIEH Ha JIMHUM [10JJa4H I'PEIOLLEro Mapa.

KoppextupoBka 1o
TeMIepaType

L,

Konnencar Konnencar
— —

[Iponyxr
[IpomyxT

a 7]

Puc. 5.14. a — cxema perynupoBaHus paOOThI TETTIOOOMEHHHMKA BO3JICHCTBUS HAa PACXO T'PEIOIIETO
nopa; 6 — KackaJHasi CicTeMa peryJupoBaHMs TEMIEpaTypbl MPOAYKTa.

[Iponiecc koOHAEHCAMM TEXHOJIOTHYE- @

CKOTO TPOIYKTa MOXET OBITH OXapaKTePH30- ::
———

BaH TeMnepaTypoﬁ KOHACHCATa 3TOIr0 MpoayK-

[Tap
Ta. HemocpencrBeHHOE peryjaupoBaHUE ITHX

BEJIMYUH C BO3JCHCTBUEM Ha pacxoj mapa, siB- @
I

JAIONIMNACS HArpy3KOM KOHJIEHCATopa, He

Konnencar
npeaACTaBJIACTCA BO3MOIKHBIM.

B ostom cinydae Hambosee LIMPOKO

IIponyxr

MMPUMCHAIOT CXEMBI, npeayCcMaTpuBaromme
HOJVICPKAHNC  TIOCTOSAHCTBA JIABJICHUA  IIAPOB  pye, 515, Cxema perylIupoBanus paboThl TEIIO-

TEXHOJIOTHYECKOTO TPOAYKTa C BO3ICHCTBHEM OOMEHHMKA TyTEM BO3JIECHCTBHS HA PACXOJ KOH-
JleHcara.

Ha pacxoJ| XJaJareHTa WM KOHJEHCaTa, TaK

KaK KOHTYPBI PETyJIMPOBAHUS NABJICHHS JOCTATOYHO JUHAMHYHBLI. PerynmpoBaHue ypOBHS MyTEéM

oTBoja KoHaeHcaTa (puc. 5.16, a) obecrneurnBaeT coOMIOIEHHE MaTEPUATBHOTO OaaHca KOHIEHCATO-

pa. Ilo pacxomy XjamareHTa MOXKHO CyIUTh O TEIUIOBOWM Harpy3ke oObekTa. M3MeHeHue pacxona

KOHJIeHcaTa npoaykra (puc. 5.16, 6) o0yciaBIuBacT U3MEHEHHE TEINIOOOMEHHOM MOBEPXHOCTH, OJ1a-

roaapsa 4aCTU4HOMY 3allOJIHCHHUIO KOHACHCATOpa KUAKOCTBIO. HOCJ’ICI[HGC, BCJICACTBHUEC TOI'O, 4TO IIpH

KOHACHCAalIuH1 KOB(i)(l)I/IHI/IeHTI)I nepeaayn mapoB 3HAYUTCIBHO BBIIIC, YEM IMPHU OXJTAXICHHUU KOHICH-
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caTa, MPUBOJUT K U3MEHEHUIO CKOPOCTH Teruionepeaaun. TerioByo Harpy3Kky o0beKTa OmpeeistoT

M0 TCKYIIEMY 3HAYCHHIO YPOBH KOHACHCATA.

ITap (mpomykr) < I u

—

XJlagareHt @
XJlagareHt

Konpnencar

PRC

Kounnencar u G

Puc. 5.16. Cxembl perynupoBanusi paboTbl KOHIEHCATOPOB ITyTEM BO3JIECHCTBHS Ha PAcXOJbl Xj1aaa-
renta (a) u kongeHncara (6).

5.3. Aemomamu3auyusi mpy64yamsbix neyedu.

[IpokaumBaeMbIii uepe3 3MEEBUK TPyOUaTON MeUn MPOIYKT HarpeBaeTcs 3a cueT Teruia oopa-
3YIOILIETocs MPU CKUTaHUU TOIUIMBHOTO rasa.
Leab peryiupoBaHusi TPyOGUaThIX Nedeil mojepaHHe MOCTOSHCTBA TEMIEpaTyphbl Mpo-

AYKTa Ha BbIXOAC U3 IICYH.

Pacxon ucxoaHoro npoykra

>

Temmeparypa HCXOIHOTO MPOYKTa)

>

PacxoJ TorummBHOrO raza

>
>

KonudecTBo TOmIMBHOTO ra3a Temneparypa IpOIyKTa
-
> >
Pacxon Bo3zmyxa Ha BBIXOIC Q,, -

Y

Temmneparypa Bo3yxa

Y

ITorepu Temna B OKpy»Karollyro
cpeny

Y

Puc. 5.17. CtpykTypHas cxema peryJIupoBaHus TpyOUaThIX MeUEH.

BO3MyIHeHI/IﬂMH 00beKTa ABJAIOTCS:

— Pacxon u remneparypa HCXOAHOIO NMPOAYKTA.
— TennotrBopHas crioCOOHOCTH TOTUIMBA.
— KonunyectBo u TemnepaTtypa Bo3ayxa, 01aBa€MOro JJisl COKUTaHUs TOIUIHMBA.
— Tlorepu Temia B OKpY>KaroUIyIo cpeay.
OTH BO3MYILEHUS MOXHO CKOMIEHCHpOBaTh ¢ nmomomibio ACP TeMnepaTypbl npoaykTa Ha

BBIXOJIE M3 I€YH, YIPABIAIOIICH NoJaueii TomnuBa B neyb. OnHako TpyOuaThie meyn o0aaiaroT 3a-
[Ia3/1IBAHKEM 110 II€peade TeIla OT ABIMOBBIX I'd30B YEPE3 CTEHKY 3MEEBHMKA K IIPOXOJSILEMY I10

3MeeBHUKY IpoayKTy. Kpome Toro, mepexoaHslii mpoiecc 1o KaHaiy 'pacxoj TOIIMBA — TeMIIepary-
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pa IpoAyKTa Ha BBIXOZE" MPOJOJIKAETCS HECKOIBKO 4acoB. [103ToMy Ipu UCOIb30BaHUN OAHOKOH-
TypHoii ACP auHamuueckas ommnoKa U BpeMsl peryJIMpoBaHMsl TOCTUTaeT OOJIbIINX 3HAYEHUI.

Bwmecte ¢ Tem TemmnepaTypa ra3oB Haj IepeBaIbHOM CTEHKOW TOCTATOYHO OBICTPO pearupyer
Ha M3MEHEHHE pexuma padoThl Mmey, 00yCIOBICHHOE W3MEHEHHEM KOJIWYeCcTBa TOIUIMBHOTO T'a3a,
[10/1aBa€MOTI'0 Ha CKUT'AHUE.

[ToaTomy cyliecTBEHHOE YJIydIlIEHHME KauecTBa PEryJUpOBaHUS TeMIIEpaTyphbl IPOAYKTa Ha
BBIXO/I€ U3 ME€YH MOXET ObITh JOCTUTHYTO MPUMEHEHUEM KACKAJIHOM cXeMbl peryJIMpoBaHus, PIC.
5.18, cocTosieit U3 peryssitopa TeMIepaTypsl IPOAYKTa Ha BBIXOJE U3 Meur (KOPPEKTUPYIOIIUA pe-
TYJIATOP), BO3JCHCTBYIOIIETO Ha 3a/IaHHE PEryJIiTOpa TeMIepaTypbl T'a30B HaJl EPEBAIbHOM CTCHKOM
(cTaOMMM3MPYIOLIUiT PETyIATOpP), KOTOPBIH yIpaBiIseT Hoaueii TomiuBa B neub. CTaOMIN3UpyOIInit
pEryJsTOp HauYMHAET KOMIIEHCUPOBATh BO3HUKAIOIME BO3MYILEHHUS, BIMSIONIME HA MPOLECC Cropa-
HUS TOIUIMBA IPEXK]IE, YEM OHU MIPUBEAYT K U3MEHEHHIO TEMIIEpaTypbl MPOAYKTA.

[Ipu pe3kom M3MEHEHNHU NEPErpy3KU M€Y 110 pacXoAy HarpeBacMoro MpoayKTa U Ipu HaJU-
YUY BO3MYILEHUS IO PACXOJy TOIUIMBA UCHOJBb3YIOT TAKXKE BBILIE OMUCAHHYIO CXEMY KacKaJHOTO
peryMpoBaHusi, CTAOMIM3UPYIOLIUI PETYIATOP KOTOPOI BO3JCHCTBYET Ha PEryJsiITOP COOTHOLIEHUS
pacxoJloB MpOJAyKTa M TOIUIMBAa. B 3TOM ciydae peryJsitop COOTHOLIEHHS YNpaBJjsieT Mmoaavei

TOILUIMBA B MeYb, puc. 5.19.

Crabuni3upyOIHil peryasTop Koppextupyromuii peryastop

S
/

Iponyxr

TonauBHEIN a3

[lepeBasibHas cTeHKa €YU

Puc. 5.18. Cxema cBSI3aHHOTO PETyIMPOBAaHUS MPOIEcca B TPyOUaTOM MeUHn.

[Ipy npuHYIUTEIBHON NIO1aYe IEPBUYHOIO BO3LyXa ONTUMAJIBHBIN €TI0 Pacxol, IIpU KOTOPOM
TEMIICpATypa B TONKC IMPUHHUMACT MAKCUMAJIbHOC 3HAYCHUC MNOAACPKHUBAIOT IMMOCPCACTBOM PEryJisi-
TOpa COOTHOIIEHHUs TOIUIMBHBIN ra3 — Bo3ayXx , 00eCleunBaoIIero 3aJaHHoe 3HadyeHue K03 hu-
IIMCHTA U30bITKA BO3/yXa, ONPEICIISIONIEI0 HHTEHCHBHOCTD MPOIIecca CrOPaHHMs.

Ecmu IIpU 3TOM TCIIJIOTBOPHAA CHOCO6HOCTB TOIUIMBA CYIIECTBCHHO U3MCHICTCS, TO Ha PCry-
JSITOP COOTHOIICHHS HANPABISIOT KOPPEKTHPYIOUINI CUTHANI OT PETYJIATOpa CTaOMIIM3AluU COJep-
KaHUs KHCIIOPOJa B TOTIOYHBIX ra3zax. JTo 00ecreunBaeT MOJTHOEe CrOpaHue TOIUTMBA M BBICOKOE Ka-

YCCTBO PECTYJINPOBAHUA.
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CuJIBbHBIM BO3MYIICHHEM PEXHMa paboThl TPyOUyaThIX Me4Yei cCO CTOPOHBI TOIUTMBHOIO ras3a
ABJIIETCS U3MEHEHHE €ro JaBJieHMs. DTO U3MEHEHUE KOMIIEHCUpYIoT BBeAeHueM B ACP temmepary-
PBI IPOAYKTA HA BBIXOJAE W3 MEYM JONOIHHUTEIBHOTO PEryaaTopa AaBJIeHHs, 3alaHue aH KOTOPBII

MOJAar0T OT PEryJIATOpPa TEMIICPATYPhI B TOIIOYHOM ITPOCTPAHCTBC.

Y

Perymsarop
cootHotenus / FERC

IIponyxt

TonnuBHBIN ra3

Puc. 5.19. Kackagnas cxema peryJaupoBaHus TpyO4aToil nmeyu ¢ peryasiTopoM COOTHOILICHHS "TOM-
JUBHBIN Ta3 — MPOAYKT".

Takune cucTeMbl 00ecIeYNBaIOT KaUECTBEHHOE PEryJIMmpoBaHuC pacxoa TOIIMBHOTO ra3a, Tak

KaK pacxoj] raza B OOJBIION CTETICHH 3aBUCHT OT €r0 JaBICHHUS.

@

rasa

Perynsrop nasne-
HUSI TOIUTUBHOTO

TonuuBHBIN ra3

FFRC

IIpoxyxt

Bo3zayx QRC

Puc. 5.20. Kackagnast cxema peryJimpoBaHus TEMIEpaTypbl IPOAYKTa Ha BBIXOJIE C PEryJISTOPOM CO-
OTHOIIICHHUS "TOIJIMBHBIN Ta3 — BO3AYX U KOPPEKIMEH MO COAEP)KaHUIO KUCIOPOIa B TOIMOYHBIX Ta-
3ax.

Tak kaK 3aBUCHUMOCTb TEMIIEpaTyphbl B TOMKE OT COOTHOIICHMS "TOIUIMBO — BO3AyX' HMMEET
IKCTPEMAIIbHBIA XapakTep, MPH aBTOMATHU3AlMU TPyO4aThIX MEYel MPUMEHSIOT CHUCTEMBI 3KCTpe-

MaJIBHOTO PETYJIUPOBAHMUS.



Ha puc. 5.21 skcTpeManbHbIil PeryisaTop OTHICKMBA€T MAaKCUMaJbHbIC 3HAYCHUS TeMIIepaTy-
pBI ABIMOBBIX Ta30B HAJ[ MEPEBATBHON CTEHKOH, BO3JICHCTBYSI HA PETYJISTOP COOTHOIICHUS "TOILIUB-
HBIH ra3 —BO3yX'", yIPABIISIONINI MOIaueii IEPBUYHOTO BO3AYXa.

[Ipu perynupoBaHHU COOTHONICHHS 'TOIUIMBHBIN a3 — BO3AYX HEOOXOAMMO OOECIeuuTh
Mepbl 0€30MacHOCTH, TaK KakK MPU HEIOCTATKEe BO3/IyXa B TOMKE MOXET 00pa30BaThCs B3PHIBOOIIAC-
Hast cMech. ClieyeT mpeayCMOTPeTh OTPAaHUYCHHUS pacXojia TOILITUBA TaK, YTOOBI ATOT pacxoi HUKO-
IJ1a He TPEBBIIIAl MAKCUMAIIBHOTO JOIyCTHMOTO 3HAYCHHUS, COOTBETCTBYIONIETO TEKYIIEMYy 3Haue-
HUIO pacxoja Bo3ayxa. [Ipy yMeHBIIEHHH pacxojia BO3AyXa OTHOCHTEIBHO OIPENEICHHOTO 3HaYe-

HUS HYKHO 00s13aTeIbHO aBTOMAaTHYECKH YMCHBIIATH MMOJJa49y TOIUIMBA B TOIIKY.

DKCTpeMaTbHBIH
peryJistop

TRC TRB
_/

PRC

)

TonnuBHEIH ras —

[
:@RC
IIponyxy

Bosznyx QRC

Puc. 5.21. Cxema peryaupoBaHusi TEMIIEPATYPhl MPOIYKTA B MEYH C SKCTPEMAITBHBIM PETYIISITOPOM,
KOPPEKTUPYIOIIUM COOTHOIIIEHUE "Ta3 — BO3IAYX .

6. ABTOMaTM3aLus MacCOOOMEHHbIX NPOLIeCCOB.

MaccooOMeHHbIE TPOLIECCHI IIUPOKO PACIPOCTPAHEHBI B XUMHUECKOM TEXHOJIOTHU U TIpUMe-
HSIFOTCS C LIEJIBIO!

— Ppa3aciicHus CMECH BCIICCTB;
— NOJY4YCHHC LCJICBOr0 NPOAYKTA 3aJaHHOI'0 COCTaBa NIyTEM NIEPEBOAAa OAHOTO UJIU HECKOJBKHUX

KOMIIOHEHTOB M3 OHOH (a3bl B IPYTYIO.

OCHOBHOH peryJupyeMor BEIUYMHOM B TaKMX MPOIIECCaxX SBJISIETCS KOHUEHTPALMS ONpese-
JICHHOTO KOMIIOHEHTa B MOJIYYEeHHOM MPOAYKTE WJIM COJEpKaHUE B HEM MpPUMECEH, OmpenensieMblX
aHajgu3aTtopamu KaudectBa. [IpuueM, npeanouTuTesbHee ONpenessiaTh COAEpKaHUe IPUMECEei, TaK Kak
IIpru 3TOM MOXKCET 6I>ITI) obOecrieuena 0ombIIas YYBCTBUTCIIBHOCTD, YCM IIPU U3MCPCHHUHN KOHICHTpPA-
[IUHY TIEJIEBOTO TMPOIYKTA.

