AEAAA XXII OATETTATATTUA ATTAPAOU

B mporieccax HedTe- U razonepepaboTKU AN OoOeclieueHus: He-
00XOAMMOY TeMIlepaTyphl B ammapaTrax TpeOyeTcs ITOABOAWTL HAW OTBOAWUTH
TenAo. AASL 9TOTO HA TEXHOAOTMUECKHX YCTAaHOBKaX IINMPOKO HCIIOAB3YIOTCS
CreliMaAbHBIE alllapaThl, Ha3blBaeMble TEIMAOOOMEHHBIMU HWAU TENAOOOMEeHHH-
KaMHU (HarpeBaTeAU, UCIAPUTEAN, KUIIATUALHUKYA, XOAOAUABHUKH, KOHAEHCATO-
PHL U ApP.).

Ha m3roroBAeHme anmapaToB, MpeAHa3HAUEHHBIX AAS HarpeBa M OXAaKAE-
HUS IIOTOKOB CBIPBS, IPOAYKTOB U PeareHToB, 3arpauuBaerca A0 30 % oOumero
pacxopa MeTaara Ha BCe TEXHOAOTHYEeCKoe obopyaoBaHue. OT MPaBUABHOTO
BBIOOpa THIIAa U KOHCTPYKLIMU TENAOOOMEHHBIX alllapaToB, NPUMeHsSeMBbIX Ha
TeX MAW HWHBIX TeXHOAOTMYECKHUX yCTAHOBKaX, BO MHOTOM 3aBHUCAT IIOKa3aTeAHn
paboThel BcCero IIPOU3BOACTBA (3aBopa). Bricokasg 3(@deKTUBHOCTL PabOThI
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TENAOOOMEHHBIX alllapaTOB IIO3BOASET COKPATUTh PAaCXOp TOIAWBA U JIAEKT-
pO3Hepruy, 3aTpaurMBaeMOM Ha TOT MAM WHOM TEXHOAOTWMYECKHWM IIpolecc, U
OKa3bIBaeT CYIEeCTBEHHOE BAUSIHHE Ha €ro TeXHUKO-3KOHOMHUYECKHe IIOKa-
3aTeAn.

B anmapaTax, mpepHa3HaAuUeHHBIX AN HarpeBa MAU OXAAKAEHUS,
IIPOUCXOAUT TEIIAOOOMEH Me’XAY ABYMSI IIOTOKaMH, IIPU 3TOM OAUH M3 HUX Ha-
rpeBaeTcs, a APyro oxaakpaercs. [ToaToMy BHe 3aBUCUMOCTH OT TOTO, UTO SIB-
AdeTcd IleAeBBIM Ha3HaueHMeM allapaTa: HarpeB HAU OXAaKAeHUe, MX Ha3bIBa-
0T menAooOMeHHbIMU annapamamu.

ITpuMeHUTEABHO K HedTerazonepepadbaThIBAIONIEN IPOMBIIIAECHHOCTH Tell-
AOOOMEHHBIE aNIapaThl KAACCU(MUIIMPYIOTCS IO CHOCO0Yy IIepepadu Telaa U Ha-
3HAYEHUIO.

B 3aBuCHMOCTH OT crioco0a Mepepaur TellAd alllapaThl AEASITCS Ha CAEAYIO-
1iye TPYIIEL.

IToBepxHOCTHBIE TeNIAOOOMEHHBIE ammnaparbl, B KOTOPHIX Ilepepada TeIaa
Me>KAY TeIAOOOMEHMBAIOIIUMUCS CPEAAMHU OCYIIECTBASIETCSA Yepe3 IMOBEPXHOCTE,
Pa3AEA[IOUIYIO 3TU CPEABL.

Anmnapartsl CMelleHus], B KOTOPBIX Ilepepaya Tellaa MeXXAYy TelIAOOOMeHUBa-
IOUIVMHUCS CPeAAMU IIPOUCXOAUT TIPU UX HEOCPEACTBEHHOM KOHTaKTe. AAST U3-
TOTOBA€HHSI TENAOOOMEHHBIX allllapaTOB CMellleHud TpeOyeTcsd, KaK IIPaBUAO,
MeHbIlle MeTasAa ¥ BO MHOTHUX CAy4Yadx OHM oOecleuunBalOT Ooree 3(pdeKTus-
HBIM TenaooOMeH. OAHAKO amnmapaThl CMeINIeHus B Ipolieccax HedTerasolepe-
pabOTKM YacTO HEeABb3s HUCIOAB30BAaTh U3-3a HEAONYCTUMOCTH IIPSMOrO COIIPHU-
KOCHOBEHUS TENAOOOMEHUBAIOIINXCS IIOTOKOB.

B 3aBucuMOCTHM OT Ha3HaueHUs aNlapaTbl AeAdITCI Ha CAeAyIolue
TPYIIIEL.

TennA0OOMEeHHHKH, B KOTOPEIX OAMH IIOTOK HarpeBaeTcd 3a CYeT HCIIOAB-
30BaHMA TeIlAd APYTOTO, MOAYYAaeMOTO B TEXHOAOTHMYECKOM IIPOIIeCCe U IIOAME-
JKAIlero B AAABHEUIIeM OXAaXAeHUIO. [IpuMeHeHMe TENAOOOMEHHHUKOB Ha
YCTaHOBKE II03BOASIET COKPATUThH PACXOABI IIOABOAMMOIO M3BHe Tellaa (COK-
PaTUTh pacxop TOIAMBA, I'Pelol]ero BOASHOTO Ilapa U T.A.) U OXAa’KAQIOIIEro
areHTa.

K aTol rpynmne anmapaToB OTHOCATCS TEIAOOOMEHHUKU AATI HarpeBa Hed-
TH Ha He()TellepepabaTEIBAIOIIEN YCTAHOBKE, OCYIIECTBASIEMOIO 3@ CYET HCIIOAB-
30BaHUS TelAd OTXOASAIINX C YCTAHOBKU AUCTUAASATOB, OCTaTKa, a TakK’Ke IIPO-
Me’KyTOYHOI'O ITUPKYASIIMOHHOIO OPOIIEHUS; KOTABI-YTHUAU3ATOPHI, IAe IOAY-
YaroT BOASHOM Iap 3a CYeT HMCIOAB30BAHUS TellAd He(TENPOAYKTOB, ABIMOBBIX
ra30B MAM KaTaAM3aTOpa Ha YCTAHOBKAX KATAAUTHUECKOTO KPEKMWHTa; pereHe-
PaTopEl XOAOAQ W AD.

HarpeBatean, ucnapureAs, KUMSTUABHUKYA, B KOTOPBIX HAarpeB HWAM 4Yac-
TUYHOE HCIapeHMe OCYIIECTBASIETCS 3@ CYeT MCIIOAB30BaHUS BEICOKOTeMIIepa-
TYPHBIX IIOTOKOB He(TENPOAYKTOB WMAM CIEIMAAbHBIX TEIAOHOCHUTEAeN (BOAS-
HOM IIap, IIapbl AQyTepMa, MacAO U Ap.).

B Takux anmapaTax HarpeB AU HCIapeHUe OAHOU CPeABl dIBAdeTCS Iiene-
BBEIM IIPOIIECCOM, TOTAA KaK OXA&KAEHHE ropsuero IMOTOKa 49BAGeTCS MOOOYHBIM
n OOYCAOBAWBAEeTCd HEOOXOAMMOCTBIO HarpeBa HCXOAHOTO XOAOAHOIO IIO-
TOKa.
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[TpumepoM anmapaToOB 3TOW TPYHIBI MOTYT CAY’KUTH HArpeBaTeAU CHIPbS,
HCIIOAB3YIOIIE TEIAO BOASHOTO Iapa, KUIATUABHUKY, IIPU ITOMOIIM KOTOPBIX
B HH3 pPEKTU(PUKALUOHHON KOAOHHEI IIOABOAUTCS TEIAO, HEOOXOAUMOE AAS
pexTuduKanuu, u T.A.

XOAOAUABHHUKHI M KOHAEHCATOPBI, TpepHa3HaueHHbIe AAST OXAKAEHUSA IO-
TOKa WAW KOHAEHCAIIMU IIapOB C HCIOAB30BaHUEM CIEIIMAaABHOTO OXAaKAQIo-
1IIero areHTa (BOAQ, BO3AYX, UCHAPAIONIUNCI aMMHaK, IIpomnaH u Ap.). Oxaaxkae-
HUe W KOHAEHCAIUSI B OTHUX alllapaTax SBASIOTCS IIeAeBBIMU TIpOIleccaM”, a
HarpeB OXAa’KAQIOIIIero areHTa moOOYHBIM. K TakuM amnmapaTaM OTHOCSTCS XO-
AOAVABHUKM U KOHAEHCATOPHI AI0OOM HedTerazonepepabaThiBarolell yCTaHOB-
KU, IpeAHa3HAUeHHBbIE AN OXAQKAEHUS U KOHAEHCAIMU IIOAYYaeMBIX HPOAYK-
TOB.

[Tpu pereHepanum TemAa TOTO MAW MHOTO HPOAYKTa €ro OKOHYaTeAbHOe
OXAQKAEHHE AO TeMIIepaTyphl, TpeOyeMol AAd Oe30IacHOro TPAaHCIOpTa U Xpa-
HeHUs, OOBIYHO 3aBepIIaeTCsI B XOAOAMABHUKAX.

KpucraaausaTopsl, IpepHa3HaUEeHHBIE AAS OXAQKAEHHS COOTBETCTBYIOITUX
KUAKMX IIOTOKOB AO TeMIlepaTyp, 0oOecledMBaIOUINX OOpa3oBaHMe KPUCTAAAOB
HEeKOTOPBIX COCTaBASIOUINX CMeCh BellleCTB. B 3aBHCUMOCTH OT TeMIlepaTypHO-
ro pekMMa KPUCTAAAU3AIlMM B OTHUX allapaTax B KayeCTBE OXAAKAAIOIIETO
areHTa MCIIOAL3YIOTCS BOAQ MAM CIIEIIMaAbHBIE XAGAATEHTHI B BUAE OXAAKACHHBIX
PaccoAOB, UCHAPSAIONINXCS aMMMaKa, IIpoIlaHa U Ap.

B HedTerazonepepaboTke KPUCTAAAM3ATOPHl HCIOAB3YIOTCS IIPU Aellapa-
(puHU3AIUN MacepA, 00e3MacAVBaHUU HapaduHOB, pPa3peAeHHUM KCHAOAOB, IIPO-
U3BOACTBE CepHL U AP.

[ToBepXHOCTHBIE TENMAOOOMEHHBIE alNapaThl KAACCU(UIIUPYIOTCS B 3aBH-
CHUMOCTH OT UX KOHCTPYKIHMU. K UX YUCAYy OTHOCATCS CAEAYIOIIUE.

Koxyxompybuamele menirooOMeHHble QNNAPAmMbl C HENOGBUXKHBIMU MPYO-
HbiMu pewemkamu (puc. XXII-1). Takue annapaTbl UMEOT UAUHAPUYECKUUN KO-
KyX 2, B KOTOPOM PAaCIIOAOKEH IIy4OK TelIAOOOMeHHBIX TpyO 3. TpyOHBIe pe-
LIeTKU 5 C pPa3BaAblIOBAHHBIMM TPyOKaMM Kpendarcsd K KoXyxy anmnaparta. C oa-
HOTO KOHIIa TEIIAOOOMEHHBIU anlapaT 3aKPLIT PacIpeAeAUuTEeAbHOM Kamepou I,
C APYroro — KpBIIIKOM 6. AnmapaT oOOpyAOBaH WITyLlepaMU AAS TeIAOOOMe-

7

Puc. XXII-1. Ko)XyXoTpy04YaThlii TENAOOOMEHHHK C HEMOABM)XKHBIMM TPYOHBIMH pelleTKaMM:
1 — pacnpepeanTeAbHasg Kamepa; 2 — KOXyX; 3 — TenaooOMeHHas Tpyba; 4 — molepeyHas
IIeperopoapKa; 5 — TpyOHas pellleTKa; 6 — KPHIIIKA KOXyXa; 7 — OIopa
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HUBAIOIIUXCS CpepA; OAHA Cpepa HWAET IO TPyOKaM, Apyras IIPOXOAUT dYepes
Me>XTPyOHOe MPOCTPAHCTBO.

B 3aBUCHMOCTH OT 4HCAA IIEPErOPOAOK B PACIPEAEAUTEABHON KaMepe KO-
KyXOTpyOuaThle TEIAOOOMEHHEIEe alllapaThl AeAITCSI Ha OAHO-, ABYX- U MHOTO-
XOAOBBIe B TPYOHOM IIPOCTPAHCTBE; allapaTbl MHOTOXOAOBBIE B MeXXTPyOHOM
NIPOCTPAHCTBE C HPOAOABHBIMU IIE€PETOPOAKAMY; alNapaTbl C IIONePedYHBIMU
IIepEeropoAKaMy CeTMEHTHBIMU, CEKTOPHBIMY, KOABIIEBLIMU U AD.

CylmecTBeHHOE pa3Anune MeXAY TeMIlepaTypaMu TPyOOK M KOJXKyXa B 3THUX
annaparax IPUBOAUT K OOABIIEMY YAAMHEHUIO TPYOOK IIO CPAaBHEHUIO C KOXKY-
XOM, UYTO OOyCAOBAUBaEeT BO3HHKHOBEHNE HAIps>KeHUsI B TPYOHOM pelleTKe 5 U
MO>KeT NIPUBECTU K HapyIIeHUIO IMAOTHOCTH BAABIIOBKM TPyO B pellleTKe U IIO-
TMaAQHUIO OAHOM TeIAOOOMEHUBAIOLIEeMCcsa CpeAbl B APyTyio. [loaToMy Temaoo0-
MEHHHUKHU 3TOTO THUIA IPUMEHSIOT IPU Pa3HUIle TEMIEPATyp TEIAOOOMEeHMBAIO-
IIUXCA CPep, IPOXOAAIINX Yepe3 TPYOKU UM MeXTPyOHOe IIPOCTPAHCTBO, He 0O0-
Aee 50° M IpU CPAaBHUTEABHO HEOOABIIOU AAVHE alllapaTa.

OuncTka MeXTPyOHOTO IPOCTPAHCTBA IIOAOOHBIX aNllapaToB CAOXKHA, I10-
3TOMY TeIIAOOOMEHHUKM TAKOTO THIla IPUMEHSIOTCA B TeX CAydasX, KOTAA cpe-
AQd, IPOXOAAIIas Yepe3 MeXXTpyOHOe IPOCTPAHCTBO, IBASIETCS YUCTON, He arpec-
CUBHOM, T.e. KOTAQ HET HEOOXOAUMOCTH B UHUCTKE.

AOCTOMHCTBOM alNapaToOB 3TOTO THIIA SIBASETCS IIPOCTOTa KOHCTPYKIIUM U,
CAEAOBATEABHO, MEHbIIass CTOMMOCTb.

B 3aBUCHMOCTH OT PAaCIOAOKEHUS TEeIAOOOMEHHBIX TPyO pas3AHudaioT Tell-
AOOOMeHHBIe alnapaThbl TOPU30HTAABHOIO U BEPTHUKAABHOTO THUIIA.

Koxyxompybuamble menirooOMeHHble annapamsel ¢ nAaBaroujell roAoBKol (C
IIOABUJKHOM TPYOHOU peNIeTKON) SBASIOTCA HamboAee PACHpPOCTPaAHEHHBIM TU-
IIOM MOBEPXHOCTHBIX anmnaparoB (puc. XXII-2). [TopBurkHasg TpyOHad pelleTKa
IIO3BOASIET TPYOHOMY IIYUKY CBOOOAHO IlepeMellaThCsl He3aBHCHUMO OT KOPIIyca.
B anmaparax 3TOM KOHCTPYKIIUM TeMIlepaTypHBle HalpsKeHUs MOI'YT BO3HU-
KaTh AL IIPU CYLIECTBEHHOM Pa3sAWYMU TeMIlepaTyp TPYOOK.

TpybuaThIll Iy4OK MOJKET ONUPAThCS Ha OAMDKAWINYIO K IIAABAIOIIEd TOAO-
BKe IIEPETrOPOAKY, MMEIONIyI0 OOABIIYIO TOAIIMHY, YeM y APYTHX II€PErOPOAOK,
a TIpU 3HAUMUTEABLHBIX pa3Mepax M Macce MYyYOK ONMHUPAIOT Ha KATKOBBEIE OIIOPHI.

[/ / 3
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Puc. XXII-2. KoXyX0oTpy0O4yaThiii TENAOOOMEHHUK C IAaBalouieil TOAOBKOM:

1 — KpBHIIIKAa pacIpeAeAUTeABHON KaMephbl; 2 — paclpeApeAuTeAbHas KaMepa; 3 — HEeNOABMKHAas
TpyOHas pelieTKa; 4 — KOXyX; 5 — TemaooOMeHHas TpyOa; 6 — IolepedyHas IIepPeropopka; 7 —
MOABUI)KHasA TpyOHasd pellleTKa; 8§ — KpBIIIKa KOXyXa; 9 — KpBIIIKa IIAaBaOIed ronoBky; 10 —
omopa; 11 — KaTKoBas oIopa TPyOuaToro mydka
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AAST BO3MOXXHOCTH CBOOOAHOTO IlepeMellleHud alllapaTa IIpU HarpeBe KOpITyC
TENAOOOMEHHHUKA KpenAT K OAHOW M3 OIOp IOABUJKHO. AAd 3TOrO OTBEPCTHUS
mopA OOATHI B OIIOPAax AEAAOT OBAABHOU (PopMBEI. OOBIYHO NNOABUJKHOE KpeIlne-
HHe KOopIlyca NPeAyCMaTPUBAIOT CO CTOPOHBI IIAABAIOIeM IOAOBKH, TAe K KOp-
IIyCy NPUCOEAUHSIOT MeHblllee YUCAO TPYOOIIPOBOAOB.

INo KoXyXy (MeXTpyOHOMY IPOCTPAHCTBY) alllapaThl C IIAABAIOIIEed I'OAOB-
KOM dallle BCEro BBIIIOAHSIOT OAHOXOAOBBIMU. B ammapaTax ¢ ABYMsSI XOAaMU IIO
KOPIIYCY yCTaHaBAUBAIOT IIPOAOABHYIO IIEPETOPOAKY, UTO OOecIeduBaeT IIPOTU-
BOTOK IIOTOKOB.

OTAMYUTEABHOYW 0COOEHHOCTBIO anmapara, paspadoranHoro AO «BHUITU-
HedTh» U UepHOBUIIKMM MAIIMHOCTPOUTEABHBIM 3aBOAOM (puc. XXII-3), aBag-
eTCsl IpUMeHeHUe IIONePeUYHBIX CTeP)KHEBBIX IIEPEropoproK 7 (TypOyAM3aTOPOB),
3aKpENAEHHBIX MOAYKOABIIAMH B MeKTPYOHOM IIpocTpaHcTBe. Ilo cpaBHeHUIO
CO CTAHAAPTHBIM TENMAOOOMEHHHMKOM AQHHBIM amllapaT o0eclleunBaeT yBeAWde-
HUe 3(deKTUBHOCTH TemrooOMeHa Ha 15—25 %, ycTrpaHeHue BuOpanuu TpyoO-
YaTBIX IIyYKOB, YMeHBbIIIeHHe T'MAPaBAMYECKOTO CONPOTHUBAEHUS B MeXTPyOHOM
NIPOCTPAHCTBe, CHU)KEeHUe 3arpsI3HeHHOCTH, OOAeTdYeHHe YUCTKU TPyOUYaThIX Myd-
KOB M 3HQUUTEABHOE YMeHbIIIeHle TEIAOBBIX IIOTOKOB, He y4aCTBYIOUIUX B Tell-
AroobMeHe (cMm. puc. XXII-28). TTpopAOABHYIO NIEPETOPOAKY 6 HY>KHO BBEIHUMATh
13 KOPIIyca BMeCTe C TPyO4YaTBIM IIYYKOM, ITO3TOMY HEOOXOAWMO CIIEIIMaAbHOE
YIAOTHEHUE MeXXAY KOJKYXOM U IIeperopopkoi. MimeroTcst pa3sandHble KOHCTPYK-
UMW YIAOTHEHHU: r'MOKHe MeTaaAndecKue IAACTUHBL [, MAOTHO IIpUAErarolne
K KOJXXYyXy IO Kparo Heperopopku (cMm. puc. XXII-3, a), acbecToBelM HHYpP 12,
3aA0KEeHHBIN B IIPOAOABHBIN Ma3 meperopopku (cm. puc. XXII-3, 6) u Ap.

B KOXKyXOTpyOuUaThIX TENAOOOMEHHBIX alllapaTax C IIAABAIOIIEW IOAOBKOU
TPyOHBIE NYYKU CPAaBHUTEABHO AETKO MOTYT OBITH YAAA€HBI M3 KOPIyCa, YTO
obAerJaeT MX PEMOHT, YUCTKYy HAU 3aMeHy. OAHAKO CAEAyeT OTMETUTb, YTO
KOHCTPYKIIUS allllapaTOB C IOABHYXHOM PeIIeTKOM OTHOCUTEABHO CAOJKHAE, AAT
ee U3TOTOBAEHMS TpeOyeTcs OOABIIMM pacxXxop MeTaard Ha EAMHUIy [OBepX-
HOCTH TellAOOOMeHa, Npu paboTe ammapaTa IIAaBalolas TOAOBKA HEAOCTYIIHA
MASI DEMOHTA.

A\
D
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Puc. XXII-3. CxeMa KOXyXO0TpyGYaTOro TemAOOOMEHHUKA C MPOAOABHOM IEPErOPOAKON:

a — oOmwui BHA; 0, & — BapUAHTHl YIAOTHEHHS IIPOAOABHOM IIEPETOPOAKH C KOPIyCOM
CTaABHBIMM TIAQCTMHAMM M acOeCTOBBIM IMHYpPOM; ! — KpBIIIKA PaCIpPEASAUTEABHOM KaMepel; 2 —
pacupepeAnTeAbHas KaMepa; 3 — HeNOABMI)KHAs TpyOHasl pelleTKa; 4 — KOXyX; 5 — TpybOa; 6 —
IIPOAOABHAS MEePEropoApKa; 7 — IOIepedHble CTep’KHEBHIEe IePeropoAKUu (TypOyAH3aTophl); 8 —
MOABUIKHAsA TPyOHas pelleTKa; 9 — KpbIIKa KOXyxXa; [0 — KpbIlIKa NOAaBarollel roAoBky; [1 —
CTaAbHBIE NIAACTUHEBL; 12 — acOeCTOBBIM IIHYP
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Koxyxompybuambsle meniooOMeHHble annapamsl ¢ meMnepamypHbIM KOM-
neHcamopoM. B aTux anmapaTrax AAS 9aCTUYHOM KOMIIEHCAIlUU TeMIepaTypPHBIX
HaNpPs)KEeHUU NUCIOAB3YIOT CIIe[JUaAbHBIE THOKHUE SAEMEHTHI (PACIIUPUTEAN, KOM-
IIeHCATOPHI), PACIIOAOKEeHHBIe Ha KOpITyce.

BepTHKaABHEBIN KOKYXOTPYOUYaThIM HCIIAPUTEAb C HETIOABHIKHBIMM TPYOHBI-
Mu pentetkamMu (puc. XXII-4) oTAnMdYaeTcsa yCTAHOBKOM MeXKAY ABYMSI UYaCTIMU
KOXXyxXa 4 AMH30BOrO KOMIleHcaTtopa 3. B ammapaTax mopOOHOTIO THUIIAa HCIIOAb-

—N

Puc. XXII-4. BepTUKaABHBIM KOJKYXOTpPYyO-
YaThlil ICIIAPUTEAD C HENMOABIJKHBIMH TPYO-
HBIMH pelleTKaMH M TeMIepaTypPHbIM KOM-
MeHcaTopoM Ha Kopiyce:

1 — pacnpepeAuTeAbHas KaMepa; 2, 8 —
TpyOHEBIe pellleTKH; 3 — KOMIIeHcaTop; 4 —
KOXyX; 5 — omopa; 6 — TenmrooOMeHHas
Tpyba; 7 —  IIONepeYyHass  «CIIAOLIHaA»
neperopopka; 9 — Kphoimka. [Toroku: I —
ucnapsromasics cpeapa; II — xouapencar; III —
MapoOXUAKOCTHas cMech; IV — BOAdHOM map
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3yIOT OAHO- M MHOTODAEMEHTHBLIE AWH30BbIe KOMIIEHCATOPHI, OAHAKO IIpuMe-
HATH KOMIIEHCATOPHI C YWCAOM DAEMEHTOB OOAee UeThIpeX He PEeKOMEHAYeTCH,
TaK KakK Pe3KO CHUYKAeTCs CONPOTHUBAEHHE KOXXyxXa M3ruoy.

Koxyxompybuamble menroobmeHHuxku ¢ U-oO6pa3nbiMu mpydkamu (CM. pHC.
XXII-5) mMeOT OpAHY TPYOHYIO peIleTKy, B KOTOPYIO BBAABIIOBAHBI 00a KOHIIA
U-o0pa3HbBIX TPYyOOK, UTO obOeclieuuBaeT CBOOOAHOE VYAAMHEHHe TPYyOOK IIpU
U3MeHeHUM UX TeMIepaTypel. [IpenmyliiecTBO TenAOOOMeHHUKOB ¢ U-oOpas-
HBIMU TPYOKaMH — OTCYTCTBHE Pa3beMHOTO COEAWHEHUsS BHYTPH KOXKyXa, 4TO
IIO3BOASIET YCIEIIHO IIPUMEHSTh WX IIPK IOBHIIIEHHBIX AaBAeHUsAX. Hepocrtar-
KOM TaKHX allapaToB SBASIETCS TPYAHOCTH UYMCTKU BHYTpPeHHeNM U Hapy>KHOM
IIOBEPXHOCTU TPYO, BCAEACTBUE KOTOPOM OHU UCIIOAB3YIOTCS NPENMYIeCTBEHHO
AAST UUCTBIX IIPOAYKTOB.

Hcnapumeab ¢ napoBbiM npocmpaHcmBoM (pubolirep) (puc. XXII-6) co-

7

Puc. XXII-5. KoxxyxoTpy0uyaThiii TeNA00OMeHHUK ¢ U-o0pa3HbIMU TPyOKaMu:

1 — pacmpepeAuTeAbHasi Kamepa; 2 — TpyOHasl pelleTka; 3 — KOXyX; 4 — TemAooOMeHHas
Tpy0Oa; 5 — molepeuyHas IIepPeropopka; 6 — KphIIIKa KOXXyXa; 7 — omopa; 8§ — KaTKoBag ollopa
TpyO4YaToOTO IIy4YKa

1 , 2 3 TIH 4

v/

10

Puc. XXII-6. UcmapuTeAsb ¢ apoBbIM IPOCTPAHCTBOM (puboriaep):

1 — KOXyX; 2 — AIOK; 3 — LITyllep NPEeAOXPAaHUTEeABHOIO KAallaHa; 4 — TpyOuYaThId IY4YOK; 5 —
TOPAOBUHE; 6 — pacIpepeAuTeAbHas KaMepa;, 7 — omopa; 8 — IMITynep ApeHaka; 9 —
neperopopka; 10 — AIOK AAA Tpoca Aebepku. IloToku: I — ucnapsiemMas >XKUAKOCTb; II — OCTaTOK;
III — napsl; IV — TENAOHOCUTEAD
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CTOUT M3 KOXKyxa [ U OAHOTO — TpeX TPyOuaThIX NYy4dKoB 4. Ard obecledyeHUs
AOCTQTOYHOM ITOBEPXHOCTU 3epKanad MCIApeHUsa U 00beMa IIapOBOTO IPOCTPAaH-
CTBa PacCTOSTHHE OT BepXa CAUBHOM IEPETOPOAKU 9 A0 BepXHeM 4acTHh KOXKyXa
! nmpunuMaloT He MeHee 1/3 AuaMeTpa KOJKyxa. YPOBEHb KMAKOCTU B HCIapH-
TeAre IIOAAEP’KMBAETCSI CAUBHOM IIePeropoAKoM 9, uMelolnel 3y0uaTyi0 KpPOMKY
AASI PABHOMEDHOTI'O IIEPEeAUBA JKUAKOCTU. B mcnapuTeasax ¢ MapoBBEIM MPOCTPaH-
CTBOM IIPMMEHSIOT TaKHe ’Ke TpyOdaThle IIy4YKY, KakK y alllapaToOB C IIAABAIOIIeN
roAnoBKOU mAu U-oOpa3HBIMH TpyOKaMu. IIpm 3TOM AMaMeTp HENOABUIKHOU
TPYyOHOM peIIeTKH HECKOABKO OOABIIE, YTO HEOOXOAUMO AAS TOrO, YTOOBI IIAA-
BalOlllas TOAOBKA B COOpPAHHOM BUAE MOTAA CBOOOAHO IPOUTH 4Yepe3 TOPAOBUHY
5 mpu AeMOHTaxke.

