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I'JTABA 38
OBPABOTKA OXJIAKAAIOLLEW BOAbI

Bona, ucronp3yemMasi B IPOMBIILIEHHOCTH, B OCHOBHOM IIPHMEHSETCS IIsl OXJIaxIe-
HHSl MPOIECCOB U ITPON3BOIUMOH Npoaykimu. Hanyuaue Bolbl B HGOIBLIIMHCTBE IIPO-
MBIIIIEHHBIX palOHOB HapsJly C €€ BRICOKOMH TEINTOEMKOCTBIO CETIaJIH BOAY HaHOO-
Jlee IPENIOYTHTENTBHBIM TETNIOHOCHTENEM KaK B IIPOMBIIITEHHOCTH, TAK U B KOMMY-
HAJIBHOM X03siicTBe. B HacTosiee BpeMsi B paifoHaX C MAJIbIM KOJIMYECTBOM OCAIKOB
BCE OoJIee LIHPOKOE PACIPOCTPAHEHHE MOIY4aloT TEXHOJIOTHU HETOCPEACTBEHHOTO
OXJIaXKACHUS BO3LYXOM, OMTHAKO, T CTENEHB, B KOTOPOH UCTIONBL3YIOTCS 3TH TEXHOJIO-
THH, BCE EIIIe HECOMTOCTaBHMa KaK C TOYKH CO CTENICHBEC HCIONb30BaHMsI BOIBI BO BCEX
00mnacTaX NpUMeHERNsI, BKITOYAs CHCTEMBI TEIUIONEPEAaY.

B nocnegaye rogst mpooiieMa UCTIONB30BaHUSE BOMBE JUS OXJIAYKACHUS MOCTOSHHO
HAXOMIIACh IOJ NPUCTAIPHBIM BHHMAHHEM, KaK TOUKM 3peHUs] HEOOXOMMMOCTH
GOpBOBI € 3arpA3HEHHEM OKPYXKAIOLIEH CPelibl, TAK M C TOYKU 3PEHUs] BO3MOKHOTO
3HeprocOepekeH s, IOITOMY CXEMBI HCITOJIb30BaHUS OXJIaXKJaronieil BOABI MOCTOSIH-
HO MEHSUIHCh H NPOIOJDKAIOT U3MEHIThes. HanpuMep, MHOTHE CHCTEMBI IpENyCMAaT-
PHUBAIOT JIMIIE OAHOKPATHBINA NPONYCK OXJIaXIarollell BOIbI Yepe3 IPOMBILIEHHYIO
CHCTEMY, BO3BpAILas e¢ OOPaTHO B BOAHBIE HacCeiiHbl. ITO CO3/1aeT ONACHOCTh 3a00-
pa BOfIbI B OOJBIINX KOJIMYECTBAX, d TAKXKE MOBLILIEHHSI TEMIIEPATYPhI BOIBI B BOJO-
npuemHyke. C IPYroil CTOPOHEI, TPaJvpHU JIOIYCKAIOT MHOTOKPATHOE UCTIONB30Ba-~
HUE BOJH, B pe3yIILTATE YEro B HAHOONEe COBPEMEHHBIX CHCTEMAaX OXJIAKIEHUSI HC-
napervieM 00beMBl Bosi03a00pa CHIKaroTes Gosee yeM Ha 90% 1o cpaBHEHHMIO ¢ cH-
CTeMaMH MPSMOTOYHOTO OXnaxaeHVs. TaKoit oaXOI CYIECTBEHHO CHIKAET TEMITe-
PaTypy BOIBI BOIONIPHEMHHKE, HO He TeMIIEPATypY OKpPYXaromell cpebl, MOCKOJIBKY
TEIJIO BHIIETAETCS B aTMOChepy.

3TU u3MeHEHUS B KOHCTPYKIMH U paGOTe CHCTEM BOISHOTO OXJIAKACHIST OKa3bi-
BalOT OOJBLIOE BIUSHKUE Ha XMMMIO BOMBI, TAK K4K 9TO, B CBOIO OYEPE/b, BIHSET Ha
peliieHye MpoGieM KOPPO3NH, HATIIYKMS OCaaKa H BO3MOXHOTO 3arPs3HEHMS CHCTe-
MblL. B 3T0#i riaBe paccMOTPEHBI IIPOMBILUIEHHBIE CHCTEMBL, B KOTOPBIX BOJIA HCIIOJb-
3yeTcst JUIs Lesieil OXJIaKIeHYs, aHATN3UPYIOTCs MPOOIEMBl KOPPO3UH, OCAXKIEHUS 1
3arpA3HEHNS 3THX CUCTEM, & TAKXKE TO, KAKOE BIIUSHUE 3TH NMPOOIIEMH OKa3hIBAIOT Ha
TIPOM3BOICTEEHHBII MIpoliece M3-3a MOTEPh TeIUla NPH TeIulonepenaye MM oTkasa
obopynoBanyisi, WYl BCIIEACTBYE 3THX 1ByX (axTopos BMecTe B3siThiXx. Kpome Toro,
MCCTIe/IOBAHBI Pa3IMYHbIe KOHIENIINH TOATOTOBKY OXJIAKIAIONIEH BOIBI, 1 METOBI
KOHTPOJISI, HeOOXOMIMOTO JIIsl MX YCTIELTHOM peayM3alilin.

TEIN/IONEPEAAYA

Ilon Tenyionepenaveit MOHMMAIOT IIPOCTYIO IiEpeIady Teruia OT OQHOTO TeNna K Opyro-
My, Golee ropsiuee U3 KOTOPBIX IIPEICTaBIseT coOOM MCTOYHYIK Temna, a Gonee Xo-
JloiHOE - €ro mojlyyarerkb. B cucTeMax BOAAHOTO OXJIaXXNEHUA K MCTOYHUKAM TEIUIA
cleyeT OTHOCHTh OXJIAXAaeMblil IIPOIYKT MU MPOHECS, 4 K IoIydYaTelieM Tera -
OXJIAXKAAOMIYIO BOAY.

Oxnaxgaromas Boaa, Kak NpaBHIIO, HE MMEET HENOCPENCTBEHHOIO KOHTAKTA C
MCTOYMVIKOM TeIlIa; KaK UCTOMHMK, TAK M MOJTyyaTellh Tera oObNHO MPENCTaBIsIOT
Coboit KuIKIE CPeabl, OTAEIEHHBIC IPYT OT Apyra OaphepoM K3 MaTepuala, sIBJIsro-
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«NALCO»: KHUT'A O BOJIE

LIETOCH XOPOLIYM NPOBOJTHMKOM TeIlIa, oOprMHO MeTasia. bapeep, mo3sonsromuit
TEMIOTe MEPENABaThCs OT UCTOYHMKA K MOJYHaTeNI0, Ha3blBAETCA TEIUIONepenaro-
11eit moBEPXHOCTRIO, @ COOPKa M3 HECKONIBKUX TEINIOBBIX 6apbepos, 3aKIIOYEHHBIX B
KOpIIyC anmnapara - TemI0oOMEHHUKOM.

Bo MHOTHX mpOMBHIUIEHHBIX TEMIOOOMEHHMKAX Kak UCTOYHMK, TaK ¥ MOJyya-
Telb Tema NpezcTaBistoT cobolt xunkue cpenpl. Ecayu HCTOYHMKOM Terlia ABNAeTCS
BOJSHOM Nap WM APYTOi NPOAYKTOBEI nap, nepexosimuii B xuakyro $asy, Takoi
TEMT00OMEHHHK HA3BIBACTCA KOHACHCATOPOM; €CIH MONyyaTelih TEMa MPEACTaBIIs-
€T co00if KUIKOCTE, MePeXOIAllyIo B 1apoByto (pasy, Takoil TeINI0OOMeHHNK HA3bI-
BAETCsl HCTIAPUTEIIEM.

Termoobmennuk Hanbonee mPocTOil KOHCTPYKIMHU COCTOMT U3 TPYOB! MM TTPO-
XO[d KOHLCHTPUYECKOH KOH(UIYpaIMi, pacioloXeHHBIX BHYTpH Opyroil TpyOs! -
obeyaiiky. Takas KOHCTPYKIMs TeIUI0OOMEHHYKA MOy4Iia HazBaHue "Tpyba B Tpy-
6¢". (Puc. 38.1). B 3T0i1 mpOCTOi KOHCTPYKIVH TeMIOOOMEHHNKA, TEXHONIOTUYECKAS
XHUAKas Cpefia MPOTeKaeT HO BHYTPEHHEH TpyOKe, a oxnaxgaromas Bo/ia HAXOUuTCs
B MPOCTPaHCTBE MEXIy TpyOamu. Tero mepenaercs Yepes MeTAJUIMYECKUE CTCHKH,
pa3iessIoNMe 3TH KHUAKHE cpensl. ITockoNbKy 06e KUAKUE CPEIbl IPOXOOAT Yepe3
TEIVIOOGMEHHUK TOJIBKO OAMH pa3, TO Takas KOHCTPYKIMS Ha3bIBAeTCs OJJHOXOMO-
BBIM TEIIOOOMEHHUKOM.

1 Bbixoz Oxnaxaaroei
BOABI

Movok L FL-l

oXnaxaaioLLei 7

BOABI s 1 4= —~0—J BxoA ropseit
A\ = ] XUZIKOA Cpefbt

Konygsble =

Kameps! ) A Buixon,
/4 o OXaXgeHHol
\ ] —3.. N XKupxon cpensl

TT TTFJ
( Breuinsst Tpy6a BHyTpenHsia Tpyba T Bxoa oxnaxpatowei Boap!

Puc, 38.1 Temmoobmennnk Tina "“tpy6a B Tpybe". Jlna obecreyenms Heo6xomuMoro
k03(}UIIeHTa TETUIONEPENAYH TEMIOOOMEHHIKH TAKOH KOHCTPYKLIMY MOTYT GBITH COOPaHBI
U3 HECKOJIBKHX OOBIMHBIX MOZYJICH.

Ecnmu obe xuakue cpeibl OPOTEKAIOT B OAHOM M TOM K€ HAIPABICHUY, TAKOMH
TEIUIOOGMEHHUK HA3BIBAETCS MPSIMOTOYHBIM; €CTIM %€ OHY MPOTEKAIOT B IIPOTUBOIIO-
JIOXEHHBIX HaNpaBIICHUSAX, TaKOM TEILIOOOMEHHVIK HA3BIBAETCS NMPOTUBOTOYHBIM
TEIIOOOMEHHHKOM.

JU1s MOBBIIEHMs] KILT DPOLecca TEIIOOOMEHa 3Ta IPOCTas KOHCTPYKIIMS TeIjIo-
0oOMeHHYKa OblIa YCOBEPLIEHCTBOBAHA C BKIIIOUEHUEM B Hee OOJIee CIIOKHBIX OJIOKOB.
Ha puc. 38.2 nokazaHa KOHCTPYKIMS KOXKYXOTPYOHOTO TerroobMeHnyka. TexHoo-
THYecKas XHIKasA Cpena U OXIIaxaaronas BOia MOTYT HAXOAUTECS ¢ 000l cTopo-
HbI Gapeepa.

Jpyras npocras KOHCTPYKUMS TETUIOOGMEHHOTO anmnapara NpencTasiiser coboi
cocyn ¢ pybamkoii. B aToM BapuanTe oxnaxnaronmas Boja poTeKaeT B IPOCTPaHCT-
BE MEXY NBOWHBIMU CTEHKaM¥ COCY/ld, B KOTOPOM HJET XUMUYECKAs peakiysi, 9T0
COTIPOBOXKIAETCS YIATIEHUEM TEILIOTHI TEXHOJIOTHYECKOTO Impoliecca. ITa KOHCTPYK-
sl HAIIOMMHAET KOHCTPYKIMIO TepMOCa, OHAKO, B 3TOM CIIy4Yac JBOIHASA CTCHKA
WCIIOJIB3YETCS JUIsl OTBONA TEILIA, a He Ui n3oisauuy. [lnacTuHyaTeie TennoooMeH-
HMKH, HEKOTOPBIM 06pa3oM HAIOMUHAIOMME PAMHBIE (JMIBTP-MPECCHl, U3-3a CBOEH
KOMITaKTHOM KOHCTPYKIUY Y1 BO3MOXHOCTY I3TOTOBJICHUSI Y3 MaTEpUAIOB Pas3iiny-
HBIX MapOK, HallUTH IMPOKOE MPUMEHEHHE B XMMUYECKOM IPOMBIIUICHHOCTHL.
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Kamepa npy)x0poBoro annapara Kamepa HeTbPex(0noB0ro annapara

Ycnoetibie 0603HayeHus:
® ~ Nepemeluenre B HaNpasneHWy OT Neperopoak, © — MNepemetlierte B HaNPaBNeHNN K NEPEropoaKe

(a)

Bxop oxnaxaatoiLei soasl
Bixog_TeXHONOrM4ECKoi
.-]zv e Tpybras pewersa Ofevaitka waoﬁ%u cpeny
TA10CKas FONDBHAR ﬁ ;i /
4acTb N . A 2
b i W A AN WA )
Mpoxon, 7 - X va .t
(BonsHas kamepa) - /4 e S — ———r
Al [
Neperopopku mMexTpybHoro
. . NpOCTPAHCTBA
BXOA TEXHONOTMUECKOH XUAKOH Cpefb!
Buixon oxnaxgaaiollei Boab )

