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CrpemJielnve yMeNblINTL 3aTPATH fepBHYIION 31eprHH
(morpebaenye TonaKBa) 6e3 CIUXKEHHS MJH JaxXe ¢ yBeJHYellneM OT-
AayH 21ePruu KolieylloMy noTpeGUTeNIO 3a cuer GoJiee pamHonabloro
cniocoba ee npeobpasoBallus — rJaBlias TelJAENIHs CoOBPeMeloi Tex-
HUKH. DTO OTIIOCHTCA M K CHCTeMaM TemyoclabKelus 3falluil u npo-
MBIILJIENIIBIX 0O’ beKTOB.

OtnaBas B KOlleulloM BHJE 31EPruio B GOPMe ITH3KOTEeMIepaTyplof
tendioThl (Boaa muxke 100 uan Bozayx mmxke 50° C), 3TH cHcTeMBl 110-
TpeBGJSAIOT /14 1arpeBa BBICOKOKAYeCTBENINOE TOIIHBO B KOTEJBIILiX
c 1arpesoM npoAykToB cropamus go 1500° C, au6o, uro eule Godiee pac-
TOUHTENBIIO, SJEKTPO3IIEPrUIo.

Macwirabb 3aTpaT TOIVINBA 1a TemJocliabxkKelle BecbMa BEJIHKH -~
foJiee NMOJOBHIIB BCEro KOTEJbIIO-TEYIoro Tomausa. Tepmoauliiamuyec-
KM PaIHonalbllo pacxoayercs TOJbKO Ta €ro YacTh, KOTOPAS CKHUTaeTcs
Ha temyosgaekTpouenrpangx (TIL) — 3aechk B MakcUMAaaBIION cTellelH
KCIOJb3yeTcA BBICOKOTEMIIEPaTyplioe TeIVIo MNPOAYKTOB Cropallust AJis
BEIPa0OTKY 3JIEKTPO3IEpPruH, a AJA TellIoclalKellus — TeNJIOHOCKTENb
TOH TeMIlepaTyphl, KoTopas OJH3Ka K 11e00XOAUMON s OTOILIEIIHS.

Onmako Bo MIIOrMX cjydyasx Hcnodb3oBaline TOLl moxer GuiTh Ie-
panuoHanablibiM. TaM, rae norpeGuTeNH TeMJIOTHl paccpenoTOuennl, Iie
He TI03BOJISIOT NPHPOAIIBE YCJAOBHS, OCIHOBIBIM HCTOUYIIHKOM TEMJOThI
OCTAalOTCA Pa3JHUllble KOTEeJAbIIble H feyd — OT HIAHBHAVAJBIBX BHYT-
PMJIOMOBBIX Teuell 0 KpYNIBX paHolIbIX KOTEJAbIILX, a4 TAKXKe Pa3iny-
IIble sJieKTpollarpesateablibie Ipubopbl. TemaoBoii mnacoc mnpussal
B MAKCHMAJEHOH CTelellH 3aMellUTh OTOIHTEJbIIble OrlIeBble H JEeKTPO-
l1arpeBaTeJblible YCTAllOBKH.

Pa3BuTHe TemJonacoclulX VYCTAllOBOK IIPOHCXOAHT B llacrosiiee
BpeMsA cTpeMHTeJbl0. Ha namux riasax M3 CyLIeCcTBYIOUIEH B TeyelHe
100 ner 3arafgku TepMOAHIIAMHMKH OIH CTANOBATCS PaCHpOCTpPalellHbIM
cpenicTBOM TeiocnaGxkenus. Eciy B nacrosillee BpeMs OTOIUTE/BIBIX
TEIVIONACOCHIBIX  YCTAllOBOK JJA 3AA4llHi  MHJJIHONIL M IPOMBILIJIEN-
IIBIX — TBICAYH, TO B GJHKAHIWe OJII0-ABAa AECATHAECTHS HX KOJIHYeCT-
BO BhIpacTer eille B 10 pa3, a obitasg MOUIIIOCTh, 10 HPOriO3y TeXIIHYye-
ckoro komurera MHUPIK mo remnoswiM nacocam, cocrasut K 2000 r. or
50 po 150 man. kBT,

Ilpennaraemas KiMra I0OKa3bniBaeT, YTO TEIJIOBOH 11acOC NaXOJUTCH
B LIENTpPe BIUMANNG 3apybeXIBX HcclenoBatesell M IPOMbBILLISIIIBIX
dupMm. Idro BaxkHaAA 06JacTh AeATEJBLIOCTH AJA MALIHIIOCTPOUTENeH H
3llepTreTHKOB, AeHCTBHTEJbIIO Mo3BoJfAlonias obecneyuparb Tenaociab-

—3



KeHue ¢ MUIUMANBHEIMU 3aTpataMii mepBHUHON 3HeprHH M BHITecCle-
IIHeM OprallHyecKoro TOIJIUBA.

OTnocureNpiio MepciieKTHB NPHUMeHENs TemJIoacocblX YCTalloOBOK
B CCCP Mox1o oTMeTUTh cleayioulee. McTopuuecku ¢/l0XKHJIOCh Taxk,
uto 8 CCCP nonyuyus wnpoyaiiliee npUMelieliie TOJAbKO O HII H3 CHOCO-
6oB 21epreTHyeckd 3(hpeKTHBIIOrO TeivocnagKelusd — gomOHIIHpoBAll-
11ast BHIPAGOTKA TemIOTH M 3jekTpoaneprud na TILL (Temnogpuranus).
Macuratbwp Temnodpuxkanun g CCCP Bbllie, yem BO BeceX 3apyGexIbIX
cTpanax, BMecTe B3ATHIX.

Tennonacociibie yCTaloBKH ¢ JEKTPONPHBOJOM MOXKIIO paccMaTpH-
BaTh B TePMOJHIIAMHYECKOM CMBICJIe KakK Pa3NoOBHAINOCTL TelIOPHKA-
IIHH, T. €. BBIZAYY MOJe3l0H TeIVIOTH Ile 3a cYeT IIeJ00TIYCKa 3JEeKTpo-
3llepruy, a 3a cyer ee norpebaenus. B CCCP omnu eue mMaJo paclpo-
crpanens, Onnaxo #HMeercs MIONO BO3MOXKIOCTeH HX 3¢ (EKTHBIIONO
IIpUMellellvs, B OCIIOBIIOM JJIS YacTHYIIOH 3aMellbl KOTeJbIBIX I1a opra-
IIHYeCKOM TOIJINBe, & TaK>kKe ¢ HCMOJb30oBalMeMm c¢bpoclioro, reorep-
MAaJIBIIOTO HJIH COJIIICYIIOro Tela.

Oco6o caefyer OTMETHThL TeJIOBBIE I1ACOCH, IOTPeGJsOLHe 1I€
J1eKTPO3Iepruio, a ra3 (abcopOuuolliible H KOMIIPECCHOIIIIBE ¢ Ia30Mo-
TopubM npuBojgoM). Oun noppo6io onmHcallsl B npeajiaraeMoil KiMre.

AsToph! ciabaunu gKuury obwHpioii 6u6anorpadyel, H B 3TOM TaxK-
XKe ee IleCOMIIEIOe JOCTOHIICTBO. BhI3biBaer coxaJdiellHe JIMIIbL OTCYT-
CTBHE OTedecTBelllIBIX PaboT {0 TeIJOBHM IacocaM. XoOTs NpakTHYe-
cKoe pa3BHTHe TelioBHX NacocoB B CCCP eule ycrynaer sapy0Oexiio-
My, MIIOrHe OclioBofoJiaraonide paGoTel OBIM caenanbl H omy6JHKo-
Balbl UMenno B nauei crpaie [1—10].

Cpeny nux cJjenyer OTMETHThb paboThl  H3BecTioro (pH3HKa
B. A. Muxenbcona, xortopblit 8 1920 r. pazpa6oran noapo6Ibli MpoexT
IapOKOMIIPECCHOIIION TEIVIONACOCIION YCTAIIOBKH ¢ AKKYMYJHpPOBAIIHEM
coJiieqnioro temna s rpyure [1].

3acayxuBaer ocoboro ypomunanug pa6ora B. A. 3wicuna, rae
fpenJioXKella cxeMa TellIOBOIO 11aCOCA ¢ ra3oMOTOPIIBIM IPHBOJAOM.

B [7] 6bin Brepsble poBefeHHl NMOAPo6Ible pACUETH TeIJOoNAacoc-
IIBIX YCTAlIOBOK IS IENTPAaJU30BAaIIIOr0 TenJaoclabXkKellus ¢ MHKOBBIM
JOTPEeBOM [10JlaBaeMOl BOJbI B OOBIUIILIX KOTeJAbIIBIX H [OKa3allbl BO3-
MOXIIble 00beMbl BbITECIEIIHA OpralHyeckoro TOIJIHBA B IOJOBOM
paspese.

Illupoko npuMensieMble B HACTOSILIee BpeMs HPOMBILLTEHIIbIE Tell-
JIOBBlE 11aCOCHl OTKPBITOIO HUKJA AJSA IOJYYellHSA OCTPOro mapa ¢ fo-
MOIIBIO CKATHS B KOMIIpeccope cOpOCIOro mapa IIH3KOTO JaBJellus
(MX B MHPOBOIi TexiHke y*ke 6oJiee 700) paccmarpuBasuch B [8]

Kollnenuys KpymiIslX TEMJIONACOCHLX CTANUE H MalleBpellllblX Tel-
aonacocubix TILL chopmynuposana B [11]. daurenbiio H ycrewio
paboralouire coBeTCKHe TeNJOIacoCble YCTAIllOBKH, KaK 11a MODPCKOH
BOJie B CHCTeMe TellJIOXJafocnabKelHsa 3panus, Tak H IpOMbILLJeNnas
IJ14 TIpoiecca cylixH, ofivcans B [12].

Bonpoch 3K0IIOMHKH, BecbMa BaXIible AJA NPHIATHS pellellHi o
IIpHMEIICIIHH TeNJIOBLIX 11aCOCOB, 1O IeJ0CTaTOYII0 OCBeulellbie B Mpe-
JlaraeMoi KiHre, GoJee moapo6io paccmorpens B Kuure «Ilapoxomn-
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peccrolinbie  Temnonacocuste  yeranoskn»  E. W, Slurosckoro
10. B. Ilycrosanosa (M., dueprouzgar, 1982).

[Ipensiaraemas BuuMaluio YHrareell KIHra jgaer IpeAcTapJellye
06 HCTOpHH pa3paboTkH, (pH3HYeCKHX NPHILHIAX H OCIOBIBIX cXeMax
IIpHMeIlelHA TeIVIOBBIX 11aCOCOB, a TakXe 00 YpOBlle pPa3BHTHA 3TOH
TeXHHKH 3a pyOexoM.

Ocli0BII0e AOCTOUIICTBO KIIHUTH — OMIHCAllMe peaJiu30BallllbIX CXeM
TellJIOIIACOCIIBIX YCTAIIOBOK.

HecomIelno, yTo 311aKOMCTBO COBETCKOTO YHTaTeJsl ¢ faniofl Kiu-
roii 6yaer noJie3lIbIM H AAaCT IOBBIH MMIYJbC LIKPOKOMY IIpUMellellHI0
tenyoBux nacocos B CCCP.

E. H. SInrosckuil
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NPEAMCNOBMUE

Heo6xoauMocrs 3KOIIOMHH  31leprHH  XapaxTepuna AJf
nNawedl fOBCeAlleBIION XKH3IIH — JIOMa, B YUpeXaellHAX H 11a IIPOH3BOJ-
erBe. CTpeMielde pauuonasbilo pacxofoBaTh 31epruio cbauxKaer Ia-
poabl — 3To BHAIO N0 HesirensliocTy Mexaynapoalioro suepreruyec-
Koro arentcrsa 4 EBponefickoro axonoMuyeckoro coobuiecTsa, (pHiaH-
CUPYIOILUX COBMeCTIIble 31lepPreTHYeCKHe POeKTHI.

OnnuM M3 yCTpoRCTB, CNOCOGIILIX BHECTH CyLIECTBElllINft BKJIAji B
9KOIIOMHIO SHeprHH, ABJdeTcs TemnoBoil nacoc. IloBuuieane noreniua-
Ja (TeMmepaTypbl) IH3KOMOTEIIHAJBLIIOTO Teja [I03BOJIseT IpHBJIeYDb
«HOBbIe». HCTOUIIHKH, TaKHe Kak OKpyXKaloulu# Bo3AyX, a Takxke cOpoc-
IIoe TellJO0, KOTOpOe 1eJib3s ObliI0 HCMOJb30BaTh H3-3a €ro IIH3KOH TeM-
neparypbl. TemyoBofi I1acoC CYILECTBEHIIO PacIUUPAET BO3MOKIIOCTH
IpHUMellellHS [TH3KONOTeIHAJBIIOH 31epTHH 3a cYeT 3aTpaThl IeKOTo-
PO NOJIH 31lepruH, HOJIOCThIO NpeBpallaeMol B paboTy.

HapeeMcst, yro 3ra XmHra, onHCHBAIOLLAS COBpeMelllloe COCTOSIIHE
KOIICTPYHPOBANIUA H IPUMelleHHsl TelJIOBHIX 11acOCOB, 3aHuiTepecyeT Ile
TOJBKO Y3KHX CIEIMaJHCTOB, 3alIHMAIOLIUXCSA OTAEJbIIBIMH BONPOCAMH
Temyollacoclofl TeXIIUKH, 110 U WHPOKHA KPYT BO3MOXKIIBIX IoTpebute-
Jed — PYKOBOAHUTeNeH NpellIpUATHH, KeJaloWHX NOBHCHTL HUCIOJIb30-
Ballde IIU3KOMOTEelUANbIIoro TeilJla B TeXIIONOTHH, apXHUTeKTOPOB, CO3-
AAOIIUX 34allHA C TONHXeNlkM NorpebJellieM 3lePTHH, TOPOACKHX
PYKOBOAMTEJ e, XKeJaloluxX co34aThk Yy cebs HelTphl OTABXa U IJIaBa-
TeJiblible 6acceHIIbl.

. Magmaiixa
. Peli



BBEJ\EHME

Tennorofl Hacoc, uzoGperelnne oxliof H3 GOPM KOTOPO-
ro mpHHAmJexHT Jopay Keassuily, TepMOAHIIAMHYECKH HaelTHUEH XO-
JIOAUJIBIION MaliHIle. BoJblnIcTBO KBAPTHD, MHLLIEBHX CKAAL0B H KpyIl-
HBIX 001lleCTBelILIX 3MallHH B NPOMBILLIENIIO PA3BUTBIX CTpalax o6opy-
JOBAIO X0JOAUJbIIHKAMH U BO3AVUIILIMU Kolguiuonepamu. T puimumnn-
aJblloe OTJHYHEe TemJIOBOTO I1acoca OT XOJOMHJbHHKA COCTOMUT B TOH
POJIH, KOTOPYIO OII HTPaeT Y MoTpeGuTea. XoMOoAUIbIHKH 1 BO3AYIIIIbIe
KOIIJHUHOIIepH IIpefHa3Hayellbl fJif 0XJaXAellus, TOTAa KaK TelJoBOH
HACOC — AJIA Harpesa.

Kak Gyner moxasailo 1HKe, HMeeTCS MIIOTO KHHT IO TEIJIOBLIM [1aCO-
caM, GoJbIIas YacTh H3 IIHX llamHcalla IIeCKOJbKHMH JecATHJIETHSMHU
panee. JluTeparypa no TepMoAHIaMHKe, KOIJHIIHONHPOBAIHIO H AaxKe
NPOMBILILJIENIION TeXHOJOTHH HeCcTPHT VIOMHIAIHMAMH TemJOBHX 11acOo-
COB, UHCJIO AEHCTBYIOIIHX arperatoB ceMmuamnayno. Opnaxo npHALHT
IeHCTBHA TemJOBHX HACOCOB AJS IIEKOTOPBIX 10 CHX NOP TAHT H3PAAHYIO
JOJIT0 Tafllibl, H oflla U3 TJaBIbIX uedell NpeasaraeMofl KIIUFH COCTOHT
B NMpeoJoJellHd CYLLeCTBYIOIero Gapbepa K ero NollUMAIHI0O H TIpHMe-
HellHIo.

Cpely pasJMyllbIX THIIOB TEmJIOBBIX I1acocoB IHauboJibliee pacmpo-
cTpallelile IOJYUHJIH MapoKoMiIpeccHollllble. EquIndllbie MOILIIOCTH CO-
CTABJSAIOT OT IIeCKOJbKUX BATT A0 I1eCKOJbKHX MeraBaTT, NIPHBOJ KOMII-
PeccopOB OCYILeCTBJASSTCH KaK JIEKTPOABUTATeIAMM, TaK H TeIJIOBbIMH
[ABHTATeJIMH BIYTPeIlllero H Bilemllero cropaiud. PasrooGpasusl Tax-
JXe W THIIH NIPAMeHsieMbIX KOMIIPecCopOB.

Enuncreennoe focazniioe 06CTOATENbCTBO CBA3AIO ¢ 11aAeXKIIOCTLIO
TemIoBbIX HacocoB. OnbiT Korna 5H0-x ¥ Hayasa 60-x rogos B CITA u
EBpore BbIABHJ MOJOMKH OTAEILHBIX YacTed U OTIOCHTENBIIO BHCOKYIO
CTOHMOCTb arperaTos, YTO NMOPOAMJIO pa3oydapoBallie B TEIJIOBHX 11aCO-
caXx. Tenepsb TpyAllocTH B OCIIOBHOM IIpeOAOJeHbl — 11afeXIIOCTh BMeCTe
¢ 06CAYKHBAHHEM 114 IOMY CTaJH OCIOBIBIMH pakTOopaMH, obecneyupa-
IOUIMMH TIPOAaXKy arperaToB. B c¢asu ¢ BaxXiocTbio npo6ieMsl lafex-
IIOCTH CllellHaJblias ry1aBa HocBAllena IpoGiaeMaM KOICTPYHPOBAIIHS.

PasBuTHe TenJOBHX HACOCOB 0COGEIHO HPOABHIYJOCH HOM BJHAIH-
eM 3HepreTHueckux tpyaHocteit 1973 r. baarogaps Bo3MOXKIIOCTH 3KO-
IIOMHH 311ePTHH, YTO ABJAETCA OCHOBIILIM Ha3llayelllleM TeMJIOBOTO HAco-
ca, HX mpHMellelide paciiupuaock. OlH HCHONB3YIOTCS B XHJIBX H oble-
CTBENIIBIX 34alIUAX, a TaKXe B NPOMBIILTIEHIIOCTH. PasBHTHe TemJIOBHIX
IIACOCOB CTAHOBHTCA NMPEAMETOM JeATeJbHOCTH I11alLHONAJbIIBIX TMpaBH-
TeJLCTBEHHBIX ¥ MeXAYHAaPOAHBIX Opralli3anHi.
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B rui. | xuuru xpaTrxo ynoMHIalTCsS HCTOPHYECKHe BeXH pa3paboTKy
H IpUMellellHs TelJIOBbIX HACOCOB. 3aTeM ONHCAHL Pa3JIHYIIble TeMaolla-
COCIIble IHKJB H HX TeOpHUS, NPEeUMYILECTBElIIo AJH MapoKOMIIpecCHOII-
noro tuma. B ri. 3 paccmorpens OclOBIIbIe KOMIOIENTh! YCTAlOBOK,
NPUBOJ, KOMIIpeccop, TelJIOOGMEIIHHKY H T. II. BMECTe ¢ NPaKTHYeCKHMHU
pekoMellzayuAMH 10 uxX BbIGOpY. [1aBa 4 noxasblBaer BaXIOCTh BCHO-
MOFaTeJbIIHX 3JIeMElITOB YCTAllOBOK, OKA3bIBAIOLUX CHJBIIOE BJHSAIHE
Ha [1aJeXII0CTh H, CJeA0BAaTeJbIIO, MacliTabbl MpHMellell sl TellJIOBhIX
11aCOCOB.

Mioro BuHUMAaIUA B KIIMTe yA€Iel0 NPaKTHYECKOMY HCHOJIL30BalHIO
TelJIOBEIX 11acocoB. IlepBas u3 o6aacreil wyupokoro mpumelelnus — a0-
Mallillee OTOIJIEIINEe H TOpAYee BOJOCHAGXKellHe, a TaKxKe HCIOJb30BallHe
cbpocroro temnda (1. 5). ITogpo6Ho paccMoTpellbl BO3SMOXKIIbie BIIEIIIIHe
H BIYTpellllMe HCTOYIMKH Temna. Hapany ¢ yXe BLIIYCKaeMBIMH VCTAa-
IIOBKaMH, 1aXOAALIUMHUCA B NPOJaxKe, ONHCLIBAIOTCA COBpeMellllbie HC-
CJleloBaTesbcKHe H KOICTPYKTOPCKHe NpopaboTKHU.

B ra. 6 u 7 onucans npuMellellis B 0GLIECTBENIIHX 3[[aHUAX H IPO-
mblldlennodt rexnodoruu. Ilogyepkiyra o6uIllocT, NPUIHIIOB XOJO-
AMJIBIEIX MALIHII M TellJOBBIX 11aCOCOB H 0GCYXK/ellbl IYTH HCAOJbL30Ba-
HHA TenJa XOJOAWJbIKX YCTallOBOK.



Fnasa 1

MCTOPMA TEMNOBLIX HACOCOB

TennoBoji nacoc goJroe BpeMs ocraBajcs TEPMOJIHHA-
MHYeCKOH 3arajkolf, KOTOPOH HIITePecOBAJHCh TOJBKO MpelofaBaTedd
H HccqefoBatesi. B nacrosuiell rjaBe oliMcalla 1ayanabliag cTajgusd Mc-
CAefOBAIIHEA M HCTOPUSA «YMIIOKHUTeJd Tenja» Jopaa KedabsHlia,

1.1. AEBATHAALLATbIA BEK

[TpHuIHN TenJIOBOrO 11acoca BHTeKaeT U3 pafor Kapuo u onucanug
nugaa Kapio, ony6aukosanmnoro B ero gucceprauuu s 1824 r. I1pagru-
YeCKYI0 TelJOoIacoClylo cHcTeMy NpeAJoxHa Buibam Tomcon (Bnoc-
Jepctsiu — Jopa Keansun) B 1852 r. Ona 6bija  1nasBala  yMIOXKH-
TeJleM TellJla M NIOKa3biBaJja, KAK MOXKIIO XOJOAUJBIYIO MaIUHHY 3¢-
(exTHBIIO HCHOJB30BATh AJA Ledel oTtomdellnsi. B oGocloBanuu cBo-

Puc. 1.1. Cxema «yMHOXHTENR Tenad»
Towmcona.

1] — oxpyxaowmufi Bosfyx; 2 — BXonHoOft NE-
AHIAD; 3 — TernooGMeNBNK; 4 — npuBox; § —
DapoBas Mamiuila; 6 — BpixogHOH pUAHLAD;
7 — oGorpesaeMoe noMerieline.

ero npenJjoxennsa Tomcon yxasblBaJ, YTo OrpallHyelllocTb 3lepreTH-
YeCKHX PecypcoB Iie IO3BOJIUT IelpepHBIIO CKHUTaTh TOMJIHBO B meyax
AJIT OTOIJIEIIHS H YTO ero YMHOXKHTEJNbL Telaa 6yaeT NoTpeblaATh MEHb:
llie TONMJHBA, yeM o6bIylible meyu [1].

Kax sualo us puc. 1.1, npegnoxenunéi Tomconom tendioBoft macoc
HCIOJIb3YeT BO3AYX B kxayecTBe paboyero Tena. OrpyxawouHi BO3AyX
3acachblBaeTcs B UMJHIAD, pacllupsercd H OT 3TOro oxJaxjgaercs, a
3aTeM IIPOXOJHT yepe3 TeNJOOOMEIIIHEK, T/ie NarpeBaercsd NapyXIbiM
Bo3ayxoM. [Tocrme cxarua no armocgeplioro aasJelldss BO3AYX H3 HH-
Junpa mocryiaer B oforpeBaemoe fnomeulelide, 6yayyH larpeTrbiMm A0

TeMilepaTyphl BHIlle OKpYXKalollei.
EcTp panmwie 0 ToM, 4To (akTHYeCcKH peaJiu3oBalia foaobiag ma-

wuna 6eiia B seiinapuu [2]. Tomcon 3aABHI, YTO ero TeMJIOBOH 11aCOC
criocoGell 1aBaTh 11e0GXOAHMOE TEIIO NPH HCIOJBL30BalHH TOJALKO 3%
3llepruH, 3aTpayvBaeMoli 11a IPSIMOe OTOMJEIIHe,
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1.2. ABAALWATBIA BEK

XoJoauJblibe MAIIHIIL pa3BHBalHCh yxe B xolme XIX B., 10
TETJIOBLIE 11aCOCHl MOJYYHJH GBICTpOE pa3BUTHe Juwb B 20-x H 30-x ro-
nax, xorja B AIlrHu 6w1a co3fala mepBas TemJolacocnas ycTaloB-
kKa [3]. Xoansite onvcan B 1930 r. HcnbiTalle AOMAaIUllero TENJIOBOIO
nacoca, npenlasiiadeloro AJs OTOMJeENHs H Topsyero Bogoclabxe-
HUA M HCNOJB3YIOLIEro Temjo OoKpyXaiouero Bo3ayxa. Ilocse sTOTO
nayanich paGorn B CLUA, npusepline x cospanmuio AeMolCTpanHol-
IILIX ycTanoBok 4], o 1o 3Tok craguy GuIo  10Befello CPpaBHUTEJBIIO
HEMHOr0 TMPOeKTOB, TaK Kak Bce OIIH HMeJH JHUIb YacTiioe (HIalCH-
poBaiiue.

IlepBas xpymnas remionacoclias ycraloBga B EBpome Guija BBe-
nena B gefictBue B Lliopnxe B 1938—1939 rr. B 1neii ncnoan3oBadiuch
TENMIO peullol BOJAB, PoTAmHONIbIA KOMOpeccop H xJagoarenr [5]. Ona
obecneyHBaJla OTOMJIeHHe paTYyLIH Bojo#l ¢ temmeparypoi 60° C mnpu
MmouinoctH 175 xBr. Hmenach cucTema akxymyJupoBalus Temja
C 3JeKTpollarpeBaTeieM [J MOKPHITHA THKOBOH narpysxu. B Jeriue
MecsALH yCTaloBKa paGoTraJjia Ha oxJaxjaelHe. DTa H APyrHe MIBeHIap-
CKUE YCTAllOBKM nepeyuciiens B Tabs 1.1 [6]. Lean cospanus sTux yc-
TAHOBOK — COKpauieliie rorpebJenus yrig B crpane. Hekorophe H3
HHX ycneuwino pabotaior Godiee 30 JyeT.

Ta6auuwa 1.1. Mepsule TenaoHacocane ycranoskn Hlsefnapun

: &
E‘ 2 TeMmnepa-
S Herounnxk tenna MecToHaxox neHUe éﬂé géﬁ_;gﬁ IlpuMeneHHe
E‘E E 2 | cpeam, °C
— { x
1938 | Peunas Bona Lopux 175 70 OTtonJeHue
1939 | Bosayx Llropux 58 | 30—40 | KongHuHoHHpoBa-
HHe BO3[yXa
1941 | Peynas u cGpoc-| Lliopux 1500 | 23—45 | InapaTenbhmii
HAA BOJA Gacceiin
1941 | Bona 3 osepa CxekbopH 1950 70 Texuonoruyecxoe
Telo Ha (abpu-
Ke  HCKYCCTBCH-
) HOTO IleJKa
1941] Bozpyx Jlangkapt 122 — Cywka Ha Gymax-
- Hoi (abpuke
1942 | Peunas Boza Lropux 7000 70 OronneHue
1943 | Peunas sona | Lopux 1750 50 Oronsienue
1943 — MMonensepn 250 50 K onpaHuHOHHPOBa-
HHe BO3AYyXa Ha
o6yeHoft (abpH-
Ke
1944 | Bopa u3 QepmeH-{ Jlaprenradnb 140 45 Harpee 1 oxmnax-
‘ TAallHOHHOTO MNOX- JICHHC NMHBOBa-
BaJa PEHHOTO 3aBOfla
1945 | Bona us osepa Jlyrano — — OTtonncHue
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1.2.4. fIEPBLIE TEMJIOBLIE HACOCHI B AHIIMU

[lepBoifi anrauiickuii TemjioBo# 11acoc AJs Kpymioro 3paliug o6be-
moM 14 200 m® 6mis1 ycranosien B Hopsuue [7], ero cxema mnokasana
na puc. 1.2.

Hcrounng Ttendia — pedilass Boga. TemmepaTypa mojaBaeMOl BOJbI
50° C. Xnapoarentom Guijla ABYOKHCH cephl, K03 dHuuent npeobpaso-
panusg (KOII) (cm. ompenenenne B riu. 2) oxoso 3. HcnoJbsoBaau
6bIBLIHI B ynorpebJellny KoMmnpeccop Bumycka 1926 r. ¢ pemenHOR
nepefadell OT 3JEKTPOMOTOpa TOCTOAIIIOrO TOKa. B 3aBHCUMOCTH OT
IApYXKILIX H BUYTPeIIIHMX ycloBHiA moTpebisanach mouinocth 40—
80 xBr.

s ¥
7 &
1{* (= |4
I gl S
5
< =
¥/

Puc. 1.2, Cxema Temiororo nacoca CaMHepa AJS HODBHUCKOH 3JIeKTDOCIHYKOLI,

! — peka: 2 — Bogsanoft Hacoc; 3 — peunan Bopa 4,5°C; 4 — mHarperass Bopa 50°C; 5 — o6paThas
Boga 44,6°C; 6 —cOpocHas Bopa 3,3°C; A — ucnapurenb; B — KoHpeHCaTtop; C — KoMOpeccop;
D — ppoceedan.

B ucropHueckux o63opax yallle YNOMHIIAeTcs Apyras TemJollacoc-
nas yeranoBka B Aursup na naGepexnoi Temsm B Jlongone, B goi-
uepTiiom 3aje «Poiisan decrusan xoia» [8]. Dra ycramoBka TakKe
6BlJ1a 3KCMEepHMENTANbIION, Tpealla3liayelllon AJd OTONJeHHS 3HMOH
H OXJaXKIelHs JIeTOM, ee TenjoBasg mowocts 2,7 MBT. ®aktuyeckas
MHKOBaA TENJOBAas llarpyska AJs 3aanus Gbliia mpeyBeaudena., Mcrou-
IIHK Temsa — Bofia B Tem3e, Temmepatrypa moxasaemoii Boawm 71° C.
B pexume oxynaxaends nogasajach Boga ¢ Temneparypoi 4° C. Ilpu-
BoAnof npHrateanr «Rolls-Royce Merlin» nepeBepennsiii na ropojckoft
ras, mounocrbio 522 xBr. Llentpobexiniit kommpeccop GBI co3pall H3
Typ6oliariieTaTeJs BO3ayxa B ABHIaTeMb.

Tenso oT xollgencaTopa TeMIOBOTO Hacoca AOMOJIANOCH HOCTYTJIe-
HHEM TemJia OT CHCTeMBl OXJaXeHus rasoBoro apuratens. B xauecrse
xJafoarenta npumelien R12, gocrurunyr koadduuuent mpeodbpasopa-
nus 5,1 u xosapduunenr nepsuunoi suepruu (KII) (cm. ra. 2) ycra-
IOBKY mpubiamkanca kK 1,5. YcranoBka oxasajack HEIKOIOMHYIIOH,
YACTHYHO H3-3a MOBBILIEIILIX 3KCIJIYATALHOIIILIX PACXOAOB, 110 B OC-
IIOBIIOM M3-3a M3JHIIECTB TPH TpoekTHpoBanud. Kanurajosnoxenud
cocrapuay 103 200 ¢. cr. (B menax 1953 r.), Torna kak mpH npaBHJIb-
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noM BhIGOpe 1arpy3ok onu cocTasdau 6wl 52 500. XapaKTepHCTHKH
9TOH U JPYTHX allrJIHHCKUX YCTAlOBOK HpUBedelns B TabJa. 1.2

Opnun u3 nepBHX yellelwino paGoTaBuIMX AOMAIIIHX TElJOBBIX 1aco-
COB yCTaloBHJ B cBoeM jgoMe Camnep [10] — xoucrpyxTop onucannoi
Bhillle ycralloBkH B Hopsuue. OalioaTaxKIIBIH 10M HMeJ XOpoLlyio Tell-
JIOH30JIAIMIO U MOJIIOCTBIO OTaliuBaJca TelJoBhM nacocom. CrauaJa,
B NlepBhle IOAH 3KCIJIyaTaluHH, HCTOYIIHKOM Telljla GBUT BO3AYX, a 3a-

Z5

Puc. 1.3. O6mas cxema ycranoBkd Hadduna xoaneaxa s Oxcdopnae.

! — nopaBaeMas u ofparuas BORa, 2 -— papAaTOpbl LOPMAJABLO{l TemMmeparyphbl; 3 — pafHaTOphl
MONUXENNOft TEMIlepaTyphbl; 4 — BCTpPOeHIIble maleju; 5 —-ropsyee Bogocualxenue, 6 — uacoc;
7 — Oaftnacunifi Kaanan; & —- renACOOMelHHK; 9 — KoupeHcatop; [0 — TpyGONMpOBOJ 11aTpPeToro
rasa; // — raaBusifl OUPKYASNHUOHULIA llacoc: [2 — KOTEJ, HCIOJAL3YIOULHA TEMJIO pBUTaTENd; I3 —
nepeoxymanlrenb: J/4-— pUsenpuniii ABHTaTeAb; 15 — JUUHA BcachBallug; [6 — xomnpeccop; [7 —
fHacoc oxJaxpalouieffi HEHraresib BORBI;- /8 — 11acoC UCnapurteis; [9 — neperpeBarenb; 20 — apoc-
ceNblblfy Kaanal; 2/ — ncnapurenb; 22 — HOAKCHaJbHLI TelooGMceulMK; 23 — cOpoc; 24 — xaHa-
ausapus; 25 — Gafinac; 26 — uanopunlfi rpyCGonpoBon; 27 — OTCTORUKK; 28 — 11aCOC C¢TOUlOl BOLLL

TeM — MOJ3CMIIHA TenJ0oOMEeNIIHK, HCIOJb30BABIIHA Teivlo rpylra
1na rayGuie okoso 1 M. B Komunars Tensio nocrymaso no MealbiM TpyG-
KaM, BMOIITUPOBAINILIM B Geronnnfi mod. Koadpdunuenr npeobpasoba-
U cocraBiser 2,8, m ycralloBxa IOpManbllp paGoraer B Ilacrosilee
BpeM4. ,

B 50-¢ rognl GBiJIo BHUIIYUIEIIO MIIOrO MEJKHX TeIJIOBHIX 11aCOCOB
AoMatullero npuMmeHelusa (cM. yeranosky Jlykaca s ra. 5). Haunbosee
noapo6lo omucan XoJoAHJbIHK-TIarpesareds Peppanrn [11], ocymecr-
BJASIOUINA OJIIOBpeMellllo OXJaXKiellie MHIIEBOH KJaZOBOH H mojauy
OTBeJCIIIOTO Tenja HpH MOBHILENIoN TeMiepaTtype AJdA IllarpeBa BO-
apl. AkgymyaaTopom temia cayxua 6axg na 136 j, narpeBaeMblil 3HMOH
moutiiocthio 0,7 kBt m JeToM B ®kapkue Mecansl molluocrsio 1,3 xBr,
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Momnocrs kommpeccopa 400 Br, TemMmeparypa KJaJoOBKH CIIMXKAaeTcs
B cpeanem Ha 11° C. Mnrepecno, uro ycranoBka crouna 141 ¢. cr., 110
ona GulJia B TO BpeM# orilecella K IIPeIMETAM DOCKOLIH H I1a I1ee TNpo-
uasenena nauenxa na 60%, uro ornyriyso BO3MOXKIILIX MOKymaTedei.
Onmnaxo Te ycranosky, yto GHJIM MPOAAlbl, paGoTajy XOpOLIO.

Tenyosoit nacoc 8 Hadpouan xonnenxe (Oxchopa), xorophil emme
CYILIECTBYeT, XOTd M ne paboraer, 6bl1 sanpoexkTHposan B 1954 r. [12].
Hcrounuk remnia — crounsie Bogn ¢ Temneparypoit 15—24° C, Ipusoa
KoMIIpeccopa ot AH3est momliocrsio 31 xBr, o6muit KOIT cocraBasier
oxoso 4. Cxema npuBegena na puc. 1.3. CroumocTts Tenia, 1aBaeMoro
3THM TENJIOBHIM I1aCOCOM, GRla COMOCTaBJiela CO CTOMMOCTHIO TemnJda
OT KOTeJbIION ¥ TelIOBOro macoca c¢ 3JexkrponpuBojom: 2,4, 3,15 u
3,8 menca 3a 1 MJixx coorBercrBemnno (Bce B menax 1936 r.). Crou-
MOCTb IlepTH Ttorma Obwia 3,7 memnca 3a  JHTP, 3JEKTpHYECTBA
1,375 nenc/(kBr-u). Croumocrs ycramoBkn 9310 ¢. cT, wuian
73 ¢. cr./kBr tensiosoil Momiuocry. Kak nokasaio na puc. 1.3, temio
OXJaXJelHA IBUraTejs HCOOJb3yeTcs JIJsi AONOJIHTEJBIIOro Iarpe-
Ba BOJH, KoTopas o6Gorpesaer KoJueax. TemaoBasi MOIIIOCTL ycra-
noBxu 150, a mosmuas pacuernas renyioBas narpyaxa 450 xBr.

1.2.2. PA3BUTUE TEMJIOBBIX HACOCOB B CUIA

Pannue npoextn, Bunoanennele s CIIA, yxe ynomunanucs. B
Komue 40-x rogos GBIO YCTANOBJENO, YTO KOMMEPYECKHH ycmex Oyaer

BRHILIE, €CJH BBIMYCKaTh <«arperupoBaillibie®» yCTallOBKH, MOJIIOCTbIO
COﬁp&IIIIbIE I1a 3aBojae-"H3roroBuTte-

7 B Je H BCTpoemse B goMa. B 1952 1.
2 TaKHe TeMJOBLe HACOChl MOCTYIH-
kS JIH 11a PBIIOK B GOJIBLIOM KOJIHYeCT-
< zz Be [4]. B mepsblit rox GO BHIMy-
S 7z ' | meno 1000 arperatos, B 1954 r.
3 BABoe GoJpmie H B 1957 r. — B 10
§ % pas 6oJewie. B 1963 r. 6n10 BHITY-
S g meno yxe 76000 arperartos, npu-
S P, | 4eM GOJBIUHIICTBO H3 IHX YCTAllOB-
.§ 6 / : JeHo B IOXKIBX luTataX, I'ie Tpe-
Ay 24 g Gyercs  JeTliee  OXJaxKjeHue H
z oronyenue 3uMoHd. Takue renJioBhLle
s W 87 s 7 7% c 11aCOCH  yCmemio  KOIKYPHpYIOT
5 60 64 68 72 7 C OOBYIBIMH KOTJaMM, HalomHMH

Puc. 1.4. Mpoussofcreo Temioskx na- 1 ONpKO TEILIO.
cocop B CIIIA mexpay 1954 u 1978 rr. IIpo6ieMBl BO3NHUKIIH, KOIAA 3TH
1 — pauuug nepuon pocra; I/ — Depuop nepe- yCTAIIOBKH I1a4YaJH TpPHMEHATb B
onenxd; /II — mepuoy GuicTporo pocra, XOJIOAIIEIX ceBepIllblX 1iTarax H BhHI-

AIBUJICSL MX [1eJOoCTaTounbfl pecypc.
3a arperHpoBallllbIMH TeMJOBBIMH I1aCOCAMH YCTAallOBHJAACE penyTaunus
HeNageXIHX yverpofictB. DTo NPHBEJIO K MpPeKPallleHHIO pocTa BHINYC-
ka B navajie 60-x rogos BmJoTh A0 1971 r,, kKorga clioBa nayancd HX
poct (puc. 1.4). 3a mepHOZ 3acrosi MPOU3BOLCTBA OHJH. Pa3pabOTaHHL.
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noBhle, GoJlee HaJleXKIIEle arperatel H, yro 60Jee BaXXHO, U3TOTOBUTENH
MOMOIJIM HIIKellepaM, yCTAllaBJUBAIOIIHM H 11abJIofalouiuM 3a arpe-
raTaMy, Jydlle O3HAKOMHTbCA ¢ IIMMH. DblJIo mpoBeleno I1ecKoJbKO
uccJenoBanti nagexnocru (eMm. . 4), a B 1974 r, Hucrutyr oxJjax-
ACIHA M KOINUIHOIIHPOBAIIHA BO3AyXa BBIABHIIYJ MPOrpaMMy aTTecra-
LMH ¥ KJAacCHPHKAUMH TEIVIOBBIX 11acOCOB MO HX I1asliayendio. 3Jra
pa6Gora mpojoJiKaeTcs B l1aCTOsIIee BPEMS.

B 60-e rogm croumocts 3Jexrposnepruy B CIHA cmabno cuusm-
Jach, 4YTO AAJI0 NPEHMYIIECTBA NPAMOMY 3JEKTPOOTOIJIENHIO B yileps
TerJIOBHIM HAacocaM, C¢npoc I1a KOTOphbie yhaJ H B CBfI3M C Ilellajex-
II0CThIO.

Ho B 1973 r. snepreTHuecKuid KPH3HC MOJOXWI 11a4yaJio IIOBOMY
nepHoay GLICTPOro pocTa HITepeca XK TEMIOBHIM 1acocaM. B 1976 r.
6uio npogano 300 Thic., arperaToB, a ux moduoe yuciao B CLIA npe-
BHEIIAET 2 MJIH.

1.3. COBPEMEHHOE COCTOSHME

Hurepec x TemlOBHIM IllacocaM IIHKOrga ne GBI Taxk BeJHK, KakK
B nacrosmee ppemsa. B Espone, fAnouun u CUIA BHnycxajor ycralos-
KH JJA Teiwlocnabxenus KBapTup, obnieCTelllibiX 34AIHH W IIPOMBILI-
JIeIILIX TponeccoB. MexayllapoAlioe slepreTHyeckKoe arentcrso H EBs-
poneficKoe 3KollOMHYecKoe COoo6IpecTBO BBIABHIYJIM  KPYIIblE MPO-
rpaMMbl pa3BHTHSI TEIVIOBLIX 11aCOCOB ¢ AeMOIICTPanHel IOBLEIX KOIICT-
pYKuH# H cnoco6oB mpumelenus. B 6auxaiiiive roawl 1a pHIIKE [0~
SIBATCA COBEPIUEIIIO HOBHE TelvVIOBhle 11aCOCH AJA AOMAallllero mpuMe-
HellHs, HCMOJb3YIOlHe ra3 BMecTo 3JerTposllepruu. Pacuupures npu-
MellellHe TeIVIOBHIX I1aCOCOB B IIPOMBIILVIEIIIOCTH ¢ BHITECIellHeM OObIY-
ILIX CYLWIHJIOK, TemyioBHe 11aCOCH IO3BOJAIOT IIaM HCMOJb30BATH 311€p-
ruio GoJiee 3¢hGeKTHBIIO M BOCCTANABJHBAaTE COPOCHYIO 3IePruio, 4eM
oNpeleNfieTCsT HX BaXIlas PoJib B COXpallellHH IAalIHX 31EepreTHYecKUuXx
pecypcos.

Fnasa 2

TEOPMA TEMNOBLIX HACOCOB

2.1. BBEAEHME

Hasnavenne 3Tok riaBhl — JaTh YHTaTeJd0 QOCTaToOU-
lIble TeopeTHYeCKHe OCHOBH AJISl allajJu3a H CPAaBIENHA pasjHYIBX
TEMJONACOCHbX [HKJIOB € PasidH4lIbiMH pabouumu Tenamu. Xopoiiee
nolluMalHte TeOPHH [OMOXKET OLENHTh OrpallHyenHsl BO3MOXKIOcTef
TEIJIOBHIX 11aCOCOB, MOCKOJMLKY 3TH OrpallHyellHsl IAaKJaAbIBAIOTCH IIe
TOJBKO TeXHHYECKHMH NpobJieMamH, 110 TaKXe H 3aKOIaMH NPHUPOIH.

[IpeanoJsiaraercs, yTo YHTATENIO YK€ H3BeCTIIH MOIATHE TePMOIH-
1aMHYECKOTO COCTOSIIIHA H NapaMerpH, onpenesdioliie 3T0 COCTOAIIHE:
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TeMneparypa, AaBJjellne, yaedblbi  06beM, 3NTaNbMHA U SUTPOMHSA,
OTHMH TapaMeTrpaMH MB GyieM OTepHpOoBaTb B IACTOsIIEH IVIABE,
a UX noxpo6Iioe mosCiellHe MOXIO NAHTH B KypcaX TepMOAHIIAMHKH

Boabiias yacTh 3TOH IMaBhl MOCBALIENa TEMIONACOCIIOMY LHKJAY
¢ MexallHYecKol KOMTIIpECCHeH mapa, TMOCKOJbKY TaKHe TerJioBhble IIa-
cochl nauGoJiee pacmpocrpaielibl. 3arem 06CYXIAlOTCA ABAa LHKJA,
Kyfa 31epTHA MOCTyMaeT ToJbko B (opme Ttemna: abcopOUHOIHBIR
nUKA W apofinoil muka Penxuna, xoropsle aBropaM MNpeACTaBIAIOTCA
BeCbMa NepCMeKTHBILIMH. KpaTKo omucallsl lIeKOTOpble Jpyrie IHK-
JIbl, KOTOpPhle B I1aCTOsIlee BpeMsl BhI3bIBAIOT HIITEpEC.

2.2. UMK KAPHO

B 1824 r. Kapno Bnepshie HCMOJNB30BAJ TePMOAHIIAMHYECKHA UK
AJA OMMcAllusg NPOLECCA, H 3TOT IHUKJ ocTaercs (¢ylnaaMelTalblloN
OCIIOBOIl AJIi cPaBIEIHA ¢ IIHM H OHENKH 2(¢(PEeXTHBIIOCTH TETJIOBBIX
HacoCOB.

ay 8y
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Puc, 2.1. TepmogHHaMHucCKash cxCMa Pue. 2.2. HMpcanbHblii TCMJiOHACOCHBI
TCIJIOBOTO HAcoCd H TCMJOBOIO [BHIA- uukr Kapto.
TCHA. / — HCTOUMUK Tella; 2 — xommpecceop; 3 —
| — TeN/IOBON Hacoc; 2 — TenmoBoft gBHTA- NpUBOXHON JBHTaTe]b; 4 -— NOTPEOHTENL Tem-
Tens; TH — BhiCOKas TemDeparypa; 1L — na._ﬁ—pacmupmenbnaa MaLIHH].

HU3Kas TeMIcpaTypa.

Tennosoii 1macoc MOXKIO pPacCMATpPHUBATh Kak O6Gpaluielniyio Temdo-
BYIO Mamuny. TemyoBas MallHla NOJydaer Temso OT BHICOKOTEMIEepa-
TYPIIOTO HCTOYIIHKA H c6pachiBaeT ero mpH IH3Ko# Temmnepartype, OT-
naBasi moJsiesHylo pabory. TeminoBofl macoc Tpebyer 3arpaThl paboTh!
AJS TOJIyyellis Temsa TPH IIM3KOM TeMMepaType H OTAAauyH ero npu Go-
Jee BhicoKoil (puc. 2.1).

MoxIlo Jierk0 MoxKa3aTh, UYTO ecJH o6e 3TH MauiMibl 06paTHMEL
(T. e. TepMoLHIIaMHYECKHEe TIPOIECCH Ile COAEpkKAaT NOTeph Temja HJIH
paGoTH), TO CYLIECTBYeT KolledlIblH mpegesa 3(P¢heKTHBIOCTH KaXaAoH
H3 14X, 4 B 06OHX cJydasx 510 ecThb orinowenne Qu/W. Eciau 61 310
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6b1J10 IIe TaK, TO MOXIIO 6b10 OBl MOCTPOHTDL Bedllbli ABHraTelb, Mpo-
CTO COEAMIIMB OAIly MAaUIMIly C APYrod. JTO OTIIOUIENHE OYellb BAaXKIIO.
B ciayyae TemJIOBOM MaUIHIILI ONO 3amuchiBaercs B Buae W/Qwm u na-
spBaeTca repMuyeckum KIIJL, a gqia TenJoBoOro 1macoca olo OCTaeTcs
B Buje Qu/W u naswBaercs xoappuumentoM mpeobpasosanus (KOII).
Ero caeayer orauyaTh OT allajoruyinoro otmnouienus Qr/W, npume-
I1eMOr0 B XOJIOAHMJBIION TEeXIIHKe M I1a3BBAE€MOr0 B JaJblieflieM
KOIlozxx. Ilockonbky Qu=W-4Q., mnoayuaercas KOIlozz=KOII—I.

Huka Kapuo nma puc. 2.2 uzobpaxkaer paGounii mpouecc Haealb-
I0¥ TemJOBOH Maumulbl, paboTalouleil B 3afalllloM HIITepBaJe TeMne-
patyp. CTpesKM moKasbBalOT llampaBJellie mporuecca AJS TEmIOBOro
Hacoca. Temio M30TEpMUYECKH TOABOAMTCA MpH TeMnepatype Ip H
M30TEePMHYECKH OTBOJAHTCA HpH TemilepaType Tx. CxkaTue W pacuuu-
pellde TPOH3BOAATCA TPH TOCTOSIIION BITPOMHH, a pabora IMOABOAHT-
Csl OT BleLillero gsurareqas. Mcrnose3ys ompepenende 31UTPOIMH H 3a-
KOIIbl TEPMOAHIIAMHKH, MOXKIIO MOKa3aTb, 4To ko3addumvent npeobpa-
3oBanusa AJA mukiaa Kapno umeer Buj

KON =T (Tu—TL)+1=Ty/(Ty—TyL).

Huxaxoit TensioBo# Ilacoc, co3pailiblii B Mpenesaax mnaueli Beeder-
IIOH, Ile MOXeT MMeThb Jyuuliell XapakTepHCTHKH, H BCE TMpAKTHUECKHE

UHKJIB PEAJH3YIOT CTpeMJIelIHeé MAKCHMAJbIO MPHOGJIHIHTLCA K ITOMY
npeaedy.

2.3. UMK C MEXAHMUYECKOHA KOMIPECCHEH MAPA

C uespio mpuGAMKellUs1 K Tpocromy MKy Kapio, a dbaxrHyeckH
3TO 3MAYHT — C [EJNbI0 CO3JallHA MPaKTHUECKH TMOJE3IOoro TEemnmJOBOro
nacoca, 11e06X0JUMO CTPEMHUTBLCA K MOABOAY TeMJa MpH YCJIOBHAX,
GJIH3KHX K H30TepMuueckuM. st 3roro mopbupatorcsa pabouue Tena,
HU3MENAIONHe arperaTiioe cOCTosiliMe TpH 1Ie06XOAKMBIX TeMnepaTypax
H pasienusax. Ouu morJomalorT Temio MpH HCMapelHy H OTAAIOT MpH
Kollaencamuy. It npouecchl o6pasyior H3oTepmbl nuxia. Cxkatue
napa, Kak npasuJo, Tpebyer, urobnt map OB CyXHM, YTO BEI3BAlIO
0cOGeNIoCcTAMH MeXaHHKH GOJIbIIHIICTBA KOMMpeccopoB (cM. V1. 3).
Ilonaganue XHAKOCTH BMeCTE C MApoM I1a BXOJA KOMIpPECCOpa MOXKET
MOBPEAUTh €r'o KJamallbl, a MOCTyMJenHe O0JbIIOr0 KOJHYECTBa KHUI-
KOCTH B KOMIpeccop MOXeT BooOule BHIBECTH ero M3 crpos (eciu He
MPHIATH TPeaoXpaluTeNblible MepHl, IanpuMep MOAMPYXKHIENas Io-
JOBKa LHJAMIApa).

LHuka ¢ MexallHyecKoi KOMIIpeccHed mapa M ero HiobpaiKeiude HA
T—S (remnepaTypa — 3UTpPOMHA) AHarpaMme Moxasalk ma puc. 2.3.

PaccMOTpUM IIMKJ TOJBKO C CyXOil KOMIIpecCHel mapa H pacuiHpe-
HHEM B JPOCCENBIIOM KJamale. JTor Kjamall mnpelAcTasJiser cobo#
Ju6o peryiaupyeMoe COMJIO HJH OTBepCTHe, JHO60 KanmHJIAPIYIO Tpy6-
xy. Bhi6op mMexay IUMH Oomnpenensiercs TpeGoBallusiMH B peryJHposa-
nud. OTCYTCTBHe pacuIMpHTENbIION MAaLIHIIL. B mHKJAE 0311a4aer, yTo
IEKOTOPOE KOJHYecTBO moJiesloli pabors! tepsierca H KOIT ymensma-
erca. Kag mpaBuJio, 3T0 OMpaBalo TeM, YTQO CTOMMOCTb PAacCliHpH-

—7



tedabHOll MALIMHBL He OKYmaeTcsl noaydenHofl ma He#r paboroii *. Ilpo-
uecc pacCUIMpElHs B cOlllle Ieo6paTHM, OIl floKasall NYIKTHPOM Iia
T—S puarpamme (cM. puc. 2.3). OG6HuNo om paccMaTpHBaeTcs Kax
aguaGarHueckuil, T. e. MPOXOAALINH 6e3 MOABOJA HJH OTBOAA TEILIa
IIPH pacluupeldd paboyero Tesa.

Tenepb NpOAeMOICTPUPYEM IMKJI APYrHM  Cl10cOGOM, ¢ NMOMOIILbIO
HINPOKO IpHMEIseMOH Il1a NMPakKTHKe JJA IIaPOKOMIIPECCHOIIIBIX IUHK-
JIOB AMAarpaMMhbl JaBJiellie — yAeJbliast 31TaJbIHA (p—h), uro moka-
3ano 1na puc. 2.4. lajee B riiaBe 6yler MCNOJL30BATbCS TOJBKO TaKas
nuarpamma.

p
10;: J
r Nudxgems . S
4
g 7 »
T
| !
[ |
I T
Xﬁ z ; N\ Zege-
| Z0EmEIT
4 5 7
¥
‘ |
— & AW
T - w [
S A L N
1‘?[, n
Puc. 2.3. IlapokoMnpeccRORKEI 1HK. Prc. 24. HMaeanvHnli  napoKoM-

I — Kcnaphrenp; 2 -— KOMUpeccop; 3 —— mpHBoxuofi  ITPECCHOHHLIH IHKJ,
ABWraresb: 4— koufledcarop; & — APOCCENbHLIY Kia-
nai; 6§ — DOTPaKKYlIas# KpKBaf,

D10T pHCYHOK cJenyeT paccMoTpers BiumartedbHo. CxkaTtoe pabo-
yee TeJO MOJ BHICOKMM JaBJellHeM MOKHIAeT KOMIpeccop B Touke [.
ITockobKY Ha BXOA B KOMIpPECCOp IOCTyIalJl TOJBKO CYXOH nap H
6Jaaronaps NAaxJONy JHINA MOCTOANION 3ITPONHH, B Toyke I map me-
perper. IIpexnae yem nap Hauller XOlJelcCHPOBATHCA B TOYKe 2, €ro
cleNyeT OXJAJHThb NMPH HOCTOSAHIIOM Aasienud. Mexay Touxamu 2 u 3
IPOHCXOAMT KOIIJeHCAHA NpH MOCTOSIINOK TeMmeparype (eciH I1er
yreuek napa). Orcioga BHAHO, 4TO Temjoo6MelllHH anmapar, B KOTO-
pPOM IIPOHCXOAHT KOHAelicauus (XoIjelncarop), scerja moJikell OGBITb
paccCUHTaH Ha IIpHeM Meperperoro mapa. AnumabaTHueckoe pacuiupe-
Hie H306paxaerTca HAa p—h guarpamme BepTHxaJbliol npamMol 3—4,
U B 3TOM OAlla H3 IpHUHI yaoGctBa Taxoll auarpaMmmhbl. /ljs pacuera
INKJIa HeO6XOAMMO 3HATh COCTOAIIHA paboyero Tesa TOJNBKO 11a BXOJe
B KOMIIpeccop M BHIXOAe u3 Iero. Ocrabiioe m3o6paxkaerca NnpAMBIMH
JIHHAAMH. Mcrnapenne NnpoMcXOAHT NPH HOCTOAINIBIX JaBJeElUH U TeM-
nepatype mexay troukamu 4 u 5. Cielyer oTMeTHTD, YTO paclulpelne

* ITo-BRARMOMY, «BEUHLIi BONPOC» MapPOKOMNPECCHOHHBIX XOJOAHMBLHBLIX MAIUHH
M TCIJOBBIX HacoCOB 06 HCNOAL30BAaMMH PaBoTH pACIUApeHHS OYAET MOJOXKHTEILHO
pemied TONLKO MpH cO3LARHH KPYNHEIX TEMJOBHIX HAcOCOB EAHHRAYHON MOUIHOCTBIO
B leCATKH merabatr, — IIpun. nep.
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IIPOHCXOAMT (haKTHUECKH B CMECH XHAKOCTH M mapa. Bxoasimias B He-
napHTeJb CMeCh COAEPXKHUT 3NAUHTEILIIVIO A0JIO fapa, uinorga ao 509
110 Macce, H 3Ta JloJsA pabGoyero Tesa, eCTECTBEIIO, yXKe Iie yyacTByeT
B fIpomecce HCHapenus H morJoilenus remaa. Mexnay Toukamu 5 u 1
IIPOUCXOQUT H303UTPOINHUINIOE CXKaTHe cyxoro mapa. Ha mpaxTtuxe ero
peaJiu30BaTh IeJb3s, 110 3Jecb MB paccMaTpHBaeM HJeaJH3HPOBall-
nbifi uurA. Ero sddextusiiocts menpiue, yem y uuxiaa Kapno, us-3a
11e06PaTHMOCTH fIponecca pacllHpelus.

[Tonuepkilem BTOpOoe BaxKIiloe INpeHMyUIeCTBO p—h JHArpaMMH.
[Tockoabky 11a I‘OpHSOIITaJIbIIOfl OCH OTKJIaAbIBaeTcsl 3ITAJbIHs, OHA
nonyckaer mnpsamoii orcuer Qu, Q. u W. Tlpocroe coornomenne
Qu=Qr+W u3 auarpammu oueBuano. B to xe Bpems jguarpamma
no3ponsier cpasy onenutb 3nayenne KOIL as mosyuenus shicOgoro
KOII snauenve Qx QoNXKIio 6nTh Beanxo, a-W (pa6ora cxaTus)
poJjkia 6biTh Maja. [lpuropnocts Toro WM Mmoro paGouero Tesa
MOXKIIO GBICTPO ONENHTh MPH B3rJse 11a ero p—h auarpammy *

Omucannsii napoXoMIpeccHONIBIE MUK OJAHHAKOB M LJIs TeNJOBO-
ro nacoca ¥ AJas xoJoauablofl mawuine. Ero yacto nmasmBaior o6par-
IEM mukjaoM Penguna uiau, Menee TOUIO, NpocTo HHKJIOM Pellknna.
B pefictBurenbiocTy uuka Pelikuila oTinocHTest ¥ mpoieccy B IapoBHX
Typ6HIAaX NpH BeIpa60TKe 3MekTposieprud. Ha T—S puarpamme on
NDOTEKAeT 110 4acoBOil cTpeliKe, BKJAIOUASA HCMapellie M KOIJEICAIHIO.
IMonuepxuem aBa pasnHuAs MeXny UMKJIOM PellxHIla H MeXaHHYECKUM
napoxoMnpeccronnsM. Ilepsoe cocrour B nanpasienuu: muga Pelku-
1a — 3TO 3lepreTHUYecKHi LHKJ, OTAAIOLMHA MOUIIOCTh TPH pacurHpe-
MK napa B TvpGHIle. BTopoe pasnnyue B ToM, uTO B 1ukJe Penxguina
cxkumaercs 100% xugxoctH. [deficrBuresniblio, o6paTHMBIM IO OTHO-
IMelHI0 K MUKAY Pellkuia 66l 6Bl UK ¢ PACLIHPUTENBIION MallHIOH;
a Ile ¢ e06pPaTUMHM pacluMpendemM B Apoccene. Ha npaxruxe, o,una-
KO, paslluna Ile oyellb cyulecTBeHla.

2.4. PEANIbHDIA LLIMKA

Paboune wuraH, omucallble B NpEeIBAYUINX pas3genax, CyllecT-
Bellll0 HJeaJU3HpoBallbl, XOTA B IHX M YUHTHIBAJHch TpPaKTHUECKHe
orpaldyellns, cBA3allllkle C IIEOﬁXOlIHMOC"‘blO CKATHA TOJIBKO CYXOro
fnapa, a TakXe OTCYTCTBHE pACIIMpHTENBbIION MAaIUHIIH, IpeafoJara-
sock, uto KIIJL Bcex snementos cocrapiaser 100%. TToxaxken Tenepb,
yeM peaJibllasi MAUIKIIA OTJHUAETCH OT HAeaJbIION.

I'1aBIEIM KOMMOIEHTOM TEIVIOBOro Hacoca SABJSETCS KOMIIpeccop.
Panee yXe roBopHJoch, 4T0 KOMIpeccop AOJKel CKHMATh TOJILKO CY-
XOH nap H pabodee TeJO JO BXOAa B KOMIpeccop MAONKHO OHTH Iie-
CKOJIbKO. Tieperpero. JTo Iokasamnoe na pHe. 2.5, rae pabouyee Teso
Tenepb NocTynaer B KoMmipeccop B cocroanuu & smecro 5. Ileperpes
co3Jaer 30Ily 6ezomacliocTd JJs  yMelblUellUsy MoNajallus Kaleab

* Ha amrarpamme ypoGHO NpOBECTH ‘nepneHaMKynsp K Touxke 2/, torna KOIT —
3TO oTHOmreHRe oTpeskos 3-1 B 2'-1. Ouedngno, uro KOIT tem BrIUe, ueM MeHumie
RHTepBaJ AaBJcHRA 3-4 (HAR, YTO TO e camOe, YCM MCHBlle HHTEPBal TeMMepa-
TYp). — [Tpun. nep. S
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JKHAKOCTH B KOMIIpeccop. DT0 JOCTHraeTcs IENOH IIeKOTOpPOro yBesH-
yelusi KOMMpeccopa, MOCKOJbKY OIl JOJiKell cXHMaTh GoJee paspe:
XKellIBlH 71ap NpH TOM Ke MaccoBoM pacxoje. boaee cepbesnas npo6-
JieMa COCTOMT B INOBBIIIEIIHH TeMMAepaTypu Ila BHIXOJe M3 KOMIIPECco-
pa, KoTopas orpanuyuBaeTcs CTOHKOCTBIO BHIXJOMHHX KJAanalos.

JIpyroe cyliiectBellioe OTKJIOHENHe OT HieaJH3HpOBAIIIIOro IMKJIA
onpeneasiercs KIIJI xomnpeccopa. H3-3a temynooGmena mexnay pa6o-
YUM TeJOM M KOMIIpeccopom H I1e06paTHMOCTH TeHEllHsi BHYTPH KOM-
IIpeccopa MOBHIIElHe HTAJbIHH B IleM 60Jblle, Y4eM B HIAeaJH3HpO-
BANIIOM IHKJE, YTO TAaK¥Ke MNOBHIIAET BHIXOAINYI0O TeMmeparypy. Ha
puc. 2.5 310 noxazano rouxofi /. IloBuiurenHe SHTAJBNHH OULENHBAETCH
nzosnrponuyeckum KIII xommnpeccopa. IloBuiuenue suraibnuy B pe-
aJblloM KoMipeccope o6osnayaercs W/, a npu HaeanablioM H303ITPO-
nuyeckoM cxathiu W. Hsosurponuueckuii KIIJ[ pasen W/W’. Ha
IpakTHKe MOpLUlIeBble KOMIIpeccopbl HMeloT uzoslTpomuueckui KIIJL
okodo 70%. Ormerum, yro H303NUTPONHYECKOe CKaTHe Tpebyer MHIIHU-
MaJblIOR paGoTH TNpH lleoxJaxgaeMoM KoMmmpeccope. Pabory moxIio
CIIH3UTb IIyTeM €ro OXJaxKjellds, 10 IOCKOJAbKY 3agaued TemJIoBOTroO
lacoca sIBAsieTCA OTAAauya TellJa NMPH BHICOKOH TeMilepaType, Takoe
OXJaxaelile 1IeBLIIOAII0 HIH PAaKTHUECKH I1€BO3MOXKIIO.

CywmecTBylOoT eule ABa nokasareds 3(¢heKTHBIOCTH KOMIIpeccopa.
Mexamnyeckuii KIIJ] noxaszmiBaer, Xakas 0045 paboThbl, NOABENEIIION
K BaJy KOMIIpeccopa, otaana paboueMy Tedy:

o IloBrtenye autTaldbnRAX MaccoBLfl pacxo
Mexanuueckuii KI1JT = a pacxo.

Moutocts, noapeieHHass K KOMNpeCcopy

O6biuiio on pasen 95%. 3amerum, yro o6a 3ty KIIJI oguiiakoBo Bax-
K, Tak Kax onu sausior na KOII peaarnnoro tenjosoro lacoca.

Haxornen, ecrs eme o6pemunifi KITJ, xotophit Bausier ne na KOII,
a Ila KamnurafioBJoxelHs B oGopyaoBallHe, IOCKOJbKY OMpegesseT
pasMepsl XOMIIpeccopa:

o Ma COBHI’[ acxo, e-ﬂbHHﬁ Oﬁ'bEM na BXxopae
O6semunii KITJT = € P 11>f3’11 i
O6mem, MPOXOARMEIT MOPIIHCM B CAHHHIY BPCMCHH

Ero THIHYHOe 311ayellHe Tak¥ke okoJo 95%.

Ilotepn uMel0Tcs H B APYTHX 3JeMenrax paGouero [HKAA, a Iie
TOJAbKO B KomIipeccope. Korna pa6Gouee Teso npoXoauT yepes Temnaoos-
MeIIIHK, AaBJellde IleckoJqbKo nagaeT. CKOPOCTh OG6BIUIIO CTPEMATCS
HoaaepKUBATh AOCTATOUIIO BHICOKOH H HCKJIIOYHTbL 3aCTOMIIBIE 30IIbI,
B KOTOPHX co6upaercsi machdo. Bauslme 3Toro mnajenus [AaBJelHA
NPOSABJAETCA B OTKJOIEIHH OT H30T€pMHYECKHX YCJOBHH IPH Temio-
o6Mene (cM. puc. 2.5). PaxTHUeCKH OTKJollelHe 06GBUIIO 1le NMPEeBOCXO-
IUT rpajayca, U lla PUCYIIKe ero BJHAIIHe IIECKOJLKO MNpeyBeJHYelo.
Ono nmposiBAsieTcs KaK B HCMapUTesae, Tag U B KOHAellcaTope.

Ilocneniiee oTkJaoIelMe OT PeaJblloro UMKJAA, KOTOpOe 3Jech pac-
CMAaTpHBaeTcs, CBA3AI0 ¢ nepeoxJaxjenueM. B HaeaablioM HKJE
ApocCceaupoBaliie I1ayuIajoch OT TOYKM 3 11a JeBoH IorpalHuioi
kpHBoii. Oanaxo aw06ble NMOTepH B TPy6ONPOBOAAX MEXKAY Kolljelca-
TOPOM H JApoccelieM BH3bIBAIOT IIEKOTOpoe Hchlapelide, YTO yXyAUIaer
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pabory Apocceds. JXenareabllo BBeCTH IepeoxJsaxieliie A0 TOUKH. 3.
Ilepeoxnaxaellde TakxKe clHXKaeT JOJIO 11apa, IOCTYMAIOIEro B HC-
napyredab, 110 YTOOGH OCYILECTBHThL [epeoxJaxKjellde, NYXKIIO HMeTh
TEIVIONIOCHTEAb ¢ JOCTATOYIIO Nu3koii TeMnepatypofi. O6wuno Bpoxa
HJH BO3JAYX, OTBOAAIHE TEIJO OT KOIAelicaTopa, He MOIyT CAYXKHTb
AJs 3TOro, TaK Kak 3ajaya TeNJoBOro lacoca COCTOHT B Moglepxka-
IHH HX IOTOKA MaKCHMAJBIIO IIarpeThiM *.

Heckoabko panee Guia ofbsacHena 11€06X0AMMOCTb NEperpeBa pa-
Goyero Tesa Nocje HCMAPHTENs!, YTO NMpHBENO K yAOGIOMY M SJerair-
IIOMY peLIelHIO; TeNJa0, OTBOAUMOE OT KOlljelicaTopa INpH Iepeoxyaax-

17
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]
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h

Puc. 2.5. PeallbHbifi NapoKOMIIPECCHOHHEIA NHKIL,

Puc. 2.6. ITapokoMnpecCHOHHEIT UHKA ¢ MPOMEXKYTOYMHM TeMI0oGMCH-
HAKOM — pereHepaTopoM.