Koxyxompybuamsle menirooOMeHHble annapamhsl € gBOUHBIMU mMPyOKamu
(puc. XXII-7). B Takux anmnapaTrax MMelOTCS ABe TPYOHBIEe PeIleTKH, pa3MelleH-
HBEIe C OAHOM CTOPOHHI amnapara. B opHOM TpyOHOM pelleTKe pa3BaAbIIOBAHEI
TPYyOBI MEHBIIIEro AuMaMeTpa, BepxXHHe KOHILI KOTOPBIX OTKPLITH, B APYTOH
TPYOBI OOABIIIErO AUaMeTpa, HU’KHHe KOHIIBI KOTOPBIX 3arAylleHbl. Takas KOH-
CTPYKIIUsS oOeclleunBaeT HE3aBUCUMOe YAAUHeHUe TPyo.

B anmapatax 3TOTO THIIa OAHA M3 TEMAOOOMEHUBAIOIIUXCSA CPeA MOCTyIaeT
yepe3 LITYIlep B IPOCTPAHCTBO MeXXKAY KPBIIIKOW U BepXHeM TPyOHOM pelleT-
KOM, OTKyA@ HAIpaBASeTCd BHU3 IIO0 TPyOKaM Manoro Amuamerpa. ITo BeIXope u3
HUX IIOTOK BO3BpAlllaeTCs II0 KOABIIEBOMY IIPOCTPAHCTBY MeXXAY TpPyOKaMy,
cobupaeTcs B IPOCTPAHCTBE Me’KAY TPYOHBIMM peIlleTKaMH, a 3aTeM BBIBOAUTCS
U3 anmnapara.

Koxyxompybuamble meniooOMeHHble annapambsl C BUMBIMU MpPyoOKamu
HUCIOAB3YIOT B He(pTerazonepepaboTKe AT TEIIAOOOMEHA MEKAYy CPEAAMH, OAHA
U3 KOTOPBIX HAaXOAUTCS MOA BHICOKMM AaBAeHUeM. Ha puc. XXII-8 mokazaH art-
mapar, NpeAHa3HAYEeHHBIM AT OXAQKACHMS M YaCTUYHOM KOHAEHCALIMU ITPUPOA-
HOTO raza. TenAOOOMEHHUK IIpeACTaBAsgeT COOOM IJeABHOCBApHYIO KOHCTPYK-
IIMIO, COCTOSIIYIO U3 KOXXyXa [, TPyOHBIX pelleTOK 2, B KOTOPBIX 3aKpeNAeHBI
MeAHBle UAU CTaAbHBIE TPYOKH 3, CIMPAABHO HAKpydeHHBIE Ha CEPAEYHUK 4.
CepaeUyHUK BBIIOAHSIET POAB KAaTyIIKU AAS HAaBUBKU TPyO W OAHOBPEMEHHO
HUCIIOAB3YeTCSI KaK HeCylas AE€TaAb, pasrpy’karollas KOpPIyC U TpPyOHBIe pe-
meTky. [IpupoAHLBIN ra3 mop AaBaeHueM Ao 5 MIla u ¢ temmepartypou + 70 °C
ABIWJKETCSI BHYTPHU TPYyOOK, & MeTaHoBas (ppaknusg Ipu TeMmieparype —42 °C u
paBreHUM 4,2 MTIla nopaeTcss B MeXKTpyOHOe IIPOCTPAHCTBO.

SppexmuBHocmb KOXyxompyouamblX meniooOMeHHbIX annapamoB IIOBHI-
1IaeTCSI C YBEeAWYeHHEM CKOPOCTH ABVWIKEHHS TEeIIAOOOMEHMBAIOIINXCI IIOTOKOB
U CTeIleHU UX TypOYAE€HTHOCTH.

[Mpu Hen3MeHHOM IIPOM3BOAUTEABHOCTH allllapaTa yBeAWdYeHHe CKOPOCTHU
ABVJKEHUSI JKUAKOCTH B TPyOKaxX AOCTHIaeTCs pa3MellleHHeM B KpBIIIKax pac-
NIPEAEAUTEABHON KaMephl IeperopojpoK, UTO H3MeHseT UYUCAO XOAOB IIOTOKA
KUAKOCTH, IIPOXOALIIeN 4Yepe3 TPYOKU. B MPOMBIIIAEHHOM IIPAKTUKE HCIIOAb-
3YIOT alllapaThl C Pa3AWYHBIM YHCAOM XOAOB, MCXOAS U3 TEXHOAOTHYECKOU IIO-
TPeOHOCTU YCTAHOBKHU.

AAS TIOBBIIIIEHUSI CKOPOCTU ABUJKEHHUS IIOTOKOB B MEXTPYOHOM IIPOCTpPaH-
CTBe U OOTEKaeMOCTH IIOBEPXHOCTU TEIIAOOOMEHa, CO3AaHUS OOAbIIeN TypOy-
AEHTHOCTHU IIOTOKOB M OPTaHU3allUM ABWJKEHUsSI TEIIAOHOCHUTeAs B HallpaBAEHUH,
MEPHEeHAUKYASIPHOM K OCH TPyO, B KOXKYXOTPyOUaTHIX TEIIAOOOMEeHHBIX allapa-
TaX YCTaHABAMBAIOT CIIEI[MaAbHBIE IIONIEPEeYHBIe ITeperopoAku. OHM BBITIOAHSIOT
TaK>Xe POAb OIIOp TPyO4YaTOro IMydka, (PUKCUPYIOT TPyOBl Ha 3@AQHHOM PAacCTO-
SIHUY OAHA OT APYTOM M yMEHBIIAIT BUOPAnuio TpyoO.
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Puc. XXII-7. TenaooOMeHHBIN ammapar c Puc. XXII-8. TenrooOMeHHBbIN anmapar ¢ BUTBIMH

ABOWMHBIMHM TPyOKaMmM: TpyOKaMmu:
1 — KOXyX; 2 — TemnAOOOMeHHBle TPYOKU; 1 — KOXyX; 2 — TpyOHasa pellleTKa; 3 — TeIAO-
3 — omopa; 4, 5 — TpyOHBIe pelIeTKU ob6MeHHasl Tpyba; 4 — ceppeuHuk. [loTtorm: [ —

TIPUPOAHBIN ra3; II — MeTaHOBasA (ppaKuusg

Ha puc. XXII-9 moka3aHbl momnepedHble MepPeropopAKy pas3HbIX TUIOB. Ha-
UOOABIIlee PACIPOCTPAHEeHWEe IIOAYYMAM CeTMeHTHBIe IIePeTOPOAKM (CM. PHC.
XXII-9, a). BelcoTa BEIpe3aeMOro CerMeHTa paBHa IPHMepPHO '/, AMaMeTpa all-
Imapara, a pacCTogHUe MeXKAy IeperopopkaMm — OKoao 0,5 pAuaMerpa amnmapa-
Ta. [TomepeuyHble TEPErOPOAKU C CEKTOPHBIM BEIpe3oM (cM. puc. XXII-9, 6) oc-
HAIlleHbl AOIIOAHUTEABHOU MPOAOABHOU II€PEeropoAKOM, PaBHOM IO BHICOTE IIO-
AOBHHe AMaMeTpa annapaTa. CeKTOpPHBIN BHIpE3, II0 IAOINAAW PaBHBIN UeTBep-
TH CedYeHMs aNllapaTa, PacloAaraloT B COCEAHUX I[eperopopkax B IIaXMaTHOM
nopgake. [Ipu 3TOM TEeIAOHOCHUTEABL B MeXTPYOHOM HNPOCTPAHCTBE COBepIIaeT
BpalllaTeABHOE ABWJKEHHE TO II0 YaCOBOU CTPEAKe, TO IIPOTUB Hee. AMNIapaTel
CO «CIAOWIHBIMH» IleperopoakaMu (cM. puc. XXII-9, &) mCHOAL3YIOT OOBIYHO
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Puc. XXII-9. ITonepeyHsle ePeropoAKu KOJKyXOTpyOUyaThIX anrnaparoB:

a — C CerMeHTHBIM BBIpR30M; 6 — C CEKTOPHBEIM BBHIpE30M; & — KOABIEBBIE, & — C IIEACBBIM
BEIpk30M; & — «CIAOLIHEIE»

AT UUCTBIX JKHMAKOCTeN. B 3TOM cAydae JKHAKOCTB NIPOTEKAET IO KOABIIEBOMY
3a30py (0KoAO 1,5 MM) MeXXAy TPyOOM U IIeperOpOAKOU.

Ba>xHO, 4YTOOHI 3a30p Me)KAY BHYTPEHHEN MOBEPXHOCTBIO KOJXXyXa M Iepe-
TOPOAKOU OBIA MHHUMAABHBIM. OTO IIO3BOASIET COKPATUTHb YTEUKY >XKUAKOCTH,
MIPOXOALIIeN uepe3 MeXKTPyOHOe IIPOCTPAHCTBO M He y4acTBYIOIeM B TENA006-
MeHe. BMecTe ¢ TeM pasmep 3a30pa AOAKEH OBITh AOCTATOUHBIM AASL U3BA€Ye-
HUA IIy4Ka TPyO IIPU ero peMOHTe.

B 3aBucmMOCTH OT XapaKTepa HAIlPaBAEHHUS IIOTOKOB TENAOOOMEHHBIE all-
TIapaThl AEASTCS Ha MPSAMOTOYHBIE, TPOTUBOTOYHELIE, CMEIIaHHOIO U IIepeKpecT-
HOTO TOKa.

TenroobMmeHHble annapampl muna «mpyoa B mpybe» 1O KOHCTPYKIIMHU Ae-
AATCSI HA OAHOIIOTOUYHBIEe (Hepa3OopHBIe M pa3OOpHBIE ) U MHOTOIIOTOYHEIE.

Hepa3bopHble TenAoOOMeHHBIE amllapaThl THNA «Tpyba B TpyOe» (puc.
XXII-10) u3roTaBAMBAIOT B ABYX HCIOAHEHUSX: C IIPUBAPHBIMM ABOMHUKAMU Ha
TENAOOOMEHHEIX TPyDax, KOTOPEIe 3KCIAYAaTUPYIOTCAI 0e3 MeXaHWYeCKOW OYMCT-
KM BHYTPEHHEH IIOBEPXHOCTHU TPYO, U CO CBhEMHBIMH ABOMHHUKAMU Ha TeEIIAO-
0OMeHHBIX TPy0ax, IO3BOASIONIMME OCYIIeCTBAITh MEXaHUYECKYIO0 OUUCTKY TPYO.
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Puc. XXII-10. Hepa300opHBbIii OAHOIIOTOYHBIN TENAOOOMEHHBIN anlapaTr THIa «Tpyba B TpyOe»:

a — C IpUBapHLIMU ABOMHHKAMU Ha TEIIAOOOMEHHBIX TpyOax; 6 — CO CHeMHBIMH ABOMHUKAMU Ha
TEeIIAOOOMEHHBIX Tpy0Oax; | — TemrooOMeHHass TpyOa; 2 — KOJKyXoBas TpPy0a; 3 — CIeluaAbHBIN
TPOUHUK; 4 — ABOWHUK; 5 — HUINIeEAb; 6 — raiika; 7 — IITyIep
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Puc. XXII-11. Pa30GopHBINl OAHOIIOTOYHBIII TENAOOOMEHHBIN aIlmnapar Tumna «rpyba B Tpyoe»:

1 — TenrooOMeHHas TpyOa; 2 — KOXKyxoBas TpybOa; 3 — omnopa; 4 — pelleTKa KOXYXOBBIX TPYO;
5 — HOBOPOTHas KaMepa; 6 — ABOMHUK; 7 — pellleTKa TeIAOOOMEHHBIX TPyO




B pa300pHBIX KOHCTPYKIUSAX TENAOOOMEHHHMKOB THUIIAa «Tpyba B TpyOe»
(pumc. XXII-11, XXII-12) BHyTpeHHHe TPyOBI IIPU IOBBIIIEHUU TEMIIEPATYPHI
MOTYT YAAUHSTHCS HE3aBUCHUMO OT HApY’KHBIX. KOHCTPYKIHS alnapaToB IIO3BO-
AseT OCYUIECTBASITH PEryAsSpHYIO MeXaHHYeCKylO0 OUYUCTKY BHYTpeHHeHN IOBepX-
HOCTH TeNAOOOMEeHHBIX TPyO OT 3arpsi3HeHWM, a TaKKe IIpU HeOOXOAMMOCTH
BBIHMMATh TPYOBI A UX 3aMeHBl MAU MeXaHUYeCKOM OYMCTKU Hapy’>KHOM IIO-
BEPXHOCTH.

B MHOTOIIOTOYHBIX TENMAOOOMEHHBIX amnapartax (cMm. puc. XXII-12) pac-
IpepeArTeAbHas KaMepa ! CAY>KUT AAS paclpejpeAeHHs IOTOKa IO TelAOOOMeH-
HBIM TpyOaM 6. MesKAy pelleTKaMU TeIAOOOMEHHBIX 2 U KOJKYXOBBIX TPyO
4 pacmono’keHa paclpepeAuTeAbHas kKaMepa 3 AAS CPeABbl, IpOTeKarolled IIo
KOABIIEBOMY IIPOCTPAHCTBY B KOJKYXOBBEIX TpyOax 7. MHOTONOTOYHBIE TEIAOOO-
MEHHUKU UMEIOT ABa XOAAQ IO BHYTPEHHUM TPyOaM M ABa IO HaPY’>KHBIM.

B anmaparte 3TOro THna Aerde 0OeCIedUuTh OOABIINE, UYEM B KOXKYyXOTpyOYa-
TBIX TEIIAOOOMEHHUKAX, CKOPOCTU ABUJKEHUSI IIOTOKOB, UYTO IIO3BOASIET MMETh U
Oonee BBICOKUE KO3((UIMEHTHI TEIIAOIIEPEAAYN U OOABIIINe 3HAaueHUsl TellAOHa-
NPs>KeHHOCTU ITOBEPXHOCTH HarpeBa. Kpome Toro, B amnmaparax THUNa «Tpyba B
TpyOe» Aerde OCYIIECTBUTH IIPOTUBOTOK MeXKAY TENAOOOMEHUBAIOIIUMUCS
CpepaMu, 4TO TaKXKe CIIOCOOCTByeT OOAee BBICOKOM 3((EKTUBHOCTU TENAOO0D-
MeHa.

[ToBepXHOCTHL TENAOOOMEHHBIX alllapaToB pacCMaTpUBaeMOro THUIIA B
MeHBIIIeN CTelleHU IIOABep’KeHa 3arps3HeHHIO IIPOAYKTaMU KOPPO3UHW U MeXa-
HUYeCKUMHU NIPUMeCSIMH, COAEeP KAlIUMUCSI B TeIIAOOOMEeHUBAIONINXCSA cpepax. Bo
MHOTMX CAy4YasX almapaThl THIA «TpyOa B TpyOe» pabotaioT c 60oAee BBHICOKH-
MM TEMAOBBIMU ITOKa3aTeAsIMU, YeM KOKYXOTpyOdaTble TEeIAOOOMEHHUKMN.

B TenmnoOOMeHHEIX amnmnaparax pa30OpHOU KOHCTPYKIUM BHYTPEHHUE TPY-
OBl B psAEe CAydYaeB C HAPY’KHOM IOBEPXHOCTU BBINOAHSAIOTCSA C OpeOpeHHueM,
IIO3BOASIIONIMM B 4—5 pa3 YBEeAMUMTb MX IIOBEPXHOCTb TenaoobMeHa. Opebpe-
HHUe BHYTPEHHUX TPyO UCIOAB3YIOT, KaK IIPaBHUAO, B TeX CAydasiX, KOTAa CO CTO-
POHBL OAHOM M3 TENAOOOMEHMBAIOUINXCS CPe) TPYAHO OOeCIedUTh BBICOKUM
KO3(p(PUIVEHT TENIAOOTAQYN (ABUKETCS Ta3, BSI3Kas KUAKOCTH, IIOTOK UMEET Aa-
MUHApPHBIA XapaKTep U T.I.). B 3TOM caydae opeOpeHHe IOBEPXHOCTH CO CTO-
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Puc. XXII-12. Pa300pHbIII MHOTOIIOTOYHBIN TENAOOOMEHHBII aniapar Tuia «Tpyba B Tpyoe»:
1 — mepBas pacupeApeAnTeAbHast KaMmepa; 2 — pelleTKa TeIAOOOMEeHHEBIX TpyO; 3 — BTopas
pacrpepeAuTeAbHas KaMepa; 4 — pelleTKa KOXYXOBBIX TpPy0O; 5 — omopa; 6 — TenaooOMeHHas

TpyOa; 7 — KOJKyXoBasl Tpy0Oa; § — IOBOpPOTHas KaMepa; 9 — ABOMHUK
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POHBI TAKOU TENIAOOOMEHMBAIOIIENCI CPEABI TIO3BOASET 3HAUUTEABHO YBEAUYUTH
KOAMYECTBO NEePEAAHHOTO TEIIAQ.

Ha puc. XXII-13 npuBepeHBI BapUaHTEl opeOpeHUsa TpyOnsl. PeOpa MOXXHO
U3TOTOBUTH B BHAE HITAMIIOBAHHLIX KOPBIT, IPUBapeHHBIX KOHTAKTHOM CBap-
KoM (cMm. puc. XXII-13, a) uAu U3 MOAOC, KOTOPble BCTaBASIIOT B KaHaBKU, a 3a-
TeM 3aKPeNnAsIOT 00XKaTheM KPOMOK (3aBaAblloBKa pebep pPOAUKaMU) (CM. pPUC.
XXII-13, 6). Pebpa MoryT OBITH MOAyYeHBI HakaTKoU (cM. puc. XXII-13, &) uau
BBIAQBAMBAHMEM U3 MeTarrd TPYObl (cM. puc. XXII-13, d). TTpuMeHSIOT Tak>ke
pebpucThle TPyOBI C IPUBAPHLIMU munaMu (cM. puc. XXII-13, ).

AAs TIOBBINIIeHUsT 3(h(PEeKTUBHOCTU TellA0OOMeHa B TPyOHOM IIPOCTPAHCTBE
HUCIOAB3YIOT METOABI BO3AENCTBHA Ha IIOTOK YCTPOMCTBAMH, Pa3pyHIaOUIUMU U
TYpOYAU3UPYIOHIINMU ABUJKEeHUeE ITIOTOKA B TPpyOe. DTO Pa3AMYHOTO pPoAd TypOYyAU-
3UPYIOL[UE BCTABKM, BAPUAHTHI MCIOAHEHUS KOTOPEIX mpeacTaBAeHBI Ha PHC.

a

Puc. XXII-13. TpyOsI ¢ pedOpamu:
a — TpUBAapHLIMA U3 KOPEIT, 6 — 3aBaAbI[OBAHHBIMU; & — HAKAaTAHHBIMA BUHTOBBIMHU; 4 —
BBIAABA€HHBIMU,; a — IMIPUBAPHBIMU IMUAIIOBUAHBIMU
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Puc. XXII-14. Tpy6s1 ¢ TypOyAn3aTOpaMu:

a — IIHEKOBHIE 3aBUXPUTEAW; O — AEHTOUHBIE 3aBUXPUTEAM; 4 — AuadparMoBble TPYOBI C
BepPTHUKAABHBIMU KaHaBKaMW{; 4 — AnadparMoBble TPYObI C HaKAOHHBIMM KaHaBKaMW; & — TPyOHI
CO CIIUPAABHOMN IIPOBOAOKOW; e — TypOyausaTtop ¢gupMmsl "Sulzer”
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XXII-14. IITaekoBele (cM. XXII-14, a) nau aeHTouHble (cM. XXII-14, 6) 3aBux-
PHUTEAU, YCTAHOBAEHHBIE 110 BCEU AAMHE TPYyOBI, O0ECIeYMBAIOT 3aKPYTKY IIOTO-
Ka, 4YTO 4BAdeTCI OAHUM U3 3(P@PEeKTUBHBIX CHOCOOOB MHTEHCU(UKAIIUU
TennrooOMeHa B TpyOax. lllmpokoe pacnpocTpaHeHUe U3-3a MIPOCTOTHL M3TO-
TOBAEHMSI IIOAYUYUAU A€HTOUYHBIe 3aBHUXpUTeAn. Hamboaee 3ddekTrBHASA
3aKpyTKa IIOTOKA IIPHM 3TOM PeaAU3yeTcs, €CAU AeHTa BCTaBA€HA B TPyOy
IpakTu4ecku Oe3 3a30pa. AONOAHUTEABHBIY 3(P(EeKT B 3TOM CAy4dae 3aKAIO-
4aeTcd B TOM, YTO BUHTOBAS BCTaBKa YBEAMYWBAET IIOBEPXHOCTb TEIAOOOMEHA M
BOCIIPHHSITOE €10 TEIIAO IOCPEACTBOM TEIAOIPOBOAHOCTH IIEePEAAETCS B CTEHKY
TPYyOHI.

OTeuecTBeHHBIE MAIIWMHOCTPOUTEABHBIE 3aBOABI OCBOUAM IIPOU3BOACTBO
AuadpParMUPOBAHHEIX TPYO, KOTOPEIE M3TOTABAMBAIOTCS ITyTeM HaHeCeHUs Ha
TAAAKHE TPYOBI MOMEpPEeYHBIX BEePTUKAABHBIX (cM. XXII-14, &) MAM HAKAOHHBIX
cmpaAbHBIX (cM. XXII-14, 8) KaHaBOK. BMeCTO HaKAOHHBIX KaHaBOK MOXXHO YC-
TAHABAMBATL BHYTPU TPYO TypOYAM3AaTOPBHI, IPEACTABALIONIAE COOOM CIHUpPaAb-
HYIO0 IPOBOAOKY (cM. XXII-14, 8). Ha puc. XXII-14, e npuBepeH TypOyAH3aTOD,
NIpUMeHSIEMBIM IIPU ABUJKEHUM BHYTPU TPYOBI BA3KHX IHPOAYKTOB HUAU TOTAQ,
KOTAQ IIpU HeOOXOAUMOCTU TpebyeTcs obecneduuTh Ha OOABIION AAVIHE HEeOOAb-
1II0€e THAPABAMYECKOEe COIPOTHUBAEHHUE.

HepocTaTkaMu TeNAOOOMEHHBIX alllapaToOB THUIIA «Tpyba B Tpybe» IO
CPABHEHMIO C KOXKXYXOTPyOUaTBIMU alllapaTaMy SBASIOTCS OOABIINE TaOApUTHL, a
TaK)Ke OOAee BBICOKMU PacxXxop MeTaara Ha eAMHMUILY IIOBEPXHOCTH Harpesa.

TenrooOMeHHBIe aNNapaThl TUIA «TPyOa B TpyOe» >KeCTKONW KOHCTPYKIIUH,
TaK JKe KaK U KOXXyXOTpyOdaThle C HEeIIOABUJKHBIMU PeIleTKaMM, HCIOAB3YIOTCS
IIPU CPABHUTEABHO HEOOABIIOW Pa3HOCTH TeMIIEpaTyp TeIAOOOMEeHUBAIOIINXCS
CpeA U IpU TEeNAOOOMeHe He3arpsi3HEHHBIX >KUAKOCTEU (JacTas OUYMCTKA KOAb-
LIeBOr0 MPOCTPAHCTBA He TpebyeTcs).

B TenmAaoOOMeHHEBIX alllapaTax THIa «Tpyba B TpyOe» pa30OpHOM KOHCT-
PYKIIMU CPAaBHUTEABHO AETKO OYMIIAIOTCS BHYTPEHHSA M Hapy’KHasg IOBEPXHOC-
TH TPyO; 3TU anmnapaTbl OOAAAQIOT BHICOKMM KO3 (UIIMEHTOM TEeNAONepeAaund U
SABASIIOTCS HAAEKHBIMU B DKCIIAyaTaIluU.

Kpucmaaruzamop muna «mpyba B mpybe» IIUPOKO PACIPOCTPAHEH Ha
yCTaHOBKaxX AemnapaduHu3anuu mMaceA. KpucraarmsaTop IpepHa3HadeH AAS I1O-
AyYeHUsI U pOCTa KPHUCTAAAOB, IIO3TOMY B allapaTe AOAKeH OBLITh obecliedeH
ONTUMAABHBIA TENAOBOM M TUAPOAMHAMHYECKUU pe>XuM. TeMmIlepaTypHBIM Ha-
IIOP, CKOPOCTb ABIJKEHHS U NPOAOAKUTEABHOCTH NPEOBIBAHUSA OXAAKAAEMOTO
IIPOAYKTA B KPUCTAAAM3ATOPe BBIOMPAIOT C TAKMM PacyeToM, 4YTOOBl obeclie-
YUTH B allapaTre ONTHUMAABHYIO CKOPOCTBH OXAAKAEHUS AQHHOTO NPOAYKTQ, He-
0OXOAMMYIO AASL POCTA €r0 KPUCTAAAOB (OBICTPOE OXAAKAEHUE OOBIYHO COIIPO-
BOJKA@eTCsI 0Opa3oBaHUeM MEAKHUX KPUCTAAAOB).

B KpucTtaaruzaTopax IO BHYTPeHHeM TpyOe ABWJKETCS OXAa’KAQeMBIM pac-
TBOP MAaCAQ@, U3 KOTOPOTO BBEIKPUCTAAAU3OBBLIBAIOTCS NMapad)UHOBEIE YTA€BOAOPO-
ABL, @ IO KOABIIEBOMY IIPOCTPAHCTBY — OXAQKAQIOIIASA Cpepd: A pereHepaTHB-
HBIX KPUCTAaAAM3aTOPOB 3TO XOAOAHBIM PAcTBOP AelapaUHUPOBAHHOTO MACAQ,
AAS COOCTBEHHO KPHUCTAAAU3ATOPOB — CIEIUAABHBIM XAQAQTEHT (UCIApAIONUN-
Cs aMMMaK, IIPOIaH U Ap.).

Bo u3beskaHre OTAOKeHUs NMapadrHa Ha BHYTPeHHEN IIOBEPXHOCTU TPYOHI
KPHUCTAAAU3ATOPHlI CHAO’KEHE! BPAIIAIOIMMCS BAaAOM CO CKPeOKaMH, YAAASIOIIN-
MU napauH. OTO HeOOXOAMMO, YTOOBI IOBBEICUTH 3(P(eKT TenrooOMeHa, 3Ha-
UUTEABHO YXYAIIAQIOIIUNCA BCAEACTBHE HU3KOTO KO3(M@MUIIMEHTA TEIAOIPOBOA-
HOCTU CAOf IIapaduHa.

578



Ban co ckpeOKaMu IPUBOAUTCS BO BpaAllleHHME OT 3IAEKTPOABUTATEAd NIPU
IIOMOIIA CUCTEMEI 3y04YaThIX KOAEC, CBA3aHHBIX IIEMHOUN IIepepauel.

CxeMaTU4YeCKUU IIPOAOABHBIU pas3pe3 TPpyO KPUCTAAAM3ATOpa IIOKAa3aH Ha
puc. XXII-15.

B mocaepHee BpeMs Bce OoAee IIUPOKOe INpHMeHeHHe HaXOAAT IIOBEepPXHO-
CTHBIe TeIIAOOOMEeHHUKHU N3 AMCTOBOT'O MaTepHand, TAaBHBIM 00pa3oM CIHUpPaAb-
HBIE U IAAQCTUHYATHIE

CnupaabHble MENA0OOMEHHUKU U3TOTABAUBAIOTCS OT€YEeCTBEHHOM ITPOMBIIII-
AEHHOCTBIO C IMOBEPXHOCTBLIO TermaooOMeHa 10— 100 m?, oHU paboTaloT Kak IIOA
BaKyyMoM, Tak U Ipu AasaeHuu Ao 1 MIla npu TemmnepaType paboueil Cpepbl
oT —20 po +200 °C. Ilpu COOTBETCTBYIOLIEM NTOAGOpPe KOHCTPYKLIHMOHHBIX Ma-
TEepPHUaAOB M IIPOKAGAOK AOIYCTHUMEBIE 3HAUEeHUS AA@BACHUN U TeMIlepaTyp MOTyT
OBITH AOBeAeHEI A0 2,5 MIla u 500 °C cooTBeTCTBEHHO.

B 3Tux ammapaTax MOJKeT OCYIIEeCTBASATBCS TEIAOOOMEH MeXAy padbodumu
cpepaMu JKHAKOCTb — JKMAKOCTB, Ta3—Tra3 U ra3 —XKHAKOCTh, @ TakyXe MOTyT
KOHAEHCHUPOBATHCS IMaphl U IIapora3oBhLle CMEeCH.