Puc. 38.2  VrporuenHas gerans KOXyxorpyOnoro tenioobmennrka. Bonsnas Kamega MOXET OBITh paccuH-
TAH4, MAKCAMYM, Ha 8 IIPOXOJIOB, a IS MOBBIIEHUs KIA TEIIONEepeaady B MEXTPYOHOM IIPOCTPAHCTBE MO-
T'YT ObITH MCIIOJIB30BaHbI [IEPErOPOJIKM Pa3HOOOPasHBIX KOHMHIYpalHi: (EI/) Heckonrko BApHaHTOB KOHCT-
DPYKUMH BOZISIHOM Kamephl [ULs OXJIaxaeHusa TpyOHOro npocrpaHcTsa; () CHopka nmpocToro ABYXXOHoBOrO
TemooomeHHuka ¢ U-06pa3Hbimu TpyOaMm:

YaaneHuve nanviuHeii Tennotol

Kaxk Tonsko Bona BHITOTHUT CBOIO pabOTy MO OXNaKAEHHIO OIIPENIENIEHHOTO HCTOY-
HHKa TeIla, K Heil mepelifieT Ternno, KOTOPOe JOIKHO OBITh PaccessHO. ITO JOCTHTa-
€TCsl IIyTeM TiEpefjayy TeIlla B OKPYXaloIyto cpely. B mpsIMOTOYHBIX CUCTEMAX M3
BOIHOTO MCTOYHMKA 3a0MpacTCs MPOXJiaaHas BOIa, KOTOpas HarpeBaeTcs B IIPOLEc-
Ce OXJIaXKNEHHs1 ONPENEIEHHOTO HCTOYHUKA TEIUIa, a 3aTeM BO3BPAILACTCA B IIPHUEM-
HBIl TIOTOK, TEMITEPATYPa BOJIB B KOTOPOM MOBRIIIAETCS. B cHCTEMax Takoro tuma
TIPY BBIIENIEHNM M3 OXNIaxaaemMoro ucTouHuka Tera B oobeme 1 BTE (Bputanckas
Ternosas equumue) (0.252 xan), kaxnerii Gynt (0.454 KT) oxnaxxaaromei BOAbI Ha-
rpesaercs Ha 1 °F (0.56°C).

B OTKPBHITHIX CHCTEMAX OGOPOTHOTO BOAOCHAGIKEHHS IPOUCXOMIUT HCTIAPEHUE BO-
nel. Ilpu nepexone U3 xuAKOM (a3el B ra3006pa3HyIo B OKPYKAIOIIYIO CpEIY BMECTO
MOTOKa ¥KHIAKOH Cpembl BHIACIACTCS Tellio. B xone McmapeHus BOJbI UMEET MECTO
pacceupanue npumepro 1000 BTE va ¢yaT (555 kan/kr) Bonsi, npeobpa3oBaHHOM B
nap. Ipu vicrons30BaHuY VCTIApeHNsE B IPOIIECCE OXIIAXACHHS], B OKPYXalOLIyIo Cpe-
ny MoxeT 65ITE BeIAENEHO B 50 - 100 pa3 Gonplue Tera Ha 6AMHNILY MAacChl BOMIBI, IO
CPaBHEHUIO ¢ UCTIApHMTEIRHBIMU cricTeMamy. (Boree noxpobHoe oNUCaHue CM. B HU-
HKECTIENYIOMMX pa3fenax 3TOM IJIaBEL)

Hamubonee pacnpocrpaHeHHbie cnocobel nepeaaqum renna

Uspectns! nBa nanbornee pacnpoCTpaHEHHBIX Criocoba Hepenayy Teria TeXHOJIOoT -
HECKO KUAKOH CPeIoi OXNIaKAaioLieil BOJIE B TIpoLecce TennooOMena: Temnonpo-
BOIHOCTb Y1 KOHBEKLWMs. 110]1 7€IIONPOBOAHOCTHIO MOHUMAIOT NEpeaady TeILIOTE
TOPSTHEIT KUIIKOMN CPeMIbl Yepes MOBEPXHOCTD TEIUTONEpeNay Ha OPYTyIo CTOPOHy Oa-
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«NALCO»: KHHUTA O BOJE

pbepa. B 3ToM ciTydae Ternio 3Toil ropsiueii MoBepXHOCTH NEPENAETCS OXJaxaaroeii
BOJIE IIPY HETIOCPENCTBEHHOM KOHTaKTe C HEW, TO €CTh BCIIEACTBYUE €€ TEILIONPOBOLI-
HOCTH. BriocnieZIcTBHY B ITpoLiecce Tiepefiayy Teria 3Ta HarpeTas BoAa CMELIaeTcsi ¢
OXJIAXJAOIIEH BOJIOH, YTO IOJyYMIO HA3BAHUE KOHBEKIIUN.

IIpu ynpaBlieHMH TEIDIONPOBOAHOCTEIO HEOOXOMVMO YUUTHIBATE AT OCHOBHBIX
daxropos:

1. TemmonposonHbIe XapaKTepUCTHKHU (TeIUTONPOBONHOCTE) Gappepa.
. Tommuny Oapbepa, yepe3 KOTOPBIN nepenaeTcs TErIo.
ITnomans mosepxHoCTH Gaphepa.

. PazHocTh TeMIlepaTyp MCTOYHHMKA TEILIA ¥ OXJIAWAAIOLIEH Bonbl (Hanbomee Bax-
HbIl paxTop).

5. Ornowenus ¢ 06enx cropon 6apbepa, 06J1a 1A 0IHE H30IUPYIOMMY CBOMCTBAMM.

2
3
4

U3 3tux natv GaxTopos mepshie TpY 0GYCIIOBIEHE! OCOGEHHOCTAMY KOHCTPYK-
LMK TeTUTOOOMEHHUKA; 4 1 S - 3T0 paboune NapaMeTpri, KOTOPHIE U3MEHSIOTCS B 3a-
BHUCHMOCTH OT yCJIOBMI 3KcIuTyaTauuy. OTiioxens, o0pa3opasliyecs ¢ 06eHX CTO-
POH MeTaIUIMYeCKOro Oaprepa, UMEIOT 60Jiee HU3KYIO TEILIOMPOBOAHOCTE I10 CpaBHe-
HUIO C TEIUIONPOBOOHOCTHIO CaMOT0 METAllla, CIeNOBaTeNbHO, CKOPOCTh TEILIOMpPO-
BOJIHOCTH 3aBHCHT OT HaJtnuus JnoObix oTinoxenuii. HanpumMep, obpaszosanue oTiIO-
XeHul kapOorata kanbiwst Tonmunoi 0.1 moiiMa (0.25 cM) Ha crerke TpyGHI Temio-
OOMEHHYKa MOYKET IPYBECTH K CHIDKEHHIO CKOPOCTH TEIUIoNepeady Ha nefbix 40%.

Taxoe CHIKEHVE CKOPOCTH TEMNONEPENAYH MOXKET O3HAYATD, YTO OXJIAKIAK0LIAs
BOJIA HE B COCTOSIHHY YA TP TEIUIO TEXHOJIOTHYECKOTO Ipoliecca B TpeGyeMoM 06b-
eme. [Toatomy, Uit mopnepxanust CKOPOCTH OXJIAKIEHHUS B TEX IPENenax, KOTOPHIE
¥MMEJH MECTO 10 00pasopaHus OTIIOXEHUH, Heo6X0AUMO 00 3aMeJINTH ITPOU3BOLI-
CTBO, TNOO YBEIMYHMTE Pacxo] oXjlaxaaromeit pojisl. B OOIBLIMHCTBE CIyyaeB HO-
ClIeHEE OCYIUECTBHTE HEPEAIbHO, B PE3YJIBTATE YEro CHUNKAETCSH MPOU3BOAMTEIIb-
HOCTh KOHKPETHOT'O TEXHOJIOTHYECKOTO OJIOKA FUTH BCEH YCTAHOBKH.

KoHcTpykuus TennoobmeHHnka

B Tennoo6MeHHMKE IIPOCTOM KOHCTPYKIIMH, 0 KOTOpoii 6pIT0 cKaszaHo seiie (Puc.
38.1), 06e xuKye CpemBI IPOYCKAIOT Yepe3 TEMmnOoOOGMEHHUK TONBKO OMH pas3, 1o-
3TOMY Takoll TennooOMeHHMK MONydYMn HaspaHue OfaHOXoaosoro. KoHcrpykuus
TENIOOOMEHHHKOB, paboTaOIKX [0 IPOTUBOTOYHOM CXEME, KOT/Ia HaKas cpena-
MOJIy4aTesb TeIia v >KUIKas Cpeaa-uCTOYHUK TeIlla TeKYT B HPOTHUBOTIONOKEHHBIX
HAIPaBICHUSX, ABIBIETCS 60JIee COBEPILEHHOM MO CPpaBHEHUIO C KOHCTPYKUMEN OTHO-
XOIOBOTO TEIUIOOOMEHHMKA, TTOCKONBKY Takas KOHCTpyKimsi obecrieursaeT GOIb-
LIYI0 OBVXKYHIYIO CHITY (M3MEpSeMYIO KaK CPSAHss pA3HOCTh TEMIIEPATYD) IIPU TEX e
KOHEYHBIX TeMIIEpaTypax; CIe/IOBATENIbHO, MOXHO TIEPENATh TOKE CAMOE KOJINYECT-
BO TEIla MPpY MEHbILEi MIIomaM NoBepxHocTH. TakuM 06pasoM, NPOTUBOTOYHEIC
KOXYXOTpYOHBIE TENOOOMEHHUKHM OOBIYHO HAXOIAT GONBINEE MPUMEHEHWE, IO-
CKONBbKY IpY KOHKPETHBIX 33/IJaHHBIX YCIOBHSIX MOXET OBITh NEpeniaHo GObIlee KO-
JINYECTBO TEILIA.

OcHOBHOI! HEMOCTATOK TeINOOOMEHHYKA TUIla "TpyOa B TpyOe" 3akimouaetrcs B
OTHOCHTEIBHO HEOONBIIOH HOBEPXHOCTH TeIu1ooOMeHa, obecrieurBaeMol OIHOIM
TpyOoit TernmooOMEHHMKA, 1O CPABHEHUIO C OGIIMM ITPOCTPAHCTBOM, KOTOpOE Tpehy-
€Tcs1 JUIs1 Beelt yCTaHOBKU. JIJist IpeoIoNieHyst 3TOTO HEMOCTATKa B COBPEMEHHLIX TETl-
JI0OOMEHHMKAX IDIOMIans 3h¢hexTHBHOM Telutonepenayy yBeIMYMBACTCH 34 CueT UC-
IIOITL30BAHUS HECKOJIBKUX TPYG B 0beualike. 310 CmocoOCTBYET HOMBIIEMY KOHTAKTY
MEKIY UCTOYHMKOM M IMPUEMHHKOM Teria. Kpome 3Toro, OONBIIMHCTBO MPOMEBILL-
JICHHBIX TEIUTIOOOMEHHUKOB SIBIIOTCS MHOTOXOMOBBIMH. O6a 3THX MeTona Hanpas-
JIeHbl Ha coyeTaHue 3(¢exTUBHOI TeIonepenayy ¢ MPaKTUYECKy HenecooOpa3Hbl-
MH pa3zMepamu obopynosanus. Ha puc. 38.2 nokaszan tennoo6MeHHUK THma "Tpyoa
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B TpyOe" ¢ nByMsi TpyGamMu B OTHUM Koxyxe. ITouTH BO BCeX TAKMX TEIIOOOMEHHH-
Kax BoJIa IIPOTEKAET 110 TpybaM, a TEXHOIOrHYeCKas KHIIKas Cpella HAaXOMUTCS 3a UX
TIpefieIaMH - B MEXTPYOHOM IIpocTpaHcTBe. OIHAKO, HMEETCsl P MCKIIOUEHN, H,
ClleAOBaTeNIBHO, JIE0OOE HCCIenoBaHKe IKCIUTYaTALMOHHBIX IIOKasaTenei Terioos-
MEHHHKA JOIDKHO HAYMHATHCS C OIPEAETICHIs! TOTO, KaKas Cpefa HaXOAUTCs B TpyO-
HOM, a KaKas - B MeXTPYOHOM rpocTpaHcTBe. s ynobcTBa, B HACTOMIEM H3aHHK
BHUMAHHE KOHIICHTPHPYETCS Ha TPAJHULMOHHOM BAPHAHTE HAXOXHIECHMA XUIKHX
cpem, KOra OXJIa)kAaroLlast Boaa IPOTeKaeT B TPYOHOM, a TEXHOJIOTHYECKAs! WHAKAs
cpena - B MEXXTPYOHOM IIPOCTPAHCTBE 00edaiiky TenIoOOMEHHHKA.