1 — Wcnaperens; 2 — KOMOpeccop; 3 — HBHraresb, 4 — Koligelucarop; 6 -— npo-
MeXYTOUNLIfA Tenao00MellHK,

AelHH ¢ TeMneparypo#i Tr, HCHOAb3yercs AJA Ieperpesa 3acachiBae-
MOro B KoMiIpeccop napa ¢ TemnepaTypoli Tr myrem ycTalloBKH mpo-
MEXYTOUIIOrO TenJoo6MelllInKa — fepeoXaaaurenas (puc. 2.6).
3aMeTuM, 4to IepeoxJaRHuTedb Ille BJAHSET IeNoCPeACTBelllo Ia
KOII, nockoabKy H36HITOXK SNTAMbIHH, NOJAyYellllblii TpH BHICOKOH TeM-
neparype MeXAy roukamu 3 u &', ne oraaerca norpeGuTeNo, a He-
NoJNb3yeTcsl BUYTPH IHKAAa Mexay toukamu 5 u & (cm, puc. 2.5).
Onnago xocsenno nepeoxnaanrear nosbiaer KOII, nockoAbKy mo-
3BOJISIET BOCHPHIIMMAThL Temao npu Iz Goslee G6JH3KO K H30TEpMe.

2.5. PACYHET KON

B sTOomM pasjene paccMOTpells! THNMHYHBbIE BEJHYHIIH, XapakTepline
AJA TEMJIOBOro Iiacoca, MPHUMEIIAeMOIo ¢ LEeJAbK BOCCTAIIOBJEIIHA Tell-
Ja. Bo3aMoxIiible mokaszaTeNd peaJblioro IHKJAa CBA3HBAIOT ¢ {0Ka3a-
reasMu nukaa Kapio.

[IpeanosOXKHM, UTO CYILECTBYeT MPOH3BOACTBO, B KOTOPOM HCIIOJb-
3yercs NMpoMEIBoylias Boja. Bopa saxaiodena B 6oabwiofi 6ax mpH

* TlpH ¥cno/b30BaHHH TellJIOBOTO HacOca KpOME OTONJIEHHS Clle H JUJIS Tropsyero
BOJZocHabKCHAS, KaK NMPaBHJO, NEPEOXAaXKACHHE BNOJNHe BO3MOXKHO, TaK Kak Hayadb-
Hasl TemMnepaTypa mocTynatwolueil BOALI AOCTATOYHO HH3Ka. — [Tpum. nep.
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teMmiieparype 65° C u mociie oudctkyu cOpachiBaeTcsi MpH TeMmepaType
35° C. HasnauenHe TemioBoro Hacoca COCTOHT B BOCCTAHOBJEHME TEIl-
Ja cOpOCHOH BOJBI M HCIOJb30BAaHMA €ro JJIsl MOAKEPXKAHHSA TeMNepa-
TYPbl BOAsIHOTO 6akKa. BpemenHo npeHeOpeXeM BO3MOXKHOCTBIO Ua-
CTHYHOrO HCNOJb30BAHUS AJS 3TOH LEAH NMPOCTOro TelIo0OMEHHMKA.
Maxkcumanbustit KOIT no Kapro

KOMk = To/(Tu—Tw)+1 = (273 + 35)/(65—35)+ 1 = 11,3.

Tenmepp paccuuTaeM, 4TO MOMKHO MOJNYYUTh Ha MPAKTHKE,
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Puc. 2.7. [TapokoMnpecCroHHbId IHKA Ha XJagcareHTe R12.
/ — AUHHA HACBIWEHHSA; 2 — H3OTEPMEL

Bo-nepBHX, nyKHO BHOpAThL TEeMIEPATYPHl HCNADPEHHNA H KOHJAEHCAa-
wus. OHM 3aBHCAT OT pa3Mepa TemI00GMEHHHKOB, KOTOPHle MpearnoJa-
raeTcs yCTaHoBHTb. B KayecTBe THNHYHHIX 3HAauYeHHH MOXKHO MPHHATH
Ta=T75°C u Tp=15° C. OT™MetuM, 4TO0 B HCmapHTeJe HyXHa 6oJbmIas
PasHOCTb TEMIIEPATYpP, MOCKOJbLKY cOpackiBaeMasi Bola LoJKHa OLITh
oxaaxjeHa ot 35° C, o, wanpumep, 20° C, yto6b1 MONYYHTL MOJMNE3HOE
Tenmno. -

3atem npuMeM B KadgecTBe pabouero tena xaagoarent R12. Bebop
pabouero Tena, BooGule roBops, JAeno He mpocroe (cMm. ra. 3). Ho
B NA2HHOM cJydae Kak npuMep BuiGpan R12, a ero p—A mnarpamma
nokasana Ha pHc. 2.7. :
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H3o6paxenne nugia Bcerja HauHHaeTcs co cxkartus llpumem ne-
o6xoauMblil Teperpes napa Ha xoge komnpeccopa 20° C u oGosHaunum
€ro coctosinue Toykod A. OHa HaxomHTCA DNYTEM NPOJOJKEHHS JHHHH
IOCTOSIHHOI'O  JaBJIeHHs, COOTBeTcTBYIOlled ucmapenuio npu 165°C
(0,49 MIla) po mepeceuenns ¢ usorepmoii 35° C. B touke A yneabHas
suTadbnus paBHa 271 xJIk/kr. [IpoBeass no M303HTPONE JIHHHIO JO
nepeceueyus ¢ H3obapoil 2,1 MIla, cooTBercTByIOUIEH Temneparype
KogaeHcauuu 795° C, moJjyuyaeM yCJNOBHS HA BHIXOJe H303HTPOMHUECKO-
ro KoMnpeccopa B Touke B ¢ yneabnoit suranbnuei 300 gJ{x/kr. [ei-
CTBHTENbHblE YCJIOBHS Ha BbIXOJAE M3 KomIpeccopa B touke C paccuH-
THBAIOTCS ¢ OMOLLBIO H303HTpoNHyeckoro KIT/A:

n=(hg—has)/(hc—ha),

otkyaa cheayer, 9to npa 1=0,7 h¢=312 k/I*/kr 4 Touka C HaHOCHT-
¢ Ha rpaduk puc. 2.7.

H3sMenenne 3HTAJABLINH B KOHIEHCATOPE H COOTBETCTByIOI.U.yIO TOU-
Ky D npu hp=177 k[AX/kr Haxoaum no nepecedeHnio H3o6apbl KOH-
JeHcallMM ¢ JIeBOH MorpaHMuHON KpHBOH, NMpeHebOperas NpH 3TOM Mape-
HHEM LaBJeHHS MpPH TelJooOMeHe.

Jlas peadbHOro IKKJIA

KOI = (Ac — hp)/(hc—ha) = (312— 177)/(312—271) = 3,29,

Kpome Toro, crenyer scnomeuth 0 Mexaunueckom KI1J{ kommpec-
copa, KOTOpHiA nmoTpefyer 3aTpaThl LONOJHHTENLHOH paboThl. [1o/HbLi
KOIT1=3,29-0,95=3,13.

B urore aas KOII noayuaem:

Hukn Kapuo . . O B
ITaxn Kapro c yuerom TenJIooﬁMeHHHKOB e e e e e 4.8
IIukn ¢ y9eToM TepMOAMHAMHYECKHX Imotepb . . . . . . 3,3
IuKs ¢ yueroM MexaHHYeCKHX TOTepb 3,1

3HayeHne 3THX uudp oueBniHo. CyIIECTBEHHYIO poJib HTPAOT Tell-
JIOOOMEHHHMKH, MOCKOJbKY CHHxKeHHe Af OKynaer 3aTparhl MOBHINIEHH-
em KOII. B stom cMmBIce HauGojee BHTOIHBIM SIBAAIOTCS TNpHJAOXKE-
HHA, TAe HCIOAb3yeTcsl CKpPbiTas temyora ¢dasoBoro mepexopna no obe
CTOPOHBI TEMIOOOMEHHMKOB (HampHMep, JHCTHAJSALMSA, CM. TV 7).

2.,6. HCNONL3OBAHME KM3

Beanunua KOII orpakaer Mepy M0JE€3HOCTH TEIVIOBOIO Hacoca
KaK BHpPaOOTKy OOJbHIOrQ KOJHYeCcTBa TeMaa MpH 3aTpare CcpasBHH-
reJabHo MaJoii paborbl. OLZHakKo oHa He oTpaXxaer Toro ¢akra, uTo ne-
pefaya sHepruM B dopme paboTH NpeacTapisier GOJNBIIYIO IEHHOCTD,
YeM mepenatia 3Heprud B dopme temia. ITO CTAHOBHTCA OUEBHIHBIM
NMpH BolbOpe MPHBOJA AJSI KOMIpeccopa. DJaeKTpoMoTop Tpebyer Mom-
HOCTH, KOTOpas TreHepHpPYeTCd 3a cyeT MOABOJAA Tensaa C GOJbUIHMH
notepsiMd. Boobiue qio6asi tendaosasi MallHHA [O3BOJSET JIHIUbL YacThb
Tennxa, nojdydaemMoro OoT TOILIMBA, nmpeoGpasoBars B padory. Hpeans-
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HbiM OBl 6Bl MPHBOJ TeMJIOBOrO HAacoca 3a cUeT AapoBolt  paboTH
BeTpa HJIH rHAPO3HEPrHH, HO 3TO He BCerja BO3MOKHO.

J1si OLEHKH Pa3iMyYHBIX TEMIOHACOCHBIX CHCTEM C MPHBOAOM KOM-
Mpeccopa 3a cyer PAa3JHYHBIX TOMVIMB HJH HCTOUHMKOB SHEPrHH MpH-
MEHSIOT KO3 @dHuuHenT nepBHudoii 3Hepruv. OH yUHTHIBaeT He TOJBKO
KOII, no u KIIJI npeo6pasoBauus NEepBHUYHOi SHEPrHH (HedThb, ras,
yroJb HJH COJHeYyHOe Tellyo) B paboTy mpHBoJa KoMmpeccopa. KIID
0co0EeHHO BaXeH MPH PacCMOTPEHHH TeIIOBHX HACOCOB, K KOTOPHIM
MOJBOAUTCS TOJBKO TEIJIO H OGCYXKJIAeMbIX B 3TOH IJ1ape HECKOJbKO
nanee. B ux KOMGHHHDOBAHHHX CXeMax He BCEerJa MOMXKHO DPAa3IHIHTD
MOTOKH Temvyia H paborh. Onpenenenne KI13 Takoso:

K3 = ITosieanoe Temio OT TemJOBOro Hococa

3arparhl NepPBHYHOA IHEPTHH .

MoxHo nath u apyroe onpepenenve KIID, korna aas mpusojia
KOMIIpeccopa MCMoJab3yercsl TeMIoBasi MailHHa ¢ tepmuyeckum KIIJ[
N

KII®=nr- KOIL

Ilpn HcmONB30BAHMH TEMJIOBOTO HACOCA AJSA OTOMJEHHS HJIH TelJo-
cHa0XeHHsl B MPOMBIILJIEHHOCTH, 4 TaKXe JIO60ro NpHMeHeHMs, rie
¢IHHCTBEHHBIM Ha3HAaYeHHMEeM TEMJIOBOI'0 HACOCa SIBASIETCS [OJyYEeHHe
renia, KIID mokasbiBaer, HaCKOJABLKO BLIFOAEH TEIJIOBOH HACOC MO
CPaBHEHHIO ¢ OOBIYHBIM BOAOrPeHHLIM MJIH MapoBHM KOTJIOM, a TaKXkKe
10 CPAaBHEHHIO C HEMOCPeJCTBEHHLIM OTHEBHIM HarpeBoM. Tak, AJs
npHMepa, OMHMCAHHOTO B NpPeAbLIAYINEM pasjene, NPHBOAOM MOMXKET
OuTb ABMrartedap Ausens. [(usenb — 3T0 NOBOJLHO XOpomias TEMJIOBAas
MallliHa, ¥ npH noaHo# narpyske ee KIIH mocruraer nr==0,4. Caeno-
BAaTeJbHO,

KI12=0,4-3,1=1,24.

JpyruMu caoBamH, TemioBoii Hacoc Aaer Ha 24% Goabuie renna, yem
MpsMoe CXKHraHHe TonauBa. Ecay Xe A0NOAHHTenbHO MOXHO HCMOJb-
3oBaTh 35% mnepBHUHOM 3HepruH, oGpaTHBLIENCS B TEMIO HA BHXJIOMNE
1 B pagauarope au3eas, ro KI1D coorBercTBEHHO BO3pacTaer:

KI19=1,24-0,35=1,59.

ITO MOXKHO CPABHHUTL ¢ CHCTEMOH OOBIYHOrO TelJIOCHAGXKeHHs OT KO-
teabHo#, y Kotopoit KII2 cocrabaser 0,7-—0,8. CpaBnenne mnokasu-
BaeT, UTO B 3TOM CJyuae TelJIOBOH HacocC Aaer BABOe HoJblle MOJE3-
HOr'O TenJa Ha eJHHHIY HCIOJb30BAHHOIO TOIJIHBA.

2.7. ABOHHOH LIMKN PEHKMHA

Kak ormeuanocs B § 2.3, TepMuuHoM «uyka Penkuna» wnorna 0603-
HAYaeTCss M SHePreTHUeCKHA IHKJA, M mapoKoMmpeccHoHHHH. Ecau
TEeMJIOBasi MamuHa, paboraiomas no HHKAy PeHKWHa, npHMeHsiercs
AJs TPHBOJA TEMIOBOI0 HAcoca, TO MOJYyYaeTcsi CXeMa, KOTOPYIO MOXK-
HO HA3BaTh ABOUHBIM HHKJIOM PenkuHa, Takas komGHHANMsg OCcOGEHHO
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MHTepeCHa, KOIa B JBYX KOHTYPaxX MOXKHO HCIO0Jb30BaTh OJAMHAKOBOE
pabouee TeN0.

[BofiHof uHka PenkWHa nokasan na pHc. 2.8 BMecTe ¢ €ro H3o-
O6paxkenHeM Ha p—h auarpamme. B HeMm Mcmoabayercss pabouee Teso
R1! — xyapoaresT HH3KOrO AaBJeHHsi, VYAOOGHBIH jJ51 POTAIHOHHHX
mMamuH. Takol Xe MHKA MOXKHO C03JaTh H Ha OCHOBE MNOPHIHEBHIX
KOMIIpeccopa ¥ JBHrartessi, HO I[OCKOJbKY OH MpeiHa3HaueH AJsl
OTOIJIGHHS XKHJHII, MeHee IIYMHBe POTAILHOHHbIe MalIMHBI HpHMeHH-
IOTCST LIHPe.

Toukamu a, b, ¢, d o6o3nayen NapoKOMINPECCHOHHLIN IMKJI, a TOY-
KaMH a, b, e, f-_-aHepre'quec:KHu. XnanoareHT aguabGaTHUeCKH CXKH-
Maercs OT b [0 e ¢ NOMOUIbI0O HeGOJABLIOrO THAPABIHYECKOr0 Hacoca

£ o ™

- /

Puc. 2.8. JIBoitnoit I¥KA PenkHHa B KOOPAWHATAX AaBVleHHe — 3HTAJbIHH.

I — HcmapHTCeAL; 2 — KoMmpeccop; 3 — pacilHpHTENbLHAR MallHHAa; 4 — KoumjcHcartop; & — Koten;
6 — nuratTeJdbHLIE Hacoc; 7 — ApOCCCHAbLMBIR Kaamau.

npu 3atpate npeHebpeXXHMo Magtoil paboTH, TaK KaK XKHAKOCTb Mpak-
THYeCKH HeCXKHMaeMa. Takoii macoC Hcnonab3yercs M B abcopOuHOH-
HBIX MallMHaX, oH 6yjer moipobnee omucan B § 2.8, Mexny cocros-
HHMSMM € M [ 3a CueT BHEIHEro CropaHHs MOABOAMTCS TEIJIO B TEIVIO-
06MeHHHKe, KOTODH{I MOXHO HasBaTh KoTiaoM. MakcumaibHas Temie-
patypa B TOUKe [ OrpaHHYMBaeTCs TePMMUECKOH CTORKOCTBIO XJaJ0-
arenta M Macjaa, a He TePMOJAMHAMHKOH. DTOT mpejet OrpaHHYHBaer
KI1D uukna. Mexnay [ u a paGouee Te10 PpacHIHPSIeTCs, NPOH3BOAS
pa6oTy, KoTOpasi 3aTpayKHBaeTcs Ha NMPHBOjJ KoMmnpeccopa. Kak cxka-
THe, TAK H pacilHpenHe 37eChb XapaKTEPHU3YIOTCS H303HTPONMHYECKHM
KI1 0,75.

@D aKTHYECKH TEMI0BOH HACOC COCTOMT U3 JABYX OTAEJbHBLIX IHKJOB,
HO 06BbeAMHeHHbIX anas npoctorbl. UMeercss TosbKo oauH 001Hil KOH-
Jdencarop, a o6e porauHoHHble MAIUMHBI HAEHTHYHH H COeJMHEHBl 00-
IIHM BaJIOM.

[Ipene6perasi HEKOTOPHIMH JeTadsIMH, NMpoBeaeM TIpPy6yl0 OLEHKY
BoamoxKHO# BedHyuubl KII3. 31ecr HMeroTcs TPH MOTOKA MAacCH
M: u My, cooTBeTCTBYIOIIMX TPEM VPOBHSIM JaBJeHHSI B CHCTeMe
(B McnapHTene, KOHIEHCATOPE H KOTJE COOTBETCTBEHHO) :

KHS — (ha. —hb) M,
(hy—he) My
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[lpupaBuuBaf paGoTy pacIIHpPHTENbHOH MAIUHHBI H KOMIpeccopa,
HMeeM

(hf"'ha) Mb= (ha_"hd) Mc-
Haxkonel, n3 3akona coxpaHeHHsi MATEPHH
M0=M0+Mb'

-2
—,0 0 rlmﬂ:ac
Pue. 2.9. KII® nsofiHOro uHK- Puc. 2.10. Cxema aByXmoJOCTHOTO poO-
da PeHxuHa npH  pa3NHYHLIX TallHOHHOTO MOTOP-KOMIpeccopa.
TeMnepaTypax KOHAeHcalnHH Ty. I —cxarue; /I — pacwupenue.

Peuienne 3THX Tpex ypaBHeHHH Jaer cleAyiollee BoIpaKeHHe s
KII3:

hp—hy hg—hy
hg—hg hs—he

KI13 = 31,

Hicnonbp3ysi 3naueHHs], COOTBETCTBYIONIHe OOBLIYHOMY OTOIJIEHHIO, MOK-
HO MOCTPOHTHL rpaduk puc. 2.9, raqe B KagectBe pabouero Teja MPHHAT
R11, MakcuManbHas TeMneparypa uukaa 110° C u H303HTpOMHYECKHUi
KI1i[d 0,75.

Jas peanusauuu takoro KomGuHHpoBannoro umukgaa B CHIA npep-
JIOJKEHbl POTAIMOHHBIE KOMIIPECCOPH C JIOMaTKaMH HOBOrO THIla, IO3-
BoAslOEMHE pabotaTh Ges mMacaa {2].

B AHrauMH npeasioxXeHa CHCTEMA, B KOTOpPOH pACIUHPEHHE H CXKAaTHe
oObefllHeHH emte 6oJiee TECHO B JBYXMOJOCTHOH POTAIHOHHOH MAaUIH-
#He. OHa CKOHCTpYHpOBaHa ¢ MHHHMYMOM BpaualOIIHXCSl gacTed v
CHHXKEHHS] KaNHTAJNOBIOXKEHHHA H 3aTpar Ha OO6CJAYXHBauue. AHIVIHII-
CKasi CHCTeMa pacCYHTaHd HA CXKHranuhe rasa (puc. 2.10), a amepH-
KAHCKAasl —— Ha COMIHEYHYIO SHEPrHIO.

[Topo6uwlii e IHKJ H3yuyaeTcss B HHCTHTyTe bDerreqas B /KeHese.
B sTofi cxeme. JBHraTeslb H KOMIIpeccop OGBEIHHEHH B CBOGOIHOMNOP-
IIHEeBOI MallHHe, TaKXKe COJepKallleii MHHHMYM JABHXKYIIHMXCSA dacTei.
Hasnauenne MalIHHH -— OTONJMIEHHe M KOHJIHIHOHHDOBaHHE BO3JAyxa
3a cuer CKHranus npHpoaxmoro rasa. Oma nokasana ma puc. 2.11.



BosMoXHOCTE NMpPHBOAA TEIVIOBOrO HatOCa ¢ MOMOMIBLIO TelJOBOM
MAaIUHHbl MO LHKJAY PeHKHHA NpH HH3KOH TeMIlepaType B KOTJe JeJjiaeT
ero MepClNeKTHBHBIM TaKXKe AJdS KOHJAHIMOHHPOBAHHA BO3JyXa H OX-
JIaXKJeHHS BOJBI 3a CUET COJMHeyHOH sHeprun. Taxkoe HampapBJenHe
npeacTaBifer OCOOLIH HHTepec s cTpaH ¢ H30O0HAHEeM COJIHEeYyHOH
SHEprHH, rjae XoJoaunbHbfl 3@beKkT 0oco6eHHO HYXKEH, NMPpUYEM HMEHHO

wi

|
TN

{5

Puc. 2.11. Cao6oguonopuineBoll motop-komnpeccop bettens.

I — 30JI0THHK; 2 — noplieHb PaCUIHPHTENBHON Mallluun; 3 -— KoMmunpeccop; 4 — nacoc AN KHA-
KOCTH,

TOrAa, KOrja NMOTOK SHEPrHH MAKCHMAMbHLIA. OJHaKO oxJaXKAeHHe HE
SIBJSIETCA OCHOBHOH IeJbI0 TEMVIOBBIX HACOCOB H B 3TOH KHHre gaJee
paccMaTpuBaTbes ne OyIeT.

2.8. ABCOPBLUMOHHbIX LIMKN

B mpoueccax oxJaaxKjaeHHss aGCOpOLHOHHBIH IHKA yXKe Halea NpH-
MEHEHHe B Pas/IMYHbIX CXE€Max U KOHCTPYKLHSIX, HO B Ka4ecTBe TeMlo-
BOro nacoca OH eme Tpebyer npoBepkH >PdekTuBHOCTH. [Ipn 06BAC-
HeHHH IHKJa HEH3MEHHO MPHXOAHTCA ero ynpomatb, OCHOBHble mpHH-
UM a6COpGIHONHOrO IHKAA ONHCHIBAIOTCS HA OCHOBE JIYYIUEro H3
H3BECTHHIX — XOJMOAHJABHOrO IHKJAa Ilaarer — MyHTepC HJAH <«IJIeK-
tpoaroke». Ha puc. 2.12 npunuunuaipHas cxemMa abcopOuHOHHOIO
I[HKJa COMocTaBJdena ¢ KoMmmnpeccHoHHo#. OueBHaHO, 4TO abcopOik-
OHHBIH  TelJIOBOji HAcOC COMEpPXKUT HchnapuTedb M KOHJAEHCa-
TOp, KOTOpHE pafoTaldT TOYHO TAK XKe, KAK B MAaPOKOMIIPECCHOHHOM
nHkxe. TemnoTa nMoaABOJHTCS K HCIApPHTENIO, Bbi3biBasi KHIEHHe XJaal0-
areHTa NpH HH3KOM JAaBjaeHHH. I]ojle3HOe TEMIO OTBOAHTCS OT KOHJIEH-
catopa, BHYTPH KOTOpPOTrO IIPOHCXOJHT KOHJEHCAIHs [IpH BBICOKOM
napiaeniu. OnHako B a6cOpOUHOHHOM I[HKJe HCIOJNB3YETCs OMOJIHH-
TeJbHBIH KOHTYp, B KOTODOM TedeT KHAKHH a6GcopOekr, HJIH pacTBO-
puTenn: HMcnapuBmniicss xJdajoareHT MNOTJAoLIdeTCs XKHIKOCTbIO MpH
HH3KOM JaBJIeHHH. 3aTeM XHIKOCTb chelnHaJbHEIM HACOCOM [epeKa-
yHBaeTcs B 00JlacTb BHICOKOIO JaBJdeHMS, I'Ae [POHCXOAHT MNOABOJ
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Telsla, H HECMOTPSL Ha BHICOKOe [aBJjieHHe, Mapbl XJjgaJoareHta Bblfle-
JASKIOTCSA M3 3KMAKOCTH. [I0CKOABLKY CMech 3KHIKOTO abcopbenrta H xjaa-
JoarcHTa NPaKTHYECKH HecKHMaeMma, 3aTpaThl MOWHOCTH Ha Hacoc
npeHe6peXXUMO Malibl H HCTOYHHKOM INEPBHYHOH 3HEPIHH sBJAeTCH
TOJIBKO TelIoTa, MOABOAHMAs K FeHEPaTOPY napa, KOTOPhi Bcerja uMe-
eT MAKCHMAaJbHYIO TeMneparypy umukaa. TenvioTa, BH/enuBiuasics B
aGcopbepe, cyMMHPYETCSL C TEIIOM OT KOHJEHCAaTopa, MO3TOMY KOIT
IMHKJAa Bcerga GoJiblle e THHHIBL.

Kak ¢ Bce Apyrde LHKJBL, 3TOT UHKJA MOXKHO CpaBHHTH C HAealb-
HuM mHkiaoM KapHo. ABGcopOUMOHHBIM TEMAOBOH HAacoc — 3TO IIPOCTO

(7 r—[Tj_Q.._'_g“_ Puc. 2.12. ConocraBleHHe OpOCTOTO
~ s ¢ s T abcopOuHONNOro H IAapOKOMIPECCHOH-
57 I l s
R .

HOT'O I HKJOB.

1 — xoMmppeccop; 2 — HCNMapHTeNAL, 3 — KOH-
Jencarop; 4 — abGcopbep; § — nacoc; 6 — re-
nepatop.

TEMJIOBasi MaliHHa, OObeIHMHEHHAsd ¢ TEMIOBLIM HACOCOM; ero xapak-
TepHble TeMuepaTyphl ykasans Ha puc. 2.13. [Tpu stoMm

Te(Tg—Ty
T (Te—Tg)

KOIlg =1+

Hekotoptie 3nauenus mpuseleiibl B Ta6a. 2.1, oHH THOHYHBL 444
AOMAIUHEre OTOIVIEHHS ¢ ydeToM OOBIUHOrO yHPOLIAIOIIEro Jonylle-
Hust, 4T0 Ta=T¢. DTH 3HaueHHs e OYEHb BEJHKH, €CJIH INPHHSTL BO
BHHMaHMe, YTO OHH XapaKTepH3YiOT TeopeTHyecKMH makcuMmyM. Temne-
paTypa renepartopa orpannuena 150° C, yto o6ycaosiaeno crabGHabHO-
CTBIO MATEPHAJNOB H YPOBHEM HanpspKeHWH, BHI3BAHHBIX JaBJeHHEM.
IlepsuiM 1miarom B nosbimendn KOIT pouxkuo 6uiTh noswienke Tg.

Tab6auana 2.1. KOII nukaa Kapno aGcopGunOHHOTO TENJIOBOro HACOCA
npu T¢=150°C

T, °C l 40 I 60 | 80
Ta, °C: —10 2,37 1.80 148
0 977 1.97 1’56

+10 345 9’90 167

IIpakTHUecKH OrpaHHueHHe LMKJAa MOXHO NPOAEeMOHCTPHPOBATL HA
AparpaMme JaBJeHHe — TeMIeparypa —— KOHUEHTpauMs (p—i—x).
OcHOBHBle MOMEHTH NOKAa3aHH HA YINPOUIEHHOH AMarpaMme puc. 2.14.
Ha npakThke p—I{—x AuarpaMMbl JUisi peaJbHHIX Nap XJanoareHT —
a6copOeHT CYHIECTBEHHO OTKJOHSIOTCS OT NpSIMBIX H3-3d XHMHYECKOTO
CPOJCTBA KOMIIOHEHTOB.

HBa xapakrepHHXx QaBJAeHHs CHCTEMBl IOKA3aHHl JBYMS TODH30H-
TajdaMH. Bepxusis — JaBieHHe B remepatope W KOHJAeHcatope M HHXK-
i —B abcopGepe W ucnapurene. {aBiaeHue B KOHJEHCATOPE COOT-
BercTByeT 100% xJajnoareHTa, u TeMmrepartypa B HMCIapHTeJe TaKkKe
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coorsetctByer 100% xaagoarenra npu muskoM AasieHnd. [{Be BepTH-
KaJbHble JIHHUHM NOKa3bLIBAIOT KOHIEHTPALMH B HAeaNbHHX VCJAOBHSX,
JOCTHXXHMBle NIPH TeMnepaTtype ¥ nabjaenuu abcopbGepa M reHeparopa.

Ilonoxum, 4TO TemmepaTypa reHeparopa (ukKcHpoBaH4. [To Mepe
CHHXKEHHS] TeMIepaTyph HclapuTeas o6e KOHIEHTpauuH cOauxkarorcs,
YTO CHHXKaer 2(pPeKTHBHOCTh LHKJA, NOCKOJDbKY AaHHHHA pacxoi uMp-
KYJAHPYIOIEH XHUIKOCTH NMEPEHOCHT MeHbllle Xxaajgoarenta. Ecayw nosui-
uaTh TeMmeparypbl abcopbepa HaIu Komnaencatopa, 3(dexrr Oyler
TakuM Xe. TakoBo npocroe oGbsicHeHHe NPUUYHH, NOYEMY ITOT TEIVIO-
BOil Hacoc uMeeT Huskoe 3Hadenne KOII.

_/////HA//T—E T ”
& Ps: Fr ——————
o e =
}
R aaaaaaad B ol | -
v X% 700 .

Puc. 2.13. A6copbuuonnnii wuxa KapHo.,

T¢ n Q¢ — remmepatypa W rennoBoli morox reHeparopa; TA u QA — aGcopbepm; Tec u Qe —
KoHpacrtaropa; QE 1 TE — McnapHTend.,

Puc. 2.14. Obo6imentan guarpamma p—i—x.

OT1ciofla MOXKHO Takke BHAETb, YTO NPH HEKOTOPHIX KOMOHHAUMSX
TeMnepaTtyp abcopOunoHHBIE UHKA BooOlle HepabotocnocobeH, mnoc-
KOJbKY HeT pa3HHIH KOHUEeHTpaluil Mexay abcopGepoM M reHeparo-
poM. IIpr moctHxkenuu atoro npefena KOIT magaer g0 eIHHHIHL,

PeanpHble HHKJAbI B HEKOTOPHIX OTHOLUEHHSX OTJHYAKOTCS OT OfH-
CAHHOTO, TaK KaK NMApbl XJAaJ0areHTa ¥ pacTBOPHTENS ClelHaJbHO MO~
GupalTCes ¢ CHABHBIM B3aUMHBIM cpoicTsoM. TpeboBaHus K cBoficTBaM
pabouyHx TeNl TaKOBHI:

1) cuabHOe cpolcTBO AMS noJyueHus OGOJbIUHX H3MEHEHHH KOHIeH-
TpaUHi B pacTBOpax; '

2) BbicOKO€ 3HayeHHe JeTyuectH Aaa noBhienuss KIIH rexepa-
TOp4;

3) ymepenHoe pabouee AaBJeHHe, ONpeedsiioniee JaBJjeHHE NApOB
XJajoareHTra;

4) xumuyeckasi cTaGUABHOCTL JJIA NPeJOTBPAIlEeHHA Pa3yioXeHHs
B reHepartope.

AGcopOuHOHHBI MKA MIHMPOKO NpHMeHSseTCA AJasi KOHIHIHOHHPORA-
HMs1 BO3AyXa ¥ OXJaxKJeHHS C ABYMS mapamMu xJaajoareHT-—pacTBOpH-
TeJlb. AMMHAK — BOJla H BOJa — OpOMHCTHIT JUTHH (CM. Takxke IVI. D).
OGe napm BeuiecTs UMEIOT PAJ NPEHMYLUIECTB, HO IPH HCNOJb30BAHHH



B TEMJOBHX HACOCaX TakKXe H CYHIECTBEHHBIE HeJOCTATKH, YKa3aHHbie
HUKe.

AMmuax — sopa

I. Tlockonbky Kak amMMHaK, TaK W BOJAa JAl0T Map B IeHepaTope,
Tpebyercs pedJIOKC-KOHJEHCATOP A pas3aeseHys NOTOKOB.

2. AMMHEaK faer nmap CJAHHIKOM BBICOKOro AamJeHus (oKoqo 2 MIla
mpu 50° C). .

3. [Tapn aMMuakKa 3aMeTHO TOKCHYHH, YTO TpeGyer olpeneaeHHBIX
Meponpusitiii 6e301acHOCTH.,

4. AMMHaK BHIBHIBaeT KOPPO3HIO MEJIH, H ee Heab3s] NPHMEHSTh B
TEeNJ00OMEHHON anmaparype.

Boga — 6pommeThiii nuTHA

. DddekTupHOCTD HHKIA OrpaHHYMBaeTcs HAYAJIOM KPHCTAJIH-
3411y, ONpeacasiiouei JOCTHXKHMYIO KOHIEHTPALIHIO.

2. Boga Kak xJajoareHT HMeeT OYelb HH3KOE JaBJeHHe I4pOB,
MO3TOMY BeCh IWKJ MPOXOJHT NPH AABJEHHH HHXKe aTMocdepHOoro.

3. Bona samepsaer npu 0° C, nosatomy HcnapuTeab He MoXeT pabo-
TaTh NpH Oojee HHU3KHX TeMileparypax. IT0 HCKJIOYaeT NpHUMEHEHHE
a6copOLHOHHOTO TEIVIOBOTO HACOCA MPH HCNOJb30BAHHH HH3KONOTEH-
M aJAbHOIO TEMJda BO3AYXa.

HccaeaoBano MHOro Apyrux KOMOuHaLuil, cpefd KOTOpLIX 0Kasa-
JHCh NepcneKTHBHBIMH xyagoareHTH R2! pau R22 ¢ opranpueckumu
pactBopureasiMi. Henmocratkom ®&TOpOyriepoAHbX XJAaj0areHTOB SIB-
asiercs Gosee HU3Kas CTaOWIbHOCTL TIPH BHICOKHX TeMmIiepaTypax reme-
patopa. OHM CKJIOHHB K Pa3J0oXeHHIO.

C yuetom TpeGoBaHuil, HajaraeMslx BHGOPOM paBouyx Tea LMUKIA,
ero peajbHas cxeMa ycaoxuserca (puc. 2.15).

B sToM BOsOaMMHayHOM HHKJAE MPOMEXYTOUHHIH TeMI00GMEHHHK
Hrpaer Takyi e poab, KaK H B [apOKOMIPECCHOHHOM LHKJE
(puc. 2.16), on mo3possier NpubGAM3UTH HCMAPEHHE K H30TEPMHUECKHM
ycnoBusaM. JKHIKOCTHHE TeMVIOOGMEHHHK OUeHb BaXKeH NJf HOBbiLe-
HHS1 SKOHOMHYHOCTH. [IOCKO/NbKY pacTBOPHTEJb HENPEPLIBHO LHPKYJIH-
pyer MeXIy resepatopoMm r aGcop6epoM, OH CO3JaeT YTeUKY Telsia OT
reHepaTopa Ha GoJee HH3KWA TeMNepaTypHHil YpOBEeHb, UTO NMOHHXKAET
KII2 cucremu. HasHayenHe XKHUEZKOCTHOro Temao0OMEHHKA COCTOHT
B CHHXKEHHH 3TOH MOTEepH Tema.

Tenepartop nsobpaxen sjech CXeMaTHYeCKH B BHAe JHCTHJISIHOH-
HOH KOJIOHHHL A pasjeleHuss aMMuaka H Boxabl. I[lokasaHublji Ha
puc. 2.15 pekTrduKaTop HHOrAa HA3LIBAIOT PEedPAIOKCKOHAEHCATOPOM
HJH, KOTAa OH pasMellleH BHe TeHepartopa, aedsiermaropom. Ilocaen-
Hee Ha3BaHHe CNELHaJbHO MOAUYEpKHBAeT OTAEJEHHE BOIbl OT aMMHa-
ka. Haspauenne pekrndukaropa u Tpy6GoNpoBOAOB, OTBOAALIMX KHI-
KOCTb OT HHXHeli yacty TypOoreHeparopa, COCTOHT B MNOMAEPKAHHH
pacnpejeneHysi TeMNepaTypbl BHYTPH KOJIOHHBI TakHM, 4robbl pac-
TBOpP aMMHaka 3((PEeKTHBHO HCHApscsA H 3areM oxJaaxpajcia B kax-
Jo¥ cTyneHr 06e3BOXKHBaHHe aMMuaka nosbiinaercd, Ilogpo6uoe omnu-
caHyie 3TOTO MpoIecca MOXHO HaiiTH B [6).
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CylllecTBEHHO, YTO XJaJ0areHT, NMOKHIAIOUHA TIeHepaTop, AOJKeH
6bITh CBOGOJEH OT pacTBOpHTeas. B NpOTHBHOM cJaydae HCIapHTENb
He cMoXer paboratb. B meM mncmapsietcs mpexje BCero XJaJoareHr,
a B XUIKOil (paze nHakamjaupaeTrcs pacTBOPHTENb, dYTO BeIeT K Npo-
rPECCHBHOMY TOBHILIEHHIO TEMIEpaTyphl HCIAPEHHS HJH CHHIXEHHIO
napaeuns. O6a 3TH sABJAEHHSA CYUIECTBEHHO CHHXKAKT 3((EKTHBHOCTD
CHCTEMHL.

Hau6oaee nspecTHOii abCOpPOLHOHHOH CHCTEMOH SBJSETCS X0J10-
auabnik [lnates—Mynstepca nan «Electrolux». Dro Tpexxunkocrhnas
cuereMa, paboramowas Ha OJHOM YpOBHe [aBJieHHS (eCaH OTBJeUbCs

Puc. 2.15. Cxema peasbHoro aGcopOuHoH-
HOTO TENJOBOTO HACOCA.

] — ucnappTenn; 2 — MPOMCKYTOUHBIE  Temaoo6-
MeHnHK, 3 — aGcopbep;, 4 — Hacoc; § — pekTHdH-
KaTop; 6-— reneparop; 7 — koHaeHcarop; &8 —
MUAKOCTHHIT TEIMIOOOMEHNNK; 9 — ApOccedbybif
KIanau.

Pue. 2.16. LK «DaeKkTpostoke».

]l — TemaQ OT HarpeBaTesifl; 2 — reHepatop; 3 -—
cepaparop; 4 — TCHJAO K MOTpeGHTENIO; 5 — KO-
neHcarop: 6 — TeAN0 OT HU3KOMOTeHOHAJLHOro
HCTOYHHMKA; 7 — MCNApPUTENb, & — TemI00GMeH-
HHK; 9 — Telno K norpedirtemo; 10 — aGcopGep.

OT fIBJIEHH KOHBEKUMH NPH BCIIBIBaHHHM Ny3bpbKoB). Mcmapenne am-
MHAaKa [IPOHCXOJHT MIPH CMEIIHBAHHKH XHJIKOCTH ¢ rasoo0pasHmIM BO-
JOpPOJOM B OJHOH M3 yacrell KoHTypa. IIoCKOJbKY XHIKHE aMMHakK
NpH HCNapeHHH MOBHINAET MAPHHAAbHOE JaBJieHHe, OH HCIapHeTrcs
TaK, Kak 6yATo Obl napaeHre pakTHueckH MOHHXKEHO, T. €. B YCJAOBMAX
MOHHKEHHOH TeMmneparypbl. TakKoe H3SiIHOE pELICHHE HCKJIOYAeT He-
00X0JHMOCTE B KaKHX Obl TO HH ObIO ABHAKyuHIHXCA Aeransx. [loanoe
OMHCaHHe 3TO# HMHTEePECHO#l CHCTEMBI 3aHAJNO Obl CAHIIKOM MHOrQ Mec-
Ta, qul%ra'remo peKoMeHayeTCs oOpaTHTECS K JAHarpaMMaM IHKAa Ha
puc. 2.16.

2.9. APYIME TUIMbl TENNOBLIX HACOCOB

Kpome onucaHmblX UMKJIOB CYIIECTBYET MHOMECTBO APYrHx
yeTpoHCTB, KOTOpble MOXKHO HasBaTb TEMVIOBHIMH HacocaMH. B ocuos-
HOM OHH elll¢ CJAHIIKOM JOPOTH JuGo 3HepreTHuyeckKH Hea(hdeKTHBHH.
[TpuBeneHHb HHXe 0630P TAKHX YCTPOACTB — MOJE3HbIH HCTOUHHK
HHGpOpMALHH,



JAs MpoxoxKAEHHS MYTH OT cXeMbl J0 PeajH3aiHH HX B MeTrallie
HY>KHO TIpeoJoJieTh CYIIecTBeHHHe (HHAHCOBLIe H TeXHHUYeCKMe [pe-
MATCTBHS, OJHAKO B cJydyae HEKOTOPHIX 3K30THUECKHX TellJIOBHX HAco-
COB TPeMATCTBHSAMH SIBJAAIOTCS TAKXe H NPeapacCyAKH pmecre ¢ 60s3-
HbIO HOBOBBeJeHHH.

2.9.4. LUK CTUPAMUHTA

B 1816 r. O6bly1a 3amaTeHTOBAHA TEIJIOBAasl MALIHHA C BHEIUIHHM Cro-
paHHEM H BO3AYXOM B KauyectBe paGouero tesna. Lluka Crupannra
BKJIOUAET H30TEPMHUECKHH TemoO6MeH H H3MEeHEeHHe JAaBJEHHS [IpH
IOCTOSIHHOM yJIeJbHOM of6nheMe, UTO
JOCTHTAeTCs C MOMOIIBI0 BHYTpeHHe-
Ty I ro tenjnoobMeHa B reHeparope.

Ilvka nosicasercsi Ha puc. 2.17
-I ! E ¢ MOMOuWbI p—v AHarpammel. H3o-
TepMHUECKOe CXKaTHe OT TOuKH [
X TOUKe 2 MPOHMCXOOHT MPH BHEUIHEeM

ag:E OXJlaXKJACHHH rasa. an NMpOXOXKICHHH

yepe3 pereHeparTop ras HarpeBaercs

FPezenepamap

T 7 3a CYeT ero Temia, KOTOpoe sBJsIeTcs
BHYTPeHHHM., Mexay ToukamMH 3 u 4
% K rasy MoaBOAHNTCS BHeWIHee TEMJOo, H

OH paclIUupseTcs, NPOH3BOASA MOJe3-
Hyio paboTy, a 3arem BO3Bpalraercs
1 P’ %F Ha3aj yepes pereHepatop, rae 0xjaax-
JaeTcsl N0 COCTOSIHHS B TOuke 1.
Ty 7, ITukn CTHPJHHTA HHTEPECeH TeM,
YTO BCe IMpOLECCHl B HeM OOpaTHMHI,
a BHEIIHHH Temjaoo6MeH MPOXOAHUT
H30TEpMHYECKH, OTKYyJAa CJeAyeT, uTO
HieanbHbld uwHKA CTHpAMHra HMeeT
KII/1 wupeanvnoro uMkaa Kapro. 3t10
JK€ OTHOCHTCSI H K XOJIONHJBHOH Ma-
IIHHEe H TelJIOBOMYy Hacocy, paboraio-
mweMy 1o uukay CTHpJHHTA.
[IpunATass B ONHCAaHHMH UHKJA He-
KOTOpasl HaeadH3alHs He COOTBeT-
CTBYeT peajbHOMy uHKay. OcHOBHbIE
v JOMYIIEHHS TAKOBHI:

. JIBH}KeHHe TMOpIIHA MpexarnoJaa-
rajochb MpepbIBHCTHIM, a HEe CHHy-
COHOANbHBIM.

2. Pereneparop Ge3 tpenus u co 100%-Hok 3 peKTUHBHOCTHIO.

3. BHemHHA Temaoo6MeH € IMOMOWbLID HIAEAJAbHBIX TEMJI00OMeEeH-
HHKOB.

Tennoo6MeHHHKH Bcerga NpeAcTapdsiior NpobieMy AJdsS MAIIHH C
BHEIIHHM cropaHdeM, H B NeHCTBHTEAbHOCTH HMEIOTCS IBe CYLIECTBEH-
Hble PAa3HOCTH TEMIEpaTyp mMpH HCTOYHHKe H croke Temaa. Ho, Hecmo-

Puc. 2.17. Llpka CrHpiHura.



TPA HA 3TH TPyAHOCTH, UMHKJA CTHDPJAHHIZ YCIEINHO HCIOJAb3yeTcsd B He-
KOTOPBHIX HH3KOTEMIIePaTYPHBIX XOJIOAHIBHHKAX.

Ha puc. 2.18 noxasana sierantHasg KOHCTPYKIMS ¢ V-00pasHbIM
MOPIIHEBHM KOMIIPECCOPOM.

B mogaoxenun I razoobpasHoe paboyee TeJO CKHMAETCS H H30-
TEPMHYECKH OTAaeT Telllo TellIOBOMY CTOKY — HaHuboJiee ropsuei Toy-
Ke UHKAA, B nmojoxenHu 2 ras npoxXOoAMHT uepe3 pereHeparop IpH
NOYTH MOCTOSIHHOM o0beMe, a 3aTeM pacLiHpsiercs, OJHOBPEMEHHO BOC-
npuHuMas temno, PereHepaTop oxJjiax[aer ras, Tak 4to B 3TOH TOUKe
JIOCTHTaeTCsl MHHHMAaJbHAs TeMmmeparypa uHkaa. B nonoxenusix 3 u 4
ras BO3BpAalaeTcsi Yepe3 pereHeparop CHOBA INPH MOYTH MOCTOSIHHOM

Prc. 2.18. XonognapHas MallMHa no nHKay CTHpJHHra.

I — xaMepa pacnrupenss; 2 -— IOTJAOHleHMe TeIsa; 3 — pacceasmse Ttenia; 4 — ka-
Mepa cKaTHA; 5 — pereHepartop. )

o6beMe, HO 31ech ra3 3HauMTedbLHO GoJiee paspexkeH, H OH MOTVIOUIAeT
TENJI0 OT pereHepaTopa.

OueBHAHO, YyTO B 5TOH PeaNbHOH MAallHHE HMEeTCsl KOMIIPOMHCC
MeXIY H/eaJbHBIMH IIPOLECCAMH MPH MOCTOSIHHOM 00BbEMe H MOCTOSH-
HOH Temnepartype, HO ee 3G (PEKTHBHOCTL OCTaeTcs BHICOKOH, H B 3TOH
06JacTH NpOBOASATCSI HHTeHCHBHBIe paboThl. OnHa M3 pasHOBHAHOcTeH
onHcana B pabore [4] — 310 CBOGOAHONMOPINHEBOH ABHIaTEdb — TelJao-
BOH Hacloc) no ukay Crupauara, wasBanuuli Hynnekc—CTHpaHHT
(puc. 2.19).
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Cuntas Teniaoo6men H3orepMmHuecKkuM, B [4] mokasauo, yto Temiao-
BOH HAcOC JaeT TeloTy

Q== RMuo T In (pa/ps).

TIpupasHuBas notoku tenaa B pabore [4] Takum obpasom, kak B § 2.7
I gBoHHOro mHkaa Penxuna, nmopcyuranu KII3 cuerems. Pesyabra-
TH NIpHBeAeHbl B Taba. 2.2,

B cpaBuenun ¢ 3(peKTHBHOCTHIO, pACCYHTAHHOH JJA JBOHHOIO
nHk1a PenkuHa, 3TH UHGpH NMPEANOUTHTENbHES, HO OKOHUYATEJbHLIH

XonoBuss vaR MRWUAR Npubedsed 70uzamens
5 4 7
z \ \ / ,
~ T ——T g 1/
I— 5
| L r— T
V7

Puc. 2.19. Hpkn dynnekc — CTapJHHT.

I — HM3KONOTEHLHANbLHOE Temno; 2 .— KaMepa pacmiHpennsd; 3 — perenepatop; 4 — xkaMepa cxa-
THA; 5§ — nopnlesb; 6§ — TelJIO OT Harpesarteif; 7 — c¢Opoc Telllla NpH oKPyxatouwell TeMOepartype.

BBIBOJL O NMpPEeHMYIIECTBAX CPABHHUBAEMbIX CcHCTEM MOXKHO Oynmer cae-
JaThb MOcAe CO3JaHHS H HCIBITAHHA paboTalOUIHX CHCTEM CO BCEMH HX
Ten1000OMEeHHHKAMH.

Ta6auna 2.2. KIIJ pas rensnosoro Hacoca c ABofiHbIM BHKAOM CTHpPJHHra

Temneparyga HHKJA, TeMneparypa nuxaa,
Temnepa- ° _ Temmnepa- sC
pguglalo%:ﬁ K03 p@y}ﬁgt:u]i';ﬂ Kns
H | cpepyr, °C|  MuHE- MaKcH- | cpeaut, °C| muum- MaKCH-
E MaJlLHafd MAJILHAR 5 ManbHan ManbHanA
25 —29 —45 61 1,39 —7 —23 66 1,70
—18 —34 62 1,47 4 —12 67 1,85
—7 —23 64 1,567 - —-29 —45 66 1,59
4 —12 65 1,70 {135 —18 —34 67 1,70
30 —29 —4h 64 1,49 —7 —23 68 1,83
—18 —34 65 1,08 4 —12 69 1,99

2.9.2, LMKA BPAWTOHA

-, DTOT HMKJ B OCHOBHOM NpHMEHSeTCH nJif Ta30TypOGHHHBIX JBHra-
TeJieHl [MPEeHMYIIECTBEHHO KAaK OTKPLITHIE UMK, B KOTOPOM BO3AVX
zacachlBaeTcs H3 aTMmocdepsl, a rasoobpasHbleé [POAYKTH CTOpaHH
BeiOpachBaloTca B atMmochepy, HCIOAb3YeMYI0 Kak GesrpaHHuHBIN
TeloBoM ctok. IIpu paccMOTpeHHH 3aMKHYTOTO 3HEepTreTHUeCKOTo LHK-
Ja ero «atMmocepHas» uYacTh H300paxaercAd Kak OXJaaxjaeHHe IpH
MOCTOSAHHOM naBaenuH (puc. 2.20).

Ilpunnunuanpuas ocobeHHOCTb UHKJIa DpafiToHa, mnpeacTasJsio-
Iias HHTepec AMA TelVIOBHIX HACOCOB, COCTOHT B BO3MOXKHQCTAX IpH-



MEHeHHS IPHBOAIOrG ABHraresis ¢ BitemHHM Cropanuem mHpi npHemJe-
Mol 3¢ dekTHBHOCTH. MnealbHBIMH npHBOAHBIMH IBHIATEISMH JJIS
TEIVIOBOTO Hacoca ObliH OBl BpallalomHecs MailuHHbL, paoTaloulHe B
HYXXHOM HHTEpBaJe TeMmiepaTyp u nasiaeHHil. Bce Ttenso, cOpacuiBae-
MO€ Ha HHU3KOTEMMEpaTypHOH CTOPOHe ABHraTedsi, Morao GObl CKJaajbl-
BATHCSl C TEMVIOM, NaBaeMbiM TEIVIOBHIM HACOCOM IIpH TeMIlepaTrype
B TOUKe 2, 4T0 nosHicHA0 6bl KI1D crcteMbl.

B npoMblIEHHBX TENJIOHACOCHHX YCTAHOBKAX MOIIHOCTBIO B Je-
CATKH MeraBaTT MOXKHO NPHMEHATb CYILIECTBYIOIIHE Ta30TypGHHHEBIE

T{l ) 4 { Gy
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Pue. 2.20. Tennocunoso# nukn Bpa#itona.
1, 2 —mojBoj Tenna; 3, 4 — OTBOA Telna,

yctaHOBKH. Mueanbubim 66110 6b1 cOUeTanne rasoBofi TYPOMHH C HeH-
TPOOeXXHHM KOMIpeccopoM, paboTalomuM MpH TOH Ke CKOPOCTH Bpa-
IIEHHS H BXOARUIHM B TelJIOHacOCHHH UHKJA Penkuuna. Bce cGpochoe
TENJIO ras3oBOd TYpPOHHBI 37ech MOMVIo OBl CKAAABIBATHLCA C TEMVIOM,
BOCCTAHOBJIEHHHIM B TeIIOBOM Hacoce. [I0-BHAHMOMY, KalHTaJd0BJO-
JK@HHSl H 3KCIJYaTalHOHHBIe DPACXOAbl TAKOH YCTAHOBKH OYAYT OWUeHb
BEJHKH, MO3TOMY, HECMOTPS Ha GOABILYI0 3KOHOMHIO TOIJIHBA, TaKas
MAaIlIHHA MOABHTCH HECKODO.

TenaonacocHsli uuka BpafiTona — 3To O6pameHHH 3HepreTHyec-
KHH uuka (Ha puc. 2.21 mokasay 3aMKHyTHIM). On GblBaeT ABYX THIIOB.
IlepBuIfi K3 HHX — 3acachiBaHHe OKpY}KAIOMIETO BO3AYxa B TouKe I,
Harpep 3a cUeT cXKaTHH A0 TOUKH 2, OTAada MOJE3HOrO TeIla MeXay
TOYKaMu 2 H 3 ¢ MOMOUIbI0 OJHOrO MJIH ABYX TelVIoCOGMEHHHKOB, pac-
mupenne B Typ6Gune 3—4 u BeIGpoc Bo3AyXxa B atMocepy. OTMeTHM,
YTO 37ech TPYAHO MOJYYHTh CYIIECTBEHHYID pasHOCTb TeMiepaTtyp
Mexay T u Ts.

Hpyroit THO mokasay Ha puC. 2.22, 3nech BHEUIHHH BO3AYX 3acachl-
BaeTcd B TOYKe I, pacIIHpAeTcs A0 AABJICHHS HHXKE aTMOCQEPHOro,
nojorpepaercs B TelJIOOOMEHHHKe OKPYXKAaKOIIHM BO3NYXOM, a 3aTeM
CHOBAa C)KHMaercsl 10 JAaBJeHHS B o0OorpeBaeMOM MOMEII€HHH (ToY-
Ka 2). OcnoBuas npobaeMa 5TOH CXeMbl COCTOHT B CO3J4HHH MaIUHHB
AJS naBjeHHSl HHXKe aTMOC(HEepHOro H B 06Mep3aHHH Tem1000MeHHHKA.
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Eule 64#a BO3MOXKHOCTL HAMIOCTPHPYETCH ¢ HOMOIIbI0 OHMCAHHS

aBTOMOGUJIBLHOTO BO3AYIIHOTO KOHHIHOHepa «Rovacs,
OCHOBOH CHCTeMBI Ha pHC. 2.23 CJAYXXHT POTAHOHHHIA ABYXHOJOC-

THOH KOMIpEeCCOp-pacnIMpHTedb, NOoA0GHWH ycrpoficTBy Ha pHe. 2.10.
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Pruc. 2.21. Tennonacocusit nuka Bpafitona.

I—4 — TenmM006MEHHAK HH3KOTO JABMeHHd; 3, 4 — paclIMpHTeJbHaA MaluMHa; 2, 3 — TensoobMmed-
HHK BBICOKOrQ ZaBaeHufl; /—2 — koMppeccop; 5 — JBHraTedb,

Oxpyxkalolufi BO3YX CXKHMAETCS, OXJAAXKAAeTCsi A0 TeMOEPaTypnl OK-
pyXalolllei cpejbl, 3aTeM pacIUHpsercs ¢ MOHHXKeHHeM TeMIilepaTypH
H MojaeTcs B cajdoH- aBToMoOuasi. TakuM o006pa3oM; B aBTOMOGHJIE
MIPOUCXOAHT KOHIHIHOHHPOBAHHE BO3/iyXa 0e3 pelHpKYJaSIuH ¢ MOMO-
IO 0Yeib KOMNAKTHOrO yerpoiicTia [5].

Haubosee mupokoe NpHMeHeHHe OXJaXKAeHHe Mo UMKy Dpaiitona
HAXO/HT NpPH KOHIHIHOHHPOBAHHH BO3jiYXa B MACCAXHPCKHX CaMmoJie-

R
A
\ V4
[ _w_
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Puc. 2.22. OrkpoiToifi Tenaonacocuufi uika Bpafiroua.

Pre. 2,23, Mo'rop-xomngeccop «Rovacs:

I — K TemaooGMEHHHMKY; 2 — CTOpPOHA CxaTHA; § — BXOA TemloBOTO Bo3AyXa: 4 — pelYJIHpoBOY-
HLI KAaMaH (npH HajoGHOCTH); 5 — BHXOJA XOJXOAHOrO BOIAYXA: 6 — cTopota pacWiHpeRns; 7 —
OT TEMNO0OMeHHMKa.
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taX. IlocKONbKY He6OJMbIIOE KOJHYECTBO CXKATOrO BO3AYXa BCerja
MOJKHO MOJIYUYHTb OT ABHraredaeil W OXJAaJHTb ero MOTOKOM OKpYXKaio-
II€T0 BO3/yXa, OXJaXKAeHHBIH BO3JyX NpPOCTO mojaercs B kabuuy, mon-
JePXKHBas B Hell naBJeHHe M CHa6Xasl CBeXHM XOJOAHBIM BO3JYXOM.

TeopeTHueCKHii pacyeT TeMJIOBOrO HACOCA C JBOHHBIM  LHKJIOM
bpaiitona npuBejen B pabore [4], a ero pe3ydabTartel MOKa3aHH
B taba. 2.3.

Ta6auua 2.3. KIIJ ppoitnoro unkna BpafiTona npu munaManbHoH
BHyTpeHHell Temnepatype 21 °C

0] q MagcnMabHasn I
reMnepaTypa. °C reunepaTypa K13 PO

—29 56,7 1,50
—7 59,4 1,76 25

—156 — 1,94

—29 59,4 1,63

—18 ] — 1,75 30
—7 62,2 1,91

—15,6 —_— 2,1

—29 61,7 1,74 35
—7 64,4 2,06

Bruicokue 3nauenusi KII2 obbacHsiores caeayoomuM: 1) rasosast
TypOHHa HAMpsAMYIO COejHHEHAa C BO3/YUIHHIM KOMIpeccopoM; 2) ans
He06X0/HMOf HHTEHCHBHOCTH TEIJIOOOMEHA C OKPYKAIOUIHM BO3AYXOM
npu 21°C norpeGoBanach BHICOKass MaKCHMaJbHasi TemImeparypa
HHKJaA.

2.9.3. TEPMO3NEKTPMYECKMA TENROBOW HACOC

TepMoOaJeKTpHUECKHE TeMIOBO# Hacoc, HaH [ledabThe-THN TemaoBO-
ro Hacoca, AOCTaTo4YHO H3BecTeH. OH HalleJ OJ{HO HJH JiBa NpHMEHe-
HHf, T7ie XOpOWO YJOBJCTBOPSICT NMPeALABJACHHBIM TpeGOBaHUAM.

Harpes n oxnaxneHue claeB MeX1y PasHOPOAHBIMH MaTepHajaMH
BHI3LIBAIOT INPOTCKAHHE 3JEKTpHueckoro Toka. OOpartHHR 3(dekT
COCTOMT B TOM, UTO MPONYCKAaHHE 3JEKTPHYECKOr0 TOKAa Yepes TaKHe
ClIaH BLI3BLIBAET MOTOK TEMJd. DJIEMEHTAPHBIH TePMO3JIEKTP HUECKHH Tell-
JOBOH HAcoC MOJMydaeTcss IMPH COCJHHEHHH MNOJYNPOBOAHHKOB p- H
N-THNA, KaK NOKa3aHO HAa pHc. 2.24. B 3TOM ciayyae NMpOTEKaHHE TOKA
B YKa3aHHOM HamnpaBJeHHH BHI3LIBAeT MOTOK TEMJa OT chnas n/p K NoA-
BOJASIIIUM TOK 3JICKTPOAAM.

Tennosoit motok cBsizaH ¢ ko3 duunentom 3eebera S. [Tokazartenan
A00pOTHOCTH TEPMOJIEKTPHUCCKHX MaTepHasnoB uMeer BHA S%/kp, rae

— TeNJONMPOBOAHOCTD; 1/p — 3JEKTPONPOBOAHOCTb. DTOT MOKa3aTesb
3aBHCHT OT TeMIEepaTyphHl, IO3TOMY MaTepHaJbl AOJKHH OHITh BHIOpa-
HH B cOOTBeTCTBHH ¢ pal04y¥M HHTEpPBaJOM TEMIlepPaTyp.
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Tenaosolt 6ananc oAHoro IJeya TelgoBoro Hacoca (cM. pHc. 2.24):

Q=ST,I— BL(L/A) kAL _IR.
2 L/A

YeTnipe useHa clpaBa OTPaXKalOT COOTBETCTBEHHO TepMO3JeKTpH-
YecKHil TemnJioHacocHHIH 3(d¢eKT, MKOoyJjeB HarpeB MOJYIPOBOAHHUKA,
MOTOK TeMJsa 3a cYeT TEMJIONPOBOJHOCTH OT TOpSUEro cilasg K XOJIOAHOMY
H JIXKoyJeB HarpeB cnas. OTMeTuM, 4T0o ecjH npeHeOpeub MOCTEAHUM
YJIeHOM, TO Asd 3ajaHHux [ ¥ L/A Bennyuna Q He 3aBUCHT OT pa3Me-
POB yCTpOiicTBa. JTO MO3BOJISET peasu30BaTh €ro MHHHUATIOPH3AMMUIO
JA0 pasMepoB B HECKOJbKO MHJJIUMETPOB.

S
_——‘/
n g J \\
Y RNHE8
c — z
z
t Tor l 71— \ 3 ;
NH
N
Puc. 2.24. Cxema TepMO3JeKTpH-

YEeCKOTO 3JIeMEHTa.

Puc. 2.25. TepmoasiekTpHuccKnii cTaGHiN3aTOp TOUKH IUIABJIEHHA JbIa.

] — OXJMaMAANHUE MOAyNb (TCHIoBOil wacoc): 2 — oTeoj Tenda; 3 — clolt nbpa; 4 — repMonapa;
5 — tpyGKa ¢ oGpasnaMu; § — repMcTHYHAd KaMepa, 7 — MHKPOBLIKNIOYATE D,

PeaabHple TennoBusie Hacoch cobHparoTess U3 OoJablIOTO 4Hcaa 3Jje-
MEHTOB, COeNVHEHHHIX MOCJeN0BaTeNbHO, & B TeNJAOBOM OTHOILEHHH
KaK MocJeA0BaTeNbHO, TaK ¥ MapaJjienbHo, OTKYAa BO3HUKAOT npobJe-
MBI OJJHOBPEMEHHOTO MOJyyeHHs TEMJOBOrC KOHTAKTa M 3JI€KTpHYECKoH
H30JISIHH cOoeTHHEeHHUS.

HecMmorpss Ha npoOJeMBbl OTHICKaHHsS HENOPOrHX U 3(h@eKTHBHEX
NOJYIPOBOAHHKOBLIX MaTepHajiOB M HX TIIATENbHON COOPKH, 3TH YCT-
poficTBa HamAH [JBa HHTEPECHBIX IPHMEHEHMs,, B KOTOPHIX 3HaueHUs
KOIT 6/13kH K AOCTHTHYTHIM B aBcOpPOLUHOHHOM IHKJIE,

Iipumep 1. OxaancOenue paryopecyentHolx aamn das noddeprcanus
ontumasonozo dassexnus. IlpAMeHeHHe OMHCAHHOTO YCTPOHCTBA 3J€Ch
yao6n0 Oaaronaps ero MaJjoMy pa3Mmepy H MOABOAY 3J€KTPOMHTaHHSA
K caMoii jamne. HeboJabinoe yBeduuenHe pacxofa 3JeKTPO3HEPrHU
OKyNaeTcs CyuleCTBEHHHIM yJay4lleHHeM cBeTOoOTRauH [7].

Ilpumep 2. [Toddepicanue nyaesoll TemnepaTypol x0A00HO20 cnas
repmonap (puc. 2.25). 31eck TepMoaJieKTpHUECKasi CHCTEMA MOAXOLHT
UAeaJbHO, MOCKOJLKY OHa peBepcHBHAa H obeclednBaeT cTPOTO MPOMOp-
IIMOHAaJIbHOE ynpaBJeHHe, KpoMe Toro, B OTAUYHE OT APYrUX XOJOAHIb-
HbIX CHCTEM ee JIerkKO MHHHATIOPH30BaTh *.

* O6a atn mpuMepa GaKkTHUECKH He Ten1opnLie HACOCH, a TepMOSJCKTpHYECKHe
XOJIOIW/IbHHKH, He NMPeLHa3HayeHHbIe 1A TemnocHaGXeHus. — [Tpum. nep.
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2.9.4. MEHEE M3BECTHBIE CHUCTEMbI

Hmeercsi MHOTO ADYrHX THIOB TeMJOBBIX HacocoB: OOpalleHHHIH
TOMJHBHBIA 3J€MeHT ¥, TemIoOBo# nacoc ¢ HCHOJb30BaHHEM TENJOTH
NAaBJAeHYsl, MEXaHOXHMHMYECKOrO H MAarHEeTOKaJopHyecKoro sbdex-
T0B. 32 HEeZOCTATKOM HHPOpMALHH OHY 37eCb He OMHCBHIBAKTCA.

Myorne uHKJBL, paccMOTPEHHHIE B 3TOi I71aBe, MOTyT BCTpeUaThCH
na NpakTHKe B pPas3/jHYHBIX KOMOUHAuMsX, HanpHMep uHKIH OTro—
Penknna, bpaiitona — PenkHna, Crupaunra — PenknHHa. B apyrux
MPHJIOKEHUAX MOTYT MpPEeiCTaBHTL HHTepec UMKabl Penknna — DBpaii-
toHa UM CTupauHra — bpaitrona. O6nacTH NpHUMeHEHUs 3THX IHKJIOB
CO BC@MH HX BapHaUMsAMHU GeclipeqesbHHI.

lhnasa 3

OCHOBHbBIE 3JIEMEHTHl KOHCTPYKL{MMU

3.1. BBEJIEHME

ITocne BpIGOpa HHKIa, HaHOoJiee MOAXOAALUIETO B RaH-
HOM NPHJIOKEHHH, HeOBXOAHMO HCcJenoBaTh KOHCTPYKUHIO 3JEMEHTOB
TeTJIOBHIX HacocoB. Hacrtosimas riasa nocBsinena ocHOBaM KOHCTPYH-
poBaHHs, BHIOOPY OCHOBHBIX KOMIIOHEHTOB H CHCTEMBI YIpaBJieHHS, He-
06xonuMBIX AJ5 3pdekTHBHOR paGoTH ycTaHOBKU. XOTd B I 2 yno-
MSIHYTO MHOJXKECTBO Pa3JHUHBIX LHKJOB, HacTOAMiasi rJaBa NocBsIieHa
TOJBKO T1apOKOMIIPECCHOHHOMY € pa3JH4HBIMH BapHaHTAMH IPHBOAA.
Hckiaouenus oroBopensl crenuasabHo.

3.2. BbIBOP PABOYETO TENA

Jnanazon pabouux Ten (aKTUUECKH 6e3rpaHquH Kaxnas xun-
KOCTb, cliocoGHAasl HeMapsAThes B UHTepBaJse aasaenuii ot 0,1 xo 2 MIla
npu npneMJIeMoifaTemnepaType npencrasJider Hurepec. Ho u 3a mpe-
AeNaMH yKa3aHHOTO HHTEPBAJA MOTYT OTKPHIThCS HOBHIE BO3MOXKHOCTH.

Caenysi ycraHOBHBIIeficd MpakKTHKe, NPOHYMepyeM XJaJ0areHTHl B
cooTBeTcTBHHM co cTamaapThoiM nepeuneM ASHRAE. Oun pasgenensi
Ha TaJounoyrjepoliHble, HHUKAHYecKHE OpraHHYecKHe COeNMHeHHd,
43e0TPONHl yIrAeBOJOPOAH, KHCAOPOAHBIE COCIHHEHHSs, a30THBIE COedH-
HeHHsl, HeopraHHyYecKue COEJHHEHHs M HeHAacHleHHBIE OpraHHYecKHe
CoenvHenusi. Jlanee paccMATpHBAIOTCSI B OCHOBHOM TaJiOMAOYIJepOX-
Hble coequHeHHUs], H3BeCTHHE MO HX TOProBbIM HauMeHOBaHUAM: DpeoH,
Apxron, TeneTpoH M T. n. B cooTBerctBuN ¢ 0603nauenusmMi ASHRAE
OHY nasee obo3HaualoTrcss mpocto, Hampumep, kKak R12 (CCloFy,).

Ha nepsuiit B3rasia, BeIGOp paGouero Tesna HeMmOCpeNCTBEHHO BJHSA-
eT Ha KOII. Ha npakruke, oanako, KOII ocTaercs mouTH- NOCTOSHHEIM

* FMeercs B BHLY 3/1eKTPOXHMHYECKHA reneparop. — [Tpum. nep.