Baaropapsg ToMy, UTO IAOIaAb IIONIEPEUYHOTO CeYeHWsl KaHAAOB IO Bced
AAUHE OCTaeTCsI HeM3MeHHOM, 3arps3HeHUsI Ha CTeHKaxX B paboTarolleM amiapa-
Te Ay4Yllle CMBIBAIOTCI IIOTOKOM pabodell CpeAbl U TEIAOOOMEHHHUK MOXKeT IIPO-
AOMKHUTEABHOE BpeMs paboTaTk 0e3 4MCTKH. KOHCTpyKIIMEeN TeNAOOOMEHHUKOB
CO CHeMHBLIMU KPBIIIKaMU INIPeAyCMOTpeHa MexXaHWdyecKas YMCTKa KaHanoB. Tu-
nruyHasi oOAACTh IIPUMeHeHUs Pa300pPHBIX CIUPAABHBIX TEIIAOOOMEHHUKOB
BKAIOU@eT TeAOOOMeH 3arpsi3HEHHBLIX IIOTOKOB, COAEpsKalluX KOKC UMAW KaTa-
AM3AaTOPHl, pa3sAnMYHbBIE MUHepaAbl U BOAOKHA. Hepa3OopHble ammapaThl C TAY-
XMMHU KaHaraMU Oe3 KpHIIIeK IpeAHa3HadeHBI AN OXAAKAEHHUSI pabodux cpej
(HampuMep, KHUCAOT), IPU KOTOPHEIX He TPeOyeTcs MeXaHWdyecKasd YMCTKa KaHa-
AOB OT 3arpsi3HEHUI.

B cnupanbHBIX anmnapaTrax IOBEPXHOCTb TeAOOOMeHa oOpa3oBaHa ABYMS
CTAABHBIMU AeHTaMU [ U 2 TOAUMHON 4 —6 MM u mupuHon 400— 1250 MM (puc.
XXII-16), cBepHYTBHIMU B CHUpPaAb TakK, 4TO OOpa3yloTCd ABa KaHanra IIPSAMO-
YTOABHOTO TPOMUAS, IO KOTOPBEIM B IPOTUBOTOKE ABUIKYTCS TEIIAOHOCHUTEAW.
Ha noBepxnoctu cnupaau ¢ maroMm 70— 100 MM npuBapeHBl IITUMTHL (Ha pU-
CYHKe He IIOKa3aHbI) AAS IIPUAAHUS TEIIAOOOMEHHMKY >KEeCTKOCTH U oleclieue-
HUs TpeOyeMOTo 3a30pa MeXXAY AeHTaMM, KOTOPHIM AASl CTAHAAPTHBIX alrapa-
TOB cocTaBAasgeT 8 —12 mM. C TOPIIOB amlapaT 3aKpPBIT KPHIIMIKaMu 3 Ha MPO-
Krapkax 4. B 3aBucumMocTH OT crnocoba YIAOTHEHMS CHHUPAABHBIX KAaHAAOB C

Puc. XXII-15. Y3ea ceknuu KpuCTaAAH3aTopa THIa «Tpyda B TpyoOe»:
1 — KoxkyxoBasd Tpy0a; 2 — TemrooOMeHHas TpyOa; 3 — Ban; 4 — CKpeboK
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Puc. XXII-16. CimpaAbHBIi TEIAOOOMEHHUK:

a — o6mwuii BUA; 6 — YIAOTHEHHe C TOPIIOB AEHT B amnmapaTrax C TYNHMKOBBIMM KaHaraMU; & —
YIAOTHEHHE C TOPIIOB AEHT B allllapaTaX CO CKBO3HBIMU KaHaraMmMu; I, 2 — AEeHTHl, CBEpHyTHIE B
Cupanb; 3 — KPBINIKE; 4 — MPOKAAAKE; & — AUCTAHI[MOHHBIE MPOCTaBKU



TOPIOB PAa3AMYAIOT CIHPAAbHBIE TEIIAOOOMEHHUWKM C TYIIHKOBBIMU W CKBO3HBI-
MM KaHaAaMU.

Tynukossle KaHaabl (cM. puc. XXII-16, 6) oOpa3ylOT IpUBapKOU AUCTAHIU-
OHHBIX IIPOCTABOK 5 K TOPIY CIUpaAu. Ilocre CHATHUS KpBHIMIEK 3 U IPOKAAAOK
4 oba KaHara OTKPHIBAIOTCA C OAHOM CTOPOHBI, UTO IIO3BOASIET NPOU3BOAUTH
YUCTKY anmnapara. Takoy cnoco0 yIAOTHEHMS UCKAIOYAeT BO3MOJKHOCTL CMellle-
HUS TEIIAOHOCHUTEAEN NPU NPOPHIBE IIPOKAGAKHM U IO3TOMY HamboAaee pacIpocCT-
paHeH.

CkBO3HBIe KaHaabl (cMm. puc. XXII-16, B) ¢ o000uUX TOPLOB 3aKPHITHI
KpBIIIKaM#u 3 C NPOKAAAKAMHU 4, AerKO IMOAAQIOTCS YMCTKe, HO He MCKAIOYAIOT
BO3MO>KHOCTBb CMeNIeHUs TeIIAOHOCUTEAEU IIPU NPOPHIBE IPOKAAAKU.

AOCTOMHCTBOM CIHUPAABHBIX TENAOOOMEHHHKOB SBASETCS KOMIIAKTHOCTE,
AETKOCTb CO3AAHUS BBICOKUX CKOPOCTEU ABMYKEHUS TENAOOOMEHUBAIOIUXCS
Cpep U, KaK CAeACTBHe, OOAee BHICOKHE TEINAOBBIE NOKa3aTeAn (KO3h(PUIUEHT
TEeNAOIIepeAauy, TeNAOBasI HANPsS’KEeHHOCTH). [MApaBAWYECKOe COIPOTHBAEHUE
TAaKUX allapaToB OTHOCUTEABHO HEBEAWKO U MeHbIlle, YeM Y KOXKyXO-
TPyOYaTHIX IPH OAMHAKOBOMN CKOPOCTU ABUYKEHMS PabOUYMX CpEeA.

K HepocTaTKaM anmapaToB 3TOU KOHCTPYKIMU OTHOCSTCS CAOKHOCTH M3-
TOTOBAEHUS W TPYAHOCTH OOeCIledeHUsI IAOTHOCTU COeANHEHMU.

IThacmunuamble menA0OOMEHHUKU HPEACTABAGIOT COOOM anmaparel, IIOo-
BEPXHOCThH KOTOPLIX 0Opa3oBaHa HAOOPOM TOHKHMX IITAMIIOBAHHBIX IIAACTUH C
ropUpPOBAHHOMN MOBEPXHOCTHIO. VX pasAMdYaroT MO CTeNeHU AOCTYIIHOCTU IIO-
BEPXHOCTHU TeNAOOOMeHa AASL OCMOTPAa U MeXaHWYeCKOM YMCTKU Ha pa30OpHEIe,
pa3bopHBIE CO CABOEHHBEIMU IIAQCTUHAMHU (IOAYpa3OOpHBIE) U Hepa3OOpHEBIE
(cBapHBIe MAW HasgHBIE). B mAAQCTHHYATHEIX TEeIIAOOOMEHHHMKAaX MOXKHO OCYIIECT-
BUTb TEIAOOOMEH MeXXKAY pabodnMu CPepaMU JKUAKOCTB — KUAKOCTB, Iap —
KUAKOCTB, IIap +Tra3 —>KUAKOCTb, TIa3 — KHMAKOCTb, raz—ras. OrTedecTBeHHas
MIPOMBIIIAEHHOCTE BBIITYCKaeT IIAACTHUHUYAThle TEIIAOOOMEHHUKM PA3AUYHBIX MO-
AMMUKAIU C IOBEPXHOCTBIO TemAooOMeHa oT 1 a0 800 M? AAsT PaGOTHI Kak
IIOoA BAaKyyMOM, TaK M IpHU AaBAeHHH A0 4 MIlla, npu TeMmnepaType pabouent
cpeabt ot —100 po +300 °C. TlracTmHYATHIE TEIAOOOMEHHUKN MOTYT IIpUMe-
HATBCS A TENIAOOOMEHA ME’KAY ABYMS PabO4YMMU CPepaMM, Ka’kpad U3 KOTO-
PBIX IPOXOAUT BHYTPU alllapaTa HECKOABKMMHU IlapaAAeAbHBIMU IIOTOKaMU, a
TaK)Ke AAS TeIAOOOMeHa Me’KAy TpeMs, YeTHIPbMS U OOABIINM UYMCAOM CpepA B
OAHOM ammapare.

Hauboaee MIMPOKO NMPUMEHSIOT pa30OpHBIE NAACTUHYATHEIE TENAOOOMEHHU-
Ku (puc. XXII-17), B KOTOPEIX TOPPUPOBAHHEIE IIAACTUHBI 2 OTAEAEHBI OAHA OT
Apyrou nmpokaapkaMu 3. IThAaCTHHEI COKUMAIOTCA MeXKAY HEMOABMDKHOM [ U Ha-
JKUMHOUI 4 IAWTaMH, 00pa3ysl TeIAOOOMEHHYIO CeKIuio. B KakpoM maacTuHe
UMeIOTCSl YeThIpe OTBEpPCTUS: OAHO AAS BBOAA CPEABl B IIPOCTPAHCTBO MEXKAY
NIAQCTUHAMHU, OAHO — AAS BBIBOAA CPEABl U ABa — AAS CKBO3HOTO IIPOXOAQ
cpepbl. Manas TOAIIMHA IAAQCTUH M OYeHb BBICOKAs TYpPOYA€HTHOCTB 3a CYET
pudAreHN IOBEPXHOCTH 00eCedYnBaloT OOAee BBICOKME KO3(MPUIUEHTHl TEIAO-
IIepepaur [0 CPaBHEHMIO C KOXYXOTPyO4YaTHIMU. MOHTa>XK U AEMOHTa>K 3TUX
anIapaToB OCYIIECTBASIETCSI AOCTATOYHO OBICTPO, OYMCTKA TEIAOOOMEHHBIX IIO-
BepXHOCTeM TpeOyeT He3HAUUTEABHBIX 3aTpaT Tpyaa. CepuMHO BBIIyCKaeMble
pa3bopHBIE TEeNAOOOMEHHHUKHM MOIYT pPaboTaTh C 3arpg3HeHHBIMM pPaboumMu
CpepaMm IIpU pa3Mepe TBePABIX BKAIOUEHUM He Ooaee 4 MM. IIpumMeHeHUe co-
BPEMEHHBIX MaTepUaAOB AAS M3TOTOBAEHUS IAACTUH M IIPOKAGAOK II03BOASET
WUCIIOAB30BAaTh IIOAOOHBIE amllapaThl B arpecCUBHBIX CpPeAax, HalpuMmep, IpHu
oxaakpeHUU 98,5 % CepHOM KUCAOTHL ¢ Temieparypou 130— 140 °C.
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Puc. XXII-17. Cxema pa300pHOro NAaCTUHYaTOro TeAOOOMEHHMKA:

1 — HeNOABWI)KHAsI IAWUTE; 2 — ro()pUPOBAHHEBIE NMAACTUHBL; 3 — IPOKAAAKY; 4 — Ha’KMMHAas IAUTA
[MToToku: | — rOpsiYUM TENAOHOCHUTEAB; || — HarpeBaeMbIil TEIJIONPOLYKT




IMhacTuHBEl TOAYPa30OpPHBIX TENAOOOMEHHHWKOB IIOIIAPHO CBapeHBl (UAU
CIIagHBI), ¥ AOCTYI K IIOBEPXHOCTU TEeIAOOOMEHa BO3MOJKEH TOABKO CO CTOPO-
HBEI XOAQ OAHOM M3 paboumx cpep. [IracTuHBI Hepa3OOPHBIX TEIAOOOMEHHUKOB
COeAVMHEHBl B TEIAOOOMeHHEBIe OAOKU CBapKOM MAW CIIOCOOOM NalK{U B BaKyyM-
Hol nmeun. Ha puc. XXII-18 nmoka3aHbl COBpeMeHHBIe KOHCTPYKIIMU Pa30OpPHBIX
U NasgHBIX TAACTHUHYATHIX TEIAOOOMEHHUKOB.

Iorpyxnsie annapamsl. Crellur4ecKOM OCOOEHHOCTHIO alllapaTOB 3TOI'0
TUNA SABASETCSI HaAWM4YMe €MKOCTH — fAIUKa, B KOTOPYIO IIOrPYy>KeHBI TENA00O0-
MeHHEIe TPYOBI. B 4dIIKe HaXOAUTCS OXAAQKAQIOIIAs CpeAd, HallpuMep BOAA.
AnmapaTel 3TOrO THUIIAa HCIOAB3YIOT B KaueCTBe XOAOAUMABHUKOB WAM KOH-
AEHCATOPOB-XOAOAUABHUKOB.

PazanyaroT 3MeeBUKOBBIE M CEKIIUOHHBIE aNNapaThl. [IpUHOHINAABHOE
YCTPOMCTBO OAHOIIOTOYHOTO IIOTPY’KHOTO KOHAEHCATOPAa-XOAOAUABHHMKA I10Ka3a-
HO Ha puc. XXII-19. TenrooOMeHHasgs IIOBEPXHOCTb COCTOUT U3 TPyO, CO-
€AVHEHHBIX IIPU IIOMOIIM CBApPKU WAM Ha (PAQHIAX; IIEPEX0p U3 OAHOM TPYOEI B
APYTYIO OCYIIeCTBA€H IIpU IIOMOIM ABOMHUKOB. OXAaKpAaeMbI IIOTOK
IIOCAEAOBATEABHO IIPOXOAMT TPYOBI, pPACIOAOKeHHBIe B AAHHOM T'OPHU30H-
TAaABHOM DPSAY, 3aTeM IIePeXOAUT B TPYOBI CAEAVIOIIETO PsIAQ U T.A.

[Ipm OOABIIIOM pacxope OXAAKAAIOLIErOCd IIOTOKA AAI  YMEHBIIeHUS
TMAPABAMYECKOTO CONPOTHUBAEHUSA IIPUMEHSIOT KOAAEKTOPHBIE 3MEEeBUKOBBIE
XOAOAUABHUKU (puc. XXII-20), B KOTOPBIX OXAA’KAAGEMBIM IOTOK IIPH IIOMOIIH
CIeIJMaAbHOTO KOAAEKTOpA pa30uBaeTcs Ha HEeCKOABKO IapaAAEABHBIX ITOTOKOB.
MeHsblllee TUAPABANYECKOE COIPOTHUBAEHME KOAAEKTOPHOTO amlapara MO CpaB-
HEHUIO C OAHOIIOTOUHBIM AOCTHIAeTCs 3a CUeT yMeHBIIIeHUS CKOPOCTHU IOTOKAa U
MAVIHBI Ty TH.

B cayuae mcnoap3oBaHUSA IMOAOOHOTO amnmapara B KadecTBe KOHAEHCATOpa-
XOAOAUABHUKE, KOTAQ BCAEACTBUE YACTUYHOU HMAU ITOAHOM KOHAEHCAIMM 00BhbeM
IIOTOKa PEe3KO YMeHBbIaeTcs, MOJKHO IIPUMEHSTH KOAAEKTOPHBIE IOTPY’KHbIE
anmnapaThl C IlepeMeHHBIM YHCAOM IIOTOKOB. B Hadane ammapara, TAe ABMKYTCS
B OCHOBHOM IIapkl, 00BeM KOTOPHIX 3HAUUTEAeH, YMCAO IIaPAAAEABHBIX IIOTO-
KOB MOJKeT OBITH OOAee BBICOKMM, 4eM B TOM YacCTH allapara, TAe 3aBepllieHa
KOHAEHCAIUs NapoB U IPOUCXOAUT OXAAKAEHHE KOHAEHcaTa. Takoe yCTPOWCT-
BO IIOAE3HO AAS MOBBIIIEHMS TENAOBOro 3(deKkTa ammapara, Tak KakK IIPA CO-
XpaHeHu! IepBOHAYAaABHOT'O YMCAA ITOTOKOB IIO BCEMY HUX IIYTH CKOPOCTH ABHU-
>KeHMsI KOHAeHCaTa B KOHEUHOM YacTHU alllapaTa MOJKeT OKa3aThCsl HeOOABIIOHN,
a CAeAOBaTeABHO, KO3M(UITMEHT TelAONIepeAadYr B 3TOM YaCTH almapara OyAeT
HU3KHUM.

ChepyeT UMeTh B BHAY, UTO HEIPABUABHBIM BEIOOD MeCTa COKpAllleHU
YHCAQ IIOTOKOB IIO IIyTU KOHACHCHUPYVIOUIEUCS CPEAbl MOJKET NPUBECTU K IOBHI-
IIEeHUIO THAPABANYECKHUX COIIPOTHBAEHUU.

K HepocCTaTKaM anmapaToB IMOAOOHOTO THUIA OTHOCSATCS WX I'POMO3AKOCTH
U TOBBIIIEHHBIM pacxop MeTaara. KpoMme TOro, B SAINIUKEe BEAUKO CBOOOAHOE
CeueHUe AAT NIPOXOAA BOABI, BCAEACTBHE Yero CKOPOCTh ABMJ)KEHHUSI BOABI Mara U
OTHOCUTEABHO MaAbl KO3(M@MUIIUEHTHI TENAOOTAAUM OT CTEHOK 3MeeBHKa K
BOAE.

Takue amnmnapaThl UCIIOAB3YIOTCS Ha Psipe AeMCTBYIOIIUX HedTenepepabaThl-
BAIOUIMX 3aBOAOB U IIPU CTPOUTEABCTBE HOBBIX YCTAHOBOK, KaK IIPaBHUAO, He
NIPUMEHSIOTCS.

OpocumeabHble annapampl. AIapaTel 3TOrO THUIIA NPUMEHSIOTCS B Kade-
CTBE€ XOAOAUMABHUKOB U KOHAEHCATOPOB. OHU MPEACTABASIIOT COOOU 3MEEeBUK,
COCTOSAAIIUN U3 COEAMHEHHBIX ABOMHUKAMHU TPYO, KOTOPBIE PACIIOAOKEHBI 'OpU-
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Puc. XXII-18. IlnactuHyaTbie
Tenj1000MeHHUKH Gupmbl «Alfa
Laval»: a- pa3zbopHsie; 6- masHbIE.

30HTaTBHBIMU U BEPTHKAIBHBIMU psiilaMy. Yalre Bcero 3To KoJUIeKTopHbIe 3MeeBUKH (puc. XXII-
21). B BepxHeil yacTu anmapaTra UMEETCsl pacipeeIuTeIbHOE MPUCIIOCOOICHNE ST OPOIIECHUS
Hapy)XHOH TOBEPXHOCTH 3MEEeBUKOB Boaou. [lomoOHOe pacmpenenurenbHoe YCTPOMCTBO
BBITIOJTHSIETCS B BU/IE JTHOO KEJI000B, TNOO CTICIMATBHBIX PACTIBITUTENCH.
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Puc.  XXII-19. Cxema OAHOIIOTOYHOTO I
MOrPy’>KHOTO 3MEEBUKOBOTO KOHAEHCaTopa-
XOAOAUABHUKA:
IMotoku: I — xoaopHasi Bopaa; II — maphwl

HedTenpoAyKTa; III — Harperasg Bopa; IV —
OXAA@’KAEHHBIN He(TENPOAYKT

L=

Puc. XXII-20. Cxema KOAAEKTOPHOTO
MOrpy>XHOro KOHA€HCaTOpa-XO0AOAUABHHUKA:
IMotokmu: I — xoaopHast Boaad; II — maphl
HedTenpoayKTa; III — Harperas Bopa; IV —
OXAQ’KACHHBIN He(TEPOAYKT

1
mmmm@:lz@«
I~
N,

BcaeacTBUE BBICOKOTO 3HAUEHUSI CKPBITOM TENAOTHI MCIApeHUs BOABI AaKe
He3HauUTeAbHOe ee MCIIapeHNte COMPOBOJKAAETCSI OTBOAOM OOABIIOTO KOAMYECT-
Ba TeIAAQ.

OnelT paboOTBl OPOCUTEABHBIX KOHAEHCATOPOB U XOAOAUABHUKOB IIOKa-
3BIBA@eT, 94TO OKOAO 50 % Tellra OTBOAUTCSA MCIApSomielicsa BoAoM. Takum 00-
pa3oM, B OPOCUTEABHOM XOAOAMABHUKE U KOHAEHCATOPE PpacxXop BOABLI IIpHU-
MEepHO B 2 pa3a MeHbIlle, YeM B OOBIYHOM BOASHOM XOAOAUABLHUKE.

K HepocTaTKaM TaKUX allapaToOB OTHOCSTCS WX I'POMO3AKOCTBH, MHTEHCUB-
Hasg KOPPO3UsI HAPY’XHOW ITOBEPXHOCTH TPYO BCAEACTBHE BO3AEHCTBUSI KHUCAO-
poAa BO3AyXa M OTAOKEHHEe HaKWIIM Ha TOBEPXHOCTH TPYDO, OCOOEHHO YCHUAWBA-
ollleecsl IIPU BBICOKOM TeMIIepaType OXAaKAAeMOTo IIOTOKA, TPYAHOCTH 3KCIIAY-
aTaluuy B 3UMHUX YCAOBUSX.

Annapamsl Bo3gywHoro oxaaxgenus (ABO). lllupokoe pacupocTpaHeHHue B
IIPOMBIIIAEHHOCTU TTOAYUMAW ANllapaThl BO3AYIIHOTO OXAAKAEHUS, B KOTOPHIX B
KauyecTBe OXAAKAQIOIIETO areHTa MUCIIOAB3YeTCS IMOTOK aTMOC(EepHOTO BO3AYXQ,
HarHETaeMbIN CIeIaAbHO YCTAaHOBAEHHBIMU BEHTHUASITOPAMU.

Hcnoab30oBaHUe anliapaTOB 3TOTO THUIIA IIO3BOASIET OCYIIECTBUTH 3HAYU-
TEABHYI0O 3KOHOMHUIO OXAa’KAQIOIeM BOABI, YMEHBIIUTh KOAMYECTBO CTOUHBIX
BOA, HCKAIOYaeT HeOOXOAMMOCTb OYHUCTKM HApPY’KHOM IIOBEPXHOCTHU TEIA000-
MEeHHBIX TPyO. OTH annapaThl UCIOAB3YIOTCSI B KauyeCTBe KOHAEHCATOPOB U XO-
AOAVABLHUKOB.

CpaBHUTEABHO HU3KUN KO3((OUIIMEHT TENAOOTAQYU CO CTOPOHBI IIOTOKA
Bo3ayxa [30—90 Br/(M*K)], XapakTepHBI AAS OTHX alllapaToB, KOMIIEHCH-
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t I I Puc. XXII-21. CxemMa OpPOCHUTEABHOTO

L q& P KOAAEKTOPHOIO KOHAEHCATOPAa-XOAOAUAB-
HHUKa:

L ¢ ¢ IToTtoku: I — oxAaXpaeMbI HedTe-
D npoAykT; II — xonopHasg Bopg; I —

(( OXAQKAEHHBIM ~ HedTenpoaykT; IV —
‘D Harperast BOAQ

)) Puc. XXII-22. Tpy6sl € mnoOnepeYyHbIM

(‘ opeOpeHHEeM:
’) IIT a — HaKaTaHHBIM; 0 — 3aBaAbLIOBAHHBIM;
(( —_— ) - L-o6epTKa; . - ABOMHAasI
cTyneHd4aTass L-o0epTKa; % — HMakaTaH-
[ IV HBIM C pa3pe3HbIMU pebpamyu; e —
HaKaTaHHBIM C Ppa3pe3HBIMU pebpamu
(bOPMBI  «IIOAYHHTEIpaA»; K — HakKa-
TAHHBIM C Ppa3pe3HBIMU peOpaMu 3UT-
3aroo6pa3Hon (OpMbI; 3 — HAKaTaHHBIM
C paspe3HBIMH peOpaMu (OPMBI «HUH-

Terpaa»
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pyeTcsl 3HAaUUTEABHBIM OpeOpeHHeM Hapy’KHOM IMIOBEPXHOCTH TPYyO, a TakKkKe
CPaBHUTEABHO BBEICOKMMM CKOPOCTSIMHU ABVKEHUSI IIOTOKA BO3AYXa.

ITonepeunoe opebpenue TpyO (puc. XXII-22) BBINIOAHAIOT TAYyOOKOW CIIU-
PaABHOM HAKATKOU CAOd Ae(POpPMHPYEMOro AAIOMHMHUEBOIO CIIAABa (CM. PHC.
XXII-22, a), 3aBaABbIIOBKOM AAIOMHUHMEBON AEHTH B CIHPAABHYIO KaHaBKYy Ha
Tpybe (cM. puc. XXII-22, 6), 06epTKo¥ TPyObl aAIOMUHNEBOM AEHTOM, UMeIoIel
dopmy L (cMm. puc. XXII-22, B) uAu — ABOMHOM cTyneH4aTon L (cm. puc. XXII-
22, ,). B oTeduecTBeHHOU IPOMBIIIIAEHHOCTAY HaubOoAee IIUPOKO TPUMEHSIOTCS
OuMeTaAmdecKre TPyOBl C HaKaTaHHBIM OpeOpeHreM, ¥ KOTOPHEIX B 3aBUCUMO-
CTH OT KOPPO3WOHHOM aKTUBHOCTH U TeMIIepaTyphl OKPYy’Kalolled CpeAbl BHYT-
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PEHHIOIO TPyOy BBINOAHSIIOT U3 YTA€POAUCTONM AW A€TUPOBAHHOU CTAaAU AUOO U3
AQTYHHU.

Koaddunuent opeOpeHUs, pPaBHBEIM OTHOIIEHUIO IIOBEPXHOCTH OpeOpeH-
HOM TpPyOBI K Hapy>KHOM IIOBEPXHOCTU TI'AaAKOM TpyOBI IO OCHOBaHMUIO pebep,
usMeHsieTcsa ot 5,8 po 22,6.

[NoBrimienue TenAOBOM 3((PEKTUBHOCTU aINlapaTOB BO3AYIIHOIO OXAAKAe-
HHUS MOJKHO ODeCIeumTh 3a CYeT IpUMeHeHud OopeOpeHHBIX TPyO, OCHAIeHHBIX
TypOyAr3aTOpaMu BO3AYIIHOTO IOoToKa (puc. XXII-22, %—3). Haarnune TypOyAn-
3@TOPOB IIpEpPhIBaeT Pas3BUTHE IIOTPAHUYHBLIX CAOEB Ha OOKOBOM IIOBEPXHOCTH
opeOpeHus, obecliednMBaeT BO3HUKHOBEHNE MEAKHUX BUXpeM, IPOHUKAIOUIUX B
Me>KpeOepHYI0 IIOAOCTh M YBEAMUMBAIOIIMX WHTEHCUBHOCTBH TelrooOMeHa. Ha-
NIpUMep, CPeAHsSs TEIIAOOTAQUa TPyOUaTOToO IMydYKa C pedpaMu «IIOAYHHTETrpar» Hu
«pHTerpanr» (cMm. puc. XXII-22, e, 3) IO CpaBHEHUIO C Hepa3pe3HBIMU pebpaMu
YBEAWUMAACh Ha 22 U 29 % COOTBETCTBEHHO, IIPU POCTEe TUAPABAMYECKOTO CO-
IIPOTUBAEHUSA IpUMepHO Ha 60 %.

AnnapaTbl BO3AYUIHOTO OXAQKAEHHS PA3AMYHOIO THUIIA U3TOTOBASIIOTCS IIO
COOTBETCTBYIOIIUM CTAaHAAPTAM, B KOTOPHIX IPEAyCMOTPeHBl OOABIINE AUa-
Na30HBl IO 3HAQUEHUIO NTOBEPXHOCTH, CTelleHW OpeOpeHUs U BHAY KOHCTPYK-
IIMOHHOI'O MaTepuand, MUCIOAB3yeMOTI'O AAG UX M3TOTOBAEHHUS (CTaAb PA3AUYHBIX
MapoK, AQTYHb, aAIOMUHUEBEIE CIIAABEI, OMMETAAA).

AmnmapaThl BO3AYIIHOTO OXAKAEHUS IIOAPA3AEASIOTCSI Ha CAEAYIOIne

THUIIBI:

l'opuszonTarbHBIE ..ABT
3urzaroobpasHble
MaAOIOTOYHEIE ..........
AASL BA3KUAX IPOAYKTOB ........
AAST BBICOKOBSI3KHX IIPOAYKTOB ...

Ha puc. XXII-23 npuBepeHBl KOHCTPYKIIMH aNIapaToB BO3AYIIHOTO OX-
AQKAEHUS C PACHOAOKeHUeM TPYOHBIX CEeKIIUM 3Ur3aroo0pas3Ho, TOPU30HTAAB-
HO U B BHAe IaTpa. PazmelnieHne TPyOHBIX CEKIIMU 3UI3arooOpa3Hoe U B BUAE
1IaTPa MO3BOASIET MMeTh OOABIIYIO ITIOBEPXHOCTH TEIIAOOOMEHA IIPU TOM JKe 3a-
HSTOM IIAOIIAAU.