Tlpu pacuere KOHCTPYKIUH TEIIIOOOMEHHUKOB, MIDKEHED TIONYYAET U3 CIPaBoOU-
HO# JInTepaTyphl 3HadeHust koaddunuentos tervionepenaur B BTE B uac Ha kpaj-
patHsrit GyT HOBEPXHOCTH, HA AIOMM TOMIIMHEI Oapbepa, Ha TPaayC PasHOCTH TEMIIE-
patyp, unu Ul = BTE/u/ks. ¢y r/nroiiv/ °F (xanfu/m?em/°C), JTns 3aganroro pasme-
pa Tpy6 Tenioo6MeHHHKa, KOTOPBIe MOTYT ObITh CTAHAAPTHIUPOBAHEI II OIpee-
JIEHHBIX KOHCTPYKIMH, HallpuMep, KOHAEHCOPOB, CKOPOCTh TEIionepenay MOXeT
6bITh paccuuTaHa 10 CICAYIOHIEH COKpalleHHoH ¢opMyne, OCKONBKY TONIIAHA

CTEHKH TPyOBI M3BECTHA!
U, = BTE/u/ks. ¢py1/ °F
= (kanfu/m?/°C)

Ecny u3BeCTHBI TEMIEPATYPHBIE YCIIOBHS IIpOLiEcca, TO 3Ty GOPMYITy MOXHO YU~
POCTHTE:
U; = BTEM/kB. dyT
= (kanfu/M?)

W, HakoHel, KOHCTPYKIMSI KOHKPETHOTO TEINTOOOMEHHHKA, HCTIONB3YEMOro B
onpenereHHONH O6JIACTH IPUMEHEHHUS C HE3HAYHTCIBHBIMH M3MEHEHHUSIMH TeMIlepa-
TYPHBIX YCJIOBHIf, MOXET OBITh pacCunTaHa o CyMMapHoOii Teruoriepenaye B BTE/u
(xanfu). Eciiu notok terna B BTE/ yMeHBIIaeTCst, To HEOGXOAMMO IPOBECTH KCCIle-
JOBaHUE JUIs ONPEIEIEHHs TOTO, SIBIISETCS JI 3TO Pe3yJIbTATOM U3MEHEHH TeMIlepa-
TYPHBIX YCIOBHEH, HAINYMS OTJIOXEHMH, 3a0MBKU Tpy® MM Kakoi-mu6o uHOl mpu-
yuHEL Takue npobieMbl MOTYT MMETh MECTO KaK Ha CTOPOHE BOJIBI, TaK H HA CTOPO-
HE TEXHOJIOTHMYECKO#! XUIKOH cpeabl.

B GonbImHCTBE TEXHOJIOTMIECKUX TEIJIOOOMEHHHMKOB TEINIOBOM IIOTOK COCTAB-
ssier B cpeaneM ot 5000 no 6000 BTE//ks. ¢yt (ot 120 mo 150 kan/u/m?). Omuako, B
HEKOTOPBIX TerioobMenHuKax ol npeppmuaer 30000 BTE/u/ks. ¢yt (750 kan/u/m?)
IIPH KOHEHCALMM N1apa Ha CTOPOHE TEXHOJIOTHYECKOro nponecca. CKopoCTs TeIno-
Iiepelady 3HAUUTENHHO M3MEHSIETCS TaK K€ B B 3aBUCHMOCTH OT CKOPOCTH TIOTOKA
Boze! (cM. puc. 38.3).

Temneparypa oxnaxaariieit BOABI B IIOIEPEIHOM CEYEHUM TPYOBI HE SIBIISETCS
OIMHAKOBOI: caMas ropsyasi Ta BOAa, KOTOpas HaXOAUTCS B HEMIOCPEACTBEHHOM
KOHTAKTe CO CTeHKOMH TpyObl. TemnepaTtypa CTEHKH TpyObl, TIOJIyYHBIIAs HA3BAHHE
TIOBEPXHOCTHOM TeMITepaTyphl, IIPeCTaBIIfeT cOO0i BaXHbIA HOKA3aTENb HPH pas-
paboTke MporpaMM XHMHUYECKOH BOAOTIOArOTOBKH. (PAKTHYECKH, ITOBEPXHOCTHAS
TeMmreparypa - Hanboiee BakHas iepeMeHHas 11 60peOBI ¢ Koppo3ueit 1 OTIIoXe-
HusiMH. TTOBEPXHOCTHYIO TEMIIEpATYPy MOXKHO PACCYMTATE, HCXOIA M3 CKOPOCTH I10-
TOKa BOJbl, TEIJIOBOFO IIOTOKA, & TAKKE TEMUEPATYP BOIBI ¥ TEXHONIOTMUECKOH KT
Kot cpensl. HanpumMep, Ipy O4€Hb BBICOKHX IIOBEPXHOCTHHIX TeEMIIEpaTypax (IpeBbl-
matorux 200 °F (93 °C)), Ha yCTaHOBKE CYIIECTBYET GoNblliasi BEPOSTHOCTD TOsIBIE-
HUS HAKUITM ¥ KOppo3uH. MHorne coeTMHEHNs, HaliteHHble B OOpa30BaHHBIX OTIIO-
JKEHHSIX, B YCIIOBUSX [TOBBILIEHHEIX TEMIIEPATYP MEHEE pACTBOPHMBI B BOJIE, B TO Bpe-
M3 KaK KOPPO3HOHHEIE PeaKLHK IIPOTEKAIOT ropas3ao OwICTpee.

OxnaxFaoias Bojia MOXKeT IPOTEKaTh KaK B TPYOHOM POCTPaHCTBE (BHYTPH
TpyboK), Tak ¥ B MEXTPYOHOM IPOCTpaHCTBE (BOKPYT TPyOOK) TermoOOMEHHHKA.
C ToukH 3peHHs HeOOXOMMMOCTH OYHCTKH BOJBI, IIy4YIlle, €CJAM BOAA HAXOOUTCS B
TpYOHOM npocTpancTBe. Bo H3b6exaHie 0CaXICHUA TBEPIBIX B3BEIEHHBIX YACTHII
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CxopocTs notoxa 8 TpYGHOM npocTpancTBe (GyTbi/c) Npu
NOCTOAHHOM CKOPOCTH [IOTOKA B MEXTPYOHOM MDOCTPaHCTBe

Puc. 38.3 Hsmenenve koadduumeHTop Temionepenaun B
38BMCHMOCTH OT CKOPOCTH, KaK B MEXTPYGHOM, TaK U B %py6-
HOM TIpOCTpaHCTBe. OMHOPOIOHAS CKOPOCTh B MEXTPYOHOM
TIPOCTPAHCTBE He MOXET OBITh JOCTUIHYTa M3-3a OTpaHHUye-
UM B TeOMETPUM TETLIOOOMEHHMKA.,

Ha CTeHKax Tpyb B TemmooOMeHHHKaX TaKOl KOHCTPYKIHE, CKOPOCTh IOTOKA BO-
J6I OOBIYHO NOAEPXUBAETCs HA ypoBHe 2 - 3 dytoB/c (ot 0.6 1o 0.9 M/c) u naxe 7
- 8 gyros/c (ot 2.1 1o 2.4 M/c). Bonee HU3KHE CKOPOCTH CIOCOBGCTBYIOT OCAKICHUIO
Ha CTeHKH TpyO B3BEMIEHHBIX TBEP/BIX YACTHI] M MOSBIEHUIO OTNOXEHMIL. B myuxe
TpYO HM3Kasd CKOPOCTh, CKOpee BCETO, MOXET MMETh MECTO TONIBKO B OAHO# TpyOe
BCJIEACTBHE e€ 3aDMBKH MM HEOOCTATOYHO PAaBHOMEPHOTO paciipefieieHHsl TIOTOKa
BOJIBL. .

HHorna, npu BEICOKOM JABIEHHH HA CTOPOHE TEXHONOTHYECKOTO MPOLECCa 3KO-
HOMUYECKH Donee nenecoobpasHoi curTaeTcst KOHCTPYKIUS TEIOoOMEHHHKA, B KO-
TOPOM OXJIaXJaloIias BOAA PoTeKaeT B MEXTpyOHOM npocTpaHcTee. OfiHa K3 INaB-
HBIX IPoOIieM TAKHX TEMTOODMEHHHKOB 32KII0YAETCsl B CHHXKEHHH CKOPOCTH ITOTOKA
B 00ONacTH neperoponok, TPYOHBIX OIOp M TPYOHBIX PELIETOK B TO BpeMs, KakK cpel-
HSIS1 CKOPOCTD IOTOKA BOABI B MEXTPYOHOM IPOCTPAHCTBE SIBISETCS TIPHEMIIEMOH. .
OTH 30HBI C HU3KOH CKOPOCTHIO OTOKA BOIBI OKA3BIBAIOT BIMSHKE HA IIOBEPXHOCT-
HYIO TeMIIEpATypy H Pe3KO YBEIMYHMBACT PHCK HOSBIECHUS OTIIOKEHHMH K GHICTPOro
YXyIIeHHs kauecTBa MeTalna. Hanpumep, H3BECTHO, YTO TEITOOOMEHHHKH 3 YTJie-
POAUCTO# CTaIH, BOAA B KOTOPHIX HAXOWIACH B MEIXTPYOHOM IPOCTPaHCTBE, BEIXO-
JMIIK U3 CTPOs B TedeHHE 3 MecsleB 13-3a NpoGoeB B TpyOax, daxe B IPHCYTCTBUH
TAKOTO CHIIBHOTO HHTHOMTOpA KOPPO3XH KaK XpOMAT.

%CT EMbI OX/IAVKJAIOLLEIH BOAbI: NTPOBIEMbI 1 XHMHYECKAS! OBPABOT-

Tunwunsie npobneMsl, MPUCYLIHE NIOOBIM CHCTEMAM OXJIAXIAlo1ieit BOABI ¥ HMEIO-
IIMe MECTO HA CTOPOHE BOJBL, IEPEYHCIIEHE] HIXKeE:

Kopposrg — 310 GyHKIHBOHATbHAS 3aBUCHMOCTE XapaKTEPUCTHK BOALI ¥ METAIl-
na B cucreMe. Kopposus clioco6CTBYET NMpeXkIeBpeMEHHOMY YXYAILCHUIO Ka4ecTsa
MeTasla; OTNIOHEHUS NPOAYKTOB KOPPO3WH CHHXKAIOT KaK Temronepenavy, Tak H
CKOPOCTH NMOTOKA.

Harrnp BI3BaHa OCAKICHUEM COEAMHEHME, HANIPUMED, YITIEKKCIIONO Kajgblud,
KOTOPBIE CTaHOBSTCS HEepACTBOPHMBIMY IIPH Gonee BHICOKUX TeMmepaTypax. Hakulb
OKa3bIBAET HETATHBHOE BIIMSIHUE HA TEILIONEpeNayy ¥ YMEHbIIAET CKOPOCTh IOTOKA.

OfpacTanye UIMeeT MECTO IIPH BLITATEHUH B OCAJJOK B3BEIICHHBIX TBEPIBIX BE-
IIECTB, NOSIBJIEHUM MPOAYKTOB KOPPO3UK U pocte MEKPOOHO# Maccel. ObpacTaHue
OKa3bIBAET Ha CHCTEMY TAKOE )K€ HeraTHBHOE BIMSIHUE, YTO ¥ HAKUITb H, KPOME TOTO,
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0o0OPacTaHuE TAKKE CHOCOOCTBYET BO3HHKHOBEHHIO NO/IIINAMOBOI KOPPO3HH.

ITpu o6pabotke oxaxaaroiieH Bos! HeOGXOAMMO PYKOBOACTBOBATHCH TEMH XKE
CaMbIMK OCHOBHBIMH NPHHIMIIAMH, XapaKTEPHBIMK JUIS BCEX TUIIOB CHCTEM OXJIAX-
maroineit Bogs!. Ilpexge Bcero, Heo6X0IHMO AOMKHBIM 06pa3oM HACHTHOUIUPOBATE
pobneMy: HaKHITb, KOPpOo3Hus, 0OpacTaHue UMy KOMOMHaIWS JTFOOBIX U3 3TUX (PaKTO-
poB. Ha nocnenyromux stanax ciefyeT BBINOIHUTE TIATENBHBIN aHAIN3 JKUIKUX
cpen Ha CTOPOHE BOIBI M TEXHOJIOTHYECKOTO pouecca. B Xxone storo ananuza O6yayT
BBIABJICHBE! OCOOEHHOCTH KOHCTPYKIHE CHCTEMBI, IKCIUIyaTalHOHHBIE MOKa3aTeNy,
XUMUS, T.€. BaKHBIE (hakTOpPHl [/Is1 BEIOOpA M NMPUMEHEHHMS] HA NIPAKTHKE HAIeXKHOH,
3IKOHOMUYHOH OOOCHOBaHHOI! MporpaMMbl XUMHUECKOH BofonoAroToBky. Ocoboe
BHUMAHHE CJIE[IyeT YAelaTh CHCTeMaM ¢ 0coObME TPeOOBaHUAMI K BOJOMOATOTOB-
K€; B YaCTHOCTH TEM CHCTEMAM, B KOTOPBIX CYIIECTBYET IIOTEHIHANbHAS CIIACHOCTD
3arps3HEHNS] BOJBI TEXHONOTHYECKOMH XHIKOH cpeod HITH IPOAYKTOM, B Pe3yNbTa-
Te yero Haubonee 3¢¢ekTHBHBIT cnocob 06paboTKY He SIBIIsIETCS preMiteMbiM. M3-
BECTHBHI TPH OCHOBHBIX THIIA CHCTEM BOISHOTO OXJIAXICHUSA: MPAMOTOYHAS, 3aMKHY-
Tasi peHUpKyJISHroHHas (0e3 uelapeHust), ¥ OTKPhITas PELMPKYJIHHOHHAas (C ucha-
peHHeM).