B psine ciydaeB npoiieccbl MacCOOOMEHa YCIEIIHO PEryJIUPYIOT MO0 KOCBEHHBIM MTOKa3aTesIM
(MI0THOCTB, MOKA3aTENU MPETIOMIICHUS CBETA U T. JI.), YTO HE TPeOyeT YCTAHOBKU JOPOTOCTOSIINX
aHaJIN3aTOPOB.
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MHTEeHCUBHOCTH MPOTEKAHUS MAacCOOOMEHHBIX MPOIIECCOB 3aBUCHUT OT THAPOAMHAMHUYECKOTO
pexuMa, TOTOKOB BEIIECTB B TEXHOJIOTHYECKUX alllapaTax, a TAKkKe OT TEIJIO- U MacCOOOMEHa MEX-
Iy 3TuMU notokamu. Kak mpaBuiio, amnmaparbl, B KOTOPBIX MPOTEKAIOT MaCCOOOMEHHBIE MPOLECCHI,

o6naz[a10T OoNBIIION HHCPUOHUOHHOCTBIO U 3aI1a3/IbIBAHHUCM.

6.1. Aemomamu3ayus npouecca pekmugukayuu.

PexTuduxanus — pazneneHrie MHOTOKOMIIOHEHTHBIX KUIKHX CMECEH HA NPAKTHYECKHU YUC-
ThIE€ KOMIIOHEHTHI. PekTudukaius ocHoBaHa HAa MHOTOKPATHOM TUCTUIUISIIIIH.

JAMcTHIIANMA — pa3fesieHue KUJAKUX MHOTOKOMIIOHEHTHBIX CMECEH Ha OTIMYAOLIUECS I10
cocTaBy (hpaKIiy MMyTEM YaCTUYHOTO UCTIAPEHUsI CMECH U KOHACHCAUU 00pa3yIouXcs apoB.

[Toy4yaemblii KOHIEHCAT OOOTANCH HU3KOKHUIISIIINM KOMITOHEHTOM, OCTATOK YKHJIKOW CMECU
— BBICOKOKHIISIINAM. J[UCTWIIISAIUS MPUMEHSCTCSI B XUMUYICCKOM, HEPTEXUMUIECKOH, (papMarieBTu-
YECKOM MPOMBIIIUICHHOCTH, JJa00OpaTOPHOI MPAKTHKE.

IIpounecc pekTH(UKAIMH OCYHIECTBJISAETCH IIyTEM MHOTOKPAaTHOTO KOHTaKTa MEXIy He-
PaBHOBECHBIMU KHJIKOW U MTApOBOM (ha3amu, IBUKYITUMUICSI OTHOCUTEIBHO APYT ApyTa.

[Tpu B3aumoneicTBrM (pa3 MeX Ty HUMU MTPOUCXOTUT MACCO- U TETTIOOOMEH, 00YCIIOBICHHBIE
CTPEMJICHHEM CHCTEMBI K COCTOSIHHIO paBHOBecHs. B pesynbpTaTe Ka)kI0ro KOHTAKTa KOMIIOHEHTHI
nepepacnpenessirores Mexay ¢dazamu: map Heckonbko oboramaercs HK, a xxunkocts BK. Muoro-
KpaTHOE KOHTAaKTUPOBAHUE MPUBOAUT K MIPAKTUYECKU MMOJTHOMY Pa3JeiICHUI0 UCXOIHON CMECH.

OtcyTcTBHE paBHOBeCHS (M COOTBETCTBEHHO HAJIMUYWE PA3HOCTH TeMIiieparyp ¢a3) mpu JBHU-
XKeHUH (a3 ¢ omnpeesIeHHOM OTHOCUTEIbHOW CKOPOCThIO U MHOTOKPAaTHOCTh MX KOHTAaKTUPOBAHMS
SIBJIAIOTCSI HEOOXOIMMBIMH YCIOBUSMU MPOBEICHUS peKTU(DUKAITIH.

3agauya ynpasjeHHsl NPOLECCOM PeKTH(UKALIMU COCTOUT B MOJYYEHUH LIETEBOIO MPOAYK-
Ta 3aJaHHOTO COCTaBa MPHU YCTAHOBJICHHOW MPOW3BOJUTEIHLHOCTH YCTAHOBKU MPU MUHUMAIBHBIX
SHEPreTHUYECKUX 3aTpaTax TeIIOareHTOB.

Hcxoanas cmech (puc. 6.2) HarpeBaeTcs B TEIUIOOOMEHHHMKE 1 BOISHBIM MApOM JI0 TEMIIepa-
TYpbI KUTICHUS ¥ TIOCTYTAeT B PeKTU(DUKALNMOHHYIO KOJIOHHY 3 Ha TapenKy nutanus. Haxonsmascs B
KyO€ KOJIOHHBI KUJKOCTh HCIIAPSETCS B BBIHOCHOM KHITATUIBHUKE 2, 000TpeBAEMOM ITapoM, U B BUJIC
napoBoil (ha3bl MPOXOIUT BBEpX MO KosoHHE. [1apoBoil MOTOK, BHIXO/S U3 KOJIOHHBI, [TONAIaeT B OX-
JaKJIaeMBbIii XJIalareHTOM, HalpuMep, BOAOH, AeduermaTtop 4, rae napbl KoHaeHcupyroTcs. O6pazo-
BaBIIascs KuAKas (aza crekaeT Bo (IerMoByI0 EMKOCTh 5, OTKyZia HAcoCOM 6 HarHeTaeTcsi B BEpX-
HIOIO YaCTh KOJIOHHBI HA OPOIIICHUE B BHJIE ()JICTMBI M YACTUYHO OTBOAMTCS C YCTAHOBKH B BUJIC JTUC-
triuisTa. dierma cTekaeT BHU3 1O KOJIOHHE.

[Tpr MHOTOKpAaTHOM KOHTAKTE B PEKTHU(PHUKAITMOHHOIN KOJIOHHE MAapOBOT0 U JKUIKOTO TTOTOKOB,
JIBUOKYIINXCS HABCTPEUY JIPYT APYTY U UMEIOIIUX pa3HbIe TEMIIEPATYPhI, mapoBas ¢a3a odorammaercs
Oosiee nerkosietyunmu Hu3kokumsnmu komrnonentamu (HKK), a sxuakas dasa — TpyaHOIETYYMMU

BeICOKOKHUIIsIIMMU KomroneHTamu (BKK). Yacts kyOoBOTO mpoayKTa, Ha3plBaeMasi OCTaTKOM, OTBO-
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JUTCS C YCTAaHOBKU. LleneBpIMU POIyKTaMH PEeKTU(PUKALMOHHOW YCTAHOBKH MOTYT OBITH AUCTHILIST

WM KyOOBBIA OCTATOK, UTO OMPEACIISICTCS TEXHOJIOTUYECKON CXEMOM.

Ql Tl Fl P
Pacxox diermsr CocraB JUCTHILIATA
- ~~ ~ — - } g
Pacxon mapa B KUISITUIBHUK - =< - CocTtaB KyOOBOTO OCTaTKa
~ — ~ } >
_— _—

Q, —cocTaB HCXOJHOM cMecu
T, —rTeMmmepaTypa UCXOAHOM cMecH
F, —pacxon ucxoaHoit cmecu
P — JaBJICHHUE B KOJIOHHE
Pacxon ucxoaHoit cmecu
> Konrentparus (CocTaB) ANCTHILIATA

.
>

CocTaB UCXOIHON CMeCH
KonuvectBo (pacxo/) AMCTHILIATA

.
>
.
>

Jonst mapoBoii a3kl B HCXOMHOM CMecH
> KoHuenTparums npoayKTa Ha OTACIb-
HBIX (KOHTPOJIBHBIX) Tapesikax

S

>

Pacxon mapa gepe3 KUIATHIBHUK

.
>

CocraB KyOOBOTO IPOIYKTA

Pacxon diermsl >
>

. Pacxon kyb6oBoro npojaykra

Temneparypa UCXOIHON CMECH >
>

Temneparypa Bepxa KOJIOHHBI

Jasnenue B xonmonne | S >
.
—_

Temneparypa UCXOQHON CMeCH

CocTaB UCXOIHOM CMecH JlaBJeHre B KOJIOHHE

Pacxon ucxoanoit cmecu Jomst mapoBoit dassr
YYYVYY

Pacxon dhmermbt CocraB JUCTWILIATA

- -

A~ —

Temmneparypa Bepxa KOJOHHBI
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OCHOBHBIMHU PETYJIUPYEMbIMU TEXHOJIOIMYECKUMHU BEIIMUYMHAMHU SIBISIIOTCS COCTaBbI TUCTUII-
nsiTa Wi KyoboBoro ocrarka. Ha 4ucToTy 3THX 1€JIeBBIX MPOIYKTOB OKA3bIBAET BIMSHUE PSJl BO3MY-
HIAIONTUX BO3/ICHCTBHI MPoIlecca — COCTaB, MapaMeTphl TEIJIO- U XJIAJareHTOB, IaBJICHUE B KOJIOHHE
U IpyTHe BEIUYUHBI.

OcHOBHBIE yMPAaBISIONINE BO3ACHCTBHSI — pacxoAbl (hJIeTMbl B KOJOHHY M TETUIOHOCUTENS B
KAMATWIBHUK. [Iprnuém n3MeHeHune pacxoaa ¢JierMbl OTHOCUTEIEHO OBICTPO MPUBOJUT K U3MEHECHHUIO
COCTaBa JUCTHIIATA U OJHOBPEMEHHO C OOJBIINM 3ala3/IbIBAHMNEM U B 3HAUYUTEIHLHO MEHBIICH cTe-
MEHU — K U3BMEHEHHUIO COCTaBa KyOOBOI'O OCTaTKa.

N3meHeHue ke pacxojia rperolero napa npuBOAUT B OCHOBHOM K U3MEHEHHIO COCTaBa Ky0o-

BOT'0 OCTaTKa, COCTaB (bJIGFMI)I IIpU 3TOM U3MCHACTCA HAMHOTI'O ciabee.

CymectByeT 00IbLIOE KOJIMYECTBO CXEM ABTOMATHU3ALUU PEKTU(UKALMOHHBIX YCTAaHOBOK.
Ha puc. 6.2 ocymecTBisieTcst cTabMIn3aust OTACIbHBIX BEMYHUH C MOMOIIBIO JIOKAJIBHBIX OJJHOKOH-
TypHbIX ACP. D1t ACP cBsA3aHHBI MKy COOOH yepes mpolecc U 00ecreurnBaT coOI0AeHnEe Ma-
TEPUAJILHOTO U TEIUIOBOTO 0AJIaHCOB YCTAaHOBKH.

[Tponecc OCyIIECTBIAIOT B CHELUAIBHBIX YCTAHOBKAX — PEKTH(PHMKANMOHHBIX KOJIOHHAX,
COCTOSIINX M3 CAMOI KOJIOHHBI M BCIIOMOTaTEJIbHOTO 000y 10BAHUS.

1. Kontyp crabmnm3anuu pacxojaa UCXOIHOW cMmecH. M3mepuTenbHOE yCTPOHCTBO M peryliu-
PYIOIIUI KJTariaH MOHTHPYIOTCS IO TEIUIOOOMEHHUKA, /ISl TOTO, 9YTOOBI HCXOAHAS CMECH TPO-
TEKaJa 4yepe3 HUX B KUAKOHU dase.

2. HcxonHas cMech JIOJDKHA IOJaBaThCsl B KOJIOHHY (Ha Tapelky IHTAaHWs) NpPU TeMIepaType
KHUIICHHS, YTO JOCTUTACTCs PEryIMPOBAHUEM TI0/IauH mapa B TeriooOMeHHHK 1 (KoHTYp 2).

3. T'unpaBnuueckoe CONMPOTHUBICHHUE B KOJIOHHE MPAKTHMYECKH HE M3MEHSETCS, MOITOMY JlaBje-
HUE B KOJIOHHE JIOCTaTOYHO MOJIEPKUBATh TOJIBKO B OJIHOM MECTE, BBEpXY KOJIOHHBI. Ecnn
napel HKK monmHocThIO KOHIEHCHpYIOTCs B neduiermarope 4, TO NaBlICHUE PETYIUPYIOT U3-
MEHEHHEM pacxojia XJaJareHTa, rnojgaBaeMoro B nediermarop. Ecim ke dacTh mapoB He
KOHJECHCUPYETCA, WU B UCXOJHOW CMECH COJEPKATCSl UHEPTHBIE ra3bl, TO PErYJATOp JaBie-
HUS BO3JICHCTBYET Ha J[Ba KJIallaHa — OJIMH Ha JIMHUHM OTBOJA XJIaJareHTa u3 neduermaropa,
BTOPOH Ha JIMHUU OTHYBKHU. IIpuuem He CKOHAEHCHpOBABILMECS MHapbl COPAcBHIBAIOTCS U3
(1erMoBOil eMKOCTH TOJIBKO IPH MAaKCHUMaJIbHOM PACXOe XJIaJareHTa uepes aediaermaTop u
MPOJIOJKAIOIIEMCS IOBBILICHUH JABJICHUS B KOJIOHHE (KOHTYD 3).

4. Ecnu 1eneBoi NpoAyKT JUCTHILIAT, TO OCHOBHOM MapaMeTp KOJIOHHBI — COCTaB MapoB BBEPXY
KOJIOHHBbI. COCTaB AUCTHIUIATA PEryIUPYIOT U3MEHEHUEM oJ1auu (uierMbl B KOJIOHHY. Pery-
JMPYIOLIMH OpPraH yCTAaHABJIMBAIOT HA JIMHUMU Tojaadu ¢uiermbl B KonoHHY (koHTYp 4). Co-
IJIaCHO IMpaBuia a3 npu pasjesieHu OMHAPHOW CMECH, €CJIH JIaBJICHHUE B KOJOHHE MOCTOSH-
HO, COCTaB AMCTUJUIATA U TEMIIepaTypa Bepxa KOJIOHHBI OJIHO3HA4YHO cBsi3aHbl. [loaromy B
KOHTYp€ 4 UCTOYHUKOM MH(OPMALMU SABJSIETCSA TeMIepaTypa Bepxa B KOJOHHBI. Eciu uucio

TAapeJIOK BCJIHUKO, TO AJI YIYHUIICHUS KAa4YC€CTBa PETYJIHUPOBAHUA TCMIICPATYPY U3SMCEPAKOT Ha
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TaK Ha3bIBAEMOW KOHTPOJBHOW Tapelnke, I7ie TeMiepaTypa Oosiee 4yyBCTBUTENbHA K TOJaue

¢ermel 1 TIe 00ecreunBaeTCsl MEHbINEE 3ara3/IbIBaHne MPH U3MEHEHHH COCTaBa MCXOIHOM

CMECH.

B HacTosimiee Bpemst IpeioyTUTENbHEN IPSIMOe peryJIupoBaHKe 10 COCTaBY AUCTHIUIATA, HO aHAU-
3aTOpBI COCTaBa MEHEE HAJIC)KHBI.
5. Marepuanbhbpiii 0anaHc B koyioHHE nojaepkuBatoT ACP ypoBHs BO (iiermMoBoil eMKocTu 5

(xouTYp 5).

6. Ilpu Mano u3MeHsoIEMCs COCTaBe UCXOIHOW CMECH M0Jlaua IPErOIEero napa B KUMSATUIBHUK

2 cTa0WIM3HpYeTCs PErysaTOpoM pacxoaa mapa (KoHTyp 6).

7. MarepuanbHblii OanaHc HCYeprbIBaoliell (OTTOHHOW) YacTH KOJOHHBI mojziepkuBaet ACP

ypOoBHS B KyOe (KOHTYD 7).