Taénuuma 3.1. CeolicTBa XNagoareHTOB

Jaenende Xoaozno-
Hasaenne B KoHfieH- | OtHomeHue HpOH3BO-
hsgp Xnapoarent B 'acrl[aﬁ‘r"i‘;”e' caTope, AaBJeHHR ﬂ“'*o";f":"
’ 0,1 MIla KlI)K/l'{I‘
170 | Drau 16,3 46,6 2,86 136
744A | Oknuchb asora 21,3 64,6 3,03 198
744 | Imsyokuch yraeposaa 22.9 72,1 3,15 129
13B1 | BpoMTpudTop Meran 5,38 18,0 3,36 68
1270 | Ilponuaen 3,56 12,5 3,51 402
290 | Ilponau 2,89 10,7 3,70 281
502 | 22/115 Aseorpon 3,49 13,1 3,75 106
22 | XnopaudTopMeTaH 2,95 11,9 4,03 163
115 | Xnopnentadroparan 2,66 10,4 3,89 68
717 | AMMHaK 2,36 11,7 4,94 1103
500 |12/152a 2,14 8,79 4,12 141
Aszeorpon
12 { HuxaopaudropMeraH 1,82 7,44 4,08 116
40 | Metuaxaopun . 1,46 6,53 4,48 349
600a | H3o6yran 0,90 4,10 4,54 259
764 | ITsyokuchb cephl 0,81 4,58 5,63 329
630 | MeruaaMuu 0,68 4,24 6,13 707
600 | Byran 0,57 2,85 5,07 299
114 | Duxnoprerpadroparan 0,47 2,53 5,42 100
21 | NuxaopdropMeraH 0,36 2,15 5,96 208
160 | druixaopu 0,32 1,86 5,83 331
631 | dranaMuu 0,23 1,70 7,40 525
11 | Tpuxnopdropmeran 0,21 1,2 6,19 155
611 | Merundpopmar 0,13 0,96 7,74 440
610 | drunosuift spup 0,10 0,85 8,20 294
30 | MeTuneHXJODHA, 0,081 0,69 8,60 313
113 Tpﬂxnop'rpmgmpsmﬂ 0,071 0,54 8,02 125
1130 | Duxaoparunen 0,058 0,48 8,42 266
1120 | TpuxnopsraieH 0,014 0,13 11,65 213

JJs1 IHPOKOro Habopa XJaagoareHTOB ¢ CYILIECTBEHHO DAa3HBIMH jpaBJie-
HHAMH U [JIOTHOCTSIMH, €CJIH TIPH 3TOM TeMMepaTyphl HCAPEeHHSI H KOH-
deHcaunH oxMuakoBH (Taba. 3.1).

B stoii Tabaune KOIT gnsi pasHbX XJaamoareHTOB MOACYHTAH s
TeMnepaTtypsl HcmapeHus — 13 M temmepatypel  komxencauuu 30° C.
Meron pacuera Takoi ke, KaK OMHCaHHHI B MpenblayLled IJaBe.
ITpexmosaranoch, 9TO BCaCHIBAETCSl HacHILEHHHIH Map BO BCeX cayua-
ax, kpome R113, R114 u RI15. Jlas wux npexmnonaraiocs, 4To IpH
BCachlBAHHH Map CJerka Meperper, a Ha BHIXOAE M3 KOMIIpeccopa Jo-
CTHTAIOTCA YCJO0BHS HacoleHHs. Takoe momyuieHHe CBSI3aHO C MPHHS-
THIM B pacyueTe NpeRNOJOKEHHEM O CXKAaTHH [0 H303HTPONE, KOTopas
IS VKA3aHHHIX XJaJ0areHToB Ha p — A jgHarpamme NpHBOOHT K JIH-
HHH HaCHIeHHS.

OtmetuM, uto KOII ocraercs mocrossuubiM B Npepenax 4,84-10%.
BaxXHHIM HCKJIIOUEGHHEM SIBJSIOTCSI TaKXKe XJAajo0areHThl, Y KOTOpPHIX
Temnepatypa Koupencauuu 30° C Gauska K kpurudeckofi. Ilpuuuna
CTaHOBHTCA sicHoi M3 pHC. 2.4. [lo mepe npuOAHKEHHS TeMIEPATYpH K
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Y AeqbHbIH O6LeMEBIH

Pacxoa XxJa- 0GBEM NpH pacxoz, MomgocTb TeMlTega- Kpmqec:

moarerzar | meacomamun, | PEFOR | wawany, wbr | KOT | ER o TG
25,8 0,033 0,86 1,46 2,41 50 82
17,8 0,017 0,31 0,98 3.60 37
27,4 0,017 0,45 1,37 2 56 66 31
51,9 0,024 1,24 0,77 4,95 51 67
8,3 0,163 1,43 0,78 4 51 42 99
12,5 0,155 1,93 0,77 4,58 36 97
33,1 0,051 1,70 0,80 4,37 37 82
21,6 0,077 1,68 0,75 4,66 53 96
52,0 0,048 2 .50 0,87 4,02 30 80
3,2 0,509 1,62 0,74 4,76 99 133
24.9 0,094 2,34 0,75 4,65 4] lo6
30,2 0,091 2,75 0,75 4,70 38 112
10,0 0,28 2,81 0,72 4,90 78 143
13,5 0,40 5,43 0,81 4,36 27 135
10,7 0,40 4,99 0,72 4,87 88 158
5,0 0,97 4,83 0,73 4,81 _ 175
11,8 0,62 7,32 0,71 4,95 31 152
35,1 0,27 9,50 0,78 4,49 30 146
16,9 0,57 9,64 0,70 5,01 61 178
11,0 1,07 11,7 0,68 5,21 41 187
6,7 2,02 18,3 0,64 5,52 183
29.6 0,76 17,2 0,70 5,03 44 198
8,0 3,01 24,1 214
11,9 2,18 26,1 0,61 5,74 194
11,3 3,12 35,1 0,72 4,90 96 237
28,2 1,71 48,2 0,73 4,84 30 214
13,2 3,97 52,5 0,73 4.83 243
16,5 14,32 237 0,73 3,82 271

KPHTHUEeCKOR CKpPHITasl TeII0Ta napoobpa3oBaHHsl GHICTPO yMeHbIUaeT-
ci. Tenmoty ornaer meperperblii Map, HO MpH CYINECTBEHHOM CHHXKe-
HuH KOII. TNpumepom cayxur R170 (KOIl=2,41, kpuTHUECKan TeM-
neparypa 32°C) u R744 (KOIl=2,56, xpuTHueckasi TeMIlepaTypa
31° C) *,

Kak BHIHO M3 cpaBHeHMS XJaj0areHTOB, HAHJAYUYIDHME MyTb AAS MO-
BHIUEHHS 3((EKTHBHOCTH COCTOHT B yaajieHHH OT KpPHTHUYECKOTO X aB-
Jenusi, Ha mpakTHke, OJHAKO, 3TO BeAET K IMOHHIKEHHIO MJIOTHOCTH
apa u eme 6osee cepbe3HHM OrpaHHUYEHHAM, UeM MoTepsd 3¢ PeKTHB-
HOCTH,

Teneps otmerum B taba. 3.1 rpagy «O6pemubiit pacxop». Ilpoxo-
AMMBIH MOpINHEM KOMIIpeccopd B eaWHMlIYy BpeMeHH o6beMm IMs pas-

JIHYHBIX XJnajg0areHToR uaMeHsietcs: Oogaee ueM B 500 pa3 npH cpaBHH-
5_.—-_———

* Ecau TensioBoft Hacoc npeflHa3HadeH Jylfi HarpeBa TeIIOHOCHTENS C NepeMeH-
HOl Temmeparypoli (HalpuMep, MOHOTOHHO NOBLIMIAKMIEACH KaK B ClAy4ae TOpPAYEro
BOII.OCHaﬁ)KeHHsi), ONH3KHA K TPeYTONLHOMY IHKJI ¢ OXJaXJEeHHEeM CBEePXKDHTHYECKOro
Iapa nojxen umerh cymecrpenno Gonee Buicokuii KOIL — ITpum. nep.



TEALHO MAaJdoM u3MeHenun MomwHocTH. OueBupHo, uto leHa U 3ddek-
THBHOCTb Pa3J/IHYHHIX KOMIIPECCOPOB, HEOOXOZMMBIX AJF KaXILOTo H3
XJajoareHToB, HMeeT OoJibllice 3HAa4YeHHe, yeM TCOPETHUYECKAHd BeJHYH-
Ha KOII, ¥kazauunie o6cTosTeIbCTBA 3acTaB/stioT paboTaTh B 06aacTH
TeMneparyp, Gonee OJH3KHX K KPHTHUECKOH, YeM 35TO BHITEKAeT M3
TpeboBanuii sHepretHueckofl sPderTuBHOCTH. CoNocTaBaeHHe IUPD
JAJF CTenmeHd CXKATHS IPHBOJAUT K TOMY Ke 3akJi04eHHIo: pabora IpH
HH3KHX [aBJeHHAX Mapa BeJeT K HEHPONOPUHOHAJbHO BOJBLIIHM KOM-
peccopam. '

ITH cooOpaxKeHHsT OCTaBASIOT JHAlla30H BO3MOMXKHBIX XJajoaret-’
108 0T RI3BIl po R40 (Merunxsopun), U3 KOTOpPoro H moAbupaioTcs
nonxojsiuve pab6oure resa. Bee 3TH BellecTBa BecbMa OJM3KH IO CTe-,
IIeHH CKAaTHAg M 006beMHOMY pacXxojy, TaK YTO OKOHYATEJbHbIH Bblﬁop
JeJaéTcsd Ha OCHOBe coobpaxenHui 6e30nacuocm 3HepreTHIecKol sd-:
(eKTHBHOCTH ¥ CTOMMOCTH, '

C Touku 3penHsi 6e30mMacHOCTH TaKHe TOPIOYHE BellecTBa, KakK Ipo-
IIMJeH, TMIpONaH, METHJAXJOPHJ, HCKIIOYalTCd H3 paccMOTPEHHS. Hx
HeJb3s NPHMEHATb B TeX CJaydasX, Korjla ne Moxer Onltp ofecmeyena
YAOBJETBOPHTEAbIAS TeXHHUECKast JKCIJAyaTallus, B YacCTHOCTH MIPH
TeIJIOCHA6XKeHHH KHIHIL.

AMMHAK HexelaTesIeH H3-32 €r0 TOKCHUHOCTH, KOTOpasi BHIIIE TOJb-,
KO Y CepHHCTOTO aHruApHAa. HecMoTpsi Ha 5TO, aMMMAK BCe K€ MpH-
MeHsIeTcs JOBOJbIO HIMPOKO B JOMAUNIMX XOJOAHJbHHKAX, T'le HAKOI-
JIleH HeMaJblff onbiT skcmayataudH. Kak Buano u3 taba. 3.1, Haubonee:
NpHEMJeMbIM SBJASIOTCsi HETOpIOYHEe HETOKCHYHBLIE TaJiOHA0YI/AepojHble
COeZMHEHUS, CpefH KOTOPHX MOXKHO chenaTh BuGop. Kak moxkazano B
ra. b, Aas joMaurnHx a6copOIHOHIBIX  YCTAalOBOK aMMHAaK OCTaercs
MPeAnOUTHTENbHBIM.

Buino 65 cAWIIKOM mocHelmHnbIM [aBaTh 3/eCh PEKOMEHJALHH Ka-
KOH-TO OXHOH KHUIKOCTH, HO H3 IPHBeJeHHHIX IH(PDP CTAHOBUTCS SCHO,
noyeMmy tak mupoxo npumensiiorcs R22 u R12. IlpeuMymecTso a3eor-
pPONHHX cMeceif, B TOM uHcJje HegaBHo Haobperenunix 12B1 u 13Bl,
TPYAHO MCIIOJNb30BAaTh H3-3a MX JOporoBu3nbl. Huxke mpusejpenbl OTIO-
CHTeJIbHBIE cTOHMOCTH cMecel 12B1 u 13B1, mwHpoko mpuMensieMblX B
NoXKapoTylnenuy Gjarojapsi UX HHEPTHOCTH, B COIOCTABJEHHH C APY-
THMH XJag0areHTaMH:

R1l RI2 R13BI R22 R114 R502
1,0 1,14 6,4 2,0 2,0 2,95

XuMuyeckas C€Ta6UIbHOCTb HMMEeT CYIIeCTBEHHOe 31aueHde JJs
TeMJIOBbIX HAacOCOB. B X00AMIbHHMKAX M KOHAHUHONEpaX paGouue xui-
KOCTH IPUMEHSIOT yKe MIOro JieT, HO B TeIJOBRIX HacocaX paboune
TeMIIepaTypsl CYyLWleCcTBeHHO Brille, Paspyienye XJaajoareHra B OCHOB-
HOM TIPOMCXOIMT. Ha BEIXOJAE H3 KoMilpeccopa — B pauboJiee ropsizeit
TOYKe IUKJA. 3AeChb METaJJIHYeCKHe MOBEePXIOCTH UrPaloT POJb KaTa-
JH3aTOpa DPA3JIOXKEHHs XJaJdoareHra B cMecH ¢ HeGoabLIMM KOJHYecCT-
BOM MacJja, ABHXKYIerocs ¢ 60JbiIoi cKOpocThio. MojenupoBaTs Ta-
KHe YCJOBHf B OIHTAaX C 3alasiHibIMA TPYOKAMH WJIH JPYTUX HCIIHTA-
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HUSX HA COBMECTHMOCTb O4cHb TPYAHO. ChaefyeT omMpaThCs Ha IpaMO#
OMBIT PKCIJIYATAllNK, KOTOPHIH naeT Bo3MOXHocTe [12] yka3zatb Mak-
CHMAaJbHYI0 TEMHOEPATYpy IJHTEJbHOH BbACPKKH AJA XJiaJoareHTOB
(raba. 3.2). _

Tatauua 3.2. MakcimanbHO AONYCTHMAg TeMnepatypa XJanoareHTros
B MPHCYTCTBHH Macja, CTANH H MeAH

XnajpoareHrt Temnepatypa, °C XnapoareHr TeMnepatypa, °C
R1} 107 R114 121
R113 107 R22 135-—150
RI12 121 R502 135—150
R500 121 R13 >150

IlpoaykTH passoxkenus XJajcarenToB OOGHIYHO HMEIOT KHCJAOTHBIH
xapaxrep. OHH OKa3blBalOT Bpejloe AEHCTBHE HAa MeTaJslIHyecKHe Je-
TaJld H OTPAHHYHMBAIOT pecypc Maluuunel. Mepel nmpesocTopoxKHOCTH 06-
cyxpaaTes Oosnee moApobuo B § 4.6, a mpumep Bribopa XJajoarenra
ISt BLICOKOTEMIICpaTypHOro TEIlJIOBOTO Hacoca IpHBeldeH B Il 7.

3.3. KOMNPECCOPbI

B nagase storo pasiena cofepxarcs oOmHe OIHCAlHA Pa3JHYHBIX
THIIOB KOMIIPECCOPOB, HCIOJAb3YEeMbIX B I1aPOKOMIIPECCHOHHBIX LHKIAX,
a 3aTeM NPHBOJAKTCH KPaTKHH Ilepedenb OTJHYHH TEIIOBOTO HAcoca OT
xonoaudbioil Mamunsl. Onicanye HaYHHAGTCS ¢ MEJKHX KOMAPEccOpoB
M 3aKAH4YHBACTCS KPYIILBIMH *.

Kommnpeccopsl geqasiTc Ha JABe TPYINH — JJsT BJAXKHOTO M CyXOro
napa. BaaxuuM OyneT CUMTATBCS I1ap C KOHIEHTPAIHef i YacTHIL MacJja
6osnee 15 Ha 1 man B Hekoropwx cJayuasx oHH 3aHHMaioT jgo 20%
obbema. B cyxux komripeccopax Macao caMmo mo cebe He paboraer H
MonajgaeT B KOMIIpEcCOp TOJbKO H3-32 YTeueK 4Yepe3 YmJIOTHeHHs
(o6bluno Menee yeM 5 4acTHIL Ha 1 MJIHL).

3.3.1. POTAUMOHHBIE NONATOUHBIE KOMIPECCOPH!

ITH MeJKHE KOoMiIpeccOpn 00buno paboTaioT IpH HH3KHX AaBJie-
HHAX M CTCHRHNSIX CXKATHA, OHH TAKXKe Ha3LIBAIOTCS KOMIIPecCOpaMH co
CKONbasimumMu JgomatkaMu (puc. 3.1). [as nux xapakrTepeH BHICOKHHA
oOvemustii KIT, ouu npHrognsl AAs GOJbINMX CKOPOCTEH BpaiieHHS.

CxkaTue mpOUCXOAMT MEXAY CKOJb3SIIHMH JONATKAMH, TIOSTOMY
WX NPOYNOCTb K YIJIOTHEHHE KMEIOT BaxkKioe 3nauyeHue. JIOMaTKu Moxk-
HO BHNOJHSTH M3 uyTyHa, HO Yalle KX NeJaloT U3 apMHPOBAHHHX (e-
HOJIbHBIX HJAACTHKOB. JIOMATOK MOXeT OHTh HJIH TOJAbKO ABE, HJIH §0/1b-

. * B ‘oTedecTBeHHOH JHTepaType NoapobHOe ONHCaHHe BceX KOMINPECCOPOB MOXKHO
HaHTH B cnopaBoyHHKe «XOJMOAHAbHHE XoMmIpeccopu» mox pel. A. B. Bukona,
H. M. Kanunna. — M.: TIHmesas npoMuIMLAeHHOCTD, 1980. .
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le, KaK 1oKa3aHo Ha puc. 3.1. IloBelmenne 4ucaa J0OMATOK YBEIHTH-
BAa€T NOTEPH Ha TPeHUe, HO ONNOBPeMENHO HoBHIIaeT o6beMHni KITM,
TaK YTO 3TO YHCJAO BBIOMPAGTCSH HA OCHOBE KOMIPOMMCCHOTO PEIUeHHS.

YIJIoTHeHHe MEXKAy JONATKOH M IHIHIAPOM — 3TO THAPOAHHAMH-
geckass cmas3ka. Ha BHyTpennell noBepXuOCTH NMJAHHApa o6Gpasyercs
TOHKas IJeHKa Macia, 1o KOTOPOH CKOJMb3AT JonaTku. Cuaa, AefcTBy-
omas Ha IVIEHKY, 3aBHCHT OT CKOPOCTH BpallieHHsl ¥ Pa3HOCTH JaBlie-
HHH B Kommpeccope. Kpome TOro, BO BHYTPEHHIOI IOJOCTb MOJ JONAT-
KaMU CIenuaJbHO MOoJaeTcs JaBJeHue ¢ BHICOKOH cTOpoubl. B oTauyne
OT NOPIUHEBHIX KOMIIPECCOPOB MAacJAOCOOPHHK OOLIYHO DPa3MemialoT co
CTOPOHBI BBHICOKOTO J[aBJeHHS, 4TO yCTpaHSeT TOTPeGHOCTb B MacJs-
HOM Hacoce. HagmexuocTh NMUTaHHs
MacJOM OdYenb BaxHa, HOCKOJbKY
A1060¢ paspylieHHe IJIEHKH BejeT
K OHCTPOMY H3HOCY CKOJb3SmMHUX
IIOBEPXHOCTEH.

HurepecHslii HOPOEKT ¢ pOTalH-
OHHBIM KOMIIPeccOpoM -— COJIHEY-
HHH TeIJIOBOH Hacoc — Obla yIlo-
MAHYT B I 2. C 1enbio 1nOBbllie-
uua KIII xoMOGHHHpPOBAaHHBIH IBH-
ratedb -— KOMIPECcop HCIOJb3yer
THAPOAHIAMHYECKHE JIOTIaTKH, CMa-
3HBaeMble TOJBKO pabouell Kui-
KoCcThI0 Kaxias JonaTka MMeeT KadaloIuuics Kpa#, wiaw GaliMak,
KOTOPHI# MOMeT CJerka IoBOpaudBaTbCsid, TaK 4YTO ero BHEUIHAA I10-
BEePXHOCTb MOJKET JAyduile mpHJAeraTe K IHMAHNAPHYeCcKOH cteHke. Oue-
BHAHO, 3THM YCTPaHSAIOTCS MHOTHe NMpo6GJaeMbl CMAa3KH. YCTalOBKa IO-
Ka3aHa Ha puc. 3.2, [Tockoabky BXxOAsAmHA NOTOK HENpepblBeH, HE Tpe-
6yeTcsd HHKAKHMX KJalaHOB, OANAKO HA BBIXOJAC KJamaHel HHOTJA IpH-
MEHAIOT, YTO OINpeAeNsieTcs YHUCJAOM JIONaTOK ¥ JaBJeHHeM.

Poraiuonnble KOMipeccopbl MPHMEHSIOTCA IPH MOIIHOCTH MPHBOAA
10 5 kBt u menee. Beixognoe nasaenue pexko npespimaer 1 Mlla, a
pasHocTb JdaBaenuit ob6siuno ne 6Goaee 0,4 MIla. Xors 3Tu mpenens
MOCTENeHHO pacCIuKpsAloTcs 6Jarojaps HOBHIM pa3pab0oTKaM, OHH elie
He T03BOJSIOT MPHMEHHTb POTALHOHHBIE KOMIIPECCOPBl B BBICOKOTEM-
nepaTypHbIX TEIJIOBLIX HACOCAX.

HenaBno paspaboran kommpeccop «Prestcold / Denco Miller»,
CYUIECTBEHHO PaCIUMPHBIIME YyKasaHubple mnpeldeasl. On MMeeT Moli-
Hoctb 10 kBT, cTenenp cxkatua 4 u dasJaenue Ha Buxode 1,0 MIla.

Puc. 3.1. CxeMa pOTaHOHHOTO KOM-
npeccopa.

3.3.2. NOPWHEBOH KOMIPECCOP

[TopurueBste koOMmpeccopsl — caMblii paclpOCTPaHeHbli THIT B IUH-
POKOM JlHama3oHe MOIMHOCTEH, HJd CKaTHf BO3AyXa, B XOJOAHJIbHBIX
MalllEHAaX M TeIIOBBIX Hacocax. CaMmble MesjiKHe KOHKYPHDYIOT C poTa-
IIHOHHBIMH KOMIIDECCOPAaMHM, TONJIA KAaK Kpyruble JOCTHrAKOT MOIZHO-
ctd 100—150 xBt. Ilpuyuna HX mHMpPOKOr0 IMPHMEHEHHS B NPOCTOTE
KOHCTPYKU MU NPU iipueMieMod 3P deKTHBHOCTH.



KoMnpeccopsl 3Toro H APyrux THMOB 4acTO AeNSTCS HAa OTKPbITHE
¥ TepPMETHUHBIE HJIH TIoJyrepMeTHYHple. B OTKPLITOM KOMIIpeccOope Mpu-
BOAHOA KOHEl BaJa BHIXOAHT HAPYXKY uYepe3 YNJIOTHEHHE B KOphyce.
37ech NMPUBOL MOXKeT GHITh 3JIEKTPHYCCKHM, C MOMOLBIO JABHTATENs
BHYTPEIIIETO CrOPaHHs, NMAapOBOH TYPOHIBl HIIH JM060r0 Jpyroro JABH-
ratess. OgHako B repMeTHYHOH KOHCTPYKLUHH YILIOTHEHHE HUCKIIOYEHO,
a NPHBOJ OCYILECTB/sETCS 3JEKTPOMOTOPOM, Pa3MELLCHHBIM BHYTPH
KOpIIyca, KOTOPHIH FepMeTHYHO YMIOTHeH (3aBapeH). DTO OJHOBpEMEH-
HO pelaeT ABe npoGaeMbl: YCTpPaHSeT YTeuKH vepe3 YIUIOTHEHNHA H
obecneunBaeT OXJAaxKpgeHHe 3JeKTPOMOTOPOB, OAHAKO B cjlyyae mepe-
rpeBa ABHraTels BbI3BIBaeT HEKOTOpble xuMudeckue mpobaemsl. [loay-
repMeTHYHAs KOHCTPYKIIHS Takas e, KaKk H repMeTHuHasi, HO AJs 00-
JerdenHs oOGCAyXHBallisd KOPIyc He 3aBapeH, a uMeeT OOJTOBHE
COCIHHE HHS.

M3 puc. 3.3 BUAHO, YTO pa3MellenHe MOPIIHEH MO3BOJSET HCMIOJb-
30BaTb NMOAOOHBIA KOJenuaToll BaJ AJS JBYX, YeTHIpEX H JaxKe IUeCTH
nopiuHel, yto obaergaer craniaprusauuio. Ilopiry BRNOOCANSAIOT Jm60
U3 aJIOMHIHNS K TOTJa MMEIOT NMOpLiieBble KOJIbLA, KGO M3 4yryna, y
Torfa AJs MAaJblX KOMIPEcCOpoB Hai06HOCTe B MOPIUHEBHX KOJbLAX
ornafaer. Pasmepsl mopmus, HIaTYHA W KOJEHYAaTOrO BaJja BHIGHPAIOT
M3 YCJOBHH MPOYHOCTH NMOA A€HCTBHEM MAaKcUMAaJbHOH pPa3noCTH [aB-
JIe HHH.

Macno nopmaercs u3 Macaoc60pHHKA B KOJeHYaTHH Baj Tak XK€,
KaK B aBTOMOOWJBHOM JABHrateje. B muavnape cmaska nomajaer ye-
pe3 xKoJieHYaThlif BaJd MpsMO H3 Macjaocbopuuka. B mo6oM ciayyae na
cTellKe IHUJIMHJpA NMopdepXKHBaeTcsd Mmaciasnas NMJAeHKa H 4acTb MacJa
M3 KOMApeccopa NMomajaeT B pabouee Teao. Ha cropoue BcachlBaHUS,
Kyja Macjlo BO3Bpaimjaertcss BMecTe C XJafoarenToM, XKeJaTesblo, 4To-
Opl Macsio BHINaZajJO M3 CYCIEH3HH H CHOBA [Monaxajo B COODHHK,
KOTOPH# AJA 3TOTO nojjepxKHBaercss MPH AaBJCHHH BCACHIBAHHMS.

ITpu Bxome xJajgoarenta B KOMIIPECCOp OH HampaBjasgeTcs HA CTeH-
KH IUJAKIApA, YTOOB HAcKOJAbKO BO3MOXHO HX OXJAaAHUTb. DTO BaxKIiO
M3 TePMOAKIAMHYECKHX cOOOpPaXKeHHH, TaK KaK Harpes rasa B LHJIHMH-
Ipe cuuxkaer usosurponuueckuii KIIJ[ u noswlliaer Temmepatypy Ha
Bolxode. Takoe oxJMaxkaenHe NOMOraeT YMEHbIUHTb pa3JokKenue Macia,
a CJIeJ0BaTeJbHO, K CTeNeHb H3HOCA MHAHHAPOB U KJaiamos.

Ilpu HeGaarompusiTHOM cTeuyenuH OOCTOSITENIBCTB XJAM0ATeHT Ha
Bcace COAEPIKHT GOJbINOE KOAHYECTBO KHAKOCTH. JKHAKOCTL B BHIE
MeJKHX KaieJeK, ABHXYIIMXCS ¢ GOJbIIMMH CKOPOCTSMH, MOXKET Bbl-
3bIBaTb pa3pymeHue kaanaHoB. Ho 6oJiee omacubiM ABJASETCS PexHM
C GOJIbINMMK OPLMSMH KHAKOCTH, KOTOPHE MOTYT BbI3BATh CepPbe3iHe
MEXaHHYECKHe Pa3pyLUeHHS, ecq He NPUHSATb HEOOXOAMMBIX MeEp.
BoJIbIKHHCTBO TONOBOK HMUJAMHAPOB IOPIIHEBbIX KOMIPECCOPOB Temephb
MONINPYKUHKBAIOT, YTOo6H NPOTHBOCTOSTEL 3TOMY Bo3jeHcTBHIO. Yaile
BCEro kaamaHbl HMEIOT NMPOCTYIO KOHCTPYKIKIO, BHIOOD €€ OUeHb BAaXKEH.
Ouu BumosnmsiioTcst B BHAE KOJEN WAK IJIACTHH, ¢ HEGOJBIIMMH BO3-
BPaTHRIMM npyxHuaMu. HasHaueHnue K7amaHOB — AaBaTb CBOGOAubIH
?POxon rasy B OAHOM HaNpaBJeHnuH M NPelsTCTBOBATh oﬁpamomy

evenuio,
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O6piai0 KOMIIpeccop cuab:KaloT 3aIUTOR € MOMOLIbLIO 3JIEKTPOHHOH
CXeMbl, KOTOpast OTKJuaercs Npu neperpyske. MaMepdaior BHIXoJAHOe
JaBJieHHe Ha Bcace M JgaBieHue MacJa. 1IpH HEKOTOPBHIX YCJIOBHSIX
KPHTHYECKHM 3HAaueHHeM CTAHOBHTCS Pa3HOCTb JAaBJEHHH, H OHa TOT-
Ja BKJIOYaeTcs B YHCJAO H3MepsieMblX. HekoTophle KOMIIpeccOpsl HMe-
0T TeMIepaTypHble NATUYMKH Ha OTHEJbHBIX LMJHHAPAX, €CJaH H3BECT-
HO, YTO meperpeBaercs TOJbKO OiuH wuiaxHAp. IIpepespunie xapakre-
PHCTHKHM THIIMYHOTO MOPIUHEBOTO KOMIIpeccopa INpPHBeREHH HUXKe:

Hapnende Ha BBIXONe . . . . . .« . 21 Mlla
Temnepatypa . . . . . . . . . l40°C
Paswocrs pabnenwt . . . . . . . 1,85 MIlla
Hapnenne scacwiBawua . . . . . . 0,6 Mlla
OrHoweHne AaBACHAR e e e . 10:1

IlokazaTesn koMmpeccopoB O6GHYHO M306paKaioT KaK 3aBHCHMOCTH
XOJIOAWJNLHOH M MeXaHHYecKOH MOIIHOCTeH OT TeMilepaTypHblX YcCJo-
BHH. B cayvae TemsioBoro Hacoca cioga jfo6aBJseTCs elle W TEeIoBas
MoIHOCTh (puc. 3.4). .

IIOMOIIBIO 3THX 3aBHCUMOCTEH M p — A Auarpamm gas R22 mox-
HO paccyuTaTh MeXaHHuecKui, o6beMHBl u H303HTpomuyeckuit KIIM.
B npaxTHke KOHCTPYHPOBAaHHS HE BCE 5TH JAHHHE HYXKHbI, MOXKHO OT-

PaNHYHTLCH 3HAYEHHSIMH MOJBENEHHOTO M OTBENEHHOro Temja H MOIll-
HOCTbIO Ha BaJy.

Puc. 3.2. PorandoHHuf MOTOp-KOMIpeccop ¢ Ka4aloIAMUACH JA0naTKaMH.
1 — motop-reHeparop; 2 — pacClUHpHTenbHad MallHHa; J — KRYAICIHeC JONATKA; 4 — KOMIPECCOp.

Puac. 3.3. TTopmxenoit KOanBccOp‘ «Grasson.

1 — KnanaHul; 2 — nopuleEk H NOPHIHeBoft maJgen; 3 — ruabp3a; 4 — KDbUIKa DUJAHRApPA; 5 — nJjaTo
rONOBKH; 6 — CMOTPOBOE OKOUIKO; 7 — NOAOTPeBaTeAr Kaprepa; & — Kamepa BcachlBaHHs; 9 —
BXOJHOA nNaTpyGok; I0 — OTBepCcTHe AAA BHIPABMMEBaHHs jaBaeHHfl; [/ — kprinka; 12 — BXOJHO#
GHALTP; {3 — Ball KOMOpeccopa; [4— Bpaualoweecs yoAOTHEHHE; [5-— KPBEMUKA nOJWHNHHKAS
I6 — KpHIlIKa Kaprepa €O CTOPOHH BCachiBaHHA; /7 — of6paTHHf KianaH Axas Mmacaa; 1§ — xamepa
RaTHETaHHA; 19— dnaHen HarHeranus; 20 — npegoxpaHuTeabpubilt Gafinacueift knanax; 2/ — Kpbi-
Ka KapTepa .CO cTopoiibkl HarHeTanus; 22 — MacCaAfHBA Hacoc; 23 — KpHIllIKa foAWENHHKA CO CTO-

PoHH HATHETAaHMA; 24 — KaMepa MacASHOTO GHALTPa HarHeTaHHA; 2§ — Macasublft GUALTD BCa-
ChiBAHHA; 26 — MacasHa® npobxa, T
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IlopiHeBo#t KoMNpeccop He Bceraa oTHOCHTCA K BaaxuuiM. Cmas-
Ka CTEHOK HHAMHADPA HeoOXOAMMA TOMBKO AJsl OBBIYHBIX mHOpimuefi,
OITHCAHHBIX Bbllile, MOCKOJABKY IOPIIEHb BHIACPKUBAET GOKOBYIO Harpys-
Ky, nepepaBacMyio marynoM. BoJsee mporpeccusuasi, mo 6onee ROpo-
rasi KONCTPYKILKS IIOKa3ana Ha puc. 3.5. 3Aeck MNOpILeHb K30JHPOBAl
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Puc. 3.4. XapakrepHCTHKH NOPUIHEBOTO KOMINPeccopa Ha XJaajoareH-
Te R22.

OT KOJICHYATOTO BaJa U MacjocGopHuka. DakTHUeCKH MoplIcHb He Ka-
caeTcs Jdaxe CTCHOK muaumiapa. Mexay uuMHu o6pasyercs Mjapoiuiba-
MHYCCKOC YMJOTHEHHE B BHAC TOHKOH IUIGHKH 1apa, BBITCKAOIICTO
yepe3 JaGUpHUTHBIC KAHABKY 'Ha MOBEPXHOCTH IOPILHS KJIH IOPIIHCBO-
ro xoabna. O6blynoe YIJIOTHCHHE HYXKHO TOJBKO 1a IICPBOM IOAIIHII-
HHKe, 9TOOH YACpKaTh Maca0 B MacJ0CHOPHHKE.

[opusontanblbe BO3AYIIHNBIE KOMIIpecCOpbl TAKOro THIIA BHIIYCKa-
er ¢upma Ingersol Rand. Momuocre xkomnpeccopa 4500 xBr. Omn
uMeeT 60JbHIMC Pa3Mephl, TpeOyeT AJA YCTAHOBKH COAKINOro pynia-
MeNnTa ¥ MOIKeT OBITh NPHMCHCH B KAayeCTBE TCIMJIOBOTO HAcOCa TOJb-
KO B CJAyuYasix ILCHTPAJH30BAaHIOr0 TCIUIOCHAGKCHHSA, TAC MOXKIHO HC-
I0JIb30BATh, HANpUMep, PYILAAMCHT CTAPOH 3JIEKTPOCTAHILHH.

3.3.3. BUHTOBBIE KOMIPECCOPDI

HauGoaee pacrpocTpaHenibii THII BUHTOBBIX KOMIpeccOpoB 0ObIY-
HO HA3HBAIOT MO UMeEHHM MX u3o6peratens Jlucxosabma. Ilpumuun ux
JCHACTBHA B O6IIHX 4epTax ONMHCATb HETPYAHO, HO AETaJbiiOe PaccMo-
Tpenue BecbMa CJa0KHO. OrpaHHUMMCs TOJbKO OOGLIHM OMHCaHHCM.

KoMipeccop COCTOHT H3 JABYX POTOPOB, BPaIaMONIMXCs COBMECTIO
B YIVIOTHCHHIOM KOPIYce, OAHH U3 KOTODPHIX — OXBaThIBacMbli, Jpy-
ro#t — oxBarbiBatoiuii. OXBaTHBacMBlli POTOP MMCCT HECKOJbKO, OOLIY~
HO 4eTsipe, BHICTYIIA TMOJYKPYXKHOIO ceuenus, O06pa3yiouX BHHT
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BAOAbL TeNa poTopa. OxBaTHBAWIIHA POTOP HMEeT COOTBETCTBYIOMICE
KOJAHYECTBO KAaHAJOB, 06pa3ywLiHX BHUT MPOTHBOMOJOXKHOIO HAMpaB-
genust (puc. 3.6). Cxkarue npoucxoaur B o6peMe BHYTPH OAHOIO KaHa-
Ja OXBATBHIBAIOIICIO DPOTOPA, OTPAHMYCHHOM IMJIHMHIpHYECKOH IOBepx-
HOCTBIO KOpNyca M NOBEPXHOCTbIO CONPHKOCHOBCHHSi 0O0HX POTOPOB.
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Puc. 3.5. Ceyenne Gecmacasuoro xomnpeccopa «Lindes,

Bbixoa ocymecTs/sercq uepes OTBEpCTHE 11a KONIE KOPIyca, KyAa mpo-
XOQHT Bech map 6e3 o6paTHOTO pacCIIMpPCHHS U CBsI3aHHBIX ¢ HHM II0-
Tepb. Tako#t KOMIIpeccop nokKasas na puc. 3.7.

Ecnu BHHTOBOH KOMIIpECCOpP CKONCTPYHPOBAH Kak CYXOH, OH MoxkeT
PaboraTh coBceM Ge3 mMacna M AaBaThb GoAbLIOH pacXoj IPH IpHEMJe-
MO#t 3¢ ¢ekTHBIOCTH, HO B 3TOM ciyyae TemiepaTypa 1na BHXo[e CTpe-
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MuTcit K MOBBLILEHNHIO, BO3HHKAIOT npobaemMbl yiloTHeHHsT ¥ NaBjeHHe
orpaHHueHo. B cpaBueHHH ¢ HHM KOMIpeccop ¢ HHKEKIMeH Macna
TIpeACTaBAACTCS H,D.eaJIbeIM JJi1 MHOTHUX XOJOAHUJABHBIX H TCILJIOHACOC-

HBIX IIPUMEHEHHH.

Puc. 3.6. Ceuenne poropos kommpeccopa «Lysholms.
Prc. 3.7. O6mu# BUA BEHHTOBOrO KoMmnpeccopa «Lysholmy.

[TpuamMn MacJsHON MHMKEKIMH COCTOMT B TOM, YTO MacJO Herpe-
PHBHO [OJaeTcs B KoJduuecTBe ojfHoro mpouenrta. ITockoabky otHoure-
HHe Macc Macia M XJaJoaTeHTa BeJIHKO, MAacJ0 BOCIPHHHMAET Tell-
JIOTY CKaTHS HenocpeiCcTBEHHO OT XJaJoareHTa, cioco6CTBYS ero BHI-

Pue. 3.8. OcHoBHHle KOMNOHEHTH OfHOBHHTOBOIO KOMIpeccopa
- «Zimmerny. . -

XORy NpH CpABHHTeNbHO .HH3KOA Temmepatype. Kpome TOro, Macio
a6ecnieduBaeT XOpOINEe YIJIOTHEHHE MEX/JY POTOpPaMH H KOPIIYCOM H
fl03BosigeT NpUGIM3UTE MOAWMIHUK K potopaM. OCHOBHOH HEIOCTaTOK
AHKEKIMH MacJa COCTOMT B HeoOXOJHMOCTH CemapallMH Macja nocjie
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KOMIDECCOPA, KOTja OHO MpH BHICOKOM JAaBJEHHH CMEINHBAaercs C Xja-
aoarenToM. BunToBele KoMmIipeccopsl ¢ MHXKEkuued Macjaa MOryT sop-
(pexTHBHO paboTaTh B JI060M HHTEpBaJe AaBJeHHH, MBICIHMOM JIJIs
TenJIOBHIX 'HACOCOB B JHama3oHe CpeAHHX H OOJbIIHX MOIIHOCTEH.

Pac. 3.9. Opnocrynensathlit neHTpobeXHulii KoMapeccop.

ITpuHUHNHAABHEIM HELOCTATKOM BHHTOBBIX KOMIIPECCOPOB SIBJAIOTCS
MOBHILIEHHBIE N0 CPAaBHEHHIO C MOPITHEBHIMH CTOMMOCTbD H YDOBeHb
ILIyMa. ' : .

V3BecTen emie OJHH THII BHHTOBOIO KOMIpECcOpa — BHHT THIIA
«Zimmern», KOoTopeifi yxke BeInyckaercss (pHuc. 3.8). B 3TOM KoMmipec-
cope TOJbKO OJHH BHHT. 'a3 B BHHTOBOH KaHaBKe Or'palu4eH ABYMs
BCNOMOTATEJIbHBIMH KOJIECAMH, KOTOpble BpalaloTcs CHHXPOHHO. Tako#
KOMIIPECCOp HMeeT CHMMETPHYHYI0 Harpy3Ky Ha pOTOp, YTO SBJSAETCHA
ero NpeuMYLIECTBOM, a Takke cuuTaercs OoJsee NMPOCTbIM B MPOH3BOI-
crBe, CMOXeT JM OH HOJYYUTb CTOJb Xe LIMPOKOE paclpocTpaHeHHe,
KaKoe 3acAyXHJI KOMIpeccop JIHcXoabMma, nokaxKeT OyAyuwiee. - - - -

3.3.4. LWEHTPOBEXHBIE KOMITIPECCOPbHI

IleHTpo6exkHble KOMIPECCOPH —-. 3TO XOPOINO OCBOEHHBIE MAIIHHEL
LM POKO MPHMCEHsSEeMble B Ta30BBIX TYpOMHAX, B XHUMHUYECKOH M T-a30BOH
NPOMBILIJIGHHOCTH, B OT/AYHe. OT ONMUCAHHBIX BHILE KOMIPECCOPOB
OHH pab0TalOT TOJBLKO. B CYXOM peskuMe, HajMuyue Macja B .rase HIHR
Nape He jJaeT HUKAKOTO. IOJ0KHTEAbHOro 3ddekra. Komnpeccopel Mo-
I'YT 6bITb OQHO- MJM ABYXCTYreHuYaTeiMu (puc. 3.9), ¢ OTKDHITHIM HJIH
repMeTHYHsIM npuBoAoM. OTHOwenue jgaBidedHnsi 3—4 CcUHTaeTcs ONTH-
Ma/JbHBIM, ['epMeTHunble YCTAHOBKH CTaJH NONYJSAPHBIMH, TaK Kak .B
HHX BHICOX&S CKOPOCTb BpalleHus He cBA3aHa ¢ NPoOJeMOfi yIaoTHE:
Huf. [IpuMeHsIIOTCS TaKXKe MHOrOCTYHeHBYaThie ~KOMIIPECCODH, IOKA:
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3annble Ha puc. 3.10. OTaesbHbBE CTYNEHH MOXHO CBA3bIBATb C IOMO-
Wbl0 BHEWIHHX TPYyOONpPOBOAOB (4TO IO3BOJSieT IPUMEHSTb MPOMeEXy-
TOYHOE OXJaXKJeHHe, HO YAO0DPOkKaeT KOHCTPYKUHIO, HIH IyTeM pa3Me-
IIeHH S HECKONBKUX CcTyllenell BHYTPH KOpIyca OIHOR MallKHBIL.

DTH KOMIIPECCOPH HMPHTOAHB AJisi GOMbIIKMX MOmHOCTel H GOMBIINX
O0BEeMHHX PacXOJO0B, MAaJHX pPa3sHOCTeH TeMmmepaTypW W MaJihIX OTHO-
IueHHHA AaBjeHHH. OuM HPHMEHSAIOTCS IPEUMYIIECTBEHHO B BOAO-BO/S-
HHX CHCTeMaX BOCCTAHOBJEHHS Tera ¢ OOJMbIUHMH KOXKYXOTpPYOHHMH
TenyooOMennHKaMHi. B 4acTHOCTH, TaKHe TenJOBHe HAaCOCH NPHMEHSIOT
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Pac. 3.10. Muorocrynen4aruil nenTpoGelXuuii KoMnpeccop.

IIpY KOHNJHUMOHHDPOBANHH BO3ayXa B OonbmIMX 3XanusiX, no nHaubosee
Ba)KHO@ MX MpPHMEHeHNHe — B KPYMIWX I[POMHILJIEHHNX yCTaHOBKaXx
(cm. a1 7).

BuiGop xsagoarenTa AJs ueHTpoGeKHOTo KOMNpeccopa — CJAOXKHHBIH
Bonpoc. DBosbuioe 3HaueHHe mpHoOpeTaer CKOPOCTb 3BYKa, ¢ KOTODOHR
TECHO CBsiBaHa OKpPYXKHas cKopocTb Kowmimpeccopa. OueHbp Baxen H
yOeJbHHHA 00DbeM, [9CKOAbKY MPOH3BOAHTENIbHOCTh pPeryJHpyercs He
TaK JIETKO, KaK y IOpIIHEBHX KOMIPeccopos, ocO0eHHO ecsid NMpHMeHs-
eTcA IIPHBOJ ¢ NMOCTOAHHOH ¢KOPOCTBIO. MHoraa BHOHpAIOT XnaJd0arexHT
CPABHHTC/IbHO. MaJ0H NPOU3BOXMTENBHOCTH ¢ LUeJAbIO MOJyYeHHs] BLICO-
koro:KIL B paGouux ycnoBUAX.. -
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XapaKTepHCTHKH 1eHTpOOeXKHBIX KoMipeccopoR oOnuHO H300paxKa-
JOT Ha JHarpaMme jgasJjende — o0beMHHH pacxoj, IpHUMEp KOTOpoH,
C y4eTOM MePeMeHHOH cKopocTH, mnpHBelden Ha puc. 3.11. Haubosee
BaXKHOH JeTajiblo sABJSETCS JHHHs, OrpaHHYMBalon[as 001acTh BO3MOXK-
noro nommnaxa. [fommaxHH# pexuM BH3BaH CPHIBOM MHOTOKAa MeXAY
JornaTKaMH KOMIpeccopa M IIPOsiBASeTC B IHEePHOAHYECKOM YBesaHye-
HAH H YMEHbIUEHHH JaBJEHHA C NMEPHOAOM B HECKOJNbKO cekyHA. XoTs
TaKOH PeXXMM He BhI3hBAeT HEeMeJJIeHHOTO pa3pylIeHUs HJIH HeoOpaTu-
moro cuukerHsi KI1J, on noBHIuaeT IIyM U YCKOPSieT H3HOC KOMIIpec-

4 Cropocms 4
di . 120% % .
ol =710

7% 35 N

z a
Puc. 3.12. XapaxkTepHCTHKH UeHTpu-
Puc. 3.11. XapaKkrepHcrhika LeuTpo- GeHOro KOMMpeccopa ¢ BXOAHBEIM pe-
feXNOro KOMNpPEccopa MPH pas3aHy- TYAHPOBOUHBIM HaNpaBASAOMHEM anna-
HOMl CKOPOCTH (B INPOILEHTaxX HOMM- paroM.
HAJLHOMH), @ —YTOJ YCTAaHOBKE JIONATOK,

iy

Puc. 3.13. KIIJ THNHUHBIX LEHTPO-
OeKHBIX KOMIIPECCOPOB.

Ry

Copa K pasJiOXeHHe XJajJoareHTa. TakoH pexKHUM — pacllpocTPaHeHHas
Gosie3Hb NpPH IOHMXKEHUH HATPY3KH B CHCTEMAX KOHAKIMOHUPOBAHUS
B03/{yXa, HO B TEMJIOBHX HAaCcOCaX C IIOCTOSSHHOH Harpy3KOH HX MOXKHO
H36exaTh. _ . -
PerynupoBarb 1poH3BOIUTENBHOCTE LEHTPOOEIKHEIX KOMIIPECCOpOB
MOXHO ¢ NMOMONIbI0 BXOAHKX HAMpPaBASOIIHX JORATOK, KOTOpHE IOBO-
PauuBalTCH TaK, 4TOOHW HAaNpPaBHTbL BCACHIBAGMHI Map IMOA HYXHKM
yrJoM K BpallaimomieMycsi Koaecy. Takoe peryaupoBauue meuee 3ddex-
THBIIO, YyeM H3MeHnenHe CKOPOCTH, HO OHO mO3BoJisieT paboTath B
AOBOJIbHO UIMPOKOM  jgHallazaoHe W I[PHMeHseTCss . [IOBCEMECTHO
(pl/lc. 312). - oo . .
Tunpynwe kKpuswe s u3osutpomuuecknx KITH Ha- auarpamme
HaBJenue — pacXod npuseleHH Ha puc. 3.13. Buuno, yro KITH4 mox-
HO IoAmep:KHBaTh B JIOBOJBHO ITHPOKOM paboueM jHamna3oHe, 4To Yil-
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pomaeT pacyer xapakrepuctuk. Ciaeayer, o/lHaKo, HMeTb B BHAY, YTO
mexaHuyeckud KIIJ mpu peryiMpoBaHHM HE ocTaeTcs MOCTOSHHKIM,
OH CYIIecTBEHHO CHHUXKaeTcs NPH YMeHbIIEHHH pacXoja.

3.3.5. OBLUEE 3AKNIOYEHUE O KOMMNPECCOPAX

Bce ondcanHBIe KOMIIPECCOPH XOPOILO OCBOCHH H IIHPOKO HCIOJb-
3Yl0TcA B HOMAIUHHX H IPOMMIIVIEHHWX XOJOAHJIbHHKAX, HO 3Jech
c/elyeT HaHOMHHTbL PA3HULY MEXAY XOJOAUNbHHM H TeINIOHACOCHWM
IIPUMEHEHHEM!

1. TennoBoii Hacoc o6uYHO pafoTaeT 1pu Gojiee BHCOKHX TeMIepa-
TYPax KOHAGHCAIUMH H OTHOIIGHWH JABJEHHH, YeM XOJIOJHJbHAS MallH-
HA, YTO co3laeT OoJiee HaNpsKeHHHE YCAOBHS M JJisi XJajoareHra H
AJIs1 KOMIIpeccopa. .

2. Tepsopoit Hacoc paGortaeT GoJsbliee KOJUYECTBO YacoB B TOLY ¢
MaKCHMaJbHOH HATrpPy3Koil, YeM XOJIOJHJIbHHK UJIH KOHAHuuOHep (Kpo-
Me JOMAIMHHX TeIJOBHX HACOCOB), H 3TO TaKXKe IOBHINAET HALPY3KY
HAa KOMIIpeccap. : _

3. Ilockoabky TILIOBO# HACOC LOMKEH SKOHOMHYECKH KOHKY pHpO-
BAaTb C APYTMMH CHCTEMaMu TeIIOCHAOXeHHS, TaKHMH KaK Ta30BHI
HJIH 3JIeKTPHYECKMH HATpeB, a TaKKe BCTPOGHHRIMH KOTeJIbHBIMH, He-
00XOAUMO CTPEMUTBCS K CHUXKEHHIO cTOMMOCTH obopynopaHusi. CoB-
MECTHOE BJIHSIHHE 3THX TpeXx TpeGoBaHMiIl OTHYTHYJO MHOTHX IpPOH3BO-
JHUTeJIell KOMIIPETCOPOB, H OHH HE BHIIYCKAIOT HX /s BRICOKOH TeMre-
pPaTyphl KOHACHCANHH.

3.4. TPUBOAHBIE ABMIATENM

[logBoAHTL MOHIHOCTH K TEMJIOBOMY HACOCY MOXKHO OT Pa3/JHYHHX
ABuraTeseii, Kotopue U obcyxaaioTcs B aToM pasnene. I[To-BHaumomy,
IIPHBOJAHON JBHraTesb — 5T0 aXMJJecoBa TIIATAa TeIJIOBWX HAacOCOB.
Onn 1ubo HAZeXKHH, HO MaJo3(eKTHBHH (C TOYKH 3PEHHS NepBHY-
HOH 3HEpPrHH) KaK 3JeKTPOMOTOPH, HJH 5 (eKTHBHH Kak [JBHraTeJiH
BHYTPEHHErd CropaHMs, HO HELOCTAaTOYHO HAaLeKHH AJsA HeoOXOAMMOH
JUIHTEJNBbHOCTH PabOTH, UM CAHIUKOM Aopord. MHoroudc/ieHHbBle Hego-
POTHE --MaHIMHB, TIPeJIAOXKEHHKWE AO0 HACTOSLIEro BPEeMEHM, eule He Jo-
CTHFJIH TAaKOT® YPOBHS IIPOM3BOACTBA, YTOOH IOATBEPAHTHL CBOIO Ha-
JeXHocTe, TakuM oBpasom, 3T0 pasBHBaioliascs objacTb, B KOTOPOil
MOKHO O}KHILaTb cymeCTBeHHoro nporpecca B 6JH3KOM GyAylIeM.

341 5JIE|'¢TPOMO'I'OPH

CaMHH paCH})OCTpaHEHHbIH MPHBOA — 3TO 3JIEKTPOMOTOP MepeMeH-
HOTO ‘ToKa Ha-50 uau 60 T'u, oxHodasubili uau tpexdasusit. MoTop
MOKeT OWTEL BCTPOEHHHM ¥ 0XJaXAaTbcs XJAaJ0aTeHTOM, KaK B repme-
THYHHX MOPIIHEBHX KOMIIpeccOpax, M COCQMHATbCHA C BaJoM KoMmpec-
copa HamnpsiMyio-aubo yepes 3yOuaThill peAyKTOP, KaK B BUHTOBLIX H.IH
neHTpobexHuX KoMnpeceopax. [Ipumensercsi TakxkKe peMeHHas mepe-
Tada NS -1PHBOJA OTKPHTHIX KOMIIpeccopoB. DJeKTPOMOTOPH HCIIOJNb-



3YIOT A9 KOMIIPECCOPOB BeeX PpaiMepoB of HAMMEHbIHX pOTauHoHHHx
A0 HAaHOOJBILIHX UEHTPOoGeKHBIX.

IIpyynHH WUPOKOro MPHMEHEHHS 3JIEKTPOMOTOPOB MPOCTH: KalH-
TAJIOBJIOKEHHs HEBEJMKH U 00Cay:KHBaHHS NMOYTH He Tpebyercs.::

Hecmorpst Ha TO YTO mMOBHINEHHAsi 5KOHOMHSI TOIUIHBA IO3BOJIAET
Joryckarte 6oJpliMe 3aTpaThl Ha 0oGoOpyAOBaHHE, 0Ka3aJoch He TaK
JerKo MpoJaBaTb TEIJIOBHE HACOCH ¢ ra3OoMOTOPHWM NPHBOJAOM, Tpe-
OyioliuM OOJBIUMX 3aTpar Ha obcayxupanuwe. Takoe IoJioKeHHE, Be-
POATHO, MPOAJHTCS HEAOJr0, HO MOKAa OHO CYHIECTBYET, 3JeKTPOMOTOP
OyJeT IIpUMeHATbCs IIHPE.

HeznocraToK 3JIeKTPOMOTOPA COCTOMT B TOM, YTO OH MeHee adgek-
THBEH B HCIOJb30BAHHH TEpPBHYHOH 3Heprud. Korga HapuoHa bHEE
MJIH MHPOBHE MHTEPECH HAYHYT, HAKOHel, IPUHUMATL BO BHHMAaHHE,
OyAyT NpoBeJeHH HCCJACNOBAHHS CHCTEM, T/€ TOIMJHBO HCIOJIb3yeTCs
HanOo/Iee 3KOHOMHYHHM 06pasoM. Hanpnmep, B AHIVIMH reHepupoBa-
HHE M pacrpefieleHHe 3SHeprud ocyuiecrsiasercs co cpeauum KITJL
Bcero Jaulub 279%. Bes BoccTaHoBaeHHs Temsa, c6pacHBaeMOro Temsio-
BhHIMH 3JIEKTPOCTAHIHAMH, 3TY BEJHYHHY HeJb3si CYLECTBEHHO MOJHATD.
IIpousBoacTBO 3JEKTPO3HEPruH sABJAdeTcs Haubosiee XPYNHHM pacTo-
YUTEeM TOIJIHBA, 32 YTO NOTPeOHTENM TaKiKe OTBETCTBCHHH, XOTS H
KocBeHHO. Bce 3To oTpaxkaercsi B BHCOKOH CTOHMOCTH 3JIeKTPO3HEPrHH,
XOT 3/leck MPOSBJSsICTCS U PABUTEbCTBEHHAS NIONHTHKA LeH.

Ecnn OCHOBHHIM HCTOYHHKOM IHEPrdM CTaHeT sSiepHas SHEpTHsi, TO
npeAbAyHiasg apryMeHTaldsi OKa)KeTcsi UYacTHYHO HeBepHOH, TaK Kak
SICPHYIO 3HEPrHi0 HEBO3MOXKHO HEINOCPEJACTBEHHO HCIOJb30BaTh Js
OoJbINMHCTBA 3a/ay TensocHabxkenHdsi. Kak aTo orpasuTcsi Ha neHe Ha
3JIeKTpHYeCTBO, nmokaxeT Oyayuiee. Ha cTOMMOCTH 3HEPrHH OT aTOMHAIX
3JIEKTPOCTAHIMH CKAaXYTCsi MOBHIUCHHHWE 3aTpPaTH HA paspaboTKy U
U3TOTOBJIEHHE 0BOPYAOBAHMS. ' | '

Jlpyrasi npuunHa MeHbiue#l 3(GEKTUBHOCTH 3JNEKTPONPHBOAA CQETO-
UT B IIOCTOSIHCTBE CKODOCTH BpAaHIE€HHSL. ,[[omamHHe _TeIJIOBHE HAcOCH
paﬁoTaioT MpH HEIPEePHBHO H3MEHsSIOMIEHCs TeMJOBOH Harpyske, BH-
3BAHHOH H3MEHEHHEM TeMmepatyp, YTo Jerye obEcneyuBafioch . 6L 33
CYeT mepeMeHHOH ckopocTu. XOTsi THPHCTOPHOE —YmpaBJeHHE BIOJHE
BO3MOXKHO, OHO efle C/JAMIUIKOM JOpOro M He HCIHOJb3yeTcst B 3T0H 006-
lJacTd. JIns NPOMBIILZICHHBIX IIPOLECCOB  IOCTOSHHAS CKOPOCTh He
SIBJISIETCH CEePbe3HHM OrpaHHYeHHeM, H OTMeuYeHHas BHIINE IPOCTOTa
3KCILTyaTanud uMeer GoJiee CymiecTBeHHOe [OJOXHTEJAbHOE 3HAYCHHE.

3.4.2. ABUTATENM BHYTPEHHErO CroPAHMA

DTH ABUraTeNd NMPAMEHSIOT BCIOAY B MecTax, YAAJeHHHX OT IeH-
TPaJIM30B4HHOr0 3JeKTpocHabxKeHusi. ABTOMOGHJH, caMOJeTH H.Ioes-
Aa HCIO0JAb3YIOT TaK MHOTMO ABHTaTeAell BHYTPEHHero cropaHH#, -UTo Ha-
KOIJIeN HCYEDPIKBAOUIHA ONKWT 3KCIJIyaTaldy, I03BOJSIOMHN - BHOH-
paTe ABUraTeau AJg TenJoBHX HacocoB. Ho, Xd4X 3T0 HH YAUBHTEJBHO,
Aasi MaJeX MomiHocTeH, ckaxeM, Menee 30 xBr, BOo3HMKaeT GoJblie
npobriem, yeM pemennit. IIpeumyluecreentoe” pacnpocTPpaneHHe 3A0K-
TPOABMTaTeieH He MO3BOJH/IC HAKOMUTL HEOOJBIIHM JBUTATENIM OIKT
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HerpepblBHOM AMHTeNbHOH paboThl, XapakTepPHOH MJs1 TemAOBHLIX HA-
COCOB.

Hng nosichenns NpemMymecrB ABHraTesiell BHYTPEHHEro Cropans
KaK NpHBOJA TEIIOBBIX HAaCOCOB BEPHEMCS K BOIPOCY 08 HCIOAb30BA-
HHH TepBHYHOH 3HepruH.

Ha puc. 3.14 nokasano usmenenne KITJ| gBurateseit pasiaHuamx
THIOB — JABYXTAKTHHX H YETHPEXTAKTHbIX INOPIIHEBHX Kak C Typ6O-
HaAJAyBoM, Tax H Ge3 Hero, Am3esiedl H rasoBblX TypOun. Kak BHAHO H3
PUCYHKA, THMHYHBIM MOXKHO cuutaThk 3HauyeHue 309, yro GaH3KO K

cpeanemy KITH snekrposHeprers-

21 R *] KH—27Y%, TaKYTOIPaKTHYECKH HET
27 == T | HHKaKHX IPeHMYuIecTB B HCTIOMb30-
N ! 4 \  BaHWM JBHratesid BHYTPEHHEro Ccro-
, N i | PaHHY C er0 NOBHIUEHHOH CTOWMO-
% I 4 _i CTbIO PajH TAKOTO MAJOTO NOBHIiIE-
) \ | =4 ! KH I ] -
R | ~~l__4 Husa KILI. ITosromy mupuain men
3 ] 5 :  KHX NMpHBOAOB, TAKHX KaK BOJSIHHE
X < ——
———
. \-...,____ 4 | Puc. 3.14. Tepmuueckufi KI1JI npABOAHBIX
e M— j—=  ABHTarTE)Eil. .
"\:L‘:-—-—-.;._‘f_i - I— nmapoBas TypGuma: 2 - rasoBas TYPGHHa; 3 —
38 ———t = = geThipeXTaKTHRI# HoplnHeBol Hacoc 06e3 Haldy-
e &g | 7 Ba; 4 — MOpIIHEBOH ABYXTaKTHHA HacOC Ges wall-
47 e AyBa; 5§ — ZIBYXTaKTHHA ¢ HajnnyBoM; 6 — de-

7 THPEXTAKTHHA ¢ HAAAYBOM OpH RNOCTOSHHOM JaB-
oo 70 & 090 wor 7k JIeHHH; 7 -- YeTHpeXTaXTHHA ¢ HaZAYBOM IOpH
Hazpyana, % PETYAHPYEMOM AABJEHHU.

HaCOCH, BEHTHJASTOPH, BO3AYIIHbIE KOMIPECCOPH H T. II., HCIHOJB3YIOT
HCKJIOUHTEJbHO 3JekTpoABHraTend. OAHAKO HMeeTCs CYHeCTBEHHOe
HCKJIIOYeHMe: eCJH NPHBOA CBA3aH C IIPOIEeccoM, NMOTpebsiomuM Tel-
70, 10 70% 3HeprHH TOIJHEBA, KOTOpHE B APYrAX Cayyasix cOpacuBa-
10TCY, 31eCh MOTyT OHTb HCIONbL30BAHH XOTS OH YaCTHYHO, H 3TO JO-
GaBOYHOE TEIJI0O MOXKET CKOMIIEHCHPOBAaTb IMOBMINEHHYIO CTOHMOCTD
Apuratesisi. Bo3aMOXKHOCTH KOMOHHHDPOBaHHOH BHpPaGOTKH MOWIHOCTH H
Tensla B HACTOSILIeE BpeMsl OTpagHYeHH CpaBHHTENbHO PeJKHMH H CIIe-
I¥aJbHEMHE HpuJaoXKeHHsiMHd. Ho temnoBoit Hacoc cosjaer Gosee Oia-
TOIPHSITHHE BO3MOXKHOCTH: OH JOJIKeH BHpabaTHBaTb TEIJIO NMOCTOSH-
HO, IIO3TOMy B HeM BCerJa BO3MOXKHAa OJHOBpeMeHHasi BHPabOTKa
Tenaa ¥ MOIHOCTH.

Kax 6uio moka3ano B § 2.6, tuiaynoe 3Hauenne KOIT=3,1. Ilpu
KIT mnonyyenHs 3JektposHeprud 27% B ciyyae 3JeKTpOIpHBOJA
uMeeM

KI13=0,27-3,1 ~0,84.

JIasi hpHBOoja TEIJNOBOTO Hacoca AM3enbHHX aAsurarteneit ¢ KITH
40% ® ncrnosb3oBanHeM 35% mepBHYHOH 3HEpruy H3 cOHPOCHOTO TeILia

noJydaem
KI19=0,4.3,140,35=1,59.

CpasHeHHe sicHO MOKa3blBaeT, YTO TEIJIOBOH ABHTaTeNib BHYTpPEeHHe-
0 MJH BHEIIHEro CrOPAaHHS TEOPETHYECKH BeCbMa BHTOJEH KaK IpPHBOJ

— 56—



TEIJIOBOTO Hacoca. I'me ke MoXKHO HAHTH AN 3TOr0 NOAXOASHIYIO
MalIHHY? _

Camoii XpynmHOH 06/acTbi0 ABHraTeNeCTPOCHHSI SIBJISIETCS aBTOMO-
GHJbHAs MPOMHIINJIeHHOCTb. OKecTOYeHHAs] KOHKypeHIHs norpeGoBa-
Jia TOBHINEHHS KayecTBa M CHHJKCHHsS! CTOMMOCTH JBHraTese#f B Mac-
COBOM IIPOH3BOACTBE. B OCHOBHOM 3TO YeThIpeXTakKTHHE 1I0pLIHeBHIE
apHrated MomHocTeio . 10—100 kBT, HO B HX HCIOJIL30BAHHH MMEIOTCHA
HekoTopue TpyAHoctd, OOHYHO aBTOMOGH/b Hcmoab3yercs ot 500 po
1000 yacoB B roay, npu4eM ero peryasspHoe o6CHy»KHBaHHEe SBJAETCH
CKOpee HpaBHJIOM, YeM HCKIOyenHeM. IIBurarear paGotaer TpH CKOpo-
ctd 2000—5000 o6/muH, Toraa Kak GOJbIIMHCTBO KOMIIPECCOPOB pac-
cyntano Ha 1500 o6/mun, Tak uaro Tpebyercs kopoOka mepegay HIH
pPEMEHHHH IPHBOA IJis CHHXKEHHS CKOpPOCTH.

IMopurHeBHe aBHraTenH, paccYHTaHHWE HAa AJAATENbHYIO pabory,
HCIIONIb3YIOT B CYJOCTPOCHHH H TsXKeJOH NMPOMHIUJIEHHOCTH. MouiHue
HaJeXHhie ABHTaTe]H HAa AM3eJbHOM TOIIMBe, GeH3HHe H IPHPOLHOM
rase BHIIyCKaeT MHOXKeCTBO (pHMPM, HO HX BDsi JIH MOMKHO IPUMEHHTD
AJsT AoMalitHero TemsnocHaG:Kenus. T'a30Bhe TYpOGHHH JAOBeeHH 10
BRHICOKOT'O YPOBHSI HAJeKHOCTH, OHH IIPEACTABJSIOT HHTEpEC AJs psla
NPHJIOKEHHH, OZHAKO BHICOKAass CTOHMOCTb H CPABHHUTEJbHO HHU3KHU
KIT[ aenator HX B obumieM MeHee IPeXIlOYTHTEIbHLIMM, TaK YTO JaXe
A HeHTPOOeXKHBIX KOMIPECCOPOB NMPHMEHSIOT IOpLIHeBhe JBHraTeJH.

IMockoabKy ABHraTesNd BHYTPEHHEIO CTOpPAHHS, KaK OyAeT BHAHO H3
ri1. 5—7, npro6peramT Bce GoJblllee pacTIpoCTPaHEHHE Kak IPHBOJ,
TEIVIOBHX HAaCOCOB, PaCCMOTPUM HX HeckoJibKo rogpobuee.

B rta6n. 3.3 npuBeseHsl THNHYHBIE 3HAYEHHST MOWHOCTH Ta30BHX
TYpOHH H HNODIIHEBHX ABHrATeNeH, a HA pHC. 3.15 — BAUAHHE NOHHXKeE-
HUs1 HArpPY3KH HA 3KOHOMHIO TomauBa. ITporpamma paGor, mpoOBOAHMEX
yXKe B TeYeHHe HeCcKoJbKHX Jetr DpuraHckoit rasoso# Kopropanuei,
BKJII0YaeT HCCAeAOBAHUS BO3MOXKHOCTeHA PabOTH MacCOBHX aBTOMO-
OHJIbHHX OCH3HHOBHX M IH3eJbHHIX JABUTaTeJedl Ha ra30BOM TOILIHBE.

Tadamua 3.3. JiBAraTenu Ha razopoM TONJHUEBe

Asurarenu M°“,§,‘{§‘;“- Hpnrarenu M“‘“ﬂgi’""
TazoBble TypOHHBLI MopwtieBule g pUraTean
Centrax (nmpoMulmaeHHsfi) 0,5—0,7 W. H. Allen 0,24—2,3
Ruston 1,1-3,7 English (mpofivoro tonan-| 0,6—2,6
John Brown 3—54 Ba)
CEC—English Electric 6—60 Eleclric
Rolls Royce (npoMsitnieH- 13—20 Mirrlees 0,75—5
HBIfl ra30TeHepaTOPHbIf) 13—25 Ruston 1-3,5
Waukesha 0,3 GEC 0,04—0,2
Kongsberg 1,2—1,4 Cummings 0,14—0,3
Solar 0,06—2,6 Caterpillar (ackposoe 3a-| 0,1—0,7
Avco Lycoming 0,75—3 XHraHue)
Sulzer 3—20 MBr | Waukesha 0,1—1,4
White- superior 0,1—-1,55
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Kak yka3wBaloT ¢MpMH, BHIYCKalOmHe JABHTaTeJH CHenHaJbHO
AJIs TIPUPOIHOrO Ta3a, OOWYHBIe aBTOMOOGHJIbHHE ABHTaTeJH paccyHTa-
TH Ha CPaBHATeJILHO MaJIWil pecypc, OHH MeHee HajeXHH H OoJee
AOpOTH B 3KcIyaTanuu. Oanako AM3elbHHE ABHratesap Popaa, XoTo-
pHA MOXHO HCNOJb30BaTh AJIs MpHBoJA KoMIMpeccopa, padoraiomui
Ha TIpEpOJHOM Tase, HMeeT CTOMMOCTb He GoJsiee 35% crommocTH che-
UHAMBHO CKOHCTPYHPOBAHHOrO rasoBoro Apurareld. [TokasaTesu Heko-
TOPHX aBTOMOGHJbLHHX ABHraTesel, paGoTaomuX Ha MPUPOAHOM rase,
npuBeneHH B TalJ. 3.4, a xapakrepucTHky Asurartess Popaa Ha rase
nokasann Ha pHc. 3.16. PekoncTpyKuus ABHratess norpebosana JHIb

gl Nx8r a2/
5 \\ ”,/f-ﬂ
\T\T\
T
~ 277
[7,4-. 100 ___.l__;___“ N
bl
f —
4,z _
) 250 500 N, x8T 7] 74 )“T ;
716 20 n, 0% ob)mun
Puc. 3.15. DxoHOMHS 3HEPrUH NpH dYa- Puc. 3.16. XapakrepucTHKH aBb-
CTHUHON HAarpy3ke ra3OBHIX JBHraTe- . TOMOOGHJBHOIO ABHIATENA, Mepe-
neit. ' 06OpYAOBAIHOTO AR PABOTH- Ha
4 — MaKcHMaJibHAA HarpysKa. NPHPOAHOM rase. ’

yCTaHOBKH HOBOro KapOiopaTtopa: rasoBme Kap0lOpaTOpn MoCTamJs-
lotca ¢pupmoii Impco, CHIA. :

Jig NaaBHOFO WJIH CTYIIEHYATOrO pery/JIHPOBAHHS CKOPOCTH HJIH
noAjepXKaHus ee NMOCTOSIHHOH Jyuylle NMPHMEHATb 3JEKTPOHRYIO CHCTe-
My yrnpapJienus, ueM MeXaHHueckylo. Ho ssnekTpoHHas cHcreMa Aopora
‘M MCMNOJIb3yeTcs JHIIb AJisI HEeKOTOPHIX NMPHJIOKeHHH.