MpsamoToyHoe oxnaxaeHne

T1py npsiMOTOYHOM OXNaKACHNN BOAa 3a0MpaeTest HEOCPEACTBEHHO U3 CUCTEMBI BO-
IoCHAOXEHNs IPEAIPUATHS, 3aTEM IPOIYCKAETCs Yepe3 CHCTEMY OXJIAXIEHHUs M BO3-
BpalllaeTcsi B BOOONPHEMHHUK. TakuM o6pa3oM, HCTOYHHK TepsieT cBoe Teruio. [ias-
Hasg OCODEHHOCTb NPSIMOTOYHBIX CHCTEM 3aKIIIOYAE€TCsl B PACXO[e OTHOCHTENIBHO
6onemoro c6kemMa Boasl HA oxilaxaeHne. OOpMHAA CXeMa NPSIMOTOYHON CHCTEMBI
OXJIaKAEHUS BOJIOH nokasaHa Ha puc. 38.4. B HEKOTOPBIX CHCTeMaXx NMPSIMOTOYHOIO
OXJIaXKIEHUs1 BOJ]A U3 CHCTEMbI BOJOCHAGIKEHUS MPEAIIPHATHS HCIIONB3YETCH M KaK
NHTHEBAS M VI HYXKE OXJNaxICHMsl, CIEeACBATENbHO, HEOOX0IUMMO NPENYyCMOTPETh
XMMHWYECKHE BELLECTBa, SIBIAIONIMECS D€30IIacHBIMM ISl IMTHEBOH BOIEL.

TummuHas nporpaMma XUMHYECKOH BOAOIOAIOTOBKH, HMPOBOAMMas B LEMSX
60pE0HI ¢ KOPPO3KElt, MOXKET MPEAYCMATPHBATE HCIIOTIL30OBAHKE PA3TIMYHBIX HEOPTa-
Hudecknx ¢ocdaro, Kak B YHCTOM BHIE, TaK M coefAMHeHIY ¢ nMHKOM. ITpn npume-
HEHHH YKa3aHHBIX COeIMHEHNE B HEOONBIIMX KOHUEHTPALHUAX, TpeOyeMbIX THIIb A7ist
skoHoMuuecky 3bdexTHBHOM 06paboTKK cHCcTeM MPSAMOTOYHOIO OXJIAXICHHS, ITH
COEMHEHUS He o0pa3yloT HUKaKOH BHANMO¥ IICHKY HA TIOBEpXHOCTH METAIIA; O/
Hako, ux nobaBieHie NPUBOINUT K YMEHBIIEHHIO CKOPOCTH KOPPO3WH IIPUMEPHO Ha
90% 1O CPAaBHEHHMIO C TEMM CHCTeMaMy, 0OpaboTka KOTOPBIX HE MPOBOAMIACE. Ta-~
KM oDpa3oM, 3TH CoelMHeH s 0OeCIEUNBAIOT 3aIUTY OT KOPPO3UH, IIOCKOJIBKY XH-
MHUYECKOE BELECTBO, IEHCTBYsI B MECTAX BO3MOYKHOM IIOTEPH METAJLIA, IIPEMATCTBYET
KOPPO3HOHHOI peakluy U, CIeJOBATEBHO, YMEHbIIAET KOJIMYECTBO MeTalia, yna-
JIS1EMOTO C IIOBEPXHOCTH.

B tex cuctemax, rae npobneMy npeactapisieT HaKUIb, Haubosee YacTo MpUIMHA
3aX/1I09acTCsl B HAJIMYKUK YTIIEKUCIIOTO KaJIbLKs BCIEACTBHE H3MEHEHUS HHIeKca yc-
TOIUMBOCTH BOJBL.

B crcremax muTeeBoi BOAB! st 60PORI ¢ HAKKITBIO OOBIYHO HCIIONB3YIOTCS I10-
mdochars.

B cuctemax TexHHYeckoi Bogb! Gonee sthdex THBHBIME HETUOHTOpaMu [tst 60pb-
651 ¢ HakuIIeOOpa30OBaHKEM SIBILIOTCS CONK (OCHHUAOBOM KUCIOTHI, HEKOTOPBIE aK-
pvnaTHbIie NOMAMEPH! WiN codeTanue conu ¢ocduropoit kucnors/akpunaros. Cy-
LIECTBYIOT JiBa ciocoba yZla/leHUsl HAKHIIM YITIEKHCIIONO KaJIBLHA ¢ TeIUIONepeaaro-
LIMX MOBEPXHOCTEH M U3 pacpefe I TeNnbHBIX TPy6 npH MOMOLIY 3THX HHTHOUTOPOB:

1. 3TH MHrEOGUTOPHI B3aUMOIEHCTBYIOT C HOHAMY, OONAaIONMMK MOTEHIMAIIOM
HaKuIeoOpa3oBaHus, W, TEM CaMbiM, NPEOTBPAWAIOT POCT KpUCTAILIOB. Jlns
ITO e 06BIYHO HCIONB3YIOTC HEOPTAHHIECKHE TONK(OCHaTH KaK B OTIENIE-
HOCTH, TaK ¥ B COYETAHMH JIPYT C IPYroM (OKOHYATENbHAS MOAroToBKa). Minorma
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L7151 KOPPEKTHPOBKK MHJIEKCA YCTOHYHBOCTH BOABI HCHONB3YETCs KHCIIOTa, KOTO-
pas, oAHOBpEMEHHO, IipenoTBpamaeT ocaxcaeHre CaCQO;. Yto Kacaercst HaKuIy,
0Opa30BaHHOM B pe3ynbTaTe OCaXKIECHHS MapraHLia U XXeJle3a, TO B 3THX CIIyHasx
KCIIONB30BaHKE KUCIIOTHI He3(h§eKTHBHO. VICToNnb30BaHHE KHCIIOTHI IPEICTABIIA-
eT coboit Hanbonee s3koHOMIYeCKH 3(eKTHBHBIIH MeTOZT 06pabOTKK KpyIIHOMAC-
1ITaOHBIX IIPIMOTOYHBIX CHCTEM OXJIAKIECHMS B LIENAX NPEAOTBPAILEeH s OcaXx/Ie-
Husa CaCoOs;.

2. Ot MHTHOUTOPH! CO3MAIOT TAKKE YCIOBUSA, IPH KOTOPBHIX MPEKPAILAETCsI POCT
siiep KPUCTAJUIOB Ha TEILIONCPEAAOMINX MOBEPXHOCTSIX M JIMHUAX Tiepenayn. B
3TOM mpolecce MOAUGUKAIHK KPHUCTAITIOB HCIIONB3YIOTCS pa3IMYHBIE HOJHMe-
DB ¥ pa3iyHbe coemiHenns ¢ocdarta - Kak OpraHMdecKre, Tak H HeoOpraHuiec-
KH€ — a HHOTZIa ¥ TIPHPOAHEIE OPTaHUYECKHUE COSUHEHMSL.

O6pacranue, ocaxIeHHe TBEPIbIX IIPUMeEceii, Kele3a, MapraHia WiH MHKpo6-
HBIX Macc, npeacTaBisieT coboii CIOXHBEIT MeXaHH3M, KOHTPOJIMPOBATh KOTOPBI
MOJKHO, B/IaJiesi TAKMMH IIEPEMEHHBIMHY, KaK pa3Mep U 3aps/l 9acTHIl, CKOPOCTh IIOTO-

TennooGMeHHYK
m N
—
MarucTpanbHbii YnroTHeHMe Hacoca
BOAONPOECA Vel
NPEAnpUATAA pme——
B KaHanM3aUMOHHYIO
alika r
Ve %Smpeocopa cuctemy
—_—
E Mopwmntmk
—_— g
= e J

Puc. 38.4 TunuuHas cxeMa CHCTEMBI IPSIMOTOYHOTO OXJIAKAECHHS Ha
HeOOIBIIOM NMPOMBINUIEHHOM IIPENIPHATHH.

Ka BOJIBbL, COCTAB, TeMIIepaTypa 1 bakTepralibHas ¢iopa.

Onun nonxon K pelieHHIo 3T0i IpoOIeMEBI COCTOUT B TOM, YTOOBI 06eCEUHTh
COOTBETCTBYIOIYIO OOpabOTKy BEIECTB, YXYUAIONMX Ka4e€CTBO BOJbI, HATIPHUMED,
JKeJle3a ¥ MapraHia, HocpeZICTBOM HEIIPEPLIBHOTO J06aBICHUS OIpe/iesIeHHEIX ITOJIH-
MEPOB C T€M, YTOOB! JIErKO YAaIMTh 3TH 3arPs3HSAIOLINE BEIECTBA M3 CHCTEMBI. YC-
II€X 3TOTO IONX0[a 3aBHCHUT OT COOMIONEHUA TPeOYEMBIX CKOPOCTEH BOBL ITOBCIOMY
B cuicreme. O6nacTH ¢ HU3KMMH CKOPOCTSIMH IIOTOKA BOJIbI, HAIIPUMED, MEXTPYOHOE
IIPOCTPAHCTBO TEMJIOOOMEHHUKOB, py6allki peakTOpOB K KOMIIPECCOPOB, BEPOSIT-
Hee BCEro, CTaHyT MeCTaMH CKOIUIEHHMI ocajika M uX 3amuTa OynieT 3aTpyAHeHa.

Bropoii nonxon mpearionaraer AMCIEPCHIO B3BELICHHBIX TBEPABIX BEILECTB B
OYEHBb MAJICHBKHE YACTHLBI, 1, TAKKM 00pa3oM, PeIOTBPAIEHHUE X aIJIOMepaLly B
JOCTATOYHO KPYIHBIE YACTHIB!, KOTOPBIE MOTJIH OB BEINIACTE B OCAAOK. Takue Men-
KM€ YaCTHIIbI MOTYT OBITH 3HAUMTEIILHO Jierye BhIBEICHBI U3 cucTeMbl. [{isi 3Toit ue-
Jii Haubojlee 4acTo MPUMEHSIIOT IIOBEPXHOCTHO-AKTHBHEIE BEIIECTBA ¥ HU3KOMOJIC-
KyJIipHbIE NIONMMEPHL. Be16op Hanboee onTHMalIbHOIO AMCHEPrUPYIOLIEro areHTa
3aBHCHT OT IPOGIIEMB], KOTOPYIO HEOOXOAMMO peruTh. [t onTuMu3anyy nefcTBrst
KaKoro-nubo AWCIeprupyouero areHra B 60ppbe ¢ KOHKPETHBIM 3arps3HSIOLIMM
BELICCTBOM, YXyAIIAIOLIMM Ka4€CTBO BOJBI, IOJTUMEPH! MOT'YT ObITh H3TOTOBJICHEI HA
3aKa3. 9TO OCOOEHHO aKTyanbHO ML XKENe3a ¥ MapraHna.

BonpmuHCTBO pobneM 3arpsi3HEHUS BO BCEX THIIAX CHCTEM OXJIaX/IEHHUS YCIIOXK-
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HEHO MUKPOOHBIM feficTBHeM. OcaxIeHHe j1aMa B TPybax HE TONBKO CKA3hIBAETCS
Ha 3(beKTHBHOCTH TemIonepeayds, HO U IeHCTBYET KaK JIOBYILKA, KOTOpas yNaBiy-
BaeT B3BELICHHBIE BEHIECCTBA, Jiajlee MIPEMATCTBYs Temnonepenaye. Kpome Toro, mo-
604HBIE TPOAYKTHI OakTepHadbHOTO OOMEHA BellleCTB BIIMSIIOT Ha XMMHIO BOIBI,
BKJTIOYAs] TEHIEHNMIO K 00pa30oBaHMIO HAKUIM WM KOppo3uu Meramios. Hamrexa-
1Ije€ UCTIONH30BaHKe GHOIMIOB ¥ OHONOrMUecKX AUCTIEPTUPYIOLIUX areHTOB MOXET
MPEACTaBIATE COOOI MpaBUNBHOE PellieHHE IIPOGTIEME] 3arPSI3HEHUS IPSIMOTOYHBIX
CHCTEM.