Ecnu neneBoil mpogyKT — KyOOBBI OCTAaTOK, TO K MPOLIECCY B MCUEPIIBIBAIOLIEH YacTH KO-
JIOHHBI TIPEIBABIAIOTCS OoJee xecTkue TpedoBanus. C 3TOM LeNbl0 COCTaB KyOOBOIO OCTaTKa pery-
JTUPYIOT U3MEHEHHEM TI0/Jauy 1apa B KUIIATHIBHUK KOJIOHHBI.

ITponiecc mapooOpa3oBaHus B KUIATWIBHUKE ONPEIENseT ITMIPOAUHAMUYECKUN PEKUM B KO-
nonHe. [Ipu HegOCTaTOUHOM MapoOOpPa30BaHUM — CHUXKEHUE NMPOU3BOAUTEIBHOCTH YCTAHOBKH; MPH
n30BITOYHOM — "3axy1e0bIBaHUE" KOJOHHBI.

[Taps! pucTriisATa
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Puc. 6.3. BapuanT cxeMbl KaCKaJHOTO PETyJHpPOBaHHUs mpoiecca pekTudukanuu (eaeBon

Konneuncar

POIYKT — AUCTHILIAT).



Henocratok cxembl ctabunuzanuu u3 oTaeabHbix ACP — Bo3MyIaromnume Bo3IeiCTBUS CyIiie-

CTBCHHO U3MCHSIOT PCXKUM pa6OTI)I KOJIOHHBI BCJICACTBHEC 00JIBIIIOTO 3ara3/ibIBaHHuA 00BEKTA.

=

JU1 TOBBILIEHHS KayecTBa pasze-
nenust cMmecu B ACP OCHOBHBIX BEJIMYMH
BBOJISIT KOPPEKTUPYIOIIUE KOHTYPHI (pHC.
6.3).

1. Tlomaua ¢aermMsl B KOJOHHY —

WcxoaHas cMech

Hapm JUCTHILIIATA

TPEXKOHTYpHAsl CUCTEMa PEryJiu-

poBanus. Perynsatop cocraBa 1B

JAeT CUTHAJI KOPPEKIUU Ha pPery- g
[}

JsTOp TemmepaTtypsl 16, a 3ToT, B PN 8

CBOIO O4Yepellb, KOPPEKTUPYET 3a- -

JlaHHe peryisaTopy pacxoza la. Puc. 6.4. [IpumeHeHue peryasTopa COOTHOIIECHUS pac-

2. Ecnm neneBodl mpoayKT W KyOo-  XOJOB UCXOAHON cMecH U (DIIerMbl ¢ KOPPEKIUet mo

BRI OCTAaTOK, TO Ui oOeciieye- COCTaBY.

HUA C€ro 4YHCTOTbl IIPUMCHAIOT

CHCTEMY PEryJIMpOBaHUs pacxoja Mapa B KUIATHILHHUKE (2a) C KOPPEKIMEH 10 TeMIlepaType

B OTTOHHOM (MCYEPIBIBAIOIICH) YaCTH KOJIOHHBI.

3. Ilpu nanpHeiimem pasneneHur KyOOBOTO OcTaTKa HEOOXOIUMO 00ECTIEYUTh ITOCTOSTHCTBO €T0

YPOBHS B KyO€ W IMOCTOSTHCTBO MOAAYM Ha CISAYIONIYI0 YCTaHOBKY. [l aToro co3gator ACP

pacxoja co CTaOUIU3UPYIOIIUM PETYISTOPOM pacxona 3a U KOPPEKIHel Mo ypoBHIO B Ky0Oe

36.

Kackannbie cxembl ACP ynyumiaioT paboTy KOJOHHBI, HO MOT'YT KOMIEHCUPOBaTh HE3HAUU-

TeJbHBIE KOJICOaHUs COCTaBa U pacxoja ucxoanoi cmecu (puc. 6.3).

[Ipu xoneOaHUsAX pacxojia UCXOAHOM
CMECH IPUMEHSIOT PETYISATOP COOTHOIICHUS
UCXOJHON cMecH M pacxona Quiermsl. 3ana-
HUE PETYJSATOPY COOTHOUICHUS KOPPEKTH-
PYIOT PpEryjisiTopoM cocTaBa JIUCTHILIATA
BBEpXY KOJIOHHBI. [Ipu yBennueHuu pacxoaa
UCXOJHOW CMECH PETYJSATOP COOTHOIIEHHUS
yBEJIMUMBAET pacxoj] (uermbl U HA00OPOT.
CaMO COOTHOILIEHHE PACXOA0B KOPPEKTUPY-
eTcs peryasTopom cocrasa (puc. 6.4).

Ecnu mone3Hslil mpoayKT — KyOOBBIiA
OCTaTOK M Ba)KEH €ro COCTaB, TO UCIOJB3YIOT

CXEMY COOTHOLICHHUA PACXod0B HCXO,Z[HOﬁ

WcxonHas cMech

I'perouii nap
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Puc. 6.5. [Ipumenenue perynstopa COOTHOIICHUS
pacxoloB HMCXOIHOM CMECH M TpPEIOILEro Inapa c
KOpPpEKIHel 1o cocTaBy KyOOBOTO OCTaTKa.



CMECH M pacxoja TPEoIero napa B BHIHOCHOW KHITATHIIBHUK C KOPPEKIHEW M0 COCTaBy KyOOBOTO

ocratka (puc. 6.5).

Takue cxeMbl pearupyloT Ha H3MEHEHHE pacxojia UCXOJAHON CMECH TPEeXKIEe, YeM 3TO BO3MY-

IIEHHE CKaXKETCs Ha paboTe KOJOHHHBI.

[lpy 3HAYUTEIILHOM W3MEHEHHH CO-
CTaBa MCXOJHOW CMECH B CHCTEMbI PETyJIUPO-
BaHMs COCTaBa JMCTH/UIATA U KyOOBOro oc-
TaTKa BBOJAT JIOMOJHHUTEIIBHBIC KOHTYpa pe-
T'YJIMPOBaHUS, OOBIYHO KOPPEKIIUIO MO COCTa-
BY MCXOJIHOH cMecH (puc. 6.6).

[Ipu OTCYTCTBMH aHAIN3aTOPa COCTaBa
HUCXOJIHOM CMeCH KOoJicOaHHs COCTaBa MOYHO
KOMIICHCUPOBATh PETYJISATOPOM COOTHOIICHHUSI
pPacXo/IoB JUCTWUISATA W HUCXOJHON CMECH,
KOTOPBIN SIBJSICTCSI KOPPEKTHPYIOLIUM ISt

perymnstopa pacxona duermsl. Perynsrop co-

Tlapsl gucTuiuisiTa

@ HKK
= 5

-

Wcxonnas cMech

dnerma

Puc. 6.6. BapuanT cxembl peryJupoBaHusi COCTa-
Ba JUCTWUIATA NPU UCIOJIb30BaHUM aHAIN3ATOPA
COCTaBa UCXOJHOHN CMECH.

OTHOIICHHS NOJTy4aeT CUTHAJl KOPPEKIMU OT PETyJsiTopa cocTaBa napos auctuiuisita (puc. 6.7).

HpI/I OAHOBPEMCHHOM HM3MCHCHHH COCTaBa M pacxoja I/ICXOI[HOI71 CMCCH NPUMCHAIOT CXEMY

pEeryJMpoBaHus C BBIYUCIUTEIBHBIM YCTPOUCTBOM JuIs onpenenenus konmdectsa HKK B nexonnoi

cmecu (puc. 6.8).

Hapm JUCTHILIATA

dnerma

@ HKK

FFRC

I/ICXOI[HaSI CMECH NN

JIucTrisT

87

Puc. 6.7. Cxema peryiupoBaHHs COCTaBa AUCTUIIIATA C YYETOM M3MEHEHHs COCTaBa UCXOIHOM cMe-

cu (0e3 aHanM3aToOpa COCTaBa UCXOIAHOM CMECH).
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Ilapsl qucTuIsITa

/J-\ dnerma

F— 5

HUcxonnas cmech NN

Puc. 6.8. BapuaHT cxembl peryJaupoBaHusi cOCTaBa JUCTHIUISATA C YY€TOM M3MEHEHHUS pacxoja U co-
CTaBa UCXOJHOW CMECH.

[Hocnennue Bapuantsl cxem ACP NpHBOJAT K MOBBIIICHUIO KayecTBa pabOThI KOJOHHBI, Ka-
YecTBa LIEJIEBOr0 MPOJYKTa, YBEJIMYEHHUIO BBIX0J1A, CHWKEHHUIO 3HEpProsarpar Ha MpPOBEACHUE IpPO-

necca.

6.2. Aemomamu3ayus npoyecca abcopbyuu.

AOcopOuus — 3TO MPOLECC MOTJIO- Las

IIEHUST ONpPENEIEHHBIX KOMIIOHEHTOB HMC- A+B+C

XOJHOM Ta30BOM CMECH MpU €€ KOHTAKTH-

POBAHUH C KHUIKOCTHIO (AOCOPOESHTOM). Y

Ieapio ynpaBjieHHEM HPOLECCOM AbcopOent

a0copOuum siBjsieTcsl MOJJAEpPKAHUE T10-

CTOSIHCTBA 32/IaHHOI KOHIIEHTPAIlUH 3a-

JTAHHOT0 KOMIIOHEHTa B 00¢JHEHHOM ra- OGeméHmbi ra3 T Ay S———

B+C+A abcopbent

3€, a TAKKE co0JII0IeHIE MaTepuajJabHOI0

U TeIJIOBOro 0ajJaHCcOB a0COpPOLMOHHOM
YCTAHOBKH.

B psine cimydaes 11enbpio mporiecca abcopOmuu sSBISIOTCS MOTYyYeHHE HACBIIIIEHHOTO aOcopOeH-
Ta 3aJJaHHOT'O COCTaBa.

KoHnieHTpanuio n3BiekaeMoro KOMIIOHEHTa B OO€JHEHHOM ra3e MOXKHO OMPEACIIUTh 10 pa3-
HOCTH KOJIMYECTB MU3BJIEKAEMOT0 KOMITOHEHTA, TIPUXOJISIIETO C CHIPhEM H TOTJIONIAeMOro U3 Hee ao-
COpOEHTOM B €IMHHUILY BPEMEHHU.

Ha npouecc abcopOruu pemiaroiiie BIUSHUE 0OKa3bIBaeT IBUKYILAS CUJIa, KOTOpas Ompeeris-

eTCs OTHOCUTEIIBHBIM PACIIONOKEHHEM paboyeil  paBHOBECHOM JIMHUEH mporecca.
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JlaBnenue B abcopbOepe —>
Konnentpanus cienoB A B o0e-
PaCXOH HaCBIIIICHHOI'O Ira3a — > — HéHHOM rase

KoHneHTpanys HachIIeHHOTO raza——>1
Pacxon HackleHHOTO abcopbeHTa ———>
Pacxon o0enHéHHOIO rasa —_—

Pacxon ncxognoro abcopbenra ~————

TemnepaTypa abcopbenra B a6- 3
copbepe

KoHneHTpanus HaChIIEeHHOTO

abcopOeHTa

Puc. 6.9. CtpykrypHas cxema

[Tonoxenue paboyeil IMHUM 3aBUCUT OT HAYAJIbHOM ¥ KOHEUYHON KOHIIEHTpAIMil KOMIOHEHTA
B 00eux ¢azax, a MoyIo)KeHUE PaBHOBECHOM JIMHUU — OT TeMIIepaTyphl U JaBiieHud B ammapare. U3
3TOTO CIEAYeT, YTO KOHIEHTPAIUs U3BIEKAeMOT0 KOMIIOHEHTa B 00€THEHHOW CMECH 3aBUCHUT OT €T0
HayvaJbHbIM KOHIIEHTpALUH B ra30BOM M *KHUIKOH (pa3ax, pacxoja MmocTymnaromei ra3oBoii cMecH, ot
OTHOCHTEIIHOTO pacxoa abcopOeHTa, a TakXKe OT TEMIIEpaTyphl U AaBICHHS B ajgcopoepe.

N3MeHenue pacxoa ra30BoOM CMECH UM HayaJlbHBIX KOHIICHTPAMid U3BJIEKAEMOr0 KOMIIOHEHTA
B (azax MpeAcTaBisioT COOOM BBHIXOAHBIC BEIIMYMHBI MPEAbIIYIINX TEXHOJIOTHUECKHUX allapaTos, a,
CJIeIOBATENIbHO, MPEJICTABISIOT cOO0K OCHOBHBIE BO3MYIICHHUs Tpolecca abcopOumu. Perynupyro-
MM BO3JICHCTBUEM SIBIISIOTCS PACXO/Ibl CBEXKEro abcopOeHTa, 00€CHHOT0 ra3a U HaChIIEHHOTo a0-
copOeHTa.

Cxema crabuiam3anuu npuBeneHa Ha puc. 6.10.

OCHOBHBIMU YIPABJIAIONIMMHU BO3JACUCTBUAMH, MOACPKUBAIOIIMMH KOJIMYECTBO KOHIICHTpa-
IIUM U3BJIEKAEMOT0 KOMIIOHEHTa B 00€HEHHOM rase, SBISeTCS U3MEHEHHE pacxoja CBeXero abcop-
O€HTa, OCYIIECTBIIIEMOE PETYIITOPOM pacxoja. Takas cxema o0ecredrBaeT MpUeMIIEMOe KaueCTBO
peryaupoBaHus TOJIBKO IPU PaBHOMEPHOM MOJaue UCXOIHOTO MPOIYKTa U MOCTOSHHBIX HadaJlbHBIX
KOHIIEHTPAIUAX U3BJIEKAEMOT0 KOMIIOHEHTAa B Ta30BOU U KUIKOM (azax.

Temmneparypa B abcopbepe 3aBUCUT OT TEMIIEPATyp TEIUIOEMKOCTEH M PacXoji0B ra30BOH U B
OoublIei cTeneHu KUIKOH (a3, a Takke OT MHTEHCHBHOCTH BBIJICJIIEHUS TEIUIa B mpolecce abcopo-
LMY U TIOTEPh TEIUIa B OKPY’KAIOIIYIO cpeny. BoibIIMHCTBO ATUX BEIMYUH KOJEOIETCs BO BPEMEHH,
YTO MPUBOAMT K HAPYIICHHUIO TEIJIOBOTrO OajaHca W M3MEHEHHUIO TemrepaTypsl B abcopOepe. I1oBbI-
IIEHUE TeMIIepaTypbl 3aMeJIsieT IpoTeKaHue npoiecca. Bo n3bexanue 3Toro A1 HHTEHCU(DUKALTUH

mporiecca abcopOeHT mpes mojaayeit ero B abcopodep 1 oxiraxaaroT B X0JIOAWIbHUKE 2. OXITaKICHHIE



abcopOeHTa MOXKHO MOIEPKUBATH TI0 €ro TEMIIEpPaType Ha BBIXO/IE U3 XOJOAMIbHHUKA, IPH 3TOM pe-

TYJISITOP BO3JAEHCTBYET Ha KJIAallaH, U3MEHSIOIINI pacxo/l XJIaJdarcHTa.

O

OO0enHéHHbIN ra3

TRC

XJlagareHt

HacelimeHnnsii ra3

Hcxonusiii abcopOeHT

Haceimiennslit abcopOeHT

Puc. 6.10. Cxema crabunmm3aiuu mpoiecca abcopOmmm.
1 — abcopbep; 2 — XOJIOIUITBHUK.

[ToBeiieHne naBneHusi B abcopbepe crmocoOCTBYET M3BICUCHHUIO HEHHBIX KOMIIOHEHTOB W3
MCXOIHOM ra3oBoil cMecH. [logaep:xkanue 3aJaHHOTO 3HAYEHUS JABJICHUS B BEPXHEN YaCTH KOJIOHHBI
TpeOyeT MPUMEHEHHUS PeryJsiTopa JaBJICHHMS, JCUCTBYIONIETO HA KJIAlaH, YCTAaHOBICHHBIA HA TPYOO-
MpoBOJIe 00€THEHHOT0 ra3a u3 abcopobepa.