Kak u B trmyyae KPyNHHX Ta30BuIX jBHraTeicii, slech BO3MOXHO
HCTIOMb30BaHHe Tela OXJa)KJalouleH BoAH H BHIXJONMHHX rason. [ag
MeJKHX MaIuHH cJAeAyeT NPOBepUTb KaNUTaJOBJ0OXKeHHs! B TellIooOOMeH-
HUK, HCMONb3YIOUHH BHXJ/JONHKE rasbl, TaK Kak TelNJocojepXaHHe OT-
HOCHTEJIbHO MaJlo. '

Tenao nopuwnesotx mawus. Konnvectso temia, KoTopoe MOXHO HC-
Mo/Jb30BaTh ¢ MOMOWUIbI0 MOpPINHEBHIX MAaIIHH Ha rase, YKasaHoO B
tabJ. 3.5. Ero M0oXHO cpPaBHUTD ¢ TOH JKe BeJUYHHOH JJisi Ta30BHX TYp-
Oun, umerouiux Gonee wuskuit KITI (ta6n. 3.6). Hakonenu, B Heckosb-
KO U3MeHeHHOM BHIe 3Td JaHHue cofpanm B Tabs. 3.7, NokasnBaromel
OTHOCHTeJIbHOe paclipelesieHde Tellsla B oXJlaXkJaouleld BoJe H BHXJOIN-
HUIX rasax.
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TaGauna 3.4, ABTOMOGHIbHBIE ABHTATEH HA NPHPOXHOM rase

MakcHManbHan MouUl-
HOCTb HA NPHPOAHOM
O6nem Koauuecr- rase, Kbt
IlaspaHue UHAHH] - BO IH- Knna
poB, cM3 | ZMHMApPOB 1500 1800- . .
06 /MHH o6 /MuM
a) nmax=2400 06,MHH
Perkins 3.152 2500 3 23 26 29
Perkins 4.203 3340 4 30 36 40
Perkins 4.236 3860 4 37 42 49
nmax=2100 06/M"H
Ford 2503E 2590 3 20 25 28
Ford 2511E 3294 3 28 32 35
Ford 2513E 4196 4 35 40 47
nmax=3000 06/MHH
Rolls Royce B6l 4880 6 46 57 89
Rolls Royce B8l 6560 8 61 74 119
0)
Ford 2261E 1100 4 7,5 9 16
Ford 2264E 1600 4 Il 14 28
Ford 2602E 2000 4 17 29 37
Ford 2614E 3000 6 25 29 . 52
Ford 2711E 4150 4 33 40 49
Ford 2715E 6220 6 51 62 74

TMpEMevaHnue a— AAA SKCIIYATAUHH B THAKEALIX YCJAOBHAX: Ha TPAKTOpax, aBTOHOM-
IILIX reHeparopax M T. n.; G — aBTOMOOHALHLIE JBHraTesH, PeAKo NpUMeHdeMBHe B CTalHOMIDHHX
YCJAOBHAX; B — PEKOHCTPYUPOBAHHHE AH3ENM.

HwMeercss MHOrO IpYruX MPHJOKeHHH, rle MOXKHO YCIIEMIHO HCHOJb-
30BaTb cOpocHoe Temjo. [TopluHerne MAaIIMHH HCHOJB3YIOT AJS KOH-
AHIIHOHHDPOBAHHS BO3AYyXa H OXJaKieHHS, XOJOJAMJbHHE YCTAHOBKH C
Fa30MOTOPHHM IIPHBOAOM BhIMycKaloT B GoJblnux KomHuyecTBax. Mx
JIerKO peryJiHpoBaTh IpH H3MEHeHHH HArpyskd. pyrum mnpu/oKenuem
siBJisseTcss NMPHBOJA LEeHTPOOeKHHX KOMIIPeccopoB, HMEIOHMIMX CKOPOCTb
noutd B 6 pa3 BHIlie, YeM Y Ta30BHX JBHrare/ell. ¥CTaHOBJEHO, YTO
HAUJAYYUIMM KOMIPOMHUCCHKM pellleHHeM AJIS CHHXKeHHs CTOMMOCTH Kak

Tadénunma 3.5. XapaxTepHCTHKH NOPIIHEBHX ABHraTENei

75 kBr; C 12 :1; 1800 o6/mMun; 175 kBr; C 10 : 1; 1200 o6/muu; TA;
Na; p=1,5 kla . p=i00 Ila
SL, % .

' KF]‘g'T S, KBr H, #Br S/H F, kBt S, XBr H, «Bt S/H
100 | 293 75,0 148 1/2,0 638 175 247 1/1,4
9 | 272 67,5 134 1/2,0 595 158 222 1/1,4
80 | 253 60,0 121 1/2,0 545 140 198 1/1,4
70 | 233 52,5 109 1,21 504 122 177 1/1,4
60 | 214 45,0 97 1/2,2 457 105 154 1/1,4
50 | 194 37,5 87 1/2,3 408 88 132 1/1,5
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[Mponomxenne tabn. 3.5

225 kBr; C 10 : 1; 1200 of/mMuu; 450 kBr; C10:1; 1200 of/mMun; TA;
TA; 100 kIla 100 xITa
SL, %

lfB'r S, KBr H, kBt S/H F, xBr S, kBr H, xBr S/H

100 805 225 311 1/1,4 1610 450 624 1/1,4
9 | 735 203 276 1/1,4 1475 405 556 1/1,4
80 | 689 | 180 250 1/1,4 1370 360 495 1/1,4
70 | 624 158 218 1/1,4 1240 315 433 1/1,4
60 | 562 135 189 1/1,4 1110 270 379 1/1,4
50 500 113 162 1/1,4 980 225 319 1/1,4

NpuMevaune. C—creneus cxkatua: NA — ceoGoghoe BcaceiBanue; TA — typGonaanys;
S — mMomuocTt ua paay:; H — nonesuoe TonsuBO; p — JaBjellue rasa; F — pacxon tonauea; SL -—
narpyska.

Ta6numa 3.6, XapakrepHCTHKH razosHx TypOuH

150 yBr; C€=3,4 :1; 30.10% of/muH; 200 xkBr; C=4,1:1; 35-10% o6/Mny;
p=690 kIla p=1690 kila
SL, %
KF[;'T S, kBt H, xBr S/H F, kBr S, kBr H, kBr S{H
100 | 1690 150 820 1/56,5 2170 200 1080 1/5,4
90 { 1615 135 815 1/6,0 2040 180 985 1/5,5
80 | 1545 120 805 1/6,7 1890 160 895 1/5,6
70 | 1475 105 790 1/7,5 1760 140 800 1/5,7
60 | 1405 90 760 1/8,5 1640 120 710 1/5,9
50 { 1330 75 700 1/9,3 1530 100 620 1/6,2
Tpoponxenne Ttaba 3.6
300 kBr; C=6,1; 45-10? o6f/Muu; 900 xBr; C=4,1; 6000 o6 /Mun;
p=1030 kIla =690 k[la
SL, %

‘f{;;. S, kBr | H, xBr S/H | F,xBr | S, xBr | H, xBr S/H
160 | 1850 300 760 1/2,5 6630 900 3290 1/3,7
90 | 1670 270 700 1/2,6 6220 810 3040 1/3,8
80 | 1600 240 615 1/2,6 5800 720 2790 1/3,9
70 | 1490 210 585 1/2,8 5420 630 2550 1/4,1
60 | 1330 180 530 1/2,9 5040 540 2310 1/4,4
50 | 1240 150 470 1/3,1 4630 450 2080 1/4,7

[MpumMeuaune C—cTeneub cxkaTHA; S — Momuocrs ua Banay; H — nosesuoe tenao;
p — napjaeHue rasa; F — pacXol ronaMea; SL — yarpyaka,
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Tabauma 3.7. Boccranobaelne Ténaa pasinunbix aBurareneh
(npoueHT NpeBpaliaemMOiil B TENI0 IHEPTUH TONNHBA)

Oxnaxpaiomana soAa
'+ Boanymuoe Brixsaonunie
Tan peuratena oXnaNIneude ppi- | DOAANOE OXJaX- rassi, %
XOIMOTO Koanek- | AClHEe BhIXOIMOTo
ropa, % KoJJekTopa, %
JIBYXTaKTHBIE NOPUIHEBLIE:
¢ TypGOHaLAYBOM 21 27 15
fe3 HaJIypa 27 28 12
JH3€Jb C H&JLYBOM 20 24 13
YeTupexTaKTHLIE:
rasopeiii Ge3 HagayBa 22 27 14
afenn Ges HALAYBa 22 27 14
Ju3eab ¢ TYpOOHaznyBOM 15 18 16
JABYXTOMJIHBHEE ¢ TypOOHa - 15 17 15
JAYBOM
[azoBne TypOHHH:
NPOCTOH LUK 69
pereHepaTHBHLIA UK 57

o6opyloBanusa (ABuraTess My®dOTH TPaHCMHCCHH), TaK M OOCJAyXKHBa-
HUs siBJsteTcst CKopocTb 900 06/ MuH.

Jns MHOTHMX NPHJIOKEHHH Tra30BbIX JABHTaTeNed 3TOT IPOILJILIA
OMWT CAMIIKOM OrpaHuueH, nmosromy DpuraHCkasi rasorast acconuamus
NCOMb3yeT ONKWT HECKOJNbKHX YCTAHOROK, NMPHMEHSIOWHUX AJS [PUBOJA
XOJIOJHJIbHBIX KOMIIPECCOPOB CHCTEM KOHJWIIMOHHPOBAHHS aBTOMOOHJIb-
nbie asurartenau «Ford», «Perkins», «Pelapone». IToayueHnm gecbma
o0HajeK1Balomte pe3ybTaTh.

i. Jlone bBaron, mowrocre 280 kBr. YcTaHOBKA BBeJeHa B JeHcTBHe
B 1969 r., cHayana paboTasa Ha rOpOJACKOM Ta3e, a 3aTeM IepeBe/[eHa
Ha mpupoAHbIH ras. Jlsuratenr «Pelapone» Bpamwaer xomipeccop
«Trane», CucreMa okasaJjach BecbMa HalexHo#i W TpefoBasa MHHU-
MyMa 00CJayKHBAHNS.

2. I'azosan uccaedosareavckans crauyus Mudaend, mouHoCTb
370 kBr. Imurarear «Perkins» ¢ BoAsSHLIM oxja)KienueMm, 6e€3 Haj-
AyBa, ycraHorjen B 1970 r. Aas mpuBoJa XOJOIHJIBHOTO KOMIIpeccopa
«Trane» momuocteo 160 kBT. a5 paGoTH mnpu 4aCTHYHOM HArpy3Ke
IBurartesb CHHXaeT cKopocTb Ao 1750, 1475 u 1200 o6/mun. IMocne
4000 ¢ paGoTu B TeueHue 3 jeT B cpegueM npu 389 mnosaHolt mHarpysku
OWlj1 cleiaH BHBOJ, YTO 3aMeHa 3JEeKTPOJABHraTeNis ras0BHM mopLIHe-
BHM OWJla TEXHHYECKH YCIIeLIHOH,

3. Boctounsii za3zoswiti pation, xoaoduavHas mouwiHocTe 88 KBr.
I XoJMOAMNBHUKOR JABYX CHAYKeOGHHX 3JaHMi HCNOJAb30BAJNH IPHBOA-
HOH Jpurartenb «Ford» ¢ aBTOMaTHYECKHM IIyCKOM Y OCTalOBKOH, CTy-
MeHyaThM W3MEHEHHEM CKOPOCTH W Harpysko#t muavuppos. Cranjaprt-
HHe MeTOAHW YNpaBJieHHs ABUTaTeJeM W XOJOJHJIBHUKOM OCYHIECTBJisi-
JucL Oes HenmoCPeJCTReHHOTO BMelaTenncTBa gesoBeka. OleHKa crou-
MOCTH 3KCIVIYaTAUW¥ W JPYTHX 3aTpaT HA 3TH YCTAHOBKH MOXKeT Je-



30PHCHTHPOBATHL B cBsdu ¢ daktopamu speMénn. Undasuug aacrasns.
€T TaM, Ile 3TO BO3MOXKHO, MHCMOJb30BATh TOJbKO CaMble MOCJAEIHHE
Nauuole. Jlannbie Ha ypoBue wen 1976 r. AnS NOpuUIHEBHIX MalIHH Ha
Jerkoit vedtu (raacc A/B), Taxenom tonanse (kaaccel F u G) u npn-
pofHOM rase (ABYXTOIUIMBHBIE CHCTeMBl) npHBeaeHw B pabore [13].
[IpunsaTele HH3KHe cpeqHHe 3HaYeHHs JJAS CTOHMOCTH BOCCTaHOB-
JeHHoro cOpocuoro rtenaa: 0,40 aas Tenad BHIXJOMHBIX ra3oB H
0,95 nenc/{xBr-4) Aas Bcero Temia, BKAKUYAA BOJAAHOe OXJNaXKAeHHe.
ITH paHuble NpUBeAcHE B Tabia. 3.8 n/s MOpIIHEBRIX ABHraTeNefl MOILL-
HOCTBIO 1—2 MBT.

Ta6nuuma 3.8 IkcnayarauvoHuble 3aTPaThl Ha BOCCTAHOBJEHHe TelUia
nopmxeBnx apuratened 1—2 MBr

Kaace F; Kaace G HBY"TO“_'
3atpatet 33 1 MIx, ¢. er. Ign;cc:l? }}:E 277?6_ET 2'36(%'__(:T': 2,;H£?5TT..:
750 06/mun 600 o6/mun 500 o6/Mun 6007ggﬁmn
Croumocts 060pyAOBaHHS,
¢. ct./kBT:
3JIEKTPOMEXaHHYECKOTO 110—124 120—170 150—190 120—180
NYCKOPETYJIHP YIOILEro 12—20 12—20 12—20 12—20
CHCTEMBl OXJIaMAeHUS 20 20 20 20
Becero . 142—164 182—230 152—220
(153) (206) (186)
CrpaxoBka, npubbuib (32 1,5304 1,8107 2,0608 1,8607
ron)
SKcmyaTalHOHHBIE 3aTPaTH,
nexc/(kBr-4), Ha
-~ TOMAHBO 1,292 1,004 0,850 1,100
CMa3kKy 0,050 0,053 0,056 0,050
3apmiarty 0,027 0,033 0,036 0,023
CTPaxXOBKY 0,067 0,133 0,200 0,067
Bcero 1,436 1,223 1,142 1,240
Kannrannsauus,
nenc/(KBT-4):
509, HCIOJIb30BaHNA 0,349 0,413 0,471 0,425
(4380 u/ron) :
10% HCMOJIb30BaHHA 1,747 —_ —_ —
(876 u/ron)
IlpuBeaeHuble 3aTpaTel Ha 3,183 1,636 1,613 1,665
MEeXaHHYEeCKYIO SHEPTHIO,
mexc/ (KBT-u)
Boccranosiienne Tendsa, 0,950 0,950 0,950 0,950
nexc/ (kBt-1)
IIpuBenenHsie  3arpathl ¢ 2,233 0,686 0,663 0,715
HCNOJIb30BAHHEM Tenaa,
‘neuc/(kBr-q)
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3.4.3 ABMIATENM BHEWHErO CroPAHMA

Ilo Mepe pocTa TemjeHUHE K HCHOJB30BaHHIO c6pocHOro Tenia H
COJIHEUHOH 3HEPIHH HHTEpPec K 3THM JBHraTensiM Bo3pacTaer. Buy-
TPEHHEE CropanHe Hen3GexxHO Tpebyer OGHIYHOrO H BCe Gojiee AOPOroro
TONJIHBaA, TOrAa Kak asurarteNn Crtupannra Moryr paGorath Ha Oec-
NJIATHOM TEIJIE HJIH JelieBOM TONIHBE. '

HwMeerca psin cOBpeMEHHBIX NPOEKTOB HCHOJIB30BAHHS COJHEYHOH
sHepru [1—4]. B ri. 2 yxe ynomuransce cBOGOSHONOPIIHEBHE LHK-
abl CTHPJIHHTA U JBa ABOHHKX [HK- '
na PenKnHa, xotophie MoryTt Hc-
MOJb30BaTh COJHEUHYIO 3HEPTHIO.

IIpuMep Takoro uHk/Ia NpHBEREH
Ha puc. 3.17 [5]. 3pecr ycra-
HOBKH C JIBOHHLIM LUHKJOM PeHkH-
Ha ¢ BHEIIHHM cropaHHeM rasa co-
JAep¥Kar NPHBOLHOH IBHTaTeslb B
BHIE BBHICOKOOOOPOTHOR TYPOHHE
C rasoBbIMH TNOJIUHNHHKaMH. Ha
TO Xe BaJay pasMellleH HeHTPOOex-
HBIA KOMIMpeccop. DTa MHHHATIOP-
Has YCTAHOBKA NpefHa3HaueHa AJA
VMHAHBHYaJbHOTO AOMAallHero Io-
TPEOJNCHHS M, HECMOTPS HA PAL  pye. 3.17. Typ6okoMIpeccopubiii poTop
npoGjeM, peaJjH3yeT HKHTEPECHYIO I'iumsena.

HIEH0, 00CYKIaeMYI0 TaKKe B Iil. 5.

Hpyras skcnepuMeHTaNbHAast YCTaHOBKA — TENJIOBOH HAcoc ¢ MpH-
BOAHBIM ABHrarteldeM Crupaunra, paspaGaTeiBaemblii ¢upmol «Phi-
lips». DKOHOMHYHOCTD OGOHX YMOMSHYTHIX CHCTEM onpenensieTcs HX
CMOCOGHOCTBIO HCMOMB30BATh COPOCHOE  TEIUIO NMPOAYKTOB CrOPaHHS.
B cucreme ®uiunca npEMeHsercsd noOpLIHEBOR KOMIIpeccop, NpHUEM
pabouee TelO B TEMVIOHACOCHOM LHKJE He Takoe, Kak B ABHratene. Ho,
KaK NMOoKasaHo B NpeibAylHeH rJiaBe, YCTAaHOBKH C ABOHHLIM IHKJIOM
Penknna MOTyT HCMOAB30BaTh OfHO H TO XKe paouee TeJo.

3.4.4. APYTHE NPHBOAHLIE [BUTATENM -

Hepoporo#i 1 wanexuuii npuson, KOMIpeccopa npeactaBisieT HaH-
Bosee TpyAHYIo npoGieMy TEmNOBOro Hacoca. MexaHHueckas pabora
TpebyeT 3aTpaThl 3HEPrHH BHICOKOTO KauecTBa H HeH36eXHO CpaBHU-
TeJbHO Aoporofi. Onnakd MMeEOTCH HEKOTOPHIE NPHJIOKEHHS, rie pa-
GOTy, a He TeMJI0 MOXKHO MOJYYHTB fecniarHo, B B 3THX CJyuasix npe-
IMYNIECTBO TEMJIOBOTO HAacoca OYEBHAHO. TaM, TAe HCMOJb3YETCs BeT-
POBasi SHEPrus MM YHEPrud najarpulel BOJAH, a TOMIHBO AOCTABJISTDH
TPyAHO, 3Ta HAeA MOXKeT GHITh peasn3oBaHa JoBONbHO OHcTPo. B Oke-
thopacxoM yHHBepcHTeTe paspafaThiBaeTcsi HEGONBIION MPOEKT BeTpPoO-
ABIITaTeNIs ¢ BEPTHKAJNBHOK OCBI0 A1 MPHBOAA KOMNPECcopPa TemJIoBOro
Hacoca *.

* Cm. makxe. P. W. White. A proposal for generating heat from wind ener-
gy. — Energy for Industry. Ed. O’Kallaghan, Pergamon Press, 1980,




3.5. TENNIOOBMEHHHUKMH

KoHcTpykuHsiM TenaooGMEHHHKOB JJS TEIVIOBHIX HAcOCOB MOXKHO
MOCBATHTh lieJble KHHTH. B 2TOM pasjgenie OorpaHHyMMcs TOJBKO Kade-
CTBEHHBIM OMHCAHHEM OCHOBHBIX NMPHHIHNOB, ONTHMAaJbHBIMH YCJOBHS-
MH Tennoo0MeHa H MOBCAEHHEM CMecH XJafoareHra ¢ MacJoMm. Bompo-
cel TemooGMeHa moppobro paccmorpensl B paGote [6] aas pasnny-
HBIX MPHJOKCHHE H [7] crneudansHo Aas XJapgoareuwtoB. Onucanpe
ocobennocTelf CMecH XJafoareHTa ¢ MacJaoM NpHBeaeHo B [8].

3.5.1. TENNOOBMEH

Bce ocnoBuble TemnooOMeHHHMKH, HeoOXOIHMBlE AJS1 TENJIOBOIO Ha-
coca, cxeMaTHYecKH moka3adel Ha pHc. 2.6. Tennoo6Men B HHX MOXKer
ObiTh Kak ofHOda3HbIM, Tak H AByXdasueiM. Onnodasnsiii TenioobMen
O3HayaeT, YTO B Ipejenax TenaooOMeHHHKa TeyeT JHGO TONBKO XKHJ-
KOCTh, JH00 TOJABKO mnap. B 1aByxdaswoM Temnoo6MeHe yuactByer
cMech Mapa H XKHIKOCTH, MO3TOMY €ro onmHcaHHe 3HAYHTEeJbHO CJ0XHee,
yeM opno¢asnoro. KunenHe M KoupewcallH — 3T0 AByX(asHble mnpo-
Lecchl, TOrga Kak neperpes napa, nepeoxJaXAeHHe KHIKOCTH, TEMJO-

r r
\ 7 %
— >
a) z J) Tz

Puc. 3.18. Pacnpeneniente TeMnepatypul B TeNIO0OMEHHHKAX.
a — MPOTHBOTOK; & — npAMOTOK; ! — onHotbasnoe TedeHHe; 2 — KoHJACHCALHS,

OoTAaya BOAE HJH BO3AYXY — NMpoueccsl ogHoQasHule, 33 HCKJIIOYEHHEM
TeX cJayyaes, KOTHA CYI(ECTBEHHO COAep:KaHHe BJary B BOBHyXe.

O6biuno TemmooOMeH OMHCHIBAeTCA KaK BBIHYXKAEHHAS KOHBEKI(HS,
YTO O3HaYaer JABHXKEHHE B XKHAKOCTH TenmjaI0oOMeHHHMKa mopx AeHCTBHEM
BHELIHEro Mepenana AaBjeHHH JJs MOBBILIEHHA Ko3((HIHEHTA TEMo0-
otnaud. 3xech HanboJee BaXKHBIM mapaMeTpoM sABjsiercs 4ncjao Pefi-
HOJIBACA

Re=4M/nuD,

rie M — maccoBuili pacxon; D — nuamerp; p — BS3KOCTb.
3nayHTeNbHBIE pacxol MaJoBSI3KOH KHIKOCTH B TpyOke HeGoJb-
uoro auamerpa obecrneuHBaeT BHICOKHE KO3 QHIUHEHT TEMI00TAayl
KaK AJA 0AHO(A3HOro, Tak H 1Js ABYX(a3HOTO TeyeHnii, OnHako 60.Ib-
as ckopocth TpedyeT W 3HAUHTEJBHOrO Mepenajga faBJeHHA, Tak yro
Heo0XOAHMO NMPHHHMATh KOMNPOMHCCHOe pemienne, TemaooOMeH npu
cBOGOgHOA KOHBEKLHH HMeeT MECTO NMPH OTCYTCTBHH BHELIHHX ABHXKY-
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INMX CHJI, OH ONpefde/siercss BCIUILIBAHHeM Harperoli xupkoctd. Ilo
KOHPHTYpalHH TenT00OMEeHHHKH AEJSATCS Ha NPOTHBOTOUHBIE, MPSAMO-
TOYHLIE H C MONEPEYHLIM MOTOKOM, YTO ompelensercs TpebyeMuiM pac-
npeaesenyeM temnepatyp. HauGosee pacnmpocTpaHen mpoTHBOTOYHBIH,
XOTAl HAeaJbHHI TIPOTHBOTOK MOMKHO MOJYYHTH TOJBLKO B TenjaooOMeH-
HHKe H3 KOHLUeHTpHYeckHX Tpy6. Mcnapenne Wi KonjeHcaluus crnocob-
CTBYET BHIPaBHHBAaHHI0 TeMmnepatypu B TtemiooGmenunke. [lpumep
pacnpepeneHns TeMneparyp B TenjJooOMeHHHKE Moka3aH Ha puHc. 3.18.
OTmeTrHM, YTO AJS NMOJHOrO paciera TemaooOMeHHHKa HeOOXOJAHMO OM-
penesiHTh KO3(pPHUHEHT TEMJOOTAAYH MPH KOHAEHCALMH MeperpeToro
napa H nepeoxJaxAeHHH XHAKOCTH OJHOBpPEMEHHO ¢ KO3 PHUHCHTAMHU
TEMJIOOTAAYH NpPH KOHAeHCALMH mapa cO crenmeHbio cyxoctd ot 100%
a0 0. 1o 3HAYHTEJBHO CJOXKHEH onpejeeHHs Ko>()PHUHEHTOB TEMIOo-
OTHAYH NMpH OfHOPA3HOM TEYEeHHH.

3.5.2. NOBEAEHME XNAAOAFEHTA '

TennooOMeHHUKH AOMKHB OHITH paccYHTaHB! HJjs paboThl MpPH Beex
pexkuMax. Ilpy 3ToM cjepyeT mpHHHMAaTth BO BHHMAaHHe HX pa3Mclue-
HHC MO OTHOWIEHHIO APYT K APYrYy H K KOMIpeccopy, a Takxe MO OTHO-
LICHHIO K BepTHKaJH. [lis 2TOro ectb ABe BaKHhe MPHYHMHBL: 1) XKHA-
KHH XJajoareHT He JOJKEH Monajarb B KOMIpeccop; 2) Bce MacJo,
NOKHAaliee KOMIIPeccop, NOJKHO B HEro Bo3Bpamarbed. Paccmorpum
cHayaja BTOpPYIO NpHynny. Bospar macna oOoiuno ofecneunBaercs
NnoAAepXKaHHEM COOTBETCTBYIOLEH CKOPOCTH XJajoarenra B TpyOompo-
Bojax. Bonee paspexenubldi Map HJIH HCNapeHHe MPH MOHUMKEHHBIX
tTemilepatypax tpeGyeT mOBHILIEHHBIX CKOpOCTEHd, a HEKOTOPHIH MHHH-
MYM CKOPOCTH CJCHYeT MOAJEepKHBaTh NpPH BceX peXHMaX, BKIKOYas
H YacTHYHYIO Harpy3ky. OueBHAHO, 4TO HHTEpPBAJ NepenajgoB AaBJeHHH,
HeoOXOOHMMBIX BO BCEX peXKHMaX, HaCTOJbKO BEJNK, YTO CHCTeMa Tpe-
O6yeT NBOHHOK JHHHH BCachiBaHHSA.

Hcnapurens ¢ HcnapenHeM XJiafjoareHra BHYTPH TpyOok Takxke
N0MKeH OhTh pacCuHdTan Ha MPOAYBKY TpyOok yxomamum napoMm. Mac-
J0, monajaioinee B HCMapHTeJb B pacTBope C XJag0areHTOM, JOJXKHO
ObITb YHECEHO H3 HCNapHTENS MOTOKOM AOCTATOYHOH CKOpPOCTH. B Goub-
LIHX HCMapHTENAX MacJjo ocTaeTcs B JKHIKOM XJafoareHre, Tje €ero
KOHIEHTpAlHsl MOBHILIAETCS, H 3aTeM yHaJsercs uepe3 CHCTEMY MacJsi-
HOTO ApeHa’)ka HJH CrnelHaNbHYI0 CHCTEMy BO3Bparta Mmacaa. as pa-
00oTel Takofl cHCTEMBl HYXHO, YToOHl yAedbHBIH Bec Macaa Owla
CYLIECTBEHHO BBILIE, YeM MKHAKOrO0 XJafg0areHTa, H Macjio CTeKaJo
BHH3.

Macno B KOHIEHcAaTOpe He MpEACTAaBJASET Takoi mpoGuaeMbl, eciy
€ro KOJHYeCTBO He Ype3MepPHO H OHO He MEepeNoHAET HCIHapHTeb,
pacTBopHBIIHCh B XJjapgoarente. [loBegenne XJgagoareHra Moxert ObiTh
Gonee H3MeHYHBHIM, yeM Macnaa, MiaMeneHHe NpOH3BOAHTENBHOCTH CH-
CTEM, BKJIOUEHHE H BHIKJIOUEHHE H, caMoe TPYLHOe, PEBEpPCHBHLIE Tel-
JOBLIe Hacoch (B KOTOPHIX HCMapHTeNb CTAHOBHTCH KOHAEHCATOPOM H
Hao60poT) MOTYT ONMPOKHHYTb BCE pacueThl KOHCTPYKTOPOB. JKHIKOCT
MozxKer coOpaTbcs B KOHAEHCATOpEe HJIH NMPHEMHUKe XKHIKOCTH TMOJ KOH-
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JNEHCATOPOM H MOCTYNaTh B HCHapHTedb Yepe3 paclipHTeabHHIA Kia-
nan. IIpu ucnapenun BryTpu TpyGOK HcmapHTeas o0beM XHUAKOCTU
HeBeJIHK W Gosbllag yacTh XJajoareHra KOHLEHTPHPYETCS B 30HE BHI-
COKOr0 JaBJIeHHUS.

Kunkocte mocTHraer KoMmnpeccopa pasiHyHhIMH nytaMmu. Ona mo-
JKET KOHAEGHCHPOBAThCH B cOOpHUKe BO BpeMst paboTbl WJIH NPOCTOA
KOMIIpeccopa, ecau KOMIpecCop XoJioLHee KOoHAeHcatopa. sKulkocTb
MOXeT NMonmacTh B KOMIIpecCOp H3 KOHAeHcaTtopa NojJ HeHcTBHEM pas-
HocTH pamaenu#. Ilocie peBepca cucreMbl TeNnI00OMeHHHK, KOTOPHIfi
HrpaJ poJib UCMAPUTENT H CTAHOBUTCA KOHLEHCATOPOM, MoxeT OGLITh
3aN0JIHEH XUAKOCTBIO, Monajaiolliedi B KOMIPEccop, eclAH He Npepy-
CMOTPEHA COOTBETCTBYOUlasA 3aluTa. dTa 3alura oOLUHO BHIIOJIHA-
eTCs B BHJe JOBYWIKH O KUJLKOCTH Ha CTOPOHE BCACHLIBAHHA, OTKYZa
XHAKOCTL 1160 OTKayuBaercd, aubo ucnapsercd. Ona TakXKe MOXKerT
NPHHATL POPMY NPOMEXYTOYHOTO TemIooOMeHHHKA clielHaJdbHOk KOH-
CTPYKIUU (cM. pdc. 3.25).

3.5.3. TMNbl TENNOOBMEHHMKOB

B sToM paspene mpaBemenn npuMeps nanGosee pacpocTpaHeH-
HHIX Tenno00MeHHHKOB, NOKashBaiollHe, KaKk Ha NpaKTHKe pellaloTcs
ykasanHeie Bhille npobaembl. PaccMoTpensl TemooOMeHHHKHM XJaamo-
areHTa c BO3LYXOM, BOJO# ¥, HaKOHell, XJ1af0areHToM.

OtanyurensbHass ocoGeHHOCTh BCEX TEMI00GMEHHHKOB ¢ BO3AYIIHLIM
OXJaXKAEHUEeM COCTOMT B MAaKCUMaJbHOM PAasBUTHH NOBEPXHOCTH CO
CTOpOHH Bo3nyxa. [Ipuynua B TOoM, 4TO0 Ko2(pdUIMEeHT TEIJIOOTHAYU CO
CTOPOHH BO3Ayxa B 0—10 pas wuiKe, yeM CO CTOPOHHI XJajoareHTa, u
3TO HaJ0 KOMIEHCHPOBaTh yBeJHMYeHUeM MJollafgd. TUMHYHBIE TENJ0-
OOMEHHHKH C BO3LYINHBIM OXJaXJAeHUeM NoKa3aHsl Ha pHc. 3.19.

Hrnorpa opeGpenne oCymiecTBJSETCH MONEPEK BCEX BHUTKOB, MPHUCM
TPYOKH BCTaBJeHbi B NJIACTHHLL, HTpamoUie poJb pebep, a HHOTAA ope-
Gpsietca kaxpasi TpyOka. Ilis mpokayku Bo3LyXa yepes TemaooOMed-
HUK Tpebyercsl BeHTHJATOP, H MO3TOMY Xapakrep opeOpeHHs onpefe-
JAeTCAd MHOrMMU (akropaMu: pacxoJoM H AaBJEHHEM XJafoareHTa,
TEeXHOJIOrHeH NMPOH3BOACTBA, COBMECTUMOCTBIO MaTepHaJtoB, pasHOCThIO
TEeMIepaTyp, cToiMocThio 4 T. I. Ilonpobuee opeGpenusie KOHCTPYKIHY
onucansl B [9].

Ha puc. 3.20 mokasan nofBoj XHAKOro XJajoareHra K HCHapHTe-
Ji0 oT ppocceds. IIpaMoTounn#i Ten1006MeHHHK Takoro TUMA TpHMe-
HAIOT B TeX CJy4asx, KOrha nepenaj JaBJeHHS IO XJ1afoareHty JoCTa-
TOYEH, YT00bl Bbi3BaTh 3aMETHHIH Mepenaj TeMnepaTypsl TIpH Hcmnape-
nud. Jlocaenuuét psap TpyGok nepel BXoZoM B KOMMpeccop pasmelllen
B HayaJie TeYeHHS C UEJIbI0 NMOJYYeHHS MakCcuMaJgabHoro neperpesa. Ta-
Kas cXeMa yallue NpHMeHSeTcs AJS HA3KOTEMIICPaTYPHBIX MPUJ0KEHHH,
a AJjdA BelcokoTeMnepaTypHuiX OoJablle pacmpoctpanen npsmorok. He-
o0xonHMa npaBHJbHAS YCTAHOBKA KOHCTDPYKIIMH IO OTHOMIEHHIO K Bep-
THKaJIH.

Ha puc. 3.21 noxasanbnl Tenm10oOMeHHHKM XJajoareHT — BOZA.
Bona nporexkaer cmapyXu Tiyyka TPYOOK Mo 3Hr3aroo0pasHoMy KaHa-
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Puc. 3.19. Tensnoo6MeHHHKH ¢ BO3AYIUHHIM  OXJaX[EeHHEM.

JY MeXAY CEerMeHTHbIMH TeperopoikaMH, MHOTOKPaTHO MNepeceKas
TpyOku. STO AejaeTrcd JJf NOBHIIEHHT TEIJOOTHAYU K BOAE H JOCTH-
raeTcsi [(eHOH yBeJUYEeHUS TIOTEph
Aapjenudg. Caexyer OTMETHTh, YTO
BHEIIHHH KOXYX, IIOKa3aHHBIH Ha
HHkHeM ofpasue puc. 3.21, okpyxeH
CJIOEM TEMJOM3OJSIHH, YTO OOBSICHA-

€T pasHHly B AMaMeTrpax MeXAy ABy-

M oGpasuamu. Hszoasmus neobGxomu-

Ma NpH OXJa)KJeHHH BOJH, KOriaa
TeMnepatypa B UcllapuTe]€ 3HAYH-
TEJbHO HHXXE OKpyxalowei. B remuo- z
HAcOCHOM BapHaHTe 3T0 HE BCerja
TaK H TeIJIOH30JAIHA 3a4yacTyio He
TpebyerTcs.

Puc. 3.20. Cxema Hcmapuresss ¢ XJjajoareH-
TOM BHYTPH TPYOOK.

I — notox Bo3ayxa; 2 — KOAJEKTOp H2a Bcace; 3 —
Apoccens H PEryjiaTop XKHAKOCTH; 4 — BXoAd KHAKO-

IO XsajoareHTa; 5 — ypaBHHTeNbHas TPyGKa; 6 — & I
tia BCaCBIBAlIRE.,
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B

Puc. 3.22. llga tHna KOXyXoTpyOGubix
HCTapuTedeflt ¢ opebGpenubiMr  TPYO-
KaMH,

TennooOMeHHNKH, MNOKa3aH-
Hble Ha pHc. 3.21, HasmiBalorcs
KOXYXoTpyOHbIMH. B HHX xJa-
AoareaT Moxer ObiTb KakK BHYT-
pu TpyGOK, TAK ¥ CHAPYXKH, NpH
3TOM 0OCb KOXyxa Moxer ObiTh
BEPTHKAJbHON HJH FOPH30HTAJb-
HOH. BepTHkKaJlbHasm YCTaHOBKA
obieruaer OTBOJ IKHIKOCTH OT
KOHJecaTtopa, HO He BCerga mno-
BHIaeT TensooOMeH IPH KOH-
AeHcalHH. DTOT TenynooOMeH 3a-
BHCHT OT TOMIMHHH  XHIKOH
IVIEHKH XJlajj0areHTa Ha CTeHKe
Tpy6xn. Ecan tpybka ropnson-
TajJbHast, XHJAKOCTb INOKpPHBaer
TOJILKO OJHH CEeKTOp MepHMeTpa,
a NpH BePTHKAaJbHOH YCTAHOBKE
BCA TOBEPXHOCTb MOXeT OhiTh
MOKPHITAa KHAKOCTbIO.

PasnoBuanocTed KOXYX0-
TpyOHBIX TemI006MeHHHKOB [0~
BOJIbHO MHOro, JBe H3 HHX
c opebpeHHeM TpyOGOK MOKa3aHbl
Ha pHc. 3.22. TenjooOMeHHHKH
¢ U-obpasaoiMH TpyOkamMH Ha-
3BIBAIOT TaKe [IBYXXOLOBLIMH.
Oun uMeoT OoJblloe IIpeHMy-
WecTBo B TOM, YTO pa3jH4HOe
TepMHYeCKoe pacliipeHHe Tpy-
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Puc. 3.23. Ceuennst Tpy60K HcmapHTesell ¢ xAafoareHTOM BHYTpH TpyGOK.
| — anlOMHHHEBEIe pebpa; 2 — Meadble TPYOKH; 3 — HOPHCTAN Mefb.

00K, HanpHMep MeJHBIX, H KOXKyXa, KOTOpblH MOXKeT ObiTb CTAJIbHLIM,
He HMeeT 3HAYEHHsd, TAK KaK HA APYLOM KOHIlE TeoOOMeHHHKa Her
ymiotHeHuH. OfHOX0D0BOK TeMNoOOMEHHHK HMeeT JHOO CKOJBb3SLIHE
yIjoTHeRYs, JH00 OfHHAKOBLIE MeTalljbl, JHOO KOMIEHCATOpH pacllk-
peHud.

KoxyxorpyOusie TenaooOGMeHnHKH nanGosiee IHPOKO NPHUMEHSIOT-
¢ B caydae tensoo0Mena MeX[Iy xJafoareHToM H Bogod. KoucTpyruds
TenJoo0MEHHHKOB OYeHb NPOCTA, OHA COAEPIKHT pa3JHYHbIe 3anarTeH-
TOBaHHbIE YCOBEPUIEHCTBOBAHHS IJ11 MOBLIEHHS Ko3(p()pHIHEHTA TeN-
JN0OTLaYH.

Prc. 3.24. Tennoo6MeHHHK ¢ BHTHMH Tpy0-
KaMH.

-

)

Pre, 3.25. TIpoMeXyToubl  TeN/00GMeHHHK
C opeGpenubIMH TPyOKaMH.

I — Buixog mupkocTH; 2 —Bxoj mapa; 3 — Bxog
HHAKoCTH; 4 — Ha BCacbiBaHue,
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IBa tuna TpyGok AAst mcnapHteneli mokazaust #a pue. 3.23. Oaxna
43 TpyOOK MeNHAafl H COAEPKHT BHYTPH aJIOMHHHEBYIO BCTaBKY, YBEJIH-
YHBAIOILY0 MOBEPXHOCTL M NMOBHIAWINYI0 TelliooOmen, pyras Tpy6-
K4 MMeeT BHYTPEHHIOW MOBEPXHOCTh, INOKPHITYIO TOPHCTHIM CJ0eM,
CO3JAWNIHM MHOXKECTBO 04aroB JJsi o0pa3soBaHHs NMy3HPbKOB IIPH KH-
MEeHHH XJaL0areHTa. JT0 BeHeT K CHHKCHHI Pa3HOCTH TeMIepaTtyp NpH
3aJlaHHOM TEIJIOBOM NOTOKe, YTO OYeHb Ba’KHO JAJS TEIJIOBOrO Hacoca.
C TOft e LeJbl0 HHOrAA NPHMeHSIT QHTHIH M3 MeJKOH MeTalJaHye-
CKOH ceTkH.

Pa3HoBHAHOCTBIO TakHX TEMIOOOMEHHHKOB SIBJsIeTCS TENJI000MeH-
HHK TpyOa B TpyOe, rae obecneYHBarOTCHd HACTOSNIHE YCJIOBHS INMPOTH-
BOTOKA, OJJHAKO pa3Mepsl IpH 3TOM BO3pPacTalor.

bojee koMnakTHel TeMI0OOMEHHHKH C BHTHIMH TPYGKaMH BHYTPH
koXyxa (puc. 3.24). 3nech mocTHraercs BHICOKHH Ko3((DHIHEHT TemIo-
o0Mena Kak BHYTPH, TaK H CHapy>Xu TpyO B pe3ynnTate TypOyJEHTHO-
CTH, BuI3BaHHOH ¢opmoii TedeHuss. OHH NpHMEHAWTCH pexe Io cpas-
HEHHI C TPAMBIMH TpYOKamMH H3-3a MOBLILIEHHOR CTOHMOCTH.

IIpomMexyToyHulli TemiooOMEHHHK, HasbiBaeMbIH Takke IlepeoxJia-
AuTelleM HJAHM NapolleperpesateneM, obecneydBaeTr TelllooOMen MeEXKAY
XJafoareHToM B NapooOpa3HoM H XKHIKoOM cocrosiHuH. OH ycranaBJiu-
BAaeTCs Ha BCACHLIBAIONIEH JHHUH MeXKAYy HCHIApHTEJeM H KOMIpeccopoMm
H NOJIKeH C031aBaTh BO3MOXKHO MeHbIlee CONPOTHBJEHHE TMOTOKY MNa-
pa. IlosToMy co cTOpoHH Napa MPOXOAHOE C€YeHHe BEJIHKO, a NOBepX-
HOCTh TemnooOMeHa yBeanuywBaercsi opebGpenneMm (pue. 3.25). Has
MEJIKHX TelJIOBHIX HacocoB NOJOOHHIA Teml1000OMeHHHK MOXKHO BHINOJ-
HATb H3 KOHUEHTpPHYeCKHX TpPy0 HAHM B BHae cOOpPKH H3 NasHbBIX
Tpy06oxK.

3.5.4. PASMEPHl TENNOOBMEHHHMKOB

KoHcTpyupoBaHue Tel1o00MEHHHKOB JOCTATOYHO CJAOXKHO fAaxke Oe3
yyeTa Takux (akKTopoB, KaK CTOHMOCTb, HO AJSl TeIJIOBLIX HACOCOB M
9T0T ¢arTop HeoOXoAHMO YYHTHBaTh. IloCKOJBKY OCHOBHOK CMBICIH
TEIVIOBOTO Hacoca B ToM, uTo0H maBaTth OoJjiee jgellleBoe TEMJo, YeM
TPAAHLHOHHEE HCTOUHHKH, pellawpniee 3HAYEHHE HMeeT CPOK OKY-
NaeMOCTH KaNUTAJIOBJOXeHHH, KOTOpPHII HOMKeH OblTh TL[ATEJBHO
MOACYNTAH. YBeJUYeHHe pasMepoB TemI000MEHHHKOB IOBLILIAET HX
CTOHMOCTh, HO OJHOBPEMEeHHO YMeHbIIaeT pasHOCTh TeMNeparyp Mexay
KUIleHHeM M KOHAeHcauue#, a snaynt, nopeiiiaer KOII. Koncrpykrop .
N0JIKeH pacCYHTaTh ONTHMAJbHHE Telo0OMEHHHK HCXOOS H3 9KOHO-
MHYeCKHX co00paXeHHuil.

HHTepecnrie HeCaeRoBaHHA 3TOro Bompoca H3doxenul B [10]. Oc-
HOBHO# BBHIBOJ COCTOHT B TOM, YTO TEIJIOBHIE HACOCH C 9JEKTPOINPHBO-
JOM 151 yCJAOBHE AHIVIHH ROJKHBI HMETb CYLIeCTBeHHo (NIOYTH BABOE)

GoNbIIHA KOHAEHCATOP IO CPABHCHHIO ¢ arperataMi, BbITycKaeMbIMH
B CHLLIA,



3.6. MATEPHMANDI

Buifop matepHajoB a1 KOHCTPYHPOBAHHA TellJIOBHIX HacoCoB
pyMeeT, KOHEYHO, MeHee BaXKHoe 3HayeHHe, YeM BHIOOp XJaf0areHTOB,
obcyxpasmuxca B § 3.2, Ho korma xaapmoarenT yxe BoiOpan, cileayer
nofo0paTh KOHCTPYKUHOHHEIE MaTepHalibl, COBMECTHMbIE C HHM.

Hcnoab3oBanne MeIH B KayecTBe KOHCTPYKUHOHHOTO MaTepnala
BHIHYXJAeHHO. Bhicokas TemJIONPOBOAHOCTh 00BACHSET NpeHMYLLECTBEH-
HOe HCNIOJNb30BaHHE MeNH AN TPYOOK TemlI00OMeHHHKOB, a 3JeKTPo-
MPOBORHOCTE — AJI1 0OMOTOK BCTPOEHHBIX 3JeKTPoLBHraresefl repme-
THIHHX KkoMIlpeccopoB. OcnoHas TMpo6JeMa npHMeHeHUR MeIH
(oMenHeHUE) MPOABAAETCH B TOM, UTO Melb PacTBOpsieTcs B XJaAoareH-
T€, OCAXKAACTCA B Pa3JIHUHLIX YacTsX KOHTYpa H SicCHO BULHA NPH peBH-
3uH. B HCKJIIOYHTENBHHX CJAYyYasiX 3TO BefeT K MOJOMKe KoMIipeccopa.
Teneps y¥Ke COBepPLIEHHO ACHO, YTO NMPOAYKTH PEaklHH Macjo — XJa-
J0areHT B COYEeTaHHH C BLICOKHMH paboYHMMH TeMmepatypamu H IpH-
CYTCTBHEM BO3JYyXa MOTYT BHI3biBaTh oMejHenHe. IIpoGaeMa Bce eure
CylecTBYeT, HeCMOTPs Ha pa3paboTKy HOBHX Macea. Cepbhe3nniM orpa-
HHYeHHEM IpUMEHEeHHsT MeJH $BJseTCs ee INOJHas HeCOBMeCTHMOCTH
C aMMHakoM. DTO 3HAYHT, YTO AJsi aMMHAYHBIX CHCTEM BCe Tem1000-
MEHHHKH HBOJKHH OHITh aJloMHHHeBHle HJAH cralbHole. Jlaxke colepxKa-
mas Mefb MOAIIMITHHKOBas OpoH3a AoJiKHA GHITh HeKaioyena. Hepos-
MOXKHO CO3/aHHe TepMeTHYHLIX aMMHAYHBIX CHCTeM C MefHOH oGMOT-
KOfi BCTPOEHHOTO 3JIeKTpoABHUrarels. JTo OrpaHHyeHie CO3[JaeT Npo-
OJaeMbl H AJS BOJOAMMHAYHHIX afcopOGHUOHHBIX cHCTeM, T'He OOBYHO
npriMeHsieTcsl UeJbHOCBapHas CTaJbHAasi KOHCTPYKUHS C BBEJEHHEM He-
60JBbIIOT0 KOJHYECTBA HHTHOHMTOPOB JIJst NpelOTBpalleHHS KOPPO3HH
H 00pa3oBaHHs HEKOHAEHCHPYHOLHXCH ra3oB, HAKOMJIeHHEe KOTOPHX Ha-
pymaer pa6orty cHcTeMbl, XOTA Nafika MATKHM WIH TBepABIM TipHnoeM
Acliep;ie ¥ TpoLle CBAPKH, OHA BLI3BIBAET ONACHOCTL KOPPO3UU NPH
B3aHMOJCHCTBHH C XJIaf0areHTOM H NPOJAYKTaMH peakliH, ocefaioniy-
MH BHYTpH TpyOok. Kamnu npHios, NpoAyKTH H3Hoca OpOH3HL, CTPYK-
KM oT 0Ope3kH TPyO, OpbI3TH OT CBapKH U ApYTHe 3arpsA3HEHHA MOTYT
OblTb BHeceHbl XJafoareHTOM B KoMmmpeccop. Jlas HX oTHesNeHHS Ha
BX0Je B KOMIIpECCOp yCTaHaB/HBaeTcs pewlerqaTnii ¢uabTp. Bosmoxk-
HOCTb NIPHUCYTCTBHA Nojo0HOro Mycopa He cJjepnyeT 3al0uiBaTe Hpu
HCIBITAHHH MaTepPHaJ OB HAa COBMECTHMOCTh H TNIOMenlaTh BMecTe € XJa-
N0areHToOM H MacJoM B repMeTHYHble TPYOKM TakxKe H cMech COOTBET-
CTBYIOUIHX MeTaJsJloB.

3.7. YNIPABNEHME

BonsmuHcTBO HaXoAALIHXCA B Mpojake TEIJIOBLIX HAcocoB JJA
AOMamipero Ten/ocHa(KeHHsl HMeceT OBYXNO3HIHOHHOE PETYJHPoBaHHe
(BrJII04EHO — BHIKJIOYEHO), OZO0HOE cHCTeMaM jaoMallHero OTollle-
HHH, KOTOPOE TEIJOBOH HacoC HOJXKeH 3aMeHHTb (CM. Takxke ri. 9).
Onnaxo B mpeasuanMoM OyAylleMm Bo3pacTeT NpuMeHeHHe Oollee TOH-
KOro ymnpaslleHHf, KoTopoe OYAET YYMTHIBATh YCNOBHA BHYTPH H CHa-
DYXKH 3paHHA, H3MEHSOUIHECH COOTBETCTBEHHO BpeMeHH rofia H MecTy
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YyCTaHOBKH. JTO Ooablioe yao0CTBO nJis LEHTPaJbHOrQ OTONVIeHHs Bua-
rogaps NoBHIUEHHIO KoMpopTa H KOHOMHYHOCTH. ECAH TellJoBOR Ha-
COC CMOXKeT CTarb IKOHOMHYECKH KOHKYPEHTOCHOCOOHBIM, TO €ro CH-
cTeMa yIpaBJeHHsI NOJNKHa OLITh He MeHee YHHBepcaJbHOHU, UTO BABOH-
He BAaXKHO B CBfI3H C JONOJHHTEJbHBIMH IIapaMeTPaMH, KOTOPble NOJIXK-
HO YUHTHIBATh yIlpaBiieHHe Tell10BHIM HacocoM, KOII tennoBOro naco-
ca 3aBHCHT OT MHO)eCTBa ({)aKTOpPOB, HO I'IaBHBIK H3 HHX — 3TO TeM-
neparypa HcllapeHHs H KOHAeHcAlWHy. leMileparypa HcHapeHHs, Kak
NpaBHJO, JOJXKHA caenoBath 3a TeMmIepaTypol OKpyxKawlled cpenbl
HJHM TeMIlepaTypoH HMCTOUHHKA Teilsia, uTOOB TElJOBOH Hacoc foMoral
H3BJIEKATb MAKCHMaJbHYI0 BHITOAY B pe3yJbraTe CMfUEHUS MOTOMHBIX
ycaoBHi. DTO AOCTHraeTcs pasHBIMH CpeACcTBaMH, HO AJs BCeX HX
BaXKHO, yTOOH HcllapHTedph OB AOCTaTOYHO OOJBLIUHM H co34aBall Ma-
JyI0 pasHHLY TeMilepaTyp MeKAY HCTOUHHKOM Tellla H XJaZ0arcHTOM.

Pacxon xuaxkocty B Hclaputese peryJanpyercs ApoccesieM. lepmo-
cTaTHYecKHH KJallaH B Jpoccese, IHPOKO paclpocTpaHeHHHH B ycra-
HOBKaxX CpeAHHX pa3MepoB, NOAJLep:KHBaeT NOCTOSHHOH TeMIlepaTypy
neperpeToro napa Ha BXoJe B KOMIIpeccOp, HO TO JaeT JHIUb KOCBEH-
Hoe yipaBieHHe (akTHueckoil Tempepartypoii Hchapenus. OueHb MeJ-
KHE YCTaHOBKH HJIH NPOCThle YCTAHOBKH C NOCTOSHHOH TeMIlepaTypoH
(oxsaannTeNH BOAL) HCMOMB3YIOT PHKCHPOBAHHOE JpocceabHoe COIpo-
THBJICHHe, HallpuMep Kanuaasp. Xorsi TakHe YCTAHOBKH HaAeXHB H
HeJOpOrH, OHH COBEpIUEHHO HeNPHTOLHH A5 palboTH B YCJAOBHAX Mepe-
MEeHHHX TeMIiepaTyp M IpoH3BogHTeJbHocTel. JIpocceibHBIE KJianaH
MOXHO cHellaTh YIIpaBJSeMHBM OT NaBJeHHS, UTOOb MoffepKHBaTh IQ-
CTOSIHHOe AaBJeHHe B HcnapuTenae. QueBHAHO, H 3TO pelieHHE HENMpH-
I'OXHO HpH H3MeHSIOIKXcs TeMIlepaTypaX HCTOUHHKA TellJa.

B Hcnmaputene ¢ xJagoareHTOM cHapy:KH TPYOOK MOKHO HCHOJb30-
BaTh NOIJIABKOBBIi PEryisTop HU3Koro aasieHus. OH MpOCTO MORZAEP-
JKHBAeT IOCTOSHHOE 3allQJIHeHHe HcllapHTeJs KHMAKHM XJaJ0arcHToM
IIpH TeMnepaType H ILaBJEHHH, COOTBETCTBYIOIIHX HCTOYHHKY Tellja.
ITOT NPUHIHN [pHMeHAETCS HE OueHb WIHPOKO, MOTOMY YTO TaKHe HC-
NapuTeJH NPUTOAHBI JHIIb OJAA KPYIHBIX CHCTEM.

MoxHO NpHMEHSATh NOMJIaBKOBHI pEryJATop Ha CTOPOHE BHICOKOTO
IaBJIeHHA, MOAAEPXKHBasA MOCTOAHHEI ypoBeHb XHAKOCTH B pe3epByape
MoK KOHAEeHCATOpPOM. JTO IO3BOJSET KOHILEHcaTOpy Bcerga padoTaTth
apdexTuBHo Oe3 MepeNOJHEHHA €ro XKHAKOCThIO, TaK 4YTO NPOM3BOIH-
TEJAbHOCTb CHCTEMBI IIPH 9TOM AHKTYeTcs HarpyskoOi Ha KOHAEHCAaTop,
HJH noTpebuTeneM Teia.

JI1060e H3 ynpaBJeHHi APOCCEJIbHEIM KlalaHOM HpHTOLHO AJs Tell-
JIOBOTO Hacoca H BHIGOpD 3aBHCHT 0T ouepejHocTH Tpebomanuii KII/,
CTOMMOCTH, HAHEXHOCTH, XOQJOAHJbHOH HJIH TElJOBOH MOULHOCTH.

Oco60e 3HaueHHe HMeeT KOHAEHcAlHsA, IOCKOJbKY OCHOBHOM CMBICJ
TEIVIOBOTO Hacoca — B CHaOeHHH TemsoM. Boofnie rosops, TeMmilepa-
TYpa KOHAeHcalHy ofpelenasieTcd TeMmiepaTtypol cpenbl, OTBOASILIEH
TENJO (BO3LYX HJM BOAA), pacXodoM XJajoareHTa H pa3MepOM KOH-
meHcatopa. [locie TOro Kak pasmepsl BhIOpaHB!, MOXKHO BJHATb TOJBKO
Ha MOTOKH XJaJ0&areHTa H TEeINIOHOCHTe . B BOAsHOH cucTeMe ZoMail-
Hero OTOIIEHHS BOAA MOJKeT [OAaBaThesl, HallpUMep, NpH TeMIlepatype
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65 u orsoauthea tipu 55°C. B Goaee teflanif neHs nofiycriMa Goxee
HH3Kas TeMIeparypa logasaeMoit Boabl (55 °C) u obparHoii (45°C). Ta-
KHe PeXMMBl TiepeMmexkarorcsi ¢ paborofi npH GoJee BHICOKOH TeMiepa-
rype. TloBLIIEHHe pacxoaa BOAH MO3BOJSET B IIepBOM Cllyyae OrpaHy-
yHTbCS TeMIepaTypoi TNogaBaeMoi BOAH 62 H ofGpatHo#i 58 °C, uto
TakKe CHHIKAeT TeMmrepaTypy KOHAEHCALHH.

Pacxon xaagoareHTta peryJHpyercsi xommpeccopoM. Komiipeccophl
BHITECHHTEJbHOrO AeficTBHS (pOTAalLlHOHHBIE, MOpPIUIHEBHIE), peryJaHpy-
joTCA H3MEHEHHEM CKOPOCTH, UTO JaeT MpPOCToe MPONopIHOHAIbHO YII-
pasjieHue. PeryispoBaHie NpOH3BOIMTENBHOCTH OCYINECTBJSETCH OT-
KJIOUEHHEeM OJHOrO HJH HECKOJbKHX LHJAMHAPOB IMOPIUHEBEIX KOMIIpec-
COpPOB, @ Y BHHTOBBIX KOMIIPECCOPOB — H3MeHEeHHeM IPOXOAHOro ceye-
HHs Ha Bxofe. LlenTpobexHui KoMIpeccop He peryJaHpyercs u3MeHe-
{IMEM CKODOCTH, €ro IpOH3BOAHTENbHOCTh MEHfAETCS C MOMOINGIO MOBO-
POTHBHIX JIOIIAaTOK Ha BXOJe. ‘

Crioco0HOCTb TeMJIOBOT0 Hacoca peryJupoBaTh MPOH3BOJAHTEABHOCTD
n pabotaTrb IIpH YacTHYHOH Harpyske IMoBblaeT 3¢¢ekTHBHOCTb Tel-
JocHaOXeHusi 3a cueT HecKoJbKHX (akropoB. HMckiuwouarores norepu
H3-3a H30BITOUYHOrO OTOIIEHHS, a Pa3HOCTH TeMilepaTyp B TellioOOMeH-
HUKaX TOoAJepPHHBAOTCH Ha MHHHMaJbHOM YDPOBHE yMEHBLIIeHHEM pac-
xola remaoHocHTeneli. OgHo 3 HeeaenoBannii B CHIA [11] mokasadno,
yto NpH 3TOM gocturaercd 309%-Hast 9KOHOMHS MO cpaBHEHHIO ¢ OOLIY-
HEIM HeperyJHpyeMHM TelJoBHIM HacocOM 3a CueT NpHMeHeHus yayu-
IIEHHOH# CHCTeMBl ynpaBJleHHd.

Ilpn HexkoTOpHX HebJaronpusTHHX ycaoBHAXx KII2 renaosoro na-
coca MoOXKeT yNacTh HHMXKe, ueM y OOBIYHOH KOTeJbHOH. DTO MOXKET CJay-
uynHThCs, HalpHMep, B TEIJIOBOM Hacoce, HCIOJb3yIOlIeM OKpYKalolHi
BO3LYX BO BpeMs OueHb XOJOAHOH [Oroabl. B 2THX ciayuasix TemJoBO#
Hacoc HOMOJHfETCH HemocpelACTBEHHMM OrHeBHIM HarpesoM. AGcopG6-
ILHOHHBIK LHKJ OCOOEHHO JIerKO0 HpHCIOCOOHTb K NpSMOMY Harpesy,
TaK KaK QOH BKJIKuaeT OOJbIIHEe TrOpeJKH HJIH HarpeBaTesbHble 3Je-
MEHTH,

KpoMme onHCAaHHBIX €IIocO00B peryJiHpOBaHHS HMoKa3aTendell Heo6Xxo-
AMMO 3allHTHTh TeNJOBOH HAacoc OT MeXaHHYECKHX pas3pylieHus, Bhl-
3BaHHBIX HeOJaroflpHATHHIMH YycJI0BHAMH paboTe, ¢ MOMOWIBIO MNepe-

TPY3OYHBIX BHIKJIIOUaTeJsed HJAH orpaHHuunresneéi. Huke mepeuncnean
IPHUHHLL BO3MOMKHBIX TOJOMOK: :

Bricokoe pabaenme Ha BHXOAE . . . PaapyllieHHe KOHCTPyKuHH

Bricokast Temneparypa ua Bhxoge . . Kopposus knamauos, pasnio-
eHHe XJaf0areHToB

Bricokoe naBaenue Ha BXoge . . . . IlosoMKa yRHOpHOrO NOAIHI-
HHKa

Huskoe nasnenme ua Bxome . . . . Ilonagadme Bo3xyXa B CH-
cTeMy, HapyuieHHe Matno-
CHa6XeHH A

Boabwas pasHocTs massennfi . . . . MexauHuecKas MOJAOMKa ABH-

M YIIHXCA yacTel

3auiuta OT BceX 3THX (PaKTOPOB He BCerfa HeoGXOAHMMA, TIOCKOABKY
OrpaHHyeHHe BBIXOJHOrO HaBJICHHS AJS MHOIHMX XJaf0areHTOB HCRJIO-
HaeT puck MOSBJEHHS BBICOKO TemrmepaTyphl H Hao6opoT. B repme-



THUHBIX KOMRpeccOpax HeT OCeBOro AaBhieHHsi Ha KoJMeHYATHH Baa H,
ciaeaoBarelIbHO, BXOAHOE JABJCHHEC MCHEEC KPHTHYHO.

Ecnu Tennosofi Hacoc BoccTaHaBJAMBAET TEIJIO BOOAHOTO HCTOYHNKA,
B KOTopoM TipeKpallacTCs TeYEeHHEe, HCHapiTedb MOXKET NOKPLIThCA
JbAOM, 4YTO YCTpPaHACTCA MPHMEHEHHEM CHTHaJH3alHH pacxona HIAH
TEMICPATYpPbl C COOTBETCTBYIOIIHM OTKJIIOYCHHEM. Sam,lrra nyrem oOtT-
K/AKOYEeHH s He 'rpeﬁyerc;x AJist CHCTEM TOHKOrO YmnpaBJE€HHA, B KOTOPBIX
[IpH MOBHIIEHHH AAaBJCHHA HJAH TEMICPAaTypbl KOHACHCAIHH YMCHbIIA-
€TCH NPOH3BOOHUTEALHOCTE AC TEX ITOpP, I10Ka l‘IOTpeﬁJIEHHe TENJa HE
BO3pacTeT CHOBa.

3.8. ABCOPBLMOHHDBIA LMK

- KpoMe HeckoJpKHX KpaTKHX 3aMeyaHHE Bce cOpepiKaHHe 3ToH riaa-
BBl 0 CHX TOp OTHOCHJOCH K TapokoMmnpeccHoHHoMY mukay. Hacros-
IWIHA pasgen MOCBAILCH LPYroMy IIHPOKO NMPHMEHfEMOMY TelJoHacoc-
HOMY - IHKAY — aGcopbionnomy. Lluka 6w1 onncan B § 2.8, Ho Heob-
XOAHMO GoJiee MOAPOGHO paccMOTPEeTh HEKOTOpHe OCHOBHHE 3JCMEHTHL.

3.8.1. FEHEPATOP M PEKTHUDMUKATOP

s abcopbuponnHoro unkiaa (puc. 3.26), Hcnoapsylouiero Ase Je-

Ty4He XHIKOCTH (HampHMep, aMMHakK H BOAY), KJIOUEBHIM IpOLECCOM
fiBJSieTCA OTAeJeHHe XJaajoarenta. I'enepartop mnpepcraBiser coGoi
JHCTHIJSIHOHHYIO KOJIOHHY, KyILa NHTaHHe nmocrymaeT oT abcopbepa,
a pedJiiokc — ot pextHdHKaropa. JIHCTHANSAMHOHHAS KOJOHHA yriyo6-
JsieT pasfelieHHe 1Mo Mepe YBEeJHYEHHS ee BHICOTH H YBeJIHUEHHS ped-
JoKca. OnHako poct peduiokca yBeJHYHBaeT moTpebJeHHe Temja H
JOJIKeH peryJJHpoBaTbCH B 3aBHCHMOCTH OT YCJOBHH paboTH myTeM
H3MEHEHHs OXJaXKAallilero NoToka B pekTH(pHKaTope.
B HekoTOpHIX yCTaHOBKax peKTH(pHKaTop OXJIAXKIAETCA PacTBOPOM,
T. €. XHJKOCTbIO, NOCTynawInei u3 abcopbepa. ITo yYMEHbIIAET TIOTOK
TEN1a, NPOXOAsAILHE Yepe3 JKHIKOCTHHH TenJoOOMEHHHK, H , cJefoBa-
TEAPHO, He jJaeT NOBHIUeHHS 3ddekTHBHOCTH. BoO3MOXHE H Apyrue
YcJoXHeHHst KoH(HTYpalllid, B TOM YHCJIe TPEXXOHAOBOH TemjaooOMeH-
‘HHK, B KOTOPOM TelJIo0OMeH MEXAY KHIKOCTSMH NMPOHCXOQHT BHYTDH
KaMepsl peKTH(HKaTOpa, NMpHYeM XoJOJAHBLIA MOTOK OT abcopbepa on-
HOBPEMEHHO OXJaXKJaeT Harperyio XHAKOCTh OT reHepaTopa.

Pasfenenne KOMIIOHEHTOB B KOJIOHHE reHepaTopa ITPOHCXOIHT B
pesyJibTaTe B3aHMOLCHCTBHSA ITOJHHMAawIerocs nmapa, B KOTOPOM KOH-
IEHTPAlUMs OBHOrO KOMIIOHEHTA. BO3PACTAET, CO CTEKAIOUIEH MXHIKO-
CTbIO, B KOTOPOHK KOHLEHTPALHs 3TOr0 KOMIOHEHTa yMeHbliaercs. s -
3TOro Mnpoiiecca HeoOXOAHMHE GOJpIIHE TTOBEPXHOCTH, a PacXolX KOMIO-
HEHTOB JOJIKeH OLITh TIKATEJ]bHO pacCUHTaH.

BoJlee npocToii BO3MOXKHOCTBIO ABJISIETCH «aHAJH3aTOP», B XOTOPOM
NMy3bIpbKH mapa 6apOOTHPYIOT CKBO3b 3aNOJHEHHYIO XKHAKOCTHIO KO-
JIORHY C NIepEropoOfKaMH AN yNyYIIeHHs CMENleHHs (puc. 3.27).

ITocko/abKy XOHIEHTPHPOBAHHBIK pacTBOpP aMMHakKa HMeeT MeHb-
Llylo TMJOTHOCTh, YeM BOAA, MPAHEHT KOHUEHTPAUKH B XKHAKOCTH QCTa-
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eTcsi CTaOHIbHBIM, M NOOHHMAIILHKCS ap NO3BOJSAET B ONPeACJeHHON
CTEIIEHH peaJu3oBaTh pasgesncHHe. OCHOBHBIM HELOCTATKOM aHAlN3a-
TOpa SBJSETCH OTHOCHTEJbHO MaJjas MJOILaAb NMOBEPXHOCTH AJA Mac-
cooOMeHa.
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Puc. 3.26. Cxema abcopOUHOHHOTO TEMAOBOTO HAcOCa ¢ HCMOJB3OBAHHEM TemAa OKpy-

X¥amwiuero Bo3jayxa.
1 —ropenxa; 2-—reHepatop; 3 — peXTHHKaTop; 4 -— KHIKOCTHRIl TensooOMeHHMK; & — KORUCH-

caTop; § — Hacoc, 7 — abcopbep; § — BOxAHAA ceThb; 9 — NMOTOK BO3xyxa; /0 — HcmapHTenb.
Puc. 3.27. Cxema ny3blpbKOBOTO PasfeHTeNAs .

1 — NopxHAMaulHeCA NY3bIPEKH napa; 2 — map X XoujeHcaropy; 3 — MeperopoakH; 4 — nopsoj
KHUNKOCTH, § — OTBOJ pacTBOpa.