Penxo xorna xopposus, HakueoOpa3zoBaHue UM 0OpacTaHue CUCTEMBI IPOHUC-
XOIAT HE3ABHCHMO APYT OT Apyra. O6BIYHO [IBa MJIM BCE TPH NPOIiecca pa3BHBAIOTCS
BMECTE, UTO BBI3BIBAET MOTEPH TEILIONEPENaYl ¥ MPEXIEBPEMEHHYIO IIOPYY METall-
na. Hanpumep, MEKpOOHBIE OpraHI3MbI MOTYT CTHMY/IHPOBATh BO3HHKHOBEHHE Ha-
KUMM ¥ KOPPO3HK; KOPPO3HS MOXET CLIOCOOCTBOBATD YBEJIHUEHHIO COZIEPIKaHUsI JKe-
7ie3a B BOJAIE M BHI3BIBATE €lile Hojee MHTEHCHUBHYIO KOppo3uio. YTtobbsl pazopBath
3TOT 3aMKHYTHBIi KPYT, IPexIe BCEro HEOOXOAUMO JOIKHBIM 00pa3oM uiaeHTH(UIH-
poBath npobJieMy, ¥ HaltTH MpaKTHYHOE K IKOHOMUUECKH 3((EKTHBHOE ee pellieHHE.

SamMkHyThie CUCTEMBI OGOPOTHONO BOAOCHatxenus

3aMKHyTas cucTeMa OGOPOTHOTO BOAOCHAOKeHMA (3AMKHYTAS pelypKYTsILIMOHHAS
CHCTEMA) - 37O CHUCTEMA, B KOTOPOH BOA2 HMPKYIBPYET B 3aMKHYTOM KOHTYDE, € He-
SHAYUTEIBHBIM HCIIAPEHUEM, BBIITYCKOM B aTMOc(hepy YK KaKUM-TIHOO0 APYTrUM BIIH-
SIHHEM M3BHE Ha XMMUIO BOJIBI B CHCTEME. ITH CHCTEMBI OOBIYHO TPeOYIOT BBICOKOM
CTENCHH XHMHYECKOi 00paboTKK BOIBL, H, IIOCKONBKY IIOTEPH BOIHl B CHCTEME He-
3HAYUTENBHBI, TaKas CTeNeHb SBISIETCS 3KOHOMUYECKH ONpaBAaHHoi. J1iis Haubonee
ONTHUMATIBHOM paboThI CHCTEMBI OOBIYHO HCIIONB3YIOT MOMIMTOYHYIO BOXY BBHICOKO-
ro kadectBa. Taxue CHCTEMBI 4ACTO KCHONB3YIOTCA I HaNbosee KpUTHYECKNX 06-
nacTell IpUMEHeHMs, HaIIPHMED, Ha YCTAHOBKAX /Il HEIIPEPBIBHOTO JIUTHSL B CTalle-
JINTEHHOM NMPOMBILJIEHHOCTH, TNIE 1aXKe He3HAYHTECIbHBIE OCAXICHHUA JF000TO Npo-
VICXOXKJICHHs] MOITIH OBI MPHBECTH K HEUCIIPABHOCTH 0OOPYIOBaHUSI.

Ha puc. 38.5 nokaszana ynpoieHHas cxeMa 3aMKHYTOH pelpPKYJISIIIHOHHOM CHC-
Tembl. Terio nepenaeTcsi B 3aMKHYThIH KOHTYD OXJIaXXJaloLiel BObI THIIMYHBIM TeETI-
7I00OMEHHBIM OOOPYAOBAHHMEM M YAAAETCS M3 3aMKHYTOTO KOHTYpa CHCTEMBI, 3a
cJeT BTOpOro obMeHa TerjIioM M3 3aMKHYTOTO KOHTYpa, BO BTOPHYHBI KOHTYp OX-
naxjaoieii Boapl. Bo BTOPHYHOM KOHTYpE OXJIAXAEHHA OOBIMHO HCIIONB3YETCS JIH-
60 ucnapuTtebHOE, KOO MPSIMOTOYHOE BOISHOE OXJIaXKIeHHeE, THOO0 BO3AYIIHOE OX-
TaXICHUE.

CKOpOCTB BOZIBI B 3aMKHYTHIX CHCTeMaX - OOBIMHO COCTABIISET OT 3 1o 5 ¢yTOB/C
(ot 0.9 no 1.5 m/c). TToBEILIEHNE TEMIIEPATYPHL B cpeaHeM cocrapisgeT ot 10 no 15°F
(01 6 10 9°C), XOT$ B HEKOTOPBIX CHCTEMAX MOKET 3HAYUTENBHO NPEBBIIIATH ITH IIpe-
nensl. Boo6liie B 3aMKHYTBIX CHCTEMaXx IOIIMTOYHAS BoAa TH60 He Tpebyercst Boob-
11e, 160 Tpebyercs B 0UeHb HE3HAYHTETTbHOM KOJIMYECTBE JUIs1 KOMIIEHCALMH yTEYeK
yepe3 YIIOTHEHHS HACOCOB, IIEPEIHBOB M3 PACHIMPHTEIBHBIX 6aKOB U MOBEPXHOCT-

Kputuueckan Tennosas
Harpyska

OTKpLITHIN KOHTYD 3aMKHYTOI KOHTYD

Puc. 38.5 B nanbonee KpUTHUECKHX OBNACTAX NPHMEHEHMS
TEIUIONEPe/]ayl, BOAA B 3aMKHYTOM KOHTYDE HCHONE3YETCs
JUIS XEMIYECKOTO KOHTPOIS B LENsX NPEAOTBPALLCHHUS OTKA3a
0bOpyIOBaHNA, U OXIAXKAEHYE TAKOH BOJB! IIPOMCXONMT B OT-
KDBITOM KOHTYpE:
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«NALCO»: KHHUT'A O BOJIE

HOTO KCTapeHus BOABI U3 BBLITYCKHBIX OTBEPCTHE CHCTEMBL Takas InepuoaudecKas
MOANKTKA TpeOyeT NpoBeAeHUs PETYNAPHBIX aHAIU30B JUIS KOHTPOJS 33 MPaBHIIb-
HO# KOHLIEHTpalMel XMMHKATOB, IPHMEHAEMBIX JUI XMMHUECKOi 06paboTku.

3aMKHYTBIE CHCTEMB! OOBIMHO COIEPXKAT Pa3iIMYHBIE METALIBI, YTO CO3/[aeT BO3-
MOXHOCTh BOSHMKHOBEHHSI 3JIEKTPOXUMMYECKOIN KOPPO3HH. BO3MOXHOCTE KOppO-
3UH [OJ1 JICHCTBHEM PACTBOPEHHOTO B BOJE KHCIIOPOJa B 3aMKHYTBIX CHCTEMax, KaKk
mpasuio, Hebomblas BCASACTBHE HESHAYMTENRHOTO KONUYecTBa Tpebyemoit nmoamnu-
TOYHOH BOJIBI - [TIABHOT'O HCTOYHMKA KHcnopoaa. OfHaKoO, B CHCTEMaX, JiTisl KOTOPBIX
[IOANIMTOYHAS BOZA IO IPUYHHE yTedeK Tpebyercs B GONMBUINX KOIMYECTBAX, KHCIIO-
PO HEMIPEPEIBHO HOSIBIISETCS, B KOPPO3Us IO €r0 ACHCTBEEM NPEACTABILIET CEPhe3-
HyI0 nnpobnemMy. Hauuue kuciopozia MOXKeT BBI3bIBATh CUIBHYIO IIMTTHHTOBYIO KOP-
PO3HIO NPH MOBBIIIEHHBIX TEMIIEPATYPax UK B MeCTax Hanbonee MHTEHCHBHOM Tell-
Jionepenayu.

TIockoneKy A/isi 3aMKHYTHIX PELMPKYIIIIHOHHBIX CHCTEM TPEOYETCs1 O9EHb HEe3Ha-
YUTENBHOE KOJIMYECTBO ITOANUTOYHOM BOABI, TO HENecOOOPa3HO K KENATEIBHO, YTO-
6b1 B Takux crcteMax He ObLT0 KOoppo3uu. OOBIYHO 3TO JOCTUTAETCs IyTEM MPHMe-
HEHUs XpOMAaTOB, HHTHOKTOPOB HA OCHOBE HUTPUTOB/HUTPATOB MM ITyTeM 06paboT-
KH, HAIpYMep, CyNb(pUPOBAHHBIM MACJIOM B JIOBOJIBHO BHICOKHX KOHLIEHTPAIHsAX.

Teoperuuecky, B 3aMKHYTOHR crcTeMe 0Opa30OBaHKME HAKHIIM He JOJKHO Ipen-
cTaBiaTh 6oMbHIyI0 MpobneMy, Tak Kak BoJa He YMEHBIIAETCS B OObEME 3a CUET HC-
naper#s. B ONHOCTBIO 3aMKHYTOM cHCTEME, HH OJTHO W3 H3BECTHBIX BELIeCTB, 0Opa-
3YIOIUX HAKKITh, HE OCAXIAETCSl HA METaJUIHUECKHX [TOBEPXHOCTAX, YTOOB! MPETT-
CTBOBATh TEIUIONEpenade Wik cliocoOCTBOBATh KOPPO3HH.

OpHako eciy MOANMTOYHAS BoAa Tpebyercs B 60MbIINX 00beMax, TO C KaKIOH
TaKoM MOIMTKOH 06pa3yeTcs TONONHUTENbHAS HAKHUIIb, H Yepe3 HEKOTOPOE Bpems,
npobiieMa Haxureoopa3oBaHUs MOXET IIPUHATH COBCEM Ipyrue Maciutadbl. Kpome
TOFO, B MECTaX C HU3KO#H CKOPOCTBIO IIOTOKA BOIBI, CYLIIECTBYET BO3MOXHOCTE ITOSIB-
TIEHUs OCa/iKa, PXKaBYHHB ¥ B3BEIIEHHBIX BELIECTB, KOTOPHIE OCAXKAAIOTCS HA TETJIO-
OOMEHHBIX TIOBEPXHOCTAX C 0Opa3oBaHKEM TBepaAbix oTnoxeHui. IToatomy, npu 06-
paboTKe 3aMKHYTBHIX CHCTEM, JJIsi KOTOPBIX XapaKTepHa uyacTas MOAIMTKA BOJOH,
OOBIYHO IPUMEHSIOT HHTHOMTOPHI HaKuIeoOpa3oBaHKusa M AUCIIEPTHPYIOHIHE areH-
THL. B 3@BHCHMOCTH OT XapaKTepHBIX O0COOEHHOCTel oOpabaThiBaeMOi 3aMKHYTOI
CHCTEMBI, Jy1A €€ MOANMTKH YaCTO HCIIONB3YIOT YMATYEHHYIO BOAY MIIH KOHJIEHCAT.

Taxk kak Boza, HIMPKYNHpPYIONiasi B 3aMKHYTOM KOHTYpE, HE ITOBEPTacTCsl BO3-
JAeHCTBHIO OKpYXaloilelt CPEbI, TO €€ 3aTPA3HEHUE NOM, BOSHHUKAIOIIHMM IO AeHCT-
BHEM BO3/1yXa, WM IIECKOM, MaJI0BepOSTHO. OZIHAKO B TRKHX CHCTEMAX MOXET UMETH
MECTO 3arpsisHEHHE BOAbI MUKPOOHBIMKM MaCCaMU NPH BBICOKOH 4acTOTe MOAIMTKU
WM IIPY YTEUKAaX TEXHOJIOTHYECKOH KUAKOH cpefibl, CIOCOBCTBYIOLIMX POCTy GakTe-
puit. O6paboTka Takux CHCTEM NMPOBOANTCS GHOJIOTHYECKKMH CPEAICTBAMH, COBMeEC-
TUMBIMHK C IPUMEHSEMBIMH XHMHUYECKHMH BELIECTBAMH, a TAKXKe IIyTEM CO3/IaHHs CO-
OTBETCTBYIOLMX YCIIOBHi IKCIUIyaTalH 3aMKHYTBIX CHCTEM.