Jlns mpenoTBpalieHus MPOCKOKa ra3oBoi cMecu U3 abcopOepa B JTUHHUIO HACBIIEHHOTO al-
copbenra B kyOe abcopOepa, coOUparoT HEKOTOPOE KOJIMYECTBO JKUIKOCTH, YPOBEHb KOTOPOU MOJ-
JCPKUBACTCS PETYJIATOPOM, YIPABJISIIONIMM KJIallaHOM, YCTAHOBJICHHBIM Ha JIMHUHM OTBOAA HACHI-
mieHHoro abcopbenra B aecopoepsl. ACP ypoBHs obecrnieunBaeT coOIIOACHHE MaTepuaabHOTO Oa-

naHca abcopOepa.

IIpu dKCIuTyaTanvy yCTAaHOBKU KOHTPOJIIO IOJUIEKAT PACXOAbI M TEMIIEPATypPhl BCEX MaTepu-
QIBHBIX TTOTOKOB, COCTaBbI UCXOAHON Ta30BOM cMecH M 00€IEHHOTOo Tra3a, ypoBeHb B KyOe abcopOe-
pa, JaBIICHUE U TIEperal JaBICHHS B HEM.

[Tpu mepeMeHHOM cOCTaBe M Pacxojie UCXOIHOM ra30BoOM CMeCH, MOCTymaroleil Ha abcopoep,
C IIETIbIO TIOBBIIICHHS KAueCTBa PETyJIMPOBAHUS 3a/JlaHHOW CTCICHU HM3BJICUCHHS KOMIIOHEHTOB W3

Hee, UCIOJIBb3YIOT MHOTOKOHTYPHBIE cucTeMsbl (puc. 6.11).
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l OO0OenHEHHBIN ra3

(7RO FRC
N N/

) XJlagareut

ORC

FRC

Haceplmennsii ras

Hcxomusbiii abcopOeHT

Hacwimennsiit abcopOeHT

Puc. 6.11. Cxema MHOTOKOHTYPHOTO pEryJIMpOBaHus mpoiiecca abcopOmu.
1 — abcopbep; 2 — XONOAUITBHUK.

KomreHcaluss U3MEHEeHUsI pacxo/ia UCXOAHOTO HACKIIICEHHOro Tra3a (Harpy3ku abcopbepa 1o
razy) oOecneymBaeTcsl MyTeM HCIOJIBb30BaHUSl PETYJSITOpa COOTHOLICHUS PAacXOJOB 3TOrO rasa u
cBexxero abcopOenTa. [lpu nmepemMeHHON KOHIEHTpAIMK M3BJIEKAEMOT0 KOMIIOHEHTa B MCXOJHOM Ta-
30BOM CMECH [JOINOJIHUTEIBHO IMPENyCMaTPUBAIOT KOPPEKTUPOBKY COOTHOIIEHUS PAacXoJ0B HAcChl-
IIIEHHOTO ra3a M CBeXero abcopOeHTa ¢ MOMOIIBIO PEryJIATopa KOHLEHTPALMHU U3BJIEKAEMOr0 KOM-
MIOHEHTA B Ta30BOM CMECH, BBIXOJ KOTOPOT'O HAIPABISAETCS B KOPPEKTUPYIOUIYIO KaMEpy PeryisTopa
cooTHoweHus. OTHaKO OCHOBHOM PETYJIMPYIOLIEH BEIMUYUHOMN B ATON CUCTEME SIBISIETCS] KOHIIEHTpa-
LU U3BJIEKAEMOr0 KOMIIOHEHTa B 00€JHEHHOM rase. Tekyliee 3HaueHHe JaHHOH BEIMYUHBI MOCTY-
naeT Ha CBOH peryJssiTop, BbIpabaThIBAIONIUI CUTHAN, KOTOPbIN B KauecTBE 3a/1aHuUs MOJaeTcs Ha pe-
TYJSTOP KOHLIEHTPAIIMH U3BJIEKAeMOI0 KOMIIOHEHTa B MCXOJHON ra30BOM CMECH, YTO TaKXKe MPHUBO-
JUT K U3MEHEHUIO COOTHOIIEHHS PACX0/1a BELIECTB, MOCTYHAIONINX B abcopoep.

C moMomIpI0 pacCMOTPEHHON CXEMBbl MHHUMHU3UPYIOTCS MTOTEPH LEHHOTO KOMITOHEHTA, CO-
JiepKallerocs B yXoJs1ieM o0eIHEHHOM Trase.

Hacplmennsiit abcopOent, oroupaemslii u3 Kkyba abcopbepa, HapaBJISIIOT HA AECOPOIHIO, T.€.
U3BJICUEHHE TIOTJIONEHHOTO B HEM IIEHHOTO0 KOMITIOHEeHTa. [109TOMy KauecTBEHHOE peryinpoBaHHUe
COCTaBa HACHIMICHHOTO abcOpOeHTa, €ClIM OH HE SBISETCS KOHEYHBIM MPOIYKTOM HE 00S3aTEIbHO;
JOCTaTO4YHO 00ECHeUnTh PAaBHOMEPHYIO MOAAaUYy HAaCBIIEHHOro abcopOeHTa B ecopdbep U 0JIHOBpe-
MEHHO MOJJIEPKUBATh MOCTOSHCTBO YPOBHs B KyOe abcopbepa. JIst 3TOro npuMeHsoT ABYXKOHTYp-

HYIO KaCKaJHYyI0 CHCTEMY PEryJMpOBaHUs, BO3JEHCTBYIONIYIO HA PAcXo OTBOANMOro u3 abcopdepa
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Ky0oBoro npoaykra. CTaOMIN3UpPYIOMIUM PETYISTOPOM B 3TOM CUCTEME SIBISETCS PETYJIISTOP pacxo-

Jla HACHIIIICHHOTO a0COpOeHTa, a KOPPEKTUPYIOIIUM — PETYJIATOP YPOBHS B KyOe aOcopOeHTA.
Bosmymienust mo pacxoay xjajgareHTa MOXHO CKOMIICHCHPOBATh C TOMOIIbIO KacKaJHOU

CUCTEMBI PETYJIMPOBAaHUs Pacxoja XJaJareHTa ¢ KOPPEKTUPOBKOM IO TEMIIepaType OXJIaKaaeMOoro

abcopOeHTa.

6.3. Aemomamu3ayus npoyecca abcopbuuu - decopbyuu.

Pacxon »xnakoit
(ha3sr A gepe3 KOJIOHHY E— —> Pacxop xuakoit hazer A

Temneparypa Bepxa KOJIOHHBI N

Pacxon mapa yepe3 KUIATHIBHUK —

Torok ancopGenta u3 5 —> CocTaB XHIKOi (azer A

JlaBiienue B 5 —_

Puc. 6.12. CtpykTypHas cxema

B npoMmbIIIeHHBIX cXeMaX HacChIEHHBIH a0COPOEHT ecOpOUPYIOT U PEreHePUPYIOT JIIsl TIO-
BTOPHOTO HCIONIb30BaHMs. Cxema aBTOMAaTH3aIlMM aOCOPOLMOHHO-AECOPOLMOHHON YCTaHOBKU C
3aMKHYTBIM KOHTYpPOM 10 abcopOeHTy npuBeeHa Ha puc. 6.13.

Cxema aBTOMaTH3aIlUH Ipoliecca adcopOmmu ObUTa paccMOTpeHa paHee. 3aJaHHas CTENCHb
OYHMCTKH KOMIIOHEHTa ra3oBOM cMecu OoT abcopOeHTa B aecopOepe obecneunBaetcsi ACP pacxona
ATOr0 KOMIIOHEHTa ¢ KOPPEKIUell Mo TeMIepaType B YKPEIUISIoeil yacTu aecopOepa U CoCcTaBy ra-
30BOM (a3l Ha BbIXone U3 Jecopbepa. [laBienue B gecopOepe MOAAECPKUBACTCS PErYISTOPOM,
YIPABJISIFOIIAM OTBOJIOM I'a30B, HECKOHICIMOHUPOBABIINXCS B Aediaermarope 5. Tpebyemslit pacxon
XJIagarenra uepes3 aeduaermarop oOecreduBaeTcs pPeryyisTopoM TeMIIepaTypbl CKOHIEMOHUPOBAB-
IIMXCS Ta30B. 3a/laHHOE 3HAYEHHME 3TOM TeMmIepaTyphbl YCTAaHABIMBACTCS Ha HECKOJIBKO T'PalyCcoB
HUKE TEMIIEPaTyphl 1eCOpOUpyeMoro rasa.

[TocTostHCTBO MOaUM TEIUIa B HUXKHEIO YacTh KOJIOHHBI 00ECTIEYMBACTCS TIOCPEICTBOM yCTa-
HOBKHU PEryJjsiTopa pacxoja Ha JUHHUM IOJayd IPEoIero napa B KUMATHWIBHUK. CKOHIELIMOHUPO-
BAaBILIUXCSI TAPbI OTBOJISATCS C YCTAHOBKHU PETYJISITOPOM YPOBHS B €MKOCTH 7, a aICOPOEHT PerysTo-
pOM ypOBHS B KyOe necopoepa.

1. 3aganHas CTENEeHb OYMCTKM KOMIIOHEHTA ra30BOM cMecHu OT abcopOeHTa B jaecopbepe obec-
neurnBaeT ACP pacxoja 3TOro KOMIOHEHTa ¢ KOPPEKIUEH MO TEMIIEpAType B YKPEIIIEHHOU

YacTH KOJIOHHBI U COCTaBY T'a30BOH (a3bl Ha BBIXOE U3 iecopoepa.

2. JlaBnenue B necopOepe MO KUBACT PETYIIATOP, YIPABISIONIMM OTBOJIOM ra3oB, HE CKOH-

JCHCHPOBABIINXCS B Nieduiermarope 6.

3. TpebOyeMsbrit pacxo xjagareHta depes AedermMaTop 00eCreYrBaeTCs PEryJISTOPOM TeMIIe-

paTypbl CKOHACHCHPOBABIINXCA I'a30B.
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4. TlocTOSHCTBO MOy Terja B HIDKHIOIO YacTh KOJIOHHBI 00ECIIEYHBAETCS MOCPEICTBOM yC-
TAHOBKH PETYJIATOPA PacXxoja Ha JIMHUH MOJa9d TPEIOILETo 1Mapa B KUIISATHIEHUK.

5. CKOHACHCUPOBABIIHECS TTAPBI OTBOJATCS C YCTAHOBKH PETYJIITOPOM YPOBHSI.

6. AOGcopOeHT mocie jaecopOepa CONEPKUT HEKOTOPOE KOJMYECTBO KOMIIOHEHTOB HMCXOIHOMN
CMecCH, 4TO BIUSET Ha mpouecc abcopbuuu. [ToaToMy B cucTeMy BBOISAT ONpeAeiaEHHOE KO-
JIMYECTBO CBEXKEro abcopOeHTa, M OTBOIAT TAKOE JK€ KOJIMYECTBO OTPaOOTaHHOTO.

BBox cBexero abcopOeHTa B CUCTEMY MOJCPKUBACTCS PETYIISATOPOM cocTaBa abcopOeHTa, a
BBIBOJI OTPAOOTAaHHOTO a0COPOEHTA U3 CUCTEMBI — PETYJISITOPOM YPOBHS B EMKOCTH abcopbepa 3.

[Tpu Takoii cxeme aBTOMaTH3aUKUK abCOPOEHT TMocIe Aecopdepa MOXKET COJepKaTh HEKOTOPOE
KOJINYECTBO KOMITOHEHTOB MCXOJTHOW Tra30BOM CMECH, YTO OYyJeT BIMATH HA COCTaB 00EIHEHHOTO ra-
3a. [TosTOMy 1181 yarydmieHus mporecca abcopOuu B CUCTEMY HEOOXOJMMO TOCTOSTHHO BBOJHUTH OII-
pElIeIICHHOE KOJIMYECTBO CBEXKEro a0COpOEHTa M OTBOJIUTH TAKYIO K€ 4acTh oTpaboTaHHOr0. BBOA
CBEXEro abcopOeHTa ¢ CUCTEMY IMOJICPKUBAETCS PETYISITOPOM cocTaBa abcopOeHTa, HapaBIIsieMo-
ro B abcopOep, a BBIBOJI OTPAOOTaHHOTO abCOPOEHTA U3 CUCTEMBI — PEryJIATOPOM YPOBHSI B €MKOCTH

abcopOenTa 3.

6.4. Aemomamus3ayusi npouyecca ebinapusaHusi.

ILeapb ynpasiieHHsi BHINAPHON YCTaHOBKH COCTOMT B MOJIYYEHUHU PAacTBOpa 3a/JlaHHON KOH-

HOCHTpalnuu Qy' a TaK’KC B IOAJACPKaHUU MAaTCPHUAJIIbHOTO U TCIIJIOBOT'O 0aJIaHCOB.

KoHuenTpanus ynapeHHOro pacTBopa 3aBUCTHT OT Pacxo/a, KOHIEHTPAlMU U TEMIEPATYPbI
UCXOJHOI0 pacTBOpa, pacxoja M JABJICHUS T'PEIOILEro Mapa, JaBlI€HUs B BbIIApHBIX ammnapatax. B
COOTBETCTBUM C LEJIBI0 YIPABICHUS CXEMOM aBTOMATU3ALMM NIPEITyCMaTPUBAIOT PEryJIHpPOBAHUE
KOHLIEHTpAllMK yIapeHHOT0 pacTBOpa.

OCHOBHOI1 peryJIMpyOIHii NapaMeTp KOHLIEHTpAIKsl YIIApEHHOTO pacTBOpA.

Pacxop ucxomHoro pactsopa —>

KoHueHnTparust iCX0IHOTO pacTBopa —>

Temmneparypa UCXOAHOTO pacTBOpa  —>
Patyp 8 P P Konnenrpanus ynapeHHoro pac-

TBOpa
Pacxop rpetomiero napa —>
JaBnenue rpetroiiero napa —>
JlaBrieHnie B BBITApHOM arapare —>

Puc. 6.14. CtpykTypHas cxema mpoiecca BbIlTapuBaHUsI.

Konuentpauuto Qy J1€rko M3MepUTh KOHAYKTOMETPUYECKUM METOAOM, IO IJIOTHOCTU pac-
TBOPA, 0 MOKA3aHUIO IPEJOMJIEHUS CBETA WM 110 BEJIMYMHE TEMIEPATypHOM JENpPECcCUr pacTBOpa,

T. €. [10 Pa3HOCTH TeMIeparyp kunenus AT pacTBopa U pacTBOPUTEIS.
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OTOT METOJ BCIEACTBHE MPOCTOTHl M HAIMYUSA OAHO3HAYHOW 3aBUCUMOCTH MEXIY BEIHYU-
HamMu Qy 1 AT TIpH NMOCTOSHHOM JaBJICHWH TPHMEHSIOT OBOJBHO 4acto. [Ipm atom (puc. 6.15 —
cXeMa CTA0W/JIM3alUH TeXHOJOTMYeCKNX BeJIMYUH BHINMAPHOH YCTAHOBKM) IEPBUYHBIN U3MEPH-
TeNbHBIN MpeoOpa3zoBaTesib TeMIepaTyphbl KUIIEHUS PACTBOPA yCTaHABIMBAIOT Ha TPYOOMpPOBOJIE KU-
ISIIIETO pacTBOpa IMOCIE KUIATWIBHUKA, U M3MEPUTENbHBIM MpeoOpa3oBaTeNb TEMIEpaTypbl KUIe-
HUS PAacTBOPUTENS — HAa TPyOOINPOBOAE OTBOJIa MApOB PACTBOPUTENS. DTH MPUOOPHI KOMIUIEKTYIOT
MpealoluMu peo0pa3oBaTesiMy, CUTHAJI Ha BBIXOJIE, KOTOPOTO, MPOMOPLUOHAJIEH PA3HOCTH TEM-
neparyp AT . Perynsarop KOHIIEHTpaIlMy BO3JEHCTBYET HA KJlalaH, YCTAaHOBJICHHBIM Ha JTUHUHM OTBO-
7la yIIapeHHOTI'0 pacTBOpPa U3 MOCIEIHETO BblMapHOro annapara. [Ipu Bo3pactanuu, Halpumep, TEKy-
1€l KOHLIEHTPAIMX OTHOCUTEIBHO 33JaHHOT0 3HAYEHUS PETYJIATOP YBEIMUMUBAET PacXo] yIapeHHO-
ro pacTBOpPa, UTO YMEHbINAET BpeMs MpeObIBaHUs €ro B amnmapaTe U BbI3bIBACT NOHWKEHUE KOHLIECH-
Tpalyy pacTBopa 10 33JaHHOTO 3HAYCHHUS.