3.8.2. AGCOPBEP

Abcopbep Hrpaer poJib, NPOTHBOMOJNOKHYIO reHepatopy. Ilpy nus-
KHX 1aBJEHHAX Nap CMEIUMBAETCH C MHAKOCTBIO, HYTO NMPOHCXOAHT C
norjonieHHeM rtemaa. Ha puc. 3.28 noka3aHH Bo3MoxkHHEe cxXeMH af-
copbepos, .

OrMmeruM, uTo abcopOuHsa MoXKeT NPOHCXOAHTh KaK BHYTPH, TaK H
CHapy»XH oXJaXpaembX TPYOOK npH npsiMoTOKe H NMPOTHBOTOKE. B mIo-
Oom cayuae 3ajmaya KOHCTPYKTOpa COCTOHT B ofecrneYeHHH AOCTaTOY-
HOH MOBEPXHOCTH XKHAKOCTH IJsg MmaccooOMeHa. C 910l 1EJAbI0 HEKOTO-
pele ¢HpMbl TPHMEHSIOT BHYTpeHHHe pefpa H [Laxe MeTalJaHYecKHe
CHTa AJid pacnpefeseHus X)XKHIAKOCTH BHYTPH TpyO.

B nenom abGcopbep HMeeT MeHbllee 3HaUYEHHE NJs YCTAHOBKH, yeM
reHepartop, MOCKOJbKY pasaeleHHe XKHAKOCTEH ¢ B3aHMHBIM cpopct-
BOM — onepaiys TpyAHasi; a cMelleHHE — OTHOCHTEJbHO TpocTas.
YMeHplLIIGHHE Pa3HHIB TeMNepaTyp MEeXAY KHAKOCTHIO H OXJaXKpalo-
el cpenoll 34ech BECbMA CYILECTBCHHO, TaK KaK CHJa HacCHIIEHHOro
pacreopa, moxuaaiwiiero abcopbep, Bo3pacTaer ¢ IOHHXKEHHEM TeMIe-



paTypH, 4T0 B ¢BOI0 odepenb yBenHuyuBaer KIID. ITockonsky Temnepa-
Typa OXJiaXkjaloulero notoka (HarpeBaeMHe BO3AYX HJAM Bojga) ompe-
zeasieTcs moTpebHTeNeM, eNHHCTBEHHBIA NMYyThb CHHIKEHHS TeMlepaTypH
pacTBopa COCTOMT B MOAA€pXMaHHH MajoH pa3HOCTH TeMmepaTtyp.

[

Puc. 3.28, Cxemul abcopGepos.

I — oxnaxpgeddblfi BO3AYX; 2 — XXHJIKOCTb H3 eHepatopa; § — map M3 Hcoapartend; 4 — XoHIeH-
TPHPOBAHHAA MHAKOCTp, K reHeparopy; § — oxNakuawu(as Boma; 6 — wap; 7 — KHEKOCTE, & —
CTpyf,

3.8.3. MCNAPHTENDb

- Hcnaputens B abGcopOUHOHHOM LLHKNEe B H3BECTHOM CMELICJIE aHaJso0-
THYEH HCHapHTEN B KOMIPECCHOHHOM I[HKJe. B KOMIpecCHOHHOM
I{HKJIEe OCHOBHAs TpolseMa COCTOHT B NPHCYTCTBHH Macna, H KOHCTPYK-
IlHs N0JXKHA YCTPaHHTb HaKoNJeHHe Macja Ha MOBEPXHOCTH Tenaoos-
MeHa. B a6copOiHoHHOM 1HKJe mnpolbaeMy lpenacraBJjiseT pacTBOpH-
TeJ1b, KOTOPBIH BXOAHMT B HCNapHTENb PAacTBOPEHHHIM B XJaJg0areHre,
HMesl cynlecTBeHHO Oonee HH3KYIO JerydecThb. [Ipocroe pemenne cocrto-
HT B TOM, 4TOOLI 3apaHee pacCUYHTHIBATL HA NPOXOXKAEHHe YacTH XJa-
JoareHTa yepe3 HcnapHTeab K abcopbepy B xuakoi tdase. Ecau gons
KHJIKOCTH BEJIHKAa, 3TO MOXET NOBJHATH Ha 3JHEpPreTHYeckyi 3ddex-
THBHOCTB, HO HeOOJIbLIHE MOCTOSHHBEE TIPOTEYKH MHJIKOCTH MOTYT Ipe-
NOTBPAaTHTL HakomieHHe abcopOeHTa, CHHKAIOMETO gaBJCHHE HCMa-
peHus.

CaeacTBHeM CHHXKEHHS JaBJeHHs B HclapHTese, a 3HA4YyuT, H B ab-
copbepe, 6yneT BHIXOJ HEAOCTATOYHO KOHIEHTPHPOBAHHOH MKHIKOCTH,
H3BectHo npeasoxeHHe NMpUMeHsiTh HeGONbIIOA CTPYHHBIA Hacoc s
NOBHIIEHHS AaBJEHHS MEeXAy HcnapuTeneM H abcopbepom,

B HebonbmHx abcOpOGIHOHHEIX TEMJOBBIX HACOCAX TENI000MEHHHKH
0OHYHO BHINOJHSAIOTCA B BHae TpyOu B Tpybe HAH BHTHIX TPYOOK B KO-

Kyxe. OOmHe pasMeprl oOBIUHO 3Ha-

f ueHHsSI He MMEIT, TaK KaK MajeHb-

KHe CHCTeMBl YJIAa€TCs BBINOJHHTL J0-
\ A\ CTATOYHO KOMIAKTHBIMH.

~
™~
<y
N

NN

4 Puc. 3.20. Inapapanveckuil wacoc nas ab6-
cOp OIHOHHOTO IHKJA,

1 — mopuleHs: 2 — Macao; 3 — pmuadparma; 4 -~ 06-
T pPATHBIA Kjiama.
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3.8.4. TMAPABNIMYECKHMA HACOC

Hacoc nas ®HIKOCTH — 3TO OfHH H3 OCHOBHHIX 3JIeMEHTOB abcops-
IHOHHOTO IIMKJIa KaK 10 CTOHMOCTH, TaK M 110 HAJHYHI ABHKYIHXCH
yacrTeff, UTo oNpenensieT HaJeKHOCThb cHcTeMbl. Hanbonee mpHromuniM
A5t TpeOdyeMOro peXXHMa BLICOKOIO JaBJIEHHS H MaJoro pacxoja npen-
craBjsfieTcsi JHadparMeHHbfl Hacoc ¢ THOpPaBAMYECKOH TNepenauei
(puc. 3.29). Ero nmpesmyugectBa COCTOST B TOM, YTO XJaJ0areHT rep-
METHUYHO oTieNeH aHadparmoh. I'mapaBinyeckas nepepaya BMECTO
MEXaHHYEeCKOH ITOBLIIAeT HaAEKHOCTb paboTh MeXaHH3MOB NPH BHCO-
KHX NaBJIEHHSIX H YMEHbILaeT ONacHOCTh TECUN.

Tnasa 4

NMPOBNEMblI KOHCTPYHUPOBAHMS

4.1. BBEAAEHME

B npexriayumeli raase paccMoTpeHsl HapboJee BaxHble
KOHCTPYKIMH TEMJIOBBX HacocoB. HacTosias rigaBa 1MocBsliEHA HEKO-
TOPBIM BCIIOMOTAaTeJbHBIM CHCTEMAaM, KOTODHle TeM He MeHee O4eHb
BaxHbe. MMeHHo Gmarogmapsi pasBHTHIO 3THX CHCTEM TENJOBbE HACOCH
MOJIYYHJIH OUEHb UIHPOKOE NMPH3IHAHHE.

4.2. CMA3KA

CocTosinMe Macja B TENJOBOM Hacoce y¥e paccMaTPHBAJOChL B
CBSI3H C KoMmIpeccopamH H TemlooOMennukamu. Ho speck oHo Oyger
onucano Goaee nogpobro. Hasnayenne Macna cocToHT B cMaske Moj-
IIHTHHKOB KoMipeccopa. OQHOBPEeMEHHO OHO BBINOJHSET €Ie [Be
GYHKUHH: ofpasyer YmIOTHEHHe B BHTECHHTEJILHEIX KOMINIPECCOPAX H
clerka oxJjaxaaer map.

CMaska MOAUIMITHHKOB NPOHCXOOHT TOYHO Tak ¥e, KaK B aBTOMO-
OHNBHOM BHTaTese, MyTeM 00pasoBaHHs B NMOAIIHMIHHKAX FHAPOAHHA-
MHYecKo# cMaszoyHol naeHkH. JIns rHApoiHHAMHYECKOH CMAa3KH HeoO-
XOAHMMBl ITofa4ya Macja onpeleieHHOR BA3KOCTH B MOAIIHIHHK H OTJe-
JeHHe Baja OT NMOAIIMITHHKA MAacJsiHol mJeHKof, Koropasf MoalepXu-
Baercs 3a cyer Bpaunlenus. Ilogaya macna B NoAIIHITHHK TNPOHCXOAUT
10J naBJeHHeM MacJstHoro Hacoca.

IToxIUHTHHK BBIXOAHT H3 CTPOS, €CJAH MAacJ0o OKa3blBaeTcsi CJIHLI-
KOM pa30aBJeHHLIM XJag0arCHTOM H MOSTOMY HOTEPSAI0 BA3KOCTbH N
€CiIH B Pe3y/ibTaTe KOPPO3MH, CHHXKEHHS /[aBJEHHH HA BCACHBAHHMH
HIH OJOKHPOBKH nepecTan pafoTaTh MacJsHHIA HACOC. HpH HOPMAaJIb-
HHX YCIOBHAX CilefyeT moabHpPaTe Macao ¢ JOCTaTOYHOH BHA3KOCTHIO,
Aonyckatonei snaunteapHoe (mo 20%) pasﬁaBJIeHne, MOCKOJNbKY HC-
KJIOYUTh KOHTAKT MeXaVy XJIaJloaI‘EHTOM H MacjioM HeBO3MOXHO, Ha
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puc. 4.1 moxkasaHo, Kak BA3KOCTb Macla I1afaer ¢ PocToM TeMIepary-
put. Poct maBieHus wiy CHWXKeHHe TeMIlepaTyPel NMPHBOAMT K Bo3pac-
TAHMIO KOJHYeCTBAa XJajoareHTa, pacTBOpeHHoro B Macie (puc. 4.2).
B koMilpeccope xJ1amoareHT Bcerfa meperper; eciu AasleHue U TeMmIie-
paTypa JOCTHTHYT JHHHH HACBIIEHHS, TO XJaJoareHT HayHeT KOHAeH-
CHPOBaThCH.

Pucynox 4.3 npeacrasiser coboli komOuHaluio puc. 4.1 u 4.2,
ITpu nob6oMm 3apgaHHoOM AaBJeHHH, GUKCHPOBAHHOM VCJIOBHAMH palbo-
Thl CHCTEMbI, MAKCHMAaJIbHasS Bf3KOCTb MOXeT OBITh JOCTHTHYTa IyTEM
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Prc. 4.1. 3asucumocrd padkoctH (cCm)  Pue. 4.2. 3aBHCHMOCTb pacTBOPHMO-
Macna or pacrsoperHs (% mo macce) W crH xsapoarenta R1l B wmacne or
TeMIepaTypH. TEeMIepaTypu H JaBAEHHA.

peryJHMpoBaHMA TeMIlepaType KomIlpeccopa, yTo MoXeT  InoTpeboBaTh
OXJaXAeHHS WJH HarpeBa. B KoMipeccopax 4acTo MCHOJB3YIOT 3/leK-
TPHUECKHH HarpeBaTelJIbHBIM 3JIEeMEHT, o0COOEHHO IpM MX OCTaHOBKE.
Hnsa oxnaxaeHnss KoMipeccopa NPUMEHSIOT MOAaYy XJagoareHra.
CMemeHHe XJajoareHTa ¢ MacloM He BCerfa IpOUCXOAMT IIpH
AaBJIeHHH BCachiBAHHA. B HEKOTOPHIX BHMHTOBHIX KOMIIpeccOpax OHH
cMewIWBaOTCs Ha Buixoje. [loBHieHNe HaBieHust YBEeJAHYHBAeT CKJOH-
HOCTb XJ1aJloareHTa K KOHAeHcallMH, a IOBHIIIEHHEe TeMIlepaTyphl jpaeT.
o6patHuil apdext, n 006a BIHAHNSA B3aHMHO YHHuToXKaloTcs. TTockoqn-
KY B pacTBope MOXeT OLITh [0BOJIbHO 00aplIOH 00beM XJagoareHTa,
H3MeHeHNe JaBJIeHHSI B CUCTeMe, ocoOeHHO IIpH peBepce IHKJA ~ A4
nedpocranun (cM. § 4.5), MoXKer BHI3BaTh GLICTPOe BCKHMIAHHe XJafo-
areHTa M BclleHnBaHue Macaa. Jliis mpeforBpanieHus BCHOeHHBAHHS B,
MacJio o0bYHO FO0aBAAIT aHTHBCNeHHBaomue fo6aBku. Macjo Bcer-
Ja TIPHCYTCTBYeT IIpM CXKATHH XJajoareHra, HO ero KOJH4ecTBO B pas-
HBIX KOMIIpeccopax CHJBHO pasjnvuaercs. MuHMMajbHOe CoOfepiKa-
WHE — B HEHTPOOEXKHBIX H JAPYrHX CYXHX KOMIpeccopaX, PemgKo -IpH-
MeﬂﬂeMbe AU TElIOBHX HacoCOB; OHO cocTaplseT. HEQKOJIbKO qacmu,
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Ha MHWJUIHOH, KOTOpLIE Iofla/iy B pe3ylbTaTe YTeueK Hepes ViIOTHeHHe
pana. Mx snusnue nmpenebpexkxuMo Maijo. Makcumanbhoe comepxa-
HHE — Y Mac/loHaNoJHEeHHBX BHHTOBBIX WJIH DPOTAalHOHHBIX KOMIIpec-
copoB. Macio fon¥HO GHTh MOAAaHO B KOMIpeccop, oTAedeHo MHoce
KOMIIpeccopa K oxJaxjeHo. [lomumo oxJaxkaeHns macloM XJagoareH-
Ta JAJA NpefoTBPalleHHs YPe3MepPHOro MOBHIIUEHHS TeMIepaTypH oc-
HOBHas 3ajla4a Macjla COCTOHT B 00pa30BAHHM YIUIOTHEHHS BOKPYT
JABHKYIMXCH YaCTeH, I09TOMY MAaC/JOHANOJNHEHHbE BHHTOBEE KOMMIPec-
COpH NAlOT 3HauMTeJbHO OOJIBIUME [ABJIEHHS, YeM CyXHE. DBHHTOBOI
KOMIIDECCOp HUMeEeT CJOXKHYI0 (opMmy,

OH O0COOEHHO YYBCTBHTEJEH K HOTEpAM A
yepes MaJble 3a30pbl. Macnsubili BUHH- 00
TOBOH  KOMIIpeCCOp He . HyXJAaeTcs 200
B MacJAHOM YIUJIOTHEHHH, 4TO IO3BO- 7g7
JAeT YAYYIUHTS pasMeuleHde MOAUHN- .,
HHKOB 1 cleJlath GoJiee KOMHAKTHOH  ,,
KOHCTPYKIHIO. Porauvonunfi xowmn-

peccop MeHee WyBCTBHTeJeH K mpoG-
JeMe CMasKH, 5

ITopuineBLie XOMIPECCOPHL O KOH-
LEeHTpalUUH Macja HaxomsTtcs B Hpo-
MEXYTOYHOM — HoJoxenwn, Mexay ‘- p v P
1eHTpOOeKHLIMH H BHHTOBHIMH. Mac- ’
JO mollafaeT Yepe3 KoJieHYaToli BaJl  Puc. 4.3. 3aBHCHMOCTb BS3KOCTH
Ha CTEHKH LHJHHApPAa H CHHXaeT ux M;i:;:a STT:S#:P:;M;ZHC ;ggﬁﬁz
H3HOC MOPITHEBHIMH KoJbuaMu. YacThb ?mﬂ o naB"em{g_ y
Macsaa MollafaeT B KaMmepy CXKaTHSA
H BeIOpachBaeTcsi BMeCTe C XJajo-
areHroM. Macao He sBJsieTcsi CYUIeCTBEHHHIM YYaCTHHKOM Ilpolecca
CXKaTusd, ero KOHUEHTpalus olpepeisieTcs KOMIPOMHCCOM MeEXAY
ype3MepHEIM MNorpebaeHHeM Macjla H BBICOKHKM H3HOCOM IUJHHAPA.

Macno monagaer g Harperbil ras B KaMepe cXKaTHs B BHJe TyMma-
Ha. Ero KoandectBo (cHJbHO) 3aBHCHT oT pabounx ycloBHH, HO B
MOpUIHEBLIX KOMIIpeccopaX OHO IpucyTcTBYeT Bcerga. Eciu macaa no-
najaer cJyliKoM MHOrO, TO Ha BHIXOHe M3 KoMIilpeccopa ycTaHaBJHBa-
ercs cenaparop. Macno nopBepraercst cepbe3HOii OHNAaCHOCTH pasJo-
KeHHs. BHXJI0NHOA KlanaH — 3to Haubollee ropsuas 4acTh TENJIOBOTO
Hacoca, BHIIyCKaromias IHeperperbli map ¢ OoJblunolt ckopocrbio. Me-
TaJJyyeckas MOBEPXHOCTb KJafaHa urpdeT poJib KaraJju3aTtopa B pas-
JOXKEeHHH Macha, YTo NPHUBOANT K 0Opa30BaHHIO YepHOTO ocajka Ha
MeraJslle, yCKOpsiioniero pasioxenke. Hepes HekoTopoe BpeMms Hacry-
naer pa3pyllieHHe, MO9TOMY Macjo IpoBepsieTcsd Ha CTOHKOCTh K pas-
JOXeHHIO He TOJbKO IpH HeoOXoZuMo# TeMmIlepatrype, HO TakKixe H B
KOHTAaKTe C XJajoareHToM u o6pasnamMH MeTalNloB, HCHOJB30BaHHBIX
B KOHCTPYKI(HH.

Breicokasi ‘TeMNlepatypa B KOHAEHCATOpe ClOCOOCTBYET TOMY, 4YTO
BCe MacJo pacTBOpfAercsA B XJaJoareHTe H MPOXOAHT K HCIapHTeNl.
Ilpn Hu3Kof TeMmmepaType Macjo H XJaJOareHT MOTYT PasjejHThCH,
ocof6eHHO B HCIlapHiese ¢ XJafoareHTOM CHapyXu Tpy6ok. Irto npo-
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HCXOJHT He IIPH BceX peXHMax paboThl TeIJOBBIX HAacocoB. THNHMuHbIE
YCJAOBHS CMCIUEHHSI MJIH pasfieleHHs Macia M XJajoaredta NoKa3adsbl
Ha puc. 4.4.

Henapurear ¢ xJagoareHToM BHYTPH TPYGOK pacCyHTHIBAeTcd Tak,
yTOOBl CKOpPOCTh XJanoaredra OBlJa JOCTaTOUHOH IJISE cOXpaHeHHs co-

: CTOSIHH# MacjJa B BH/IE TyMaHa, HelpephiB-
HO BO3BpallaemMoro B komipeccop. Ha Bca-
{ CcbIBAaHHHM KoMmpeccopa OOBIYHO yCTaHaBJIH-
BAIOT pa3JyiHyHbie GUIbTPBEI HJIH Cernaparo-
\ pBl MacJaa, uTOOHl NPH CHHMKEHHH CKOPOCTH
OoNpLWIHG KaMJH MacJa nonajaJjH B OTCTOMH-
HHK, a8 He 34cacHBaJHCh uepe3 KJanaHhl
g 7 @ 75 Jgf CHOBa B IIHJIHHAD.

Macao, % ao Macee Eciu B mcnmapurtene xJiajoareHT Haxo-
NHTCA cHapyxu tTpybox (puc. 4.5), To npe-
LycMaTPHBaeTCs BO3BpaT MacJja yepes jpe-
HaXHYI0 cHcTteMy. B 9TOM cJayuae npejnro-
Jlaraercs, Yr0 Macjo CcaMo celapHpyercsi H MHepHOAHYEecKH CJHBaer-
csl, a B OUeHb KPYMHHIX CHCTEeMax BO3BPAaT Macja B CHCTEMY OCYLIECTB-
JAeTCH HacOCOM.
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gy "q’“—:fﬂ_/fp =

] o el m— =
N T — - e
| j L

Prc. 4.5. Cxema HenmapHTeNs ¢ XAag0areHToM CHAPYXH TPYBOK.

1 — gpocCenbinifi kJdapaf; 2 — BCACHIBAHHE, 3 — KHNEHHE XJiafcaréHTa Ha BHemuefl HoBepXuoCTH
Tpy6OK; 4 — BHIXOJ OXJamJaE€MOji BoABl H3 TPYOOK; § — CAHB Macha,

EMECE

Puc. 4.4. I'pannna pasgene-
HHS MacAa K XJaf0arexra.

—

L,
>

HapexHocTs TemioBoro Hacoca B BHICOKOH CTENEeHH 3aBHCHT OT
npaBHABHOTO mond0opa H HMCHOJdb30BaHHs® Macaa. Ilosegenue Maciaa
cleAyeT NMPHHHMATh BO BHHMAaHHe B Ji000M 3/JeMeHTe YCTaHOBKH.

4.3. lUYM

Hebnaronpuarueli s¢dexr, okasuipaeMblli JOMAalHHM HJAH Npo-
MBIILJIEHHBIM IIYMOM, OCOOEHHO B HaceJeHHHX paHoHax, NOBHILIAeT
BHHMAaHHe K IIYMOBHIM XapaKTCPHCTHKaM HOBOro o0OpymoBaHuUs, 0CO-
OeHHO pas poMaluHero ymnorpebieHnd. [leliecoCr, MycoponpoBOJHI,
CTHPAaJbHEe MAalIHHHE, KYXOHHBIE CMECHTEJH CO3nal0T 3aMeTHHIH LIYM,
HO ¢ HHM morpebureip npumupsgercd. OnHako cCHCTeMB OTOMJIEHHS
JONXHB paboTarh HENPEPHIBHO, AHEM H HOYbIO, IO3TOMY Tpebyercs
MeHbIIHHA YPOBCHP IIYMA, XOTH OH H peako pocruraercs. [IpuuynHa co-
CTOHT B TOM, uyT0o HauOoJee BaXKHbIM (akTopoM sBISETCH 1leHa ycTpoii-
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cTB4, a IIYyM MeHee Ba)eH, yeM ILieHa, BHEUIHHH BHI H, B clyyae TeMJa0-
BOr0 Hacoca, 3HepreTHuyeckas 39(PeKTHBHOCTD.

IIpenesapHblii ypOBeHp MIYMA, HAa KOTOPBIH KOHCTPYKTOD [OMMKEH

pPACCUHTHIBATL YCTPOHCTBO, 3aBHCHT OT BBI3BIBAEMOrO MM pas3jpaxe-
nusi. Pasfpaxenye — oueHp CYOBLEKTHBHBIE ¢aKrtop, 3aBHCAIINA oOT
MHOTHX 00cTosTedbcTB. Bo Bpema paGoThl JIOAH MOTYT AONMYCKAThb
GoJabpIHHE YPOBE€Hb LIYyMa, YCM BO BpeMf oTabiXa. Bpems myma Takxke
HMeeT 3HayeHHe KaK B CMBICJIe NPOJO/IKHTEIBHOCTH, TAK H BPCMEHH
CYTOK, .
OueBHpHO, 4TO0 B NPOMHILIEBHOH O6CTAHOBKC CHTyallHd 3HauH-
TQJABHO Tponie. 3Aech cAeAyeT HCKIIOMHTh TOJbKO ype3MepHO T'pOMKHEH
myM M akycruyeckHe paspyumenus. HanGonee rtpygmas curyauus
BO3HHKAeT MPH AOMAalllHeM TPHMCHEHHH TEmJIOBOTO HAacoca NPH BHICO-
Ko NJIOTHOCTH HacelleHH#, T'le pas3jpa)KeHHe Y cocefa MoxKeT ObITh
f6oJblle, 4eM Y BJAanesbplid.

Bpuranckuit craupapr [1] ocHoBbIBaerca Ha pasHuie MeXIy cylie-
CTBYIOI{MM IIYMOBHIM (pOHOM H YpOBHeM IIyMa, BHI3LIBAIOIHM pasipa-
xKenue. [lpepesipnoft  cuyuraerca paswuna B 5 nb. Pasnnua s 10 ob
BbI3bIBaeT ¥anobul. Ecan myMoBoii ¢oH HeHM3BGCTEH, NpeneJoOM CUH-
raetcst 50 nB (cHapyxH), HO OH KOppexkTHpYeTcs ¢ yd4eTOoM dakrropa
BO3MOXHOTO pa3fpaxeHHs, a TakxKe NpHPoOAb H JAJUTEJBHOCTH IIyMa.
BHYTpH noMmeleHust nmpueMaeMbiM YpOBHeM IuyMa cuuraiorcs 30 gb
pasi cnadbHy B 35 1B pas kuabix komHar [2]. Dth 3HAyeHHST KOPpEK-
THPYIOT MOTIPaBKaMH, NPHBeAeHHHMH HuXe (D), a 3aTem npHMeHsIOT
BMecTe ¢ KpHrepusiMu pasHoctu 5 u 10 gb ynomsinyroro Bpuranckoro
cTaHmapTa:

Ypcrulft, ABHO oWyTAMBIE TOH . . . . . . . . . —b
WMnyascubifi HAH nepemexalomufica myMm . . . . ., . —b
IUyM TonbKO B paGoyee BpeMs . ., ., . . ., . . . 4B
HIyM B TedeHne BPEMEHH CYTOK, %:
P
fii L
02— A
05 . . . .o L0 120
0, e 1]
002 . . . . . . . . . . . . . . 4%
QOuenb THXMA npHropoAHmd pafion . . . . . , . ., —b
Ilpuropogumit palon . . . . . . e e 0
Xnunag wactb ropoga . . . . . . . . . . . ., +b
Topox BOam3m mpemmpmATHE . . . . . . . . . 10
3ona raxenol mpomelliieHHOCTRH . . . . . . . . ., 15

Onncannpiii o61mui NOAXOL K npofieMaM IIyMa H HEKOTOpHe mud-
PH cay¥Kar JHWb AJIs OPHEHTHPOBKH B HauboOJee BakHOH 001acTH —
yerpanenusi noMaigHero wyma. CnpasoyHuk no wyMawm [3] zaer noa-
POOHYI HH$OPMAUHIO no 3TOMY Bompocy. KOHCTpykTOpPH TemlioBhHIX
HacocoB HAYT MO ABYM HamnpaBJeHHsM: Ay00 cO3maBaTh HX HAaCTOJBLKO
THXHMH, HACKOJbKO 9TO BO3MOXKHO, JHOO He NMpeBHLIATh YPOBHS IIyMa
CHcTeM AOMAalIHETO UEGHTPAJbHOTO OTOINIEHHS, WYTO INpeACTaBJAsfercH
OoJiee peaJHCTHUHBIM.
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4.3.4. WWYM BEHTMNATOPOB

JloMalHie TemJIoOBhle HACOCH, HCIOJL3YIOLiHE TEMNJI0o OKpyXKalolie-
ro BO3/lyXa, BHNOJHAIOTCA C HCIApHUTedeM H BEHTHJIATOPOM, CMOHTHPO-
BaHHBIMH CHapy*H 3fanus. lllyM cosgaerca npu npoTrekaHuu BO3AyXa
KaK B CAMOM BEHTHJIATOpPE, TAK H B TelJOOOMEeHHHKE.

BentuaaTtopsl fensTCA HA OCEeBhie H IeHTpOOEKHBIE, KOTOpLIE HMe-
IOT JIONIATKH, 3arHyThie BOepel win Hasajd. JI1060i u3 HHX MOXeT OBITh
HCNOJBL30BaH B TEIJIOBOM Hacoce, BHIGOp ollpelensieTcs pa3mMepaMH H
TpebyembiM gaBienuem. OceBoll Bentuastop (puc. 4.6) uMeer HaH-
60JIblIHe pa3Mephl, HO OH 3a4actylo OoJiee yaobeH, NOTOMY YTO MOXKeET
6LITh yCcTaHOBJeH BHYTpH npamoro kaHaiaa, OH npumensercs Taw,

Puc. 4.6. OceBoii BeHTH- Puc, 4.7. PoTopn HeHTPOGEKHOrQ BEHTHAATOPA.
JAATOP.

rne HY:*KHO HEBLICOKOE JaBjeHHe, H MOXeT OHTh OAHOCTYNEHYaThiM
Hau (s 6oslee KpYNHHIX YCTAHOBOK) MHorocryneHuatuiM. liia oueHb
HHU3KHX JlaBjeHull OH HasniBaeTcsl nponeliepHuiM BeHTHaaropom. Oce-
BOH H UEeHTPOGEXKHLIH BEHTHAATOPH! OJHHAKOBOH NPOH3BOANTENBHOCTH
CO3/13a10T OAHHAKOBLIA YpOBEHbL 1IYyMa, HO OT IIYMa OCEBOrO JIierue H3-
6aBHThCcA, TAaKk KakK OO0JblIaf OKpYXHAaA CKOPOCTh [OBHILIAET BKJA
BLICOKHX YACTOT, 4 3JeKTPOMOTOD NOJHOCTBIO 3aRJIOUeH BHYTPH BO3-
ayxonposoja. JlJs BO3AYIIHLIX NOTOKOB C MaJIOH CKOPOCTBIO H MaJLIM
TpeOyeMbIM JaBJCHHEM Yalle BCEro NMPUMEHAETCA OCEBOH BeHTHJIATOP.
Ha puc. 4.7 nokasaubnl poTOpPnl UEHTPOOEKHLIX BEHTHJIATOPOB, B
OJIHOM JIOIIATKH 3arHyTsl Blepell, B Apyrom — Ha3aj; oHH MOTYT OBITh
TaKXe H pajuajbHLIMH. BeHTwisitop c 3arHYTHIMH BIepe] JONATKAMH
6ojlee KOMIAKTeH u TpebyeT MeHbIed OKpYKHOH CKOPOCTH, HO YBeJi-
yeHMe PacXoja uYepes Hero BefleT K NeperpysKe jJekTpoMoropa. Yucio
JIOUATOK YV Hero 6oJibllle, H YACTOTH CO3JaBAEMOrQ IIYMa BhillE, NO3TO-
MY HX Jierde ycTpaHuTh. B coueranuu c Gojiee HH3KOH OKpPYXHOH CKO-
POCTbIO H KOMNAKTHOCTBIO TAKOH BEHTHJIATOP NpPeACTaBJIAET HHTEpeC
IS KOHAEHCATOPa, I'le TpebyeTcd 3aMeTHLI# nmepenaj A aBjeHHH, BHi-
3LIBAIOMIMA THPKYJIAUNIO BO3AYXa BHYTPH KOMHATHI HJIH A0MA.
LlenTpoGexHblf BEHTHAATOP ¢ 3arHYTHIMH HAa3aj] JonaTtkamu GoJee
npurojieH A4 oGUIECTBeHHLIX 3JaHHi, rae Tpebyerca 6osblias MOIL-
HOCTb, 4 INYM He TaK BaXKeH, KaKk B XKMWIHX JoMax. Jlaa Bcex npuno-



XeHHHi OCHOBHBIM CPEACTBOM CHHXKEHHA IIYMa ABJIAETCA CHHXKeHHe,
HACKOQJIBKO 3TO BO3MOXHO, CKOPOCTH JaXe UEHOH yBeJHUYEHHs pazme-
poB. Xopomuf NpAMep MAJOIIYMHOr0 BEHTH/ISTOpa METPONOJIHTEHA B
Heiokacse nokasan Ha puc. 4.8.

4.3.2. CACTEMA TENNOCHABYEHMA

DaxTuueckn Npu HaJMMUMK AOMAINHHMX TEIVIOBHIX ceTell TelJIOBOH
HacoC He JoJaXeH OunTh Oofiee WyMHbIM, YeM OoObluHag cHCTeMa IeH-
TPaJbHOrO OTOIVIeHH#. Bo3jyliHble KaHaJjsl, BOAAHLIC PaJHATOPH HJIH
BOJASIHbIE [AHEJH MOJ [0JOM OJHHAKOBO IPHFOAHM KaK AJNA TelJIOBOrO
Hacoca, Tak M 1A o6biuHOro otomseHuda. IIpn BoagymHOM oTonVeHHH

R

Puc. 4.8. OceBoRt BeHTHAATOP AJIsi METPONCAHTEHA.

BO3HHKAET IIYM He TOJBKO OT BEHTHJIATOPA, HO H OT MECTHHIX CONpO-
TUBJIEHHH, TAKHX KAaK peIleTKH, YrJibl, COeJHMHEHHA, HU3MCHeHHA ceue-
Hua. Boaaymuble KaHAJB TaKXKe CO3AAI0T NPOGJEMbl B CBA3H C 3ATPYI-
HCHHAMH 3BYKOBOH HM30JISIIMH, OTYEro INYM paclpocTpaHAaeTcd u3 of-
HOHl KOMHATHI B APVYIYI0 HJIH nonajgaer CHapyXu 3JaHuAd. B npamom
KaHaJe IIyM CHHIKAETCA CaMONPOU3BOJIBHO, HO TJIyIIEHHE MOMKHO YCH-
JHTh C MOMOLULIO GOJIBLIHX NMOBEPXHOCTEH 3ByKonom0ma10u1ero Mare<
pHaJMa,” HMeloIeroci B 60JblIOM BHIGOPE,

OCHOBHOH HCTOUHHK IIYMa CHCTeM BOJSHOIO OTOILIEHHS — 9TO BO-
AsiHoii "macoc.. Ero BuGpauus MoryT nepenasaThca BOASHHEIMH - TPy6a-
MH BceMy 3/[aHHI0O H BHI3bIBATH Ocofoe pasfpaxeHxe, NO3TOMY H B
OOBIYHEIX, ¥ B TENJOHACOCHHIX CHCTEMAaX OTOILVIEHHA CJefyeT NpHMe:

HATK MaJIOIHYMHbIe HACOCHI,
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4.3.3. KOMNPECCOPbl M KOHTYP C XNAAOATEHTOM

OTH KOMIOHEHTH ONpeAeJslOT He TOJLKO ypOBeHL INyma, HO H
KITH, nostomy 3gecn HeoGXOAHM HekoTopuii komnpowmuce. Has po-
MAIlHHX TEILIOBLIX HACOCOB BHIIOJHO HCHOJL30BATL CNENHANLHO pas-
paboTaHHbie MAJOIIYMHLE 3/JEMEHTH AOMAIlHHX XOJOAHJILHHKOB.

HenpepuiBHulfi mym u BHOpalHa cO3A3I0TCA ABHXYUIUMHCA YacTH-
MH KOMIIpeccopa: NMOPIIHEBLIMH HJIM JIOMATKAMH, KJAMAaHOM, BAJOM H
Motopom. [IpoxoxaeHHe XJaJ0areHTa B KOHTYpe TaKXKe BLI3LIBAEeT He-
KOTODLIH 1IYM, HO CPABHHTEILHO He6GoMaLIIOoH.

HenpepbiBHLIH IIYM MOXHO CHHXAThL C NOMOHILIO PAa3JHYHBIX Me-
PONPHATHI: CHHXeHHEM CKOPOCTH KOMIIpeccopa, NMpHMeHeHHeM poTa-
ITHOHHOTO0 KOMIIpeccopa BMECTO MOPIIHEBOrO, OTKA30M OT NPHMEHEHHA
KJ1alaHOB, KaK B HEKOTOPHIX POTALHOHHLIX Kommpeccopax. Ilopmne-
BHI€ KOMIIPECCOPHI CJAeAYeT XOpollo 6ajanCHPOBATb JJA CHHXEHHUA
BHOpALMi ¥ MOHTHPOBAaTh Ha BHOporacfuleM ocHOBaHHH. Buifop xJaa-
JOoareHTa MOXKEeT BJAHATb Ha YPOBEHbL INyma, Mnpelncurureled 6ollee
NJOTHBLIA Nap, HO eCJH ¢ HHM CBA3AHO MOBLINICHHE JAaBJEHHSA, TO MO-
XKet OBITh ¥ o6partHbiil adderr. Hekorophie foMaitue X000 HILHHKH
HMEIOT aTTEHIOATOPH B KOHTYPe XJAajoareHTa, CHHXKAIOIIHE IIyM Ma-
pa, BXOJAAIIEr0o B KOMIPECCOP H BHIXOAAILErO M3 Hero.

Ecau BCe ykasaHHBe MeTOAH He AAIT HeOOXOZHMOro CHHXKEHHS
IyMa, NPHMEHSAIOT JBA PaJHKaNbHBIX CPEJCTBA: Pa3MeNnlajOT KOMIIpec-
COp CHApYXH 3JlaHHA HJIH 3aKJIOYAlOT ero B 3BYKOHENPOHHIIAEMYIO Ka-
mepy. O6a ati Mertoa 5hGdEKTHBHL, HO HX NPHMEHEHHe 3ATpYAHACT-
cq nopbilleHHeM croumocTH U cHuXkeHdem KOIIL. TIpu ycraHoBKe BHYT-
PH 3[aHHA KOMIIPECCOP OT/JAeT HacTh Tellla OKpyXamwlue# cpeje, KOTO-
pOe NOJHOCTBIO TepsAeTcd, ecld OH YcraHoBJdeH cHApyxu., Ilaoruad
3BYKOHU3OJIAIMA  CpPaBHHTEJILHO Jiopora M Boi3biBaeT mpobJeMnl
oxJaxJaeHdqd o60pyAoBaHAA, -

Iepemexaromuiics WYyM TemJI0BOA HACOC CO3MaeT NpH NEPHOAHYE-
CKOM BK/JIIOUEHHH M BHIKJAIOUEHHH H MNepHOAHYecKOR jgedpocrai(du.
Illymar pele d CONEHOWAH, NEPEKMIOUAIONIHe KJAANAHBLL, a NYCK HJH
H3MEHEHHe Harpys3kH KOMIIpeccopa co3jaerT MOBLIINEHHYIO BHOpAIHIO.
Jlyumum cpeactBom 60ph6LI ¢ MEPHOTHUECKHM IIYMOM TAKOro COpTa
CAVKHT NPONOPIHOHAJLHOE VYIpAaBJAEHHE, IPH KOTOPOM KOMIpeccop
paboTaer HenpepLIBHO, HO NpH NOHHXKEHHOM CKOPOCTH, DTHM He TOJb-
KO HCKJIOYAETCA MNePHOJHUYECKHH CTAPTOBHIH IIYM, HO TAKXe CHHXAeT-
¢4 H YpOBeHL HempepbiBHOro myma. [IpHHUHNHANLHLIM NPENATCTBHEM,
Ha 3TOM NYTH ABJAETCHA HLIHEIIHASA BHICOKAs CTOHMOCTL NPHBOAA C Me-
peMeHHO# ckopocthio. Ilepemennasd ckopoOCTh — OJHO H3 rJIaBHBIX TIpe-
HMYIIECTB anBo,u,a OT ABHraTe/eilf BHYTPEHHEro CropauHd, pPaccMoT-
PCHHLIX B Il

Hpyrue CpezLCTBa CHHXCEHHA NEePHOIHUECKOro WIYMa COCTOSIT B HC-
NOJL30OBAHHH HHBLIX METOJOB jAedpocTallid BMeCTO peBepCHPOBAHHA
(cm. § 4.5), a TakxKe B pasrpyske KOMIOpeccopa mepej NyCcKOM, TaK UTQ

* XoTst pBHrateJib BHYTDEHHEr'O CrODAaHHSI H MO3BOJISIET DEryJHPOBATh CKOPOCTb,
ero BPAJ JH MOMHO CYHTATh MeHee IUYMHHM, YeM SJEKTpoiBHrateab. — IIpum. nep.
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NOJNHAasA CKOpOCThL HaGHpaercd HEHArPYXEHHLIM KOMIIDeccOpoM IMepes
MOCTYILUIEHHeM XJajoareHra. Bce aTH coobpaxenus cieayer NpHHATDH
BO BHHMAaHHe HA PAHHHX CTAJAHAX KOHCTPYUPOBAaHHA.

4.3.4. NPMBO OT ABMUIrATENSA BHYTPEHHETO CTOPAHMA

IIpedMymecTBa H HEJIOCTATKH TAKOTO NPHBOZA OGCYXJAJIHCh B
ri. 3, a 3/leCh HYKHO JHIIL A06aBHUTL, YTO XOTA CKOPOCTL PeryJHpyeT-
cfl JIErKO, 9TH ABHUIaTeJH CPABHHTENLHO INYMHH H rJylleHHe HX yMma
OCYHICCTBHTh TPYAHO. EaHHCTBEHHOe
YTELICHHE COCTOHT B TOM, YTO 3BYKO-
H30JIMpYIOIa% Kamepa OJIHOBpeMeH- 45
HO CHHXaeT W NOTepH TeMnJa, 4YTo I0- /
BHINAET CTENeHh YTHAH3AUMM Teia % 7
OXJMaxAallel BOJOH, a cJeJoBa- // - &
tTeanHo, 1 KITJ. B npomMuimsaeHHBIX Sy _ ACE80 | ™~| %
YCTaHOBKAX STH COOGDaXeHHs MeHee Acso0
BaXHHl, 3/1eCh YPOBEHL IyMa JOCTH- a)
raer 70—90 1B no cpaBHenHi W
c 30—50 OB a8 JOMAINHHX CHCTEM. s izy Go0 2000 8000
Ha puc. 49 npuBeseH  TenJjoBof o b TG #6060

CIEKTP NPOMLIIIJIEHHOTO XOJOAHJBHO-

;
ALT680
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XonaoaHabHHKa (6) H nuliecoca (8).
H HH3KOro ypoBHA LIyMa HACAJLHBIA TENJIOBOH HAcoc JOJXKeH HMETL
POTAIHOHHLIA KOMIIpeccop NEepeMeHHOH CKOPOCTH H IPYHT B KauecTBe
HCTOYHHKA TeMJa, YTo HCKJIOYAeT BKJIOUEHHE H OTKJIUeHHe, Jedpo-
CTalH[0 U BEHTHJANHOHHLIA IIyM HCHapHTEd, YMEHbIIAA B TO XKe Bpe-
M IIyM KOMIlpeccopa H xJajoareHta. [Ipm 3TOM He NOHHXKAaeTca 3p-
(heKTHBHOCTb, HO KAMUTAJOBJIOXKEHHA YBEJIHUHBAIOTCA.



4.4. QNEKTPOLABUT ATEID

Ecian tennoBoii Hacoc peryaupyercss ¢ NOMOMIbIO BKJIIOUEHHS HJIH
OTKJIOYEeHHS], IPOHCXOJHT HECKOJbKO BKJIKUYEHHH B yac. Ux uucio 3a-
BHCHT OT IOCTOSIHHOH BpPeMeHH CHCTEeMHI H TeMIIepaTypHOro HHTEpBaJa
TepMocTaTra {ecJH OTKJIOUeHHe NPOHCXOAHT NMPH 22, a BK/IIOUEHHe NPR
20° C, unrepBaa cocrasasier 2°C). OOGbIYHO HCIONB3YETCH aCHHXPOH-
HBIfi ABHTaTeNb C KOPOTKO3AMKHYTLIM POTOPOM.

ITyckoBOft TOK B TeueHHe HeCKOJNBKHX CEKVHA MOXeT B D pas mpe-
BoiHIaTh cpefAHuit pabouunit. I1yckoBofi TOK co3jaeT npobJieMbi, B TOM
yHucJae H AJaA 3JeKTpocHabGxalomeii cetd. IlepexoaHnlii npouecc B ceTH
MOXKET BBI3BATh OCJalbJ/ieHHe cBeTa H BJHATH Ha 3JCKTPOHHOE 06OpY-
JOBagHe, XOTA 3TH 3ddeKTH HeBeJHKH. DpHTaHCKOE MHHHCTEPCTBO
9HepreTHKH OYeHb TOPAUTCA . KAUeCTBOM 3JIEKTPOCHaOKEHHS H CcOmpo-
THBJISIeTCH JI060H BO3MOXKHOH yrpose emy. OrpaHvueHHe nyckoBoil
MOLIHOCTH Tpebyer BBelcHHSA N06ABOYHLIX CONPOTHBJEHHH, KPOMe TO-
ro, MOTOp J0JXKeH ObiTh 3alIHNIEH OT ONPOKHALIBAHHA B cJyyae
CPHIBOB B KOMIIpeccope, HHaue OoH OwicTpo neperpeercs. IIyckoBoi ToOk
MOXHO YMEHBIIHTh HJH HCKJIIOUHTh PAa3JHUHHIMH cIOCODAMH, HO BCe
OHH, K coxajleHH10, aoporu u cHuxaior KI1J. Pagukanpusiit meroq —
3TO- IPUMeHEHHe HPHBOAA C PeryJlHpYeMOH CKOPOCTBLIO, 4To obecneuH-
BaeT ynpasJieHHE NPOH3BOAHTEJIBHOCTBIO H MOBHILIAET 3HEPreTHUECKYIQ
spdextaBrocTb. K coxanennio, pery/iupoBaHHe CKOPOCTH ACHHXPOH-
HOro NpHBOJA HeJemeBo U cHUx aer KIT.

B HekoTOpHIX KOMIIpeccopax npeaycMOTpeHa GafimacHas JIHHEA,
paboraomas npd Habope CKOPOCTH A0 HOMHHAJIBLHON, YTO NOMOraer
CHH3HThL €CJIH He 3HaueHue, TO JAJHTEJIbHOCTh NIYCKOBOro TOKa. [ pyroe
pellleHHe COCTOHT B 3aMeHe IIPOCTOrO BKJKIUYEHHSI B CETh BKJIOUEHHEM
Ha [TYCKOBBIE CONPOTHBJEHHA HJH, AJIf TpeXxdasHblX ABUraresel, nepe-
KJIIOYeHHeM CcO 3Be3Jn Ha TpeyrojapHHK. O6a Meroga Npeanosaaralor,
YTO KOMIIPECCOPLE He TPeOYIOT MOBHILIEHHOrO MOMEHTa A NycKa.

B Aurnun paa npusona Medpme 0,75 kBT npumeHsior ofHO(a3-
HbI# HHAYKUHOHHBIH MOTOD ¢ €MKOCTHBIM [YCKOM. BKJIOueHHe KOH/eH-
catopa AaeT 3Q@eKT BpameHHs MO/, KOTOPHIH He cO31aeTcsl HPOCTO
onHodasHsiM TOKOM. Bosee kpynHule gBurarteau ofuiyHo TpexdasHuie,
HX NpSIMOE BKJIOUEHHe B CeTh AONYCKAeTCd JIf BKJIIUYEHHS MOLIHOCTEMH
no 3 kBr. B CIUA opnodasubifi npusBos AonycKaercs u Ajas GOJbIUIHX
MOINHOCTe#, KaK, HalpHMep, B TemJIOBHX Hacocax Becruuraysa, ucobl-
TaHHLIX DJIHCCOHOBCKHM HHCTUTYTOM [4]. ¥ HHX opHObasHuili NpHBOJ
MOUIHOCTBIO 0 3,5 KBT ¢ cOOTBeTcTBEHHO 3HAUHTENBHBIM NYCKOBHIM
TOKOM. TpyAHOCTh B MpHMeHeHHH Tpexda3HOTO NMHTAHMsA AJAA AOMAIl-
Hero HOTpeﬁ,ueHuﬂ COCTOHT, BO-NIEPBLIX, B MOBBIIIEHHUH CTOMMOCTH [0
CPaBHEHHIO CO CTOHMOCTBIO OAHO(A3HOrO H, BO-BTOPLIX, B OMACHOCTH
nonajfaHus, 4eJIOBCKa MO MeXJHHeHAHoe HanpaXeHue 440 B. [Tostomy
LIHPOKOro NpHMEHEHHA TPeXda3HOe MHTAHHe He NMOJYUYUJIO. i

Hpyroe pemenne cocTOMT B Npeo6Gpa3soBaHHH OJHOGMA3HOrO HHTA-
HHA B Tpex(da3HOe c MOMOWIBIO THPHCTOPHOrO Npeobpa3oBaress, KOTO-
PHIA MOXeT AaBaTh H NMEPEMEHHYIO CKOPOCTh; pellias cpasy aBe npob-
dembl. [Tpn HaMHYHH perynupyeMoll. CKOPOCTH Hcye3aeT npobiaema
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IIYCKOBOrO TOKA H MNOsBJserc BO3MOXKHOCTL  NPUMEHEHHA KPYNHBIX
TPeXxd a3HblX MOTOPOB, €CJH TOJBKO MO3BOJSET MONIHOCTh Tpexda3HoH
cetd. CTOHMOCTh TakOH CHCTEMHB 3HAUHUTEJNbHA, HO OHa ONpPaBJbIBaeT-
¢4 MOJyYyaeMLIMH NPEeHMYUIIECTBAMH.

JonosHurennbnag npobjeMa HCNOJb30BaHHUSA SJIEKTpOIlBHI‘aTeJIeH
COCTOHT B HEH30SKHOM CHHXeHHH KO3hdHUHEHTa MOIMHOCTH (COS Q).
Muunncrteperso sHepreTHkH 3acraBisier notpebHTeNell  mIaTHTH 34
3TO, U 3ayacTyIO GLIBAET BLIFOAHO GOJBIIHM NpEeLNPHATHSAM MNOBHIIATH
KO3¢hGUIHEHT MOMIHOCTH ¢ MOMOWIbIO BpapjaloWUXcAd CHHXPOHHEIX
KomneHcatopoB. KoHeuHo, KamXblii OTAENBHBIH NOTpeGHTENL He3HauH-
TEJIbHO CHIXKAeT KO3(pGhHUHEHT MOIIHOCTH, HO INHPOKOE IpHMEHEeHHE
TEIVIOBBIX HAcOCOB co3jiaeT npobJemMy, AJf peleHHs KOTOpOH norpe-
6vercs JONOJHHUTeJNBbHAd omaaTta * or norpebHTedei,

Hecmorps Ha OTMeuyeHHble TPYAHOCTH, 3JeKTPOABHratean obecne-
yuBaer YAOOHbBIA H HafdexHbl# npusold. HecomMHenwo, 4rto gaxe npu
HIHPOKOM pAa3BHTHH ra3OMOTOPHBLIX TeIIOBHIX Hacocoa 3JIEKTPON PHBOJL
COXpPaHUT IVIaBEHCTBYIOICE NOJOXKEHHE,

4.5. REDPOCTALLMA

¥ awboro TenyoBoro Hacoca, HCMNOJB3YIONIEro TEIIO OKPYXKAKnie-
ro BO3jyXa, UCMapUTEJb NOjABepraercs OOJeeHEHHI0 H3-3a. OXJaXkKje-
HUs BO3JyXa Hcnapsiomumcs Xaapoarentom. Mcnapuredan cocrodT u3
paga TpyboK C XJIaf0areHTOM, KOTOPble ¢ BO3JAYIIHOH CTOPOHBI cHAab-

Puc. 4.10. OpebpeHude HcnapHTeeH.

* B oroft CBA3H CJAelyer OTMETHTh IPEHMYIIECTBO KPYMHBIX TeIVIOHACOCHLIX
yCTaHOBOK MO CPABHEHHIO C MEJIKHMH, TaK KaK Ha HHX yCTAHABJHBAIOTCH TONBKO CHH-
XPOHHBLIE MEKTPOJABHIATENH, KOTOPHE He CHHXAlOT KO3ddHUHeHT Momuocm B sHep-
rocucTeMe H Jiaxe MOTYT €ro MOBLULATE. — ITpun. nep.

— 87 —



XeHsbl NJacTHHYATHIME peGpaMu AN o6eciieueHHst XopoOwero Temioo6-
mena. IIpoxox mexay pe6pamu cocraBasier 2—4 mMm (puc. 4.10).
KoHeuHo, nekoTopoe obJefleHeHHe AONYCTHMO, HO Yepe3 HEKOTOpoe
BpeMs OHO MOXKeT BO3DACTH HACTOJIBKO, YTO CJOH JnAa co3gacT Tell-
JOBOH 6apnep MeXAY BO3AYXOM H XJAJ0ATEHTOM, a 3aTeM H COBCEM
nepekpoer nyth Bo3ayxy. CKopocTh HAKOIJIEHHS JbAa H COOTBETCTBY-
mas 4Yacrora jJedppocraydH 3aBH-
CAT OT KOHCTPYKUHH HCHApUTENs H
OKpYKAIWHX YCJI0BHHA. XapakTepH-
CTHKH HeOOJILINHX TEMJIOBLIX HACOCOB
npHuBeAeHH B pabore [5].
Pucynox 4.11 nokassiBaer, uTO
C TOYKH 3peHHs Jedpocrauud GoJjee
NpHEeMJIEME KpalHHE 3HAUSHHA TEM-
nepatypHoro rpaHka No cpaBHEHHIO
¢ TeMmneparypo# sosJe 0° C. 31o cnpa-
. BEIJIHBO J/fl OTHOCHTEJLHONH BJIAXKHO-
R . 57 CTH Buime 80%, ee BauaHMe cosjaer
CYUIECTBEHHYIO pa3HHUY B UYaCTOTe

Puc. 4.11. 3apHcHMocTb uacTo- e
C B . -
Tl pgedpocrauHH OT OTHOCH- LeppocTauH CHIA u Anramu. He

TeNbHOA BAAXHOCTH @ H Temme- CVIGAOBAHHS IJJHCOHOBCKOTO HHCTHTY-

pATYPH CYXOTO TEPMOMETpA. ta [4] nokasajd, uto Jedpocrauus

B CIIIA tpe6yer 0,5% mnoano#t remio-

BOH MOILIHOCTH, TOTAA KaK B AHIJHH DJjekTpHuecKHii coer [6] cunra-

et GoJiee BepoaTHHIM 1—29,. 3TH 3HaUCHHA He YUYHMTLIBAIOT HONOJHH-

TeJbHBIX MNOTepL TEMJa, BLI3BAHHLIX [AedpocTauHel, YTO NPHBOJHT
K HEKOTOPOMY CHH2KEHHIO 3HepreTHUeckoH 3(¢heKTHBHOCTH.

S

S

=

Yucrna quxnald § cymee

4.5.1. METOflbl NEPPOCTALLMM

Takux mMerosioB HeckoanLKo. EC/iM TenioBoli Hacoc peBepcHBeH, KaK
9TO jeJaercs IS YCTAHOBOK, u3rorosijennunx B CIIIA u umnoprupye-
MBIX B Hacrosiiliee Bpemss B EBpony, Aedpocrauds OpOH3BOAHTCH pe-
BepCHPOBAHHEM TellJIOBOTO HACOCA Ha KOPOTKHH InepHoJ, B TeueHHe
KOTOPOTO HCHAapHTeNbh CTAHOBHUTCA KOHJAEHCATOPOM H TEMIEpaTypa ero
nosuimaercsa. Bo BpeMst 3Toll onepandd BHeIIHHA BEHTHJIATOP MOXKHO
OTKJIOUHTL, YTOOHR TeMmeparypa TenJooOMeHHHKA OBLICTpee MOBLILA-
dack. C neanjo KOMIEHCAUHH HA BpeMd JAedpocTalMd BRIKOYAETCH J0-
NOJHHUTENLHBIA HATPEBATENb.

JT10 3JeraHTHoe peilieHHe npobiemMu AedpocTauuH, 0COGEHHO, eCaH
yyecTh, YTO MHOTHE TelJIOBbie HACOCHI KOHCTPYMPOBAJH Kak BO3AyIl-
HBLI€ KOHAHUHOHEPH KPYIVIOTOAHUHOTO AeHCTBHSA, T. €. YCTAHOBKH, pe-
BePCHBHEIE N0 cymecTBY. B atoM ciayuae Bce KJIanaHul H aKKYMYJISITO-
PH IpeAycMOTpeHbl H Tpebyercs JAONOJHEeHHe TOJLKO B BHie CHCTEMH
ynpaeiaens. OcHOBHOR HEJOCTATOK COCTOMT B TOM, 4YTO OTKJ/IOYEHHE
OTPHUATEJNLHO BJIHAET HA MOTOK XJAAaJ0areHra, B UACTHOCTH K HAKOCTDL
MOXKET NONACThL B KOMIPECCOpP, KOTAa BHYTpEHHHH TeMJOOOMEHHHK Ha-
ypHaeT paboTaTh KAk Hcnapdrean. IlpesentusHoM Mepo#li fBJAsercs
YCTAaHOBKA JKHJKOCTHOTO AKKYMVJISTOPA Ha BcacuBalomieH JHHHH
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(puc. 4.12). Takag zamura BnoaHe YAOBJETBODHUTEJLHA, HO OHA NOBLI-
ImaeT H3HOC KOMIIpEecCOpa BCJEACTBHE NOCTOAHHOrO H3MeHEHHA YCJo-
BHH Harpy3xH, u caumaer KOII u3-3a TemIoeMKOCTH MHIKOCTH B aK-
Kymyaarope. Eciu tenioBoit Hacoc HepeBepcHBeH U PACCUHTAR TOMBKO
Ha Harpesanue, cjellyeT NOAYMATL H O APYTHX MeroAax JAedpocTaluH.

Ecay ux uafity He yJgacTcf, TO TEIJIOBOH HACOC npHAeTcd JejaTb pe-
BEPCHBHLIM TOJLKO s 1ueqaed gedpo-

CTalHH.
Jpyrax metofoB Heckosanko. Ilpes- p
JOXEHO, HalpHMep, VCTaHABJHBATDL J

N

3JIEKTPOHATpPEBaTE/ILHbIE JEMEHTRI BAOJIb
peGep HcnapdTeasi, XOTH 3TO JOBOJBHO
I0poro M cHHxaeT 3P(PeKTHBHOCTL pe-
Gep B HOpMaJbHOR 3Kcmiayarandd. Jpy-
roe npe/JIoXKeHHe COCTOHT B IPHMEHEHHH ®
CTpyH ropsiued BOJABI, KOTOpLIE CJEAYET
NpaBWILHO HanpasBuTh. [Ipedsarandcn Puc. 4.12. Pesepcumunit Temio-
TaKe HCMApHTENH H3 IUIOCKHX NMJACTHH, PBOH HAacoc € MHIKOCTHLIM aKKY-
C KOTOPHX J€I onajaeT KycKaMH NpH ;’;’;:;?POM Ha CTOpOHe BCachl-
MeXaHHYECKOH OYHCTKe H He TPebYeT ;i cucarop: 2 — wersipexxomo-
MjaBJeHHA. 3JTa CHCTEMAa [PHBOJHT  BoR KpaH; 3 — aKKYMYAATOD XKHJ-
KOCTH, 4 — KOMOpeccep; 5§ — Hcnma-
K YBeJHYEHHIO o6beMa MCNAapHTeNsl, TAK  paremw
KaK TONLKO opebpeHHe NO3BOJAET MOJY-
YHTL JIOCTATOYHYIO [OBEPXHOCTL B MajJoM obbeme. Bulio nposeseHo
MHOTO MCCJICOBAHHH 110 BHISICHEHHIO BJIMAHHA KOHCTPYKUHUHA HclapHTe-
Je#l Ha obaelenenne., BaphupoBaJHch TaKHe NapaMeTPH, KaK UHCIIO
padoB TpyOOK, mar opebpenus M pacxon Bo3ayxa [7, 8]. Ecau ucnapu-
TE€JL ONTHMM3HPOBAH N0 MHHHMYMY 3SKCIJYAaTalHOHHBIX 3aTPAT C yue-
TOM MOULIHOCTH BEHTHJATOpPA, TO pacxXof Bo3jlyxa OyJeT MeHbile, yeM
ONTHMAJLHbIH ¢ TOYUKH 3peHHsa JebpocTAalMH, TaK KaK NOBLIMIEHHE
pacxojla BO3AyXa CHHXKAE€T CKOpocTL obJeleHeHud, N0 KpaHHed wmepe
NpH TeMmIepaTtype Bo3zAyxa Boime 0° C. dkcnepuMeHRTH OLLIM NpoBee-
HBl ¢ yBeJHUEHHeM mara opebpenus A0 12 MM, a TakxKe ¢ nepeMeHHHIM
1aroM opeGpeHus, Korla pebpa IHPOKO pPacloJIOXEHHE HA IPaBoOM psi-
Ay TpyOOK HCAPHTEJS C UEeNLI0 HAKOILIEHHS JnJa, 4 Ha HOCJAEeAYIOmHX
psajax paccrosiiHe Mexay pebpaMd yMeHLIIAeTCH AJS YIYYIIEHHS
TeNJI006MeHa, ITO JOBOJbHO CJAOXKHASA KOHCTPYKLHS, H BPHAJ JH OHA
MOJIyYHT INHPOKOE PacnpoCTPaHEHHE.

Ecan Tennopofi macoc ¢ Mcnodb3oBaHHeM HH3KONOTEHLHAILHOTO
TEIJIAa OKPYXKAIOUIETO BO3AYXa NOJYUYdeT €uie M BHCOKONOTEHIHAALHOE
Ten1o (ab6CcopOUHOHHLIA UMK MM ra3oMOTODHLIN NAPOKOMIPECCHOH-
HLIA IHKJI), TO MOXHO NPHUMEHSTL AJf AehpocTalud c6pocHoe TEMJIO.
Hanpumep, cbpocHoe Temlio oT BHxJONA ABUraTeNsi BHYTPEHHEro Cro-
paHus OOLIYHO N0GABJIAETCH K TemAY OT KOHAEHCATOPa TEIUIOBOro Ha-
coca, HO €ro MOXHO 3((PEeKTHBHO HCMOJAL3OBATL AJAf NEpPHOALHYECKOH
JedpocTalyH, N0JaBas BLHIXJION HAa UCHADHTEND.

Ha Bpuranckofi ucenefoBarensckoii cranuud p Cosuxalje co3iaH
IKCMEePUMEHTANLHBIM TENJIOBOH HACOC, HA KOTOPOM HCCJAEAYeTcs 3TOT
MeTOJ{ e POCTAUMH C LEIBI0 €ro MOCJAeAYIOIEro MHPOKOro NPUMeEHe-
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HHA. 37ech BBIXJIONHLIe ra3nl OXJAaXKAaI0TCA He CJAHIIKOM CHJILHO H IO-
9TOMY COJEpXKAT GOJBINYIO A0JI0 Baard. B aGcopOUHOHHOM TENJIOBOM
Hacoce MOXeT OHTh NPHMeHeHa oueHb 3deKTHBHAA Kamepa cropa-
Husl, 1al00Ias BHIXJIONHLIE Tra3bl OpPH TeMmnepartype He OGogee 100—
200° C. Ecan MX NMOJAMEIIHUBAThL K [IOTOKY BO3[yXa 4epe3 HCHAPHTED,
TO 0oOJlefieHeHHe (haKTHUECKH MOXKET YBEJIHYHBATBHCS B YCJOBHAX OYEHb
xoJi0HoH noroaul. Ho B 11e/0M TemoBbie Hacoch ¢ OrHeBhiM O6Orpe-
BOM HMEIOT XOpOIIHe BO3MOXHOCTH MJA JAedpoCTAalHH ropsaydM BO3-
JYXOM.

4.5.2. YNPABNEHME RE®POCTALMEA

HautGoisee spko BelpaxeHubl appexr o6pa3oBaHus Jbla COCTOHT
B. YBeJHYEHHH Nepenajia AaB/leHNH B BO3JAYIIHOM NOTOKe uepe3 ucha-
PHTENb, YTO 334acTyIO M HUCHNOJAB3YeTcsl KaK CHrHaJ JJs HayaJja Jaed-
pocTanMH. JTOT METOJ He BcerJa V/IOBJETBOPHTE/NEH, TaK KaKk HyX-
flaeTcsl B NPOCTOM H HAaJeKHOM JaTuuKe JaBjcHuA. B oJiHOH H3 KOH-
CTPYKUHH I H3MEPCHHA A AaBJjeHHS HCIOJNb3VIOT YIPYryld MeMOpany,
HO OHa JIErKO BHIXOJHMT H3 CTPOSl IPH CWIBHOM BETPe U OYeHb UYBCTBH-
TeJbHA K MECTY YCTAHOBKH, J106as omiu6ka B BEIOOpEe KOTOPOro BeJeT
K CHUXeHHIO 3((heKTUBHOCTH IHKJA.

Bosee HagexHbi METOA COCTOMT B TOM, YTO H3MEDSIIOT Pa3HOCTh
TeMIepaTyp MeX1y BO3JAYXOM H XJa/l0areHTOM, KOTOpas OCTaercs
MOYTH NOCTOAHHOHA NpH JIOGBIX YCJIOBHAX, NOKa He HauuHaercd obie-
Aenende. Torna Temneparypa xJajoareHTa najaer, H 9T0 CAYXKHT XO-
POIIMM CHrHaJOM (aKTHuecKOfl HeoGXOAMMOCTH AedpOCTALHH.

Tperuii MeTOJ COCTOMT B NPOCTOM H3MEpeHHH NPOMEXYTKa Bpe-
MeHH Nocje npeAblaymei gedpocraidd. TOT METOJ, OYeHb HaJeXeH H
BIIOJIHE YAOBJETBOPHTENEH NpH Pa3quuHBIX ycaoBusix. OH jgonoJaHser-
cil OTKJAIOUeHHeM JedpocTaliH, eclH TeMmllepaTypa Bo3AyXa I[peBHI-
maer AoNycTHMEIH npefen. Ha nepBuifl B3risd, 3TOT MeTOA 3HEpPreTH-
yecKd Hedh(eKTHBEH, HO 3TO He OUYeHb CYIecTBEHHO, TaK Kak poJoJ-
XHTENbHOCTh AedpOCTallHA 3aBHCHT OT KOJHYECTBA YAAJAAEMOro Jbja,
a SHeprus, 3aTpauvBaeMasi Ha yiajleHHe KujorpamMma Jbjaa, Hese-
JHKA.

ITpu medpocTaunu peBepCHPOBAHHEM ee MPOJONKHTENLHOCTh pPe-
I'YIHpYeTca O TeMllepaType WJAH JAaBJIeHHIO XJajJoareHTa, INOKH/alo-
wero ucnapurens. Korga jen yaaded u uMga AedpocTauHd 3aKOHUEH,
TeMllepaTypa M jAaBieHHe Bo3pacraior. He caeayer upesmepHo 3arg-
THBATh 1[HKJ JedpocTallid, HO BpeMs LHKJIA JOJXKHO OBITH JOCTATOU-
HbIM, 4YTOOB! paclaBjeHHHIH Jej ycnesa cTeys, H60 B NPOTHBHOM CJaY-
yae oﬁ.neAeHeHHe HauHeTcs cpa3y Xe, Korjia 1HKJI TelJoBOre Hacoca
BOCCTaHaBJIPlBaeTCH

4.5.3. HEOBXOAMMOCTh YCOBEPLUEHCTBOBAHMA

XoTq Teopuss M NPAKTHKA AedPocTallud NYTeM pEBepPCHPOBAaHHUSA
yiKe JdeTaJbHO H3YUEHHI U HMEeTC 3HAUHTEJLHBEIH ONLIT 3KCHIYATalHH
9TOTO METO/a, CYUIECTBYIOT Cephe3Hble OCHOBaHHs /IS NOHCKOB nam,-
HeHIIHX ycosepmeHcTBOBaHnn
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B ycaosusax Esponnt TemiioBoft Hacoe HOJKEH BbiaepKUBATH NMPH-
mepHo 1500 umkiaos gedpocrauuu B rog no cpaBHenuio ¢ 500 mukia-
mu B8 CIIIA. D10 okaswiBaer CymecTBeHHOe BJIHsSHHe HA HAEXKHOCTS,
XOTA ee TPYAHO BLIPA3HTb KOJdHuecTBeHHO. CYHIECTBEHHO TAaKXKe, yTO
TENJIOBOR Hacoc g kauMara EBponml se obs3arelpuo A0JdXKeH OHTH
peBepCHBHBIM, NO3TOMY MNpejicTasdsier O0ALIIOA HHTEpec pa3paborka
HCIapuTeJsi, KOTOpPhifi He NojBepraercss 06JegeHeNHI0, UTO YMEHBINH-
JI0 OBl CTOUMOCTb KOMIIOHEHTOB TEMJIOBOID Hacoca.

HauGosee BaxubiM (pakTopom fBasieTcsl sHepretHyeckas sddek-
THBHOCTb. HepeBepcHBHHIH TemIOBOA Hacoc HMEET KOMMEPUECKYIO
IIEHHOCTb TOJBKO NMOTOMY, 4TO cnocobeH SKOHOMHTBH TOIIMBO, NMO3TOMY
HepreTHueckass 3G(EKTHBHOCTL — 3TO IJIaBHEIH napamerp. Panee
OTMeuanoch, YTo 3a Bpems jAedpocTamud Kommpeccop norpebaser
okoJa0 1,5% Bcelt sHepruu Aada KauMaTa AHrIHK. DTH pacyeTH He y4H-
THIBAIOT AONOJHHTEJNBHOro Temja, HeOOXOAHMOIO s NoAJepxKaHHA
Temneparypsl B Nomemenud. s ero pacuera ciaejyer sHare KOII
TEIJIOBOro Hacoca, Korja oxXJaxjaaercsi BHYTPeHHee NpPOCTPAHCTBO MMO-
MelEeHHs U HarpeBaercs Hcnapdreab. Ero Tpyaso onpefenuts ¢ Heob-
XOJHMOH TOYHOCTBIO, MOCKOJBKY pa3HHIla TeMnepatyp ¢akTHuecKku
OUeHb MaJla, HalpuMep HcNapeHHe npoucxoiuT npu 5° C M KoHAeHCa-
must npu 20° C. Ilonoxkum, uro KOII pasen 6. Toraa mnotpebienue
SHeprud npu gedpocranud cocraBur 1,5%+6-1,5%, 1. e. 10,5% mnoJ-
HO¥ norpebiasieMOR SHEPIrHH.