B KOHCTPYKIIUSX alllapaTOB BO3AYIITHOTO OXAAXKAEHHS HEOOXOAUMO IIPeAY-
CMaTPHUBATh MEPHI AAS PETYyAUPOBAHUSA peskuMa paboThl B CBSI3U C CE30HHBIM U
CYTOYHBIM M3MeHeHNeM TeMIlepaTyphl Bo3ayxa. PaboTy anmapaToB BO3AYIIHOTO
OXAKAEHUSI MOXKHO pEeryAupoBaTh M3MeHeHHeM 4YacTOTHl BpallleHHs KoAeca
BEHTUAATOPA; U3MEHEHNEM yIrAd HAaKAOHA AONACTEeN BEHTUAATOPAE; >KAAFO3UMHBI-
MU YCTPOUCTBAMM, APOCCEAUDPYIOUIUMU IIOTOK BO3AYXd; OTKAIOUYEHHEM 4YacTU
HUAM BCEX BEHTUAATOPOB (B 3UMHee BpeMs I'OAQ); PELUPKyAALMel 4acTh BO3AyXa
U ApPeHUpPOBaHMEM B aTMocdepy; YBA@KHEHHEM BO3AyXa (B JKapKoe AeTHee Bpe-
M$) 3a CUeT BIPBICKA XMMHUUYECKU OUHMIIeHHOW BOABL. [IpnMeHeHUe >Xart03mi-
HBIX YCTPOMWCTB, PENUPKYAdlud W APEHUPOBaHMHE BO3AyXa He 00eCleyuBaroT
S5KOHOMHUIO SAEKTPO3HEPTUU U MeHee BHITOAHEI, UeM APYTHE CIIOCOOHI.

AN TIOAQUU OXAAKAQIOIIErO BO3AyXa IIPUMEHSAIOT OCEBBIE BEHTUASITOPHI
IIPOTIEeAAEPHOTO TUIIa C AMaMeTpoM Koaeca oT 0,8 po 7 M. BeHTuAsTOp IpHUBO-
AUTCS BO BpallleHHe depe3 PeAYKTOP MAU KAMHOPEMEHHYIO Ilepepady, a NpU HC-
IIOAB30BAHUU TUXOXOAHBIX 3AEKTPOABUTATEAEM KOAECO BEHTHASTOPa KPENUTCH
HEeNOCPEACTBEHHO Ha BaAy 3AE€KTPOABUTATEAS.

AnmapaTsl BO3AYIIHOTO OXAQKAEHHUSI PA3MeNjaloT Ha METAaAAOKOHCTPYKIIU-
SIX, JKeAe300€TOHHBIX OIIOPaxX WMAM HENOCPEACTBEHHO Ha BepxXy pPeKTu(UKalu-
OHHOM KOAOHHEI (puc. XXII-24). B nocrepHeM caydae obeclieunBaeTcsl MeHbIllee
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Puc. XXII-23. AnnapaTbl BO3AYIIHOTO OXAa>KAEHMST:

a — 3uUraaroo0pasHbli; 6 — TOPU30HTAABHBIN KOAAEKTODHOT'O TUIA; , — IIATPOBBIM; I — CeKIUs
TpyOHas; 2 — ’Kaaro3y; 3 — MeXaHU3M AMCTaHIIMOHHOTO IIOBOPOTa >KaAlo3ed C IMHEeBMATUYeCKUM
NPUBOAOM; 4 — KOAAEKTOP BIPHICKA XMMUYECKHU OUMIEHHON BOABI;, O — Auddysop; 6 — Koaeco
BEHTUAATOPE; 7 — MeTarMuecKas Hecylas KOHCTPYKIUS; 8 — CTsKKa; 9 — TUXOXOAHBIN

IAEKTPOABUTATEAB; [0 — KOAAEKTOp IIOAQYM TPUPOAHOTO Trasa; Il — BSAeKTpOABUTATeAb;, 12 —
PeAyKTOp




Puc. XXII-24. TTapuuajbHbIi KOHAEHCATOP BO3AYIIHOTO oxJaxaeHus pupmsl GEA.



TUAPaBAMUECKOE CONIPOTUBAEHUE AAG ITOTOKA IApOB, IOCTYHNAIOUIUX Ha KOHAEH-
CalMI0 C BepXa KOAOHHHI.

TenroobMmeHHBle annapamel cMeuwleHus. B TemA0OOOMeHHBIX almapaTrax cMe-
LIIEHUSI TEMAO IEePEeAAeTCs OT OAHOM CpeAbl K APYToM IIyTeM HeIlOCPeACTBEHHOTO
KOHTAaKTa TeNAOOOMEHHUBAIOIIUXCS IIOTOKOB. TaKoM MeTOA Iepepauy TelAad I103-
BOASeT 3HQUUTEABHO COKPATUThb PACcXOp) MeTaaAd Ha M3rOTOBAEHHE alllapaTos.
OAHAKO MIPUMEHATh 3TOT CIOCOO MOJKHO TOABKO B Te€X CAyYasaX, KOTAA AOIYC-
TUMO CMellleHHe IIOTOKOB. Hampumep, BOAY MOJKHO HarpeTb 3a CYeT UCIOAB30-
BaHMS TeIlAd BOASHOTO Ilapa IIPU MX IIPSIMOM CMeIIeHUH; TEIAO, BBIAEAIeMOe
KOHAEHCHUPYIOIIUMCS IIapoM, HeINOCPeACTBEHHO BOCIPUHUMaeTCs BopoM. [lpu-
MeHeHUe IIOBEPXHOCTHOI'O aIlllapaTa B TAaKUX CAydYasX SBASeTCS HeOIllpaBAAH-
HBIM.

HenocpepcTBEHHO cMeNIMBaThE TeIAOOOMEHUBAIOIIMECS IIOTOKU MOYKHO U B
TeX CAyYasaX, KOTA@ OHM B3aMMHO HE PearupyioT, He PACTBOPSIOTCI U B AAAB-
HeHIlIeM XOPOIIO PAa3AeAdIOTCsd; TaKOM CAydYal MMeeT MeCTO B OeH3MHOBBIX
KOHAEHCATopax CMelleHUs.

YacTo 11ereco0Opa3HbIM SIBASIETCS HarpeB 'PAHYAMPOBAHHOTO TBEPAOTO Ma-
Tepuanra (KaTaam3aTopa, aACOpPOeHTa, TEMAOHOCUTEAS M T.A.) IIPU HeIOCPEACT-
BEHHOM KOHTAKTe ero C HarpeThIMU Ta3aMU U ITapaMu.

TennooOMeHHEBIe anlapaThl CMENIeHU KAACCUPUIUPYIOTCA IO CAEAYIOITUM
OCHOBHBIM IIpU3HAKaM.

B 3aBuCHMMOCTH OT arperaTHOro COCTOSHMS CMeIIMBaeMbIX IIOTOKOB
TENAOOOMEH MOJKET OCYIECTBASITHCS MeXXKAY CPeAaMH, HaXOAALIMMUCS B Iapo-
00Opa3HOM (ra3zooOpas3HOM), JKUAKOM HAU TBEPAOM COCTOSSHUU. BO3MO>KHEI
pasAuYHBIE CAy4ald — TEeNAOOOMEeH MeKAY HEeCKOABKHMHU rasaMu (Iapamu),
ra3oM U JKHAKOCTBIO, Ta30M M TBEPABIM TEAOM, XMUAKOCTBIO U JKUAKOCTBIO U
T.A. B pesyabTaTe TenmnooOMeHa MOJKET H3MEHHUTBCSI COCTOSSHHE TeNAoOOMe-
HUBAIOIIUXCSI Cpep, HAIpuMep, Mapbl YacTUYHO WAW IIOAHOCTBIO CKOHAEH-
CHPYIOTCS, JKUAKOCTb YACTUYHO MAU ITOAHOCTBIO UCIAPUTCI U T.A.

B 3aBucuMocTH OT crocoba CMellleHUsI MOTOKOB OHO MOJKeT OBITh OAHO-
WAM MHOTOCTYIIEHYATBIM IIPU IIPAMOTOYHOM HWAM NPOTHBOTOYHOM ABVKEHHU
CMEIINBAIOIIUXCSI CPEA,.

B 3aBucMMOCTH OT BHYTPEHHErO YCTPOMCTBA, OOeCHeuYMBAaroLIero cMelle-
HHe, alllapaThl MOTYT OBITH CO CIEIMaAbHBIMU PACIBIAMBAIOIIUMU U Paclpepe-
AUTEABHBIMU YCTPOMCTBAMU; KaCKapHBIe, CHaOKeHHBIe CIelIMaAbHBIMU ITOAKAMU
HUAU IePerOpOAKaMU (CIIOCOOCTBYIONIUMU CMeIIeHUIO); HaCaAOYHBIE, B KOTOPBIX
KOHTAKT IIPOUCXOAUT B OCHOBHOM Ha ITOBEPXHOCTH HACAAKH.

Hurke onmcaHbl HEKOTOPEBIE ANIlapaThl CMeNIeHUd.

K TennooOMeHHEBIM ammaparaM CMeNIeHUS OTHOCATCA OapoMeTpudecKue
KOHAEHCATOPHI BaKYyMHBIX KOAOHH, IIpeApHa3HaueHHBbIE AAST KOHAEHCAIIMK BOAS-
HBIX IIapOB C IIeAbI0 YMeHBIIIeHUs Harpy3kKud BaKyyMCO3AAIOIero o00pyAOBaHUS
(BaKyyM-HACOCOB, 35KeKTOpPOB). CXeMy BKAIOUEHUS U NPUHIUINAABHOE YCTPOM-
CTBO 0apoMeTpHUYECKOTO KOHAEHCATOpPa PacCMOTPHUM Ha IIpUMepe MOAOYHOTO
KOHAeHcaTtopa (puc. XXII-25). B OapoMeTpuUuecKull KOHAEHCATOP HOCTyIlaeT
CMeCh ra3oB M MapoB, COCTOAIIAaA U3 BO3AYXa, IPOAYKTOB Pa3AOKeHUsS HedTH-
HOTO CBHIPbS, BOASHBIX IIAPOB (KOTOpPBle OBIAM INOAAHBI B PEeKTHU(DUKAIMOHHYIO
KOAOHHY AASI TEXHOAOTHMYECKUX IeAel) U OTHOCUTEABHO HeOOABIIOTO KOAMYEeCT-
Ba He(TAHBIX IApPOB. AAS KOHAEHCAIIUU M OXAQKAEHUS 3TOM CMeCH IIOAAETCS
XOAOAHAS BOAQ, CTeKalolllad Mo NepOPUPOBAHHBIM IIOAKAM IIPU OOABIIOM YHC-
Ae cTpy#. Bo3ayx B 6apoMeTpUUeCcKU KOHAEHCATOP IONAAAeT depes3 HEIAOTHO-
CTHA amNNnapaTrypbl U TPyOOIIPOBOAOB, HAXOAAIIMUXCS II0A BAKyyMOM, YaCTHYHO
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Puc. XXII-25. Cxema 06apomMeTpU4eCcKOro I
KOHAEHcaTopa:

I — Konopern; 2 — OapoMmeTrpuueckas
Tpyba; 3 — KOpIyC KOHAeHcaropa; 4 —
pacupeAeAuTeAbHble MOAKHU. [ToToku: [ —
XOAOAHAsT BoAad; II — mapel U Ta3bl K
BaKyyMcoO3pamolieMy obopyAoBaHuto; III —
cMech apoB u ras3os; IV — Harperas Boaa

Jii4
@

N
I,

BMeCTe C BOASHBIM IIapOM, @ TaK’Ke BCACACTBHE YACTUYHOU Aeadpalluid BOABI,
IIOCTYHAIOIel B KOHAEHCATOP.

[TOAKH 3aHHMAIOT OKOAO 2/, CcedeHMs KOHAEHCATOpa M pa3Mel]aloTcs Ta-
KM o0pasoM, UTO CTPYH C BBIIIEAESKAIIUX IIOAOK IIOIAAAIOT Ha HIKeAeXKa-
mire. YacTb BOABI IIPOXOAUT Uyepe3 OTBEPCTHUSI B IIOAKAX, YaCTh IlepeTeKaeT ue-
pe3 OOKOBEIe MOIEpeuYHBIe NAAHKU IIOAOK, 00pa3ysd Ha HUX OIPEeAEAeHHBIN
YPOBEHB BOABL.
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Oxhra’kpaeMad ra3onapoBad CMech, IOAHUMASACh CHU3Y BBepX, BCTpedYaeT Ha
CBOEM IIyTU OOABIIOE YMCAO CTPYH, @ TAaKKe BOAAHYIO 3aBecCy. TakuMm oOpasoM,
B 6apoMeTpuYecKOM KOHAEHCATOPE CO3AAeTCs OOAbBIIas IOBEPXHOCTh KOHTAKTa
OXAA’KAAEMOM CMeCH C BOAOU. B pes3yabTaTe ra3onapoBast CMeCh OXAAKAAETCH, a
copepKaliiecss B Hell BOAdHBIe U He(TsHBIe Naphkl B OOABIIEN CBOeM YacTh
KOHAEHCUPYIOTCH.

KoHpeHcaT BMecTe C OXAaXKAAIONIeld BOAOU CTeKaeT Mo OapoMeTpudecKoM
TpyOe B NPHUEMHBIN KOAOAell. ITpu mepepabOTKe CEPHUCTOTO CBHIPbS B OTXOAM-
IIel BOAE COAEPIKUTCS 3HAUYUTEABHOE KOAMYECTBO CepoBOopOpoAad. CBepxy u3
OapoMeTpUYeCcKOro KOHAEHCATOpa OTCACHIBAIOTCS ra3hbl BMeCTe C 4acCThbIO BOAS-
HBIX IIapOB, KOAWUECTBO KOTOPHIX IIPEAOIIPEAEAseTCS A@BA€HHEeM HacChIIeHHBIX
IIapOB BOABL IPU TeMIlepaType Bepxa KOHAeHCATOpa.

UeM HMI)Ke TeMIlepaTypa BOABI, IIOCTYyIAIOIIed B KOHAEHCATOP, TeM HIDKe
TeMIlepaTypa ra3oB, YXOAAIIUX C BepXa KOHAEHCATOPa, U TeM MEHBIIe KOAU-
YeCTBO BOASHBIX IIAPOB, YXOAAIINX BMeCTe C Tra3aMu.

BapomeTpuuecKuii KOHAEHCATOP AOAKEH OBITh YCTAHOBAEH Ha BBICOTE
H, oOecrneumBarollleli HeNPEPHIBHBIM CTOK BOABI depe3 OapOMeTpPUYeCcKyIO
TPyOy B KOAOAeI] AAS IIPEAOTBPAIeHUs 3allOAHEeHHs KOHAEHCATOPA BOAOM.
Bricora H, ypaBHOBeIIMBaeT B CTAaTUYECKOM COCTOSHUM PA3HOCTb MEKAY
aTMOC(EepHBEIM AABA€HHEM U A@BAEGHUEM B 0OapoOMeTpUYeCKOM KOHAEHCa-
Tope. C y4eToM IIOTepU HANoOpa IIPHU ABWKEHUM >XUAKOCTH B OapoMeTpu-
yecko¥ TpyOe h;, u 3amaca BEICOTEL h, Ha cAy4Yall KoAaeOaHHS pe’kuMa
paboTEl KOHAEHCATOPa MOJKHO OIIPEAEAUTHh BBICOTY YCTAHOBKM KOHAEHCATO-
pa H.

IMpumeHnsaoT 6apoMeTpHUYecKUe KOHAEHCATOPHl PA3ANYHBIX KOHCTPYKIIWY,
pasAnyaronecsd Mo yCTPOMCTBAM HPUCIOCOOAEHUU AAS PACHpPEAEAEHUS BOABI.
Yarre BCero UCIOAB3YIOTCS alllapaThl IIOAOYHOI'O THUIQ; OOBIYHO yCTaHaBAMBAIOT
4—7 HOAOK C AUAMeTpOM OTBepCTUu 1—7 MM.

[TpuMmeHeHMe OapoMeTPUUEeCKUX KOHAEHCATOPOB Ha HedTelepepabaThIBa-
IOIIUX 3aBOAAX BEAET K 3HAUUTEABHOMY 3arps3HEHUIO CTOYHBIX BOA (CEPOBOAO-
pop, HePTEIPOAYKTEI), UYTO TpeOyeT IIPOBEAEHUS CIIEIMAaAbBHBIX AOPOTOCTOSIINX
MEPOIPUATHUMN II0 OUYUCTKE.

B oTOM CBSI3U Ha psiAe 3aBOAOB AASI KOHAEHCAIIMM IIapOB, OTXOASAIIUX U3
BepxXa BaKyyMHOM KOAOHHBI, BMECTO 0apOMeTPUYeCKOro KOHAEHCATOpa MCIIOAb-
3YIOT IIOBEPXHOCTHEIE aINapaThl.

B mpakTuke paboThl HedTenepepabaThIBAIONINX YCTAHOBOK 3(P(PeKTHUBHO
IIPUMEeHSeTCS TENAOOOMEH «ropsauel cTpyei» (puc. XXII-26). Hanpumep, Ha yc-
TAHOBKAX AAS IEPEroHKU HeTH, OTOeH3WHEeHHad He(Th U3 HU3a KOAOHHEI Ha-
IIpaBAseTCsa B aTMOC(EPHYIO KOAOHHY Uepe3 TpyOdaTyro neub. BmecTe ¢ OCHOB-
HBEIM TIOTOKOM OTOEH3WHEHHON He(THU depe3 IleUb IIPOXOAUT IIOTOK He(TH,
OUPKYAUPYIOWINY Me>KAYy KOAOHHOW U IIeYbl0 U HANpaBASIeMBINM B HU3 KOAOHHBI
B KaueCTBe «Topsuel CTpywu». LIMpKyAUpPYIOIIUIM TIOTOK B €YU BOCIPHUHUMAaET
TENAO, HarpeBadcCh OT TeMIIePaTypHl {; A0 TEMIEPATYPHL {, ¥ 3aTeM OTAAET 3TO
TEIAO B HU’KHEM 4aCTU KOAOHHBI, OXAAXKAAICh OT {, AO 1.

Ha BBEICOKOIIPOM3BOAUTEABHBIX YCTAaHOBKaX NMepBUYHOM IeperoHku Hedtu AT-6 m ABT-6 ars
OPTraHM3AINH «TOPSYell CTPY!U» IIPEAYCMOTpPeHa OTAeAbHAas Iledb, & HarpeB OCHOBHOTO IIOTOKA OT-
GEeH3MHEHHON He(TU OCYIIECTBASIOT B TPEX IledyaX BePTHUKAABHO-(DaKeABHOTO THIIA.

YacTo 3a cueT UPKYAUPYIOIIEN «TOpssd4el CTPyM» OCYILECTBASIETCS IIOABOA
TelAd B HU3 PEeKTU(PUKALVOHHOU KOAOHHEL B 3TOM CAydae «ropsiuer crpye»
COoOOIIaeTcss TeIIAO B CIEIIMaAbHOMN TpyOuaToOM NeYud AU OTAEABHOM 3MeeBHKe
eyn.
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Puc. XXII-26. Cxema HarpeBa «ropsi4eil CTpyer»:

1 — or0OeH3MHUBAIONIIAS KOAOHHA (IPEABApPUTEABLHBIM 3Bamoparop); 2 — Tpybuaras medub, 3 —
Hacoc. [Toroku: I — oTrOeH3MHeHHass HedTh; Il — ropsauas crpyd; III — orOeH3uMHeHHass HedTh B
aTMOC(EepHYI0 KOAOHHY

ApyruM IIpEMepOM OCYVIIEeCTBACHUS TeNAOOOMEeHa CMeIleHUEeM SBASEeTCS
HarpeB BO3AyXa B TOIIKaX IIOA A@BA€HUEM (YCTAHOBKM KaTaAMTHYECKOTO Kpe-
KWHTa, KOKCOBaHUS, CYIIKU OTOEAUBAIOIIUX AUH U T.A).

B Tonke mop paBaeHueM (puc. XXII-27) cxxuraercsd )KUAKOe AU ra3zoodpas-
HOe TOIIAUBO, a 00pasyrouuecss ABIMOBBIE Ta3bl CMEUIMBAIOTCSA C IMOAAESKAILIUM
HarpeBy BO3AYXOM, HarHeTaeMBbIM B 3TOT allllapart. Ilo CPaBHEHUIO C HCIIOABL30-
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Puc. XXII-27. CxeMa TOIIKH IOA AaBAEHHUEM:
1 — mrymep aAa GOpCyHKHM; 2 — KaMepa CropaHus; 3 — KaMmepa cMelleHus; 4 —
NIpeAOXPAaHUTEABHBIN KAamaH. [ToToku: I — XOAOAHBIM BO3AYX; II — BO3pyx Ha ropenue; I[II —

HarpeThIl BO3AYX

BaHNUEM IIOBEPXHOCTHBIX alllapaTOB TAKOM CIIOCOO HArpeBa BO3AyXa IIpolle U
He Tpe6yeT OOABIITNX 3aTpaT, OAHAKO HEAOCTATKOM €ero 4ABAdeTCA CHHJKEHUe
KOHIIeHTPAallul KHCAOPOAA B BO3AYyXe 3a CueT pa30aBA€HUsS BO3AyXa ABIMOBBIMU
raszamu.

ITupoKO HIpUMeHseTCS B INPOMEBIIIA€HHOM IIPAKTUKE OXAKAEHUE Ta30B
IIyTeM BIIPDBICKA B IIOTOK BOABI. OXAa}KAeHI/Ie ra3oB 3THUM METOAOM MOXET OBITH
OCYIIIECTBAEHO B TPYOOIIPOBOAE UAM AIOOOM COOTBETCTBYIOIIEM amrapare, yepes3
KOTOPBIM IIPOXOAUT ra3. BopAy BIPBICKHMBAIOT Yepe3 CIelNUaAbHBIE PACIIEBI-
Asgiomye (opcyHKHM. BeIcOKas cTeneHb AWCIEPCHOCTH BOABI OOAeTdaeT ee
HCIIapeHue U II03BOASET 3aBepIIUTh OXAA’KA€HMe rasa B alllapaTe HeOOABIIOTO
oOBeMa. BcaepacTBHe BBEICOKOM CKPBITOM TENAOTHI MCIIAPEHUSI BOABI €e PAacXOop,
Ha OXAa’KAeHHe ra30B HEBEAUK.

[Top0OHBEIE METOABI OXAAKAEHUSI Ta30B BO3MOJKHBEI B TeX CAyYasX, KOTAA
KOHeYHas1 TeMIlepaTypa HWX OXAAKACHUA BBIINIEe HWAW pPaBHA TeMIlepaTrype
HaCbIIIeHNWsd BOASIHBIMU IIApAMM. MeTOA HelIlpuMeHUM, eCAU yBAAKHeHHe I'a30B
HEAOITyCTUMO.

B cBA3M C IIUPOKHM pacHpoOCTpaHeHHWEM B HedTelepepabaThIBAIONIEN
IIPOMBIININANEHHOCTHN KOHTAKTHBIX IIponeccoB (KaTaJ\I/ITI/I‘-IeCKI/Iﬁ KPEKUWHT,
KOKCOBaHMe, KaTaAUTHYecKas mepepadoTKa ra3oB, AACOPOIIMOHHAS OYMCTKa)
IIMPOKO  PACIPOCTPAHEHBI IMPOIeCCHl  TEeNAOOOMEeHa  HeINOCPEACTBEHHBIM
cMelnieHrneM IIapOB UAU JKUAKOCTHU IIPM KOHTAKTe C TBEPABIM MaTepHuaAOM.

IMpouecce TenmrooOMeHa CMellleHHeM Ta30MapoOBBEIX HAU JKHMAKHX ITOTOKOB
C TBEPABIM MATEPHAAOM MOIYT OBITb KAACCHU(UIMPOBAHEI IO CAEAYIOIIUM OC-
HOBHBIM IIPpM3HAKAM.

1. TemAroOOMEH CO CTAaIJMOHAPHBIM M HECTAIMOHAPHBIM IOTOKAMH TeIIAQ.
Ilpu cTanMOHApPHOM MOTOKE TENAA TEMIEPATYPHBIM PEKUM B AIOOBIX CEYEHUAX
TEeIIAOOOMEHUBAIOIINXCA CpeA He MeHseTcs BO BpeMeHU. [Ipu HecTanMmoOHapHOM
IIOTOKe TellAd, HMMeIOlleM MeCTO B CAydae NePHUOAUYEeCKOro HarpeBa UAM OX-
ADKAEHUS TBEPAOTO MaTepHaAd, TEMIEPATypHBIM PeXUM C TedeHHEM BpeMeHU
MeHSIeTCs.

2. TennooOMeH B NPOTHUBOTOKE, INIPIMOTOKE M NPU OAHOKPATHOM CMe-
OIeHnH.

3. TennooOMeH B ABWKYILIEMCS CAoe. B 3aBUCHMMOCTH OT XapaKTepa ABU-
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KeHHUS TBepAOU (pa3bl pasAndaroT TEIAOOOMEH B ABHIKYILEMCS CIIAOIIHOM CAOE€,
B CAO€ MEepPeCcHNAarUXCcd UAM MAAQIOINIUX YaCTUI], B INCEBAOOKM)KEHHOM CAO€
TBEPABIX YACTHUII, B IPOIleCcCe ITHEBMOTPAHCIIOPTA.

[MpumepoM TenarooOMeHa CMellleHUMeM IIPH IIPSIMOTOKE SIBASETCS Harpes
BO3AyXa KaTaAM3aTOPOM B IIpOllecCce ero TPAHCIOPTHPOBAHMSA Ha YCTAaHOBKE
KaTaAUTHYeCKOTO KpPeKMHTa. B 3TOM cAydae BO3AYyX, HEOOXOAMMBIN AASL pere-
Hepauy KaTaAW3aTopa, HarpeBaeTCs MOpPU HENOCPEACTBEHHOM CMEIIeHUUW C
KaTaAMU3aTOPOM M HUCIIOAB3YeTCS A MepeMellleHUs KaTaAu3aTopa M3 peakTopa
B pereHeparop.

TakuM >ke cHOoCOOOM Ha YCTAHOBKAX KaTAAUTHMYECKOI'O KpeKWHIa 4YacTo
HArpeBalOT U MCHApPSIOT HCXOAHOe CHhIpbe. B TpPAHCIOPTHBIM CTOSIK CHIPbE
IIOAQEeTCST B JKUAKOM HAM IapoOOPa3HOM COCTOSHHH, IPU CMENIeHHuH C
KaTaAM3aTOPOM OHO HCIIapgdeTcd U HarpeBaeTcd. B 3ToM caydae Haphl ChHIPBSA
SABASIIOTCS TPAHCIIOPTUPYIOIIUM areHTOM.

OAHOKpAaTHOe KOHTAKTHUPOBAHUE IIPOUCXOAUT IIPU TEIAOOOMEHe MeXAY
napoM (MAM ra30M) M IICEBAOOKH)KEHHEBIM CAOEM TBEPAOrO MaTepuana (CM. TA.
XVIII). Baaropapst mepeMeNIUBaHUIO U OOABIIOW TOBEPXHOCTH YacTHUIl Tell-
AOOOMEH B CAOe NPOUCXOAUT BeCbMa HHTEHCHUBHO U TeMIepaTyphl BO BCEM
o0BeMe CAOST OAM3KU MeXXKAY COOOU.

TAADAAAPUEA E TOEAEAAAPUEA AAATOU

HarpeBaromue areHTbl. OCHOBHBIM HCTOYHMKOM TeIlAa Ha
HedTerazonepepadaTHIBAIOIINX 3aBOAAX SIBASIETCSI CropaHue TonAuBa. [Ipu sTom
TENAO ANO0 HEIOCPEACTBEHHO MCIIOAB3YETCS AAS HarpeBa, AMOO IlepepaeTcs Ipu
IIOMOIIY CIIEIIMAABHBEIX TEIIAOHOCUTEAEH.

B mepBoM cAyuae TOIAMBO CJKMIAlOT B alllapare, CAy’KallleM HeINOCPEeACT-
BEHHO AAd HarpeBa, HalpuMep, B TpyO4aTroM neuyu. Bo BTOpPOM CAydae TeNAO
CKUT@eMOI'0 TOIAWBA MCIIOAB3YeTCS AAS HarpeBa TEeIAOHOCHUTEAS], KOTOPBIN
Aaree TPAHCIIOPTUPYETCS K MeCTy IOTPeOAeHUST TEIAOBOM SHEPTUM.

HamnbGonee ypOOHBIM M PACHPOCTPAHEHHBEIM TEIAOHOCHUTEAEM SBASETCS
BOAAHOM map. Ero Aerko TpaHCIOPTUPOBATH K MeCTy HNOTPeOAeHHs, a LeHT-
pPaArn30BaHHOE IIPOM3BOACTBO BOASHOIO mnapa B TOL] mAM B KPYIHON KOTEAb-
HOM TIO3BOASET Haubonree 3d(PPEeKTUBHO UCIOAB30BaTh TENAO TOIAWBA,
COBMeIllasg IPOU3BOACTBO BOAJHOTO Ilapa C BBEIPAOOTKON 3AEKTPO3HEPTUHU
(TOLI). AoCTOMHCTBAMM BOASHOI'O Mapa KakK TEMAOHOCUTEAS SIBASIIOTCS BBICO-
KM KO3(P@PUIIMEHT TEMAOOTAQUM NPU €ero KOHAeHcalluM, OOAbIINe 3Haye-
HHUEe CKPBITOM TENAOTHI KOHAEHCAIIUY, BO3MOJKHOCTL UCIIOAB30BaHUS KOHAEH-
cata u Ap.