IIpu oTBOJE yIIapeHHOI'O pacTBOpa U3 IOCJIEAHErO anmnapara 1o €ro KOHUEHTPaluu MaTepu-
aJIbHBII OaJlaHC YCTaHOBKH IMOJJEP’KUBAIOT COXPaHSAs PaBEHCTBO MEXAY KOJMYECTBOM pPacTBOPEH-
HOTO BEIIECTBA, YXOSIIUM U3 YCTAaHOBKH, U KOJIMYECTBOM BEILECTBA, NOCTYHAIOIIUM C MCXOJIHBIM
pacTBOopoM. JT0 obecriedrBaeTCs MoAIepKaHueM MOCTOSIHCTBA YPOBHS B BBIIIAPHBIX allllaparax Iy-
TEM BO3JIEHCTBMS Ha KJalaHbl, yCTAHOBJICHHbIE HAa TPyOONpPOBOJaX MOJAYM PacTBOpa B COOTBETCT-
Bytouuii annapar. [Ipu Bo3pacTaHuM pacxosia yapeHHOIO pacTBOpa, YPOBEHb B almapare NOHHXKa-
€TCsl, YTO BBI3BIBAET YBEJIMUYECHHE 1014 pacTBOpa B anmnapar. B kauecTBe n3MepUTENbHBIX Ipeodpa-
3oBateneii ACP ypoBHs pacTBopa B BbINapHBIX ammapaTax 1 oObIYHO MCHOIB3YIOT THAPOCTATHYE-
CKHE€ YPOBHEMEDHI.

TennoBoii 6anaHc BeIApUBaHUS MPU HEOOIBIINX KOJEOAHUSAX Pacxo/1a UCXOIHOTO PacTBOpa
00eCIeYnBarOT PEryJIITOPOM pacxoia Ha TPyOOIPOBOJE MOJaYy TPEIOIIETO Napa B KUISTHILHUK 2
MEPBOTO KOPITyca YCTaHOBKH. HOpMaslbHBIN TEITOBOM PEXUM paOdOTHI BBIMTAPHON YCTAaHOBKH BO3MO-
JK€H TOJILKO IMPH MoJIaye UCXOAHOTO pacTBopa ¢ MOCTOSHHOM TemnepaTtypoil T, O1u3Koi k Temmepa-
Type KUIEHHs pacTBopa. s JOCTHKEHUS 3TOr0 yCTAHABIMBAIOT PETYJSITOP TEMIIEpATyphbl UCXOM-
HOTO PAacTBOPA, BBIXOJHOM CHTHAJ KOTOPOTO BO3JAEHCTBYET Ha KJlallaH M3MEHSIOIUN 101ady Ipero-
IIETO Mapa B TeII000MEHHHK-TIOI0TPEeBATE b HCXOTHOTO pacTBopa 3. Eciu Bech BTOpUYHBII Tap U3
IpebIIYIIEro KOPIyca HAMpaBIsAeTCs B KUMSITHIBHUK 2 TOCIEYIOIIETo, TO AaBieHue (pa3pexeHue)
CTaOMIM3UPYIOT TOJIBKO B MOCJEIHEM KOPIyce, U3MEHSIS C TIOMOIIBIO PETYIISATOPa KOJIMYECTBO OTBO-
JUMBIX U3 HETO NapOB PACTBOPUTEIIS.

DTOro 0OBIYHO JOCTUTAIOT IyTEM M3MEHEHHEM I0Jauu OXJIaXKAarollel Boabl B OapabaHHbII
kouzgeHcarop 4. [1pu takoii cxeme peryaupoBaHusi B KOPITycaxX yCTaHABIMBAIOTCSA BCE MEHbBININE JaB-
JICHUS 10 XOJY pacTBOpa, U OOECIEUMBAETCS PA3HOCTh TEMIIEPATYpP MEXKIy BTOPHUHBIM IapoOM U3
MPEJbIIYIIEro KOpIyca U pacTBOPOM, KHUIIALIUM B IOCIEAYIOIIEM KOpIyce, T. €. 00ecrnednBaeTcs

ABMKYIIas CUJjia IIpoHecca BbIITapUBaHUs.
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KonueHnTpanuto ynapeHHOro pactsopa Q, MOXKHO TakxkKe peryJIupoBaTh H3MEHEHHEM pacxoja
pacTBopa, MOJaBaeMOro Ha MOCIEIHUN KOPIYC U3 IPEABIAYIIEro. YIAPEHHBIM PacTBOpP U3 MOCIE-
HEro KOpIyca, B 3TOM ClIy4ae, OTBOAAT IO KOMaHJIe peryJiaropa no ypoBHmo. [Ipu takux cxemax pe-
TYJIUPOBAaHUS MaTepuajIbHOro OanaHca BBHIAPHON YCTAaHOBKM KOJUYECTBO MOCTYMAIOIIET0 Ha Hee
MCXOJHOTO PacTBOpa OMpENesieTcsl YCIOBUIMHU €€ padoThl. DTO TpeOyeT YCTAHOBKH JOTOTHHUTEIb-
HOM T€XHOJIOTMYECKON EMKOCTH UCXOJHOT0 PacTBOpA.

He pexomennyercst cTaOMiIM3UpOBaTh KOHLEHTPALMIO YIIAPEHHOIO pacTBOpa B IOCIEIHEM
KOpITyce BO3/CHCTBUEM Ha MOJauy CBEKEro pacTBOpa Ha yCTaHOBKY. BeienctBue 60mbIIoro 3amnas-
IbIBaHUS 00BEKTa TaKasi CXeMa He 00ECIIeYUT BHICOKOTO Ka4yecTBa PEryIUpOBaHUS.

Ecnm pacxon uCX0AHOTO pacTBOpa 3aBUCUT OT pabOTHI MPEIIIESCTBYIONIUX TEXHOJIOTHYECKUX
YCTaHOBOK, HO KOJIEOaHUSI €ro HE3HAUUTEIbHO, TO KOHIIEHTPAIMIO YIAPEHHOTO PacTBOPAa MOXKHO pe-
TyJIMPOBaTh U3MEHEHUEM I0JIauy TPEIOILEro Mapa Ha YCTaHOBKY. [Ipy 3TOM ¢ MOMOIIBIO PEryssiTo-
POB YPOBHS B BBIIIAPHBIX allllapaTax U3MEHSOT KOJMYECTBO OTBOJAUMOTIO U3 HUX PacTBOpA.

[Tpu GonpIMX KOJMEOAHUSX pacxoaa UCXOMAHOTO PACTBOPA, a TAKXKE MPH U3MEHEHUU KOHIICH-
TpalMd B HEM PACTBOPEHHOI'O BELIECTBA, KAUECTBEHHOE PEryJIMpOBaHUs Mpoliecca 00ecrneynBaeTCs
MIPUMEHEHUEM 0oJiee CIOKHBIX CXEM, HalpuMep ¢XeMbl MHOTOKOHTYPHOIO PeryJupoBaHMs, PUC.
6.16.

B aToMm ciywae rperomuii nap nofaroT Ha YCTAHOBKY B OIPEACIIEHHOM COOTHOILIEHHUH C pac-
XOJOM HCXOJHOTO MPOAYKTa, MPUMEHS PETYJIATOP COOTHOLIEHHUSI, BO3ACHCTBYIOIMI Ha MMOavy Ma-
pa. OTO COOTHOLIEHUE KOPPEKTUPYIOT PETYIATOPOM KOHLEHTPALMH PACTBOPEHHOIO BEIIECTBA B HC-
XOJHOM pacTtBope. st ctabunuzanuu paboTel BTOPOTO BHIMAPHOTO arapara YaCTUYHO YHapeHHBIH
pacTBOp, HAIPABIIIEMbIA B HErO, PETYJUPYETCS IO KACKAJHOW CXEME PEryJupoBaHUs pacxoaa ¢
KOppEKIMEN MO YPOBHIO PACTBOpPA B MEPBOM BBINIAPHOM ammapare. Y MapeHHbId pacTBOP OTBOMASAT C
YCTAHOBKHM I10 YPOBHIO B ITOCJIEIHEM aIlllapaTe, PeryasTopoM, 3aJaHue KOTOPOMY M3MEHSET peryiis-
TOp KOHIIEHTPALlMM PAaCTBOPEHHOrO BEUIECTBA B yHapeHHOM pacTBope. [laBieHue B cucreme noa-
JIEPKUBAETCS HA 3aJJaHHOM 3HAYE€HUM MOCPEACTBOM PETYJIMPOBAHMS PACX0/]a MapOB PACTBOPUTEIS C
KOpPPEKUMEN 10 JJTABJIICHUIO B MIOCJIEIHEM BBIITAPHOM armnapare.

[IpuBeneHHbIE CXEMBI MHOTOKOHTYPHOTO PETYJIMPOBAHUS OTACIBHBIX TEXHUYECKUX BEITUYUH
MOTYT OBITh HUCIOJI30BAHbI B PA3JIMYHBIX COUETAHUSIX C MPOCTEUITMMU OJHOKOHTYPHBIMH CXEMaMH

cTabuiIn3aluy.
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6.5. Aemomamus3ayusi npoyecca aKcmpaxkuuu

KunkocTHO# 3KCTpakimel Ha3bIBalOT AU((y3HOHHBIN MPOIECC Mepexoa SKCTParupyeMoro
BEIIIECTBA WJIM BEUIECTB U3 OJHOM KUAKOHN (Da3bl B IPYTYIO MPU YCIOBUH, YTO ITH KUIKOCTH B3aUM-
HO HE PAaCTBOPMMBI WJIM PaCTBOPUMBI YaCTUYHO. B pe3ynbpTaTe MOMydaroT IKCTPAKT — pacTBOP U3-
BJICUCHHBIX BEIIECTB B SKCTPAreHTe U paduHaTe — OCTATOYHBIN UCXOTHBIA pacTBOpP. DKCTPAKT U pa-
(buHAT pa3AeNAIOT - OOBIYHO OTCTaMBaHKUEM. Jlanee U3 SKCTpaKTa U3BJICKAIOT IENIEBOM MPOIYKT, a U3

paduHaATa pETCHEPUPYIOT IKCTPATCHT.

AQ A® AP

Pacxon sxcTpareHnTa Conepixanue 3xkctpakra (%)

. .
> >

Puc. 6.17. CtpykTypHas cxeMa 00ObEKTOB YIPABIICHHUS.

AQ, A®, AP —xone6anus KOHIEHTPALMH, TEMIIEPATYPHI, JABICHHSL.

MerTozbl 9KCTpaKIUU:

— OKCTpakuus OJHUM HKCTPAr€HTOM CUCTEMBI U3 JBYX KOMIIOHEHTOB.

— OKCTpakuus ABYMs 3KCTpareHTaMy B CUCTEMAaX U3 YETHIPEX KOMIIOHEHTOB.
— OpHOKpaTHas KCTPaKLKA.

— MHoroctyneHuaras 3KCTPaKIHs.

— MHorokparHas IpOTUBOTOYHAs SKCTPAKIHU.

3azavya ynpaBJIEHUS IPOLECCOM HKCTPAKLUHN — IOJYyYEHHUE DKCTPAKTa C 3aJaHHBIM COJEpIKa-
HUEM DKCTParupyeMoro KOMIIOHEHTa, KOTOPOE SIBISETCS OCHOBHOHM DPEryJMpYeMOH BEIMYMHON, a
pacxojl SKCTpaKTa OCHOBHOM PEryJIMPYOLIEH BEIUYUHOM.

B npoMBIIIUIEHHOCTH SKCTPAKIUIO IPOBOJAT B AKCTPAKTOPAX pa3IUYHbIX KOHCTpYKIuil. Pac-
CMOTPHUM CXEMY PEryJIMpOBaHUs HACaJOYHBIX JKCTPAKLIMOHHBIX KOJIOHH, B KOTOPBIX UCXOJHBIN pac-
TBOP ¥ DKCTPAreHT JABUXKYTCs B MPOTHBOTOKE (puc. 6.18).

Ha coneprkaHue skcTparupyeMoro KOMIOHEHTa B OKCTPAKTE BIMSIOT HE TOJIBKO PacXxo] IKCT-
pareHTa, HO ¥ pacxoJl HCXOJHOI0 pacTBOPA, a TAKKE COACPIKAHUE IKCTPArHPyEMOTro BEIIECTBA B UC-
XOJIHOM PAacTBOPE U HKCTPAreHTe.

[Tpocreiimas cxema cTabWIN3alMU MOTOKOB MpoLiecca 3KCTPAKIMU MPEyCMaTpUBAET KOJIH-
YeCTBO 014l UCXOAHOTO pacTBOpa M HKCTpareHTta B KOJOHHY. [y obecrnieyeHus MaTepHuallbHOTO
0anaHca KOJIOHHBI B HEH MOAJEPKUBAIOT TIOCTOSTHCTBO YPOBHS 9KCTPAKTa MOCPEICTBOM ITE€pesuBa U
PEryJHpyIOT YPOBEHb [TOBEPXHOCTHU pasjena (a3, u3MeHss 0TBOJ padrHaTa U3 KOJIOHHHI.

VYpoBeHb pazaena (a3 U3MEpSIOT TMIPOCTATUYECKUMHU WM MOIUIABKOBBIMU YPOBHEMEPAMH.

Takas cxema peryjpoBaHusa yAOBJICTBOPUTCIBHO MOAACPKUBACT COACPIKAHUC ISKCTPArupyeMoro
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KOMIIOHCHTA B 3KCTPAKTC Ha 3aJaHHOM

3HAUYEHUU TOJBKO MPU MPAKTUUYECKH IIO- @ DKCTPaKT
—
CTOSIHHOM €ro COJEp’KaHUM B MCXOJHOM @
pacTBOpe M IKCTPareHTe. VICXO/Hbiif pAcTBOp
IIpu mnepeMeHHOM cocTaBe WuC-
XOJHOTO PacTBOpPA B CHUCTEMY PETYJIHPO- GRC
BaHUs Pacxo/a dKCTpareHTa BBOAAT J0-
HOJHUTENbHBIM KOHTYP pEryJIMpOBaHUsA @ ()
cocTaBa OJJHOTO U3 IOTOKOB aH BBIXOJIE S —
U3 KOJIOHHBI. \'P/@HHM

C LCJIBKO TMOBBINICHUSA YYBCTBHU-

TENBHOCTH DEryJIHpOBAHHE OGHIYHO Be- Puc. 6.18. Cxema crabmim3anuu mporecca dKCTPAKIIHH.

AYT IO COACPIKAaHNUIO SKCTPArupyeMoro BCIeCTBa B pa(bI/IHaTe.

B,y
OKCTpaKT
A, X,
Hcxonubii
pacTBoOp @ LRC
B, ¥,
OKCTpareHt \\/
QRC A, X
Pacdunar

Puc. 6.19. Cxema perynupoBaHus cocTaBa paduHaTa ¢ yu€TOM M3MEHEHMs pacxoja M cOocTaBa UC-
XOJIHOTO pacTBopa.