Ecny noanuTka 3aMKHYTBIX CHCTEM IIPOBOAMTCS HACTO, TO IPH HPOBENECHUY Te-
KyILei o0paboTKy CHCTEMBI, KEJIATENBHO OCYILECTBUTE ITPOMBIBKY 3aMKHYTBIX KOH-
TYPOB BOJIO# C BBICOKOM CKOPOCTBIO IOTOKA U IO/ BBICOKHMM JaBJICHUEM /IS yiase-
HHA CKOIIMBUIETOCs MyCopa. *

OTKpbLITbIE CUCTEeMbl 0GOPOTHOrO BoAOCHabXeHUs

Otkpeitas cucreMa oOOPOTHOTO BOmOCHAOXKeHMS (OTKpPBITas PEHMPKYIISIIHOHHAS
cHCTEMA) BKIIOYAET rpalMpHIO MM MCIAPKTEIBHbIM OacceliH nis paccuBaHusI Tell-
JIOTHI, KOTOPYIO BOMIA YAAJSAET U3 HpoLecca Wik Nponykra. OTKPBITast perypKYJIsiy-
oHHas cucTeMa (puc. 38.6) npemycMaTpuBaeT 3a60p BOABI M3 Yalll IPajupHK WK
KaMephbl OXJNaXIEHHOH BOIEBI, €e MPOITyCK Yepe3 TEXHOJIOruueckoe obopyaoBaHHE,
TpedyIollee OXJIaXXIeHus], ¥ 3aTeM BO3BPAT BOABI Yepe3 HCHAPHTENb, TAe HellapsieMas
BOJIa HCIIONB3YETCs 711 OXJIaKIEHUs OCTaBLUeCst BOABL. DTOT IIPOLECC TOBTOPAETCS
CHOBA M CHOBA U IIPH [IOBTOPHOM KCIOJIL30BAHUM JUIs1 KOMIICHCAIMH TIOTEPE BOIBI
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OBPABOTKA OXJIAXIAROILENM BOOBI

TIPH HCTIAPEHKMH U TIPOJTYBKE CHCTEMBI IIPH IIPOBEICHNH TEKYHIETO KOHTPOJIA 33 XUMH-
YECKHM COCT4BOM OOOPOTHOH BOABI HeoDxoanM 3ab0p 3HAYMTENBHOIO KOIMYEeCTBa
ceexxell moanmuTouHol Boapl. Kak mokaszaHo Ha puC. 38.7, B TAKMX CHCTEMax pe3ko
coKpaaeTcsi 06beM HeoOXonMMOo Bob! (HanpuMep, 3abupaeMoii B3 pekH) 1 06beM
cOpacsiBaeMoOii BOJIBI. )

Y1066l OOBACHUTE PaboTy MCHApPHUTENBHOH CHCTEMBI M TIO3BONMTEL OHEPATOPY
PAaccYMTaTh IKCILTyaTaLOHHEIE OKA3ATENN OOBIYHO KCTIONB3YIOTCS CIEAYIOIHE O

? Wcnapenue - £
AT Terossie S :I AT
TpanupHs HADYSKN S <
Mnpu C 1] 1
npuCy
—»Qc- /M npuT, °F
Yawa rpagupHmn )

BnpnCyq

Puc. 38.6 CucreMa MCIAPHTENILHOTO OXJIAXKIEHHS C MCTIONb30BaHHEM rpanupHu. ITokasan Ganase Bogwl U
TBEPHOBIX BELECTB:

BepxHuit NPesen — OAHONPOXOAHLIH NOTOK

10,000
Mpumep: 10000 ran/mun NPW NOBLILIEHNK TeMnepaTypsl Ha 20 °F

H

2

g 1000 o Toanuka (M)

é E Nponyeka=M - E

§ o Wcnapenue (E)

Huxenit npeen — cxopocTb Menapeta

200
100 1 1 1 | 1 i
i 2 3 4 5 6 7 8
KoaduuneHT ynapuBaHus

Puc, 38.7 VMeHbeHne o6beMa NOANUTOYHO BOOB B 33BUCHMOCTH OT KOHLEHTPAIUK B CH-
cTeMax HCIIAPUTEABHOTO OXJIAXKICHUS:

penenenns. PazpsiCHUT 3TH OIpeHerieHHs IIOMOXKeT CXeMa Ha puc. 38.6.

1. Ckopoctb penmpkyssmuy (pacxon) Boas! B cucteMe (@): ITo - IOTOK OXnaxaa-
¥OLIeH BOABL, KOTOPYIO IPH IIOMOIIM HACOCOB ITPOKAYHBAIOT YePe3 BECh KOHTYD
OXJIAXIEHUS MPEAIPHATHS, OOBIYHO IS OXJAXKAEHUSA Psiia TerIOOOMEHHMKOB.
Q,, KaK NPaBHIIO, PACCYUTHIBAETCA HA OCHOBE JAAHHBIX 32BOJICKOMH TabIIM4KH pe-
LIUPKYIALHOHHOTO HACOCa; OOHAKO, H3MEpeHHs, BHIIIONHEHHEIE B HATYpe, bonee
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«NALCO»: KHUT'A O BOJIE

TOYHBI. PaKTHYECKH, CKOPOCTL BOZBI, IMPKYIHPYIOLIEH B 3aMKHYTO! CHCTEME,
penko IpeBBILIAET MOKa3aTeNnH, YKa3aHHbIe B 3aBOJCKOH Tabnmuke Hacoca, M
o6bryHO ObIBaeT Ha 10 - 20% menblie. Pabouas xapakTepucTika Hacoca, Ipeno-
craBmsieMasi GUPMOH! - H3TOTOBHTENEM, NOKA3BIBAET OTHOMIEHHE CKOPOCTH LIUP-
KYJSILMY BOABI K HATIOPY; MAHOMETP Ha BBIXOJIE HACOCA JIOIKEH 0becneunTh A0-
CTaTOYHO TOYHYIO OLEHKY CKOPOCTH MOTOKA.

Pasrocts remrepatyp vy remieparyprsie npegeas (AT):  ITOT TepMHH OT-
HOCHTCSl K Pa3HOCTH MEXIY CpefiHeil TeMNEpaTypOl BOIbI, BO3BPAINAIOIENCS B
IpaJMpHIO K3 TEIUIOOOMEHHUKOB 3aBofa (713), u cpenHeil TemnepaTypoil Bombl
nocne ucrnapenus (7)) (auma rpagupHu).

Hcrraperne (E): Enpencrasiisier coboit BOAy, Iepelieaiinyio B atMocdepy B IIpo-
Lecce oxNakaenus (TaioHs! B MUHYTY (M*/MuH)). CKOPOCTD UCTIAPEHUS 3ABUCHT
OT KOJIN4eCTBA oxJaxaaeMoii Bojs! () u pasHoctu temriepatyp A 7. Cornacso
3MITIPUIECKOMY IIPABIIY, B IPOLIECCE HCHAPEHUS IIPY KaskK/AOM HOHKKEHHY TEM-
nepatyps! Ha 10 °F (5.6 °C), ucnapsiercst 1% oT pacxosna BoAb! B 3aMKHYTO# pe-
nupKyJsuponHoit cucteMe (Q,). IToaromy, mpu AT = 20 °F (11.2 °C) npu ripote-
KaHUH BOIBI Yepe3 I'PalPHIO MMEIOT MECTO IOTEPH OT HCTIApeHHs B pasmepe 2%
OT pacxo/ia BOIb B 3aMKHYTO# penupKyisinpoHHoit cucreme (0.02 Q, = E).
(1>-T)

£= Qo0

E=Q.x %7—}) (B METPUYECKUX €IMHHUIIAX)
O06beM HcIapeHus, KOTOPBI MOXeT HMETh MECTO Ha KOHKPETHO# I'paypHe, or-
PaHuYeH, IPex/Ie BCero, OTHOCHTEIBHOM BIaKHOCTBIO Bo3yxa. OTHOCHTENbHAS
BJIAXKHOCTB OIPEEIISETCs IIyTEM M3MEPEHUS TEMIIEPATYPH! BO3yXa IO BIIAXHO-
MY H CyXOMY TepMOMETpY. B paiioHax ¢ BBICOKOI BIaXXHOCTBIO BO3/yXa, HATIPH-
Mep, Ha nobepexbe Mekcukanckoro 3amsa CIIIA, E MoxeT 6bITb COBCEM HE3Ha-
yuTenbHbIM, Hanpumep, 0.75 % npu AT = 10 °F. U, nao6opor, E moxer ObITh
O4YEHb BBICOKMM, HanpuMmep 1.2 % npu AT = 10 °F B obnacTsx ¢ oueHb HU3KOIH
BII2XXHOCTBIO, KaK, HApUMep, B 3aCYIUIMBBIX paifoHax roro-3anafga CoeauHeH-
HbX IlTatoB. B menpuieli crenienu E 3aBHCHT OT OTHOWmIEHMA pacxola "Kul-
KOCTb-Ta3", U OT HOTEPh TEIIA B IPYTHX HACTSIX CHCTEMBI OXJIAXICHMSI.

TTognnroyras Bona (M): KonudecTBo BOABIL, TpeOyeMoe Uit KOMIIEHCALMH BO-
Jbl, NOTEPAHHOM IIPM HKCHApeHHM, BOIBI, HM3PACXONOBAHHOH IpH IIPOLYBKE,
MOTEPh HA KAIUIEYHOC, M APYrHX Motepb. TpebyeMblii 06beM OOBIUHO M3MEPSIET-
Cs1 pacxoJIOMEpOM; €CITH Pacxo/ioMep He IPEeyCMOTPEH, TO OH MOXKET OBITh pac-
CYMTAH, KaK IIOKa3aHO HUXKE:

(CR)
(CR-1)

Kospgprrment ynapupanms (CR)Aloamuroynas BoAa, KOTOPYIO NOGABNMIOT B
PELMPKYISIMOHHYIO CHCTEMY OXJAxJaoilell BOAbL, CONEPKHUT PaCTBOPEHHEIE
npumeck. [1pu ncnapenun Boas! o6pasyercs ducreiit nap H,O, a mpumecu ocra-
10Tcs B Bofie. OTHOLIEHKE KOHIEHTpaIuy coneii B obopotrolt Boae (Cp) K KOH-
LIEHTpalMH conell B noanutouHol Boze (C,) ¥ HONyYmIo HazBaHue Koag§uim-
€HTa yIIapUBaHusl.

M= Ex

CR = Cp/C),

ITocKONBEKY KONWYECTBO MTOCTYMAIOLMX COJIEl AOMKHO PABHSTECS KONUYECT-
By Colel, BHIBOAMMEIX M3 CHCTEMBI, TO:
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Mx Cy=Bx Cy
T'me: M - noTOK NOANKTOYHOMN BoAbL, a B peacTapnsieT co60il moTepH KOHIEHT-
pupoBaHHO¥ BOABL. CleOBaTEILHO, OTHOLICHKE KOHLIEHTpaluil npuMeceit Tak-

K€ PABHO:
CR = M/B

Jlnst onpeiernienust Toro, eci B chcteMe "6ananc”, CR crnenyeT paccuUTHIBATE
cpa3sy i HeCKOJILKUX OTHeIbHBIX KOMIIOHEHTOB BOABL B maeansHoOM ciaydae Ha-
mans "6ananca” B cucreMe, CR Beex noHoB B Boze (Ca, Mg, meTouHOCTb, U T.11.)
paBueL. Eciy OTHOLIEHUS KOHLIEHTPALUi IPUMeECeEi HE PABHBI, 3TO YKA3LIBAET HA
TO, 4T0 HeKoTOpBie MuHepans! (CaCO;, SiO,, 1 T.41.) BBIIAAYT B OCAAOK IIPH pe-
HMpKyInuy Bonel. Hanpumep, ectr CR kanmbius win LieJIoYHOCTH, Goree yem
Ha 0.5 smxe CR MarHusi, To, BEpOSTHeE BCErO, B 3TOH CHCTEME BOISIHOTO OXJIAX-
nenusi Oyner Boianath B ocafaok CaCO;. 3Has, 4YTO MMEHHO MOXKET BBIIACTD B
ocaiok, CR MoxeT 6BITh IEHHBIM HHIUKAaTOPOM BO3HHKAIOLIEH IIPOONEMEL.

XuMuyecKue BeleCTBa, BBOAMMBIE B Ka4ecTBe JOOABOK B CHCTEMBI BOASIHOFO
OXJIZXKIEHMS, MOTYT OKa3BIBaTh HETATHBHOE BIMAHME Ha OTHOLIEHHE KOHIIEHTa-
it npumeceii nekotopsix HoHOB. CR SO, Moxer yBemmuuthest Ipu no6asiie-
HUU CEpHOM KHCIIOTHI MJIM €CITM BO3IyX 3aBojia colepxut SO, B 3tux cnyqasx
CR 1meNnoYHOCTH TOHM3HTCS, T.K. IIEJIOUb Pa3pyILaeTcst 1ox neliCTBHeM KHCIO-
THI, JOOABICHHOMN B BOAY IPaiMpHU. B pe3ynbTaTe XJIOpUPOBaHUSA OXJIaKAAX0-
et Boasl yBesmuntcsi CR C17. VaenbHas aneKTponpoBOAHOCT, OCHOBaHHAS Ha
CR, taxxe Oyfet yBenuueHa Npy no6aBICHNN HEKOTOPBIX XHMHUYECKUX BEILECTB,
KCTIONB3YEeMBIX JUIsl XUMHHECKOH 00paboTKM.

Kak nokazano Ha puc. 38.7, naxe oueHb HeOONbIIAS KOHLEHTPALHS 3HAYM-
TEJILHO YMEHBLIAIOT ITOTPEOHOCTD B BOnE, 1 YeM Bhiie CR, TeM MeHbIIe oTpe6-
HOCTB B BOJIE, IIOCKOTIEKY CKOPOCTB MCHIAPEHHs OITH3Ka K IpeielIbHOMY 3HaYeHUI0.