OOGBIYHO B KaueCTBe TENAOHOCUTEAS HCIIOAB3yeTCsI HACHIIeHHBIM BOASHOM
map, Tak KaK pacxXop ITeperpeToro BOASHOIO Ilapa BCAEACTBUE €rO0 MaAOHW Tell-
AOEMKOCTH BBICOK, @ KOI((PUIMEHT TEIAOOTAAUM OT IIEePerpeToro Iapa K Tel-
AOOOMEHHOM NMOBEPXHOCTU MaA.

K HepocTaTKaM BOASIHOTO Tapa KaK TENAOHOCUTEASI OTHOCHUTCS CpaBHU-
TEeABHO HU3Kasl TeMIlepaTypa ero IIpU BBICOKOM AABA€HHU. Tak, IIPU aOCOAIOT-
HOM AaBaeHum P = 0,98 MIla TemmepaTypa KOHAeHcanuu Ilapa paBHa 179 °C,
U, CAeAOBATEABHO, UCIOAB30BATh €r0 MOJKHO IIPU HarpeBe AO TeMIlepaTyphl He
Brimie 160— 170 °C. Anas HarpeBa cpepbl A0 200 °C TpebyeTcst HaCHIIEHHBIN TTap
IOAABATEL IIOA AaBaeHuMeM 2,5— 3,0 MI1a.

[MTpu HarpeBe A0 BBICOKMX TeMIIePAaTyp 3HAUUTEALHOI'O CHUJKEHUS AABACHUS
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B TEeNAOOOMEHHOM anmapaType MOKHO AOCTUTHYTb, INPUMEHSS KOHAEHCUPYIO-
IIUUCSI TEIAOHOCUTEAB C OOAee BEICOKOM TEMIIEpATypON KUIIEHUS.

B mpoOMBINIAEHHONW MpPakTUKe IIPUMEHSIOT TaKhe TeIAOHOCUTEeAM, Kak
cMech AupeHMAA U AUEHUAOKCHA], U3BECTHYIO MIOA Ha3BaHUEM AQyTepMa, PTYTb
u Ap. Temmeparypa KuUlleHHs AayTepMa IIpM aTMOC(epHOM AABAEHMH paBHA
257 °C, a mpu Temneparype 350 °C aGCOAIOTHOE A@BAEHWE HACHIIIEHHBIX ITapOB
AAyTepMEBI cocTaBasgeT IpuOAn3uTeAbHO 0,6 MITa. OpHAKO CKpBITasg TEIIAOTA €ro
KOHAEHCAIIMM 3HAUYUTEABHO HUJKe, 4YeM AAS BOASHOIO Ilapa ¥ COCTaBASIET
251 K AJK/KT Ipu aTMocdepHoM AaBaeHHHU. [Tpu HarpeBe A0 TeMIlepaTyphl BHIIIE
400 °C HaXOAWUT NpHUMeHeHHe CMeChb a30THOKUCABIX U a30THUCTOKHCABIX COAeH
HaTpusa M Kaaud. Tak, cMech conel, cocrosmas u3 NaNO, (40 %), NaNO; (7 %)
u KNO,; (53 %) wumeer Ttenrotry mnaaBaeHuss 81,6 KAK/KT, TeMmIeparypy
mraBreHUs 142 °C, TemnroeMkocThb 1,6 RKAX/(krK) m Baskocts mpu 260 °C,
paBHyto 4 Mmlla'c, a mpu 538 °C — 1,0 mIla - c. B wacTHOCTH, TAKOU TENAOHO-
CUTeAb IPUMEHSIACS Ha YCTAaHOBKE KAaTAAMTUYECKOTO KPEKHHTa C HEeIOABU>KHBIM
CAOEM KaTaAu3zaTopa.

Ha HedTenmepepabaTHIBAIOIINX 3aBOAAX B KauyeCTBe TEIAOHOCUTEAS AAS
HarpeBa A0 TemmepaTyphl Bhilte 200 °C 49acTO MCHIOAB3YIOTCSI BHICOKOKUIISIIIIVIE
He(TEenpPOAYKTHEL. B 3TOM cAydYae TENAOHOCUTEAb HAarpeBaloT B TPyOdYaTON Ieuw,
TPAHCIOPTUPYIOT K MECTy €ro HCIIOAB30BaHUS, a IIOCAE OXAaKAEHHUS BO3Bpa-
IIAIOT B IIeYb AAS Harpesa.

MHorpa B KauecTBe TEIAOHOCUTEAS IIPUMEHSIOT ABIMOBLIE Ta3bl UAU TO-
pSUMi BO3AYX, HarpeBaeMbIM B TONIKaxX IIOA AaBAeHHeM. HepocTaTKaMu TaKoro
TETIAOHOCHUTEAS GBASIOTCA HU3KUU KO3(MAUIIUEHT TeNAOOTAaYd K TeIA0O0O0-
MEHHOM IIOBEPXHOCTH [06EYHO He BeIme 58 Br/(M*K)] M Maras TEIAOEMKOCTh
1,05—1,26 rAX/(kr-K). Huskuii Ko3((PUIIMEHT TEMAOOTAQUU MOJKET OBITh
HECKOABKO CKOMIIEHCHUPOBAH CO3AaHMEeM OoAee BBICOKOIO TeMIIepaTypHOTr'o
HAIopa, 4TO B CAy4Yae MCIIOAB30BaHUS ALIMOBEIX Tra30B He IIPEACTaBASIET 3a-
TPYAHEHUIA.

B HEKOTOpPBIX OTpPaCAIX IIPOMBIIIAEHHOCTHM B KadeCTBe TEeIAOHOCUTEAS
WCIIOAB3YIOT IIeperpeTryro Bopay mnpu Temmeparype 350—360 °C, koropas nup-
KYAUDPYEeT B CUCTEMe IOA AaBAaeHUeM Bhilre 20 MITa.

B HEKOTOpBIX KOHTAKTHBEIX Ipoljeccax HedTenepepaOOTKU IIPUMEHSIOT
TBepAble TEIIAOHOCUTEAM, B KaueCTBe KOTOPBIX UCIOAB3YIOT KaTaAu3aToOp, KOKC,
MaAOaKTUBHBINM MaTepuar U Ap. [IpuMeHeHHe 3THUX TENAOHOCUTEAeN OOLIUHO
CBSI3@8HO C OCOOEHHOCTSIMH TEXHOAOTMUECKUX IIPOIeCcCOB. TeNAOHOCUTEASIMU
SIBASIEOTCS TaK)Ke BCe IIOAyYaeMble Ha HedTenmepepabaTHIBAIOIINX yCTaHOBKAX
BBICOKOTEMIIEPATYPHBIE TTOTOKH, TEINAO KOTOPBIX MOJKET OBITh MCIOAB30BAaHO
AT HarpeBa CHIPhSI B pereHepaTopax TellAa.

[MToMuMO TOIAWBA HCTOYHUKOM TeIIA@ MOXKET CAYKUTh TaKKe 3JAeKTpO-
sHeprus. [IpuMeHeHNe SAEKTPOSHEPIMM B KadecTBe MCTOYHMKA Tellaa B Hed-
TenepepabaThIBalollell TPOMBIIIACHHOCTH OTPaHUUYeHo.

Oxaakpamwmue areHTsl. HanbOonaee pacnpoCTpaHEHHBIM U AeIleBBIM OX-
A@KAQIOIIUM areHTOM SIBASIETCSI BOAQ, HCIIOAB3yeMas AAS OXAakpeHUs A0 30—
35 °C. B mpomecce 3KCIAyaTalliyd CUCTEM BOAOCHAG’KEHWSI W KaHaAM3aluu Ha
HedTerazonepepadaTHIBAIOIINX 3aBOAAX IPOUCXOAUT 3arps3HEHNe CTOUYHBIX
BOA, 3aBHCHIlee OT COCTaBa IiepepabaThiBaeMol He@TH, OPOMUAST 3aBOA],
COCTOSTHUSI TEXHOAOTMUECKOIo OOOpYAOBaHMS, IIPABHUABHOCTU ITOAKAIOUEHUS
YCTAHOBOK K CHCTeMaM KaHaAu3almu. AAS YMEHBIIeHUS KOAMYECTBA BPEAHBIX
BEIIecTB, KOTOpoe cOpackiBaeTcs B BOAOEM CO CTOYHBIMM BOAAMU Ha Hed-
TerasonepepadaTLIBAIOIINX 3aBOAAX OPTraHU3YeTCs IIPOTOYHOE HMAM TaK Ha3bl-

596



BaeMoe OOOpPOTHOe BOAOCHaOXeHHe. [Ipy OOOPOTHOM BOAOCHAO’KeHUM Ha-
rpeTasg BOAQ IIOBTOPHO HCIIOAB3YeTCS IIOCAE €€ OXAAKAEHUS IIyTeM Y4aCTUYHOTO
HUCIIapeHus B I'PAAUPHSAX UAU CHEeIMaAbHBEIX OaccerHax. MHorpa Temmeparypa
BOABI MOHMYKAETCS IIPU YaCTUYHOM ee HCIapeHUU IOA BaKyyMOM.

Boay mIMPOKO IPUMEHSIOT B KaueCTBe OXAA’KAQIOIIETO areHTa BCAEACTBHE
ee AOCTYIIHOCTH M OTHOCHUTEABHO BBICOKOTO KO3((UIIMEHTa TENAOOTAQUU K
IIOBEPXHOCTH.

BmecTte ¢ TeM HeOOXOAMMO OTMETHUTb, YTO B CBSI3U C WMHTEHCUBHBIM
pa3BUTHEM IIPOMBIININEHHOCTH IIpUMEeHEeHNe BOABI B KaueCTBe OXAAKAQIOIIEro
areHTa AA MHOTHX PAWOHOB sABAfeTC (DAKTOPOM AMMUTHPYIOIIMM. Kpome
TOTO, UCIOAB30BAHUE BOABI IIPOMBIIIAEHHBIMM IIPEANPUSITHSIMHU 4acCTO SIBASIETCS
HCTOYHUKOM 3arpsg3HeHHsI BOAOEMOB U TpeOyeT OCYIeCTBAEHHS KOMIIAEKCa
MEPOIPHUATUN IO OYUCTKE BOABI Ilepe) ee cOpOCOM. Ba>KHEMIIUM 3AeMeHTOM
II0 OXpaHe OKPY’KAaIoIIeN CpeAbl ABASETCS TaKasd OPraHMU3alyd BOAOCHAOKEHUH,
IIPY KOTOPOU OCYIIECTBASIETCSI 3aMKHYTBIM IIUKA, T.€. OTCYTCTBYIOT CTOKU BOABI
B BOAOEMHI.

ChaepyeT TaKKe OTMETHUTh, UTO MCIIOAB30BaHUE BOABI B KadeCTBe OXAAKAA-
IOII[eTO areHTa CBSI3@HO C 3arpsg3HeHHeM Hapy’>KHOM IIOBEPXHOCTU XOAOAUABHU-
KOB U KOHAEHCATOPOB, BCAEACTBHE OTAOKEHMS HAKMUIIM W APYTUX BO3MOKHBIX
3arpga3HeHNM, COAEPIKAIIUXCI B BOAe. OTO OOCTOATEABCTBO IIPUBOAUT K CHUKE-
HUIO KOO (PUIIMEeHTa TEeNAOIlePeAddH, a@ TAKKe YXYAUIEHUIO YCAOBUM OXAAKAE-
HUS U TpeOyeT CPaBHUTEABHO TPYAOEMKOM IIepHOANYECKOM OYMCTKH IIOBEPXHO-
CTH OXAQKAEHUS.

BaxHOCTE ¥ HeOOXOAMMOCTBH COKpAIleHUsI PACXOAd BOABI Ha HedTera-
3onepepabaTHIBAIOIINX U He(PTEXUMHNUYECKUX 3aBOAAX BBITEKAaeT TaK)Ke U3 TOro,
4TO Pacxop BOABI Ha 3THUX MPEANPHSTHSX BBICOK M cocTaBaseT oT 30 ao 150 m*
Ha | T HedTH, a 3arpaTbl Ha COOPY’)KE€HHE CHCTEMBI BOAOCHAOKEHHS U
KaHAAU3AIIUU COCTABASIIOT 9— 12 % CTOMMOCTH BCEro 3aBOAQ.

OpHUM U3 Ba)KHEMIIINX MEePOIPUSATUM, ITO3BOASIONIUX CYIeCTBEHHO CHU-
3UTh PAcXop BOABI, SBASIETCS IIpUMeHeHUe BO3AyXa B KaueCTBe OXAAKAQIOIUIEro
areHta. B 3TOM cAy4ae aTMocepHBIM BO3AYX IIPUA IIOMOIIM  MOIIHBIX
BEHTUAATOPOB HAarHeTaeTCd B alNapaThl BO3AYIIHOTO OXAAKAEHUI. 3aTPaThl
9HEPIuU Ha NMPHUBOA BEHTUASITOPOB BO MHOTHUX CAyYasxX MeHBIIe 3aTpaT 3HepTUu
Ha BOASIHOE OXAA’KAE€HMe, B KOTOPBIE BXOAAT 3aTPAaThl KaK Ha IIOABEM BOABI U3
BOAOEMOB, TaK M Ha IlepeMellleHHe BOABI IIPU OOOPOTHOM BOAOCHAO’KEHUHU.
Ecau y4ecTh ellle 3aTpaThl, CBI3aHHEIE C CO3AAHMEM U JKCIAyaTalllel CHUCTeMBI
KaHaAW3aluy, a TakXke yIlepO, HaHEeCEeHHBIM BCAEACTBHE 3arpg3HeHHs BOAO-
€MOB, TO, KaK 3TO IIOKa3aHO MHOIMMH TEeXHUKO-3KOHOMHYECKHMMH pacdeTaMy,
IIpUMeHeHNe BO3AyXa B KaueCTBE OXAA’KAQIOIEro areHTa SBASETCS Ba’KHBIM
MEepPOIPUATUEM AASL PA3BUTHA POCCUNCKOW IIPOMBIIIAEHHOCTH.

AOCTOMHCTBOM BO3AyXa KaK OXAAKAQIOIUIEro areHTa, SBASIETCS €ro AOCTYII-
HOCTb. OH IIDAKTUYECKU He IPUBOAUT K 3arpsi3HEHMIO HAPY’KHOMN ITOBEPXHOCTH
oxAakpeHUA. K HepocTaTKaM 3TOTO areHTa IO CPaBHEHUIO C BOAOW MOJKHO OT-
HEeCTH CPaBHUTEABHO HU3KUU KO3((UIIMEHT TENAOOTAQYU CO CTOPOHEI BO3AYXQ,
KOTOPBII MOJKHO CKOMIIEHCHUPOBATh 3HAYUTEABHBIM OpeOpeHneM Hapy’>KHOU IOo-
BEPXHOCTH TeNAOOOMEHHBIX TpPyO; CPaBHUTEABHO HM3Kasl TeIAOEeMKOCTb
[1,0 KA/ (KrK)], BCAepACTBUe 4ero MacCOBBIM Pacxop Bo3AyXa B 4 pas3a IIpeBHI-
IIIaeT PacXop BOABI; CYIIeCTBEHHBIEe KOAeOAHUS HAUaAbHOU TeMIIepaTyphl BO3AY-
Xa, OOYCAOBAUBaeMEIe TreorpaUuecKMM MeCTOM PACIIOAOXKEHUd YCTaHOBKH,
BpeMeHeM I'OAd, a TAK’Ke BpeMeHeM CYTOK. B CTaHAQPTHBIX anlapaTax BO3AYII-
HOTO OXAKAEHUS IIPeAyCMaTPUBAETCS BO3MOJKHOCTH YACTUYHOTO (HA HECKOAL-
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KO I'PAAyCOB) CHUJKEHHUSI HaUaABHOM TeMIIepaTyphl BO3AyXa IIyTeM €ero yBAAJKHe-
HU{, 3@ CYeT BIPHICKUBAHUA XMMHUUECKU YHUCTOU BOABI C IIOMOIIBIO (DOPCYHOK.

Ilpy HEOOXOAMMOCTH OXAKAECHHS A0 HHM3KUX TeMmIeparyp (Hmwke 10—
15 °C) npuMeHSIIOT CIelMaAbHBbIE XAAAATEeHTHI — WCHAPSIONIUNCI aMMUaK, IPOo-
IIaH, 3TaH U ApPyrue CXKI’KeHHBIe ra3bl. B HedTenepepaOoTKe NOAOOHBIE OXAAXK-
AQIOIIMie areHTHl UCIIOAB3YIOTCS NIPU AellapadMHU3AIUM MacehA, HHU3KOTeMIepa-
TYPHOM CEPHOKHUCAOTHOM AAKUAUPOBAHUU M300yTaHA OAePHUHAMHU, IIPU IPOU3-
BOACTBE HEKOTOPBIX BBICOKOBSA3KHX IIPUCAAOK U Ap. Ilpu mcnapeHUM C>KU’KeH-
HBIX Ta30B CKpBITAdg TENAOTa, HeOOXOpMMas AAS MPEBpPallleHUs >XUAKOCTU B
Iap, OTHHMAETCsI OT OXAa’kpaeMoro moroka. O6pasyroluecs Iapbl XAaAareHTa
IIOABEPTAIOTCA KOMIIPECCUM AU abcopOIIUM, BHOBB C)KUYKAIOTCS U BO3BPAIlaOT-
csl B IIpoIiecc.

TemnepaTypa HCHApSIONIETOCS areHTa AETKO PeryAupyeTcs H3MeHeHHeM
AABAEHUS, IPU KOTOPOM IPOUCXOAUT MCIIapeHue. 3aBUCHUMOCTBH TeMIIepaTyphl
HUCIIapeHus KUAKOro amMmMmmuaka (I) oT AaBAeHHS HACHIMIEHHBIX IIapPOB aMMHUaKa
XapaKTepusyeTcsl CAEAYIOIIUMU AQHHBIMMU!

T, K ..
273 ..

[MTpu oxaaskAeHHU A0 TeMIlepaTyp Huwke 238 K aMMmak u IpomaH B Ka-
YecTBe OXAAKAQIOIINX areHTOB OOLITHO HE HUCIOAL3YIOT U MPUMEHSIOT JTaH.

DANxAO TTAADOTTCOTUO OATETTATATTUO
ATTADAOTA

AAS pacdeTa IIOBEPXHOCTHBIX TENAOOOMEHHBIX AaIllapaToB CO-
CTaBASIOT TEIIAOBOM OAaAaHC, T.€. ONPEAEATIOT KOAUYECTBO TemnAa (J;, BBIAEAse-
MOTO OXAA’KAQIOIIMMCS IMOTOKOM, M KOAMYECTBO Tenra (J, IIOAyYaeMOTrO Harpe-
BaeMBIM ITOTOKOM. [Ipm HaAWYMU TENAOBBIX IIOTEPh

Oz = nOp

rae 1 — Ko3(p(UIIMEHT UCIIOAB30BaHU4 Tenaa (00ergHO N = 0,92 + 0,98).

IMTpu pacueTe XOAOAUABHUKOB M KOHAEHCATOPOB PEKOMEHAYETCS TEIIAOBEIE
IIOoTepu He YYUTHIBATH, T.e. IpUHUMAThL Q, = Q,. B 3TOM cAyuae pacueT apaer
HEKOTOPHIN 3allac II0 PacXOAy BOABL (BO3AyXa) M MOBEPXHOCTH OXAAKAEHUS.

ITpu pacueTe pereHepaTUBHBIX TEIIAOOOMEHHUKOB HEOOXOAWMO YUUTHIBATH
TENAOBBIE IIOTEPU, TaK KaK B IIPOTHBHOM CAy4Yae BBIUMCAEHHAs IIOBEPXHOCTH
HarpeBa MOJKET OKa3aTbCs HEAOCTATOUHOM.

Beanunnbel Q, u Q, OIPEAEASTIOTCS U3 CAEAYIOLUIUX BBIPAKEHUU!

Q1 = G1(ht1 - ht2 );

Q,=G,(h, -h,) (XXIL1)
rae G, u G, — COOTBETCTBEHHO KOAMYECTBO OXAAKAQIOIIErocsi U Harpesalolle-
T'OCsda IIOTOKOB, htl nu htZ — OHTAABIINA OXAAXKAAQIOIIETroCsa IIOTOKA COOTBETCTBEH-

HO NIpY HAYaABHOM ! U KOHEYHOW f, TeMmeparypax, KAX/kr; h, u h, —o3H-
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TaABIIUSI HarpeBaloIerocs IMOTOKa COOTBETCTBEHHO IIPHM TeMIIepaTypax BXOAA I
¥ BBIXOAQ f, M3 ammapara, KAK/KT.

VYpaBHeHNe TenAOBOro 0asaHcCa MOJKET OBIThH IIPEACTABAEHO CAEAYIOIINM
obpa3omM:

Gy(h, ~h, Jn=G,(h, ~h,). (XXIL2)

OTO ypaBHEHUE SIBASIETCSI OOILIMM, €CAM IIOA SHTAABIINEN COOTBETCTBYIOIIUX
IIOTOKOB IIOAPA3yMeBaTh U SIBHOE, W CKPBITOE TENAO. AAS CAydast, KOTAQ TEIAO-
OOMEH COIpPOBOXKAAETCA W3MEHEHHEM arperaTHOrO COCTOSIHUS, YpaBHEHHE
(XXII.2) MO>XHO IIPEACTaBUTH B Pa3BEPHYTOM BHAE.

Tak, HauaAbHAs SHTAABIIUA CPEABI, HAXOAAIIEUC B IIeperpeToM COCTOSHUY,
OyAeT BKAIOYATh SBHOE TEIIAO HarpeBa MCXOAHOIO BellleCTBA B JKUAKOM COCTOS-
Huu oT 0 °C A0 TeMIepaTypbl KUIIEHUS f, 3TOTO Bell[eCcTBa MPU AAHHOM AaBAe-
HUM, CKPBITOM TENAOTHI HCIApeHUs 3TOTO BellleCTBa U TellAd IleperpeBa OT TEM-
neparypsl t, AO ¢, T.e.

H =Cyt, +q, +C,(t-t,), (XXIL3)
rae H;' — OHTaAbINS BeIeCTBA, HAaXOAAINEIOCS B IIEPErpeToOM COCTOSHUY,
KAXR/kr; C, u C, — TeOAOeMKOCTh COOTBETCTBEHHO JKMAKOCTU ¥ IIapa,

KAX/(xkrK); q, — CKpBITas TenAOTa McIapeHus, KAXK/KT.
B caydae HaCEHIIIEHHBEIX IIapOB TpeThbe caaraemMoe B ypaBHeHuu (XXIL.3)
OTIIapAeT U SHTAABIIUS BellleCTBa

HI =C>Kt!(+ql/l =ht +q,.
rae ht n Ht — OHTAABIIKA COOTBETCTBEHHO XUAKOCTU U IIAdPOB, KA}K/KI‘

AAST TIOTOKQ, COCTOSIIIIETO M3 CMECH >KMAKOCTH M HACHIIIEHHBIX I1apoB, 2H-
TAABIUS IIPU TEMIIepaType t OPeAeAseTCsl U3 YPaBHEHUs

H™=C. t+eq, = (1 - e)h[ +eH,,

TA€ € — MaccoBasi AOAS OTTOHaA.
Ecau mpoiiecc TemaooOMeHa COIPOBOXKAAETCS IIepPeXOAOM BelllecTBa U3

KUAKOTO COCTOSHMS B TBEpAOe UAU HAOOOPOT, TO CAEAYeT YUYUTHIBATE CKPBITYIO

TENIAOTY IIAaBA€HU4 (3aTBepAeBaHUd). B 3ToM caydae 3HTaABIINA IIOTOKA

h,=C,t — 1q,

TA€ I' — AOAS BeIllecTBa, IepelieAplllero B TBEPAOE COCTOSHUE, ¢ — TeIlAoTa

TIAABAEHUS AU 3aTBEpPAEBaHUSA, KAK/KT.

Ecam uepe3 TemAOOOMEHHBIM amnmnapaT MPOXOAUT IMOTOK, COCTOSIINM U3
HECKOABKUX BEIIeCTB C PA3sAMYHBLIMHM TEIAOBBIMU CBOWCTBAMU (TEIAOEMKOCTH,
CKpBITasi TEINAOTa), TO TENAOBOM OaraHC COCTABASIETCS AASL Ka’KAOTO U3 3TUX
KOMIIOHeHTOB. Torpa ypaBHeHme (XXII.1) MOXeT OBITH IIPEACTABAEHO CAEAYIO-
muM 06pa3oM:

Q = g1h1t1 + g2h2t1 oot gnhnt1 - g1h112 - gzhth - gnhm2
nam
Q = gl(hm - hlrz) + gz(hﬁrl - h’ltg) oot gn(hnt1 - hnzg)'

B Tex caydasx, KOrpaa Iaphbl IIPOXOAAT depes ammapaT 06e3 KOHAEHCAIUH,
Pa3HOCTb 3HTAABIIUN
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HI'-H} =[C)KtK +q, +C,(t- tK)]—[CXtK +q, +C,(t,- tK)]= C,(ti-t,).

KosddunueHnt tennrooTpauu. BaskHelniell u HaubOoAee TPYAOEMKOM dac-
TBIO TEXHOAOTHYECKOTI'0 pacyeTa IIOBEPXHOCTU TEIIAOOOMEHHOTO alllapaTa SBAd-
€TCS BBIYUCAEeHHE KOB(MPEUIUEHTOB TEMAOOTAAUU. METOABI ONPEAEAEHUS 3ITUX
BEAWYNH M3YYalOTCS B CIEIIMAaABHOM Kypce TelAOIIepeAauH, 3AeCh JKe IIPHUBOAUT-
csl pgp, GOPMYA, KOTOPBIMH M PEeKOMEHAYeTCsl IIOAb30BAaThbCS IPU pacyeTe Tell-
AOOOMEHHBIX annapaToB. Kos@uImeHT TENAOOTAAUU OT ABHIKYIIETOCS KUAKO-
TO WMAW Ta3000pa3HOro MOTOKAa 3aBHCUT OT pe’XKuMa ABMXKEHUd: IPU AaMHUHAap-
HOM (CTPYWHOM) NOTOKe KO3(P(UIMEHTH TEeIAOOTAQYM OOBIYHO MAABL, a NIpU
TYypOYAE€HTHOM INOTOKe OOAee BBICOKM M BO3PACTalOT C yYBEAWYEHUEM CTelleHU’
TYypOYAE€HTHOCTH.

Pe>xuM moTOKa yCTaHAaBAMBAETCS B 3aBUCUMOCTH OT 3HaueHUs Oe3pasMep-
HOTO Kpurtepusa PeltHOABACA

Re = Wd/v,
rae W — AuHelHasi CKOPOCTL ABUJKEHUSI IIOTOKa, M/c; d — AMaMeTp
TPyOGOIPOBOAA, M; V — KHMHEMaTHYeCKasl BA3KOCTh, M2/C.

Nmes B Bupy, uro W = u/p (fAe u — MaccoBas CKOPOCTb IIOTOKA,
Kr/(M*c), p — NAOTHOCTb IOTOKA, KI/M’), IOAYYMM 3Ha4eHHWe KpuTepus Re,
BBIpa’kKeHHOe uepe3 MacCOBYIO CKOPOCTh
Re = ud/pv.

Ecam Re = 2300 — aBwkeHHe IoToKa AamMuHapHoe, npu 2300 < Re <

<10 000 — pe>xuM nepexopHBIHN, a Ipu Re = 10 000 — ABu>KeHHe TypOyAeHTHOE.

AAsT KOKYXOTPyOUaThIX TEIAOOOMEHHEIX alllapaTOB OBIAU IIPOBEAEHBI UC-
IOBITaHUS, KOTOPhIE IIOKA3aAU YAOBAETBOPUTEABHOE COOTBETCTBHE pacYeTHBIX U
U3MEPEHHLIX B IIPOMBIIIAEHHBEIX YCAOBUAX KOA(P(UIIMEHTOB TEINAOIepepaud M
TMAPAaBAMYECKUX CONPOTUBAEHUM. Hurke HM3A0KeHA MeETOAMKA pacdeTa, peKo-
MeHAOBAHHasl Ha OCHOBE 3TUX UCCAEAOBAHUM.