Jlis nocTrkeHHs 3aJaHHOTO COJEP>KAHUSI IKCTPArupyeMoOro BEIIECTBA B OKCTPaKTe HE0OXO-
JUMO 4TOOBI MEXIY pacxoJamMH HCXOJHOTO PAacTBOpa M JKCTPAreHTa CyIIeCTBOBaia MPOMOPIIHO-
HaJbHasl 3aBUCUMOCTh. JTa 3aBUCUMOCTH MOXET OBbITh 0OecIieyeHa MmocpeiCTBOM U3MEPEHUsS Pacxo-
Jla IKCTPaKTa, TaK KaK pacxoj MCXOJHOr0 pacTBOpa IpeICTaBiseT co00W Harpy3Ky paccMarpuBae-
MoOro oobekta. Cuctema peryJMpoBaHUs COOTHOILIEHUS PACX0J0B MCXOJHOTO pACTBOpPA M IKCTPAKTa
npuBeeHa Ha puc. 6.19.

KomnieHcarust n3MeHEeHHUs] KOHLIEHTPAIMK UCXOIHOTO pacTBOpPa OCYIIECTBIISIETCS BBEJIEHUEM
B ACP coOTHOIIEHHs pacXo/I0B KOHTYpa PETyJIMPOBaHUS COCTaBa paduHaTa, TOT/Ia IPH U3MEHEHUHN
KOHIIEHTPALlMU HKCTPArupyeMoro BemiecTBa B paduHare OyIeT CKOPPEKTUPOBAHO COOTHOLICHHE
pacxoa0B UCXOJHOTO pacTBOpa U dKcTpareHTa. [Ipu 3HaunTenbHBIX KOJIeOaHUAX COCTaBa UCXOIHOTO

pacTBOpa MpeayCMaTPUBAIOT TAKXKE KOHTYP PETYJIMPOBAHUS 110 BO3MYIIEHHUIO.
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6.6. Aemomamu3ayusi npoyecca Cywku.

Cy1ika — TeroBoii npouecc 00e3BOKMBAHUS TBEPAbIX MAaTEPUAIOB IyTEM HCIIAPEHUS BIIATU
¥ OTBOJIa 00pa3zoBaBIIKXcs MapoB. [Ipy 5TOM B BEmIeCTBE MPOUCXOAUT MEPEHOC Teruia U nuddysu-
OHHOE TepeMenieHne Biard. [Ipou3BOAMTENFHOCTh HpoLEcca CYMIKH OINPEeNseTCs MHTEPBAIOM
BpPEMEHH, HEOOXOIUMBIM JJIsl IOHIDKCHHS BJIArOCOJCPKAaHUS MaTepHana OT HadalbHOTO 3HAYCHHS
M,, o xoreunoro M.

B xuMuueckol MpOMBIIITICHHOCTH HanboJiee pacrpocTpaHeHa KOHBEKTUBHAS CYIIIKa, KOTOpast
HPOBOJUTCS B OapabaHHBIX CYIIMIKAX M CYIIMIKAX C IICEBIOCKIKEHOM (KHITSILEM) CIIOe.

Leap ynpaBieHHsi CYIIKH 3aKJIIOYaeTCs B OOECIEYCHUH BBICYHIMBAHHS ITOCTYTAIOIIETO
BJIQKHOTO TBEPJOr0 MaTepHaja JI0 3aJaHHOTO BIIArOCOJCPKAaHUSA MPU OIpPENEJICHHOW MPOU3BOIU-
TEJBHOCTH YCTAHOBKH IO BJI&KHOMY MaTepUay.

OCHOBHBIM BO3MYIIIEHHEM TIpoliecca SBISIETCS U3MEHEHHE PacXo/a, HadyaJlbHOM BIIaYKHOCTH
U JIMCIIEPCHOTO COCTaBa YacTHUI] TBEPAOTO MaTepuana, a Takke M3MEHEHHE pacxoja M HadaJbHOU
TEeMIepaTypbl CYIIMIBHOTO areHTa — TeIJIOHOCUTEIIS.

OcHoBHas1 pery/jupyemMasi BeJINUHHA [IPOIEcca — ATO OCTATOYHAS BIAYKHOCTH TBEPIOTO Ma-

Tepuana.

Brnaxnocts Marepuajia

Pacxo;[ BO3ayXa NEPBUIHOTO

Pacxo;[ BO3ayXa BTOPUIHOT'O

Temneparypa npoxykra

Pacxon TomnBa

~ —_
> Ha BBIXOZIE Q

Temmneparypa CyIIMIBHOTO areHTa -
-

>

PaSpH)KeHI/Ie CYIIWJIBHOI'O ar¢Hra
>

>

Puc. 6.20. CtpykTypHas cxema.

BcenenctBue oTcyTCTBHSI HaJ€KHBIX M3MEPHUTENBHBIX MpeoOpa3oBaTesieil OCTaTOYHON BIIaXK-
HOCTH TBEPJOr0 MaTepuana IMpHU aBTOMAaTH3allMU MPOIecCa B KayecTBe PeryJjupyeMbIX BeJTHYUH

HCIOJIB3YIOT TEMIIEPATYPY MJIH BJIAKHOCTH CYIIWJIBHOTO areHTa.

6.6.1. MNMpouecc cywkn B 6apabaHHOM cyLunnkKe

B 6apa6annoii cymmike (puc. 6.21) Bnaxxuslii Matepuain u3 OyHKepa 103aTOpoM 2 MOJaeTCs
B OapabaH 5, B KOTOPBIM TakKe MOCTYIAET TOPSYUN BO3IyX, HarpeBaeMbIi B TOMKE 3 3a CYET, Ha-
MpUMep OXJIaXJIEHUS TOILTUBHOTO Ta3a. [Ipu Bpamienun 6apabaHa 4acTUIbl TBEPAOrO MaTepHraa mne-
pemenaroTcs BIOJIb €ro ocu. B ToM ke HampaBieHHH MPSIMOTOKOM IO OapabaHy MPOXOJIU ropsyuil
BO3/yX, OT/aBasi TEIIO YaCTHIIAM MaTepuaia U UCHapsisl HAaXOMIIyIOCS B HUX BIary. BrICylieHHBIIH
MaTepHan cchinmaercs u3 6apadbana B OyHKep 6, a BO3AyX 4depe3 IUKIOH 7/ OTCACHIBACTCS BEHTHIIATO-
poM 8. IIpoIoIKHUTENBHOCTD CYIIKH B O0apaOaHHBIX CYNIWIIKAX COCTABIISIET HECKOJIBKO JICCATKOB MH-

HYT, IPOXOXKACHUC BO3QyXa HCUUCIISCTCA CCKYHAAMH.
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[Ipouecc cymku 0OBIYHO PEryIUPYIOT MO BIAXKHOCTH TEIJIOHOCHUTENSI Ha BbIXOje U3 Oapaba-
Ha. PeryisiTop BIaKHOCTH BO3JICHCTBYET HA KJIAMaH, YCTAHOBJICHHBIN Ha JIMHUU TOaYd TOILTUBHOTO
ra3a B TOIKY. BciencTBue Toro, 4to TeMIepaTypHOE pacipeesieHue TEIIOHOCHTENS 1o JUInHe Oa-
pabaHa PUOJIMKEHHO COOTBETCTBYET a0COJIFOTHOM BJIAXKHOCTH TBEPAOTO MaTepualia, Mojady TOIl-
JUBHOTO Ta3a MOKHO PETryJIHpPOBAaTh IO TEMIIEpaType BIAXKHOTO BO3yXa Ha BBIXOJIE M3 YCTAHOBKHU.
Jliis Goyiee KAa4eCTBEHHOM CYIIKM HEOOXOIMMO BPYYHYIO KOPPEKTHPOBATH 3aJIaHUE PETYISITOpa
BJIQKHOCTH WJIM TEMIIEPATyphl BO3IyXa IO JaHHBIM J1a0OPAaTOPHOTO OCTATOYHOW BIIQXKHOCTH BBICY-

KMBAaCMOI'o MaTepuaJjia.

RIS

TomuBHEIN ra3

> —
\/
g @
@ ﬂv
, -C

Boznyx
(IR
_/

Puc. 6.21. Cxema cTabmim3aiuy mpoiiecca CyIky B 0apabaHHON CyIIHIIKE.

Cyxoit MaTepuai

1 — OyHKep BJIXXHOTO MaTepuaina; 2 — 103aTop; 3 — revka; 4 — cMecuTeNbHas Kamepa; 5 — cynipHas Kamepa;
6 — OyHKep cyxoro Marepuana; / — IUKJIOH; 8 — BeHTHIIATOP.

JInst TOJTHOTO CropaHusi TOIUIMBHOTO ra3a B TONKY MOJAIOT MEPBUYHBIN BO3/IYX, KOJIUYECTBO
KOTOPOTO HOJ/IEP’KUBAIOT MOCTOSIHHBIM, € IMTOMOIIBIO perynaropa pacxozaa. TpeGyemas Temmeparypa
BO3JlyXa Ha BXoje B OapabaH oOecreduBaeTCsl peryjsiTopoM TEMIEpaTypbl, BO3AECHCTBYIOUIMM Ha
Hoja4qy BTOPUYHOTO BO3yXa B KAMEPY CMELICHUS.

Harpy3ky cymuiku 1o Biaa)kxHOMy MaTepuaiy ctabunusupyrot ¢ nomoisio ACP pacxona, B
KOTOPYIO BXOZHMT U3MEPUTENIb MACChl, aBTOMATUYECKHA PETYJISATOP, BTOPUUHBINA TPUOOP CO CTaHIUEH
YIPaBICHUS U JICHTOUHBIN JJ03aTOP C PETYJIMPYEMOI CKOPOCTBIO TIEPEIBUKEHHS JICHTBI (BBICTYIIACT
B Ka4eCTBE PEryJIHPYIOIIETO OpraHa).

[Tpu yMeHbIIEHHN KOJIMYECTBA TBEPJIOTO MaTepraia Ha JICHTE OTHOCHTEBHO 3a/IaHHOTO 3Ha-
YEeHUS PETYJIATOP BbIpabaThIBAECT CHUTHAIN, YCKOPSIOUIMH ee JBW)XKeHHe, U Hao0opoT. B pesymbrate

o0ecrieunBaeTcsi HOCTOSIHCTBO PAacxojia TBEPJIOro MaTepualia B CyIIMIbHbIN OapabaH.
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Harpy3ka o0bekTa 1o CynmiabHOMY areHTy (BOo3ayX) MOIACPKUBACTCS HA IMMOCTOSIHHOM 3Ha-
YEHUU PETYJSTOPOM pa3pekeHHs BO3/IyXa B CMECHUTEIBHOW Kamepe BO3JCHCTBYIOIIMM Ha KIIamaH,
YCTAQHOBJICHHBIM Ha JIMHUM OTBOJIAa BO3/AyXa ITOCJIE NUKIOHA. [IpH MOCTOSIHHOM THIpaBIMYECKOM CO-
NpOTUBIIEHNH OapabaHa M OTCYTCTBHM IOJCOCAa BO3JIyXa M3 aTMOC(Ephl CUCTeMa pEryJIHMpOBaHHS
paspexeHus o0ecrieyuBaeT MOCTOSHCTBO CKOPOCTU MPOXOXKACHUS CYUIMILHOTO areHTa BOJb Oapa-
O6ana. OnTUManabHOE 3HAYCHHWE CKOPOCTH YCTaHABIMBAIOT C YYETOM TOTO, YTO C €€ yBEIHMYCHUEM,
BO3PACTaeT CKOPOCTh CYIIKH TBEPJIOTO MaTepHasa U OJHOBPEMEHHO YBEJINYMBAIOTCS MOTEPH TEIUIA C
0TpabOTaHHBIM BO3IYXOM.

KonTtpomto u perucrpanuu mnojajekaT pacxoabl TOIUIMBHOTO Ta3a M BTOPUYHOIO BO3AyXa, a
TaKOKe pa3peXeHue U TeMIeparypa B OyHKepe CyXoro MaTepuara.

Cxema crabunuzanuu OapaOaHHOM CyIIWIKM 0oOecrieyrBaeT BBICYIIMBAHHE BJIa)KHOTO TBEp-
JI0T0 MaTepuaa 70 3aJJaHHOH OCTATOYHOW BIAKHOCTH, TOJBKO MPU HEOOJBIIUX IO BETHYUHE H3Me-
HEHMSIX BXOJHBIX BEJIMUYMH Mpolecca Cynku. BeneacrBue 60mbaioro 3amna3asiBaHus B 00bEKTe Kaue-
CTBEHHOE PEeryJIMpOBaHUE MPOIecca BO3MOXKHO JIHIIb C MOMOIILI0 MHOTOKOHTYPHBIX CHCTEM, PHC.
6.22.

B paccmaTpuBaeMoM ciydae mojauei TOIUTMBHOTO Ta3a HA YCTAHOBKY YIIPABISIET KacKaJaHAS
CHCTEMa PETyJIMPOBaHMS TEMIIEPAaTyphl Bo3ayXxa B OapabaHe (CTaOMIM3HPYIOUIMN PETYIISATOpP) ¢ KOp-
pEKIKeil 10 BIaKHOCTH BO3/yXa Ha BBIXOJIC MX CYIIWIKU (KOPPEKTUPYIOIIUI PEryIIsaTOop).

[Tpr HamM4MM HAZEKHOTO M3MEPHUTEIHHOTO MpeoOpa3oBaTelisi OCTATOYHON BIIAYKHOCTU BBI-
CYIIMBAaEMOT0 MaTepHaia BO3MOKHO BBEJICHHE B JTAHHYIO CHCTEMY €Ile OJHOTO KOHTYpPa C PeryJsi-
TOPOM BJIQ)KHOCTH TBEpPAOTO MaTepHaia, BHIXOJHON KIJIAllaH KOTOPOTrO B Ka4eCTBE 3aJaHUs HaIlpaB-
JSIIOT Ha PETYJISATOP BIAXXHOCTH CYIIMIBHOTO areHTa. [Ipu oTcyTCTBUU TaKOro U3MEPHUTEIBHOTO Tpe-
oOpazoBarenss U B ClIydae HEOOXOAMMOCTH IEPHOAUYECKH KOPPEKTHPYIOT 3aJaHUE peryJsTopa
BJIYKHOCTH CYIIMJIBHOTO areHTa MO JaHHBIM J1a00paTOPHOTO aHAJIH3a.

JIns moBeimennst gyBctBUTenbHOCTH ACP Temmneparypsl Bo3ayxa U3MEpHTENbHBIN Mpeoldpa-
30Barenb (TepMonapy) YCTaHABIMBAIOT B MpeJiesiaX NMepBoi TpeTH OapabaHa, T. K. BHaYalle anmapara
TEMIIepaTypa TEINIOHOCHUTENSI U3MEHsIeTCsl 00Jiee MHTEHCHBHO, YeM B ero KoHIe. [Ipu 3ToM ymeHs-
IaeTCsl TaKXKe 3ara3/biBaHue 00beKTa. TepMorapy MOHTHPYIOT HETIOCPEICTBEHHO Ha IMMOBEPXHOCTH
Oapabana, a ee cBOOOJHBIE KOHIIBI TIOJCOEIMHSIOT K MepeIaloIieMy mpeoOpa3oBaTento yepes3 Crenu-
aJIbHOE TOKOChEMHOE YCTPOWCTBO C MOJBM)KHBIMU KOHTaKkTamH. [Ipy HE0OX0IMMOCTH KOMIIEHCAIH
M3MEHEHHS Harpy3KH YCTaHOBKH II0 PacxXo/y BJIYKHOTO MaTepuana MOKHO MPEIyCMOTPETh JONOJ-
HUTETBHBIN KOHTYP PETyJIMPOBAHUS 110 BOZMYIIEHUIO STOW BEIIMYNHEI.