[IpuBeseHHbIA pacyeT sICHO MNOKashBaeT HeOGXOAHMOCTL YueTa
BJAUAHHA KaXJOTO H3 KOMIOHEHTOB Ha 9HepreTHueckKylo 3sddhexTus-
HOCTh HAacoca B IiejoM. DBoiurpoin B adderktusHoctu Ha 10% moxer
OKa3aTh pellamllee BJAHAHHE HAa KOMMEDUECKHE ycneXx HJIH NpoBaJ
TelioBoro Hacoca. IIpuBelleHHble pacueTh He BMOJNHE peaJHCTHYHHL,
TAK KaK B HHX NpeANoJarajoch, UTO BCe TeIUIO, NOTEPAHHOE NPH JAed-
pocrauyH, nonogaudercs sJjaekrpouarpebaresnem (KOIT=1), toraa kax
Ha NpakTHKE 4acTb 3TOro Telsla JaerTcsl CaMHM TeIUIOBLIM  HaCOCOM
(KOIT=3). 3ta uvacTe BpsAA JH MOXKeT OLITh CyllecTBEHHOHN, Tak Kak
OKpyxalolasa teMmieparypa NpH HaJHUHH CHIBHOro obJelcHeHHS Ha-
Xoautca B npefeaax or —2 go +4°C. -

B s3ax/aoueHne orMeTHM, YTO H306peTeHHe HeoGMep3alOlEro HCHa-

PHTEJNS CYIIECTBEHHO pPacllHPHI0 OH pLIHOK TeIVIOBBIX HACOCOB, 0OCO-
OGenso B EBpone.

4.6. OBCNY)XMBAHUE M HAOAEXHOCTD

IIpn gomamHem NpUMEHEHHHM ~ HAJ€XHOCTL 344acTyIi0 CUHTAeTCH
MeHee BaXHOA MO CPaBHEHHIO CO CTOHMMOCTBIO, TeMm GoJee UTO JaHHLIE
N0 HAAEeXKHOCTH Y PasjIMUHLIX NPOH3BOAHTEJNEH TPYAHO MOJYYHTHL H
conocrasuTb. Hepelko pellleHne npuHHMaeTcd No NPHHUHMNY ECAH 9TO
JAOpoXe, 3HAYHT OHO OoJiee HAAEKHO», UTO BPAJL JM MOXKHO CUHTATH
Cepbe3HLIM OCHOBaHHeM JJiaa 3arpatsl npumepHo 1000 dyuros (B
AMrIuu) Ha cHCTeMY UEHTPajJbHOTO OTOMIEeHHA. TeIloBoli Hacoc
YMeHbplIaeT rOfoBLIe 3aTPATH Ha TOMJHBO, HO 3Ta 3KOHOMHS CHHXKa-
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eTcs H3-3a VBEJIHUEHHS CTOMMOCTH SKCIIVATallid N[O CpaBHEHHIO CO
CTOMMOCTBIO 3KCIVIyaTallii OGLIYHBIX OrHEBHIX CHCTEM OTOIVICHHS. -

B KoMMepueCKHX WM NPOMBILIEHHHIX INPHJIOXKEHHAX noTpebu-
TeJb Bcerjla JOMKEH Ae1aTh HeOOXOmuMble CONOCTAaBJCHHS.

4.6.1. PECYPC

Henasuo B CIIA 6siin onyGJapKOBaHH pe3y/abTaThl HCCAEHOBa-
HHUSL pecypca H CTOHMOCTH SKCILIYATalWH pa3/HYHOre temiocHabxalo-
wero obopyaosannus, nposenenHoro ASHRAE, Co6pannnie y norpe-
OGutesed AaHHBie ObLLIH craticTHUYecKH o6pabOTaHH ¥ MOKa3aHO cyule-
CTBEHHOE pa3jHure mexiay rpynnamu obopynosanus [9]. Tlpusenen-
HOe B OTUETE BpeMs KCIUIyatallin o60pyA0BaHus yKa3aHo B Tabu. 4.1
Kag /Uil TEIJIOBLIX HACOCOB, TaK M s KOTJIOB, KOHKYDHDYIOILHX
C HAMH Ha PLIHKe, a TaKxke JJs HEKOTOPOro JApyroro oG0OpyAOBaHHs.

Tpertba u yerBepTas KOJOHKH TabJa. 4.1 NOKa3HIBalOT BpPEMs 3KC-
miayaraluus, B KOTopoe yKjaaauBalorcsa 25 u 75% paccMOTpeHHHIX 06-
pa3uoB, 4TO jJaer npejcTaBieHue O pa3bpoce gaHuuix. CoriacHo Hc-
CJIE€/IOBAHHI0, OCHOBHOH (haKTOp, ONpefeAsIOmUNA BpeMs IKCIIyaTallkH,
5TO MOpaJibHOe ctapeHue o6opyaoBaHus, T. € Aub0 NOsBJAEHHE JYyY-
mero obopynoBaHus, Au60 H3MeHeHue norpebGHocTeli v norpebuteds.
[TIpuBeneHHbie NaHHBIe MOXHO HCNOJAB30BAThH AJAS OUEHKH BpEMEHH

Ta6anuma 4.1. Bpema axcnayaTaunn TenaocHaGxaromero 0GopyAOBaHHA

IMoxHoe mpeMs sKcMryaraundd, rof, | Kossuecr-
BC HCCJIE-
OGOPY.EOBaHHe JOBAHHEIX
cpendee 925 % 75% yYCcTaHcoROK
ArperipopaHHHe TENJIOBHE HACOCH:
Ha BO3AyXe AOMAIHHE 11 10 12,5 12
Ha BO3AYXe oOmiecTReHHbIN 15 11 15 13
Ha BOAE OGIECTBEHHHH M MpOMBIL- 13 10 20 8
JleHHKA
Korau:
NapoBOH, cTa/jbHHe BOZAHHE TPYOH 30 20 40 30
napoeofl, cTafbHHe OrHeBHe TPYGH 24 20 30 14
NapoBofl uyryHHL 30 20
BOAOTPEAHHA, CcrajbHMe  BOJAHHE 24 20 27 12
TpYOH
BOJOTPeHHHHA,  cTa/bHHe  OrHeBHe 23 17 30 16
TPYOH
BOAOTrpPEHHKN UyryHHHHA 30 20 40 13
ArperupoBaHinte KOHARIHOHEPH:
BO3LYUIHHA qOMAliHHI 14 8 20 29
BO3AYWiHHA OOWECTBEeHHHA W Mmpo- 15 10 20 48
MBRIJIEHHHA
BONAHOE OXJaXKJeHHe, INeKTPHUeCKHH 16 10 20 17
XonogunabHoe 0GopyAoBaHHE:
MOpIiHEBble KOMIPECCOPH 18 12 20 7
BOLOOXJIAAHTENb MOPIiHEBOA 19 15 20 34
HeHTpO6e K Hul i 25 20 30 28
abcopbumonnniit 24 20 30 16
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XKU3HK NpPH SKOHOMHUYECKHX pacueTaxX, HO OHH He OTpaXaloT OTHOCH-
TeJqbHON HaJeXHOCTH pa3JruHbX 06pa3uos o60pynoBaHnd.

Kpome MopajibHOro crapeHusi o6opyaoBaHue TpeOyeT 3aMennl NpH
NOJOMKE ONHOH H3 rJaBHHIX KOMIIOHEHT, KOTOpBble CJHIIKOM J0pOro
pemMoHTHPOBaTh., [lJsi TEMJOBBIX HACOCOB — 3TO MOTOpP C KOMIpecco-
pOM HJH TEIIOOOMEHHHKH.

[TonmoMku KoMnpeccopa YCKOpsIlOTCS Npu pabGore Ha npenene tem-
neparypul WK JaBJeHHs, Y4CTOM DEBEPCHPOBAHHH WM BKIIOUECHHH —
BLIKJIOUEHHH. JTOMY CcNOCOGCTBYIOT pas3/oXeHHe XJajoareHra Win
MacJgaa, NTOMNaX UEeHTPOOEXHOro KoMIlpeccopa H mepenoJHeHne XKuj-
KOCTHOrO MOpPIIHEBOro Kommnpeccopa. Pecypc mamupsl Bo3pacraer NpH
pabore, KOrja 3TO BO3MOXHO, Ha MOHWKEHHOH CKOPOCTH, NpHMEHEHHH
cTabWIbHBIX ~—— MPEHMYIIECTBEHHO CHHTETHUECKHX ~— Mace&sl W Tia-
TeJHHOM TEMNEPAaTyPHOM KOHTPOJIE.

Tennoo6MeHHHKH OOBIYHO pa3pyllalOTCsi H3-3a KOPPO3WM Ha CTO-
poHe, NPOTHBONOJOXKHOMA XJajoarenty. XOTsl CYIECTBYET MHOIO MEpO-
NpHATHA N0 NPEAOTBpall€HHI0 KOpPPO3HH, OHH OOLIYHO JOpPOrH H He
BCIOAY NpuMeHuMbl. EMHHCTBEHHHIH nyrh NpeAcKa3aHusi KODPPO3HH B
TEMJIOOOMEHHNKE XJ1af0areHT — XHIKOCTHL C TEXHOJOTHUYECKHM IOTO-
KOM, COJepXAlIHM BOJY, COCTOHT B MOMEIICHHA HCIBTYEeMOro obpasia
B peaJbHOE MECTO KCILIyaTallid ¢ HaTYpHOH KOHUEHTpalHeH BellecTB,
TeMIEePaTyPHO-BPEMEHHEIM UMKJIOM, CKOPOCTBIO NOTOKAa H CTENEHDLIO
aspauum.

4.6.2. OECNYXUBAHUE

Bce ofcnyXknBaHne JeAUTCA Ha ABE OUEBHHEIE KaTEropun: IJIaHO-
BOoe M HeljaHoBoe. llenr nporpammsbl MUIaHOBOro OGCAYXKHBAHHA CO-
CTOHT HE B HCKJIOUCHHH BCEX IOJOMOK, a B YMeHbIIeHAH O61eHd CTOH-
MOCTH JKCIUIyaTalpH. 3aTpaTul Ha NpeaynpeXkAcHre NOJOMOK 4YacTo
3aBHCAT OT NOCAeACTBRE NOJOMOK, Eciu cHcrema oxJdaXkaeHus obcay-
XKHBaeT KOMNBIOTEP, ee BHIXOA M3 CTPOSI CTOHT OYeHb AOPOro, Tak Xe
KaK M OCTAaHOBKA HEKOTOpPHIX [MpOUECCOB MACCOBOrO IPOH3BOACTBA.
JJas TemJIoBHIX HacocoB, cCHaOXKEHHHIX NONOJHATEILHLIMH HMCTOYHMKA-
MH T€ILIa, HEeCKOJbKO MNOBLIAIIKMHE CTOMMOCTL YCTAHOBKH, BLIXOJA H3
CTPOsl He BelleT K JONOJHATENHHHEM 3aTparam, Tak uTo 0c0060 HajexX-
HbI€ 3alIUTHLIE MEPONPHUATHA He TpebyloTcs.

ITnanoBoe o6ciyxuBaHue NOBHINAET pecypc 060pYAOBaHus. 3/eCh
XOpOIIHM NPUMEPOM CJYXKHT CBOe-

BpEMEHHAsl 3aMEHAa KOMIDECCOPHO-  T.gauma 4.2. CTOHMOCTS
0 Mac/a, NOCKOJIbKY NpPH AJHTENb-  obeayXKuBaHKS
HOM €ro HCNOJBb30BaHKH 3aMETHO

E
BO3PACTaeT ero KHCJAOTHOCTh. CromMocTs, aonn. /(roa-u%) | Q&8
CpenHsia CTOAMOCTH OGCIyXKH- 1k
BAaHHS CHCTEMbl TEILIOCHAGKEHUsT U 535
BeHTHJSIUHKM B IOJ Ha KBaJpATHLIA cpemann | 25% | 75% | 344
Merp oO6cayXuBaeMoji IO aaH
[9] npusenena B raba. 4.2. Co- 1,6329 | 0,753 ‘ 2,5833 | 24
nocTaBAsIOck OOcCayxuBaHue AByX 11| 1,1916 | 0,7635 | 1,6729| 9
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ypoBHeli: tun | — ouens riiatenntoe, a tun 11 — yacruuno naanosoe,
a YaCTHUHO HellIaHOBOE, N0 Mepe HanobGHocTH. Pasuuma B 3aTparax
OKa3ajach HebOJBINON.

Kax m3BecTHO, NOJOMKA MeJKOH KOMITOHEHTH MOXeT BH3BAaTh
Goabumiit ymep6, ueM noJoMmka kpynhoi. B tabu. 4.3 npuBeneHst npu-
UHHBl BLI30BOB TEXHHKa JJIs1 peMoHTa 163 TemioBhIX HacocoB, ycTa-
HOBJICHHHIX B XHJBIX B OOLIeCTBeHHBLIX 37aHHAX, 3a 3 roja [4]. Her
HeOOXOJANMOCTH TNpPHAAaBaTh 3HaUeHHe pasHHlle Mexay obciaeloBal-
HHIMH TEILIOBBIMH HACOCAMH H MecTaMu Hx ycraHoBKu. [las kowcr-

Ta6nnuma 4.3. CTaTHCTHKA PeMOHTHHX BH30BOR

O6utecTBeHH ble Kuavle
I
sicno | waew | g Baono | wacw | gt

Kowmnpeccop 2 13 1,56 10 11,5 | 4,4
ODNIeKTPHYECKHH KOHIEHCATOP KOMIIpec- 20 2 8.9

copa
BryTpenunit peHTHASTOD 2 3 1,5 2 7 0,9
PeMenb BUYTpeHHEro BEHTHAATOpPA 24 1,5 [ 18,2
Hapy®umil BenTHasTOp 3 — |14
DneKTpHUECKHil KOHJeHcaTOp HapyxHo-| 13 2,5 9,9

ro BeHTHAATOpA
Ynpabiente mOTOKOM 4 7 1,8
Jlpocceabunifi KAanaH 2 13 | 1,5
Pesepcapyomni Kianan 1 — 0,8 4 6 1,8
Ilporpammubiii KoHTpOAED ' ' 19 45| 8,4
Tnapknit mpesoxpaHuTeNb 1 — | 0,8 6 2,5 | 2,7
¥npaenenne pedpocrauned 5 — | 3.8 3 — 1,4
Pene 5 2,56 [ 3.8 16 4 7,1
KouTakrop 1 4 0,8 13 2,6 | 5,8
Oﬁcny_?xananne yIpaBieHHs pedpocra- 1 —_ 18 6

uHel
OGcenyKHBaHHe KOHTaKTOpa 4 |25
PemonT Teuen 2 4 4 2,5
O6cnyxHpakHe MpOrpaMMHOrQ KOHT- 5 2

poinepa
OGcnyXknBanne BHeliHero BeHTHJSTOpA 13 2
Job6arneHne xmanoaredra 5 13 7 2,5
Jlpyrie BL30BM 39 2,5 95 2,5
Boi3oBR 110 06c1y K HBAHKIO 103 246
Cpenxee yHC/IO 9acOR Ha BLI3OB 3 3
UHC/IO BLI30BOB HA YCTAHOBKY G rOX 0,78 1,13
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pVKTOpa BaXXHO yyecTh, uTo Godee 90% BH30BOB [Js peMOHTa CBsi3a-
HO CO BCIOMOTaTeJbHLIM OGOpYyAOBaHHEeM H JHIIL MaJjas yacTb — C
ocHOBHbEIM. KoHJeHcaTopHl, pelie, COJEHORIE H BHK/IIOYATENH TpebyioT
K ceGe cepbe3HOT0 BHHMAHHs sl NOBLIILEHHS HAJAeXKHOCTH TeIIOBLIX
HacocoB. PHIHOK B TeueHHe AJHTEJNLHOTO BpPEMEHH He MOT ONPaBHTHCSA
nocje cepuu nyGaMKalHA O MOJOMKaX KOMIIOHEHT, YTo OcoGeHHo Ipo-
spigoce B CIIIA B Buae cHuMXeHHs NpojaXH TEJIOBLIX HAaCOCOB
B xouue 60-x rogos. ITocaennne ucciaenosanus [10] nokasuiBaloT, uTC
nauHHast ¢ 1968 r. HHTEHCHBHOCTb INOJOMOK KOMIOHEHT HEYKJIOHHO
CHHXKaeTCs.

B npoMuulIeHHOM CeKTOpe KapTHHa HHas. 3jech OoJiblliee YHCIO
yacoOB HCNOJb30BaHHA B IOAy M 60Jiee BHICOKOE KayeCcTBO BCIOMOra-
TeNBHOrO 000pYAOBaHMs, YeM B JOMAIIHUX yciaoBuax. OcHOBHOe 3Ha-
yeHHe Npuobperaer XHMHUecKoe Bo3/leHCTBHe Ha obopyaoBaHue. Ten-
JO0OMEHHHKH cieflyeT NepHOAHYECKH NOABEpPraTh peBU3HH H OYHIMIATH.
O6pa3nsl Macja HeoOXOAMMO OTNPABJIATL Ha aHAJNN3 JJIs1 ONpejeseHns
NPOAYKTOB pPa3JjoXeHHs XJaJoareHTa WJAH MeXaHHyecKux paspyuie-
Hud. Boo6lle MOXHO OTMETHTH, yTO J1000e MNporpeccHpyiolliee Hapy-
ImeHHe MNpeXje Bcero npossiaser cebs B Mmacie, KOTOpoe HeHCTByeT
KaK XOpOIUHMH WHAMKATOP HOpMaJbHOH paboThL.

Yt06L KOHKYPHPOBAThL C OCHEBHIMH KOTEJBHBIMH, TEIJIOBOH HACOC
HOJKeH ObITh paccuntad Ha 25—30 ser skcniyaraunu. Tako#it pecype
npH OpHeMJIeMOll HaJeXHocTH Tpebyer TUIATENLHOTO KOHCTPYHpOBa-
HHSI KaK OCHOBHBIX, TaK ¥ BCIOMOrarteJbHBIX 3JeMeHTOB YCTaHOBKH.

FTnasa 5

TEMJNIOBbLIE HACOCHI B JOMALLHEM
TENNOCHABXEHMM

Haun6osee mupoxoe npuMeHeHne TeILUIOBOH Hacoc Ha-
mieJ B fOMallHeM TeIIOCHAOXKeHHH H KOHAHLIMOHHPOBAHHM BO3AYXa,
B ocob6ennocra B CIIIA, 11e Tpebyercs KpyIIOroAnyHOe KOHAKRUHAOHHPO-
BaHHe: OXJaXJeHKe B JeTHHe Mecslb ¥ HarpeB B 3iMHHe. PeBepcHB-
Huifl TeNJIOBOH Hacoc, pewalMni o6e 3ajaun, Beinyckaercs yXe 30 Jer
1 siBJfieTCA IKOHOMHYHLIM H HaJeXHBIM. . .

B EBpone, rae KaIMMaTHueCKHe YCJIOBMsI TAKOBBI, YTO, NO KpakHeH
Mepe, AJs HHIHBHAYAJIbHLIX 31aHHH KPYTJAOTOAHYHOE KOHIHIUHOHKPOBA-
HHe He HYXKHO, GoJjiee NMepCNEKTHBHONH CHCTEMOR sIBJAETCS OXHONIEeIeBOH
TeIVIOBO# Hacoc. B cpaBsdennn ¢ o6LIUHBIME CHCTEMAMH LE@HTPaJJIBHOTO
OTONJIEHHS M0 CTOUMOCTh W SKCIJIYyaTalHOHHbLIE pacXoAbl HAXOASATCA HA
npuemiaemom ypoBHe. OfHako 10 HacTosllero BpeMeHH H3-3a CIEpXKH-
BaIOUIHX SKOHOMHYECKHX (DAKTOPOB M OTCYTCTBHS NMPHTOAHOrO 060pyno-
BaHHs ¥X KOJuuecTBo B EBpone 6blio ouenp MaJgo, Torga kKak B CIIA
YHCJIO AOMAIUHHX TeMJIOBHX HacocoB Gosee MHJIHOHA.
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B sT0fi rnaBe ONHCHIBAETCS NPHMEHEHHe TENJOBHIX HACOCOB B XKH-
JLIX 3JaHUAX, AAI0TCSA [IPHUMEPHE YCNEIHOH YCTAHOBKH MMEIOLIHMXCA B
Npolaxe arperaros, a TakxKe 0OCYKIAIOTCs] BO3MOXHOCTH AadbHelllle-
I'0 pa3BUTHS.

5.1. PONb AOMALUHMX TENNOBBLIX HACOCOB

Tensaossie HacocH B MHAMBHAYAJABHBIX XHJABIX A0MAaX AOJXKHHI Bhl-
NONHATHE (QYHKUHH, 33BHUCALLHE OT MECTHHIX KJHMATHUYECKHX YCJAOBRHH.
B cuiay BLICOKO# CTOMMOCTH 000PYyAOBaHHA ueM 60Jibllie QYHKUHA BHI-
NONHSIeTCS, TEM JYUIle.

ITepBHuHAas HEPrys 3aTpauuBaeTCs HA OTOMJIEHHe, BO3AYIIIHOE KOH-
IAIHOHMPOBaHHe (TaM, rlie oHO HeoOXoAuMO) u ropsiuee BoJocHabxKe-
une. [Tomumo sToro, 3Heprusd 3arpaunBaercs Ha JAOMAIIHHE XOJAOAHIb-
HUKH AJs XpaHeHusl NPOAYKTOB NUTAHHUS, a TAKKe JIJsd NPUTOTOBJIECHHSA
IHILH, OCBemleHHe W Ap. ArperupoBaHHLIi TENJOBOH Hacoc AOJKEH
o6ecrneuuBaTh OTONJEHHE W KOHJAHIHOHHPOBAHHE BO3YyXa COBMECTHO C
YACTHYHLIM NIpHMeHeHHeM JONOJHHUTEALHLIX HarpeBarte/eH, Korga 3Toro
tpebyer NOToAa B JAONYCKAIOT SKOHOMHUeCKHe ycaoBHs. JKenareanHo
TAKXe HCNOJb30BaTh TEIJIOBOH Hacoc, XOTs1 OBl YaCTHYHO, AJs AoMall-
Hero ropsavero pofocHabGxeunss. TemnoBoll Hacoc MOXKET BHINOJHATD
TaKKe H PYHKUHH XO0J0JHJBHHKA, MNOCKOJBKY, KaK YKa3biBaJoch BO
BBEJCHHH, OHH B NpHHuMNe uAeHTHuHE. Ho gomamnunii  Xo0/0AHJALHHK
MOIHOCTBIO 0Kod10 0,5 KBT, BKAIOUAsT 1 riay6oKoe OXJaxK/IeHHe, HEe A3er
BO3MOXKHOCTH HCIOJAb30BaTh cOpachiBaeMOe UM B KOHJEHCATope TeIo
B cymecTBeHHbIX wmacmTatax. Oguako B 06mecTBeHHLIX 34aHHIX H
B NMpPOMBINLICHHOCTH, KaK 6yleT IMOKa3aHo jaJee, KOMOHHHpOBaHHOe
OXJaxKeHHe ¥ HarpepaHue JlaeT 3aMeTHuIH 9KOHOMHUECKHH 3 dexT.

5.1.1. OTONNEHME

TennoBolt Hacoc MOMKET HCIOJNB30OBAThL PAa3JHUHBIE HCTOUHHMKH HH3-
KONOTEeHUHAJBHOro TEJa, OTAAaBas ero B KOHAEHCATOpe NpH NOBBIllEH-
HO#l TeMmmepaType NOTOKY rasa, XXHJAKOCTH HJH TENJIOBOMY AKKYMYJsd-
TOPY, KHIAKOMY HJH TBepAoMY. B GoablIHHCTBE cAyYaeB HCNOAbB3YeTCs
BOJsIHAsI CHCTEMa LIEHTPAaJBHOI'O OTOIJIeHHS, B KOTOPOH ropsiuast BoO/a
UHPKYJIHpPYET K paAuaropaM B KaX/JoH KOMHATe, HJH BO3AYIUHAS CH-
CTeMa OTONJIEHHs, B KOTOPO# HarpeTuifi BO3AYX MNOJAdeTCs K KaxI0H
KomHate no kananam. Illupoko npumensiorcs Takue KOMHaTHLHE Harpe-
BaT&IH: PAJAHATOPL, AKKYMYJ/SIIIHOHHEIE YCTAHOBKH H KOHBEKTOPHI KaK
LONOJHHTEALHBIE HCTOYHHKH TelJaa. TeMneparypa B cHCTeMax Dachpe-
neseHus tenda uamenserca ot 40 ans BosAymHEX cucrem go 100°C
B BOISIHEIX MJH NMapoBLIX chcTeMaX. THNHYHAA TeMNepaTypa BOAH OKO-
Jao 75° C.

ITocKoibky 3¢ heKTHBHOCTL TEIJIOBOTO HACOCA CHJLHO 3aBHCHT OT
TEMIIepATYpEl KOHAEHCAUHKH, MHOTOKPATHO NOAYEPKHBAJOCh, 4TO AJA
TEMJIOBHX HACOCOB XeJNaTeNbHO CHUXKEHHe TeMNepaTypsl pacnpeiene-
Hus tenna. OueBrAHO, YTO NpH YBEJHYEHHAH NOBepXHOCTH TENI00OMEHA,
HalnpuMmep ¢ NOMOMIBIO MaHeJedl B 110aaX, CTaHET NMPHrOJHOR Temnepa-



typa 50° C. IToBuimeHne pacxoga UHPKYAHPYIOMIETO BO3AYXa NO3BOASET
CHU3UTH ero reMmneparypy Ao 35° C. [Ipaktnueckas peanusauusi 3THX
TEHACHIHH B HOBHIX 3/laHHSX CMOXeT paJHKaJbHO H3MEHHTH OTHOIIE-
HHE K TEIJIOBLIM HACOCAM. . .

CHCTeMBl LeHTPAJIBHOTO OTOIVIEHHs OOGLIYHOTO THNA ¢ KOTEJIBHLIMH
BHYTPH 3J1aHHs o0ecneyuBaloT M BCe JoMallllee ropsuee BoJdocHabxe-
HHe. 3T0 06CTOATENBCTBO CJIEAYET VUHTHIBATL NP KOHCTPYHPOBAHHK
TEIIOBEIX HacocoB. OfHaKo oTONIeHHe Tpebyer GOABIAX 3aTPaT HEp-
rHH, YeM ropsiyee BOJOCHAGKeHHe, 1 B AHINIMK OHM COOTHOCATCS KAk
60—65 u 209 [1].

Aurvu u APYrHX eBpomeficKHX CTpaHax HauboJee pacnpocrpa-
HEHa BOAsIHAS CHCTEMa OTOILICHHS, HO TaM, Tae Tpebyercss Kpyrioro-
AnvHOe KOHAHUHOHHPOBAaHHEe, NpHMEHSIETC paclpefeleHie HAarperoro
WIH OXJax/IeHHOTo BO3Ayxa. BoaaymHas cucrema Xopollia AJs1 BHOBB
CTPOSIIUHXCS 34aHKHH, HO NIpH PEKOHCTPYKUHH OHa cJoxKHee, yeM BOJS-
Has, rjie HCNOJAL3YIoTesa TPpyOul HeGONBIIOro AMamMerpa AJs NMoJAauu Bo-
ABL OT Kotaa. BosaymHas cucrema Tpebyer KaHaloB GOJBLIOrO ceye-
HHS, KOTOpHIE TPYAHO YCTAHABAKWBATL B CYIIECTBYIOMIKX 3)AHUAX.

Kak oronurensHoe ycTpoRCTBO Tem/IoBoli Hacoc He 06s33TeNBHO
AOJIZKEH CHYXKHTh UEHTPaJJH30BAHHOR cHCTEeMOHR, o6cJyKuBalowmed He-
CKOJIbKO KOMHAT. BrosnHe Moryr GuIThb yCcTAHOBJEHH MHAHBHAYAJLHBE
KOHNUHOHEPH B KAXK/JA0M KOMHATe CO CBOHM KOMIIPECCOPOM H KOH/EH-
CaTOPOM, BHCIIHAM H/H BHYTPCHHHM HCTOYHHKOM TelJa A5 uclapure-
Js1. B obmieM, TenioBtie HacOCH COCOGHH KOHKYpHPOBAThL ¢ GOJBILIHH-
CTBOM OOBIYHBIX CHCTEM OTOILIEHHS ¥ KOHAHUHOHHPOBAHHS.

5.1.2. TOPSUYEE BOROCHABXEHME

[Tomumo oTOMJIEHHST ¥ KOHAHUHOHHPOBAHHS BaxHOH (YHKUHEH Tel-
JOBOr0 Hacoca, onpeledalomieli ero NpUMEHHMOCTDb, SIBASIETCS ropsyee
BOJOcHa 6K eHue.

B 60/bmuHCTBE 0TYETOB 00 HCCAEA0BAHHAX POJIK TEIJIOBLIX HACOCOB
B OyAymeM OCHOBHLIM CUKTAETCSI OTOIVIEHHE, o XpalHeH mepe aJia yc-
noBuit Aurien. 1o yreepxkAaerca B pabore [2], Ho ofHOBpeMeHHo OT-
Meuaercsl, UTO ropsiuee BoAOCHAOKEHHe W BOCCTAHOBJEHHE TelJa CTa-
HoBATCA BCe 6oJsiee BaXKHBIMH IO MEpPe POCTa TEHACHUHH K CTPOHTE/b-
CTBY MaJO3IHEPrOeMKHX JOMOB H <IOJHOCTBIO HHTEIPHPOBAHHLIX CH-
creM» ¥ OCHOBaHHHIX Ha TeNJOBEIX Hacocax. [IpuMep nopoGHoOro AoMa
KOHCTPYKuuu dupwmel Philips npuBegen Huxe B 9108 r/1aBe.

OnHaKo npy 3TOM BLINAJAET M3 BHAY OCHOBHasi mnpoGiieMa — NpH-
MeHEeHHe TellJIOBHIX HACOCOB B 'YK€ CYLECTBYIOMUX 3/anusX, npobrema
3aMeHbl OJHOH YCTAHOBKHM, Aalome#l oJHOBPEMEHHO M ropsuee BOJO-
cHabxenne (LEHTPaJJbHOH KOTEILHON), TENJOBHM HACOCOM, CNOCOGHREIM
TAKXKe 0AHOBPEMEHHO pemarth o6e 3aaaun, Kak 6yger Noka3aHo HHKeE,.
5Ta npobJieMa CBA33Ha ¢ 2KOHOMHYHOCTBIO HCHOJB30BAHHS HH3KOTEM-

* Tepmun «fully integrated» ewe He nawen ajJexBaTHOro BHPAXKEHHA B OTEYeCT-.
BeHHOH JHTepaType. MiMeloTes B BHAY MUJHIZ ¢ MOXHLIM HCMOMB3OBAHHEM HE TOJLKO
c6pocHoro Tensia, HO H XHAKHX CTOKOB C MAKCHMaJbHOA KX OuHCTKOM. — ITpum. nep.

4_ 3ak. 1007 — 97—



IePATYPHOrO BHELIMEro TeIVIOBOr0 MCTOYHHKA JJId NMOJYUEHHA ropaueh
BOJLI BLICOKON TeMIlePaTypH.

BricoKast cTOHMOCTh JEKTPDOAHEPTHH NMpENATCTBYET ee NPHMEHEHHIO
B WIHPOKKX MaciiTabax AJd MHKOBOro Harpepa, # B OOJIBLINHCTBE CJIY-
yaeB OTONHTeNbHAdA CHCTEMa BKJIOUAeT TaHJIeM — TEIJIOBOH HacoC H
KOTeJ Ha oprasudecKoM tomauBe. Ilpu stom TeminoBo#t Hacoc paer BO-
Ay, Harperyio 10 HeoOXOAHMOH TeMIepaTypbl.

5.1.3. OXNAMAEHME. BOCCTAHOBJIEHME TENNA

Kaxk yxe orMeuasnoch, NOMEe3HOE HCIOJIL30BAHNE TENJIa OT TeNJIOBHIX
HacOCOB, NPHMEHAEMBX B KauecTBe JAOMALIHHX XOJNOAHJIBHHKOB, MaJO-
BEPOATHO H3-3a MaJIOH MOLIHOCTH W HHU3KOH TeMIlepaTyphl HCIapHTEId.
HurepecHo, uto emwe B 1954 r. B Anrnnu nofo6uas cucrema 6ul1a Boiny-
HieHa B Npofaxy. Temneparypa ucnapureas Oblla HECKOJIBKO Bhillie,
yeM y COBpEMEHHHIX AOMAIIHHX XOJOJAHJILHHKOB, M 3TOT «XOJOAHJIb-
HHK—HarpeBaTeJ/b» oXJaxaan kiaagosyio Ao 11°C, nogasas cbpocHoe
TEIJIO JJIA HarpeBa BoJul B pe3epByape ofvemom 136 Ja. Ilpn obmem
KOadpduuueare mupeobpa3oBanisd 3 MOMHOCTL KoMIpeccopa Ohlia
0,4 kBr. Cucrema, no-spaiumMomy, paborana xopouuo, oHa Obljia OTHece-
Ha K NpeJiMeTaM pDOCKOIUH, H MOITOMy ee neHa OHJa noBeimena [3].

BoccranoBisenune Tena o6bIUHO CBA3LIBAIOT ¢ NPOMBILIICHHLIMH NPO-
meccamyu u Goaemumu 3aanuamu. Ho uuansnaya/ibHele goma Takxe
cOpacuiBaloT MHOro Temna. HeemoTpa Ha npepuiBHLI  XapakTep, KaxK-
Auifi cOpoc ropavyed BOALI M3 MOIOLIHX MAIIHH, BaHH WIH AyLied MOXKeT
CNYXKHTb HCTOUYHHKOM Tella. B ciayuae KpyrIOro¥yHoro KOHAMUHOHHK-
poBaHKA BO3MOXHO BOCCTaHOBJeHHe COPOCHOro Telljia YXOJAAHIHX BO3-
AYIIHEIX NOTOKOB.

5.2. MCTOYHMKHM TEMNA

B momamunx npusoxeHHax TeILIOBOro Hacoca HanboJee MpHBIEKa-
TeJeH «OecmyIaTHLIH» HCTOUHHK Termjaa JAJs co3/laHus KoMbOpTHLIX yc-
Jgopn#t BHYyTpH Aoma. OueBHAHLIM HMCTOYHHMKOM fABJIfercs Bo3ayx. OH
obmelocTylled ¥ NpHBJAeK HanOoJblliece BHHMAHHe B MacCOBOM IPOM3-
BoJAcTBe. B tex cayuasx, Korja JOCTylHAa BoJda, OHAa HMeeT HECKOJbKO
NPEHMYIIECTB 110 CPaBHEHHIO ¢ BO3AYXOM. AKTHBHO Hccaeayercss HMc-
NOJL30BaHNe TeMJa IPYHTA, COPOCHOro Temaa HJH COJNHEeUHLIX KOJIEK-
TOPOB, K KOTOPLIM NpOABJAAeTCs HHTepec H B EBpone 1 B AmepHKe.

5.2.1. TENAOBLIE HACOCH C MCNONb3OBAHMEM BO3YXA

HanGosninee pacnpocTpaHeRns Noiyqyuan TeNJIOBLIe HACOCH C BO3Y-
XOM B KauecTBe HMCTOYHHMKA TeIVIa C caMOro HavaJa ux NpHMEHEHHA B
JIOMAIHUX yc/a0oBHAX. B ocHOBHOM BO3Jyx Ke SIBJIAETCH W TEMJIOBLIM.
CTOKOM. TunuuHuifi AOMAINHHA BO3AYXO0-BO3AYILHLIH TENMJOBOR Hacoc,
MOCTYNHBIUN B NpoAaxy B Aurauu B 60-¢ roasl, nokasau Ha pHc. b.1.
HapyxHuIfi Bo3Ayx nporoHserca yepes opeGpeHHule TPYOKH HcHapHTe-
Jd, BHYTPH KOTOpBIX UMpKyJaHpyer pabouee teso. [lofoGupiM ke obpa-
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30M TEIWIo OTBOAHTCH OT KOHJIEHCATOPa K BO3AYXY BHYTpH Joma. Kak
U B APYIrHX TEMJOBHX HAcOCax, BCe KOMIIONEHTH MOXKHO ¢o6path B OJHH
arperar Ju0o0 clenaTth YCTAHOBKY pa3/lelbHOH, KOrjia KOHJEHCATop Ha-
XOAMUTCA HA CYHIECTBEHHOM PACCTOAHHH OT HCIAPHTEIS.

Kaxk ucTouHuk tenaa Bo3yx obiafaer pAAOM HEJOCTATKOB, MOITO-
My Tpebyercsd THIATENBHAA ONTHMH3ALUMA KOHCTPYKUHHM B 3aBHCHMOCTH
OT MecTa YCTAHOBKH, Iie TeMneparypa Boalyxa wmoxer OHITh cymiecr-
BeHHO pPas3JHYHOH,

XapaKTepUCTHKH TeloBoro Hacoca H B ocobGeHHoctu KOIT ymenb-
MalTCd MO Mcpe YBeJHUeHHUS PA3HOCTH TeMIepaTyp HCHapUTedd B KOH-

I
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Puc. 5.1. CxeMa poMaiinero Tel/IoBoro xacoca THIa BOSAYX — BO3AYX.

I — BapyXIbfi BO3IYX; 2 — HCHapHTellb; 3 — JABEraTeNnp BENTHAATOPa: 4 — BHGPOC OXJNaXKOEeHHO-
TO BO3NYyXa; J — BeNTHAATOP HAPYXKIOro BO3Jlyxa; 6 — KOHJIeNcaTop;, 7 — XOAOJHbI BO3AYX H3
KOMIIaThl; 8 — pery/ATop pacxofia; 9 — HBHraTelNib BeATHAsTOpa: J0 — marpeTeifi BO3JAYX B KOM-
narty; JI — BenTHAATOP BIyTpellllero BO3Jyxa; J2 — obpaThble Kixamanol; jJ — KalBIAApH; 4 —
‘paclipefiefBreablblii KAallall; [§ — KJaanal pasrpy3kKB KoMIIpeccopa; Jé — pacnpefleiHTesib IIOTOKA;
{7 — KoMmpeccop.

Aencaropa. IT0 OKasbiBaer 0coOeHHO HeGJaronpuaTHoe BJAHAHHe HA
TelIOBble HAcOCH ¢ BO3JVIIHHIM MCTOUHHKOM terya. Ilo Mepe cHuxe-
HHA TeMIllepaTyphl OKPYIKAIOUIEro BodAyxa Tpebyemoe KOJHYECTBO Tell-
Ja 1Jd OTONJeHHS MOBHILIAETCH, HO CNOCOGHOCTh TEMJIOBOrO Hacoca
NMOAJEPKHBATH JaxKe NOCTOAHHYIO TEIUIOBYI0 MOIIHOCTH CYLIECTBEHHO
cunxaerca. Ha puc. 5.2 norkasauna zapucumocts KOIT or temnepatyphl
oKpyxKaomero Bo3ayxa [4]. Jas npeogo/eHna 31oro HeJloCTAaTKa pas-
paboraH pAJ MepONpHATHH.

Honoanuteavuotii nazpes. CTOMMOCTE TeIWIOBOID HAcOca ¢ JMI0GLIM
HCTOYHHKOM TCILIA 3aMeTHO BBINIE, yeM OBHYHOH LEHTPANBLHOR KOTED-
HOR, o KpaliHell mepe A/s ychaoBu#t AHIVIMK ¥ 60JbIIHHCTBA cTpad EB-
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TeMIIepaTypul
Ayxa.
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Puc. 5.3. Touka paBHOBecHs H 10-
MOAHUTeJBHLIH HarpeB Ha JHar-
paMMe JJg TenJIOBOro HacoCa THNa
BO3iyx — BO3AYX.

] — npon3BOLNTENHIOCTD
cocd; 2 -— Temaopble
3 — NONOJHHTCAbHbIM
Gamaatica.

TENJOBOIO [a-
3L aHIIA;
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MOTePH
Harpee;
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PHc. 5.4. IlpHMelieHHe cOJHeYHOro
Harpesa BO3[yxa, BXOAKLIErO B HC-
NAPHTENb TENJOBROro HacoCa.

ponnl. Hem Goabinyio 10a10 NOKPHIBA-
eT. TeIJIOBOH HACOC B JOMAallHeill Tten-
JIOBOH -HaTpy3Ke, TeM BHILIE pPasHHNA
B KanuTajOoBJOXeHHsIX, O03TOMY Tell-
JIOBHe HACOoCH, Kak NpaBHJoO, paccuu-
THBAIOTCSL  JIHIIL HA YacTh TOA0BOH
TENNOBOH HAIPY3KH, a  OCTaBIIYIOCH
4acTh [JAaer AONOJIHHTE/BHB Harpe-
BAaTE€Jb,  Yalle BCero 3JEKTPHUECKHH
(e CIHUA) wu .Ha opraHuuyeckoM Tol-
auBe (B Eppone). Bubop mMexay HH-
MH ONpelensieTcss COOTHOLIEHHeM Ka-
NMATAJBHHX H 3KCIJyaTalHOHHBIX 3a-
tpat. Ecaum rtennosoit Hacoc obecne-
YHBaeT H BO3AYIIHOE KOHIHIHOHHPO-
BaHHe JIeTOM, €I0 pasMepH H. Moul-
HOCTb MOTYT JAHKTOBATBHCS HMEHHO
3THM NIpHMeHeHHEeM.

XapaKTepHCTHKH JAONOJHHTEJbLHO-
ro gHarpeBa Anf AOMAIIHHX TENNOBHIX
HAacocOB NMoka3aHu Ha puc. 5.3. [pa-
(bHKHM NOCTPOEHH [Jsl TEMJIOBOTO Ha-
coca BO3AYyX—BO03/yX, BHIIYCKaeMOTO
dupmo#i General Electric, B CHIA.
U3 rpadmka BuAHO, UYTO JAONOJHM-
TeJBILH HarpeB rtpebyercs, KOrjaa
TEMIEpAaTypa OKPYKAaIolero Bo3Jyxa
najer HHKe HyJsd, NPH 3TOM Telno-
BHE NOTEPH 3/JaHHUSI NPEBOCXOMAAT Tel-
JIOBYIO MOMHOCTh Hacoca. [Jisi OBH-
IIEHHA 3KOHOMHYEeCKOH 3¢¢heKTHBHO-
CTH CHCTEMBl BKJIOUeHHe J[ONOJIHH-
TeJBHOTO HarpesBaTens, B JaHHOM Cay-
yae 3JIEKTPHUYECKOTO, peKoMeHayercs
TOJBKO TOIJa, KOrja TEeNJoBOH Hacoc
He MoxeT MNOKPHTh IOJHYIO Ha-
TPY3KYy. '

Hanb6onee acdpekTHBHEIM ciocobom
yapasjeHiss [JONOJHHTENbHEM HAarpe-
BagHeM  ABJASIOTCA  BHYTPEHHHH H
BHEIUHMH TepMocTathl. BHyTpeHHu#
TEPMOCTAT UMeeT JiBe CTYIeHH, U3 HHX
nepBas ynpaBJseT TOJBKO TENJOBHIM
HacocoM. Bropas cryledHb ylpaBae-
HHs CBSI3aHA C BHEIIHWM TEPMOCTATOM
M BKJIOYaeT JONOJHHTENbHOE Harpe-
BaHHe TOALKO TOT/la, KOT/la OKPYyXKalo-
nas teMllepaTypa najaer HHxKe TO4Y-
K Oanasca,
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Hegpocrayua. B pononHenne K oOcyxKAeHHIO JAedpocTausy B
pasa. 4.5 6uIH paceMoTpedsl B2 HHTEPECHBIX HecaeaoBaHud [5, 6].

Hcnonp3oBanne conHeyHoil IHepTHH KaK MCTOYHHKA TEIIa ¢ MOMO-
B0 COMHEYHOTO KOeKTopa 06cyKaaercs HHXKe, HO 0JJHY HHTEPECHYIO
HJel0, OTHOCSIYIocs K Aedpocramuu [8], nokaxem na puc. 5.4. Oxpy-
KaouMi Bo3AYX NPOXOAUT HA UepAaK A0Ma B HPOCTPAHCTBO MOA KpPHI-
iiefi, KoTopasi Harpesaercs coJqHueMm. HMcnapurenb, He NOKa3aHHBIf HA
pHCYHKe, CMOHTHPOBAH NOA BepXHe#d Toykoi KpHind. OcTaToudHHi Ha-
TPeB KOHCTPYKLHH KPHIIUH NOBHIlLaeT 3¢ ¢GeKTHBHOCTD 3TOH CHCTEMHB H
B TOT NMepHO/L BPeMeHH, KOrla Her NpPsIMOro COJHe4yHOoro Harpesa, 4To
MHHHUMH3HPYET He0OX0AHMOCTD B IHKAAX AedpocTaiun.

CeoaHasa T1abna. 5.1 OTHOCHTENBHHX JOCTOHHCTB ¥ HEJOCTATKOB OC-
HOBHBIX MCTOUHHKOB TelJa A JOMaIIHHX TElJIOBBIX HACOCOB, IPEHMY-
mectBenno pas yeaosuii CUIA, saumcrsoBana us pabortu [7]. Kak or-
MEeuajoCh paHee, OCHOBHOH HEJOCTATOK BO3AYXa COCTOHT B CHHXKEHHH
BO3MOXKHOCTH NOJYYelHs Telja oT BO3AyXa NPH BO3pacTaHud norped-
Hocrel, 0HaK0 00e0CTYHOCTD HCTOYHMKA KOMIEHCHPYET 3TOT Hel0-
CTATOK.

5.2.2. BORA KAK MCTOUYHMK TENNA

Ha MHpPOBOM pHHKe KMeeTCsl 3HaUHTENbHOe KOJHYECTBO TEIIOBHIX
HACOCOB C BOJASIHEIM HCTOUYIIMKOM Telsa, BKAKOUYAs U MOASIH AJsT A0Mall-
Hero npumedents. Hekoroprie u3 Hux nH60 HeyAoOHH, a160 Ype3mep-
HO JOPOTH, UTO 33BHCHT OT OCOOEHHOCTEH HCTOYHHKA BOAH H €e TemJo-
coJepKaHusa.,

Bojga paznWuHBIX HCTOYHWKOB, HMEIOUIHXCS B ropoAaX, Ha NepBHH
B3TJISIA NpejCTaBisieTcsl WAeaNbHLIM HCTOYHHKOM Temaa, TaK KaK OHa
nocTynaer HelpepHBHO H HMeeT Temneparypy 4—12°C, t. e. HHKorza
e majaluyI0 HHXKe TOUKH 3amep3aHus. OJHAKO B HHAYCTPHAIH30OBAH-
HOM oOliecTBe BOJA HeNPEPHIBHO AOPOKAET, H CTOHMOCTh NPHMEHEeHHs
TAKOH BOJAH B TEIJIOBLIX HACOCAX ype3MEPHO BHCOKA. ApTesnaHckas
BOA HMeeT NOUTH MOCTOSIHHYIO Temlepatypy, npumepuo ot 10° C B ce-
Bepuux obaactax go 15° C s6ausu skeatopa. Ho sra Boaa cranosurest
Bce GoJsiee gedHIHTHOH, IOCKOJBKY Yy Hee ecTh MHOro mnotpebureneis.
Bojga uu3koro KauecTBa M3 CKBAXHH JaeT OTIOXKEHHS H KOPPO3HIO
B TennoobmerHuKax. [lonyueHne BoAbl H3 CKBaXHHH Tpebyer Gypenus
¥ 3HAYHTENBHOTO KOJNHueCcTBa TPY6onpoBoAoB. TpebyroTcs nepeKaunpa-
lIOLllHe HAaCOCH, a Takxke pPewieHHe npobjemu c6poca BOAH IOC/Ie TOTO,
KaK oHa npofijer yepes tena0006MeHHHK *.

Boaa oTKpHITHX NOBEPXHOCTHHX BOJOEMOB, TAKMX KaK 03€pa, MOpfl
¥ peKH, TaKKe MOKeT CJAYXKHTh HeTouHnKoMm Tensa., OHa nprMmeHsercs
BO MHOTHX YCTAHOBKAX KaK XHWIHX, Tak n obmecrsennnx 3nauunii. On-
HAK0 3/leCh MOTYT BCTPETHTLCS TPYAHOCTH, NOA00HHE HCINOJAb30BAHHIO
Bo3ayxa 3uMoi. B ucnapurens nocrynaer Boga ¢ TeMnepatypoil 6—

* TleccuMHCTHYECKOE OTHOUGHHE 2BTODOB K HCMOJL30OBaHHIO NOA3CMHOH PBOJLL
lle nonTBepKnaeTCs COBPeMEHHbLIM TNOBblieHHeM HHTEpeca X 3TOMY BOTpOCY H BHI-
X0J10M crelHadbHOrO XypHana. — IIpum. nep.
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Taé6anua 5.1. ConoctaBjeHHe pasjAHUYHLIX HCTOUHHKOB HH3KOMOTEHLHAJLHOrQ

TpaTH

AkcnnyaTauHOHHbe
H3JIePKKH

_Temneparypa (ypo-
BeHb)

Temneparypa (u3-
MeHeHHe)

"ONHT KOHCTPYHPO-
BaHUA

‘Pasmepn o6opypo-
BaHHA

Mpuroauocts ans
IpOH3BOACTRA

‘Kakue HCTOUHHKH
JONOMHAET
[Tpobnemu peann-

3a1uH

rPYHTa ¥ BOASHEIX
MCTOYHUKOB, KpOMe
rOpPOACKHX

OTHOCHTEJILHO HH3-
KHe

BraronpustHHi
IAA cTpan Ha LIH-
pote CIIIA

CHbHOE

O6wuuHO gocTaTou-
HEIH

Cpennee
Oranupnan, MOXKHO
cobpaTh M HCNB-

TaThb H& 3aBOje

Haumenbmas Ten-
JIONIDOH3BOAHTENb-
HOCTb TIpH  HaM-
6onblieit  motpe6-
HOCTH B Temje.
Hedpocraunus Tpe-
6yeT N ONOJIHHTeJND-
HOA MOLIROCTH H
MCTOUHHKOB TemJa.
Moryr T1pe6GoraTh-
¢t paGoTh MO Ipo-
KJajiKe BO3AYXO-
TIPORO/LOB

nue

QO6uuno  nexony-
CTHMO BOJbIIHE

O6niuno yaoBset-
BOPHTENbIHKI

HUsmensietess B 3a-
BUCHMOCTH OT Me-
cra (4—10°C)

Q6RYHO HOCTATOU-
HBIH

Menkoe

Ornugnasn

Bo3ayx, rpysr

Pasmept Tennoo6-
MeHHHKOB. MecTHHe
OrpaHWIeHH® YIPH
HeAOCTAaTKE  BOAHL,
Temneparypa  BoO-
ABl  MOXET CTaTh
CAMILKOM  HH3KOH,
yTO6BEl NpOJOJIKATH
H3BJeYeHHe Temnsa
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XapaKTepycTHKa I'opoacko#t
HCTOYHHKa Boaayx BOJONIPOROA. INMoxszeMuan ropa
Knacchbukauua [TepBHYHBIH [TepBuunnit wi | [TepBrunbiit
HCTOYHHKA JIOTIOJTHATENbHBIH
Crox Tenaa Xopowmu#i Xoponit Xopowmuit
Nocrynnoers no | IToecemecrro T'opona Heonpenenennas
pa3MeLIeHUI0
HocrynHoctsb - Mo HenpepoiBrasn Henpepuanag, 3a| HenpeprnBHas 1o
-BpeMeHH HCKJIIOUeHHeM  JIo- | rpaduKy  NOAauM
KAJbHLIX  OrpaHH- | BOAHW
YeHHH
Kanwnranpune 3a- | Husxkue, Huxe O6mgno HauMenb- | MaMensioten  co

CTOUMOCTBIO Bype-
HHA

OT uu3Kux 10
CpefHHX

Y noBneTBOpUTEND-
HEIH

Cnaboe

Q640 AOCTATOY-
HBIH

Menkoe (3a wuc-
Kamoyennem  Oy-
PHJILHOTO)
O1nHanan

Koppo3ust n oOTJo-
JKEHHSI Ha [OBepX-
HOCTRX TennoobMe-
Ha. Co6poc BOJAH
TpeGyeT BTOpO#
ckBaxkunel. Cocras
¥ TeMueparypa Bo-
OBl OORMYHO  HEH3-
BeCTHH 10 Oype-
anf.  CKBayXuHa
MOXKeT 0Ka3zaTbes
Ge3poAHOH




Tenaa

OTKPbITHE BOAOEMDI

Co6pocHad poaa

I'pysr

Coanne

[TepBuyRHEIA WIH HO-
TIOJIHHTENIbHbIH

Xopomwuit
Peaxas

Henpepugnas

Husxue

OTHOCHUTENIBHO HU3-
KHe

Y 10BNeTROPHTE D
HH#t

Cpennee

Q6nupo aocTartoy-
HHHU

Menkoe

Ornnyunan

OTnoxeHHd, KOppoO-
aus H oOpacraHne
BOAODOCHAMH

[TepRUUHEIA WAM A0O-
NOJEHUTEJIbHHH

JapucHT oT AebHuta
OrpanuieHnas

ITepeMeHHBIR
UM

pe-

[Tepemennuie

Hu3kue

QO6HYHO J0CTATOU-
ALl

O6niyHO yMepeHHOe

JlocTaTOuRNHA, ecau
jeGUT W TeMmepa-
TYpa DOCTOSHHH

PasnuuHoe (06GHY-
HO yMepeHHOe)

Ilnoxasn

Kopposust 1 oTJio-
xenun. Hepocra-
TOUYHHHA pacxoj Bo-
nd.  Heob6xoau-

MOCTb  HHJAHBHIY-
anbHOTO TIPOEKTH-
poanus. Onac-

HOCTb 3aMep3aHus
BOLKI
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[MepsuyHBIA WK 10-
TIOJIHHTENIbH LI

Q6n1an0 nioxoi

Oo6mupnas

Henpepuipnan. Tem-
neparypa  CHHXa-
eTcR no Mepe orbo-
pa Tenxia

Boaniue

Y Mepenuie

Bragane — gocra-
TOUYHLIA, MajgaeT mno
Mepe OTAa4dH Temia

CHJIhHOE, HO MEHb-
e, yeM y BO3Ayxa

Hepocratounnt

Menkoe, 3a ucKJI0-
JeHHeM 10 3¢MHBX
Tenio0OMeHHUKOB

Mnoxas

Orpannuero MecT-
HRIMH  TeoJIorHye-
CKHMH M KJHMATH-
JECKUMH  YCJIOBHA-
mu. CTouMOCTb
TPYAHO  OUEHHTH.
TpeGyerca  miio-
waab, TpYAHO YCT-
paHATHL TeuH

IonosHUuTeNbHEH

MoxHo HcOoonb3o-
paTb JJua cb6poca
TelJsia B BO3AYX

TTorceMecTHAR

[IpepuiBHCTan W
HeonpeJeneHHan

Goabuine

Eme He npomepen-
unie. [lpeanoxenn
KaK  JONOJHeHHe
AN CHHXKEHHS
9KCINYaTal HOHHBIX
H3jepiKeK

OTnvannii
CHJjbHOe

ITpakTniecku ocso-
eH

Hocrynnoe ans ps-
Aa pafioHoB

ITnoxas

Tpebyer akkymy-
JHPOBAHHA HA CTO-
pOHe  HCHapuTens
WJH KOHAEHCcaTopa



7° C, no uto6nl OHa He 3aMep3aJia, ee He CAEAYET OXJAXKIATh 0 TEMIle-
patypsl, 6au3koii kK 0° C. [1pn moBBILLEHHH pAcXOja BOJABI Tepenaj ee
TeMInepaTyp B HCIapHTeJe MOXKHO MNOJAepxKHBaTh Ha yposHe 1—2° C.
Boja Kak HCTOYHHK TeIlIa HCMOJb30BaHa B OAHON W3 pAHHHX KOHCTPYK-
uuii [9] Bnonue yenenrxo.

Cna6o narperas Boja KaK HCTOUHUK Temjaa 6ojiee nmpHBJEKATENbHA.
Jlanee B 3TOM ryaBe paccMaTpHBAETCA NpHMeHeHHe cjaaboHarpeThblx CTO-
KOB OT MOIOLIMX MaliHH H paHH. CoJlHeuHas 3HEpPrHd TakXke MOXKeT
OHTh HCNOJb30BaHa B TEMJOBBIX
Hacocax € BOJAAHBIM HCTOYHHKOM
Ten/aa (cM. HHXKe).

CopocHad Bo/ia TENJOBBIX 3JEKT-
TPHYECKHX CTAaHIHH T[pHBJEKaJa
BHHMaHHE H KaK HCTOUHHK TemJja
AJst renyoBbix Hacocos [10]. B pac-
CMOTpEHHH pfijla CX€M, CBA3aHHBIX
Puc. 5.5. Cxema o6bejHHeHHS Temo- € JACATEILHOCTRIO KpYIHbX KOpTIO-
ROTO Hacoca ¢ mpoTHBojamnenueckofi P EUHH, TOJMTHUCCKHE MOTHBAHL 3a-
TYpOHHOH AU LeHTpaJH3OBaHHOro ten- JACTYIO IIpeBAJHPYIOT Hald TeXHH-
MocHa6Kenns. . YeCKHMH, 4TO CAep3KHBAaeT TeXHHUe-

CKHH nporpecc. B Auraun komOu-
HHPOBAHHOE MpPOH3BOACTBO TEIJa H 39JeKTpO3HEPrHH paccMaTpHBAaeT-
Cd MHOPHMH JIHilIb KaK NpeiMeT NMOJHTHUeCKHX NebaToB. TeM HE MeHee
OBl TipOBeJeH pAlL TeXHHUECKHX H 3KOHOMHYECKHX HccjepoBaHui. Of-
HO M3 HanGosee HHTepecHBIx ony6aHkosaa Konsbym [11].

Konp6yu npeasoxua HCNoJbp30BaTh NPOTHBOAABICHIECKYO TYpOH-
ny ! png npuBOAa KOMMpeccopa TellJIOBOro Hacoca 2, HCNOJb3YIOLIero
c6pocHOe TenJo KOHAeHCALHOHHOH 3JekTpocTtanunu (pHc. 5.5)., C6poc-
HOe TEIJIO BBIJEJAAETCSA B KOHAEHCATOpe 3, KOTOPBIH OJAHOBPEMEHHO CJY-
XHT HCNapHTeleM Temnosoro Hacoca. KougeHncaTop temnsoBoro Hacoca 4
ofeCrneuHBaer NepBYyIlo CTyNeHb Harpesa ceresoil BOAb. BTopylo cTyneHb
Harpesa ofecleudBaeT KOHAEHCATOP IPOTHBOAABJEHUECKOH TYpOHHHIL.
Konb6ymr nokasan gocruxkumocth KOIT=6,6, korna na KamAayio TOHHY
COXKJKEHHOI0 TOIJHBA B CHCTEMY LIEHTPAJH30BAHHOr0 TeMJOCHa0XeHHA
nofaeTcs Tem1oBoil 3KkBHBaJeHT ABYX ToHH. Ha cxeme nokasaHml Takxe
KoTesl 6 ¥ nuTaTeJbHHR Hacoe 7. JIA4 TenJoBoro Hacoca HCTOUHHK TEI-
Jga uMmeer 28° C, a nogasaemas soga 70° C.

Takum o6pasom, g TenaocHaG)eHHs K HAMLL caaboHarperas Boja
KaK HCTOUHHK TelJa HCNOJb3yeTCs JHO60 B HEGOJBLIKX TEMJOBBIX HACO-
Cax ¢ COJIHEUHBIM NMOJO0rpesaTtesaeM, JHOO B ONMHCAHHBIX CXeMaX KPYITHBIX
YCTAHOBOK AJ4 LEHTpaJn3oBaHHOro temiocHabxkenns. [Togo6HEM XKe
00pa3soM KakK HCTOUHHK TCIIa MOXKHO HCIOJB3OBAThH PeuHYIO BOAY HJH
BOJAY APYIrHX JOCTYNHEIX OTKPHITBIX BOJOEMOB.

5.2.3. TPYHT ‘

C 1950 r. g CIIIA 6p10 ycTaHOBJEHO 3HAYHTEJNBHOE UHCJIO TEILIO-
BEIX HACOCOB, HCNOJB3YIOUIHX TPYHT B KauecTBe MCTOUHHKA Telljia.
B rtexnuueckoft meuatH ny6JHKOBaJOCH MHOro Qororpaduii 60JBIIHX
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aM, BBIPHITHIX B NpHYycageGHBx cajax. PacnpocrpaHeHo MHEHHe, 4TO
H3MeHeHue TCMIlepaTypbl rPYyHTa B TeueHHe rofa Heseanko. Ha camom
feJie, KaK MoKa3aHo Ha pHC. 5.6, H3MeHenHe TeMNepaTyph CYUECTBEHHO,
u faxe Ha rAy6uHe 1 M 3HMO# TeMmepaTypa NpHOMTHKAETCHA K HYJIO
[12]. Otu pannble npuseneHs aas Bpioccens — s Espone cefiuac npo-
ARJFeTcA 3HAUHTeJbHBIA HHTepec K HCIMOJAb30BAHHIO IPYHTA B KaueCTBC
HCTOUHHKA TeIJa.

7 H e
76 //‘,, ‘\;\\ Y. \\ :
174 j'i \“\‘ T 04 \
g / N, 1 / :
gazm\ 1N 7 \ " ]
e U B Y|
e A 7 b !
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Puc. 5.6. Cesonnas papuauus TeM- Puc. 5.7. Kosebanus TeMnepaTypu nodBH
nepaTyphl NOYBH 10 MecAuaM Ha o raybune H,

rayoune 0,02 1 1 M, naMepennass B

Benprum.:

B Hecko/MbKO nHOB (QopMe 3TH AaHHble IpeacTaBJEHB Ha pHC. 5.7,
rjle NMOKasaHa 3aBHCHMOCTh CpeaHel aMIIUTYAL TeMIEpPaTyphl OT ray-
GHHBI, Ha KOTOPOH nposeleHn H3Mmepennda. OTcioga BHAHO, UTO pa3Me-
IleHHe TPpYOOK HenapHTeaA Ha IyOuHe BCEro Juimb 1 M He JaeT BO3-
MOJKHOCTH NOJyYaTh NOCTOAHHYIO Temneparypy. HMcnapHrens B 3TOM
caydae umeeT GopMy cepleHTHHA H3 TPYOOK JHAMeTpOoM OGHIUHO 25 MM,
YJI0MKEHHBIX Ha MOCTOSHHOR mJyOHHe HA MJIOILAAH B HECKOJBKO COTEH
KBaApaTHhIX MeTpoB. C 1eNbl0 YMEHbIIEHHSA KalNHTaJbHBEIX 3aTpaT XKe-
JIaTeNbHO pacrnosiokeHHe TpyOOK KakK MOXKHO OJHXe K MOBEPXHOCTH.
[Tompo6Hoe H3YyUeHHe I'PYHTA KAK HCTOYHHKA TelJa, nposenenHoe B L a-
unu [13], noxasano caenyioniee:

I. ITorouHslft TenJOBOH NMOTOK K HCMAPHTENI0 M3 rPYHTa COCTABJSET
20—25 Bt/M. B st0ii cBA3H HHTEpeCHO OTMETHTh GoJbHIOH pa3bpoc
JAHHBIX pasHBIX HccaeposaTenci. B [14] npuBeneno MHHHMAaJMbHOE 3HA-
uenne 10 Br/M, makcumanshoe aias Esponum ykazano s ®PI — 50—
60 Brt/m [15].

2. OntuManbHag ray6uHa H I1ar pasMenieHns TpyOoOK COCTaBJSIOT
cooTBeTcTBEHHO 1,5 1 2 M. B HekoTophix clyuasx H3-3a B3aHMHOIO BJH-
SHHUS Tpeaes 2 M pacurnpsercs. JlaTckuii oTdeT ykasbiBaeT, 4TO TPYGKH
MOXKHO pa3MellaTh Ha MeHbillell rayGHHE, HO NMPH 3TOM NPOH3BOJUTENb-
HOCTh TEIJIOBOI'0 HAacoCa MOXKET CHHAKAThCd Ha 5% Ha kaXAb# rpanyc
TOHHKEHHS TeMIlepaTyphl HCNApHTENA.

3. [loMHMO BapHaHTa HCNApEHHS HENOCPeNCTBEHHO XJAaJoareHta
MOXKHO HCIMOJB30BATh IPOMEXYTOUHBIH TEMJIOHOCHTENb — Paccos, IHp-
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KyAupyoulHi no 1pybkam B rpyHte ¥ oTRatoniul Tenao Xaanoarexty
B crenuajpHoM TtennoobMennnke. Cpenusas Temnepartypa paccota 3H-
mo#t cocrasiasger —3° C.

4. Ecnn comepXaHnHe BOIB B NOYBE BEJIHKO, MOKa3aTeJlH TMOBHILA-
10TcA GJAarogaps yBEeJHUEHHIO TEMJONPOBOJHOCTH H XOPOLIEMY KOHTAaK-
TY ¢ Tpy6kaMH. DoJibiiaa KOHIEHTpAauHa B MOUBE TpapHsd BHI3LIBAET
VXYJIIEHHE XapaKTepHCTHK.

B Hauuu paccMoTpeHa BO3MOXKHOCTh MPHMEHEHHA HE TrOpH30H-
TaJIbHBIX, 4 BEPTHKANBHBIX TPYOOK, KOTOPHIE MOXKHO HCTOJb30BATh B pe-
JKHMe He TOJBKO Harpepa, HO H OXJIaXK/CHHA 3 aHHg JeToM, Korjia MpH-
MEHSIETCA PEBEPCHBHBIH TEMJI0BOR HaCOC.

B sToM Xe Hceaeqosannd o6HApYXeHa H Takas HHTEPECHAA AETallkb.
MHHHMYM TeMIlepaTyphl rpyHTa BCerja BHILIe, 4eM BO3AYyXa, H JOCTH-
raercs JABYMsa MecsiaMH 103faHee, Korja TpebyeMas MOH{HOCTh OTOILIE-
HHUA CHHIXAETCH.

BeprhkagapHbie TpyGKH 3aHHMAIOT MeHBLIE MeCTa H MO3BOJISIOT B He-
KOTOPOM CMEIC/ie HCIOJb30BATh TEMJI0, aKKYMYJHPOBaHHOE B JIETHHE
Mecsiibl, UTO JaeT UM 3KOHOMHUeCKHe npeHMyulectsa. Fccaenosauus
[16] Beprakanpunix U-06pasHbix TpyGok noKasaai BO3MOXKHOCTh 3HAYH-
TeJLHOr'0 H3BJEUEHHA Temia. I'OpH30HTAJBHBIH HCIAPHTENb C NJAOLIANH
160—200 M nossodsier noayunts 12 kBt Tensa. U-o6pasubie TpyOKH,
pasMellleHHble B CKBaXkuHax jguamerpoM 127 MM u ray6uuoii 8 M, no-
3BOJIHAH nodyuuTh 1,2 KBT ToJbKO H3 ABYX ckBaxuH. Otciona BHAHO,
uyro U-o6pasuble TpyOkH cHHXKaAiOT TpefyeMyio TMOBEpXHOCTh IpYHTa
B 10—20 pas no cpapHeHHIO ¢ rOpPH3OHTANBHBIMH.

5.2.4. CONMHEYHbIA MOAOrPEB

Bce HCTOUHMKHM TemJa AJ19 TEIJOBBIX HACOCOB B Tol HJIH HHOH Mepe
TOJ(BEPKEHEl BJHAHHIO CONHEUHON SHEeprHH, HO ee MOXKHO HCIOTL30BaTh
H HEMOCPEIACTBEHHO € NMOMOUIBIO CONMHEUHHX KOJNJEKTOPOB C IHPKYAALH-
ell TENJOHOCHTENH, NMOJAOTpeBa BO3AYXA, BXOAAHIEro B HCIApHTEb, HJIH
C MOMOLILIO coaHeuHbIx KoHieHnTpatopoB. M 8 Eppone, y g CIIIA cucre-
MH ¢ COJIHEUHEIMH KOJIJIEKTOPaMH Ve ecTh B npojaxe. CoaHeuHbie
KOHIIEHTPATOPH, MO-BHIAAMOMY, 0OoJiee NMPHCOAHB AJA a6CcOPOIHOHHBIX
TenJNoBLX Hacocoe (CM. ra. 2). OHH eme Maso NPHMEHSIOTCA B JOMAaIl-
HHX YCJIOBHAX, KO CJYyXKaT NMPeAMeTOM 3HAYMTEJIbHOH HCC/e10BaTe/b-
ckofl paGotel. [lJg nojgorpesa reHeparopa B a6COpPOIHOHHOM IHKJe
TpebytoTcs 6oJiee BHICOKHE TEMIEpPATyphl, 4eM JOCTHXKHMBIE 00BYHBIMA
imockuMu xoanekTopaMi. Onqnako npumMeHeHne abcopGiHOHHOIO HKJI A
JJ1sl KOHJAHIHOHHPOBAHHSA JONYCKAeT HarpeB OT IUIOCKHX KOJJIEKTODOB,
NOCKOJIBKY 3/eCh J0JIKHa OBITb TeMIlepaTypa HHXe H NMOTOMY, YTO OX-
JaXJieHHe BO3JlyXa IMPOBOJHUTCA JIETOM, KaK pa3d TOlAa, KOTAa COJIHeY-
Haf pajHallig HHTEHCHBHA H TEMIepaTypa KOJJIEKTOopa IOBLIIIEHA.