AAﬂ AA@MHUHAPHOr0 pe>XXnMa PEeKOMEHAYeTCdaA 3aBUCUMOCTh

\0,25

Nu=0,17ReO'33Pr0'43Cr0'1{—Pr |

Pr..

rae Nu = ad/A — kputepuit Hycceawra; Pr = vpC/h — xpurepuii Ilpaspras; Cr = (gd®/v?)BAt —

kputepuii [pacroda; o — Koaddunuent renroorpaun, Br/(m?-K); v — KuHeMaThnueckas Bsi3-
KOCTb, M%/c; A — KO3(pUIUEHT TenAonpoBopAHOCTH, Br/(M-K); p — MAOTHOCTHL TOTOKA, Kr/m;
C — cpepHsIS MaccoBas TEIAOEMKOCTbH B HMHTEpBaAe TeMIepaTyp Ha BXOA€ U BBIXOAE IIOTOKQ,

KAX/ (kT 'K); B — KRosppunment o6bemHoro pacmmpenus, K~ ', At — pasHOCTb MEXAY CPEAHUME
TeMIlepaTypaMy IIOTOKa U CTEeHKH.

AAsT TYPOYAEHTHOTO pe’kKMMa IIPEAAOKEHO YpaBHeHUe
( \ 025
Nu=0,021Re® pr043 Pr
Pr..

IIpu mepexopHOM peKHMe KOI(P@PUIIUEHT TeNAOOTAQUM MOJKHO BBIUHUCASITH IO IIpUBe-
AC€HHOU BHIIIe (POPMyAe AASL TYPOYAEHTHOTO pe’KHMa, BBeAS IOIPABOUHBIM KoM HUIHEHT f,
KOTOPBIM BBEIYUCASIETCSI IO (DOPMYyAe

f=1— 610°Re” .
Bo Bcex mpWBEAEHHBIX ypaBHEHUSAX (PU3WYECKHE CBOMCTBA CAEAYET OIpe-
AEASITh TIPU CPEeAHEeH TeMIlepaType IOTOKa. B TexX ypaBHEHUSX, TAe HCIOAL3YeT-

Cs 3HaueHWe Pr,, — COOTBETCTBYIOIIME BEAWYHWHBI BBIYUCAGIOTCS IIPU CPEAHEU
TeMIlepaType CTeHKU.
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B npuBepeHHBIX ypaBHEHUSAX HAllpaBA€HHE TEIIAOBOTO IIOTOKA (OT CTEHKU
K IPOAYKTY MAM HAaOOOPOT) YYMTBEIBAeTCSt cooTHomenueM (Pr/Pr. )%,

B cayyae ABMI)KEHMS TeIIAOOOMEHUBAIOIIErOCs IIOTOKA Yepes3 TPyObl HEKPYT-
AOTO CedyeHUs B IlepedylCAeHHble YpaBHEHUsS BMeCTO AuaMmeTpa TPYObl d CAepyer
IIOACTABAATh 3KBUBAAEHTHBINM AUAMeTpP, ONPeAeAseMBIM W3 CAEAYIOIIero BHIpa-
SKeHUs:

d, = Af/TI, (XXIL4)

rpe [ — cedeHue NOTOKQE; II — CMOYeHHEIN NepuMeTp TPYOBI HEKPYTAOIO cede-
HU4.

CoraacHo ypaBHeHHrO (XXII[.4) 5KBUBaA€HTHBIM AuaMeTp d, AAI HEKOTO-
PBIX HauOOAEee PACIPOCTPAHEHHBIX CAY4YaeB PaBeH:

AAst TPYO KOABILIEBOTI'O CeUYeHHus C AMaMeTPOM OOABIIOW Tpy-
OBl D U Hapy>KHBIM AMaMeTPOM MeHBIIeH TPYOHL d............... D—d

AAs ydKa TpyO BHYTPU KOJKyXa IIpU BHYTPEHHEM
AvaMeTpe KoXXyxa D m Hapy’KHOM AMaMeTpe TPyOOK d M UX

D% - nd?
D+nd
2ab
a+b
AAS peOPUCTEIX TPYO KO3((UIIMEHT TENAOOTAQYU O MOXKEeT OBIThH OIIpe-
AEAEH IO CAEAYIOIeMY YPaBHEHUIO

e 87 (O L N

AAst TPYO NPSIMOYTOABHOTO CEYEHUSI CO CTOPOHAMU d H b......

a=ao(1+m), (XXIL5)
1

rA€ 0,y — KOI((MUIMEHT TENMAOOTAQYM AASL TAGAKOM TpyOwl, Br/(M”- K); h —
BeIcOTa pebpa, M; & — ToalMHA pebpa, M; I — mar pebep IO OKPYKHOCTU
(AAst n pebep 3Ta BeAMuMHA oIpepeasieTcst Kak [ = md,/n), M; f — BeAMYMHEa,

onpepeasgeMas: n3 TabA. XXII.1, B 3aBUCMMOCTU OT IIpOM3BeAeHUs mh.
BeAnumHa m HaXOAWUTCS M3 CAEAYIOIIEH 3aBUCUMOCTHU!

_ 20
Voo

rae A — Ko3P(pUIMEHT TEAOTPOBOAHOCTH MaTepruara pebep, Bt/ (M - K).
ABIKeHNe IIOTOKa B MeXTPYOHOM IPOCTPAHCTBE KOXKYXOTPyOYaTHIX Tel-
AOOOMEHHBIX alllapaToB SBASIETCS CAOXKHBIM. MeXXAy IeperopopkaMM Hallpas-
A€eHHe ABU)KEeHMd IIOTOKa II0 OTHOIIEHUIO K TpyOaM OCYILEeCTBASIeTCS MOA HeKO-
TOPBIM YTAOM, B BEIPE3aX, OTBEPCTUSIX U 3a30pax IIOTOK ABMIKETCS IapPaAA€Ab-
HO TpybaM. B OTAeABHBIX MecTaX MeKTPYOHOTO ITPOCTPAHCTBA HaOAIOAQIOTCS
3aCTOWHBIE 30HHL. [IpuMepHas cxeMa IOTOKOB JKHUAKOCTH B MEXTPYOHOM IIPO-

Tab6aumma XXII.1

mh B mh B

0,0 1,000 1,4 0,632
0,2 0,985 1,6 0,577
0,4 0,950 1,8 0.526
0,6 0,895 2,0 0,482
08 0,830 2,2 0,443
1,0 0,762 2,4 0,410
1,2 0,695 - -
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CTPAHCTBe KOXXYXOTPyOdUaThIX alllapaTOB C CErMEeHTHBIMH IIeperopoAKaMU II0-
KaszaHa Ha puc. XXII-28. Ba)kHO OTMeTUThH, YTO BCAEACTBUE HAAWUMSI 3a30pa
MeJKAy TPYOHOM IePeropoAKOM M KOPIIyCOM KOJKyXa HAOAIOAQeTCsT HEKOTOpas
yTeuKa >KMAKOCTH, He COIIpHKacalolleics ¢ TeNAOOOMeHHBIMU TpyOaMu U He

y4JacTByIole B TenmrooOMeHe (cM. puc. XXII-28, nmotok I).
AAsT MeXTpyOHOro  IPOCTPAHCTBA  KOI(P@UIIUEHT TEIAOOTAAUYU  YAOBAETBOPHUTEALHO
OIIMCBIBAETCSI YPaBHEHUEM!

[ vp
L VCTpCT

rae Nu, Re u Pr — Kpurepuu, omnpepensieMble TaK JKe, KaK U B IIPUBEAECHHBIX BEHIIIE yPaBHEHUSIX;

014
Nu=cRe%® pr033

OTHOIIIEHuEe

VYUTHIBAET HAlPaBAECHHE TEIAOBOTO IIOTOKA, IIPUYEM BO MHOTHX CAyYasiX ero
\Vaper)
BeAMUMHA AeXKUT B IIpeperax 0,98 —0,995; u mosToMy 4acTo UM MOJKHO IIpeHeOpeub; ¢ — Koaddu-
IIMEeHT, XapaKTePU3YIMUH (POPMy ITepPeropoAOK M PacClOAOKeHHe TPyO B ITydKe (AAS CEeTMEeHTHBIX
IIeperopoAOK U IPU PacIOAOKEHUH TPyO IO TPEYTOABHUKY U KBappary ¢ = 0,22).

[lpu ompepereHWH KpuTepus Re AMHeNHas WAM MaccoBasg CKOPOCTB BBIYHCASIETCS OTHOCH-
TEABHO TaK Ha3bIBaeMOro 3(h(HEeKTHUBHOTO CeYeHHs S-MEeXTPYOHOTO IIPOCTPAaHCTBA, KOTOPOE OIIpe-
AeAseTCsl U3 BhIPayKeHUs:

Ssq:u =1 Snpsnon '

rae S,, — TAOIIaAb MPOXOAHOTO CEYEHWs B BHIPE3aX MEePerOPOAKH (MAOIIAAb CETMEHTa MAW CeKTOpa
3a BBIUETOM CyMMapHOHN IIAOIIAAM CEYeHMs, NIPOXOAIIIMX uepe3 Hee Tpyd); S,,, — IAOIIAAb
IIPOXOAHOTO CEUeHHSI MeXAY IePEeropoAKaMu.

Kosdpdpunuentsl Temnaomepepaun. AAd IAOCKOU CTeHKU KO3PPUIUEHT
TEIAOIIEPEAQUM OIIPEAEASIeTCs U3 YPaBHEHUS

K=e—— 1 (XXILG)
I R S E )
a; Oy A
TA€ O; W O, — KOIPPUIUEHTHl TEMAOOTAQUU C Ka’>KAOU CTOPOHBI CTEHKH,
Br/(mM*- K); 8 — TOAIIMHA OTAEABHBIX CAOEB CTEHKH, M; A — Kod(dunmuent
TENIAOIIPOBOAHOCTH CAOEB CTeHKH, BT/ (M - K).
YpaBHeHue (XXII.6) 4acTo NPEACTABASIIOT B CAEAYIOIIEM BUAE:
1 1 1 9
1_1,1,No XXIL7
K Op 0Oy 27\ ( )
rae I/K — ofiiee compoTUBAEHUE TOTOKY TemAg; 1/o, m 1/0, — yaeAbHBIE CO-

IPOTHBACHHUsI TEIIAOOTAAYUM CO CTOPOHLI IIEPBOM M BTOPOM CpeAwl; 28/A —
CyMMa YAEABHBLIX COIPOTHUBAEHUM IIOTOKY TeIIAQ, OKa3bIBAaeMBLIX BCEMM CAOSIMY,
COCTaBASIIOIIIUMH CTEHKY.

ECcAM CONPOTHMBAGHME CTEHKH 28/A HE3HAaUYMTEALHO II0 CPaBHEHMIO C CO-

1

Puc. XXII-28. CxeMa IIOTOKOB JKHMAKOCTH B
MEXTPYOHOM IIPOCTPAaHCTBE KOJKYXOTpyOua-
TOTO TEMAOOGMEHHOTO ammapara:

I — yreuka >KMAKOCTH Yepe3 3a30pHl MEXKAY
IIepPeropoAKON U KOPIyCOM TEeIIAOOOMEHHUKA;

II — To ke, Me)Xpy TpyOKaMH U IIepero-
poapkamy; III — OCHOBHOM >KeAaTeAbHBIN ITOTOK
JKUAKOCTH
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[POTUBACHUEM TIACHOK CPEABI, TO BEAMYHMHON %8/A 6€3 GOABIION MOTPeITHOCTH
MOJKHO IIpeHeOpeub; B 3TOM CAyYae

14l pam K=

1 %y
K o; 03 ap+0y

Ecau TennoBoe cONPOTHUBAEHUE OAHOM W3 IAEHOK 3HAYHUTEABHO IIPEBOCXO-
AUT TENAOBOE COIPOTUBAEHUE APYTOM HNAEHKHU U CTEHKH, TO KO3(PUIUEHT Tell-
Aonepepauu OyAeT IPAKTHYEeCKU PAaBEH HAaUMMeHbIIeMy U3 KO3(M(PUIUEHTOB Tell-
AooTaauu. Tak, eCAM o, BO MHOTO pa3 IPeBOCXOAUT d, (a; >> a,), To K = a,,
U, HaoOopoT, ecan o, << a,, To K = .

YacTo AAT IPUOAMIKEHHBIX PAacueTOB MAM KOTAQ HET AOCTATOYHO TOYHBIX
MeTOAOB pacueTa KO3((UIIMEHTOB TENAOOTAQYM O 3HaueHUe Ko3d(pduIreHTa
Tennaonepepadn K HaXOAAT N0 MPAKTUYECKUM AQHHBIM WAU O IPUOAVIKEHHBIM
SMIIUPUYECKUM (DOPMYyAAM M rpadukaM.

HexkoTopble pekoMeHAyeMble AAST NPUOAMIKEHHBIX pacueToOB IIpaKTUYec-
KHe 3HaueHWs Kos(pduuueHTa Temnronepepaun K(B Br/(m? - K)) mpuBeAeHE
HIDKE:

TpyOuaTble >KUAKOCTHBIE TEIIAOOOMEHHUKM.......oevvvviriirieriririiierieierianennns 70—290

[MapoBoli TpyO4YaTEI HarpeBaTeAb:
Harpes >KUAKOTO He(TEeIpOAYKTa.
HarpeB ra3a HU3KOTO AAQBACHHS ..............

... 115—350
...10—60

[MapOAUCTUAAATHBIA TPYOYaTHIN TENIAOOOMEHHUK 115—290
BoasiHOM KOHAEHCATOP:
napoB OeH3WHA B NPUCYTCTBUU rasa.... 115—235
[apoB y3KUX OEH3MHOBBHIX (PPaKIUMH.... 235—465

KunsgatuabHUK, 060TpeBaeMbli:
KOHAEHCUDPYIOIIUMCS BOASHBIM IIapOM ....290—870
KUAKUM He(TeIPOAYKTOM ... ....140—350

KoHAeHCaTOpHI-UCTIaPUTEAMN. .. ...235—580

KpucraarusaTopsel napaduHa...

3HaueHWe TENAOBOIO CONPOTHUBACHUS CTEHKU U 3arpsI3HEHUU OIPEAEATIOT
u3 ypaBHeHu# (XXIL.6) u (XXII.7) KaKk CyMMy OTHOIIEHUSI TOAIIWHBEl CT€HKHU M
3arpsA3HAIONIero OTAOKEHHS O K 3HAUeHUIO X KO3 UIeHTa TeIAOIPOBOAHO-
cTH A.

Huwxe 1npuBepeHBI 3HaueHUs  KO3((UIIMEHTOB  TENAOIPOBOAHOCTHU
A (B Br/(M- K)) AAT HEKOTOPBIX MaTepPHAAOB, HCIOAB3YEMBIX IIPW H3TOTOB-
AEHMU TENAOOOMEHHUKOB, @ TaKKe AASd OTAOKEHHM, 3arpsa3HAIONINX IIOBEpPX-
HOCTB!

CTanb, 9yTyH
Heps>kaBeromas cTansb..
CBuHerl...
AaTyHb ..
AAIOMUHUM..

CepHI/ICTOe XKXenei3o
KOKC..oovvevievieee
Aep,
Hu>ke TIpUBOASATCS CpeAHMe 3HAUeHUsI TEIIAOBBIX COIPOTHUBAEHUN OTAOKE-
uuit, 8/ (B M*- K/BT), HOIBASIONMXCS Ha NOBEPXHOCTH TEIAOOOMEHa; 3THU
MMPaKTUYeCKN HaUAeHHbBbIE 3HAaUEHUE TEIAOBBLIX COIPOTUBACHUI 3arpsisHEHUMN pe-
KOMEHAYETCSI YUUTHIBATE MIPU pacueTe KO3(@UIIMEHTa TelAoIepeAaud Mo ypas-
HeHuto (XXIL.6).
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BOASTHOM TaAD ...oovviviiiiiiciiciciiccc e
BoasHo# nap, copeprKalliuii CAeAbI MacAaa..
Boaa ounrtiennas ..
Bopa ymsArdeHnsas ..
Boaa kecTkasd.....

BensuH..........
T'azoiiab
HedTb 0OeccoreHHad....
HedTb HEOOeccoreHHaH ..
TYADOH ...ccvvviviiiiiiiiiiie
Chol mapaduHa UAM KOKCa

IToBepxHOCTh TemaooOMeHa. [Ipy HM3BECTHBEIX KOAWMUYECTBAX IIE€PEAAHHOTO
TenAa Q, cpepHeM Pa3sHOCTH TeMIIepaTyp Me’KAY TeIAOOOMEeHUBAIOUIUMU CpeAa-
Mu At,, 1 KO3 UIMEHTe TenAomepepadr K IMOBEPXHOCTh TEIAOOOMeHa OIlpe-
AeAdeTcsd U3 ypaBHeHUd

F=—9 (XXIL8)
KAt

YpaBHeHUe CIPABEAAUBO AAS IIAOCKOM CTEHKH, @ TaKXKe AAI TPyO, ecau
TOAIIIMHA CTeHKM MaAa IIO0 CPABHEHMIO C AWAMETPOM. OTHUM JKe YpaBHEHUeM
CAEAYeT IIOAB30BATBECSI U A TPYO C OTHOCUTEABHO OOABIIOM TOAITWHOU CTeH-
KM, HO B 3TOM CAydYae IIOBEPXHOCTb TENAOOOMEHA AOAKHA BBIUUCASITBCS IIO
cpepHeMYy AUaMeTpy d,,, KOTOPBIM OIPEAEASETCS U3 YPAaBHEHUS

L,,LJ,EQ
;O A
T
1 . 1 1 1
a;d;  apdy, 2h  dy

EcAam KO3(pUIMEHT TeNAOIPOBOAHOCTH CTEHKU TPYOBl A AOCTATOYHO
BBICOK (CTeHKa MeTaaAndeckas), a KoauIMeHTH TenmArooTaaum o < 1000, To

BEeAUNHY CpepAHero AaMeTpa OIIPpepAensitOT M3 YPAaBHEeHUd
1,1

d a; Qo
1, 1

oqd;  oady

Haxkoner, ecAn opMH U3 KO3(PUITUEHTOB TEIAOOTAQUU 3HAUUTEABHO IIpe-
BOCXOAUT APYTOM, TO CpeAHUN apuaMmeTp d,, IPaKTUUECKU paBeH BHyTpPeHHeMY
UAM Hapy’>KHOMY AuaMeTpy TpyOrl. Tak, ecanm o, >> a,, TO, IIpeHeOperas BeAU-
ypHamu 1/o0y u 1/0,d,;, moaydaem, uTo d,, = d,; @HAAOTUYHO, ecAr o, << 0, IIO-
Ay4aeM, 4uTo d,, = d;.

TemnepaTtypa CTeHKU TPyObl TEIIAOOOMEHHON MOBEPXHOCTHU. OTa TeMIle-
paTypa BBEIUHCASETCS U3 YPaBHEHUU

by =t~ (XXIL9)
Fou

tey, =t, = (XXIL10)
Fo,

Beamumua Q/F ecTh TenaoBas HaIpSKeHHOCTh IIOBEPXHOCTH HarpeBa, KO-
TOopasd NIpU OOABIION TOAIWHE CTEHKU TPYOBI OyAeT HEOAMHAKOBA AAI HAPYK-
HOU U BHYTPEeHHeU IIOBEPXHOCTEMN TPyO, YTO U AOAJKHO OBITH YUTEHO IIPU MOAB-
30BaHuu ypaBHeHuaMmu (XXIL9) n (XXII.10).
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CpepHuil TeMmMnepaTypHBIM Hamop. B OOABIIMHCTBE NPOU3BOACTBEHHBIX
IIPOLIECCOB TENAO MEPEAAETCd IIPU MePeMEHHBIX TeMIepaTypax OAHOTO WAHU
000MX TENAOOOMEHUBAIOMINXCS NOTOKOB. OUEBUAHO, B 3TOM CAydYae PA3HOCTh
TeMIlepaTyp, UAM TeMIlepaTypHBIM HAIlop, NPOIOPIIMOHAABHO KOTOPOMY Ilepe-
MAeTCs TeIIAO, TakXKe OYAeT BEAWUYHMHOM IlepeMeHHOM, MeHSIoIelcsd BAOAb IIO-
BEPXHOCTH HarpeBa. B CBA3M C 3TUM BO3HUKAET HEOOXOAMMOCTH OIIPEAEAEeHUS
CpepHeN pa3HOCTU TeMIIepaTyp (CpeAHero TeMIepaTypHOTO HAallopa) MeSKAY Tell-
AOOOMEHUMBAIOUIUMHUCS CPeAAMU. DTO CPeApHee 3HaueHHe TeMIIepaTypHOIro Halo-
pa, €eCTeCTBEHHO, 3aBUCHUT OT XapakTepa H3MeHEeHUS TeMIepaTryp IOTOKOB
BAOAB IIOBEPXHOCTH TENMAOOOMEHHOTO allapaTa, KOTOPHIM MoO>XKeT OBITh pas-
ANYHBIM. K Hauboaee XapaKTepHBIM CAy4YasgM OTHOCSTCS: NPSAMOTOK, IIPOTHUBO-
TOK, IIEPEKPECTHBLINM TOK U CMEUIaHHBIM TOK. OCHOBHBIE CXeMBl ABMJKEHMS I1O-
TOKOB, COOTBETCTBYIOIIVE 3TUM CAy4YasM, IPeACTaBAeHHI Ha puc. XXII-29.

ComnocTraBaeHHEe TeMIIEPATYPHBIX PEKUMOB PAOOTEI TEIAOOOMEHHBIX allla-
paToB IIpU HNPAMOTOKE M IIPOTUBOTOKe (cM. puc. XXII-29, a, 6) mo3BOAgEeT OT-
METUTh, UTO IIPU NPSAMOTOKE MaKCUMAaABHBIM TeMIlepaTypHBIM HAllop HaOAIOAQ-
eTCs Y BXOAAQ B TEeIIAOOOMEHHBIU amnIapar; 3aTeM 3TOT Hallop YMEHBIIAeTCs, AO-
CTHras CBOEr0 MMHMMAABHOIO 3HAaUeHUs y BBIXOAA M3 alllapaTa. B mpotusomno-
AOKHOCTB 3TOMY IIPU IIPOTHUBOTOKE TeMIIepaTypHEBIM HAlop O0oAaee paBHOMEPHO
pacIpeAeAdeTcs BAOAB IIOBEPXHOCTH. BCAEACTBUE TAKOTO paclpepeAeHUs TeMIle-
paTypHOrO Hamopa IpU OPSIMOTOKEe IIOBEPXHOCThb TENAOOOMEHA B TEIIAOBOM OT-
HOIIIEeHNM 3arpy’keHa HepaBHOMEPHO; IIPU NPOTHBOTOKE TeIAOBasl HarpysKa sB-
AsdeTcs O0Aee PAaBHOMEPHOM.

a 0
A A
1, L
;2 t] “ t4
/ ) L >

1, L >
0 > F > F >
t, > 1, f, > 1, A \ >
t, >1, 1= A L, L,

0

s e
2 he——— | 1> |
t3 > I ) N -
1, < N1, L > > ’I L
t4 -€ t4 -€ t4 -

Puc. XXII-29. OcHOBHbIE CXe€MbI ABUJKE€HHUSI IIOTOKOB IIPU TENAOOOMeHe:

a — nplEMOTOK; 6 — TPOTHUBOTOK; & — IEPEeKPeCTHHI TOK; & — ABa XOAQ B TPYOHOM MpPOCT-
PaHCTBe U OAMH XOA B MEXTPYOHOM IIPOCTPAHCTBE; & — 4eThlpk X0Aa B TPYOGHOM IIPOCTPAHCTBE U
ABa XOAa B MEXXTPYOHOM IIPOCTPAHCTBE; € — YeThIpe XOAA B TPYOHOM IIPOCTPAHCTBE M OAMH XOA B
Me>XXTPyOHOM IIPOCTPAHCTBE
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W3 rpaduka (cm. puc. XXII-29, 6) BUAHO ellle OAHO Ba>kKHOE AOCTOUHCTBO
IPOTMBOTOKA: KOHEYHAsI TeMIlepaTypa HarpeBaloIelcsl CpeAbl MOJKET OBITh BHI-
IIe KOHEYHOM TeMIIepaTypPhl OXAAKAQIOWIEHCS CpPeABl. IOTO OOCTOSATEABCTBO
II03BOASIET IIPU pereHepalyy Temaa OOeCIeYUTh OOAee BHICOKUM IIOAOTPEB Ha-
TpeBaeMoOM CpPeABl, a IIPHU OXAKAEHUU CHU3UTH PACXO0p OXAAKAAIOUIEro areHTa
U IpU TOM JKe ero pacxojpe MOHU3UTH KOHEUHYIO TeMIIepaTypy OXAa’KAaeMOTo
IIPOAYKTA.

Takum obpazom, obecrnedeHne NMPOTUBOTOKA B TEIMAOOOMEHHOM alllapaTe
SIBASIETCSI JKeAaTeAbHBIM, OAHAKO YacTO C IIeABIO YIIPOIIeHUs KOHCTPYKIIUM all-
rapaTa M IO HEKOTOPBIM APYTHM HIPUYMHAM IIPUXOAUTCS IPUMEHSTb U APyrue
CXeMbl TeIAOOOMeHa.

INMpu npgaMOTOKe MAM IPOTUBOTOKE CPEeAHHU TeMIepaTypHBIM Halop oIpe-
AEASETCI U3 CAEAYIOILIEro YpaBHEHUS:

Aty - At
ty = ——, (XXIL11)
Aty
2,31g—
At
rae Aty m At, — COOTBETCTBEHHO OOABIIAs M MEHBIIAs PA3HOCTH TEMIIEPATYP,
paBHbIE

pU MPSIMOTOKE
Aty = t, — t, u At, = t, — t,;

IIPU TTPOTUBOTOKE
Aty = t, — t,m Aty = t, — t,.

[Tpu npoTMBOTOKEe OOABIIAsA U MeHbINas Pa3HOCTU TeMIepaTyp MOTYT
OBITH M Ha MMPOTUBOIIOAOJKHBIX CTOPOHAX TENAOOOMEHHUKA, T.e.
Aty =t, — t,u At, = t, — t,.

Ecam Atg/At, T < 2, To ¢ ommbKOM, He TpeBbIMaOIen 4 %, CPpeAHUH TeM-

IIepaTypHBIA HANOP MOJKeT OBITh BBIYMCAEH KaK CpPEeAHA apu@MeTHYecKas
BeAMUMHA:

t., = Aty +AL, /2.

Ecan B MeXXTpyOHOM HNPOCTPAHCTBE TENAOHOCHUTEABL AEAQET OAMH XOA, a B
TpyObHOM ABa (cM. pmc. XXII-29, d), mam B MeXTpyOHOM IIPOCTPAHCTBE ABa
X0Ad, a B TpyOHOM deTkipk (cMm. pumc. XXII-29, &), wAM, HAaKOHEI[, B MeX-
TPyOHOM NPOCTPAHCTBE OAVH XOA, @ B TPyOHOM dYeThIpe (cM. puc. XXII-29, e),
TO CpeAHSsd PAa3HOCTL TeMIlepaTyp MOJKeT OBITh BBIUMCAEHA TaKKe IO ypaB-
HeHuto (XXII.11) ¢ TOM AMIIb pa3HUIIEN, UTO BEAUUNHEl Al; U At, OYAyT UMETh
ApyTHie 3HaUYeHUsl.

CoraacHo uccaepoBanusam npod. H. M. BearokoHs, B 3TOM caydae

Aty=0,, +1AT;
2

M aT

At. =0 - LAT
2

rae AT — xapaKTepuUCTHYeCKass Pa3HOCTb TEMIIePATyp,

[ 2
AT =, (At +At) - 4pAtar,

\
At =t — b At = t, — 15
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0., — cpepHsiga apudMeTHyecKassh Pa3HOCTh TeMIIepPaTyp OXAAXKAQIOIIETOCS U
HarpeBaloIerocst MOTOKOB,

0 = b+ty I3+l
aT 2 2 '
P — UWHAEKC IIPOTUBOTOYHOCTH, ONIPEAECASIONIAN AOAIO IIPOTUBOTOYHOM YaCTHU

IIOBEPXHOCTH HarpeBa; AASI PAa3AMYHBIX CAy4aeB TeAOOOMeHa IIPUHUMAaETCs
CIIPaBOYHOE 3HaueHMNe 3TOM BeAWUMHHI.

B uwactHOCTH, AAT cxeM (cM. puc. XXII-29) uHAEKC TPOTHBOTOYHOCTH P
paBeH: 0,5 aast cxemsbl &; 0,9 aast cxemnul &; 0,45 anst cxembl e; 0,98 AAsT cXeMBl
a

Ilpum ompepenreHUM CpepHEM PA3HOCTH TeMIIEpaTyp AAI CMELIAHHOTO U
IIepeKPeCcTHOTO TOKOB MOJKHO MCIIOAB30BaTh YpPaBHeEHUE

At., = eAt,,
rae At,, — BbIUHCAsdeTCS O ypaBHeHHIO (XXIL11) AAst cXeMBI NPOTHBOTOKA;
€ — KO3(pdUIUEHT, 3aBUCAIIUN OT CXeMbl ABWKEHHUS TENAOHOCUTEAS U

onpeAeAsieMBbIM MO TrpaduKaM ¥ MEeTOAWKE, W3A0KEHHBIM B CIPAaBOYHOM
AUTEpAaType.