[TonHOTa cropanus TOIUIMBHOTO Ta3za obdecneunBaercss ACP cooTHOIIEHUS pacX0/J0B TOIUINB-
HOTO ra3a M NepBUYHOIO BO3/yXa, YHpaBJAIOIIEH Mofayeil mepBUYHOrO BO3AyXa B TOnKy. [Ipu us-
MEHEHHUH TEIJIOTBOPHON CIIOCOOHOCTH TOIUIMBA LIEI€CO00PAa3HO KOPPEKTUPOBATH 3TO COOTHOLICHUE

10 COACPIKAHUTIO KUCIIOPOAa B TOIIOYHBIX ra3ax.
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I1pu1B

Bosnyx

Cyxoii MmaTepuan

Puc. 6.22. Cxema MHOTOKOHTYPHOTO peryJIMPOBaHUs MpoIiecca CYyIIKd B 0apabaHHOM CYIITHIIKE.

1 — OyHKep BiaXHOro MaTepHana, 2 — 103arop; 3 — rnedka, 4 — cMecuTelbHasl KaMepa, S — cymibHas kamepa,; 6 —
OyHKep CyXxoro MaTepuana, / — IUKJIOH; 8 — BEHTHWIIATOD.

6.6.2. ABTOMaTM3aums CyLWUIOK C KUNSILLUM CroeMm.

B cymmnkax ¢ kumsmammM ciaoem (puc. 6.23) mporiece CyInKu MpoaoibKaeTes 10 HECKOIbKUX
MuHYT. CylIIMIbHBIA areHT (BO3ayX) MPOXOAMT Yepe3 CYIIUIKY 3a JOJNU CeKyH/bl. BiaxHblli MaTe-
puan nogaercs U3 OyHkepa 1 NTHEKOBBIM MUTATEIeM B CYIIWIKY 4, TJIe OH CKMXKAeTCsl BO3AyXOM, Ha-
rpeBacMbIM B TONKE 2 3a CUET CIKUTAHUS TOIUIMBHOTO ra3a. Bo3myx oTcackiBaeTcst yepes3 IHUKIOH 5
BO3JIyXOJyBKOM 6, a BEICYIICHHBIH MaTepHall BBIBOJUTCS U3 CYIIHIKH.

Y CTaHOBIIEHO, YTO B ICEBIOCKMKEHOM CJIO€ TEMIIEPATYpa ONPENEISAET OCTATOYHYIO BIIAX-
HOCTb YacTHI] TBEPJOr0 MaTepraia BO BpeMs UX MpeObIBaHUA B allapare U sIBISETCS OCHOBHOM pe-
ryaupyemMoi BennuuHod. Ee MoKHO mojaepKuBaTh, MEHsSL PacXo]l BHICYIIMBAEMOI0 MaTepuaia, a
TaKXe Pacxoj WIKA TeMIEpaTypy CYLIMIbHOIO areHTa. Bo3MoKHO IpuMeHeHue J00ro U3 3TUX Ba-
puaHToB. VMcnonp30BaHue B Ka4eCTBE PETYJIHUPYIOIIErO BO3AEHCTBUS pacxoa BJIAXXHOIO MaTepuasa
TpeOyeT yCTaHOBKH JOMOJHUTEIBHOrO OyHKEpa Ui 3TOro MarepHuaja MeXay Mpeablayliel TeXHO-
JIOTUYECKOW YCTaHOBKOW M CyHIWIKOW. [Ipy ucnosb30BaHuy e pacxoa WIA TEMIEPATYPhI BO3LyXa
ClielyeT UMETh BBHJY, YTO Ha U3MEHEHHUE 3TUX BEJIMYMH HAJIOKEHbI OTPAaHUYEHUS TI0 MAKCUMYMY U
MUHUMYMY.

Temneparypa B c€i10€ NCEBAOCKMKEHOTO MaTepuaia MOAIEPKUBAECTCA PETYJIATOPOM, KOTO-

PBIi yIIpaBiseT OJAYEH BIAXKHOTO MaTEpUaIa B CYLIWIIKY .
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Cyxoii MaTepuan

Bosnyx

Puc. 6.23. Cxema perynmpoBaHusl IpoIiecca CyIIKH B anmapare ¢ KAISIIIAM CJIOEM BBICYIIIHBAEMOTO

MaTepI/IaJ'Ia:
1 — OyHKep BJIaXHOr0 Marepuaia; 2 — reuka; 3 — CMecuTelIbHas Kamepa, 4 — anmnapar ¢ KMISIIUM clioeM; 5 — ukIIoH; 6 —
BO3/IyXOJyBKa.

Bospacranue Temneparypsl B CJI10€ CBUAETEIBCTBYET O NOHMKEHUM CPEIHEr0 3HaYEHUs OCTa-
TOYHOW BJIQKHOCTHM YacCTHULl TBEPAOro Marepuana. Pearupys Ha 3TO, PEryjasTOp yBEIMYHMBAET CKO-
POCTh BpallleHUE IIIHEKA MUTATEeJsd, YTO MPUBOJAUT K YBEJIMYEHHUIO MOJAYM BIAXKHOIO Marepuasa u
CHUKEHUIO TEMIIEPATypbl B CJIOE.

[Tonnep>kaHue MOCTOSHCTBA TEMIIEpATyphl BO3LyXa Ha BXOJ€ B CYHIMJIIKY 0OECIECUHBACTCS C
nomouipio ACP, naMeHstolel mojady TOIUIMBHOIO ra3a B TOIKY. Peryisitop cocTosiHusl ycTaHaBIIu-
BaeT I10/1ayy MEPBUYHOTO BO3/AyXa B TONKY B KOJIMYECTBE, HEOOXOJMMOM JIJIsl TOJIHOTO CTOPaHUS TO-
IUIMBHOTO ra3a. Pacxop ropsiuero Bo3ayxa, I0/aBaéMOro B CYLUIWJIKY IOJ paclpeiesUTENbHY0 pe-
IIETKY U TICEBJOCKMKAIONIETO YAaCTHUIIBl BBICYIIEHHOTO MaTepuaia, CTaOUIM3UPyeTCs U3MEHEHHEM
10JJa4y BTOPHYHOTO BO3/IyXa B CMECUTEIBHYIO KaMepy 3.

3alaHHOE pa3peXEHUE B CYLIWIKE PETYIMPYETCS ¢ IMOMOIIBIO KJIAllaHa, YCTAaHOBJIEHHOIO HA
JUHUH OTPaOOTaHHOTO CYUIMJIBHOTO areHTa.

MarepuanpHblii 6ajlaHC areHTa Mo TBEPAOMY MaTepually COOIOaeTCs 32 CUET MOANCPKAHUS
ITIOCTOSIHCTBA YPOBHS IICEBJOCKMKEHOIO MAaTepHalia B CYIIWJIKE C IOMOLIBIO PEryJsaTopa, ylpas-
JISFOILETO OTBOJOM CYXOr0 MaTepHalIa.

YpoBeHb MCEBAOCKIIKEHOTO MaTepuaia U3MepseTcsl THIPOCTaTUIECKUM Au(MaHOMETpHYe-
CKHMM YPOBHEMEPOM I10 IIepenany JaBIeHUs B CyLIMIIKE.

M3meHeHne pacxoia cyxoro Marepualia U3 amnmnapaTta o0ecrneuuBaeTcs U3MEHEHUE TIPOXOAHO-

IO CEYEeHHUS 3aJIBUKKU U C THEBMATUYECKUM MIPUBOJOM, PAOOTAIOIINUM OT PETYJISITOPA YPOBHS.
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B cymmikax ¢ KHISIIAM CIIOEM [EIeCO00pa3HO MPUMEHSITh SKCTPEMAIIbHBIC CXEMBI PETYJIH-
pOBaHMSL.

B kadecTBe KpUTEPHs ONTUMAIBLHOCTH MOXHO BBIOpaTh KOJM4ecTBO Biaaru W, yaanseMoi u3
TBEP/IOT0 MaTepHalia B €IUHUIY BPEMEHH:

W=F(M,-M,), rne
F —pacxon CyXOFO MaTepPIaHa; M ut M Pl Ha4daJIbHasg U KOHEYHAA BJIAXKHOCTH MaT€puaa.

KonyecTBO Biark pacCYMTBHIBAETCS C TIOMOIIBIO BBIYHUCIUTENLHOTO YCTPOMCTBA, BBIXOIHOM
CHTHaJ KOTOPOTO HANpaBIseTCsl HAa SKCTPEMAIBHBIA PEryJIsTOp, U3MEHSIOMINN PacXxo CYIIHIBHOTO
aredra. [Ipu 5TOM HEOOXOAMMO TPELYCMOTPETh OTPAHMYECHHUS 110 MHHUMAJIBHOM BIQKHOCTH CYXOTO
Marepuaa, a TakKe [0 MUHUMAJIbHOMY ¥ MaKCHMAJIbHOMY PacXoaM CYIIMIBHOTO areHTa.

['paHMIlBl M3MEHEHHs PACXOJ0B CYIIMJIBHOIO areHTa OINpEAEIIAIOT 00JIaCThIO CYIIECTBOBAHUS IICEB-

JOCKMIKCHHOT'O CJIOA YaCTULl TBEPAOT'O MaTepuraia.
7. ABTOMaTM3aLus peakTOPHbIX NPOLLEeCCOoB.

PeaynupoeaHue mexHoJ1ocU4YeCKUX peaKkmopos.

XUMHUYECKUN PEaKTOp SBJISICTCS OCHOBHBIM aIlllapaTOM B TEXHOJOTUYECKOW CXEeMe MoJIyde-
HUS TPAKTUYECKH JTHO00TO XUMHUUYECKOTo MPoayKTa. PaboTol peakTopa B 3HAUYNTEIHLHON Mepe orpe-
JeNsIeTCsA MPOU3BOUTENILHOCTh YCTAHOBKH B 1I€JIOM, KAU€CTBO U C€OECTOMMOCTD MOTyYaeMbIX Mpo-
JYKTOB.

VrpoieHHasi CTpYKTypHasi cxema peakropa mpexacrasiena Ha puc. 7.1. CkopocTs xumuye-
CKOM peakIuH OINpeAessieTcsl YpaBHEHUSMU KHMHETHKH M B3aMMOJCHCTBHEM THIPOAMHAMHUYECKHUX,
MacCOOOMEHHBIX U TEIUIOBBIX MPOLIECCOB B ammapaTe, OT KOTOPhIX 3aBUCUT KOHIIEHTPALIUS PEarcHTOB
Y yCJIOBHSI IPOTEKAHUS peakuuu. B cBoro ouepeb, XUMHUUECKUE TPEBPAILCHHS B PEAKTOPE MPUBOISAT
K U3MEHEHUIO TETUIOBBIX U TUJIPOJIMHAMHYECKUX MPOILIECCOB B HEM. DTHM B3aUMOCBS35M COOTBETCT-
BYIOT TIEPEKPECTHBIC CBS3H B CTPYKTYPHOM cXeme peakTopa. Hammune Takux BHYTpEeHHUX 0OpaTHBIX
CBsI3eM MOXET MPUBOAUTH K BOSHUKHOBEHHIO HEYCTONYMBBIX PEKHMOB, aBTOKOJIEOaHHUSIM MapaMer-
POB TpoIlecca, U3MEHEHUIO KauyeCTBa MOTYy4aeMOro NpoayKTa U JOKHO YUUTHIBATHCS MPU MOCTPOE-

HUU CUCTEM aBTOMATHU3allN XUMHYCCKUX PCAKTOPOB.

XUMUYECKUE PEaKTOPhl OTIIMYAIOTCS pa3HOOOpa3ueM MPOTEKAIIUX B HUX peakluil, IpUH-
LIUIIOB JAeUCTBUS U KOHCTpyKUui. Tak, mo ()a30BOMy COCTOSHUIO PEareHTOB pa3INMyaloT TOMOT€HHBIE
peakIuy, MpoTeKaroIIye B Ta30BOM, JKUAKON MM TBEpAOoH (a3ax, U rereporeHHsle, MPOTEKaroIIle B
TG Py3MOHHON WIIM KMHETHYECKO# obnacTsax. Peakimu MOryT ObITh HEKaTAIMTHUECKUMH U KaTallu-
TUYECKMMH, UIMETh Pa3HBIA MOPSIOK, Pa3iNuaThCs THUIIOM MEXaHu3Ma (HeoOpaTuMmble, 00paTUMbIE,
MOCJICI0OBATENbHBIC, TIAPAJUICIIbHBIC), & TAKKE YCIOBUSIMH MPOBEICHHS (M30TEPMUYUECKIE, HEHM30Tep-
MHYECKHUE, IIPU TIOCTOSIHHOM JIaBJICHUH, ajinabaTuyeckue, He aauabaruueckue U T. 1.). [Ipeamnonara-

CTC, YTO B U30TCPMHUYCCKUX PCAKTOpAX TEIIO0OMEH 4cpe3 CTCHKY HacajJbHbBINA, M TEIIO0, BhIACIsIC-
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MO€ B pe3yJIbTaTe XMMUYECKON PeaklMK WM MOTJIOINIAEMOE B X0/I€ PEaKIMK, MTHOBEHHO OTBOJUTCS
OT pearupymolie cMecH, Tak 4YTo TeMIIepaTypa B peakTope He usmensiercs. [Ipu mosHoM oTCyTCTBUU

TEIUI000OMEHA Yepe3 CTEHKY PeakTopa B HeM MPOTEeKaeT aJinadaTnIeCcKuid poIiecc.

Pacxon 1 COCTaB NPOAYKTOB pCaAKINU

<=
-

>| ['mapoaunamMuyeckne JlaBnenue
>| 1 MacCcoOOOMEHHEIE >
> TIPOIIECChI
Pacxon, cocras,
TeMIieparypa
periaMeHra < —>1 Xumnueckuii >
< —>| npornecc >
> Temneparypa
> TemnioBoii npouecc >
Temnmno peakuu

Puc. 7.1. CtpykTypHas cxema XUMAYECKOTO pPEakTopa.

BecbMma BakHBIM SIBJISIETCS pa3/ie]ICHHE PEAKTOPOB MO PEXKUMY UX padOThI HAa MIEPUOTUNICCKUE
Y HernpepbIBHbIE. ECM B X0J€ peakyu B anmnapaT HE MOJAI0TCS PEAreHThl U U3 HEro HE BBIBOISTCS
MIPOJIYKTHI PEAKLIUHU, POIIECC B HEM HA3bIBAIOT NEPUOJUYECKUM. PeakTopbl HEPEPBHIBHOTO NEUCTBUS
- 3TO anmnaparkl, B KOTOPBIX OCYIIECTBIIAIOTCS HETPEPhIBHAS [10Ja4a PeareéHTOB, U HEMPEPBIBHBIA OT-
BO/JI PEAKLIMOHHOW CMECH.

3ajaun ynpapiieHUs HEMPEPHIBHBIMU M MEPUOIUYECKUMHU PEAKTOPaMH CYIIECTBEHHO pa3iiny-
Hbl. J[715 mepBBIX XapakTepHbI 3a/layll CTAaOMIM3alliy MMapaMeTpOB Ha 3aJaHHBIX 3HAYEHUSX U CTa-
IIMOHAPHOM PEXUME, /I BTOPBIX — MPOBEICHHE MpoIiecca 10 3aJaHHOi nmporpamme (Harpumep, us-
MCHEHHE TEeMIIEPaTypbl B PEaKTOpE MO OMpe/IeieHHOMY 3aKOoHYy). COOCTBEHHO CTAI[MOHAPHBINH MPO-
LIECC B TAKOM PEAKTOPE HEBO3MOXKEH.