BMecTte ¢ IpyriMH HCTOUHHKAMHE TemJja JJIs TEMNJIOBBIX HACOCOB LIH-
POKO NMPHMEHAIOT MNJAOCKHE KOJJIEKTOPH, PpasMelleHHBIe Ha KPhIIIAaX.
Boo6uie conneunbie KOJMEKTOPL HHTEHCHBHO H3yUaloTCHd A/ npHMeHe-
HHA He TONBKO C TENJOBHIMH HACOCAMH, HO H CAMOCTOATEJNBHO, a TaKKe
B cXeMax ¢ akkymyJasropamu tenda. [locinenuue npejcraBisaioT HHTe-
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pec B AN TENJOBBIX HACOCOB KAaK HCTOYHHKH Temnaa B oOsauHble [HH
HJH HOUbIO.

JaBas Temiio B HcnapHTeNdb TNpH TeMIlepaType 6oJiee BHICOKOH, YeM
OKPYXaloLHit BO3AYX, FPYHMT HJH BOJA, COMHEUHBIE KOJNJIEKTOPH MOBH-
mator KOIT rensosoro nacoca.

OO6nuHO TIPOMEXYTOUHBLIA TENJOHOCHTEIh — BOJla MEpefaer Temio
OT KoJJieKTopa K ucrapHTenio. Ho moxXer GHITh H 110J7HOe coBMelleHHe
KOJJIEKTOPa ¢ HenaputeaeM (puc. 5.8), rje xdajoaredt Hcrapsiercs He-
NOCPEACTBEHHO BHYTpH TPYOOK KodsekTopa. Il HepeBepCHBHOIO Tel-
JIOBOT'0 HAaCOCa MOXKHO HCIOJb30BATh OOBIUHBIH KOJJIEKTOP ¢ MHHHMalb-
Ho# popaborkoii. Ec/iH Xe OH cJAYXHT H KaK KOHJEHCATOP NPH KPYyrJao-
TOJIMUHOM KOHJHIIHOHHDOBAHHH, CJAEAYET CHATh CTEKJO0, NMOKpLIBaiotlee

PR
Puc. 5.8. Cosneynulfi KOJJIEKTOp Kak Hc-
napmem: JJJaa aoMauinero TenJoBOoro Ha-
coca.
! — conveqHass papval¥s: 2 -— DONOJHHTENbHbLIH 2 3
HMClTapaTeNb; 3 -—— TeMnO0Bo# Hacoc, < -— BO3AYIU- .
I KaMaJ. ; T
4
. oo

KOJJIEKTOp, H 'ror,ua tenso O6yner a¢d¢eKTHBHO paccenBaThcd B aTMO-
cthepy. Takag koucTpykuusa paccmarpusadace 8 CIIA B 1955 r, [17]

3a4acTyI0 TENJ0 OT COMHEYHOr0 KOJJIEKTOpa NofaeTca B XKXH/KOCTHHIA
TEMJIOBOH aKKyMyJsiTop, KyAa mnorpyskenbl TpyOku Hcmapurenas. Cxe-
Ma TaKOl ycTaHOBKHM 1nokasaHa Ha puc. 5.9, 3/ecs TeMneparypa Temo-
BOr0 aKKYMYJIATOpA MOLNEPKHBAETCS COJHEUHBIM KOJIEKTOpoM. Temlo-
Bofi Hacoc HMeeT apa ucnapurend. OnHu H3 HHX — OGLIUHHIE HcnapH-
TeNb, 00AyBaeMblii OKPYKaIOIHM BO3YXOM H BKJIIOUACMEIll B TEX CJY-
yafx, KOrja OKpyXarolllag TeMInepaTypa J0CTaTouHo BednKa. Ero rak-
e MOXKHO HCNOJb30BATh KAK KOHIEHCATOP NpPH peBEePCHPOBAHHH
pexuma. TensioBoif akKyMyJasiTop, [Aaluinil 3HEpPrHio Ha HcnapeHue,
Korja OKpyXKaiollasi TeMnepaTypa CJAHIIKOM HH3Ka, BBIIOJAHAET H BTO-
pyio (pyHKIHIO — ropsiuee BoAocHabxkeHue [18].

B uenom cxema pHc. 5.9 — oHH H3 INpPHMEPOB MHOMOUHCJEHHBIX
NpefJOXeHHH O AoMaXx ¢ MHHHMaJbHBIM noTpebJeHHEM HEPTHH, 4acTh
H3 KOTOPHIX peaJH30BaHAa H HaXOAHTCH Ha HCNBITaHHAX. PakTHUeCKH
JOM HCIIOJIB3YET TPH TENJOBHIX Hacoca: OJIHH AJ4 Nepefaul Tenda ¢ no-
BEIIIIGHHEM TEMII€PATypPbl OT COJHEUHOTO KOJJEKTOpa K aKKyMYJATOpY,
BTOpOH — OT aKKYMYJATOPA K CHCTEME OTOIJIEHHA K TPETHH — OT akKKy-
MyJATOPA K CHCTEMe ropguyero sojaocHaOxeHns.

OrpaHHueHHd B NPHUMEHEHHH OGBIYHBIX MJIOCKHX CONHEUHHIX KOJJIEK-
TOPOB HaKJAaAbIBAIOTCSA HX Pa3MepaMH H cTouMocthio. llonbiTka cHu-
XKeHHS paszMepa KoJJeKTopa [Jis HarpeBa XHJKOCTH C NMOMOHIbIO KOH-
LleHTpaTOpa, NMPOHWJIIOCTPHPOBAaHa Ha pHc. D.10. B xoHCTpykuHH, NpH-
MeHsieMo# B jpgome ¢upMu Philips B Aaxede, mnokazaH MoOAyJb
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KoJIJIEKTOpA, COCTOSUIHE H3 BAKYYMHPOBAHHOH CTEKJSIHHOR TPYOKH, Mo-
JIOBHHA BHyTpeHHel NMoBepXHOCTH KOTOPOH HMEEeT OTpaxKaloliee NMOKpPHI-
THE. BHYTpH Tpy6GKH pasmellenbl ABe uepHbie TPYOKH ¢ BOJOM, AHAMETD
KaXJ0# H3 HHX COCTaBJAeT YeTBEpPTh NHAMeTpa cTekAgaHHo#. B ienom
KOJJIEKTOP MOXKHO Ha3BaTh IJIOCKUM ¢ OOHYHBIMH Tpy6KaMH, HO TPaHC-
MOpT Temya K TpyOKaM MPOHCXOAHUT NyTeM paiHallHH, a He TeMJOINpO-
BOJHOCTH. BakyyMHpOBaHHe yCTPAaHAET IOTEPH 3a CUET KOHBEKIHH.
Ob6paTHOe oTpaXkeHHe YCTPaHASTCA MOKPHITHEM CJ0eM 0J0Ba HIH OKHCH

J
0 L 00
y 7 Puc. 5:10. Mogynb conHeyHOro
e Nw Kouuentpartopa «Philips» nans
! aoMa B Aaxene,
P ‘5“ I — 3epKano; 2 — xuAKHf TemIOHO-
A CHUTENDb: 8 -— TensomNorJIoULal0lLHe
TPpyOKH, NOKpLIThble HepHOl SManabio,
AN AN X \‘; =
& MAAAAN F&m i
)
9 | Kon [r I
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Puc. 5.9. OxcnepuMeHTaNbHLIH [AOM C YOHH- 7
HeHHHIM NOTpeGieHHEM SHEPIHH W COJIHeY- 7o
HEM TeNJOBHIM HAaCOCOM, a 4 4 3 T,
1 — HATpapjcHHE Ha 101, 2 — COMIHeqgHayd Kpbllua; § —
TEPMOCTAT PajHATOPa; 4—6—nu?nﬂxonue TEeMNJ0Bble Puc. 5.11. 3asucumocts KOII
HaCOCH; 5 — Tennoso#t Hacoc; 7 -—ropsguas Roja; j
8-'-'CMe’CHTeJ!b; 9 — OCHOBHOH ’aKKyMYMTop Tenna CHCTeMBl OT TeMneparypel B aK
Ha 35 M°, KyMyafTOpe Temja.

HHJHA. B TakoM KoAJlekTOpe jocTHraercs Gojee BbICOKAsA TeMIeparypa,
HCKJIIoualoulas HajgoGHOCTh B NIPHMEHEeHHH TeIJIOBOro Hacoca. B jgome
duannca, nanpuMep, coaxeunnit xoanexrop (20 M%) cobupaer B roj
36—44 I'Ixx tenna (npu cpeanem KILI 50%), coxpausemoro B Gake
40 M® npu Temnepatype go 95° C.

TennoBoi akKyMyJATOp HrpaeT CYUIECTBEHHYIO poOJb B JIOGOH cOJ-
HeuHo¥ TensoHacocHoi cucteme. Ha pue. 5.11 nokasano BiaHSHHe TeM-
neparyps akkymyasaropa Ha KOII [19]. IToapoGHO KoHCTPYKIMS H npH-
MeHeHHe COJHEUHHX KOJLIeKTOopoB obcyxpalorcd B paGore [20].

CoslHeuHble KOJJEKTOPEl pacCMaTpHBAIOT TAakKXe B COUETAHHH C
rpyHToBbiIMH. OpHa H3 MOAOGHHX cXeM mpHpeleHa Ha pHc. 5.12, rae
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COJTHEUHBIH KOJJIEKTOP K TPYHTOBHIH HCMApHTEb JONOJHAIOT APYT APY-
ra. Ha pHe. 5.13 nokasausl pe3y/JbTaTh Pacue€ToOB, AAIOUIHe COOTHOIlIe-
HHe MeXJy 3arpaToil pafoThl H .NJOLIAABIO 'PYHTOBOrO M COJHEUHOTO
KOJUTEKTOPOB 1IpH roiosoil BhipaboTke 12 260 kBr-u. ¥Ycranosaeno, uto
pasMephl COMHEUHOIr0 KOJJIEKTOpPa AOJKHE GHTh Gaablie 3 M? Ha | kBt
noTeph TemJa XUJHLeM. ITpH 3ToM 3aTparhl Ha KOJJEKTOP OKynaiorcd
NOBbiIIeHHEM XapakKTepHCTHK cHcTeMBl. [IpH COJHEUHOM KOJJIEKTOpe
nionianbio 30 M? ¢ rpyHTOBBIM HCIAapHTENeM, 3aHHMAIOUMM TOJBKO

o
Y

o
=]

FACKITpOnLmpESAERIE ,
MET-Y/zud

3.6 , i
g zo0 400 Fou?

Puc. 5.12. CxeMa TemnoBoro Hacoca Puc. 5.13. 3apHcHMOCTb  3jIeKTpOTIO-
¢ 0 HOBpPEMEHHLIM HCI0Ib30BaHHEM TpeGaeHHA KOMIpeccopa W LUPKYJIsLH-
TenOTH rpyntra W Connua. OHHOTO Hacoca OT WIOUAAH rPyHTOBOrO
| — comHeunmil KoanekTop: 2 — TPyGkE B F w contieyroro § KoJieKTopos,
rpyure; 3§ — TenaoBok Hacoc; 4 — 0ak; J—
AOM.

100 M2, gocruraerca KOITI=3,4, 310 BHICOKOE 3HAUEHHEe JJIF AOMAIIHHX
TenJosblx HacocoB. Ec/n ke Hcnosab3oBaTh TOJII:KO TPYHTOBOIH HCHapH-
TeJb, TO TpeﬁyeTCﬂ TOBEPXHOCTD 3€MJIH 300 M2, H TIPH STOM 10Jy4aeTca
KO =

TeM He MeHee 0Ka3aJoch, 4TO, HeCMOTpH Ha noBeirenne KOIT, B
3TOM CJyuae 3KOHOMHSA TOIVIHBA He OKYNAeT CTOHMOCTH COJIHEUHOro
Kossiektopa. Jlpyrie paGoThl no coJHeuHBIM KoJuekropam [21] Takxe
MOKAa3HBAIOT, UTO 3((PeKTHBHB TOJNBKO KOJJEKTOPH OOJbIIHX pa3Me-
poB. IlpH TennoBoi MOIHOCTH jpOMallHer0 TelJMoBoro Hacoca 6 kBT
Tpebyercs nosepxuocth 20 M%. BaxHoe 3HAaueHHe HMEIOT BJHAHHe Tell-
Josoro akkymyasaropa Ha obumii KOIT ' cronMmocTs cHCTeMbl, H XOTH
AEMOHCTpaIHOHHHX YCTAHOBOK BO BCEM MHpe yXe [0BOJBHO MHOIO,
HAeXKHBIX ZaHHBIX O 3KOHOMHKe TaKHX CHCTEM ellle HeT.

5.2.5. MICMTONb3OBAHME CBPOCHOrO TENMNA

Jlomaimnui TensoBoit HacoC MOMKHO HCHOJIB30BATh KAK JJd oTOIJe-
HHUSl BCEro J0Ma, TaK H NJ4 YACTHBEIX 3a/ady — CYLIKH MOCYAH Han Oe-
nbsA. B HacrosiiemM pasjefe paccMaTpUBAIOTCA ellle H JOMa ¢ MHHH-
MaJIbHbiM NOTPebJieHHeM SHePTHH, ¥ CHCTEMB! ¢ MAKCHM aJbHBIM HCIOJb-
30BaHHeM cOpOCHOrO TenJa. '

Bre ynoMHHaJ0Ch NpeANokKenue Ko.nbéyma 10 HCIIOJIBb30BAHHIO B
TEMJOBOM Hacoce c6pOCHOrO Temya snekrpocraniuil. Ho cam oranausa-~
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eMblii JIOM TaKXKe HMeeT 3HauuTeJbHble TenJOBHe cO6pOcH. DT0 BHIHO,
Hanpumep, Ha puc. 5.14 [18], rae ucnonnzoBana o6euHag cHeTeMa yTH-
JH3aLHH Tensa BO3AYX-—B03AYX [22] coBMeCTHO ¢ TEmJOBHIM HAacocoM,
YTO MO3BOJAET CBECTH K MHHHMYMY NoTpebJeHHe 3HEPrHH Ha OTOIJE-
HHE H ropsiyee BogoCHabGXeHHe.

a)

Puc. 5.14. Cxema noMa c MUHHMaJbHHM WOTpebie-
HHEM SHEPrHH W WCIOJb3OBAaHMeM COPOCHOrO Tema
KaK B TEIVIOOGMEeHHWKe, TAK M B TEINIOBOM HACOCe,

I — mbiG6poc B atmocdepy; 2 -— NPHTOK BO3AyXa: 3 — BeHTH-
AaTop; 4 — TEMAOOOMEHHHK; § — OTCOC M3 TyajaeTta; 6 — [o-
JAaya BO3AyXd B CHaJLHIO; 7 — Mojada BOo3fAyXa B CTOMORYIO;

— 8 —— oTcoCc BO3AyXa H3 KYXHH; 9 — ropsuee BOJOcHaGKeHHE;
T 10 ~ cyucreMa ropsigefi Bogbl; [/ — KOHJEHcaTop TEMAQBOro
1 1A) Hacoca: /2 -— TemnoBOfi HacoM Moprsocrbio 300 Bt 13 — Gak

o~y
v
=
AR
ALRL AN
e
B

17 ropadeli Boan; f4 — Harpes OT TrasoBOrO KOTAA, KOTOpHIA
t BRJIOYAeTCA ITPH TeMOepatype CGSOCHOI‘O 6aka nmme 10°C

= = H Gaka ropAue#i BoAn Huxe 60 °C; 1§ — c6poc M3 MOIOLIHX
ﬂ/_‘] MalllHH: ]6 — cOpoc W3 BAHHOH, /7 — BeHTHAALHONNILA BO3-

AyX; /8- HCHADHTeAL TeNJOBOTO nacoca; [9 — CaAHB; 20 —
5) 20 Gak 350 a.

TYTTIIY

B Tex coywasX, KOIla yXOAAIIHE ra3bl H3 KYXOHHEIX meued, Hin
BOOOLIe H3 KYXHH CJHIIKOM HarpeThl, YTOOH HCNOJb30BaTh OOBIUHYIO
CHCTEMY YTHJIMH3AUHH TEMJa, NOKa3aHuylo Ha pHc. 5.14, HX MOXKHO CMe-
LWHBATE ¢ 6o/ice XONOAHBIMH BEHTHIAIHOHHBIMH BHIOpPOCAMH, a 3aTeM
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y:Ke HanpasAdaTh B HCHApHTENb TEMJIOBOrO Hacoca JHOO Heénocpejct-
BEHHO, JHO0 ¢ HCHOJAb30BAHHEM TemI006GMeHHHKA JJ4 npeiBapHTeJbHO-
ro nojorpeBa CBEXKero BO3AyXad, NOCTYNAIONEro B HCIAPHTEb.

Hanie scéro npejsiaralorT HCNOJb30BATh B KauecTBe HCTOYHHKA TEN-
na c6pocHyo Bony. Kak mokasano Ha puc. O.14, HeperyJspHbI# xapak-
rep TakuX cOpocos TpeOyeT mpHMeHeHHd TEIIOBOIO AaKKyMyJaaTopa,
KyJa nocTynaeT TenJo BOJbl, BHITERAIOME@H U3 BaHH, [yllel, nocy10Mo-
eYHBIX W CTHPAJbHEIX MAIUHH. 3aTeM TEMJID 3TOre akKymyJdaropa ¢ no-
BbiHIEHHEM NOTEHIMAJa NepeKaYuBaercs B pesepByap ¢ ropayel BOJOH.
B npyrux cxemax [23] cioma BXilogaercd M Temio JAOMalIHHX y6opoy-
HBIX Mailiuy. EcrecTBeHHOo, BeTpeuaeTcs MHOrO npeisoXeHHH NO J1ON0J-
HHTEJPHOMY HArPeBY AaKKYMYJSTOPA TeMa COJHEYHBIM KOJJIEKTODPOM.

5.3. AKKYMYNATOP TEMNA

DKOHOMHYHOCTh aKKYMYJAATOpa Temia AJsA JIOMAUIHHX TeNJOBHIX Ha-
cocoB 6blJIa NPeIMETOM MHOIOUHCAEHHBIX JHCKyccHi. SIcHOro orsera Ha
BOMpOC, CJAEAYET JH NMPHMEHATh aKKyMyJAATOp TENJa NPH HcHapHrede
TENJOBOr0 Hacoca, eHie HeT.

JI1060f HCTOYHHK TemJa IJjifl MaccOBOIO TENJIOBOro Hacoca MoJBep-
3KEH CE30HHBIM H JIHEBHEIM H3MeHeHHAM TeMneparypul. K coxaJjienuio,
sti BapHauun cHuxkalor KOII kak pas B 10 Bpemd, Korja norpeGHOCTb
B TenJie 37aHHA MakKcHMaJbHa. JoporopHsHa nmpHMeHEHHS 3JEKTpPOHA-
rpeBa JJISl AOMOMHUTEIBHOrO TEMJIOCHAOKEHHS, Ha YTO YKAa3HBAKT MHO-
THe NMPOH3BOAHTENH TEMJIOBLIX HACOCOB, MODYKIAET K MOHCKY aJbTepHa-
THBHEIX pelleHHH, cpejH KOTOPLIX NEPCNEKTHBHEIM SIBJSIOTCS HaKONJe-
HHE TemJIa JIETOM HJIH B COJIHEYHEIE 3HMHHE AHH *.

B sroit KHHre NOAPOOGHOCTH TEIVIOBHIX AKKYMYJATOPOB HE paccMar-
DHBAIOTCA, HX MOXKHO HaliTH B nmpuJaaraemoit Gubmauorpacduu. Orpanu-
qHMCH TOJBKO [BYMS NpHMEpaMH.

OcHOBHBie CBOHCTBa BEMIECTB, HCMOJABLSYEMEIX B TEIJIOBBIX aKKyMy-
Jagropax jpJs nopbiieHnsa remneparyps Ha 20° C, naue B Taba. 5.2 [20].

Ta6xuna 5.2. Cpofictea Bemects, ucnonbsyeuux B TENJAOBBIX
akkymyJsartopax wa 1 FAx

Yaensuas | ypennnasn

TENMIOEM- | renmora |TlnoTHOCTH Oruocn OrHoc-
Bemecrno KQCTh, lnyapnenns,| ®r/w® | Macce, xr| teapHas | OGuem, m*| Teabunmil

Kll)?k/(xrx kLK /KT Macca o6BeM
N ’C)

Kamens 0,837 — 2242 59 737 16,4 26,6 11,69
Boga 4,187 — 1000 11 941 3,27 | .11,94 5,25
Pacnsas 2,09 232,6 1602 3644 i 2,274 1

* AKKYMYJQDOBaHHWE COJHEYHOTO TemJa B TPYHT® Hpu HPHMEHEHHH NAaPOKOM-
NpecCHOHHLIX TEMJIOBLIX HAcOocOB B GOJBUIHX MacTabax A OTOMNERHS TOpPONOB
nogpo6Ho paccmotpen B 1920 r. M3BeCTHMIfi COBETCKHM q)usnx B. A, Muxenscon. —
{1pum. nep. .
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5.3.1. AKKYMYNUPOBAHMUE SBHOIO TEMJA

Hagkonutenu siBHoro Temsia HCNOAB3YIOT MKHIKOCTH MIH TBEpPHOE
Tesi0 Ge3 (as3oBLIX IlepexonoB IpH Harpepe JaHO0 oxaamxpeHun. Hx
cJIeICTBHEM 4BJAJETCH TOJbKO U3MEHEHHE TeMNepaTypH.

CaMoe pacnpocTpaHeHHOE BEIECTBO IJS AKKYMYJHPOBAHHA Tell-
ga — eopa. TTomuMo oOLIEOCTYNHOCTH €€ MNPEeHMYLIECTBO COCTOMT
B TOM, UTO OHAa MOXeT OBITE B3ATa NJf HCIIOAb30BAHHA H3 AKKYMYJA-
Topa Ge3 TenaooGMeHHHKA. AKKyMYISTOp MOMKHO NONOrPEBATh TEMIOM
H3 KOMJICHCATOpa TEIJIOBOrQ HAacoca, a 3aTeM NOJaBaTh HArperyio BOLY
B JIOMAIIHIO CHCTEMY OTOMJIEHHA.

Huorpa akkymyasTop rensa cHaGxaeTcs COMHEUHHIM KOJNJIEKTOPOM,
IOBBIIIAIOIIHM €ro TeMNlepaTypy Nepeln noxaued TenJga K HCIApPHTENI0
TEIJIOBOr'0 Hacoca. PesepByapsl 1 BOAH BHIIOJNHAIOT H3 MeTaJJa, Ge-
TOHA WK nmjactMmaccel. [Ipu MasoM noBwlieHHH TeMnepaTyphl Tpebye-
MBI 00BEeM BOJLI B aKKYMYJATOPE CTAHOBHTCA CTOJAb OOJBIUIHM, YTO
3KOHOMHYECKHE M IIPOCTPAHCTBEHHBlE OrpaHHYEHHS He MONYCKAlT HX
lIpHMEHEHHs B WIHPOKHX MacuwiTabaXx, Muoro npepsoxeuuit o goMax
¢ MHHAMAJpHBIM NMOTPe6JEeHHEeM 3HEprHH BKJIOYAIOT GaK-peryJaqarop,
pasMereHHbIA o nmojoM XKuaunia, Mx ouenp TpynHo pasMewaTh B cVv-
H1eCTBYIOILHX 3MaHHSX.

TBepable aKKYMYJAATOPH T€MIa HCIOJB3YIOT B 3IaHHAX yXKe MHOTO
aet. AKKyMyJaHpylollMe pagHaTophl U3 KepaMHUECKHX GJOKOB C 3JIEK-
TPOHArpEBATeJbHLIMH 3/ €MEHTAMH paHbllie OBWVIH OueHb IONY/ASIPHHEL B
Anrann, OcHOBHOM apryMeHT 3a T4KHE CHCTEMBl — CYIIECTBEHHOe CHH-
ZKeHHe I[EHHl Ha 3JeKTPO3HEPTHIO BO BHEIIHKOBOE BPeMS, Korja akKKymy-
JATOpH 3apsaxaiorcsa. Mix mokHo HarpeBaTh 10 0oJiee BHICOKOH TeMIe-
paTyphl, 4eM BOAY, HO MOMKHO HCIOJB30BATh H JIJIA HAKOIJIEHHS HH3KO-
IOTEHIHAIBHOIO TEIJIa, MOCTYNAIOILEro B TENJOBOH HACOC.

Kak Bupno u3 Taba. 5.2, cka/ipHHe NMOpPONb (KaMeHp) XykKe, 4UeM
rona. Oun 3aHHMAaRT GoJbiuHiA 06beM H HMEIOT GOMBIIYIO Maccy M
HAKOIJIEHHS OJITHHAKOBOTO KOJIHUECTBA TeNJa.

5.3.2. AKKYMYJNIATOP HA TENRAOTE NJABJEHUA

HMcionp30Banne TenJoTH NyaBJeHHS B CPaBHEHHH ¢ aKKYMYJHpO-
BaHHEM fABHOI'C Teljaa onpepnejgercd tpelOyeMblM o0beMoM MartepHa-
JIOB, 3aBHCAIHM OT HX TEIVIOTHL IIMIABJEHHA. B oT/HUHe OT akKyMyJas-
TOPOB ABHOrO TenJa aKKyMYJHpPOBaHHE IIpH IJABAHHH NPOHCXOAHT
MpH IIOCTOAHHOMN HJIM NMOUTH NocToAHHOH TeMneparype. Ho uaMeHeHue
¢ a30BOT0 COCTOAHHA MOMKET OBTh CBI3aHO C H3MEHEHHeM o0BeMma.
BocipuauMasg Tenso, MaTepuaJs nJaBHTCA, a OTAAaBas €ro, 3aTBepneBa-
et. CkpelTas TemI0Ta NJAaBAEHUSA NO3BOJAET B €qHHHIE o6bemMa HAKAll-
JquBaTh OoJipuie TEIJIA, WEM Y AKKYMYJSITOPOB, HCIOJNB3YIOUHX TENJo-
emkocte. CBOHCTBA 4YacTo NpHMEHAEMBIX BEIIECTB MNPHBENEHH B
TabJ. 5.3 [25, 26].

M3 tabaunbl BHAHO, 4TO MOMKHO HOXOGpaTh NMJaBsILHecs BELIeCTBa
B IIHPOKOM Jyalla3oHe TeMIleparyp, NPHroAHbIE NJf NTOMALIHEro NpH-
MEHEHHA, OTHAKO, 3a HCKJIIOYEHHEM r1ay6epoBOH conu (OeKaruapar
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Ta6nunma 5.3. CrRoficTBa AKKYMYJHPYIOUIHX Bel|eCTR

TennoTa naanfenus
Bemect T:;;mepa'rypa [TAoTHOCTD,
eleCTRO aa‘;nCEHHH’ Kr /3 KIL Kr Tk font®

NaC2H302 . 3H20 58 l 297 265 340
NayS,04-5H,0 48 1650 209 344
Ca(NO,)q-4H,0 47 1858 154 283
P 116 (Bock) 47 785 209 163
FeCl;-6H,0 36 1617 223 359
Na,COs-12H,0 36 1522 265 400
LiNO,-3H,;0 30 —_ 307 440

cyJibdpaTa HATpHA), Bce OHH CPABHHTEJNBHO JOPOTH H BPAJN JH HaHAyT
LIHPOKOe NpHMeHeHHe. Bo MHOrux snabopaTopHAX HCCIEAYOT HoBbIE
nJaaBgIHECS BENIECTBA.

5.3.3. UCNONb3OBAHUE AKKYMYNATOPOB TEMAA B TEMNOBBIX
HACOCAX

BOALIIKICTBO HeCAENOBAHKN NO NPHMEHEHHIO aKKYMyJATOPOB TeEN-
Ja cBAA3aHO C COJMHEUHBIMH KoJnaektopami. OnHO U3 caMblX NMOAPOGHBIX
HecsefoBaHHA [27] onmHcHIBAeT JOM ¢ CHCTEMOM BO3AYIIHOIO KOHJHIH-

.y P
Cee u..«’r-zus-r-.&‘ié"\
b ks

Puc. 5.15. O6mu# BUL AOMA C COJHEYHBIM KOJIIEKTOPOM, TelJIOBbIM
HACcOCOM M aKKyMYJIATOPOM Tellaa.

OHHPOBAHHS, OTOIJIEHHSI M HCNOJB30BaHHEM COJNHEYHOH H 3JEKTpHYe-
cKoli sHepriu (puc. 5.15). OcHOBHBIC KOMIIOHEHTHI CHCTEMB! BKJIIOYAIOT:

1) dacrexyneHHmi#l IJIOCKHA uepHBld MEIHBIA CONHEUHHH KOJNJIEKTOp
MJIOIIAABI0 0K0J10 65 M2 ¢ IHPKYJANHeH XKHIKOCTH;
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2) Bosguol Gak BmecttiMocThid 9000 n noa atMmocthepunM AaBie-
HHeM ¢ 6eToHHONR 060JOUKOH;

3) Harpep BO3/lyXa BOJOA OT COJHEUYHOro KOJJEKTOpa;

4) TensoBol HACOC BO3AYX — BO3AYX A pabOTBl COBMECTHO ¢ €OJI-
HeUHBIM HArpeBOM H JONOJHHTEbHBIH HarpeBaTeb.

Haa vccaenoBanHug Owlal BhIOpaH pailion bByddano, uro6sr npose-
PHTb TNpPHMEHHMOCTb COJIHEYHOTO HarpeBa B YCJOBHAX CEBEPHOrO
KnuMara, O6masa teljloBad Harpyska Omga mnpuMmepHo 4000 rpaxyc-
nHelt. CpaBHHTENBHO HEBLICOKAS HHCOJIANHA B CpeIHEM COCTaBHJA

S

@
?/Et’i. S
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U
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*t

Puc. 5.16. Hcnoansobanue Boasnoro 6aka ¢ COMHEYHHM HarperoM AJIS TeNJIOBOTO Ha-
coca THa BO3AYX — BO3AYX.

1 — conHeyuslfy xoanexTop; 2 — Gaxk warperofi COnHUEeM BoAH; § — Tenaco6Meunuk: 4 — ropsiuee
BojgoCHaGKeHHe:; 5 — noMamudfl 6ak ropsauell BONW; 6 — ropolCKOl BOXONPOBOL: 7 — UBYXMO3HIH-
OHHBIfi aBTOMATHYECKH YIpaBaseMulfi KiAanaH; § — Kkflanad ¢ cONEMOMJIOM; 9 — HapyXXHasi yYacTb
TenngHacocHol ycraHnoBkH; JO — vapyXKHEfi BosAyx: Il — umarperasi cOMHUeM Boga; /2 — nopgapBae-
MEfi Bo3xayX; I3 — BHYTPEHHAS yYacrh TEMAOHACOCHOH yCTaHOBKH; !4-— BO3LYX M3 KoMuar; p,—pPi—
HAacoCHl.

800 x[xk/(m2-cyT) ma TOPH3OHTANBHOH NOBEPXHOCTH B TeyeHHE OTO-
MHTEJBHOTO Ce30Ha OKTAGPD — anpedb. DJIeKTPOSHEPTHd 1JA NMpHBOAA
KOMIIpeccopa H AONOMHHTENBHQrO HarpeBaTeds Obljia BeiOpaHa NOTOMY,
uTO NMPHMENeHHe NPUPONHOrO ra3a B 3TOM pakoHe OrpaHHUEHO.

Hns uccienosankit BGpaH TennoBoit nacoc «Westinghouses pas-
JeJIeHHoro Thna, paboTalomui NpH TeMnepaType HCIapHTeAs MEXKIY
—27 n 32°C. Ha puc. 5.16 nokasaHa Bcsa cCHCTeMa BO BpeMsl HCIIOJb-
30BaHHS AKKYMYJATOPAa B KaueCTBe HCTOUHHKA TelJja JJIfl TEMJOBOro
Hacoca, B nByx ApyrHX peskMMax TelJOBOH HACOC MOXeT HOJYYaThb
TelJo JH60 HeMoCPeJCTBEHHO OT OKpysKaioulero Bo3jayxa, 6o ot Bo3-
JYXa, MOJOTPETOro COJHEUHHIM aKKyMyasTopoM. B paccMmarpHBaeMmoM
peXxHMe Hacoc NepeKkauHBaeT BOJy H3 Gaka-akKyMyJlsiTopa 4epe3 BOLO-
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BO3JYHIHbil TeNJOOOMeHHHK Mepell HCIApHTENEM TelJIOBOro Hacoca.
[Torok BO3iyXa Yepe3 HCHapHTelb 00ecHeYHBAETCA NEHTPOOEKHBIMH
BEHTHJIITOPOM K peryjaupyerca nnbepom. Tennbit BO3NYX OT KOHJIEH-
caropa mnojaercl B KOMHAaTe. Bopna Bo3Bpamiaerca B Gak-akky-
MYJATOP, €€ pacXol peryjJupyercsi aBTOMATHUECKH C NOMOILbLIO
KJanaHa. . _

Bri6op He0oOXOAHMOFPO PeXHMa paboTHl PeryJHpyercs ¢ NOMOUIbIO
YeThIPEeXKyJauKkoBOI0 Bpalllaionierocs KOMHATHOro TepMocrara ¢ Tpe-
M5l CTYIEHSIMH Harpesa H OJHOH CTYNeHpIO oxnaxaenud. Ecan npamohn
CONHEYHBIH HAarpeB HeLOCTATOYeH [J9 NOAJEPKAHHA BHYTPH [OOMa
KOM(QOPTHOl TEeMIepaTypel, TepMOCTaT BKJIOYAeT BTOPYIO CTYNEHb
OTOIIJIEHHS ~— TEINJOBOA HACOC € COJHEUHLIM MOIOrPEeBOM, ONHCAHHYIO
Bolme. EC¢aH Ke M 3TOrO 0KasaJoch HeNOCTa-
TOYHO, TO TeIVIOBOH HAcOC BKJIOYAaEeTCA Ha
HOpMaJbpHYIO paboTy B pekMMe BO3LYyX—BO3- 7
IyX,” a HarpeB BoO3JyXa B KOHJEHcAaTOpe IO~
OJIHACTCA JEKTPOHATPEBATENEM,

~ ITonxoe aaegTpomorpebiieHie TENJIOHACOC-
HOH CHCTEMBI € COJIHEUHBIM IOJOTPEBOM COCTA-
BUJIo 11 342, Torga Kak npocroe 3J€KTPOOTON-

7

Puc. 5.17. Cxema TelvIoBOro Hacoca t HcnapuTesieM, RO-
TPYeHHBM B 0aK-aKKYMYJATOP TellJa.

I — conHCUYHHM KOJJGKTOD; 2 — ApOCCEAbHE KNanaH; 3 — HC-
napHreas; 4 — 6aK; & — KougeHcaTop; 6 — Harpernlfi BO3AYX;
7 — xommnpeccop; § — Hacoc; 9— oxNamiensbld Bo3ayx; 10—
Hapy:;kHuA TensooOMeHHHK THNa BO3LYX — BOXA. '

JeHHe notpe6oBasio 6u 36832 kBT-u B roa. [IpH CTOHMOCTH 3JEKTPH-
uecrpa 2,29 meHTta CoJIHEUHAS CHCTEMA C TElJIOBHIM aKKYMYJATOPOM
3KOHOMHT B roJ -0KoJ0 653 noan. u obecneudBaer cPoK OKYIaeMOCTH
oxoso 14 ner. ConHeunas cucreMa, paGoraloilas CaMoCTOATENBHO HJIH
B COYETaHHH C TENJIOBHIM HacCoCcOM, HOKpuBaer 70% rofoBO# OTOIH-
TeJIBHOR HaArpy3kKH. ) '

Ha puc. 5.17 nokasana jpyras cHcTeMa C TEIUIOBBIM AKKyMyJSTO-
pom [28]. 3pmech HcmapuTesip TelIOBOTO HACOCA . HEMOCPEACTBEHHO MO-
rpyskeH B Oak-akgkyMyJaTop. 3ta paboTa HMTepecHa CBOHM HeTalb-
HBIM HCCJIEOBAHHEM BJIHAHHSA mapaMeTpOB COJHEYHOro KOJIJIEKTOpa H
AKKyMyJaTopa Ha 3G eKTHBHOCTH TellJIOBOrO Hacoca. :

Cxema Ha pHc. 5.17 paboraer caeayiomuM o6paszoM. CoOJHEUHBIH.
KOJIIEKTOP NoJaer Temno B 0aK-akKyMyJaTop, 4TO AONOJHAETCS BO3-
AYXOBOAAHBIM TENIOOOMEHHHKOM, HCIONB3YIOIIHM TEio OKPysKaiouie-
re ._Bos;l,_yxa.'ﬂocko.nbxy TEMNIEpAaTypa aAKKYMyJadaTopa BCEro JHIIL Ha
1eCKOJIBKO T'PajyCcoB BBIIIE OKPYKaioileH, B KAauecTBe TEIIOHOCHTeS
HCIONB3YETCA PACTBOP IVIHKONA B BOZe. McmapHTe s TENJN0BOro HAco-
Ca. morpyxeH B OAK-aKKyMyJATOpP, KOTOPHIA B JAHHOM Cjydae CJAYKHT.
CAHHCTBEHHBIM HCTOUHUKOM TelJia. _

.. Ha pic. 5.18 conocraBnenn 3uauenns KOII tensosoro macoca npn
HAJIHUHH COJIHEUHOT0 KOJJEKTOpa H OGBIYHOIO TENJIOBOrO Hacoca THIA.
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BO3NYX — BO31yX. B aTOoM HccaenoBaHnH GHJI NPHMEHEH DasleseHHBIH
TenoBoi Hacoc gupmn General Electric. Kak Buano us rpaduka, no-
CTHraercq cyumecrsernoe nopniuesne KOTL

Ha puc. 5.19 onpenenenne KOIT HecKonbKo MOJIHC])HIIHpOBaHO c
I1€JIBI0 BKJIOUeHHs 1OGABOUHBIX 3aTPAT 3JEKTPOIHEPTHH.

Ha puc. 5.19,a noxasana saBucumocte KOII or pasmepa Gaka-
aKKyMyJIATOPa. Bmmo 4TO MNpeBHIIEHHE 'HEKOTOpOI‘O MHHHMaJBHOI'0

xan l “on
' 2, R
5 + /
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—_— ———
z g xon
. | o]
e R 5
; i /s:ysnz
50 we  sm? 5
Puc. 5.18. Bausinne miomaau coJHEUHOrO KOJI- /
aextopa S Ha KOIl TtennoBoro Hacoca ¢ akrky- 4
MyJasaTopom Maccoit 3400 kr. 59
! — oOniuHM# Tendosofl Hacoc; 2 — fTenfNloBol Hacoc
C COJIHEYHBIM KOJMIEKTODOM. 3 o
Puc. 5.19. 3asucumocts KOII oT pasmepa akky- — | ¥
MyJasitopa M Tpu WIomAaAH COMHEYHOTO KOJJIEK- zl
Topa S=58 M? (@) H pasaHaHLIX 3HAYEHHAX 7 M %
S (6). a ) ’

3HAUEHHA JaeT yxKe MaJbil BBIHTPHIL NpH (HKCHPOBAHHOM 3HAYEHHH
KOMJIEKTOPa, HO OJHOBPEMEHHOE YBEIHUEHHE KOJMJIEKTOpa CyIECTBEHHO
noeeimiaer KOIT (puc. 5.19, 6).

5.4. DQKCMNEPMMEHTANLHLIE ﬂOMAI.I.IHHE
TEMNOHACOCHbDIE CHMCTEMbI

BOMNBIIMHCTBO NOMAIIHHX TENJIOBBIX HACOCOB NpEACTaBaser -cobo
KOHIHIHOHeDH KpYIVIOTOAHYHOrO JeHCTBHSA, HO HeKOTOpBIE CayXKar
TOJIBKO J1J1 Harpesa. Bce oum jpocrarouHo sp@eKTHBHH, HO paccyHTa-
HBl 1JI1 VCTAHOBKH B CYHIECTBYIOMHX 3MauuAX. HeT cmbicia NPUMEHATD
HX B ClelHaJBHO CIIPOGKTHPOBAHHEIX OMAax ¢ MHHHMAaJbHBIM IOTpeb-
JIEHHEM 3SHEpPrHH Ha OTOIJIEHHE WU BO3JAYIIHOE KOHIHIHOHHDOBaHHe.
B nocneniee BpeMsa paszpaGoraH pfj TaKHX NMPOEKTOB, B KOTOPHIX LJIA
3KOHOMHH 3HEPrHH HCIO0Jh30BaHB BCE€ MEPH — JBOHHOE OCTEKJEHHE,
peryJHDOBAHHE BEHTH/AIMH, TEIVIOH30ANMH H T. n. MMeHnHo 3jece
TENIOBBIE HaCOChl UI'PAIOT BAXKHYIO POJb, YTO NOKA3AHO HA PALE MPH-
MEPOB B 3TOM pasfiene.
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5.41. AOM DHEPTETMMECKOH KOMMAHMMU NEHCUNIbBAHUM

ITOT HKCNEPHMEHTANBHBIA [OM NpeIHAsHAueH IJsa AEMOHCTDAIHH
sxoHoMuH Goaee 509 suepruum mo cpaBHEHHIO ¢ OGHUHHMH JOMaMH.
31eCh NPUMEHEHH! TeIJIOBHE HACOCH BOAA — BO3LYX. H BO3JAYX — BoJa.
Oouias cxema noxkasaHa Ha puc, 520 [23]. Tennosoit macoc npen-
CTaBJSeT TOJNBKO YacTh CHCTEMH, pPacCUHTAHHOR Ha 3IKOHOMHIO 3HEp-
rid. Jlns. moma cnenmanbHO BHIGDAHO NOJMOXEHHe ¢ GJaronpHATHOMN
HHCOJIAHETl B BO3MOMKHOCTBIO €CTECTBEHHON BEHTHAAUHH. [IpHMeHeHEl
stdbdeKTHBHOE oOCBenieHHe ¢ IO- 4
MOIIbI0 (JIYOPECHEHTHHX pPTYTHBIX j
JaMIl H yTHJAH3aIHs cOPOCHOro Z
tenaa. JXHaag naomanes 147 M. 3 3 5

O6a TemIoOBBHIX Hacoca JAONOJ- J |
HEHBl COJIHEUHHBIMH KOJJIEKTOpaMH. K,

Puc. 5.20. Cxema sKcmepuMeHTaNLHOrO
JIOMa ¢ TelJIOBLIM HacocoM.

1 — TenaocoOGMeHHHK; 2 — HMacoc, 3 — TenNoBod
HAcOC THNA Bojga — BO3uYX: 4 — ropsuas BoOJa
41—44°C; 5§ — nogorpematesib Topsuedl BOALI;
6 — BXox XonOJNHOA BOXM: 7 — KOHXEHCATOD TEH-
JIOBOT® Macoca BO3JYX — BOJA: 8 — aKKYMYJIATOp
SHEPTHH COGpPOCMOTO BO3AyXa, XOJ0JMILHMKOB,
CYIUMAOK H nenefi; 9 — aKKYMYAATOD SHEpruH
cGpocHofi Boghl, MOGUHHWX W CTHPaJbHHWX MallfH,
paHHOH; 10 — Gak Ha 3800 N ¢ NOTPYXeHHbIM
SJieKTpoHarpeparefieM Ha 15 kB1; 1! — cucrema
AaHTUCENTHKHE 3 BOCCTaHOBJieHMA Temnma; 12—
pacTBOp ITMAEHTIMKOAS INPH TeMuepartype wHa
8,3°C puiue, ueM 8 Hcmaputene; I3 — KoMNeKkrop
TENNla Ha KPbIKg,

KoMmnauns cuMraer, uTO TpeTh 3HEPrHH JAIOT TEMJOBBIE HACOCHI,
TPEeTh — YTHJAH3AIHA cCOPOCHOTO TeIVla H OCTAJbhHOE — COJNHEUHHe KOJl-
JIeKTOpH. YKa3aHHad 3KOHOMHS SHEPrHH OCHOBAaHA HA NPENIOJOKEHHH,
YTO H OOBIYHHHA JOM TakKKe MNOJTHOCTBIO <«3JEKTpHUeCKHH». B nome
CTHpaJbHAsi MalllMHa, CyllKa, NOCYLOMOHKAa H 3JEKTPHUECKas KyXHf.
TennoHsondannsa BkAOYaeT 3aNMOJHEHHE CJOEM NEHOIIAcTa TOJIIHHON
2,5 ¢M ¢ ypeTaHOBHM YIJIOTHEHHeM OKOHHHIX paM. KpoMe Toro, cucre-
Ma BKJIOYaer:

1) conHeuHni KOJNJEKTODP B BHAE Orpajibl JJd IONOJHHTENBHOIO
Harpesa;

2) cHucTeMy BOCCTAHOBJIEHHMA Temsa, COpachiBaeMoro JOMalIHHMH
XOJOMUJABHUKAMH H CYIMIHJKAMH 1JA OLeXKJbl (B BHIE HArPEToro Bo3-
nyxa);

3) TemnoBne TpyOku [24] nas yTHAH3auMu tensa cGPOCHOR BOIH
BaHuH ¥ AYIIAa;

4) yTHAN3ALHMIO TemJa MOGYHHX MALIHH. :

OcHoBOil CHCTCMBI ABJAETCA TEMJIOBOH HAcCOC ¢ BOAAHHM HCTOUHH-
KOM, HaolMi TemIo A4 ropAdero BoJOCHAOXKeHHd W CHCTEMBl KOHIH-
UHOHHPOBAHHA. ITOT IVIaBHHF TENJOBO/ HACOC HCNOJB3YeT TEIIo, Io-
CTynapoilee M3 pasHHX MCTOYHHKOB, BKJIOYAA CONHEUHBIE KOJNMEKTODHI,
MoeuHble MaIUHHBI 1l Apyroe c6pocHoe Temno. bak-akkymyaarop Bme-
CTHMOCTBIO 3785 J1 monoJHeH NMOrPyKHEIM HarpeBaTeseMm Ha 15 KBr.
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5.4.2, COJIHEYHbIH TEMNOBOW HACOC «LENNOX»

DKCnepuMeHTalpHasa ycraHoBKa «Lemnnox» nemoucrpupyer npenmy-
LIeCTBA COJIHEUHOrO INOJAOI'pEeBa BO3AYyXa Iepel Nnojauel B HCNApPHTEb
TEIJIOBOrO Hacoca. '

MsBectHo, uTo npn CHHIKEHHHM OKpyxKalomel teMmneparypn 3¢ dex-
THBHOCTh TEIJIOBOTO HACOCA NMAJAaeT, HO COJHEUHHI Harpep BO3AyXa
MOr OBl HCIIpABHTb NnoJioXkKeHHe. B paccmaTpuBaemoit KOHCTPYKIHH COJI-
HeUHbIH KOJJEKTOP HENOTPeNCTBEHHO BKAIOYAIOT B camo 3AaHHe, Kak
BHAHO u3 puc. 5.2]1 n 5.22, npHmMenena npocreimas cxema: BO3LYNIHBII

s 7

; U 7

~3 P,

I 7 |

Puc. 521. Cxema remnosoro Hacoca  Puc. 5.22. CeyeHne j0Ma ¢ ycTaHOB-

«Lennox» ¢ coiHeyHLIM Tnojorpesate- kol «Lennox»:

JieM BO3ayxa. 1 — cnannpuA; 2 — KyXHA; 3 — TennoBoli wna-
I —npsaMas ‘pasmaluf; * 2 — HenpAMas  pa- coc; 4 — secTHHUA; 5 — Baunwas,; 6 — Knaxo-
JHauWA; 3 — YXOIZAIHA Bo3nyx; 4 — HAPYX- Bas; 7 — aKKyMy#asiTop Tenna,

HBIH Bo3pyx; .5 —— TennoBofi Hacoc; 6 — Gak
ropsucft Boxbl; 7 — akKKyMyaAATep Tenna.

KaHaJl HenocpelcTBEHHO NOJA KphlLeH, HarpeBaemoi coanueMm, [lo-
CKOJMIBKY KOJUIEKTOP HMEET TeMmnepaTtypy, OJH3KyI0 K TeMmIieparype
OKpYXKalouled cpe/iul, NOTepH Tenja NMOHHXKEHB! 10 CPABHEHHIO C HpY-
THMH KoJanekTopaMiu. Eciy crcrema 3ajoxkena B NPOEKT 3[aHHA, TO
H CTOHMOCTH €€ HEBEJHKAa. DPPeKTHBHOCTh €e MOXKHO elle MOBHCHTH
LEHOH JONOJHHTENbHEIX KallHTAJbHHX 3aTpPaTt C MOMOUIBIO QAHOKpAT-
HOTO ocTekjeHHA. B 3Toli cHcTeMe TemoBol Hacoc HCMONB3YET TEMJO
BO3AyXa 1/ NOBBHUEHHA TEeMIEpaTYphl AKKYMYJASATOpa TeNJja, pasme-
ureHHoro ok sfauxem (cMm. takxe § 5.3).

Kak sunno u3 puc. 5.23, TemnoBOH akKKyMyJATOP AaeT BO3MOM-
HOCTb TIPHMEHHTDH TEIVIOBOH HACOC TONBKO NPH JOCTATOYHO BEHICOKOI}
TeMNnepartype OKpYXawuiero BO3AYyXa, Korja CoJHIE JaeT 3aMETHHIfi
BKJaJ B €e MOBHIIEHHE NpH NOAX0Ie Bo3nyxa K Henapuredio. Cpentee
NoBLIIeHHE TeMnepaTypsl Ha 2,5 °C Haj oxpyxKalouleli cpeloi B Ta-
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KOM CoNteyHoM Roafiertope yaednunpaer KOIT na 8—10% c nepuonom
OKynaeMocTH MeHee b jeT. TennoBol akkyMyJasaTop obecneunBaer o0Tol-
JIEHHE TNIPH NOMHKEHHH OKpyKalouiei temnepartypsl. B 3to Bpemsa, Ha-
npHMEP HOUBIO, TEIVIOBOH HACOC OTKJAIOUEH. YTBEPKJIAeTCA, UTo TaKoii
aKKYMYJATOP MOXeT NOJAepKHBaTh KOMQOPTHBIE YCJAOBHS BHYTPH
JloMa B TeueHHe 9 muel npu okpyxaiomei temnepartype 0°C. Oxnako
TaKas YCTAHOBKA faxe JJf VCIOBHH AHIMIHM NOJKHA HCIOJB30BATH
KaKHe-To CMocoOH JONOJHHTENBHOrO HarpeBa. llpyroe pekaaMHpyemoe
NPEHMYILECTBO CHCTEMHBl COCTOHT B BO3MOMKHOCTH HCIMOJB30OBAHHS BHE-
NMHKOBOR JeUI€Bol 3JiekTpo3neprun. OHa TakKe MOXKeT NPelOXpPaHATh

7.9
z
Puc. 5.23. Bimsnne akkyMyJupOBaHHS Ko7
Tel/Ia Ha IPOAOJIKHTENLHOCTE 3KOHOMHY-
HO# paGoTH T BO3AYUIMOTO TEIJIOBOrO Ha- 000 13
coca.
I — o6pacrs TensocHaGXKenusa oT AKKYMYndTopa Z
Ge3a TEmNOBOro Hacoca; 2 — onrHManbHas  of-
JacTh paGorH TeNNMOBOro Hacoea. 7
g .
0 N

9 5 03& 1w 5 207I%

HeXXHWJIHE 10Ma OT 3aMep3aHHs WM yBJAXKHEHHs B TEUeHHEe IJIHTEJb-
HOTO BPEeMEHH. _ . ,

Tensno ns TemnyoBoro akKyMyJasiTopa MOXET IIOCTYNATh B HH3KOTEM-
NepaTypHble NMaHeNH NOJ I0JOM HJIH pagHaTOpH, a TaKxkKe B CHCTEMY
BO3JYIIHOTO OTOIJIEHHA. B mesoM 3Ta cHcTeMa HanoMHHaeT HEeMepnKylo,
onxcaHHyio B § 5.2, Ho cHcreMa «Lennoxs HecKoJbkO MEHBILE,

Husxke 6yayr onHcaHs COJHEUHHE TelJOBHEe Hacochl ¢ O6bU-
HBIMH TJIOCKHMH KOJIJIEKTOPAMH, BBEIYCKaeMbleé Ccefuac MHOTHMH
bHpMaMH.

5.4.3. DKCMNEPUMMEHTANbHBIA AOM dupMbl PHILIPS

ITOT 3KCNEPHMEHTANbHBIH A0M mnocrpoed B Aaxene (®PI') xax
rJlaBHafg 4acTh NPOrpaMMBl 110 HCMOJb30OBAHHIO €0JHEUHOH HEPTHH H
3¢:QeKTHBHOMY HCNOJNB30BAHHIO SHEPIHK B 3AaHHAX., AmaaHs norpel-
JenHs sHeprun B @®PI nokasan, uro 509% Bcefi nepBHUHON 3HEPrHH
HCclosb3yeTcd B dopMe HH3KoTeMneparypuoro Ttemna (HHke 100°C).
Boapmas uacte 3TOro Temjaa HCIOJAb3YETCH AJA OTONMJICHHA 37aHHH H
ropsivero BopocHa6xeHHA. OKOMO NMOJOBHHBI 3JEKTPOIHEPrHH TAKKE
HCIONB3YeTCA 1A NOJYyUeHHS HU3KOTEMNEepaTypHOTo TenJa, B OCHOB-
HOM JJISl OTOIVIEHHS AKHJIHIIL. -

Oo6menpuanato, uto paspaboTka sueprocGeperaioieii TEXHHKH 1J4
OTOMJIEHHA MOMKET CYNIECTBEHHO YJYUIIHTb HEPreTHUecKyl0 CHTYauHIo
B KOHTHHeHTaJpHO# EBpone, s uero npeinoeHn yersipe OCHOBHHX
MepONpPUATHSA: '

1) CHHXKeHHe TeNnJOBHX NMOTEPh 3JaHHeM;

2) BoccTaHOBJEGHHe TEIa COPOCHOR BOAH H BO3AYXA,
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3) HCIoJAb30BAHHE aJbhTepHATHBHBIX HCTOYHHKOB 3HEPrHH, Oe3ppef-
HBIX 174 OKpyxawollefi cpens (HanpHMep, ColHIA M TPYHTa);

4) paspaboTka HHTErPHPOBAHHBIX JHEPreTHUECKHX CHCTEM I4
3MaHHd.

Cxema 3KcnepuMenTtaJpHoro poma @uiannca npHpeaeHa Ha
puc. 5.24. 3nauntenpHag 3KOHOMHSA 3HePrMH JNOCTHIHYTa NyTeM TeIlIo-

ii — ‘J'LT 2208

to—=—F=——=——==——==== 4=-==

Pue. 5.24. CxeMa cHCTeMBbl OTOIUIEHHS C TeMJOBHIM HacocoM joma dapmur Philips
B AaxeHe ¢ NOHH:KeHHHIM NMOTpeliieHHeM IHEPTHH.

1 — Bopa; 2 — ceexuit BOBJI}'X; 3 — xoan; 4 — BeHTURANHOHHLIA BHOpOC; 5 - CoNueuNMad pagma-
IHA; 6 — TenNoOOMEHHHK; 7 — MHHMKOMIbIOTEp; 8 — renno; 9 — XollogHasm Bopaa; !0 — ropsauas
BoJa; 1! — TemnoBoft Hacoc; 12 — GaK-aKKyMyJNAToD Tensa ce3oHHbi; 13 — warpeB Bofbi; 14—
TENNOOGMEHHHK B rpyHTe; J5 — c6poc BOIbL.

H30JSIHH, peryaupyeMoli BeHTHAAUHH H NBOHHOrO OCTekJeHHd. B co-
yeTaHHH € TEMJOBHM HACOCOM H JIDYTHMH CHCTEMAMM 3TO MO3BOJHJIO
CHH3HTh NOTPEGHOCTb B 3HEPTHH 10 !/¢ 10 CPaBHEHHIO ¢ nOTPeGHOCTHIO
OOBIUHBIX 3LaHHN HIAH [0 1f3 1O CPAaBHEHHIO ¢ NMOTPEGHOCTRIO COBpeMeH-
HBIX XOpOLIO TENJA0OH30JHPOBAHHEIX 1OMOB.

OTtonaenne Tpebyer okono 8300 kBt-u # obecneunsaercs conHey-
HOll sueprueft ¢ akKyMmyJupoBaHHeM Temaa. CoOJHEUHLIH KOJJIEKTOp,
onHcauublii 8 § 2.5, nuraer Bomo#l GaK-aKKyMyJsTOp BMECTHMOCTBIO
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42 M. Exeronvo 6ak HakanaHpaer 10—12 teic. KBT-4. [lyrem Boccra-
HOBJEHHS Temla COPOCHOH BOAH 3JeKTPHYECKas MOLIHOCTh I'OpsAYero
gonocHabxeHHs cHHxKaeTca Ha 50Y,.

TenndBoit Hacoc B 3TOM JAOMe HCMOJb3yeT HECKOJbKO HCTOYHHKOB
Temnsa, NoKasaHHBIX Ha pucyHke. [logseMHublll KOJJEKTOpP, COCTOALIHH
u3 120 M muiacTHKoBHIX TpyOOK, pa3MmenieH moJ MNMOJOM J0Ma& H JIaer
temsio pJasa ucnapuredsa npu 7 °C. [locie nosblllienHs TeMNepaTypH B
renaosoM Hacoce A0 50°C # 3To Temno nocrynaer B 6ak ropsyero Bo-
nocHaGxenua. Temyopolt HacoC 3JeKTpHUECKoH MouHocThio 1,2 kBT
paboraer ¢ KOII==3,5 n naer okomo 3,5 KBT Tema. Oxnaxnenune 3ga-
HHS JIeTOM ocyluecTpigerca 06e3 TelJoBOro Hacoca, Tenabli BO3AYX
npokaTHpaerca uepes Xxogonuetdi momsan. COpocHas Boma CJAYMKHT
HCTOUHHKOM TemJa AJa Tendooro Hacoca. Ilyrem BoccraHoBIeHHA
TenJa KaK ¢ NMOMOIIbIO TEIJIOBONO Hacoca, TaK H OOBIUHOTO TEmnI0006-
MEHHMKA XHIKOCTh — XKHIKOCTb TOIOBOR pacXoJ 3HEPrHH HA Harpes
BOIBl MOHO CHH3NTh ¢ 3980 no 980 kBT.u, Mutepecno OTMETHTh, UTO
noJHoe notpebieHne 3HEPTHH  NEKTpooOOPYAOBAHHEM B 3TOM JIOME,
KOTOpPOe MOMKHO PacCMaTpuBaTh KaK HCTOUHHK TeIMJOro BO3AyXa, C€oO-
craBager 2915 kBT-u B ron, OHO BKJIOUaeT CYWIHJKH MOCYAH, X0J0-
JUJIBHHK, MOPO3HJBHHK, 3JEKTPOIJINTY, OCBeLIeHHe H TeleBH30p. Boc-
CTAHOBJIEHHe TeIJla HarpPeToro BO3jfyXa OCYLIECTBJAAETCA IyTEM INOAO-
rpesa NPHTOYHOr'O BO3AYXa BO BpANIAIONIEMCs pereHepartope.

5.4.4. TENNOBLIE HACOCH ANS AOMAIUHErO NPMMEHEHUSA

CG6pocHoe Tenyo UCnoJab3yeTcsl B NOMAIUIHHX YCJAOBHAX 17 OTOIIE-
U, ropsavero sofocHaOxeHHa H, O0Jee pelKo, AJsf TOTQ CaMoro mpo-
necca, s KOTopoM ouo Bo3HuKaeT. OcobeHHo MHTepecHa paboTa, OTHO-
cAllagca K MocJaeNHed KaTeropHH, npoBonuMas 8 [onnanguu, rae Ten-
JJOBOH HacOC NMPHMEHeH IJg AOMallHed cylIHWJKu ItocyZbl. Temyio BH-
OpacelBaeMoro BJaXKHOIO BO3AyXa HCMNOJb3YeTCs IJd MONOrpeBa Cy-
XOro, nmofgaBaeMoro B CYIIHJAKY. B cHcreMax ¢ 3aMKHYTHM HHKJIOM [0-
CTHTaercsd CyllecTBEHHas SKOHOMHA sHepriu [29].

CyLIuIKH mocyApl elle HE MOJYYWIH IIHPOKOTO PacnpocTpaHeHHs.
Taxk, Hanpumep, 8 Fonnangum 8 1972 r. Toneko 5 nomos 13 100 pcnoas-
30BAJIH CYWIWJKH, TOIA KaK CTHpAaJpHheE MallHHB npHMeHaan 85 u3
100. OngHako ‘TEHAGHIHS TAKOBA, YTO KOJHUECTBO CYIIHAOK MOXET BO3-
pact mo 50 Ha 100 moMop ¢ exerogHbiM norpebaenneM 10° kBrt-u
3JIeKTPOIHEPTHH 17 HarpeBa, YTo JIPEACTABJALET CYyUIECTBEHHYIO NOJI0
HaIHOHAJBHOI'O NOTPebJeHHS 3HEPTHH,

HekoTopble CYHIHJIKH MOCYAB HCNOJB3YIOT 3aMKHYTHIH IHKJ, KOrja
TeNJALiA BJIaXKHBIH BHOpPOC OXJaxknaercd BOLOH HJAH BXOASLINM BO3LY-
xoM. MHorpa HCNOAb3yeTcsl OTKPHITHIH IIMKJI ¢ BHIOpOCOM BJArm npg-
MO B arMmocdepy. CymIHJIKa 3aMKHYTO'O [HKJa II0Ka3aHa Ha
puc. 5.25, a, a e€e ocHOBHBIE XapaKTEDPHCTHKH NpHBeJeHH B Tabi. 5.4,
K HeoOxomHMOMY BpeMeHH CYIIKH — 62 MHH nobGaBiasercs eute 10 MuH
LIS OXJaX<IeHHS ONEeXMIbl C 3aTpaToll HEKOTOPOH SHEPrHH HA TPHBOJ
OXJaxkaalouero BeHTHIATOpPA. Temao gas CYLMIKH NMOCTABAfAeTCH 32
CUeT 3JISKTPOIHEDPIHA,
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IIpumenenye. rensoBoro Hnacoca (puc. 5.25,6) jaer cyliecTBeHHoe
cHHXeHHe noTpebienus sHepruu. TemJablii BAAXKHBII BO3AYX M3 CYLIHJI-
KH IPOXOAHMT B HCIAPHTEJb TEIJIOBOrO Hacoca M oxaaxjaercs. IIpn
OXJaXKJeHUA H3 HEro BhINAajaer BJAra, U BO3AYX CTAHOBUTCA TPHUTOJ-
HBIM 17151 peuupKyJIsiuHd. B ucnapHresie ucnoibaylorcs Kak sBHast, Tax
H CKpBITasi TEIJIOTA YXOAALLEro BO3AyXa. PeuHpKyJAHpYIOLHHE BO3AYX
NPOXOAHT CKBO3b KOHAEHCATOP H ‘HarpeBaeTcCs TEIIOTOH KOHIEHCALMH.
Bropas kosonka Taba. 5.4 I0KasnBaeT pacueTHbie XapaKTEPUCTHKH
TAKOH CVINHJIKH 3aMKHYTOTO LHKJA ¢ TEIVIOBHM ‘HACOCOM, OTKyAa BUJ-
HO, YTO JAOCTHraeTCst IKOHOMHS 3HEPTUH 0KoJo 48%.

I3=52
: Tp=11% Ts=52
— Z s
r,_4¢ 7-4:4‘4-
a) Ta=47
N 7—,:4‘4‘ IL
Puc. 5.25. CxeMn pomamuxefl Tar=20
cyIUHaKY oDuyHOH- (@), c Tem-
JIOBLIM HacocoM (6). Fr=118
i1 — sXeKTpoHarpeBaTeap; 2 — Gapa-
GaH; 3 — OXnafuTENRb; 4 — TENJOBOH T5=44
Hacoc, S j‘}

HcenpiTanus cyMIHJAKH OTKPBITOrQ LHKJIA C TEMJIOBBIM HAcOCOM I10-
Ka3aJH yTpaTy 4acTd NPEHMYLIeCTB H3-3a HEHCNOJb30OBAHHS PEUHPKY-
Asguiy. Kag Buaro u3 Tada. .4, MakcuMaJibHast TEMIEpaTypa BO3ayXa
B CTAHLAPTHOH CYNIHJKe, H3MepeHHas Ha BXOA€, COCTaBAACT OKOJO

Tab6auma 5.4. XapaKT€PHCTHKM CYMMAOK

e,

TensnoHacocHas CYWHJAKA
O6uiyHast
XapakTePHCTHKA 3:&1:{1:;:‘1{;0 Pacuer DKcnepHMeHT
. HKJIa (3amMkHyTRIH {OTKpHITRIA
ICHKJ) LIHKJ)}
3arpyska GeJssl, Kr . 37 3,7 3,7
HauasbHaq BaaxHocTe 6eana*, % 71 71 71
Koneunan BiaaxHocTs, % : 1 0 1,3
Hcemapaemas popa, KU 2.6 2,6 2.6
BpeM#al cyLIKH, MHH 62 62 62
IMosroe BpeMA HKJA, MHH 72 72 72
Moirocrs, KBT 2,75 1,36 1,72
ITorpebaesine snepruyn, KBT-4 2,88 1,49 1,56
VYhResbrbie dHeprosatpatsl, KBr-ufkr. 0,78 0,40 0,42
MakcuMasbuas reMmepatypa Bosayxa, °C 114 114 72

* 3a 0% DpUHHMAIOT PABHOBECHYIO BJAMHOCTE XJaonka npH 20°C H OTHOCHTeabHOH BAAXKHO-

C¢TH BO3ayxa 656%.
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114°C. lns nonyuenusg Takoi TeMmmepatyps ¢ NOMOIbiO TEMJOBOrO
Hacoca HeobxoauMMa Temnepatypa Konjedcauuu 125—130°C. B 3kc-
JIepUMeHTax npuMeHsau xJaapoaredTol R11 mau R113, uMelomue Bhi-
COKYI0O KDHTHUECKYIO TeMIlepaTypy, HO He yaajoch noxodparb repMe-
THUHBIA KOMIIPECCOp, H yaeadbHAs TeloNPOU3BOAHTENBHOCTD Obl1a HH3-
koi. B KoHue KoHuoB Onial BuiOpaH xaagoareHT R12, m u3-3a ero Hus-
KOH KpurHueckoir TeMnepatypnl (112°C) rpebyeMas pabouas TeMmne-
parypa okasajacb HepocTHXKMMOH. CHuxXehwe paboueli TEMIepaTyphl
Bo3ayxa ;0 72°C XOMIEeHCHPOBAJOCH IOBBIIIEHHEM pacxona BO3AyXa.
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Puc. 5.26. 3aBHCHMOCTb JaBJIeHHA, TeMIepaTyphl H BJAXHOCTH OT BpeMenH B TeueHHe
CYUIHJILHOTO HHKJA € TeMJIOBLIM HACOCOM,

1 — 3 — nycKk Komnpeccopa, CYIIHARE H HapYXKHOTo BeHTRJIATOpPA COOTBETCTBEHHO; 4 — OTKJIOUEHHC
KoMnpeccopa;, 5§ — AaBJieHHe XJAafoaredTa Ha BHIXOAe H3 KOMNPECCOpa; § — OTHOCHTENbLHAA BhaxK-
HOCTh BO3lyXa Ha BRIXOJE H3 GapaGaHa; 7--9 — TemmepaTypa BO3AyXa Ha BRIXOAe H3 KOHJeHCa-
Topa, 6apabaHa H MCHADHTENS COOTBETCTBEHNO; [0 — paBAcHHE XMAj0aTéHTa Ha BXOAE B KOMOpec-
cop.,

O pabore CyWHIKH C TEMJOBBIM HACOCOM MOXKHO CYAHTH IO
pHc. 5.26. Ee 3Tans TakoBhl:

1. B MomenT f==0 BKJAlOyaeTcs KOMIPECCOP, H B TeueHHe 2 MHH
JaBJeHHe xaajgoaredra pocruraer 1,5 MI]a.

2. B Momenr {=2,20 MHMH BKJAIOUAlOTCd CYUIHIKAa U BHYTPeHHHH
BEHTUASITOD, a4 AaBJeHne noBwiuaercs go 1,6 MIla.

3. B MoMeHT {=D5 MHH BKJAIOYaercs BHEWIHUHA BEHTHAATOP, HEOOXO-
JIMMBbIil NMpH YBeJHYEHHH PAacXO[a BO3AyXd; AaBJEHHe BO3pacraer no
2,1 MHa.