AUATD E bACxAO NENOAT U DAAATADAOEE OATEA

TAOOATAPADAAAOUAABUED ONOATTATE

[Tpu pacueTe pereHepanuu TenAa Ha HedTerazomepepabaThIBa-
IOlllell YCTAaHOBKE HEOOXOAMMO BHIOPATH TPEAEA BBITOAHOCTU pereHeparuul Tel-
Ad U PaCIpPEAEAUTh TTOBEPXHOCTH TENAOOOMEHa MEXAY OTASABHBIMHU MOTOKAMH,

TENAO KOTOPBIX HUCIOAB3YETCH.

O6bmue coobOpa’keHUsl, KOTOPble IIPU 3TOM CA€AyeT IIPMHHMATh BO BHUMaHUE, CBOASATCI B
OCHOBHOM K CAEAYIOIIeMYy:

1. I'lpu NOBBIIIEHUN CTENIEHU PereHepaluyu TellAa AAS HarpeBa MCXOAHOTO CHIPbSl YBEAWYMBA-
eTcsl ero TeMIlepaTypa Ha BXOAe B TpPyOdYaTyIO Iedb (€CAM OHAa BXOAUT B COCTaB YCTAHOBKWU), B CBA3H
C yeM COKpallaeTcsl pacxXop TOIAMBA U YMEHBIIAIOTCS pa3Mephl TpyodaTol meun. OAHAKO IPU IO-
BBIIIIEHUN TeMIIePATyPHI CHIPbs, IIOCTYIAIONIEro B IIeUb, YBEAMYMBAETCA TEMIIEPATypPa YXOAALIUX ABI-
MOBEIX T'a30B, B pe3yAbTaTe 4ero Koa(p@UIueHT MOAe3HOrO AeMCTBUS Ileurd CHU’KAeTCs.

AAST UCIIOAB30BAHUS TeIAd YXOAAIIUX ABIMOBBEIX Ta30B U B OCOOEHHOCTHU IIPU IOBBIIIEHHOM
KX TeMIlepaType HIIAPOKO NPUMEHSIOTCS KOTABI-YTUAM3ATOPEI, CAY’KAlle AAS IOAYYEHHS BOASHOTO
napa.

OKOHOMUYECKH OIpaBAAHHAS CTelleHb pereHepaluy TellAa 3aBUCUT OT CTOUMOCTH U AedH-
LUTHOCTU TOIIAMBA: YeM BBIIIe CTOUMOCTBH TOIIAUBA, TeM OOAee ONPAaBAAHHBIM SBASETCS IIOBBIIIe-
HHe CTelleHU pereHepaluy TellAa.

2. Ipu ycuaeHUM pereHepaluy TelAa HEOOXOAUMO YBEAUUUTH IOBEPXHOCTH TENAOOOMEHHBIX
annapaTos, IPUYeM He IPOIOPIMOHAABHO KOAMYECTBY PEreHePUPOBAHHOIO TEIIAd, d IIPOTPECCHB-
HO. OTO OOBSACHSIETCA TeM, YTO IpHU OOoAee MOAHOM pereHepalluy TelAd CHHU’KAeTCSI CPEeAHUM TeM-
nepaTypHBIM HAIOpP; IIPU 3TOM MHOTAA YMeHbIIaeTcs U KOd(MUIUEHT TeIAOLepeAQuH, UTO SIBASIET-
Csl CA€ACTBHEM OOABLION BSI3KOCTH IIOTOK&, TEIIAO KOTOPOTO pereHepupyeTcs.

M3 mpakTHKU JKCIAyaTallMM TeNAOOOMEHHBIX alllapaToB Ha HedTerasonepepabaThIBAIONIAX
3aBOAAX CAEAYeT, UYTO 9KOHOMUUYECKH ONPABAAHO OCYIECTBASITL HarpeB CHIPbSl B TEIAOOOMEHHUKAX
[IPY TEMAOBOM HAMPSIKEHHOCTH A0 2300 BT/M? 9TO COOTBETCTBYeT MUHMMAABHOMY TEMIIEpaTypHO-
my manopy Af, = 15+20 °C.

[pu yBeAMYeHUM pereHepalluM TellAa COKpalllaeTcs IOoTpeOHas MOBEPXHOCTb XOAOAUABLHU-
KOB, @ B HEKOTOPHIX CAydYasdgX MOJKHO OOOUTHUCH 6e3 UX IPUMEeHEeHHUs.

Hcnoab3oBaHHe TeNAa MapoB, OCOOEHHO KOHAEHCHUPYIOUIUXCS NPH CPABHUTEABHO BBICOKHX
TeMIlepaTypaxX, B TEIIAOBOM OTHOIIEHUU Ilerecoob6pasHo. OAHAKO BO MHOTHUX CAyYasX yCTaHOBKA
MIAPOAUCTUANITHEIX TEIAOOOMEHHUKOB SIBASIETCSI HEOIIPABAAHHOU BCAEACTBHE MHTEHCHUBHOU KOPPO-
3UM 3THX aNlapaToB. VICIOAB30BaTh TEIIAO JKUAKUX IIOTOKOB IleAeCcOOOpPa3HO B TeX CAydYasix, KOTAA
TeMIlepaTypa U KOAMYECTBO IIOTOKA AOCTAQTOYHO BEAMKHM, T. €. UMeeTCs OOABIION 3amac TeIAq,
00eCIeynBaoIIUi 9KOHOMUYECKH OIIPABAAHHBIM TeMIIePATYPHBIM HAIlOP B TEIIAOOOMEHHOM alllla-
parte. B psipe caydaeB M OCOOEHHO Ha YCTaHOBKAX, OOAAAQIOLIMX BBICOKOW IIPOM3BOAUTEABHOCTHIO,
BBITOAHO OCYIIECTBASITH HarpeB CBHIPbS B TEIIAOOOMEHHHKAaX ABYMSI-TpeMs IaparAeAbHBIMU
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IOTOKaMU. OTO TI03BOAseT OoAee IIOAHO MCIOAB30BaTh TEIAO IIPOAYKTOB IlepepabOTKU U
00€eCIeYnTh THAPaBAWYECKOEe COIPOTHBAEHUE IIOTOKAM TEeIAOOOMEHHBAIOIIUXCSI Cpel B JKOHO-
MUYeCKHU OIPaBAAHHBIX IIPEAEAax.

Pereneparusi Temnaa OCTaTKOB, CHUABHO 3arpsi3HEHHBIX B3BEUIEHHBIMU YaCTHUIAMU, HEIeAeco-
o6pa3Ha B TeX CAydYasX, KOTAQ 3TH YaCTHUIILI BCAEACTBHE HU3KOM CKOPOCTH IIOTOKa WAU IO APYTHM
IIpUYMHAM OTAQralOTCs Ha IOBEPXHOCTU TEeNAOOOMeHa, YTO CHHJKAeT TEeNAOBYI0 3(P(eKTHBHOCTH
ammapara.

Takum o6pa3oM, SKOHOMUYHOCTL pereHepaluy TellAd 3aBHUCHUT OT OOABIIOro dYHcAa (ak-
TOPOB, Y4eCTb KOTOpPHIE OAHO3HAUYHO He IIPEACTABASIETCS BO3MOJKHEIM. [loaToMy pacuyeTHoe pe-
IIIeHWe 3TOM 3aAauu OOBIYHO CBOAUTCS K IIpOpabOTKe HECKOABKHMX BO3MOJKHBIX BapUaHTOB C
IIOCAEAYIOIINM BEIOOPOM ONTHMAABHOIO Ha OCHOBE TeXHUKO-JKOHOMUUYECKHX II0Ka3aTeAel.

AASL pereHepanuy TellAa MCIIOAB3YETCS TEIMAOOOMeHHas allapaTypa Pa3AWYHBIX THUIIOpa3-
MepoB, COOTBeTcTByIoasa AercTByromum 'OCTam.

[lpu pacuere pereHepanyy Telra HEOOXOAWMO, MCIOAB3YS TEXHHKO-DKOHOMHUUYECKHe IIOKa-
3areAr, 0OOCHOBATh HE TOABKO BBEIOOP CTAHAAPTHOM KOHCTPYKIIMU allllapaTa W ero pa3Mephl, HO U
THAPOAMHAMUYECKUM peXuM paboTbl. HeoO6XOAMMO y4ecTb, YTO IOBHIIIEHHE CKOPOCTH TEIA000-
MEHHBAIOIIMNXCS IIOTOKOB, obecrneymBaeMoe BEIOOPOM COOTBETCTBYIOIIErO alllapaTa HAM yBeAnde-
HHUeM 4YHCAAa XOAOB B HeM, ITO3BOASIET UMeTh BBICOKME KO3((MUIIMEHTE TelNAONepeAady, yMEHBIIUTh
IIOBEPXHOCTDb TEIIAOOOMEHa, a CAeAOBATEeABHO, U 3aTPaThl Ha NPUOOPETEeHHEe U COOPY’KEeHHEe TeIAO-
OOMEHHUKOB, HO IIPU 3TOM BO3pacTaeT I'MAPABAMYECKOE CONPOTHBAEHHE, UYTO YBEAWUHWBAET PACXOA
S5AEKTPO3HEePTUy Ha IlepeMellleHue ITOTOKOB uepe3 allaparT, T.e. YBeAWYMBAIOTCS 3KCIIAyaTalllOH-
HBIE 3aTPaTHL.

OKOHOMUSI KaIUTaAbHBIX 3aTpaT, OOyCAOBAMBAEMEIX YMEHBIIEHHEeM IIOBEPXHOCTH TeIA000-
MeHa, OIIpaBA@Ha TOABKO B TOM CAydYae, KOTA@ OHA He IIpeBHIIIaeT BO3POCHIMX 3aTpaT Ha
IAEKTPOIHEPIru0. DKOHOMUYECKH OOOCHOBAHHBIM BHIOOP TENAOOOMEHHOTrO ammapara BO3MOXKEeH
TOABKO IIPY WCIOAB30BAHHHU METOAA CPaBHEHHs NPUBEACHHBIX 3arTpar 3., A pelleHHs Takou
3aAa4M PEKOMEHAYETCsI CAeAyIolas METOANKA OIPEAEACHUs IPUBEACHHBIX 3aTpart:

3 = Co®y + Z,, + Z

rae Cj, — KO3(MULMEHT, YINTHIBAIOMMY PasMep aMOPTHU3AIMOHHBIX OTYMCACHUI, 3aTpaThbl IO Te-
KylleMy PEeMOHTY U IIAATy 3a IPOM3BOACTBEHHEBIE (DOHABI (00brYHO npunHuMator C, = 0,428); @, —
IIepBOHAYaAbHAsE CTOMMOCTb OCHOBHBIX (DOHAOB IIO TEIAOOOMEHHBIM alllapaTaM B PYOAsX,
BKAIOYAIOIasg CTOMMOCTb CaMOTO alllapaTa, TPaHCIIOPTHO-3arOTOBUTEABHBIE PACXOABI I CTOMMOCTH
MOHTa)XHEIX pabor; Z,, wu Z,, —TOAOBEIe 3aTpaThl Ha OSAEKTPOJIHEPTHIO, PACcXOAYEeMYIO AAS
IIPEOAOAEHUST THAPaBAMUYECKUX COIPOTHUBAEHUM uYepe3 COOTBETCTBEHHO TPYOHOe M MeXTpyOHOe
IIPOCTPAHCTBA.

9.H!

OTETAEEUTEETA, TADTAENOEEEROTUO

PAAATAPAOTDTA E EPENOAEEECAOTPTA

TNTAATTTNOE D
1

Belllle OBIAM  HM3A0KEHBL OOIHWe IIOAOKEHHS II0 pacueTy
MIOBEPXHOCTHBIX TeIIAOOOMEHHBIX alllapaToB, Ha OCHOBE KOTOPBIX PaccMOTpe-
HBI HEKOTOPHBIEe OCOOEHHOCTH pacyeTa IIePeYUCAEHHBIX alllapaToB. OTUMH OCO-
OEHHOCTIMU IBASIOTCS CBOeOOpPa3HOe U3MeHEeHNe TeMIIePaTyphl IOTOKA U YCAO-
BUMI TENAOOTAQYU (pasamure B KO3(P(UIIMEHTe TENAOOTAAYM () BAOAL IIOBEPX-
HOCTU TeIIA0OOOMeHa B 3aBMCHMOCTU OT TOTO, IIPOMCXOAUT AW Ha AQHHOM y4acT-
Ke OXAakKAeHUe NapoB, UX KOHAEHCAIUS UAU OXAAKAEHUe KOHAeHCAaTa.

PaccMoTpuM 0COOEHHOCTH pacueTa 3THUX aNlapaTOB AAS HEKOTOPBIX Hau-
OOonee TUNIMYHBIX M PacIpPOCTPaHEHHBIX B IPAKTHKe HedTelepepabaThIBaIOIIel
IIPOMBIIIAEHHOCTUA CAy4YaeB, KOTOPBIE AQIOT BO3MOJKHOCTE YACHUTEH OOINe IIpHU-
eMbl pelleHUs TOAOOHBIX 3aAad.

B ob1iieM caydae B KOHAEHCATOP-XOAOAUABHUMK IIOCTYIIAIOT Iaphkl B Ilepe-
rpeToM cocTosiHUM. [Ipu 3TOM B amnmnapaTe MMeIOTCS TPHU Pa3AUYHBIE 30HBI, B
KOTOPEBIX IIPOUCXOAAT CAeAyrolire mpolecchl: 30Ha l. Ileperpetrele mapsl OX-
AQKAQIOTCS AO TeMIlepaTyphl Hadana KoHAeHcanumu. 3oHa II. Tlapel KOHAEH-
cupytorcd. 3ona III. OxaraKpeHUe KOHAEHCATa.

Ecan KOHAeHCUpYyIOUIUE Mapbl NPEACTABAIIOT COOOM HMHAUBUAYAABHOE Be-
LI[eCTBO, a Ilepelap AABAeHMS B 30He KOHAEHCAIIUM HeBeAUK, TO TeMIlepaTypa
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KOHAEHCHUPVYIOIIUXCS IIapOB OCTAHETCSI MOCTOSHHOM A0 MX IIOAHOM KOHAEHCa-
IHU.

Ecan >Xe KOHACHCHUDPYIOIIMECS IIapbl IIPEACTABASIOT COOOM MHOTIOKOMIIO-
HEHTHYIO CMeChb HUAU Ilepellap AABAEHMS CYIeCTBEHeH, TO B 30He KOHAeHCAllUuUu
OyAeT HaOAIOAATHCS NMOHMW)KeHHe TeMIepaTyphkl BAOAB IIOBEPXHOCTH TEIAO0O0O-
MeHa.

ITopOOHEIN XapaKTep H3MeHeHUs TeMIlepaTypbl B KOHAEHCATOPax-XOAO-
AUABHUKAX Xapakrepusyercd rpagukom (puc. XXII-30), U3 KOTOPOTO CAEAYeET,
4TO M3MEHEeHHe TeMIlepaTyp PAa3AUdYHO, IO3TOMY AAd OOAee TOUHOrO pacdera
HAAO ONPEAEASITh CPEAHUU TeMIIePATyPHBINM HAIOP AAA KaXKAOU 30HBL B OTAEAb-
HOCTH.

Pa3AuyHEBEI TaK)Ke M YCAOBUSI TeIIAOOOMEHA: OOBIYHO AAS 30HEI I, rae ox-
AQKAQIOTCS IleperpeTble Maphl, KO3(M@MUIIUEHT TeIAOIlepepauud HMeeT Oonee
HU3KOe 3HaueHUe, 4eM B 30He, TAe IIapbl KOHAeHcupyrorcd. KoaddunmenT Tten-
aonepepauu B 30He Il mMeeT OOBIYHO MPOMEKYTOYHOE 3HAUYEHUE.

B cBa3u ¢ pasanumeM B TeMIIEepAaTypHOM HAIloOpe U KO3(MPUIMEHTe TeIAO-
OTAQUU pacueT IIOBEPXHOCTH KOHAEHCATOPA-XOAOAMABHUKA HeOOXOAMMO BECTH
M\ST KaKAOU 30HBI B OTAEABHOCTH, MCIIOAB3YS AASI 3TOTO OOlllee ypaBHeHUe
TeNAOIIePepAaYH

Q. Qu . Q
Fi= L i Fi= " IFIII=—HI '
KiAtep KnAtepy KmAlcpy
rae K, K u K;;; — KO3(p(pUOUeHTEl Tenaolepepadd COOTBETCTBEHHO AAA I, 1T u
I zom; Aty , Aty u Aty — CpPeAHHe TeMIepPaTypHBIe HAMOPBI AAS ITHUX JKe

30H.
OO01ag NoBepXHOCTH anmapara

F=F + F; + Fy.

KoanuecTBO Temaa, OTBOAMMOTO B Ka>KAOUM 30HE, OIPEAEASeTCS U3 BhIpa-
SKeHUM

Q=cfr,-11,,)-66, 11}

Q= G(HtH.K - hzn.K );
1t
L
£
4 \ — tux
t"\t’\ tz
L
3onal | 3onall | 3ona lll
_ 1 b | F
Puc. XXII-30. TpadmK TeMmIepaTypHOrO peKuMa Fl F” I';”
KOHAEHCATOPA-XOAOAUABHUKA

609



QIlI = G’(htnlK - htz ) = GC}K(tﬂK - tZ)
O0611ee KOAMYECTBO OTBOAMMOTO TeIAd

Q=0 + Q; + Q.

CnocoOBl oOIpepereHUs TeMIepaTyphl Hadard KOHAEHCAUM MapoB f,, U
IIOAHOM UX KOHAEHCAIMU f,, PaCCMOTPEHHI B IIPEAIIeCTBYIOIINX 'AaBax.
TeMnepaTypa OXAa’KAQIOLIEro areHTa (BOABI) B HadaAe WM KOHIle 30HBI I
onpepeAsdeTcs U3 OOIIMX YpaBHEHUN TENAOBOTO OanaHCca:
QIH
t'=t,+—;
B
Q_,
=t, )
G

B B

t"=t'+

OOmuil pacxop BOABEL B KOHAEHCATOPE-XOAOAUABHUKE

Q

G =

. )
ty=13

CpepHUM TeMIIepaTypPHBIM HAIlOp B Ka’KAOM 30HE OIIPEAEASIeTCS IO ypaB-
Henuto (XXII.11). AAg Ka>KAOW 30HBI OMPEAEASIOTCS TakkKe U KOd(PPUITUEHTH

TeIIAoIlepepAadn.
,A/\SI KOHAEHCATOPOB-XOAOAUABHUKOB, B KOTOPBI€ IIOCTYIIAIOT IIAPbl B Ha-
CBIIIEHHOM COCTOAHUWH, PACCMATPUBAIOT TOABKO AB€ 30HBI — KOHAEHCAIIlUU U

OXNAKAEHUSI KOHAeHcaTa. AAS KOHAEHCATOPOB Ta3a, HaXOAANIETOCS II0A AAaB-
AeHHeM CBOMX HACHIIIEeHHBIX IIapoB, OyAeT OTCYTCTBOBaTh 30Ha IlII, rae mpo-
UCXOAUT OXAaKAeHHe KoHApeHcaTa. OHa HCKAIOYAeTCS TaKykKe AAS KOHAeHCaTo-
POB-XOAOAUABHUKOB NPU HEMOAHOU KOHAEHCAIIMM MCXOAHOTO TIOTOKAa (HaIpu-
Mep, CMeCh IapOB OeH3WHA U ra3a YCTAHOBOK KATAAUTHUUYECKOTO KPEKHMHTA).

Ha medTenepepabaTHIBAIONINX 3aBOAAX OOABIIOE PACHPOCTPAHEHUE IIOAY-
YUAM KOHAEHCATOPBI-XOAOAUABHUKY, B KOTOPhIE IIOCTYIaeT CMeCh He(TIHBIX U
BOASIHBIX TIApOB, HMpuueM HeTsAHbIe Mapbl HAaXOASATCS B HACHIIIEHHOM COCTOS-
HUU, & BOASHBIE TTapbl — B IeperpetoM. AAsl TaKUX KOHAEHCATOPOB-XOAOAUAL-
HUKOB PAa3AWYAlOT CAEAYIOIHe OCHOBHBIE 30HHI 30Ha I. HacTuyHasd KOHAEHCa-
nug He(TAHBIX IIapOB A0 TEMIEPAaTyphl, COOTBETCTBYIOIIEM Hadary KOHAEHCA-
WU BOASHBIX NAapoB. 3oHa II. CoBMecTHass KOHAeHcCAUusa He(PTIHBIX U BOASIHBIX
mapoB. 3oHa Ill. OxaakpeHTe KOHASHCATOB.

B 30He I mo Mepe KoHAeHcanuu He(TSHBIX IIapOB TeMIlepaTypa IOTOKa
TIOHU>KAETCST U MapliuaAbHOEe AABAEHUE BOASHBIX ITAapOB ITOBBIIIIAETCS BCAEACTBUE
YMeHBIIeHNs O0IIero KOAN4eCcTBa NapoB 3a CYeT YaCTUYHOM KOHAeHCalum Hed-
TAHBEIX NIapOB. OTO OOCTOATEABCTBO HEOOXOAMMO MMEThb B BUAY IIPU OIIPEAEAe-
HUU TeMIlepaTyphbl Hauyara KOHAEHCAIIUY BOASHBIX IIapOB.

TemIepaTypHBIN pe’KUM TaKOTO KOHAEHCATOPA-XOAOAUABHUKA AOAKEH OIl-
pPeAeAsThbCs Ha Oa3e OOIIEeTIPUHATHEIX METOAOB.

I[Mpu UCTIOAB30BaHUM TPAKTUUECKUX AAHHBIX MO KO3 UIlMeHTaM TeImmAo-
OTAQUU AAST KOHAEHCATOPOB-XOAOAUABHUKOB TTOBEPXHOCTH TEMAOOOMEHa MO’KeT
OBITE paccuuTaHa Oe3 ee TOAPA3AEAEHHSI Ha OTAEABHBIE 30HBEI IIO OOIIEMY
YPaBHEHUIO TENAONIEpPeAQYd, OAHAKO TAKOM pacueT MeHee TOYEeH.

3acAy’KMBAIOT BHUMaHUS TaK)XKe OCOOEHHOCTH pacyeTa INapOAUCTUAASITHBIX
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pereHepaTopoB TellAQ, LIMPOKO I[PHUMEHdeMBIX B IIPOIeccaX CeAeKTUBHOMU
OUMCTKM U Aellapa(duHU3AIMM MaceA. B 3Tux amnmaparax TeOAO YaCTUYHOU HAU
IIOAHOM KOHAEHCAITUM IIapOB HCIIOAB3YEeTCSI AAS HarpeBa M 4aCTUYHOTO HCIape-
HUS XUAKOCTU. [IpuHITUNIMaAbHAA cXeMa IIOAOOHOTO amlapaTra C COOTBETCTBY-
IOIUMHK 00O3HaueHUAMHU ToKazaHa Ha puc. XXII-31. CoraacHo 3ToM cxeMme B
TENAOOOMEHHBIM anllapaT IIOCTYINalOT IIOTOK HACHIIIeHHBIX IIapoB G, SABAd-
IOIIUXCSI TENAOOTAQIOIIEN CPepAOM, M IIOTOK >XUAKOCTH G, C TeMIeparypou i
KOTOpad MeHBbIIle TeMIIepaTypbl Hadard OAHOKPATHOTO MCIAPEHUd 3TOU KUA-
KOCTH. B pesyabraTe TemrooOMeHa B TaKOM almapare MOYKeT IPOU30UTHU
YacTUYHas UAU NIOAHAs KOHAeHcanus IapoB () C IOCAEAYIOUIMM OXAaKAeHHEM
KOHAEHCaTa (B CAy4Yae IOAHOM KOHAeHcanuwu). Ilpm sToM HarpeBaeMBI IIOTOK
G, 94aCTUYHO WAU THOAHOCTBIO UCIAPSETCS C BO3MOJKHBIM IIOCAEAYIOIINUM Ilepe-
IPEBOM NIApPOB B CAy4Yae IIOAHOTO UCHAapeHUs KUAKOCTH.

B0O3MO>XHOCTh YaCTUYHOU UAU IIOAHOU KOHAEHCAIIUM IIapOB, a TaKKe CTe-
IIeHb UCIapeHnsa UCXOAHOU >KUAKOCTHU IIPEAOIIPEAEASIOTCS TEIAOBBEIM OaraHCOM
U 3aBUCSAT OT COOTHOIIEHUS Macc IMOTOKOB G; u (G, 3HaAueHUY CKPHITHIX Tell-
AOT UCHapeHus U KOHAEHCAIIUM, Ha4aAbHBIX TeMIIepaTyp M APYTHX (PaKTOPOB.

B nmpakTuke HedTerazonepepaboTKM HauboOAee YaCTO UCIOAL3YeTCS IIPO-
IIeCcC YaCTUYHOM KOHAEHCAIIMM I1IapOB U HCIAPEHUSA KUAKOCTHU. DTOT CAydYall U
paccMaTpuBaeTcss HUKe. MeTOAUKa MOAOOHOTO pacyeTa MOKeT OBLITh MCIIOAB30-
BaHAa U AAS APYTHUX BO3MOJKHBIX YaCTHBIX CAydaeB. PacueT mopOOGHOTO ITapOAHMC-
THUAAITHOTO pereHepaTopa HEOOXOAUMO BEeCTH C YYeTOM ABYX 30H, OTAMYHBIX
IO YCAOBHUSIM TENAOOOMEHaA.

B 30He | HarpeBaeMasa cpepa HaXOAUTCS TOABKO B JKMAKOM COCTOSHUM, IIPHU
3TOM ee TeMIlepaTypa M3MeHSeTCs OT HaYaAbHOTO 3HAueHUs [; A0 TeMIlepaTyphl
Havyara OAHOKPATHOTO ucnapeHusd t,,. AAd 5TOM 30HBI XapaKTepHO Ooaee pes-
KOe IIOBBIIIEHNEe TeMIIEPATyphl IOTOKa. B 30He Il >)KUAKOCTB HCIIAPSETCS U IIO-
3TOMY TeMIlepaTypa MOBHIIIAeTCs MepreHHee. [ToMUMO pa3auuusi B XapaKTepe
U3MeHeHUs TeMIlepaTyp, 3TU 30HBI OTAMYAIOTCS TaK)Ke II0 YCAOBHUSIM TEIAO0O0O-
MeHa. B 3o0He | KO3 (pULEeHT TEIAOOTAQYUU OT CTEHOK K HarpeBarolIeNCs KUA-
KOCTH OyA€eT, Kak IIpaBUAO, MeHbIlle, 4eM 30He I, B cB43u ¢ OOAee UHTEHCUB-
HBEIM TEIAOOOMEHOM IIPHU HCIApeHUM JKUAKOCTH. UTO KacaeTcsa XapakTepa H3-
MeHEeHMs TeMIIepaTyp I'PeIollero MoToKa OT {; AO f,, TO B AQHHOM CAy4ae OH OA-
HOPOAEH Ha MPOTSKeHUM BCel MOBEePXHOCTU TEIAOOOMeHa, TaK KakK Ha AI0OO0M
y4acTKe anmapara IPOUCXOAUT TOABKO KOHAEHCAIIUS IIapoB.

0
t
a 4 r
1,

[}

4 \ tH.“
Puc. XXII-31. Cxema (3) m 3ona Il 3onal N,
rpagpuK  TeMIepaTypHOro
pexuma (4) mapoaucTHA- F
ASITHOTO  TE€IAOOOMEHHOTO E, F,
amnmapara > >
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HMHorpa ¢ meAbl0 yBeAMUEHMSI TeMIIePATypHOTO HAlopa CO CTOPOHBI I'pelo-
IIIero IOTOKa UCKYCCTBEHHO IIOAAEP KUBAIOT IIOBHIIIEHHOE AABACHUE W 3TUM IO-
BEBIIIAIOT TeMIEPAaTypHL ) U I,

[lepeiipeM K COCTABAEHMIO TEIIAOBOTO OanaHca AAS BCEro amnapara U AAG
Ka>kKAOU 30HBI B OTAEABHOCTH. KOAMYECTBO TeIAd, BBIAEASIEMOTO MPHU OXAAKAE-
HUM notoka G; OT TeMIepaTypsl f; A0 f{, U YaCTMYHON KOHAEHCAIlUM MapoB,
OIpepeAdeTcsd U3 YPaBHEHUS

Q, = Gl(Htl - H;M) - Gl[Htl ~eH, ~(1- e1)ht2],

TA€ €, — AOAS HECKOHAEHCHPOBABIIMXCS MAPOB HAa BHIXOAE U3 TEIAOOOMEHHOTO
anmapara mopu Temmneparype t; H,, H, u h, — COOTBETCTBEHHO 3HTAABLIINU
IapOB U JKUAKOCTH NpH TemIeparypax i u f; H;' — oHTarbmus cmecn

IIapoOBOM U >KUAKOM (has.
KoandecTBO Telna, BOCIPUHUMAEMOTO HArpeBaIOIIUMCS IIOTOKOM,

Q = GHY - )= GQ[eQHM +(1-e)h, - hts].