YacraaHEIH cOpoc 060poTHOH BoasI (poayBka) (B):  TlockonbKy ipH ucHiape-
HUH B BO3JyX BBIOEISCTCS YUCTBI BOOIHOM Hap, TO PACTBOPEHHBIE M B3BElIEH-
HBIE BEIIECTBA OCTAIOTCS B KOHIIEHTpaTe. EcK HetT HUKakuX Apyrux HOTeph BO-
IIBI, KpOMeE KaK OT HCTIAPEHMs], TO KOHIIEHTPALKs TBepAbIX BELIECTB B BoJE OyIeT
TaKO# JKe BEICOKOI, Kak B MOPCKOH BOZIE, YTO MPHUBELIET K 3HAYUTEIBHOMY 00Opa-
30BaHHIO HAKHITK ¥ KOppo3uK. YTo6k! cOanaHCHpOBaTh COCTAB BOADI, H3 HUPKY-
TISIMOHHOM CHCTEMBI NPENYCMATPHBACTCH YacTHYHBIM perynupyeMbri copoc.
3T1OT YaCTHUHEIH cOpoc 060pOoTHOM BOAL! (By) PaCCUKTELIBAETCSH U PeryNHAPYETCs
TAKUM 00pa3oM, YTOOB! yaJIeHHE TBEPOBIX BEIECTB IPOHCXOAMIO C TAKOH ke
CKOPOCTBIO, YTO M MX TIONaJaHKe B OXJIAXIAIONIYIO BOLY ¢ MOAMKTOYHOMH BOIOM.

B cucTeMe Takxe HMEIOTCS B IPYTHE HEYNIPaBIsieMBIe rotepy Boabl. K omHmM
M3 HIX OTHOCHTCS - YHOC Kanejlb BOJBI BO3MYXoM (Bp); kK apyrum - yreuku (By),
KOTOPBIE HHOTZIAa TIPOUCXOAAT HAMEPEHHO, OIHAKO, OOBIYHO HOCAT CITy4aMHBIH
xapaxrtep. [Ipy pacuere onHOro 4acTHIHOro cbpoca 060pOTHOM BOIBI HEOOX0-
JIMMO YYWTBIBATE BCE BBILICYKA3aHHBIE [IOTEPH:

YacTuuHelit c6poc 060pOTHOH BOIBI TAKXKE CBsA3aH C APYTHMH GakTopaMH, cie-
JIOBATE/IBHO:

B=M-E

B= M/CR
Yuoc xanems Boger Bozayxom (Bp):  HecMoTpsi Ha TO, UTO HCHIAPSIIOIAs Bofa
yKCTas, [PY ee MPOXOKICHHH Yepe3 HCIIAPHTEIEHOE O0OPYIOBaHKE MOMKET Ha-
6III0NaTHCS. YHOC HEKOTOPOTO KOJIMSECTBA KallelIh BOABI BO3LYXOM, KaK JIETKOro
Tymasa. YtoObl ceecTH Takue riotepu npubnusutensHO K 0.0005% ot o6semMa Bo-

U
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Jbl B 3aMKHYTO# pelMPKYJIIUHOHHOMN CHCTEME, B COBPEMEHHBIX I'PaJIUPHSAX IIPH-
MEHSIOTCS1 OMEHD CIIOXKHBIE OpBI3ro- # TyMaHOYNOBUTENH. OOBIYHO B IPaIUpHIX
MOTEpH BOIBI H3-3a YHOCA KalleNb BOABI BO3AYXOM COCTaBIsIOT IpuMepHo ot 0.05
70 0.2% ot obbeMa BOABI B pELHPKYIALHOHHOI crcTeMe. ITockonbky B yHOCH-
MBIX KaIllfAX BOABI COANEPXKATCHA TBEPABIE MPHMeECH, TO, GaKTHIYECKH, TAKOH YHOC
npencTapisieT coboil yacTUUHEI cOpoc 000pOTHOI BOABL. B OTCYTCTBHM peryiu-
pyeMoro 4acTuaHoro copoca 060pOTHOM BOAIBL, WIH B CIIyUae, eClIH KTO-TO HaMe-
PEHHO 3aKPBLI BEHTHWIb M NPUOCTAHOBMI YaCTHYHBIA cOpoc, Takolt yHoC, B OT-
CYTCTBHMH JIPYTHX IOTEPh BOABI B CUCTEME, CO3IAET MaKCHUMaJIbHOE OTHOLIEHHE
KOHLIEHTpaLHH.

Torepn B crcreme (By): Horepu 060pOTHOI BoAp! Ha NPeIpUATHH YaCTO IPO-
HCXOMAT H3-32 ee YTEUKH Yepe3 YINIOTHEHKsI HACOCOB MJIM KJIATIAHOB; IIPH KCTIOJNb-
30BaHHH BOIH! U1 NPAMOTOYHOI'O OXJIAXIEHUs CAJbHHKOB HACOCOB, pyballek
KOMIIpeccopa MM NOALHUITHUKOB; HIM IpH ee 3abope A Takux obnacreit npu-
MEHEHUs, Kak Moifka o6opyoBaHHs HIIH IOIIOB, B TOM CIIy4dae, ECIIH MATHCTPATb
oXxJlaxxaaromuieil BOAbl HAXOOUTCA BOIM3H TOTO MeCTa, L€ MMeeTCs HOTPeOHOCTh
B Bozie. Ha MHorHX 3aBozax cyInecTBYeT Macca IIpHYHH HCIONB30BaHHA 060poT-
HOIf oxnaxxgalonieii BOIBL, YTO [e/IaeT HEBO3MOXHBIM CO3/JaHHE OTHOLIEHHS KOH-
neHTpauui Beme 1.2 - 1.5. 310 co3maeT orpaHNYeHNs PH BEIOGOPE IKOHOMHYEC-
K1 3(yhEKTHBHBIX IPOTPaMM XUMHIYECKOI 0OpaboTKi BOBI M HE CIIOCOOCTBYET ee
3KOHOMUHU.

Obsem crcremsr (V):  OObuHO OoNblIas YacTh BOOBI B CHCTEME HAXOOUTCS B
yalle rpaJipHY WIH KaMepe OXIaXIeHHO# Bomsl. IlpuOnusmurensHas BMecTH-
MOCTB CHCTEMBI MOXKET OBITh HONyUeHa IIyTeM BBIYHICIIEHMs: 06beMa BOAHI B yallle,
nobasuB K Hemy AcnonHutenbHble 20-30 % , T.e. 0ObeM BoAbl, Haxonsuiekics B
Tpybax 1 obopynoBanuy. OnHaKO €CIH B CHCTEME HMeETCs1 HeOOBIYHO GonpLice
YHCII0 KOHIEHCATOPOB C OTKPHITHIMU KaMepaMH, annaparcB ¢ pydalikaMmu u Ie-
yeli, BMEIIAOIUX 3HAYUTENbHbIE OOBEMEBI BOIIBL, TO MOTpebyeTcst HonbLimii ipo-
LIEHT OOIOMHUTENIBHOTIO YBEMYEHHA.

Bpems/unror (1):  OpuH UMK ONpeAeiIsieTcs Kak BpeMs, KoTopoe TpebyeTcst Bo-
Jie, 4ToOH! mpolity 1 pas no BceMy KOHTYpY oOOpOTHOro BOAOCHaOKEHUA. ITO
BpeMs TipencraBiser coboli oTHomeHHe 00beMa CUCTEMBI K CKOPOCTH LIMPKYIIS-
oHH O0OPOTHOI BOAB! B CUCTEME.

t=VAQ.

Tlokasarens neproga nonypacxoga (HTI): Tokasatens neprofia nonypacxona
olpenieNfaeT NEPHOL NOIYPACXOAa XMMHUYIECKOro BEILECTBA, BBOOMMOTO B CHUCTE-
MY HCHApUTEIBHOTO OXJIAXIEHH B IIETIAX €6 XUMUIecKoit oOpabotku. C MateMa-
THYECKOH TOYKHU 3peHHs, 3TOT NOKA3ATENb MPEACTaBIfgeT coOOH nepuoa BpeMe-
HU, HeoOXoaUMBIit J1s pacTBOpeHHs O0aBIIEHHOTO B BOAY XMMHYECKOTO Bere-
crBa Ha 50% OT ero nepBOHAYAIPHOM KOHLEHTPAIMH I0CNIe TOTO, Kak Aobapie-
HHE 3TOr0 XHMHYECKOT'O BEIECTBA ObUIO NpeKpalleHo. 3TOo - TAKKE IEPHO/T BPe-
MeHH, TpeOyeMblii oS yBENMUEHHT KOHUEHTPaMHM TBEPOBIX IPUMECEH, MOCTY-
MUBIIMX B CHCTEMY € OJMMTOYHOI BOZIOM, B 2 pa3a. ITO - OueHb BaXXHBIH MMOKa-
3aTeNb AJIS OIpENEIeHHs KOHTPOJIbHBIX MPEIETIOB B TEX ClIydyasx, KOrga noaaga
XMMHYECKOTO BEIIECTBA MOXKeT OBITh NMpeKpalieHa. Taxxke 370 - OYeHb BaXXHBIH
noxasaTenb A onpeneneHus 3¢h¢pexTHBHON NO3UPOBKY XHMITUECKHX BELHIECTB,
HCTIONB3YEMBIX UIs1 OMONOTHYECKOM OYHMCTKH M BBOIMMBIX B cucTeMy. KpuBas
CTENEHH PACTBOPEHHUS XMMHYECKOTO BELLECTBA, BBOAMMOI'O C CHCTEMY TPaIHpPHH,
npencrasieHa Ha puc. 38.8.

Pacuer nokasarens nepuofa noAypacxona
IIepHou nojaypacxona CHCTEMBI 32aBHCHT OT €€ BMECTUMOCTH H CKOpOCTH, C KOTOpOﬁ
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OBPABOTKA OXJTAXKTAJOIIEM BOJIBI

KOMIIOHEHTHI MOKUAAIOT cucreMy. JIsl IpaIupHH TEPHOJ MOJIyPacXofa 3aBHCHT,
[JIaBHBIM 00pasoM, OT BMECTUMOCTH CHCTEMBI M CKOPOCTH MpoXyBku. B HauGosee
npocroit popmMe ypaBHEHHE, IO KOTOPOMY MOXKHO PACCUHTATH IIEPHOL MOy PacXo/a,
BBIDJILAMT CIIEYIOIMM O0pa3om:

00beM (rautoHbI)
B (raynonb/Mus)

HITT=0.693 x

rae 0.693 = In 2.0 - yncrto, nMoJyYeHHOE M3 CTaHIaPTHOI'O YPAaBHEHUS pacueTa Iepu-
ofa MoJlypacxoxa.

YTOOB MPOMJUTIOCTPUPOBATL 3aBHCUMOCTh IEPHOJA MONYpacxola OT IPYrHX
3JIEMEHTOB CUCTEMBI OXJIKACHHUS, MOXHO H3MEHUTD KO3((PHIIMEHTHI, HCIIONB3YEMBIE
IS pacyeTa YacTHYHOro cobpoca BOIBL:

(CR -1) X 06beM (rajiyIoHBl)

HITT=0.693 x Vs

HIINA:

(CR -1) X 06beM (raJIOHBI)

HITSUGS % Q.x AT 0.001

3TO roBOPHT O TOM, YTO M3MEHEHHE HeCKONBKUX koaddurmentos (@, AT, CR, uwm
00beM) OKasbIBaeT BIMsHUE Ha HTL

Jpyroit crioco6 BEMHCIEHNS IEPHOAA TOJIYPACX0Ha MOXHO HLTIOCTPHPOBATH Ha
CIIEJIYIOIIEM IIPHMEpE:

1. BolumcnsieM BpeMs Ha LUK, .

2. M3 Tabn. 38.1 onpenensieM YKCIO LMKJIOB, TPpeOyeMBIX IUIs JOCTIIKEHHS IIpeotiia-
JaIoImero OTHOLIEHHS KOHIIEHTpallui, Ha OCHOBE Meperana TeMIepaTypsl B Ipa-
JupHe WM bacceliHe ¢ pa3OppISTUBAHMEM.

3. VMHOXaeM 3TO YHCIIO LIUKJIOB Ha BPEM/IMKIL UL MOJTyYeHHS TIEPHOIA TIONypac-
X0fa, BEIPA’KEHHOTO B MUHYTAaX, & 3aTeM JiesTuM ero Ha 60 uimum 1440 ma npeod-
PpasoBaHUs B 4aChl UM, COOTBETCTBEHHO, B JHM.

TaGama 38.1 Yucio MKMKIOB, HEOOXOHUMBIX IJIS MOMYYEHHS! OIpeneeHHOH
KOHLEHTPAINH, B OTCYTCTBHH POAYBKH

[epenan TeMrepaTypsl B rpaaipHe

Koahduument

yrnapuBaHus 10° 20° 30°
1.1 6.5 LUKJIOB 3.2 yuxna 2.1 nuxna
1.3 20.2 10.2 7.0
1.5 345 17.2 11.7
1.8 55 28 19
2.0 69 34 23
25 105 52 35
3.0 138 70 47
35 174 87 58
4.0 208 104 70
4.5 241 120 81
5.0 324 162 93

3TOT pacueT MOXKHO IMPOM/UTIOCTPUPOBATE HA CIEMYIOINEM IIPHMEpE:
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«NALCO»: KHUTI'A O BOJIE

1. Cropocrs pequpkynaimy Bogsr B cacreme: Ha ¢upMerHoll Tabmiuke Hacoca
yKa3aHa CKOPOCTh PELMPKYISIUM BoAbl cHcreme - 5500 rammoroe/mun (21
M3/mun). J{nd pacyeta GaxTHYECKOH CKOPOCTH PELUPKYJIISLIME MBI, IUIs yAOO6CT-
B&, BO3EMEM nokazatens 5000 raywioHos/mMuH (19 M3/Mun).