B 3aBHUCHMOCTH OT THAPOAMHAMHUKH IMPOIIECCa Pa3IMIArOT B KPAHUX pexuma paboThl pe-
aKTOPOB: HacanbHOE (MOTHOE) CMEIIEHHE U HieadbHOe BhITeCHeHNE (MOPITHEBOM pexnM). B epsom
Cy4yae CUMTAETCs, YTO MOCTYMAIas pearupyronias CMeCb MTHOBEHHO MEPEMEIINBAETCS CO BCEM
COAEPKUMBIM peakTopa. [Ipu 3T0M KOHLIEHTpALIMK pEareHTOB U TEMIIEpATypbl BO BCEX TOUKAX ara-
paTta B JF000H MOMEHT BPEMEHHU OJMHAKOBHI U PaBHBI KOHIIEHTPAIUUA U TEMIIEPATYPE B BHIXOJHOM
notoke. /luddy3noHHBIN TOTOK BEIIECTBA U Mepeaava Terjia BHYTPH peakTopa MPaKTHIEeCKH OTCYT-
CTBYIOT, a PEKUM UACATBHOIO CMEIICHHS JOCTUTAETCS B PE3yJIbTaTe HHTEHCUBHOIO ITEPEMEILINBAHUS
MeIIaIKaMH. PeakTophl ¢ MEIIagKoW MHUPOKO PaCIPOCTPAHEHBI B XUMUYECKOW IPOMBILLIIEHHOCTH.

B cityyae naeanbHOro BBITECHEHMS IIPEAIIOIAraeTCs OPLUIHEBOE TEYEHUE PEArupyroLiei cme-
CH B almapare, KOorja MOJHOCThI0 OTCYTCTBYET MEPEMENIMBAHUE BIIOJIb MOTOKA M KaXKIbIA 3JIEMEH-
TapHBIN CIIOM B PEAKTOPE HE3aBUCUM OT COCEIHUX. B TO ke BpeMs rpaJiueHTbl KOHLIEHTPALUN U TEM-
reparypbl B HaIPaBIICHUH, NEPIEHAUKYJSPHOM ABMKEHUIO NOTOKA, OTCYTCTBYIOT. TakoW pexum

OOBIYHO MPEATOJIATaeTCs B TPYOUAThIX PEaKTOpax.
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1 h_ a b“
Puc. 7.2. KaCKaﬂHbIe (,Z[ByXKOHTypHBIe) CUCTCMbI pel"yJ'II/II)OBaHI/I}I TeMl‘IepaTy-
pBI B peaKTOpe

a — 110 TeMIiepaType B pyOalike; O — 10 JaBJIEHHIO KUILIIETO CIIOS B PEaKTOpe; — PEeaKkTop; 2 —
PETyIATOp TEMIepaTyphl B peakTope; 3 — PEryisTop TeMIIepaTypsl B pyoarike; 4 — peryim-
PYIOLIHI opraH; 5 — peryisaTop IaBJeHHS IapoB XJagareHra; 6 — perysarop ypoBHS XJaga-
TeHTa

XUMHUECKUE PEeaKIUU Pa3ACiSIOTCS Ha SK30TepMUUecKre (C BBIICIICHUEM TeIlI1a) U dHI0TEp-
Mu4eckue (C MOTJIoIIeHHEM Teria). bosee CIIoKHBIME [T yIIPaBICHHUS SIBISIFOTCS YK30TEPMHUUCCKHE
MPOIIECChI, KOT/Ia CPAaBHUTEIBLHO HEOOJBIIOE W3MECHEHHE TEMIIEPATyphl B PEAKTOPE MOXKET MPUBO-
JAUTH K 3HAYUTCIIbHBIM U3MCHCHUSAM CTCIICHU KOHBCPCHUU. B HCKOTOPLIX CIIydasaX 3TO MOXKCT BbI3BATb
Ja’ke HEYyCTOHYMBOCTD IMPOIECCa, €CIIM U3MEHEHNE KOJIMYECTBA BBIJCIISIEMOTO MTPH PEAKIMU TETIa He
MOJKET OBITh CKOMIIEHCHPOBAaHO COOTBETCTBYIOIIMM M3MEHEHHUEM CKOPOCTH OTBOJA Teruia. HeycToii-
YHBOCTb MTPOIECCA MOXKET MIPUBOAUTH K B3PHIBAM M aBaPUIUHONW OCTAHOBKE PEAaKTOPA.

HekoTopble IpOMBIIIIEHHBIE TPOLIECCHI 1IETIECO00Pa3HO OCYIIECTBIATh B PeKUMaX, OJIM3KHX
K HGYCTOfI‘{HBBIM, TaK KaK OHU MOT'yT COOTBCTCTBOBATH 0oJiee BBICOKOH MPOU3BOAUTCIIBHOCTU TIPO-
necca. Peanmmsanus paboThl peakTopa B HEYCTOMYMBOW OOJACTH MOXKET OBITH oOecreueHa ¢ TOMO-
IIbI0 aBTOMATHYECKOW CHCTEMBI PEeTyJUpoBaHus. B Tex ciydasx, Korjua Takas CUCTeMa He CIpaBIIs-
eTCsl ¢ OBICTPBIM U3MEHEHUEM TeMIepaTyphl, TOKHA CpadaThiBaTh CIEIUANbHAS CHCTEMa aBTOMa-
TUYECKOM 3allTUThl, OCTAHABJIMBAIOIIAS PA3BUTHUE MPOIIECCa OTKIIIOUEHUEM IMOJAud CBIPhsSl HIU COPO-

COM pearvpymoliell CMECH U3 peakTopa.
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KOHTpOﬂbeIe BOMpPOCHLI NO AucuunsiinHe AnsAa noarotoBKu K

g~ W DN

© o N o

11.
12.
13.

14.

15.

16.

17.
18.

19.

20.

3K3aMeHy

OcHoBHas 3aj1a4a CUCTEMBbI YIIPABJICHUS.

ITousatue TOY, ACY, ACY TII, ATK.

OyHKIMHA CUCTEM YITPABIICHUS.

HamnpagieHnus aBTomaTu3anuu. Y pOBHU aBTOMATHU3AIINH.

Tunosas pynkimonanpHas cxema ACY TII. IToustue YBK, YCO, TOII. Obmas nocnenosa-
TEJIHOCTh TIOCTPOCHUS.

Paspaborka ACY TII (nstte cTaauii).

Hepapxusi cUCTEM yIIPABICHUS XUMUYECKUAM TPEATPHSITHEM.

OO0ume 3a1aun yrpaBiaeHHs.

AHann3 OCHOBHBIX alnapaToB, KaK OOBEKTOB YIIPABIICHUS.

. Boamymenus, nomyckaromme cTabuiIn3aiiio, KOHTPOJIUPYEMbIE BO3MYIIICHHUS, HEKOHTPOJIN-

pyeMbIe BO3MYIIEHHS, BO3MOXHBIE PETYIUPYIOLIUE BO3ACUCTBUSA, BEIXOAHbIE IEPEMEHHBIC.
Matussl 1715 IepEeMELIEHUS JKUIKOCTEN.

MaruHsl 17151 IepeMeIeHUs Ta30B.

PerynmupoBanue meHTpoOeKHBIX HAcoCOB. CTPyKTypHas cxema OOBEeKTOB ympasieHus. I 'pa-
(UK 3aBUCHUMOCTH “pacxo-Hamop” . CxeMa peryIupoBaHus.

PerynupoBanue 00BbEeMHBIX MOPIIHEBBIX HacocoB. CTPYyKTypHas cxema OOBEKTOB yIpaBle-
Hus. CXema peryIupoBaHHs.

Kackangnas cxema perympoBaHus MOPIIHEBBIX HACOCOB.

TennoBsle MpoLECCHl B XUMUYECKON TEXHOJIOTHH.

Knaccudukanus B TermooOMeHHBIX anmapaTax.

PerynupoBanue Temio0OMEHHIKOB CMEIIICHUSI.

18.1.CtpykTypHas cxeMa 00BbeKTa YIPaBICHUS TEIUIOOOMEHHUKOB CMEIICHHUS.

18.2.Cxema perympoBaHus TEIIIOOOMEHHHUKA CMEIICHUS.

PerynupoBanue MoBEpXHOCTHBIX TEINIOOOMEHHUKOB. CTaTUYECKUE XapaKTEPUCTUKU TTOBEPX-
HOCTHBIX TEIUIOOOMEHHUKOB. (CXxeMa peryJlupoBaHUs IMOBEPXHOCTHBIX TEIIO0OOMEHHUKOB
BO3JICCTBHEM Ha PACXO]l TOpsSUero TeruioHocuTest. Cxema peryaupoBaHus MOBEPXHOCTHOTO
TEII000MEHHHUKA.

TennooOMEHHUKHU C arperaTHbIM COCTOSIHUEM cpefibl. CxeMa peryiaupoBaHus paboThl TETLIo-
oOMEHHUKa MyTeM BO3JEHCTBHUS Ha pacxoj rperoiero napa. KackamHas cxema peryinpoBa-
HUS TEMIIepaTypbl npoaykTa (peryjiupoBaHHe AaBICHHS TPCIOIIETO Mapa ¢ KOPPEKIHel 1o
Temrepatype npoaykra). Cxema peryJupoBaHusi TEMIIEPATyphl MPOILYKTa PacX0Ja0M KOHJICH-

carta.
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21.

22.
23.

24,

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

Cxema peryiupoBaHus pabOThl KOHICHCATOPOB IyTeM BO3JEHCTBHS Ha pacxXo/ibl XJIaJareHTa
¥ KOHJICHCATA.

ABTOMaTH3a1Us TPyOUaTHIX TTEUEH.

ABroMaru3zanus Tpyouatbix neueil. CTpykTypHasi cxema ynpasieHus Tpy6daroii neuu. Kac-
KaJiHas CXeMa aBTOMaTHU3aluu TpyO4aToil meuu.

Kackamnast cxema perynupoBaHHs TPyOUaTOW IEUW C PEryJIiTOPOM COOTHOIICHHUS “TOIUINB-
HBIH Ta3 - MPOayKT” .

Kackagnas cxema peryaupoBaHMs TeMIIEpaTypbl IPOAYKTa Ha BBIXOJE C PETYIATOPOM COOT-
HOILIEHUS “ TOIJIMBHBIN ra3 - BO3AyX C KOPPEKLHEH 10 COAEPKAHUIO KHCI0pOia B MCXOIHBIX
rasax.

Cxema peryarpoBaHus TEMIIEPATYPBI IPOAYKTA B I€YH € SKCTPEMAIIBHBIM PETyJIATOPOM, KOp-
PEKTUPYIOLIUM COOTHOIICHHE “Ta3 - BO3AYX .

[Ipornecchbl peKTUGHUKAIMYA B XUMUYECKOIH TEXHOJIOTHH.

Omnwucanue paboThl peKTUPUKAITMIOHHON YCTaHOBKH.

CrpykTypHas cxeMa peKTU(UKAMOHHONW YCTAaHOBKH KaK 0OBEKTa aBTOMATU3ALUH.

Cxema cTaOmin3anuy npouecca peKTu(ukanuu.

30.1.Cxema yCTaHOBKH Ipoliecca peKTH(PHUKAIIUN CO CXEMOW aBTOMATH3AIIHH.
30.2.Ha3znaueHue OTIEIBbHBIX KOHTYPOB PETYJIUPOBAHHS MPOIecca PeKTU(DUKAIIH.

Cxema KacKaJHOTO PETYJIHPOBAHUS Tpolecca PEeKTU(UKALMHU, KOTJa IEeeBOH MPOIYKT —
JUCTUILIAT.

Cxema peryaupoBaHus npolecca peKTUPHUKAILMU IpU KOJIeOaHUAX pacxoja UCXOAHOM cMecH.
PerynupoBanue cocraBa KyOOBOro ocTaTka mpouecca peKTHU()UKALUU C yYeTOM M3MEHEHUs
pacxoaa UCXOAHOM CMECH.

Cxema perynMpoBaHus INpolecca peKTU(UKAIUY IPU JUHAMMUYECKUX M3MEHEHUSX COCTaBa
HCXOJHOU CMECH.

Cxema peryaupoBaHHUsl COCTaBa JTUCTUIUIATA MpoLEcca PeKTU(PHUKAINN C YIETOM W3MEHEHHS
COCTaBa UCXOJHOU CMECH.

Cxema peryaupoBaHMs COCTaBa AUCTHIUIATA Ipoliecca PeKTU(UKALUU PEryisaTopoM COOT-
HOUIEHHUS PACXOA0B AUCTUILIATA U UCXOJHON CMECH.

Cxema peryaupoBaHus IMpolecca PeKTU()UKALUU MPH OJHOBPEMEHHOM M3MEHEHHMH Pacxoia
M COCTaBa MCXOIHOM CMECH.

BapuaHThl cxeM aBTOMaTH3alKu MpoLecca peKTUPHUKALHH.

MaccooOMeHHbIe TPOLECChl B XUMUYECKON TEXHOJIOTHH.

[Ipouecc abcopOiuu.

CtpykTypHas cxema mporiecca abcopOrmu Kak 00beKTa YIIPaBJICHUS.

Cxema crabunmuzanuu mporecca abcopomuu. CxeMa mporiecca, KOHTypa peryJMpOBaHUs,

B3aUMOJCHCTBHE OTJACIbHBIX KOHTYPOB pETryJIMPOBAHU.
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43.
44,

45,

46.
47.
48.
49.
50.
Sl
52.
53.

59.
60.

61.

62.

Cxema mporiecca abcopOLuu - 1ecopOommm.

CtpykTypHas cxeMma Tporecca adcopOImuu - JecopOIMM KaK TEXHOJIOTMYECKOTO OOBEKTa

yIpaBJICHUSI.

Cxema aBTOMaTH3aIMU Tporiecca abcopOLUy - AeCOPOIIHH.

45.1.KoHTypa peryimpoBaHus mpoiecca abcopOuuu - 1ecopOommm.

45.2.B3auMO/ICCTBHE OTACIBHBIX KOHTYPOB PETYJIMPOBaHMS Tporiecca abcopOruu - je-
copOIuu.

[Tporiecc BhimapuBanus. BrimapHbie yCTaHOBKH.

CrpykTypHas cxeMa 00beKTa YIIpaBIICHHUS IPOIECCa BhITAPHUBAHMUS.

Cxema cTaOMIM3aIluy TEXHOJIOTUYECKAX BEJTMYMH BHIIAPHOW YCTAaHOBKH.

CxeMa MHOTOKOHTYPHOTO PETYJIUPOBAHHS ABYXKOPITYCHOW BBIITAPHOHN YCTaHOBKH.

[Tporecc sKCTpaKuy.

CtpykTypHas cxemMa 00bEKTOB YIIPABICHHS MPOIECCa IKCTPAKIIUH.

Cxema cTabWIM3auy MpoLecca SKCTPAKINH.

CxeMa peryJIupoBaHHs COCTaBa pearcHTa mporecca IKCTPAKIUN C YIE€TOM H3MEHEHHS pacxo-

Jda 1 COCTaBa UCXOOHOI'O ChIPbA.

. IIpouecc cymku. Llens ynpasienus.
55.
56.
S7.
58.

CrpykrypHas cxema OapabaHHOM CyIIKH KaKk OOBEKTa YIPaBICHHUS.

Cxema cTabmIM3anuy mporecca CynKky B 0apabaHHOHN CYIITHIIKE.

CxeMa MHOTOKOHTYPHOTO PETYJIUpPOBaHUs IIpoliecca CyIIKH B OapaOaHHON CyILIMIIKE.
ABTOMAaTH3aIMs CYIINIOK C KUIISIIIUM CJIOEM.

58.1.CtpykrypHas cxema 00BbEKTa yIpaBJIeHUs MPOLECcca CyIIKH.

58.2.Cxema peryampoBaHus IPOIEcca CYIIKH.

CTpyKTypHas cxeMa XUMHUYECKOT0 peaKTopa.

OCO0OeHHOCTH TUHAMUKU U YCIIOBHSI YCTOWYMBOCTH PEXKHUMOB PabOThl XUMHUYECKUX PEAKTO-
pOB.

PerynupoBanne peakTopoB C NMEPEMEIIMBAIONIMMU YCTPOWCTBAMH. BapuaHTBI MOCTPOSHHS
KOHTYPOB PEryJIMpPOBaHUs.

KackaHble cxembl peryJinpoBaHus TEMIEpaTyphbl B peakToOpax.
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