TAe e, — AOAd IIapOB, OOPA30BABIIMXCS Ha BBIXOAE M3 TEMAOOOMEHHOTO all-
napaTa npu remmeparype t,; H, h, n h, — COOTBETCTBEHHO SHTAABIIUU NAPOB
U JKUAKOCTHU IIPU TeMIlepaTypax t, u is.

C ydYeTOM IIOTephb TeIAa OOINWM TEIAOBOM OAAQHC BBEIPAKAETCS CAe-
AYIOIINUM ypaBHEHUEeM:

Om = @,
nam
G1[Ht1 ~eH, -(1- el)h,z]n - Gz[eZHt4 +(1-e)n, - htg]. (XXIL12)

I[Npu pacueTe TeNmAOOOMEHHOTO amnapaTra OOBIYHO WM3BECTHBI KOAWUYECTBAa
TENAOOOMEHMBAIOMINXCS MOTOKOB G, 1 G, M UX HaYaAbHBIE TeMIIepaTypHl ; U
t,. B pe3yabTaTe pacueTra AOAKHEI OBITH OIIPEAEAEHBI KOHEYHEBIe TeMIIepaTypHl i,
U t, ¥ COOTBETCTBYIOIME UM 3HAUEHHUS e; U e, [IopsIAOK pelleHUsl IPUBEAECHHO-
ro BBIIIe YpaBHEHHS TENAOBOrO OaraHCa CBOAUTCS K CAEAVIOIIeMY. 3aAaloTCs
OAHOM M3 KOHEUHBIX TeMIIepaTyp f, UAU t,, OIPEAEASIOT COOTBETCTBYIONINE 3TOM
TeMIlepaType U paboueMy AABAEHUIO B TEIIAOOOMEHHOM alllapaTe 3HaUYeHUs e,
UAM e, TIOACTABASIIOT UX B ypaBHeHUe TellAOBoro OaraHca (XXII.12) u ompepens-
IOT W3 HEro 3JHTAABIIMIO IIOTOKa COOTBETCTBEHHO IIPW TeMIlepaType f, (ecam
3aAABAAUCh TEMIIEPATYPOU L,):

HE' =e,H, +(1-e,)h,
WAM [P TeMIepaType t, (eCAU 3aAaBAaAKCh TEMIIEPaTypo t,):
HE' =eH, +(1-¢)h,.

[Mo HalipeHHOMY 3HQUEHWMIO SHTaAbIMA H," wmam HJ' onpeaeasior coor-

BETCTBYIOLIYIO TeMIIepaTypy f, uau t, Mickomasa TeMmeparypa f, UAU t, He MOJKeT
OBITHL HalipAeHa OAHO3HAUHO, TaK KaK 3HaueHMe SHTAABIIMM 3aBHUCUT KaK OT TeM-
IepaTypel, TaK U OT AOAM OTTOHA e. B CBSA3M C 3THM NOAOOHYIO 33pady yAOOHO
peliats rpauyeckuM myreM. AAG 3TOTO 3aAAIOTCA ABYMs UAU TPeMsl 3HAYeHWsd-
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MU MCKOMOU TeMIIepaTyphl, IPU 3TUX TEMIIEPATypaxX ONPEAEASTIOT AOAI0 OTTOHA
U DHTAABIIUIO, YUYUTHIBAIOIIYIO KaK SIBHOE, TaK U TEMAO HCIAPEHUsI UAU KOHAEH-
calluy IIPU AQHHOU AOA€ OTTOHA e.

[To moAy4yeHHBIM 3HAYeHUSIM CTPOAT I'paUK DSHTAABIIMU KaK (QPYHKINU

TeMnepaTyphl. [10Ab3ysCh HAUACHHBIM paHee 3HaveHuneM H/", mo rpadwky Ha-

XOAAT UCKOMYIO TEMIIEPATYPY £y

OAHAKO B OTAEABHBIX CAyYasgX, IIPOU3BOABHO 3@AABIIUCH TEMIIEPATYPOU [y,
B pe3yAbTaTe MOAOOHOTO pacyeTa MOJKHO IIOAYYUTH HEpPEeaAbHYIO BEAWUMHY I,
PaBHYIO MAU IIPEBHIIIAIONIYIO 3HAUEHHUeE [.

OTO CBUAETEABCTBYET O TOM, UYTO B AQHHBIX YCAOBHUAX KOAWYECTBO TEIIAQ,
BBIAEASIIONIETOCS IIPU OXAQKAEHUU NOTOKa G, OT TeMIepaTypsl {; AO TeMIlepa-
TYPHL {,, H& MOXXeT OBITh BOCIIPUHATO NOTOKOM G,, T.e. TeMIepaTypHBIN IIOTEH-
nuain IoToka G; HEAOCTATOUEH AAS IIEPEAAUM BHIAGACHHOI'O KOAMYECTBA TeIlAd.

[MTopoOHOE ssBAEHHE MO’KeT HaOAIOAQTHCS B CAEAYIOIIHUX CAyYasIX:

Macca noTokKa G; 3HAUUTEABHO NIPEBOCXOAUT Maccy HoToKa Gy,

TENAOTHl KOHAEHCAIIUU NapoB (G, CYIleCTBEHHO IIPEBHIIIAIOT CKPHITHIE Tell-
AOTEI UCIIapeHus NOoToKa Gy,

AOASL OTTOHA e, He MOJKeT AOCTUTHYTh CPABHUTEABHO OOABIIOTO 3HAYEHUs
BCAEACTBHE IIOBHIIIEHHOTO AABACHHUS, II0A KOTOPBIM HAXOAUTCHA IOTOK Gy,

COAEpIKaHUe UCHApPAIONIUXCS KOMIIOHEHTOB B IIOTOKE MAano.

Ecau B pesyabTaTe pacueTa IIOAYYEeHO HepeaAbHOe 3HAueHUe TeMIlepaTyphl
ty, TO HeOOXOAUMO IIPOM3BECTU IlepecdeT, 3aAaBIINCH APYTMM 3HadeHHeM KO-
HEeYHOU TeMIIepaTypHl t, UAU i,.

BriOpaB TakuM 00Opa3oM TeMIIEPATyPHBIM PEKUM AAS BCETO TENAOOOMEH-
HOI'O alIapara, IepexXoApdT K COCTAaBACHUIO YPAaBHEHHUS TEIIAOBOrO OanaHCa AAA
OTAEABHBIX 30H. AAS 3TOrO IIpeKAe BCETO ONPEAEAsdeTCs TeMIlepaTypa Hadard
OAHOKPATHOTO HCHapeHMWs1 HarpeBaeMoro moroka G,. B cooTBeTcTBUH C yKe
NPUHATHEIMU OOO3HAUEeHUSIMU KOAUUYECTBO TeIIAd, BOCIPUHATOrO B 30He [, co-
CTaBUT

QZI = Gz(hlﬂ,u - htS )'
da KOAN4YEeCTBO TeIIAd, OTAABAEMOTI'O B 3TOU >XKe 30He OXAAXKAQIOIIMMCA IIOTOKOM:

Q,=G(H" ~HZ')=Q, /n.

M3 mocaepHETO YpaBHEHUS OIPEAEAseTcsl 3HaueHre H™, a 3aTeM HCKOMas
TeMmIeparypa ' HaXOAUTCS TpaUYeCKUM CIIOCOO0M, KaK 3TO OBIAO ITOKa3aHO
BBIIIIE.

Ansi 30HBI I KOAMYECTBO TelAa, BOCIPUHSITOE HArpeBarolUMCS TTOTOKOM U
OTAQHHOE OXAAKAQIONIUMCS MTOTOKOM, HAaMAETCS COOTBETCTBEHHO IO PA3HOCTHU

Q2H = QZ - OZIY Q1H = Ql - O1I = OZH /n‘

DAANBHEUIINM pacyeT IIOBEPXHOCTU TemrooOMeHa Argd 30H I m II, a cae-
AOBATEABHO, U AAS BCero allrapaTra, He IIPeACTaBAdeT TPYAHOCTH, TaK Kak
KOAHWYECTBO Tellnd U TEMHepaTypHLIfI HAIIOp M3BECTHELL:

Qy,

K Aley,

K
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Fy= '
Knhtey,
rae K, u K;; — Koa(ppunueHTs Tenaonepepadu cooTBeTCTBeHHO AAd | u Il 30H;
AtcpI u AtcpH — CpepHUE TeMIlepaTypHBIe HAMOPBL AAS 3TUX ’Ke 30H.
OO0111as MOBEPXHOCTH ammapaTa
F=F + F,

Tak >Xe, KaK M B CAy4ae KOHAEHCATOPOB-XOAOAUABHUKOB, IIPH MCIIOAB-
30BAHUM OIBITHBIX 3HAUYEHUN KOIP(PUIMEHTOB TEIAONIEPEAAUN AT ITPUOAUIKEH-
HBEIX PpacyeTOB IIOBEPXHOCTH TeIAOOOMeHa MOXKeT OBITh IIPUMeHeHO oO0Iee
ypaBHeHUe Tenaonepepaun (XXIL.8).

PacueT 1NOBEpPXHOCTH KPHUCTAAAM3ATOPOB BBIIOAHSIETCd IIO YPaBHEHMIO
Ternaomnepepayy, HO IIPU 3TOM HEOOXOAMMO Yy4eCTh HEeKOTOphle OCOOeHHOCTH,
00yCAOBAMBAaEMBIE TEM, UTO B IIPOILleCCe KPUCTAAMU3AINUA OOPa3yrOTCS U PACTyT
KPHUCTAAABl TBEPAOU (hasbl (HApUMep, KPUCTAAABL NAapadUHOBBIX YTAEBOAO-

POAOB B KPUCTAAAU3ATOPAX IIpoliecca AellapapuHu3anum MaceAa).

IMepeuncauM 3T OCOOEHHOCTH:

1. [lpu ompepeAeHHHM KOAWYECTBA TENAd, OTBOAMMOTO OT OXAA’KAQeMOTO IIPOAYKTa HAM €ro
PacTBopa, AOAKHO OBITH YUTEHO CKPBITOE TEIIAO KPUCTAAM3AIUU.

2. I'lpu BEIOOpE CKOPOCTU ABUJKEHMS OXAAKAQAEMOIO IIOTOKA CAeAyeT YUYMTBHIBATh, UYTO C yBe-
AMYEeHHEeM CKOPOCTU IOBBIIIAETCS KOI(PMUIIMEHT TEIAOOTAAQUU, @ CAEAOBATEABHO, KOI((MUIUEHT
TeIAOIIePeAaUHd, OAHAKO BBICOKAsS CKOPOCTL IPEMSITCTBYET POCTY KPUCTAAAOB UAU IIPUBOAUT K HX
U3MEABYEHHIO, YTO ABASIETCS HE’KEeAATEABHBIM.

3. Tlpu BEIGOpE TeMIepaTyphl OXAAKAAQIOIIEro areHTa M pa3MepoB KPUCTAAAM3ATOpa HeoOXo-
AUMO OOeCIeuuTh OAArOIPUATHYIO AAS KPHUCTAAAM3YIOIIEroCsl pacTBoOpa CKOPOCTL OXAQKACHUS,
YUYWTBIBaSA, 4YTO NIPU BBICOKOM CKOPOCTU OXAAKAECHUS OOPA3yIOTCd MeAKHe KPHUCTAAABI, OTAEAUTH
KOTOpHIe OT pacTBopa Ha (PUABTpPe 3aTPyAHUTeABbHO. ONTHMaAbHasi CKOPOCTBH OXA&KAeHHs, obec-
IeuyuBaroniass GAarONPUSITHLIM POCT KPUCTAAAOB M XOPOIIYIO IOCAEAYIOUIYIO (PUABTPYEMOCTD, 3aBU-
CHUT OT IPUPOABI PACTBOPA; TaK, HAIIpUMeED, NIPU OXAAKAEHUU B PACTBOPE KETOHOB PEKOMEHAYeTCS
CKOPOCTb OXA&XKAEHUsI, cocTaBasiomas Ao 100 °C/uq.

4. Tlpu pacdere KO3(pdULMEHTA TENAONEPEAAYU AOAKHO YUUTBIBATHCS TEIIAOBOE COIPOTUB-
A€HHe CAOS KPUCTAAAOB IapadrHa, OTAArarollerocs Ha BHYTPeHHEMN IIOBEPXHOCTU CTEHKU KPHUCTAA-
AM3aTOpa.

TNTAAT TTNOE PAN*AOA ATTADAOTA
TOEAZEAA

Pacuer anmapaToOB BO3AYIIHOTO OXAQKAEHHS BKAKOUaeT OIIpe-
AeAeHNe TIOBEPXHOCTU OXAAKAEHHUS, 00eCleunBarollen OTBOA TpeOyeMOro KOAU-
4JecTBa Temnad, BEIOOpP B coorBercTBUU ¢ 'OCToM THUHOBOro ammnapara, Hambo-
Aee IeAecOoOOpa3sHOTO AAS AQHHBIX YCAOBUM M M3TOTOBASIEMOIO MAIIWMHOCTPOM-
TEeABHBIMU 3aBOAAMH, @ TaKyKe OIPeAeAeHUe PacXOAd SHEPruu Ha IPUBOA BEH-
THUAATOPOB, HAarHETAIOIIUX BO3AYX BAOAB OPeOPEHHOM IOBEPXHOCTU alNapaToB.
PacyeT HEOOXOAMMONM MOBEPXHOCTU BHIIIOAHSETCA IIO0 YPAaBHEHUIO TEIIAOIIEpeAa-
qn

Q
F=——
KAt
rae ) — KOAMYECTBO TeIAd, OTBOAUMOTO OT KOHAEHCHUPYEMOIO HAU OXAAKAA-
€MOro TPoAYKTa; K — KO3 (PUIMEHT Tenaonepepaun; At., — CpeAHUil TemIie-

pPaTypHBIN HaIop.
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BcaepcTBHe NprMeHeHHS B 3THX alllapaTaX OpeOpeHHBIX TPyO MOBepX-
HOCTb OXAQKAEHUSA OOBIYHO IIPUHATO OIPEAEAdITH IO MOAHOM HApy’KHOU Opel-
PEHHOU MOBEPXHOCTH (XOTS 3Ta BEAMYMHA MOXKET U3MePAThCS U II0 BHYTPEeHHEU
TAQAKOM IIOBEPXHOCTH HAU IO TAQAKOM ITOBEPXHOCTH HApPY’>KHOM TpPyOBI, OTHe-
CeHHOU K AUaMeTpy TPYObI Y OCHOBaHUS pebep).

Koaddunuent tenronepepaunt OypAeT UMeTh PA3AWYHOe 3HaUYeHHe B 3aBU-
CHUMOCTHU OT TOTO, KaKas M3 BEeAWYHH IIOBEPXHOCTH OXAaKA€HHd IpuHgara. Ko-
3(hPUUEHT TeNIAOIIEPEAAYH, OTHECEHHEBIM K IIOBEPXHOCTH OpeOpeHHOU TPYOHI,
OIIpeAEAseTCd U3 YPAaBHEHUS

K., = 1 ,
o 1 B o1 i
e o A e b R
Olgy F};H Fcp Oy FBH
TAE O,, — KO3(@PUINEHT TEIAOOTAAYN CO CTOPOHBI IIPOAYKTa BHYTPU TPYOHI,
Br/(M*K); F, — moAHas IOBepPXHOCTh opeOpeHHOM Tpy6wl, m?% F,, — IIOBepx-

HOCTBL TPyOBI Hapy’kHas (10 AMAMETpPy TPyObl y OCHOBaHus pebep), M% 1, —
S5KBUBAAEHTHOE TEIIAOBOE CONPOTUBAEHHE MeTaaAd CTeHOK TPyO M KOHTAKTHOM
MOBEPXHOCTH (B OMMeTaAAMdecKux TpybOax), m*K/BrT; F., —TOBEPXHOCTL TPYy-
OBI IO CPEAHEMY AMAMETPY, M?% O, — KO3(M@UIUEHT TEMAOOTAAUU CO CTOPO-
HBI BO3AyXa, OTHECEHHBIM K IIOAHOM IIOBEePXHOCTH OpPeOpeHHON TpYOHI,
Br/(M*K); I, ,, — TEIAOBOE CONPOTUBACHME 3arpsi3HEHUN CO CTOPOHBI MPOAYK-
ta, M>*K/BT; r, , — TemAOBOe CONMPOTHBAEHHE 3arpsi3HEHUN CO CTOPOHBI BO3AY-
xa, M>K/BT.

I[To paHHBIM OOCAEAOBAHMSA PIAd AECUCTBYIOIIUX alllapaTOB BO3AYIIHOTO
OXA@XAeHUs, Ko3(p(UIKUeHT Temnnronepepaun K, , = 1770 Bt/ (M*K).

B craHpapTax Ha anmapaThbl BO3AYILIHOTO OXA&KAEHHUS IPUHSTO Ha3bIBATh
otHowieHue F,/F,, = ¢ Ko3(pUIHEeHTOM YyBeAWYeHHsd [IOBEPXHOCTH, a OTHO-
urenue F,/F, = ¢ &koadduiuentom opebpenus, rae F, — MTOBEpXHOCTL TPyO
II0 HAPY’)KHOMY AMaMeTpy OCHOBaHUA pebep. TenmaoBoe CONPOTHUBAEHHE 3arpss-
HEeHUU CO CTOPOHEI Bo3payxa I,, = 0.

Anst ompepeneHuss Kod((PULNUMEHTA TEIAONIEPEAAUr CO CTOPOHBI BO3AyXa
HUCIIOAB3YIOT I'PaUKH, MO3BOASIONINE OIPEAEAdITh 3TOT KO3(dUIMEHT B 3aBU-
CHMOCTH OT 3HaUeHUsI CpeAHeW CKOPOCTU ABUJKEHUS BO3AyXa.

KoaddunyeHT Tenronepepadu o, ,, OIPEAEAdeMBIM IO 3THUM rpadHuKaM,
YUUTBEIBAET TAK’Ke SKBUBAAECHTHOE COIIPOTHUBAEHHUE MEeTaAAd CTEHKU TPyO M KOH-
TAKTHOU OMMETAaAAMYECKOU IIOBEPXHOCTH, T.e. IIPU IIPUHATEIX BHIIIe 0OO3Haue-
HUSAX UMeeM

F,
r=—n4+ b1
Fcp Oy Ol
TA€ O, , — KO3(M(PUIUEHT TENAOOTAAUM CO CTOPOHBI BO3AYXd, YYMTHIBAIOIINH

TepMHYECKOe CONPOTUBAEHHE METAAAA CTEHOK U IIOBEPXHOCTH KOHTAKTA.
C y4eTOM OTMEUYEHHOIO pacueTHOe ypaBHEHHE AAS OIIpepeAeHUsT Kod(-
buLMeHTa TeIAOIIepeAaur IPUMET BUA

K = 1
H.II F F
1 o 1 ot
+ +r +r
(X. F a 3.BH F 3.H
BH BH H.IT BH

CpepHUI TeMIepaTypHBIM HAIOp OINPEAEAdeTCsS TaK JKe, KaK 3TO OBIAO
IIOKAa3aHO paHee. Ba)KHEMIIUM YCAOBUEM pacueTa 35TOM BEAWYUHBl SBASETCS
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AOCTATOYHO OOOCHOBAHHBIN BHIOOP HAUYaAbHOM TeMIIepaTyphbl BO3AyXa, KOTOpasd
obecrnieunBaeT TpeOyeMyIO TEMIIEPATypy OXAa>*kAAeMOro IPOAYKTa B HaubOoaee
JKAPKUM IepHuop Iopd AAT AQHHOM MeCTHOCTU. [Ipu 3TOM peKoMeHAyeTCs
BBIOUpATh B KauecTBe PAacUeTHON CPEAHIOI0 TeMIlepaTypy CyXoro Bosayxa B 13
JacoB AL HauOoAee JKapKOTO Mecdlla B TOAY.

CHm)KeHNe pacyeTHOU TeMIIlepaTyphl BO3AyXa MOJKET IIPUBECTH K IIOHMKe-
HUIO IIPOM3BOAUTEABHOCTH TEXHOAOTMYECKHMX YCTAHOBOK B AeTHee BpeMd. OpHa-
KO 4Ype3MepHOe 3aBHIIIeHHEe PACYeTHOU TeMIIepaTyphl BO3AyXa 3HAUUTEABHO
YBEAMYNBAEeT KAlIUTAABHBIE 3aTPAThl, OCOOEHHO B TeX CAyYadX, KOTA@ IO YCAO-
BUSM IIPOM3BOACTBA AOIYCTHUMEI OOAee HU3KUe pacueTHbIe TeMIlepaTyphl.

AAs 5 PEeKTUBHON KPYTAOTOAMYHON PabOTHI JKeAATEeABHO AeAaThb pacueT U
MASL 3UMHETO BpEMEHM, B TOM 4YHCA€ U A\ HaUMeHBIIeW BO3MOJXHOW TeMIlepa-
TYpPBHI.

Kak y>ke oTMe4aroChb paHee, IPU HEOOXOAUMOCTH HadaAbHAasg TeMIlepaTypa
HarHeTaeMoOTO BEHTHUASITOPOM BO3AYyXa MOJKET OBITb HECKOABKO CHUJKEHa IyTeM
€ro YBA@KHEHUS 3a CUeT BIIPHICKA BOABL. B pe3yAbTaTe pacueTa AOAKHA OBITH
BBISIBA€HA 11€AeCOOOPAa3HOCTh HCIOAB30BAHUS KOHKPETHOTIO CTAHAAPTHOIO OA-
HOTO HUAU HEeCKOABKHMX aIlllapaToB, 3HadeHHe NOBEPXHOCTH KOTOPBIX 3aBUCHUT
OT CKOPOCTH ABUJKEHMS BO3AyXa.

AEAPAAEE<ANEEE DANxAO

OATETTATATTUO ATTADAOTA

BaskHelie COCTaBHOM 4YaCTBIO pacyeTa IIOBEPXHOCTHBIX Tell-
AOOOMEHHBIX aIlllapaTOB SBASIETCS pacyeT T'MAPABAMYECKHX COINPOTHUBAEHHU IIO-
TOKYy TENAOOOMEHHBAIOIIUXCSA Cpep. TOABKO Ha OCHOBe TEeNAOBOTO WM
TUAPABAUYECKOIO PACUYETOB MOJKET OBITh BEIOPAH ONTUMAABHBIM PEXKUM PAaOOTEI
TENAOOOMEHHBIX alllapaTOB. BBICOKME CKOPOCTH ABUKEHHS TEIAOOOMEHUBAIO-
HIIUXCS Cpep 00eCcIeurBalOT BBICOKUM KO3(M(UITMEHT TeIAOolepepadd U yMeHb-
llIeHNe HeOOXOAWMOM IIOBEPXHOCTU anmapara. OAHAKO C IOBBIIIEHHEM CKOpPO-
CTH Pe3KO BO3PACTalOT THAPABAMYECKHE COINPOTHUBAEHUS, & CA€AOBATEABHO, U
pacxop SHepruu Ha UX NPEOAOAeHUe, YTO OOBIYHO U AUMUTHPYeT 3HadueHHe
CKOPOCTH ABUJKEHMS IIOTOKA.

OO01iee CONPOTUBAEHUE TEIIAOOOMEHHOIO ammnapara pPaBHO CyMMe COIIPO-
TUBAGHMM TPeHUs Ap,, ¥ BCeX MECTHBIX TMAPABAMYECKHX COINPOTHUBACHMH Ap,,
00yCAOBAUBAaEMBIX M3MeHeHHeM HallpaBA€HUS MOTOKa, PacUIMpeHUueM UAU CyKe-
HUEM CTPYHU U T.A.

Ap = Ap., + Ap,.

Conpotusrenuss Ap,, U Ap, PacCUUTHIBAIOT IIPH IIOMOLIA COOTBETCTBY-
IOIIUX YPaBHEHUU T'MAPABAMKU:

rae §,, — KO9(PHUUUEHT I'MAPAaBAMYECKOrO TPEHUs B i-M cedeHuy; | — AAMHA
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Tab Aamira XXII.2
3HaueHHns1 KO3 (PUINEHTOB MECTHBIX CONPOTHUBAEHHUI B TENAOOOMEHHBIX ammaparax

Bua MeCTHOTO CONPOTHUBAEHUS EM,-

[Tpoxop IOTOKa uYepe3 IITyIep 1,5
Bxop (BEIXOA) B pPaCIpeAeAUTEeABHYIO KaMepy M moBopoT Ha 90° 1,5
TToBopot Ha 180°:

MeXXAY XOAAMU UAM CEKIUAMU 2,5

yepe3 KOAGHO B CEKIIMOHHBIX allllapaTax 2,0

OKOAO IIEPETOPOAOK B MEKTPYOHOM IPOCTPAHCTBE 1,5

B U-o6pa3Ho# TpyOKe 0,5
OrubaHue NeperopopoK, MOAAEP’KUBAIOUIUX TPYOKU 0,5
Bxopa B MeXTpyOHOE IPOCTPAHCTBO 1,5
Bxopa B TpyOHOe IPOCTPAHCTBO M BBIXOA M3 HETO 1,0
BrIxop 13 MeXXTpPyOHOTO IIPOCTPaHCTBa 1,0
KaHara, M; d, = 4f/T1 — 5>KBUBaAAeHTHBLIUM AuMaMeTp KaHaAa, M; f — TIAOIIAAb
IIOIIEepevYHOoro ceueHrs KaHaAQg, MZ; 1 — cMouYeHHBIN ImepuMeTp KaHaAq, M; W; —
CKOPOCTBh IIOTOKa B i-M CeyeHUH, M/C; P — IIAOTHOCTB IIOTOKA IIpU CpeAHeﬁ

3. _ ;

TeMIlepaType, Kr/M’; EMZ_ KO3(PULIUEHT MECTHOI'O COIPOTUBAEHUS B i-M Ce-
YeHUHU.

K MeCTHBIM CONPOTHUBAEHHUSM &; OTHOCST BXOA IIOTOKa B KaHAA M BBIXOA
U3 HETO, Pe3KHe CY’KeHUS U PACIIMpPeHUsd KaHAAOB, OTBOABI, KOA€HQ, TPOMHUKY,
3alOPHBIE U PETryAUPYIOIIHe YCTPOUCTBA (KPAHBI, BEHTUAU, 3aABUYKKHU, KAAIAHEI
u T.1.). IIpn IpOXOKAEHUU NOTOKA 4Yepe3 yKas3aHHBIE yCTPOUCTBA KPOMe IIO-
Tepb 3HEPTUH, CBA3AHHBIX C TPEHHEM, BO3HHMKAIOT AOIOAHUTEABHBIE HEOOPATH-
MBble IOTEPU 3HEPrUHU, OOYCAOBAEHHBIE MECTHBEIMU UCKPUBAEHUSIMU AWUHUU TOKQ,
U3MeHEeHUeM IIONePEeYHOTO CeYeHUs MOTOKA, OTPHEIBOM TPAH3UTHOM CTPYyHU OT
CTeHOK KaHanra. B Taba. XXII.2 npuBepeHBI KO3(@MUIIMEHTH MECTHBIX COIIPO-
TUBAEHUH &, , HAaMOOAee Y4acTO BCTPEYAIOIIUXCs Ha IPAKTUKE.

l'mppaBAMUeCKOe COIPOTHUBAEHHE OIPEAEASIOT AAS alllapata W3BEeCTHOU
KOHCTPYKIIUU M pa3MepoB. IIpum 3TOM pacueT, HaIpuMep, KOXyXOTPyOdaTOro
annapara 3HaUMTEABHO OTAMYAETCS OT allllapaTa BO3AYIIHOIO OXA&KAEHMS, IIAA-
CTUHYATOTO WMAM CIHMPAABHOTO TENAOOOMEHHMKA. B cHmenmuarbHOU AMTepaType
AT KaKAOTO THUIIA TEIIAOOOMEHHBIX allllapaToOB IIPUBOAUTCS METOAWMKA THADPAB-
AMYEeCKOTO pacyeTa, YUYUTHIBAIOIAs CHelNuUKy UX YyCTpoHcTBa U paboTwsl. MHO-
rAd Ha OCHOBe OOpabOTKU 3KCIEPUMEHTAABHBIX AQHHBIX IIO THMAPABAMYECKOMY
COIIPOTUBAEHUIO TEIAOOOMEHHUKOB IIPUBOAATCSA 3MIMPUYECKHEe YPaBHEHUS, KO-
TOpBle UMEIOT OTPaHMYEeHHOEe IPHMEHEHNEe W IIPUTOAHBI TOABKO AASI alllapaToB
AQHHOTO THIIA.