2. Ilepenax reMmeparyp:
105°F- 85° F = 20°F
(41°C - 30°C = 11°C)

3. Iorepw 3a cuer menapenns: 20 °F (11 °C) o3nauaeT 2%-Hyio NOTEPIO BOJBI 38

CUCT MCIIAPCHU AL
1000 -
-
TMpumep - Ao6aneHHLI B cucTemy Grolws, C
Kouuerggauweu 50 mr/n mor 6L pacTBOpUTLCA A0 25 yrj/n
nocne 34 uuknos (npoxoz108) npH 2 % vcnapequu (20°F
100

T 1 1T 17737

Yucno npoxoaoe Yepes rpapupHio npu 20°F
|

n 1 1 1 1
0 20 40 60 80 100

OCTaBIWMIACA NPOLEHT OT NEPBOHAYANLHOM KOHLIEHTPALMK

Puc. 38.8 BumsiHue NPOZIO/DKATENBHOCTH IpeObIBaHKs B CUCTEME M CTETICHH pa3baBiieHus NOANMTOYHOH BO-
ni0it Ha JI03MPOBKY XHMHYECKOI'O BELLIECTBA, JI0DABISEMOro B CHCTEMY MCTIADHTEIBHOTO OXJIaXICHHS:
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OBPABOTKA OXJIAJKIAFOILEL BOJTHI

|JAHAJIM3E], JAHHBIE O KOTOPBIX IIPUBEICHE] B Tabnuue ke

A. Honmurouuas Boja D.
B. O6opoTHAs oxnaxaaronas BONa E.
C. Koabdunment ynapusauys F.
K OMIIOHEHTHL B repecy. 1y A B C D E F
Kanbumii CaCO, 182 526 2.8
IMarsii N 78 240 3.1
IHaTpwii (110 pa3sHOCTH) " 40 120
Ob11ee conep>kaHue CaCO, 305 886 29
bIEKTPONMTa
[Bukap6GoHaT CaCO, 190 80
Kapbonat " 0 0
[l mapokcu " 0 0
ICynedat " 84 696 8.3*
Xnopun " 29 94 3.2
IHurpat " 2 6
IXpomaT 0 10 -
M-111e104YHOCTD CaCO, 190 80
P 1eno4HOCTh " TR 0

BYOKHCDH YINIEPOHa TR

H 8.3 7.5
[ Inokcu KpeMHust SiO, 22 68 3.1
[ Kenezo Fe 0.3
IMyTHOCTB 10
IConeconepxauue 360 HE onpen.
[IBeTHOCTD OTCYTCTB.

* He uMeeT 3na4enns, TIOCKOJILKY B cucteMy fobasysiorea Cl, i H,SO,

Puc. 38.9 Koaddunment ynapupanus MpuMeceii B CHCTEME MCIIAPUTENbHOTO OXJIaX ICHHS:

0.02 x 5000 =100 rayuioH/MHH - TIOTEPH BOJEBI 33 CUET HCIAPEHU.

4. Kosppruymenr ynaprpannsg (CM. aHamissl Ha prcC. 38.9):  AHanusel NOANUTOY-
HOI ¥ 000POTHO BOMARI MOKA3KIBAIOT KO3 PHULMEHT yriapuBaHus oT 2.8 110 8.3.
Ecnu B351TH Marumii ¥ IByOKUCEH KPeMHMSL, TO TIPHONU3UTENEHO K0a(dHmeHT
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«NALCO»: KHUT'A O BOJIE

ynapusanus 3.0, Tax Xak MArHHH ¥ JIByOKHCE KpeMHMS OCTaloTCs PacTBOPHMEI-
MH IpH NpeoOnagaromux sHayeHusx pH 1 xoHienTpaumm. X5op U cepHas Kuc-
JI0Ta BBOAATCA B CHCTEMY M, CIEHOBATENBHO, OTIAJaeT HeOOXOAMMOCTE B WC-
nons3osaru CI' u SO B xadecTBe NeHHBIX nHEKaTopos CR.

5. Iogmwurka:
(CR)

M:EX—___(CR-I)

M=100 x —;= 150 rasusioHOB/MUH

(M= 0.38 x —;= 0.57 v v )

6. Bwmecrumocts cucremsl: Yama eMemaer 72000 rautoHos (284 m%). IMonxas BMe-
CTHMOCTB CHCTEMBI OLleBHBaeTcs paBHOi 100000 rannonam (379 m3).

7. Bpems / nuxi:

= 100000 _

t= 5000 20 mun
_ 319m  _

(t= 19 s ham 20 MuH)

8. Tlepuon nonypacxona: Ecmu CR = 3, u AT = 20 °F (11 °C), To cornacHo Tabi.
38.1, cpemnee uncno nukiIoe cocrasiuseT 70; npy 70 nHUKNAX:

HTI = 70 x 20 =1400 mun. wm 23 4

TPAONPHN

I'pagupHy UCTIONB3YIOTCS I UCTIAPEHMS BOIBI IIPH €€ HEMOCPEICTBEHHOM KOHTAK-
Te ¢ Bo3ayxoM. Kitaccuduxaums rpagupeH OCHOBaHA Ha IIPUMEHSIEMBIX METOAAX BITy-
CKa MOTOKa BO3/yXa (€CTeCTBEHHAS WIM HCKYCCTBEHHAS TSra), a Takke 110 HalpaBe-
HUIO IOTOKa BO3Ayxa (rpaJupHs C NPOTHBOTOKOM WM C MOINEPEYHBIM IBM>KEHHEM
BO37yXa MO OTHOLIEHUIO K HUCXOHSIEMY TIOTOKY BOJIBI).

B rpagupHsX ecTecTBeHHO# TArM OBIKEHHE IIOTOKA BO3[yXa 3aBUCUT OT OKpYXKa-
omieit atTMochepri, KOTopasi Co34aeT PasHHLY B INIOTHOCTH §OJee TEMIIOTO BO3IyXd,
HaXOIAIIEroCs BHYTPH I'paIPHH, B BO3AYXa OKPY>KAIOIIEH CpelIbl; Ha OBHXKEHHUE 110-
TOKa BO3[yXa TakKe OKa3bIBAaeT BIMAHHE CKOPOCTh BeTPa. BONBIIMHCTRO rpagyper
€CTECTBEHHOM THI'H, HCTIOJIL3YEMBIX COBPEMEHHBIMH KOMMYHAIBHBIMH IIPEIPUATH-
MH, IIPEJICTABIAIOT COOOM rpaIMpHu eCTECTBEHHOM TAIY C runepOonnyeckoil oBepx-
HocTeio (puc. 38.10); Takue rpaauphM yke MHOIHe rofpl padoTatoT B EBponeiickux
crpaHax. Beicokass KOHCTPyKIHs rpafuper oOecrieyrBacT OXiaXKaeHUe 6e3 MCIIoMNDb-
30BaHUS BEHTIUIATOPOB, & TaKKE CBOOHUT K MHHUMYMY Npo0ieMsl, CBsi3aHHbIE C 3a-
rpsI3HEHHME OKPYXKaIOmei cpe/ibl BEIOpOCAMH, B YHOCOM KalieJIb BOIbI BO3AYXOM.

B rpagupHsx HUCKYCCTBEHHOH TAIH, BMECTO TOrQ, YTOOBI MONAraTECs Ha €CTECT-
BEHHYIO TATY WIH CKOPOCTH BETPA, ATIS IEPEMEIICHN BO3AYXa HCIOIB3YIOT BEHTHIS-
TOPHL. BEHTHIISTOPE] YCKOPSIIOT HPOLECC OXNaXKICHHS M TIOBHILIAIOT KIZ rpaHpeH 32
CYeT YBEJIMYEHHs: CKOPOCTH IepeMeIcHUs BO3AYIIHOM MacChl HaJl KanenbkaMy BOMbI,
CTEKAIOMMMHM BHYTPH I'padupHU. [ToaToMy rpaiupHH HCKYCCTBEHHOM TATM MOI'YT MC-
MEPATH ropasfio OOJIBIIE BOJIBI IO CPABHEHHUIO C IPAIUPHIMH €CTECTBEHHOM TATH TEX
JKe pasMepoB.
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OBPABOTKA OXJTAXXIAFOLIEN BOJbI

Puc. 38.10 I'pajupHH ¢ rHIepOONIHYECKOH TIOBEPXHOCTBIO, UCTIONB3YEMBIE JUI OXJIa3 ICHHS BOJBI
KOHICHCATOPOB H2 KOMMYHAIBHOM MpPEMIPHMATUH (PoTorpagus mobesHo npexocraprera {he
Marley Company.)

Cy1ecTBYIOT [iBa TUIIA I'PAJHPEH HCKYCCTBEHHOM TSTH: T'PAIUPHH C HATHETATENb-
HBIM BEHTWJIATOPOM M I'PafUpPHH C OTCACHIBAOIIMM BEHTHIIATOPOM. B rpagupHsx
HATrHeTaTeNbHBIM BeHTHIATOpOM (puc. 38.11) BEHTHIATOPEI, YCTAHOBJIEHHEIE COOKY
rpaJupHHK, HATHETAIOT BO3AYX Yepe3 HACAAKY I'palypHH, B Pe3yNbTATE YETO MPOHUC-
XOIJIT CMELIEHHE BO3/IyXa C HHCIAJAIOIINMY KarysiMi BOJIBL.

I'pamupHu ¢ oTcacwiBaoIuMK BeHTHIsITOpamu (puc. 38.12) - 310 rpagupHu C
MPOTHBOTOKOM WJIH TIOMEPEYHBIM IBUKEHHEM BO3IyXd, B KOTOPHIX BEHTHIATOPEI yC-
TaHOBJIEHEI B BEPXHEil 4aCTH IpaIpHH, MPOICKas OXJIaXTAIOMmii BO3yx JH00 de-
pes, M0 B TOPU3OHTATBHOM HAIIPABIIEHHMH IO OTHOIIEHUM K HUCIIAAAIOLUYM Kall-
J51M BoABL. BeIOOp Ipaiupen ¢ HarHeTaTENbHBIM MM OTCACHIBAIOIMM BEHTHITOPOM
OCHOBBIBAETCS Ha MHIXEHEPHHIX COOOPAaXEHHUSX € YUETOM MPeoONIafaoux Horoa-
HBIX ycroBuil, CaMoe TIIaBHOE, YeTro ceayeT U30erath - 3T0 peLUpKyISIUY cOpack!-
BaEMOr0 TEIIOrO BO3/yXd, KOTOpas MOXET HAMHOIO CHHM3UTh Knp rpanupHu. Oc-
HOBHOE IIPEMMYIECTBO I'PAMPEH C IIPOTHBOTOKOM 3aKIIF0YAETCSA B TOM, YTO BOAA C
CcaMoit HM3KOI TeMIIepaTypoil KOHTAKTHPYET C CAMBIM CYXMM BO3J{yXOM, obecrieun-
Bas Hanboee a3 GexTUBHYIO TIOCIEIOBATEIRHOCTE HcnapeHys. ITpumMep nonpobHo-
TO aHa/IM3a MpeJcrarien Ha puc. 38.14.

OBPABOTKA M KOHTPOJIb 3A COCTOSTHMEM OXJTAXJAIOLLEV BOAbI

Kaxas crcreMa BOASHOIO OXJIAKICHHS TIPEICTABISET COO0M YHUKATBHYIO KOMOH-
HaIMIo 00OPYyZIOBaHNUS, XKMUK BOMIBI, UMEIOIIHUXCS B CHCTEME 3arPS3HAIOIHX IPUME-
ceif, YaCTUYHOrO COpOca BOJBI M HHXKEHEPHLIX PEIIEHHI OTHOCHTENBHO KOHTPOIIS 38
COCTOSHMEM OXJIAXAaromel Boapl. JIs npaBUIBHOTO BLHIOOpa HaUlexalnei rmpo-
rpaMMBI XUMHYECKON 00paloTKK OXJIak IAI0LIel BOJBI HeoOX0HM cOOp 3HAYHUTENb-
HOro 06beMa MHGOPMALIMH. ITO YacTo SIBISIETCS] OYEHE TPYHOEMKOM 3a1a4el n3-3a
CIIOXHOCTH MPHUMEHSIEMOTO MEXaHMYECKOTO O0OPYIOBaHMS, @ TAKKE M3-33 Pa3Imy-
HEIX H3MeHeHuil B pabourx yenoBusix. Ha puc. 38.13 u B Tabu. 38.2. npusesieH npu-
Mep NOAPOGHOIO aHAIM3a CUCTEMBI 110 [IITH OCHOBHBIM KareropHsiM: (1) lanmsle ro
CHCTEME BOJISTHOTO oxJiaxaeHus; (2) Xumus oxnaxaaromeil Bousl; (3) JanHee no

851