4. Uepes uac KOMIOpeccop OTKAOUAETCH, HO BBHTHJIHTOP U Gapaban
npono 1Aa10T Bpauatbes eue 10 MuH.

3aecs KOIT reunosoro Hacoca 6bi1 paBed 2,1 W cOryiacHo HCILITa-
HUSIM 3KOHOMHsI 3Hepruu cocrasiasna 38—41%. o nacrosuero spe-
MEHH JaHHBIX O CTOMMOCTH YCTAHOBKH HeET, NPOBOAHTCH JAadbHeiimas
pabora no o0beAHIEHHIO CYNIHJIKH ¢ TEIJAOBBIM HAacocOM, ONTHMH3a-
UHH OyTed UHPKYJASUHH BO3JYXa H CHHXEHHMIO norepb renja. Peko-
MeHgoBaH GoJiee NOAXOAALLHI KOMIpeccop.
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5.4.5. SKCNEPMMEHTANBHDLIA QOMALUIHMA TENJIOBOX HACOC
CTUPHIMHI A

B loananpuu y ®uaunca 8 Banpaxoeene paspabarbiBaercs ellle
OIMH TeIJOBOH Hacoc, 3JeChb CO34aHa JKCNepPUMeHTajbHast CHCTeMA
oTONJeHHs, o0cay:kuBaollas aBa yacrabix aoma. CHcreMa BKJOYaer
ne6oabuoit ra3oBblil ABurarenb CTHPAHHIA, OMHCAHABIA B . 2, NpH-
BOASILIMEA KOMIpeccOop TEIIOBOFO Hacoca, 3aMEeHsIIOIHA OOBIYHBLE KO-
TeJ UEHTPaJAbHOTO OTOIJIEHHA.

Teoperdyeckue H 3KcIepPHMEHTANbHbBe HCCaenoBanuy PHIHICA
oKasanH, 410 3O(eKTHBHOCTb TEMJIOBOrO HAacoca C NpHBOAOM OT
apurarenst CrHpiHHra BABOe Bbille, 4eM Yy OOLIYHOTO TIas0BOro
KOTJ4a.

B nonoanetde K Tema0HACOCHON ycTaHoBieHa H oObiuHasi cUCTeMa
LUEHTPaNbHOro OTOIVIENHS, YTO NO3BOASET NIPOBECTH MpPSIMOe CPaBHEHHE
KOTAa ¢ TemoBbiM HacocoM. ONBITH NPOBOAAT B Te4EHHe JABYX-Tpex
3UMHAHMX C€30HOB ¢ OJHOBPEMEHHOH OTpabOTKOH TeXHOJIOIHH ABHraTeJist
Crupaunra, JHocraroynoir HHQOPMAUHH JAJA OprapH3audHd Macco-
BOH INpOAYKUHM H OLEHKH HaJeXHOCTH pPa3JHYHBIX KOMIIOHEHTOB
elle Her. ,

HcTouRHKOM Temja JJisi TEJI0BOro Hacoca CAYXHT BOja M3 CKBa-
XUHBL, B cHcreMy TenaocHabXeHHst BMecTe ¢ TEMAOTOH KOHAEHCAIHH
TeIJIOBOTO HAcoca MOCTYIaeT TeljuoTa oXxJaxjaeHus asurarenst Crup-
Jguira. Ilojg3eMuast Boga HECKOAbKO 0XJsiadxjaeTcs, HO OoJblile HH B
yeM He H3MeHAeTCS! M yXoxHT o0parHo uepes APYTyi CKBaKHHY, rie
ee TeMneparypa BOCCTaHaBAHBAeTCs jAO0 IepBOHAauanabHoil. B nabopa-
TOPHBIX 3KCIepUMEHTaxX HCCAeAYIOT Tak:Ke BO3MOXKHOCTh HUCIOJAB30BA-
HHUA TEILTOTH OKPYXAIOUIEro BO3AyXa.

OrannupaeMmuie goMa umelor o6beM 470 m? xaxabli. Mx renjosbie
MoTepH CHHXEHBl IIYTeM JIOMOJHHTENbHOH TEIJIOU3OASLUM CTEH, Noaa
¥ KpHIUIH, a TakxkKe JABOAHOro ocrekaeHus, Kaxjblii goM norpebasier
Bcero JHub 9,3 kBr npu napyxnoi remnepatype —10°C. Taxoi xe
JIOM ¢ 06bluHO# H3oAsuHeir notpebiasier okojao 20 xBr. [Joma obopy-
JOBAHBL HE TOJNBKO ODBIUHBIMH PaiHaTOPaMHU, HO H TPEOUIUMH NaHens-
MU B IOy, YTO MO3BOJIET MOAABATH OT TEIIOHACOCHOH CHCTEMBI TemJo
Ha JIBYX OTHOCHTEJNBHO HHU3KHX YPOBHAX Temmeparypst (35 u 50°C).
Tennonacocnass  ycraHOBKZ  CMOHTHDOBAHA  CHapy:XKH  31aHHHA
(puc. 5.27, a). .

TennoBo#t Jamanc. OLHOUUAMHAPOBBHIA ABUraredb JAH3eNs
gaetr Ha Baay MolHocts 5 kBr. ®akruuecku on paboran Ha npHpon-
HOM Tase, HO MOXeT HCIOAb30BaTh J1000e XHAKOe HAH razoobpasHoe
TOIIMBO. DhHixsionnbie raset uMelor teMiepatypy 250°C, oHH oXJax-
AaloTes ceTeBoi BOROMH npumepro ao 60 °C.

Kak BHMaHo u3 puc. 5.28, 8, okojo 559 <¢OGpocHOro remia CropaHus
NOCTYNaeT HeMOCPEACTBEHHO B CHCTEMY OTOIJIeHHR H3 CHCTEMBI OXJdaXK-
ReHHus JABHrarest. 3Jiech He NPUMEHSIOT NMPOMEXYTOUHBIH TEMIOHOCH-
Telb, a TeMuepaTypa BoAn aoxoaur go 55°C. Oxkono 25% rTenaoTsl
cropaHust TomaHBa npeobpasyercst B asHrareqe CTHpaHHra B MeXa-
HHYECKYIO 3HEeprHIo, MJAYUlyl0o Ha MpPHBOJA TeIJOBOro Hacoca. Takum
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Puc. 5.27. ¥Ycranoska Ou-
auuca  {@a) ¢ TpUBOIOM
TEIIOBOTO 11aC0Ca OT 1BH-
rateas Crupadira (6) B
Foananauu.

S — nBurartenp Crupanira;
P — rtenjoBoit  Hacoc; R —
KOMHaTHW paxHatop; B —
HacoC U3 CKBaXMHBL, & —
HarpecsaTejbuas nauesr B
noay;, 1 — KoMupeccop; 2 —
KOHHMeHcaTOp, 3 — lUcnapu-
TenL, 4 — pafouce TeAC TeII-
JOBOro Hacoca; & — ceTcBaf
BONa OTONJCHHA; § — BOJa
H3 CKBaMHHEL




o6pazoM, MoNe3HOE HCIONB3OBAHHE TEMAOTH CropaHus COCTaBJAseT
80%, ocraabHoe pOpacshisaeTea (¢M. puc. 5.28, 8).

KounyecTBo Temaa, nojgasaeMoro TemaoBHIM HaCOCOM 3a CuYeT Hc-
NOJb30BAHUA TEIMIOTH MOA3eMHOM BoJAbi, B 3—4 pasa npesniuaer mno-
Tpebaenne Mexanuueckodt 3Hepruu (KOIT=3--4). Ilpocroit moacuer
nokasmpaer, yro KII3 cucrembl aBHrareib-{-Tena0BOH HacoC pa-
BeH 1,4.

TennonpoH3BOAUTENBHOCTD . CHCTEMBl  PeryJIHPYeTCsl HaMeHEeHHeM
cKopocTH apuratens ot 750 po 3000 o6/MHH, uyTO COOTBETCTBYET H3MeE-
HeHHIO TelNaoBOH MOIIHOCTH oT 8 n0 25 xBt. B 3ToM ¢oCTOHT OT/H'THE
CHCTEMBI OT TEMJIOBWX HAacOCOB ¢ 3JEKTPONPHBOAOM HJIH OOHUYHOrO
[eHTP albHOr0 OTONJIEHHS, PeryaHpyeMEIX NMyTeM BKJKYEHHST — OTKJIIO-
qeHusl. HenpepnBHoe peryiuposaHHe ITOH CHCTeMH NOBHILIAET ee 3(-

Pue. 5.28. TloTokn
ANEPTHH OT KOTedb-
HOi (&), TemioBoO-
ro Hacota ¢ 3JeK-
TponpHBoioM  (6)
M TEWJOBOTO 114CO-
ca ¢ JIBHTaTesieM
Crupanura (8).

dekTHBHOCTh, TOJBKO Korja TenJoBag Marpy3ka najgaeT ‘HuXe MHHH-
MaJjbHOl ana cucreMn — 8 kBT, ee peryampOBaHde mepeBojdHTCA Ha
BKJIIOueHHe — BhiKJI0UeHHe TIpH 750 o6/mHH. IIpu 3ToM oKpyXKaroluas
TeMIepaTypa coctasasieT okoao 8 °C,

CHcreMbl HenmpepbhiBHOTO PETYJHPOBAHHSA TEIJIOBbIX HACOCOB C 3JEK-
TPONPHBOJAOM pa3pabaTeliBaiorca Kak B AHrAHM, Tax u 80 Ppanuuu.
Perynuposanve HPOH3BOJHTCA 38 CHeT H3MeHeHHs pPacxo/l0B XJaJo-
_areHTa INphH M3MeHeHUH CKOPOCTH JBHrareiss M M3MeHeHHeM OTBEPCTHs
B APOCCEAbHOM KJamnaHe. VI3BeCTHH NMOMBITKH NPUMEHEHHst AJIsi cuc‘reu
ynpasJjeHHsa MHKPOOponeccopoOs.

Ha puc. 5.28 conocrasaeHH NOTOKH SHEPTHH B PACCMOTPEHHOH IKC-
epHMeHTAAbHOH cHCTeMe ¢ OOLIYHOA KOTEJHbHOH H TelJoBHM HacocoM
¢ 3JjexTponpuBojoM. CHcTeMH @ M 6 NOMYCKAOT AaljibHeHiluHe TeXHH-
. yecKHe yCOBEPIIeHCTBOBAHHS, HO OYEBMIHO, YTO B CPABHEHHH C HHMH
. 3KCHEDHMEHTANbHAA CHCTeMa B («CtupauHrs + TeloBOH Hacoc) HMe-
&1 oYeHb BHICOKYIO 3d¢exkruBHOCT,. OHa mnoTpebasier rasa BABoOe
MeHbIle, YeM OOBIUHBIH Fa30BHIH KOTeM.

° Caepyer orMetHTh, uTo e€ KIID 6au3ox taxxke K Hpe,U.CKaSaHHﬂ\i
" Aas aGcopbUHOHHOIO NMHKJAa W ABOHHOTO MukAa PeHxuHa,
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5.4.6. APYTME CHCTEMbI Y PA3PABOTKM

HsBecTnsl paspaborku psina Jpyrux TemnoBeix HacocoB. Huxe
NPHBeAEHb IPUMEPH,- KOTOPBle MOTYT IOBJAHATH Ha BHIGOD TEMIOBBHIX
HacocoB B BynylleMm,

Abcopbyuonnsll yuka domawiHezo Tenaogozo HAcoOCa. KaK OTMe-
4eHO B IV, 2, aGCcopOUHOHHBIL UHKA HCNOMB3YIOT s Lesed oXJaaxuie-
HUSL HECKOJIbKO HeCsiTuieTHH, B TOM 4YHC/Ae H B XOJIOJHJAbHHKe C raso-
sbiM nonorpesoM «Electroluxs». OrHako gas TennoBuX HacoCoB, TAK Xe
Kak y Buka1 CTHPAHHra, OH elle He Hauled WHPOKOro NpPHMeHEeHHs.
B psine crpaH uMeloTcst mPOrpaMMbl HHTEHCHBHHEIX pa3paboToK, TaK yTo
B 80-e roanl qoMaunuii a6COPOUHOHHBIH TEMA0BOA HacoC MOAYUYUT MPH-
MeHeHMe, a BO3MOKHO, H cTaHer DoJee npHBJeKaTelbHbIM, ueM Hapo-
KOMIIPECCOPHBIH C 3J€KTPONPHBOJIOM.

Kax u apyrue temaoBule Hacoch, abcopOuHOHHBE CHCTEMBL HCNOMb-
3y10T TemI0 BO3AyXa, BoAbl HAH rpyHTta. ITomobHo asurarearw CTHp-
JIUHTa OHH MOTYT HCI0Jb30BaTh JAI000e HUCKONaeMoe TOABKO AAS MOJY-
JeHHS-BEICOKOTEMIIEPATYPHOTO Teljia H HarpeBa reseparopa. Pabounm
TeNOM I AOMAllHHX TelJIOBHIX HacoCOB CAYXAT CMecH aMMHaK—
goja, Gpomucrnit authit — sopa aubo R22/E181 (E181 — pacrsop
TeTpasrdjieHrAHKoAbANMeTHA3dupa). Momubocts cocrasiaser 10—
12 xBr, a TunuuHoe sHauenHe KII9=1,2=14. Ha puc. 5.29 nokaza-
Ha sasHcumocTb KIID or Temieparyp BBICOKOTEMIleparTypHOro H HM3-
KOTeMIIepaTypHOT0 HCTOYHUKOB [31].

I'azosbie TemoBbie HACOCH NpPefHAZHAUEHB - [t PEKOHCTPYKIMH-
anauui. OHp KOHKYPHpYIOT C Ta3oBHIMH KOTe/IbHbIMH. B 3T0H ¢BA3H
abcopOiuHonibie YCTAHOBKH 00BIYHO KOHCTPYHPYIOT IO cXeMe BO3AYX —
popa. Ilepcnekrusnl Takux cuctem B Eppone u Anrauu BecbMa 6aaro-
HPUATHBI JJ5. 3aMEeHBI oﬁquHbe KOTJ108B. paciipocTpaHeHHBIX CHCTEM
BOASIHOTO OTOILIEHHS.

B [31] nposenen SKOHOMquCKHﬁ apanu3 abcopOUHOHHOTO MUKAA
4 HalJeHbl 3HAYeHUS Hpe,u,eJlebIX 006aBOYHBIX KalMHTAJAOBJAOKEHHH
(traba. 5.5).

Ta6auauwa 55 Ixonomuka paoMamuux aGCOpGUMOMHBIX TenAOBLIX HACOCOB

O6rduas KoreAbHas AG6copGunoHHu
TenjaoBoii Hacoc
XapakrepHCTHKA
Faa Hedrs Iaz Hedts
lonoBoft  axcmiyaraunonHufi 8,32 8,62 6,30 6,35
pacxos, HeM. Mapok/m? mo-
-J1a
Ipepenbiibie pobGaBodHbLIE Ka- - — 5600 6300
nuraiosnoxenna 8 THY,
HEM. MapKH

Croumoctb sneprun 8 OPT B To ppems, Koraa NPOBOJIHIIHCH pacye-
THl: ra3z— 0,28 HeM. Mapox/M®; Hedrb — 0,32 HeM. Mapox/J;, snexkTpu-
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yectBO — 0,11 aast manoro norpebaerduss u 0,10 HeM. Mapok/kBr.-q —
A cpenHero morpebaeHus,

Jomawnuii renaosoii Hacoc ¢ 9sodubim yuxkaom Peunxuna. Tunuy-
Has cHcreMa c JABOMHBIM uHKAOM PenxuHa (cM. ror. 2) paspaboraHa
Taunsenom. IIpeanonaranoch MOJYYHTL B Hell Gojdee BHICOKYIO 3((deK-
THBHOCTb, UeM y abcopOUHOHHBIX TelaOBBIX HACOCOB, H 3KOHOMHIO nep-
BHYHOH 3HEPrHH, 3HAYUTEAbHO OOABHIYIO, YeM Y TeilIOBHIX HacOCOB ¢
JIEKTPOTP HBOLOM, :

CxeMa I'munBena moxasaHa #a puc. 5.30: napoTypOUHHBIA IHK.I
PeHKHHA HENOCPEACTBEHHO CBA3AH C I1apOKOMIPECCHOHHBIM TEIJIOBHM
HacocoM. EpHHcTBeHHast [pBUIKYIIAsiCst 4YacThb-—3TO BHICOKOCKOpOCT-

i
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Pne. 5.29. 3asucuMocts KII2 a6eopburonioro nukiaa ‘ b /8
OT TeMmepaTyp HCTOYHHKA Tmer M MpHeMHWKA Tup 7 () .

TENJ1Aa.

Pnc. 5.30. Cxema aBofiHoro unkia PerkuHa, paspa6orannas Finnsenom.

I — nHTAaTensHHWR Hacoc; 2 — rasoBas ropenka: 3 — korex; 4 —rypGuHa; 5 — pereHepaTopr 6§ —
KOHAEHCATOp NPAMOTrO IHKAA; 7 — OoKpYXawILBER Bo3jyX: 8§ — JApoccelbHRI} KnapnaH; 9 — KOUpeH-
catop o6GpaTHOro LMKAa; [0 —- tennocetd; !l — HenapHTEAb; [2 — KOMNPeccop.

HOH pOTOp Ha NOAMIMIHUKAX C rasoBoit cMaskoil. Pabouee Tesno c BHI-
COKHMH TeMIepaTypol u AaBJieHUEeM pacilHpsieTcs B MHHHATIOPHOH
TYpOHHe, Aalomledl MOLHOCTD AJs NMPHBOAA UEHTPODEXKHONO KoMmpec-
copa. YacTe Temsa HciloAL3yeTCHd B NMPOMEXYTOUHOM TenaooOMEeHHHKe-
reieparope jpJs nojorpesa *KHAKOCTH, pXoasllell B Harpeearenab. JBa
KOHJeHcaTopa M0oJAI0T Telao B CHCTeMy AOMailHero OToIJeHHs, KOTO-
past MoxeT ObiTb KaK BOASIHOH, TaK M Bo3xaymnoi, Hacoc anst nmopxay-
KH XHAKOCTH PasMeled Ha TOM e Baay, 4To H TypOGOXOMilpeccop.
[TepsHunoe TomIuBO — ras. BoamoxHa cucreMa pesepca ads Iojayde-
HUS 3QdeKkTa 0XJaXKaeHHsi, KaK H B aOCOPOLEHOHHOM LHKJE.

Maznurnetii Tennosgoti nacoc. Hepnasio B CIIA [33] paspaGoran
BHICOKO3(()eKTHBHBIH TerioBOH Hacoc, TPeACTABJAINHACA NepCIex-
THBHBIM U /51 AOMAanIHero NpAMeHeHHst. 31eChb HCIOJAb3YETCH TBEPIbli
(eppoMarHuTHLIH MaTepHas KaK xaajoareAT B MawmnHe CTHpJAHHTa,
paboraoniuii B WHPOXOM HHTepBaje teMmmeparyp. Baarogaps moHH-
XKEHHHM KanATaJbHBIM H 3SKCINYaTauHOHHBIM pacxojaM CTOHMOCTH
cucreMnt cocrasJhseT 0,2 goan./Br XoaoauabHOR MowmHocTH, [ToTerun-
aJbHble TPUIOKEHHS ee NOMKHD OBITH WIHPOKH.
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Dddext MardUTHOro TEMJIOBOTO Hacoca YKe JasHO HCHOJbL3yeTcs
B JaboparopHoll paKTHKe AJs ITOAyYeHHs] KPHOFeHHHIX TeMilepaTyp,
HO A MHOCJEJHEr0 BpeMeHH He yjasajoch HaHTH MarepHaJoB, NO3BO-
JAIOUIHX OCYILECTBHTb OXJa)KjJeHHe W HarpesanHe INpH KOMHATHBIX
TeMnepaTypax. Maraurueiit TemnoBoli Hacoc HCHOAL3YeT MarHeroxa-
JoprpHuecxuit adpdexT B MariUTHOM MarepuaJe, TeMieparypa XKoTopo-
ro NOBHIUAETCH NP HAJAOKEHUH MArHUTHOro MoJifdi W YMEHLIIAeTCs MpH
CHSITHH T10JI. :

Peanavuviit BHCOKo3(eXTHUBHBIH TeNNOBOH Hacoc HCHOJAL3YeT pe-
redepaTHBHBIH TepMOJHHAMHUUECKHH LHKA ¢ pabouuMm TesoM H3 rajo-
AuHuA. HccneposaHust npoaeMOHCTPUPOBAJH CYLIECTBEHHbIE NPEHMY-
IIleCTBAa 3TOFO YCTPOHCTBA IO CPABHEHHIO ¢ APYTUMH TEllJIOBBIMH HAaco-
caMM M XOJOAMJAbHHKaMu aas MomHocre# oT 10 go 1000 xBr npu rem-
neparypax oT —40 g0 —60°C *.

5.5. YCTAHOBKM, MMEIOLLWMECSH B NMPOJAXE

B 3toM pasjene oNHCHIBAIOTCH HECKOJADLKO HMEWINHXCS B ipojaxe
TOMaUIUX TellIOBLIX HACOCOB JISI Pa3JHYHBIX KIUMaTHUECKHX YCJ0-
suii. Boibop esBponefickux (HPM He yMeHpIIAeT 3HAUeHHs MaCCOBOTO
npoussoactsa ycraHosok B CIIA. Oun nmoxasbiBaeT, 4To H B YCJOBHsIX
Espounl n AAIMHM AoMauniHHe TEMAOBble Hacocht padoTaroT 3KOHOMHU-
HO H HMEIOT Pa3yMHBHI{ CpOK OKyllaeMOCTH, HecMOTpSl Ha TO 4TO HX
NpUMeHeHHe OrPAHHYMBAETCH TOJNBKO OTOMHTENBLHBIM CEe30HOM, KOTO-
PLIX MEHBbHIE, YEM TpPOAOMXKHTENLHOCTh KPYFJIOrOJAHYHOTO KOH/HUHO-
HHpPOBaHUS BO31yXa peBepCHBHBIMH YCTaHOBKAMHU.

5.51. NPOCTOW PEBEPCHMBHBIA TEMNOBOHK HACOC BO3[YX — BO3AYX

bes coMHenusi, Haubosee WHPOKOe NPHMEHEHHe /[OMalliiHe Tello-
Bhie Hacockl pesepcusHoro THna Hausium B CIIIA, rae ux npoussogst
MHorue @¢upmbl. IlpumepoM MoxKer CAYXHUTb npoaAyKuHs QGHPMLI
Carrier,

Kax yuoMuHanoCh, paHeée, TENMOBOH Hacoc JHOO BHITONHAETCA B
BHJI€ ejMHOro arperata, Aubo MoxeT ObITb pasjneneHHALiM. PupMa
Carrier sunyckaer obe Moaudukauuu, ArperupoBanHasi YyCTaHOBKa C
KOMIIpECCOpOM, HCIapHTeJeM M KOHIEeHCaTOPOM B eIHHOM Kopiiyce,
YCTAHOBJAEHHOM Ha IPYHT CHApYXXH 3[aHHs, NOKa3ana Ha puc. 5.31.

B sTOoM cayuae Bo3ayx B NOMelLIeHHe N0/1AeTCsi Mo KaHanaMm Mo1
nosoM. Ho rensioBoil Hacoc MOXHO YCTaHOBHTL H Ha CTEHE HJAH Kphille
B 3aBHCHMOCTH OT PacnofoXeHHsi KaHanos BHYTPH 3/1aHus. CHcrema
AedpocTaliid UMeeT peryJHpoBAHHe Mo BpeMeHH. HMMelorcs BeHTHAs-
TOpH /51 UCIIAPHTEJMsi U KOHAEHcaTopa, TojorpesaTend AJst MpeioT-
BpAlIeHHA PAcTBOPeHHS XJajoarenTa B Macjde B HepabodeM COCTOsi-
HHH M HaKOIHTeNb MKHIKOTO XJaj0areHTa fuepex BXOAOM B  KOM-
npeccop.

* IIpakTiuecKoe HOpHMeHeHHe MarHeToKaJjopHuecKoro sddekra B rTennonacocrofl
M XOJOAHJLHOH TeXHHKe TnpejacTas/ser coGoH HOBYIO H BechbMa TEDCNEKTHBIIYIO
06J1aCTh. b
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Ha suifop morpebutento npeasarar0T JONOJHHTENDLHLIE YCTPOACTBA
ynpasieHns. Eciu HeT ApPYTHX BHYTPEHHHX AOMOMHHUTENALALIX HCTOYH H-
KOB Tell1d, PEKOMEHAYeTCH YCTaHaBJAHBATL JeKTpoHarpesartenn. B cH-
cteMe «Carrier» 3TOT 3JeKTpoHarpeBaTeslh MOHTHPYIOT BHYTpH JHGG
CHapyXH TellJIOBOTO Hacoca. ABTOMATHl BX/IOYAIOT 3JEKTPOHATPEBa~
TeJlbh, €CHH TeILWIOBOH HaCOC BLIXOAHT H3 CTpost. BHewHH# TepMmocTar
BK/1I0UaeT ef0 W TOrJa, KOTAa OXKPyxaloliast TeMmepaTypa najgaer

y ‘ ?Z

Pre. 5.31. ArperHpoBaHHLIA AOMAIURHI TeNJIOBOH HACOC.

{ —o6paTHbifi BO3AYX; 2 — BHYTPeHHHR TepMoCTaT; § — HOABOA SAeKTPONHTAHHSN; 4 — n.nanxﬁe
npefoXpaHHTeJH; § — GeToHHBI (yHAaMeHT; 6 — NaHeNr OGCAYKHBAHHA, 7 — TemAOBOj H&COC.

HHXe OIPEeNeJIeHHOro YPOBHHA. BHYTpH moMelleHHst MOXKHO YCTAHOBUTH
JONMOJIHUTENILHBIE TePMOCTATLI JJifl NEPEKIIOUCHHs1 HAarpeBa Ha OXJax-
JeHHe U peryJHpOBaHHe BeHTUIATOPOB.

XapaxkTepUCTHKH 3ITOr0 TEMJIOBOro Hacoca aadui B Taba. 5.6 npu
CJaeAYIOIHX TeMIepaTypHuiX yeaoBusax (CC): :

Oxanaxpgenne

TeMnepaTypa cyxoro TepmMomerpa BHYyTPH . . . . ., . 26,7

TemnepaTtypa BaaXxnoro TepMomerpa BHYyTpH . . . . . 19,5

TemnepaTtypa cyxoro TepMoMeTpa cHapyxH . . . . . .35
Harperanune

TeMnepaTypa cyxoro TepMoMeTpa BHyTpH . . . . . . 21,1

TemnepaTypa cyxoro TepMoMeTpa cHapyxuh . . . . . . 7,2

TemnepaTypa BAAXKNOrO TEPMOMETpA CHADYXKH 6.)
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Ta6anma 5.6. XapakrepucTrku arperuposannofi yctanosku «Carriers

XapaxTepHcTEKa 50M 027 50M 037 50M 047
Hopmanerasn XOJI010IPOH3BOH- 7.7 10,7 14,7
TeJbHOCTh, KBT
Iomunansnas TenJIOnpoU3BOIH- 8,7 10,7 14,4
TeJbHOCTh, KBT
KOII (oronsenns) 2,5 2,5 24
Macca, Kr 152,5 . 169,6 174,6
3apan xJaanoareHta R22, kr 3,0 2,9 4,0
KoMnpeccop TepMeTnuimnifi, AByXuHJIHRAPOBLI,
2900 o6/MuH
BrelrHA{ BEHTHIATOP IlponeniepHLIi ¢ HellOCPEACTBEHHLIM
npusogoM 1200 o6/MHU
MomwmxocTe gsHraTedsnd, KBT 0,19 | 0,19 | 0,19
Buewnni tensoo6MeHHHK ITaockuit ope6peHAbii
Hucno papoB H mar opeGpeHHd, MM 2%1,5 2%1,6 2%1.,5
[lnowans ceyerns, M2
BHYTPERHHI BHTOK 0,73 0,85 0,66
CpPeJHHH BHTOK — — 0,85
HAapYXKHu BHTOK 0,77 0,89 0,89
BryTpennuit BeHTHJIATOP LenrpobexHulii ¢ HENOCPEACTBEHHbLIM
NPHBOJOM, FOPH3OHTAJIBHbI
HoMHRaZBHHIE  pacxojg  BO3jyXa, 1690 2340 3190
M3/y
JranasoH pacxopoB BO3AyXa, M3/4 1360—2170 1870—2720 | 2470—3400
MomuocTb gpHTaTENd, KBT 0,19 0,37 0,37
CropocTi 8pamenis, o6/MHH 1100/975/900/825 | 900/850/800 | 900/350/800
BilyTpernHit TelnvIOOOMEHHHK (njaoc-
KHi opeGpeHnbiii)
Yneso papoB # mar opeGpeHHs, MM 32,0 32,0 32,0
[Tioulagn cedennst, M2 0,31 0,43 0,43

B nonosHeHHe K 3THM OCHOBHLIM JAaHHHM (dHpMa OOGLIMHO gaeT
CBeJEHHSI 00 U3MeHEHHH XapaKTepPUCTUK NMpH H3MeHEHHH Pacxojia BO3-
AyXa H TeMIepaTyphi BjaaXHOro HapyXHoro TepMomerpa. PexoMeHay-
IOTCSI M KOPPEKTHPYOlUIHe (PaKTOpH, YUHTHBAIOLIMEe H3MEHEHHS TeMIle-
paTypLl CYXOro HapyxHOro TepMoMeTpa.

Ananoryunble naHHLIe NPHBEAEHH [ pasfedeHHOro TemloBOro
Hacoca (puc. 5.32).

5.5.2. PA3HOBMAHOCTK TENAOBLIX HACOCOB THMNA BO3AYX —BO3QYX

B 3TOM pa3pene KpaTKo ONHCAHLI CXEMDLI ¢ NIPHUMCHeHHEM TEIJIOBLIX
TPYyOOK M COJIHEUYHOK 3HEPTHH.

TennoBuie Tpy6Ku ycnewHO NpHMeHAOTCst BO P paHuiu B GOALUIOM
uHCjle AOMAlUHHX TeNJOBHIX HacocoB. DTo YCTpoHCTBO [24] ucmoabsy-
eT McnapedHe — KOHJAEHCAUHIO AJf Nepeiaud Telja NMOYTH H30TepMu-
ueCkH. Tell0OOMEHHHK BO3AYX — BO3AYX MOXKHO co6paTth W3 HECKOJDh-
KX TeiwioBHX TPYOok u noayuutn KI1J ot 40 no 759%. Taxue temo-
OOMEHHHKH HCINONb3YIOT B CHCTEMaX BEHTHARLUHUHM W KOHAHIHOHHpOBa-
HHA 37aHHIl H B NPOMLIULIEHHHX nNpoueccax AJAf BOCCTAHOBJEHHs
Tellsa.
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B yacTHOCTH, ero ycTaHaBAHBAIOT B BuNyckaeMoM o dpanuun tert-:
JaosoM Hacoce «Aero-Plast», nokazannom na puc. 5.33. B oranune ot
MHOTHX TeNJOBBIX HACOCOB BO3AYX — BO3AYX 31eCb HCNOJb3yeTcs Tell-
JI0 BO3jYxa, pHbpacbiBaeMoro 13 3aanusa. CHcreMa paboraer ciaenyio-
WM oOpa3oM: YXOAAMIHA BO3LYX MPOXOAUT 4€Pe3 HCHAPHTENLHYIO
4acTh TeMJIOBBIX TPYOOK, OTAABAS 4ACTh TeilJia, 4 3aTeM uepe3 HCNapH-
TeJib TEIJIOBOrO [1acoca, rjie OH OKOHYATeJbHO oOXjaxiaercs nepef

= Tgylunpsbal = amax BHympEeRNess 8o3GyXa
IAERMTINALENS E» Jomax Rapyxaces a30yxa
Snpadienae

Puc. 5.32. PasjpeneHHblil TenJIoBoR Hacoc.

! — TenyoBojfi Hacoc; 2 — nJaBKHA mpenoXpaHHTCAbL, § — HAPYIKHBIA TEpMOCTaT; 4 — MPOCTPAHCTRO
OT CTGHKH A0 YCTAHOBKH; 5 — BHYTDEHHHIl TepMocTaT; 6 — BTOpOH CAHB KOHAeHcaTa; 7 — TCIJO-
O6MCHHUK; 8 — JTHHUA napa; 9 — JAMHMS IKUAKOCTH; /0 — NMOABOJ SJACKTPONHTAHMS; [] — MJIaBKHI
npeAoxXpaHuTesnb, /2 — BUYTPEHHAA YCTAHOBKA C SJCKTPOHArpesareneM: /3 — SJCKTPOHATpPeBaTCAL;
14 — niepsblfl caAuB KOHjaeHcaTa.

gbiGpocoM 8 arMocdepy. XoJoAHBH HAPYXKHBIA BO3AYX NPOXOIAHUT CHa-
4aJaa yepe3 KOHAEHCAUHOHHYIO 4ACTb TemjoBblX TPYOOK, rjie upeABapH-
TeJNbHO Harpespaercs, a 3aTeM IOCTYNaeT B KOHAEHcATop oOOBIYHOTO
TeflJIOBOFO HAcoca H Harpesaercs NONOJHHTeJbHO fepel NOCTYIeHH-
eM B 37aHHe. XapaKTePUCTHKH CHCTEMHBl NipHBedeHbl B Taba. 5.7.

XapakTCPHCTHKY ONpeJeneHbl AAs HAPYXHOU TeMilepaTyphl BO31y-
Xa —7°C 1 MHHHAMAa/JbHOR TEMNCpaTypsl 8HIGpachiBa€MOro H3 noMere-
Hus Bozjyxa 18°C npu 50% oTHocHTENBHON BAAKHOCTH,

Hpyras ¢paHuysckag MoJedb UMeeT XapaKTepHCTHKH, loKa3aHHbIe
Ha puc. 534, Ora npuromHa ans GOABUIHX YCTAHOBOK OONIECTBEHHBIX
31aHHA H NMpPOMBIIUJEHHOrO OTONAGHHSA. QOUEeBHAHO, UTO U 3Iech JOCTH-
raetcs ouyeHn BeicokHB KOII, Tak xak rtemsosoii Hacoc paGoraer no
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TaGauuab.7. Xapakrepiictikin Tetinosoro #acoca «Aero-Plast»

XapaxrepHCcTHKA STH250 -24 STHAa50-35 STH?00-52
TenonpOH3BOLH- Pexcim 1 2400 3500 5300
TeNAbIIoETh, BT — 2000 1700 2400
X000 POH3BOAHTENLHOCTD, BT 1100 1700 2400
MouHoeTh KoMnapeccopa npH TEMAEpaType 335 495 725

Bozayxa —7 °C, Br
Benruaarops:
Maxcumannnuii pacxon, M3/u B - 250 350 500
MHuHHMaJbBHBIE pacxon, M*/u 140 200 280
Mouxocts, Bt 150 220 350
Ilapeure masneuus, MM 12 14 17
Yacrora Bpaiienns, o6/vMHH 1700 2100 2300
Hcnonpsosaunoe  cGpocHoe  Temao  MpH 485 715 1075
T=—7°C, Br
KOII npu T=-—-7°C 4,8 4,9 4,8
ITonuas Macca, kr 96 107 125
Pa3smephl, MM 900X 780X | 900X810XX | 900X900X
X500 X500 X500

TaKoii Xe cxeMe, Kak M «Aero-Plast». B srom mpuMepe TeMneparypa
HapyxHoro sosnyxa upu 90%-uoii BaaxHoctu cocraBaser —10°C,
a Boifpachisaercs u3 nomemterdus npu +20°C u 40% saaxsoctn. [To
JAaHHBIM Pa3paboTHYHKOB, €clAM fpeHe6peyb MOUIHOCTBIO BeHTHJSATO-

pos, nocturaercst KOIT suime 10.
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Prc. 5.33. Cxema Tennosoro nacoca «Aero-Plast» ¢ npeaBapHTeasHbiM nOZOrpeBOM

BO3YXA,

A — BXoa HapyaHOTo BoafyXa; B — TenMoOGMewHHK ¢ TCHIOBBIMH TpyGkamB; C — kolgeucatop:

D — prixop Bo3ayxa; E — pxojgHoi BEHTHNATOP; / — BXOJ
Tap c6pocCIoTo BO3AYXA; 3 — HCOAPHTEADL; 4 — cGpoc Bozpyxa.

Phc. 5.34. XapakTepHCTHKH TEMAOBOTO Hacoca ¢ TEMJIOBHMH TPYOKaMH.
Q — Tensopast MowHoCTk; N -— 3JexTPHuecKas MOWHOCTb, Tw — TEMIICPATYPA HADYRHOIO BOI-

Ayxa.
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CHcTeMBl ¢ CONHEYIBIM TOAOrpEBOM TAKKE HMEIOTE! B NpPOLAKe,
OJHAKO NPy HBIHEIIHHUX lleHaX Ha TOMJHBO OHH elle He ocOOEHHO KOH-
KypenTocnocobHbl. OpHy cucreMy Boinyckaer «General Electrics ¢
TellJIOBbIM HACOCOM BO3JyX — BO3ayX (pHc. 5.35). B pekaamuoi aurte-
patype oHa Ha3BaHa TPAKTHYHOH H JOCTYNHOH CHCTeMOH HCMOMb30Ba-
HHfl CONHEYHOWM SHeprdH AJis OTOMJIEHHUS] H OXJAXIEHHsT XHUJABIX U 00-
lecTpeHHblXx 3aaHuit. Ho B 3Toh cucreMe Tpebyercs oueHnp OoJbluas
MJOUWLanb CONHEYHBIX KOAMEeKTOPOoB H 60/bluofd GaK-aKKyMyJasTop ¢ Io-
BBILIEHHBIMH 3aTPaTaMH Ha TEIJIOH3OJALHIO. B Hacrosllee spems

J 'j'o _é)?[ ol
I 1 i

Puc. 5.35. TennoBoit Hacoc «General Electric» ¢ conHednnim nmogorpesou.

A — uapyxHasi ycTauOBKAa: B — coJiueYHBbIH KOZJeKTOp: C — BUYTPEHHH{I TenoOGMCHHHK; D —
yBAQKHHTENb, E -~ nofamw i Kauan; F— Beutuiasarop; G — rendoobMcunnk; H — Gak-akKymyssa-
TOp Temna;, I — uacoc; J — oGpaTHblii KaHad,

MOKPHITHE TEeMJOoBOH Harpysku 3aanus Ha 100%. rakoil cucremoi eue
HeSKOHOMHUHO, HO NPUMeHeHHe 3TOro UCTOUHHKE Tenaa AJf TelJoBOro
Hacoca yaKe CTaHOBUTCS MPUEMJEMBIM.

Pa3HoBUAHOCTL TENJIOBOro Hacoca THma BO3AyX — BO3AYX Kak A4
XKHJABIX, TaK W AAf oDOmecTBeHHbX 31aHui  paspaborana QupMa
Lennox (puc. 5.36).

Dta cHucreMa paboraeT pMecTe ¢ OTHeBBHIM NojorpesareneM BO3IY-
Xa ¥ MpepgHa3HauyeHa KaK pqJisl HOBBIX, TaK H AJAS CYN[eCTBYIOLWIHX 37a-
HU#. B cucreMy BXOISIT: TeMJIOHACOCHBIH arperaT Aas HapyXHO# ycra-
HOBKH, BHYTpeHHHH TelnjooOMeHHHK, KOHTYP C XJIa10areHTOM, CTaHUHs
ynpasJjenus, cHabXKeHHasl clellHaJibHBIMH peJje yNpasjeHust TEMJOBbIM
HacocoM M gedpocrauuefi, a Takxe Bo3zayloporpesareib. Tenjona-
COCHasi cucreMa ycraHasausaercst Kak oObUHO, 3a HCKJIOYeHHEM TOro,
YTO BHYTpeHHHH TenmooOMeHHUK cHabxaercs BO3AyXONoaorpesareneM,
a He BeHtuafropoM. CraHuus ynpasjeHHsi yCTaHaBJIHBAeTCss BHYTPH
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noMelleHUst 8 yaoOHoM Mecre Bo3Jie BO3IYyXONOJOTrPeBarens, Jerko
MojAK/I04aeMoro ¢ noMolbio nposoaos. Harpesarenp cHabsken pene
BEHTUAATOPA.

[TpenycMorpenbl asyXcTynenuyaroe HarpesaHue M OAHOCTyNeHuaToe
oxnaxneHue. [leppass crynmeHp Harpesa — TelJIOBOH Hacoc, Bropad
CTyleHb — BO3ayxoHarpesartenp., OObYHO MPH NajeHUH TeMMepaTypul
Hapy>XKHOTO BO3AyXa BHEIUHHH TepMOCTAT BKJAOUAET AOTONHHTENbHBIH
snekTpoHarpes. OQuHako B paccMaTpHBaeMoll cxeMe JOMNONHHTeJbHBIH
HarpesareJb BKAKOYAETCs BHYTPEHHHM TepMOCTAaTOM H HapyXHHIH Tep-
MOCTAT HE HYXKeH.

. 2 3
7 7 = ] \}/—\/x
100
&
5
Puc. 5.36. Ycranoska «Lennoxs ¢ pas- 4

A€JIEUNLIM TEMJIOBLIM 11aCOCOM.

! — HapyXHasl 4YacThb TCMAOBOTO Hacoca: 2 —
JHHHAA Xnafloaredra; J — BHYTpeHUHE Temno-
O6GMeHHHK ANSl Ha pesa H oXzaxKieuud; 4 —
ropejika; § — CraulHA yGpaBAeHHN, 6 —
ABYXCTYReHYATHI}f TepMOCTAT.

[Tpn cpasHHTenbHO MATKOH moroge tpebyercst BKJIOYEHHE TOJDKO
MepBOH CTyMeHH, 110 KOrja HapyyKHasl TeMmeparypa CHHXKaercs A0
TOuKH Oajianca U Tensiosble MOTePH 3/aHUSI JOCTUraloT 3HauyeHHs, NpH
KOTOPOM Tenao80il Hacoc HoJxkeH paboraTth ¢ npeaeabHoOH Temaonpo-
H3BOAUTEALHOCTDIO, BKJIOYAETCSl BTOPast CTyleHb M CTaHUHs ynpasJe-
HUSl OTKJAMOuaeT Tenaopol Hacoc. BeHTtunstop paboraer HempepuiBHO
MPU BKIIOYCHHH U eppoi, U BTOPOH cTyneHed.

Bo Bpemst uukaa jgedpocTailii, Korga MPOHCXOLUT pesepc oT Ha-
Fpesa K OXJaXKAeHHI0 H BHYTPeHHHI TeémaooOMeHHHK HauHHaer moja-
BaTh XOJOJHLIA BO3JAyX, CTaHIUS yIpasieHusi aBToMaTHUYECKH BKJIO-
qaeT BO3/lyXONoJOrpesarelib, T, €. NPEKPaLIAeTCst NMOCTYIJIEHHe XOJ0/1-
1Oro BoO3ayXxa 8 noMellende. Korja nocTynmaromwui Bo3/MyX HOCTHTECT
TeMmnepatypnl 43—49°C, Bosayxonogorpesareb asTOMAaTHUYECKH OT-
Kawuaercd. Ecan nocae uMkaa pedpocrallid TeMIepaTypa Bo3ayxa
npubanxkaercs K 46 °C, To OTKJOYaeTCsi KOMNpeccop, NMOKa TeMnepa-
Typa B Bo3ayxocbopHuke He noHu3dutes a0 32—38°C. B nerunit
CE30H TeNJOBOH HAcoc pesepcupyercst U ofecneUHBaeT PeXXKHM 0XJaX-
AeHHs.
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Ta6auna 58 XapakrepucTnkn cucTeMM

Homunanbuasn HomuuanbHas lMNonHaa norpeCaseMasn
Tun yeraonen | Aomacrtolias, | Teionboanon: outocre, b
Tg=24°C, xBr Ta=7°C, kBr
OxnaxaeHHe Harpepauue

HP8-261
HPS.963 6,5 6,5 2.8 3
HP8-411
HP8-413 9 9,5 3,7 3,8
HP8-513 12 12,5 4,6 4,9
HP8-653 15,5 15,5 58 59

KoMOHHaHA 3/1eKTPUYeCKOTO TelJIOBOTO Hacoca ¢ orHesoll cHcre-
MOH OTONNEHHA, HCKAOUUBHIAN AOPOTOCTOSAILYIO CHCTEMY JOIOJIHHTEb-
HOTO Harpesa, jana cxeme «Lennox» npedMylllectsa H NpeAllouTeHHe
norpebHTesiel Ha BOCTOYHOM IOGepexbe ATHAaHTHYECKOrO OKeaHa
(raba. 5.8).

5.5.3. CUCTEMbl BO3AYX — BOAA U BOAA —BOAA

Hexoropuie noMaillHHe TellIoBble HAacoChl HCHOJB3YIOT BOAY Kak
HCTOYHHK TemJla HAH TemjoBol crok. ®Hpma Fridrich s CIIA sbiny-
CKaeT YCTAaHOBKH, HCIOJb3YIOIIHe BOAY H3 CKBaXHH, 03eP, PYUbeB H
Jaxe ropoACKHX ceTeill Kak HCTOYHHK Tellla, a JeToM — AJst cOpoca
remia. Ho BHYTDH 31aHUs Tellslo Pacnpefensiercsi ¢ MOMOLLBIO MOTOKA
BO31YyXa, Nofo0HO YCTAHOBKAM, ONMHCAHHBLIM B NPEIBIAYIIEM pasjelne.

Boja GupmMu Metro.

1 ¢ —|T i J Puc. 5.37. Tensooil nacoc THNa BO3TYX -~

I — rennoBOf] Hacoc, 2 — nUPKYJASUHOHHBIE Ha-
coc; 3 — mpoxoalod KpaH; 4— Boja H3 CCTH;

I
I
I
i
+ @2 uu____iq: 4 5 —BOMa B CeTh.

Boga ne MoOXer cayXUTb YHHBepcaabHLIM HCTOUHHKOM Temaa, H
npHMeHeHHe ee orpanuyedo. Tenjospie Hacock (HpMm Fridrich npu-
MeHSIIOT rJiaBHbIM 00pa30M AJIst TOPAYEro BOAOCHAOXKEHUs, IPHUEM HC-
I0oJb3yeTcsl ¥ TeILIOTAa Ieperperoro XJaajgoaredTa Mexjay KoMlilpecco-
POM U XoHJeHcaTopoM. PekaaMHupyercss 5KOHOMHS B 3arparax Ha Tell-
JocHal0xeHHe 3LaHHA [0 CPABHEHHIO C 3aTPAaTAMH NPU 3JeKTPHYECKOM
goloHarpeparesie H BO3AYNIHOM KOH/IHUHOHHPOBAHHH, COCTABJAIONIAN
okodao 30%. CooTHolleHHe MeXJYy OTONJeHHEM H TOPSIUHM BOJOCHEO-
XeHHeM cocrasiser oObiydo 8:1. IIpu pabore remnoBoro Hacoca
TONBKO RJsi OTONJEeHHs C npsiMbiM 3jeKtpoHarpeBoM soanl KOIT me-
HfeTcs B npegenax 2,2—2,5 ¢ yueToM 3aTpar 3HEPruu Ha Harpes BOALL
Ecnn rensopoit Hacoc Buinodnser ofe GyHkuuH, to obmuii KOIT Mo-
XeT YBeAHYHTLCH 10 2,9. Bojlee cymiecTseHHasi 3KOHOMHUSI 3HEPTHU J0-
cTHraercs, Korja TENAOBOH Hacoc HCNOAL3VIOT H IJds oxJdaXeHHud,

— 136 —



Taéauna 59. Xapakrepuctuku TennoBoro acoca Tuiia Bosayx — Boaa «Metros

Hapyxuas [Morpe6iieHHe 3JeK- TennonpoHiBOMH- ;
TemnepaTypa, °C TpozHeprHH, Br TeJbHOCTh, BT Kot
25 580 1500 2.6
10 430 980 2,3
-—5 325 560 1,76

Tennosoit Hacoc dpupMbl Metro Henoab3yer Bo3AyWIHBIH HCTOYHHK,
TeMIlepaTypa KOTOPOro BCerja BHle, YeM HapyXHa#d, H ero Takxe
MOXHO NPUMEHSITh Jsf JOMaunlHero ropsiuero BojoCHabxeHHs. ITOT
TelioBo# Hacoc NpouspoguTcs B Januu H ycranaBiaHBaercs Mo cXEMe
puc. 5.37. Ou Moxer ObiTh AOIOJHEH GAKOM-aKKyMyJSTOPOM € TellJo-
oOMeHHUKOM HJH cHcTeMOW npsiMoro sjaekrpoHarpesa. Pacxop Bo3ay-
xa cocrasaser okojo 300 m3/u, a poma Harpesaercs NPHMepHO A0
52°C. B xoaomnyo mnoroay rpebyercss AOMOJHHTeNbHbI Harpes. Xa-
DPAKTEPHCTHKH CHCTEMbl NPH Pa3Holl okpyxalomeil TeMineparype MpH-
BefeHn B Tab. 5.9.

5.6. SKOHOMMYECKME MCCHENOBAHMA

[TpuseneHHble SKOHOMHYeCKHe OUEHKH MOKa3blBaJH NpelelbHO 10-
NyCTHMBble JONOJHHTEIbHBIE KAMUTaNnoBMOXeHH Kak ¢ynkuuio KOII
NpH CPaBHEHHM TeNJIOHACOCHBIX CHCTeM C OOBYHBIMH. OpHo H3 non-

Korm \ ‘
% e

Puc. 5.38. 3aBHCHMOCTL MPENEJbHOIO 3HA- a6 N
uenna KOIT oT nernt Ha HedTh B mponeH- 37 %
tax B 1975 r. NpH TNpeBHUICHAHH CTOHMO- ) S,
CTH TemJoHacocHolt ycradoBkd 250 ¢. crT. 78
H JBYX 3HAaweHHAX yYeTHOM CTaBKE — b ' 5% x
1 10%. ' 24 [ 4% x

—700% 7975 100%

Heha yegmy

pobHBIX HCCleNoBaHUui onyOaHKoBaHo HauuoHaJbHBIM HAy4YHLIM COBe-
oM HMpananguu 8 1977 r. [34]. HccreqoBanie uMeso TPH LEmH:

1) Onpenenuts 3PHEKTHBHOCTD HCIONB30BAHHS 3HEPTHH B TEILJIO-
BLIX Hacocax Io CpaBHeHHIO ¢ 3QdeKTHBHOCTbIO APYTHX CHCTEM OTOIll-
JeHH;

2) OnpegesuTi M CONOCTaBHTb 3KOHOMHYecKyl 3dhdekTHBHOCTD
TellJiIOBhIX HACOCOB M JPYTHX CHCTEM;

3) OnpenesuTs 3KOHOMHUEcKHe M TexHHUecKHe XapaKTepHUCTHKH
TeIJ0BBIX HACOCOB, KOTOPBIE AENAlOT HX KOHKYPEHTOCNOCOOHBIMH,

31ech COMOCTABMAeHb CHUCTEMBl BOASHOLO LIEHTPAJbHOIO OTOIJIeHHS
Ha HedTsHOM TomuiBe co cpeaHece3onnblM KIT, pasHbiM 60%, u ren-
J0Bo#i Haco: THNA BO3AYX — BO3AYX HJH BOIa — BOA& C 3JEKTPOIpPH-
BogoM. KIIJL npoH3sBoACTBa 3/1eKTPO3HEPIHH HA 3JMeKTPOCTaHUUSX MpH-
HAT 1A KOTJ0B Ha HedTAHOM TOINJHUBE.
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Ta6anina 510, Npepeipusie shavenna KON psig xoukypeiitotiiocobocTi
TENJIORLIX HACOCOB

Jone e e Heast ma wedms 1975 T yheamienne 5 16 pasi
HUA B TeNnJaoHacoce-
HYK YCTaHoBKY,
¢. cr. YC*=5% YC=10% YC=5% YC=10%
0 23 23 2,2 22
100 2,5 2,6 2.3 2,3
200 2,7 2,9 24 2,6
300 3,0 3,3 2,6 2,9
400 3,3 39 28 3,2

¥ ¥C — yuycrHas craska.

B ta6a. 5.10 1 na puc. 5.38 ykazans 3rayendss KOII, Heo6xoaumbie
LA KOHKYDPeHTOCHOCOOGHOCTH Tel/IOBOro Hacoca ¢ He(TAHOH CHCTe-
MOH OTONVIeHHs PU ABYX 3HAYEHHAX ydyeTHo# cTaBku 5 u 10% u croH-
MOCTH THNHuYHO# HedTAHO#M cucteMbl 750—1000 ¢. ct. Llena na nedTh
npUHEManach rakoi, kak B 1978 r.,— 0,046 ¢.cT./a, a neHa Ha 3Hep-
ruio gas notpeéutens — 0,19 ¢. cr./(xBT-u). HMcnoabsoranue Gonee
JellleBOH BHEIHKOBON 3/MeKTPO3HEeprHH [AeTadbHO He paccMaTpHBagaoCh.

Heo6xoauMoe anst Koukypeurocnoco6uoctd snauende KOII B 006-
ieM He NPOTHBODeYHT LUDpaM, 3asABJeHHHM NPOU3BOIHTENAMH TelJo-
BHX Hacocos. B oTueTe caeaan BHBOJ, uro Anst HMpaaunauu tako# cpes-
Hece3onubli KO[I TexnmueckM AOCTHXHM, OJHAKO B 3ToH paboTe He
COIMOCTaB/JAEHH KallHTaJ0BJ0KEeHHS pasJHyHbIX CHCTEM.

Hononunrenbrble 3KOHOMHUYeCKHe CoofbpaxKeHust GYAYyT NpHBeIeHH
B APYrHUX IViaBax.

FnaBa 6

TENJIOBbLIE HACOCHI
B OBLLECTBEHHbLIX 34AHMSAX

CucTeMH 11 HEHTPaJH30BAHHOIO OTOIVIEHHS MU
OXnaxAeHus1 GonblUUX 3JaHUH BHIYCKAIOTCA MHOTO JeT H HMEIT IIH-
poKoe NpHMeneHnHe. 3Iecb MHOFO HNHOHEPCKHX paboT GbWio CHeNaHO
B EBpone. MH paccMOTPHM JBe TaKHe CHCTEMH: Tell1OBOH HAacoC THMNA
BOAa — BO3AyX B AHIJIMM M YCTaHOBKY «Sulzers» paf NaaeBaTebHBIX
GaccefiHOB M ApyrHX CIOPTKOMIJiekcoB. KpoMe Toro, B 3ToH rJjaBe
OMHCHIBAIOTCS ellle HeCKOJbKO KPYIHHX TellJOBHX HAacoCOoB M HX 3KO-
HOMHYECKKE XapaKTepHCTHKH B NpHMEHEeHMH K OGBIYHLIM 3JaHUSIM,
N/]1aBaTe]bliBiM GaccellHaM M BHIUHCJAHTENbHBIM HEHTPaM.
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6.1. CHCTEMbl KOHAULWMOHUPOBAHUSA BO3AYXA

[Ipexnae uyeMm ofcyXaaTb B JAeTajfX TeNJOBble HACOCH, yAENHM
HEKOTOpOe BHMMaHMe BO3AYIUHOMY KOHIHUMOHHPOBAHHIO BoOOIIE.
KoHIHIIHOHHpOBaHKHe BO3JAyXa, HJAW YIpaBleHHe KJAHMaTOM BHYTpH
3laHdd He 00f3aTeJbHO CBSA3aHO € TEMJOBBLIMH [AacoCaMH, HO IMOYTH
BCeria MCno/db3yeT o0blYHble X0N0AuAbHBe Maiuunbl. HHUxXe npHBeleHO
cpaBHeHHe OOBIUHBIX H TeNJOHACOCHHX CHCTEM BO3AYIIHOIO KOHAMLHO-
HUPOBAHUS OOLIECTBEHHHX 3AaHUM.

Onucarde Jerajiel MHOTHX CHCTeM BO3JYUIHOIO KOHIMUHOHHDOBAE-
HUs BO3Ayxa He lpHBeleHH B 3ToH Kuure. Heo6xoaumo aAMib OTMe-
THTb, UTO KOHAMUHOHHUPOBAHHEe BO3JyXa HpPHUMeHSeTCs BO BCEX MPO-
MBUIJIEHHO Pa3BUTHIX CTpaHax, e TEMIepaTtypa H BJAaXKHOCTb OKpY-
KAUero Bo3ayxa TpeOyIOT HCKyCCTBEHHOrO peryaupoBanus. Heynn-
BUTeJIbHO, YTO BO3IYyHIHOe KOHAHUUHOHUpoBanUe BoaHUKAO B CIIIA, a B
AHTIMH UM 10 Hoc/jeHero BpeMenu npeHeGperand. Ho KoHaMiHOHH-
poBaHHe BO3AYXa HeoOXOAHMMO He TOABKO JJsI yayulllendsi cpelH oOu-
TaHUs Yesoeeka. Kak Oyner IokasaHo B M. 7, HEKOTOpPble NMPOMBLUI-
JEHHBIe TIpouecchl, ocobeHHO TpelyloliMe CHHKEHHSA BLICOKOH BAaXK-
HOCTH, MHOrO BHIMTPHBAIOT OT MpHMeHeHUs 00e3BOXKUBAIOLIEro 000pY-
nosanud. Cioja ke OTHOCHUTCS H HeOGXOAHMOCTb OTBOJAA Temlaa OT
Gonbimux KoMnbloTepoB. CjelyeT OTMeTHTb, UTO MOAOGHbE TEmJOBEIE
HCTOYHHKM, TpeOylomiMe oxjaa’KJAeHHs, MOTYyT CaMH AaBaTh MOJe3HOe
Tenyio 1419 o6orpesa 34aHUd 10 NePUMETPY.

[Hoxpo6GHHIH 0630p poAM BO3TYHIHOrO KOHIMUHOHHDOBAHHUS B CJAV-
XKeOHBIX 3lanuAx Gbwl onybOJHKoBaH B ctaThe [1]. OchoBHBIe Tpebo-
BaHHs /5 co3JaHHs KOM@OPTHBHIX YCA0BHH Ha pabouyHX MecTax Ta-
KOBBI:

1. Ha paGouem MecTe 10Ji5KHO GBITh MPOXJAaTHO.

2. IBukenHe BO3jyXa JOJXKHO OTBeYaTh HOPMe (e3 3aMeTHBIX
CKBO3HSKOB. JIpM noBbiIeHH TeMmepaTyphl HAM BAAKHOCTH CKOPOCTH
BO31yXa M0/13KHa OHITb YBeadHUCHA.

3. OrtHocuTenbnasi BAAXHOCTD He AOJMXKHAa npeBHWaTs 70% u
J0aXHa OHTh BO3MOXKHO HUXKE.

4. CTeHb KOMHaTH AOJIXKHBl GHTb Telljiee, ueM BO3JyX B KOMHATe.

5. Boanyx ma ypoBHe roJIOBBHI He JIOJKEH GBHITh 3aMeTHO Telljiee,

YeM Ha YPOBHe ITI0JId, He NOJKHO OBTh TaKKe M H3GHTOUHOH pagua-
IIHH Ha YPOBHE roJ0BHL.

6. Bo3nyx He jo/KeH UMeTb 3amaxa.

B AnrnwM KoHTOpCKHe PabGoOTHHKH, y KOTOPHIX CHAsYaS paboTa,
CYHTAIOT NpHeMiemoli TeMnepatypy 20—22°C. Pacxon cBeXero BO3-
AyXa Ha 4ejoBeKa B GOMBUIMX 31aHHAX cocTasaster 0,5 M3/mun. Kpart-
HOcThb BO3AyXooOMena B KoMHaTe cocTaBiser 1—1.5 B uac. Pacyer
TenjoBoro 06a/llanca BKAIOYAET TellJIOBHAENECHHE YeJOBEKOM (0KOJI0
100 Bt), HaxoadunMcst B NMOKOe, a TaKkKe Telio OT OCBEMIeHHst H Ap.

B oTONHTeNbHEI Ce30H BHYTpeHHUI BO3NMYX AONONHATENBHO YBAA K-
HseTcs, a NMPH OxnaxJeHMH ocymaeTcsd. CHCTeMB KOMJIMLHOHRHPOBA-
HHs1 OGBIYHO BKJIOYAIOT pasjiMunble BHAHB (QHUALTPOB. DTO, B yacCTHO-
CTH, MoryT OuITb 37MeKTpOCTaTHUeCKHe (QHABLTPH, B KOTOPHIX uacTHIL
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NBLIM 3JIeKTPHYECKH 3apsXKaloTCH, a 3aTeM MNPOXOAAT dYepe3 KaHadl,
cojepXaumMid MHOKeCTBO TapannenbHblX NJAAcTHH, au6GO 3a3eMaed-
HBIX, JINOO MOJA BBICOKHM IOTeHnHa oM. 3apsiKeHHble 4acTHibl NpUTH-
THBAIOTCS K 3a3eMJleHHBIM I1acTHHaM M OCaXkAalTcd Ha HMX. 3anax
06bIYHO ycTpaHsieTcst (QPUIALTPAMH C aKTHBHDOBaHHBIM yIieM HJAM YCH-
JICHHEM BeHTHJASALHHU.

Jig ynpouleHUst MOHTa»ka CHCTeM BO3AYUIHOIO KOHJAHUHOHHPOBA-
HUSI B CTapblX M HOBBIX 3JaHUSIX pa3paGoTaHbl arperdposaHHble CH-
cTeMBbl KOH/HUHOHUpOoBaHUA. TakKde cHcTeMB! BHIIYCKAIOT B LIHPOKOM
HHTEpBaJe pa3MepoB OT HECKOAbKHX THICSIY TOHH XOJOLONPOH3BOH-
TeJbHOCTH IS 11eHTPaJU30BaHHBIX CHCTEM 10 aBTOHOMHBIX CHCTeM Ha

OIHY KoMHaTy. HezaBHcuMo oT

i g |5 pasMepoB Bce 3TH  CHCTEMb

l 3 | BKJIIOYAIOT BCTPOEHHBIA  X0J10-
4\k@ i 5 JIUAbHBIH 1HKA # o6opypoBaHUe
/ JUIsT NIPOKaukH Bo3Ayxa (pHc.

E ! 6.1). 31ech ucnapHUTeab HCHOJb-

Puc. 6.1. CHcreMa BO3/IYLIHOTO KOHJH-
IITHOHHPOBAaHHA.

! — Hapyxubljji Bo3Ayx; 2 — dHAbTP; 3 — HC-
mapHTenab;, 4 — KOMIOpeccop; J — KOHACHCA-
TOp; 6 — ApoCCeAbHLI KJjamaH; 7 — Harpcma-

R ﬁ Teldb (IPH HeoOGXOAHMOCTH); 8 — BEHTHAATOD;
9 — penHpKYJIHpPYIOUHHA BO3AYX.

QOO0

3yeTcst HeNOCPeACTBEHHO [Jst OXJa)KIeHHUs BO3JyXa Iepeld Nonauel
B noMeniende. BenTHAsiTOp ofecleunBaeT yHPKYASUHIO BO3AyXa, Npe-
AYCMOTpeHa TaKxke U (PHAbTpauHs Bozayxa. CJaenyeT, ogHaKo, OTMe-
THTb, YTO B ITOH CHCTeMe HMeeTcsl cClenHadbHbI HCTOUHHK Tellla,
He CBAI33HHBIN C XOJOJHJAbHBIM LHKJIOM H BKJIOYaeMblHl Toraa, Korjaa
TpebyeTess oTonneHHe. KOHAEHCATOD XOJOAMABHOIO HHKAZ HMeeT JHGO
BOJsiHOE, JHOO BO3AYIIHOE OXJaKjJeHHe, H B paccMaTpHBaeMoH cHcTe-
Me €ro TelJo He HUCIOoJb3yeTcs. :

Takue cicTeMbl MOMHOCTBIO COGHPAIOT Ha 3aBOde-H3rOTOBUTENE; H
Ha MecTe A/ HUX TpeOylOTCs TOABKO OTAEAbHble KaMephbl 1Jisi YCTaHOB-
KM C IIOJKJAIOYEeHHEeM 3JIeKTpHUecTBa U B ciayuyae HaJA0OGHOCTH BOJbI.

Hcnonb3oBanne cGpachiBaeMoro TellJa MOBHIIAeT 3HePreTHYeCKyIO
30 (PeKTHBHOCTL CHCTEeM KOHIHLHOHHDOBAHHs, IpeBpamias HX B yCI-
pONCTBA, KOTOpBie Mbl B NPebIAYIIHUX IJ1aBaX PacCMaTpHBAAM KaK Tel-
JoBbie Hacochl. Tensio, c6pachiBaeMoe B IpagupHAX HJAH APYIHX YCT-
policTBaX, MOXKHO IOAYYaTh OT KOHjeHcaTtopa (cM. puc. 6.1) BMecTo
OTHAeNbHOrO HarpeBaTedis. B 3TOM cayuyae BOCCTaHaB/JHBaercsl TEIJIO
PA3NMYHHX HCTOYIIMKOB BHYTPH 3AaHUSt — OCBEIeHUH, JKIel H- 060-
py0BaHusl.

6.2. BOCCTAHOBJIEHME TEMJA XONOAMJIbHLIX YCTAHOBOK

B cayxeGHBIX 31aHUX TelaoHacocHas cHCTeMa pelko paGoTaer
TOJBKO B peXHMe oxaaxIendus. OCHOBHas 3ajaya KOMIDPECCOPHOTO
000pyAOBaHHA B TaKHX 3[IaHUAX CJIOXKH/Aach UCTOPHUECKH KaK OXJax-

— 140 —



jeHHe, HeoOXoAHMoe JHOO TO KJAUMaTHUeCKHM YCJOBHAM, JHGO A
0TBOj/l& TellJla BHYTPEHHHX MCTOYHHKOB — OCBellleHHs, 06opynoBaHHus,
fepCcoHana. 3HauyUTedbHOH XOJOAHNABLHON HArpy3KM TPeBGYIOT BBIYHC/H-
TeJIbHEIE HEHTPH B cAyXeOHLIX 31aHMstX. [1pHM 3TOM, Kak npasHao, He
y4HTBIBaJ10Ch, YTO NpHMEHAeMas XOJOAMJIbHAA YCTaHOBKa IO NPHPOJe
CBOEH SIBJSIETCS TelJOBBIM HacocoM. HecMoTps Ha TO 9TO TemJo, OT-
BO/AHMOE OT KOHJeHCATopa XOJOAHJILHOH YCTAaHOBKH, HMeeT OTHOCH-
Te/lbHO HU3KYI0 TeMIeparypy, ero mosje3Hoe HCIIOJb30BaHHEe HAaeT Cy-
111eCTBEHHYIO SKOHOMHUIO 3HEPTHH,

Kax yxe HeONHOKpPAaTHO OTMeyaJoch, COOTHOUIEHHe MeXJ1y TelJo-
TOH, OTBOAMMOH OT KOHIeHcaTopa, ¥ moTpebaseMoli MOIEHOCThIO U LIS

A_’,»YJI T /(
0.9 i
08 / d ' : 7
)
47 7
06 /
L

25 W 35 4 L7t

Puc, 6.2. 3aBHCHMOCTb 3JEKTPHUECKOH MOLL-
IIOCTH OT TeMIepPaType BOAu ¢, cOpachiBae-
MQH CHCTCMOH OXJaMACHHS,

Puc. 6.3. Cxema Hcrosib3oBaHHsi H3GHITOYHOTO TCNJAa BHYTPeHHHX YacTell 3jauus nus
oGorpeBa ero MepHMerpa.

I — B 00OLIUHOA CHCTEME KOHJHIHOHHPOBalHH BO3AYyXa TeNJ0, OTBejeHHOE OT LeHTPanLuoll UacTH
3laHukd, TepsieTedl; 2 — B cucreme <Enercon» Ttenmno, oTeejeHHOe OT LEHTPadLHOR 9acTH, HCMOL-
ayered add oborpeBa NepuMerpa 3JaHHud.

XOJOAMIbHHEKA B IJA TEMJOBOIO HAacoca CHJIbHO 33BHCHT OT Pa3HOCTH
TeMOepaATyp HclapeHUss B KOHJeHCAUMH. DTa 3aBUCUMOCTb ONpejenfieT
B [2] ’koHOMHUHYIO TeMmepaTypy Bojbl TOCJe KOHIeHCaTopa XOoJo-
JAUNBHOH MaIUHHBI B TeX CAydYaf#X, KOorja ee TelmJo M0JE3HO HCHOJIb-
syercs. Ha puc. 6.2 nokasaHa 3aBHCHMOCTb MOMIHOCTH Ha TOHHY XOJIO-
AOTIPOU3BOUTENLHOCTH OT TeMIlepaTypsl BOABl Ilocjie KOH/1eHCaTopa
npyu xJaajpoarente R22. YkasaHo, 4r0o 3KOHOMHYeCKHM ONpaBJaHHBIM SB-
JasieTcst yposedb TeMmnepaTypbt 41—42°C, B 3toM cayuae MOILHOCTb,
noTpebasdemast KOMIIPecCOPOM, MOBHINIAETCS He3HaUUTENbHO MO CPaB-
HEHHIO ¢ UHCTO XOJOAMJDbHBIM DeXXUMOM U B TO Ke BpeMs MOABIAAETCH
BO3MOXHOCTb He cOpaceiBaTh, a NOJe3HO HCIIONb30BaTh TellOTY KOH-
JleHCalIH.

HanGostee H3BecTHas peanH3auds 3TOH KOHUENUHUH NPOJAEMOHCTpH-
poBaHa Ha pHC. 6.3. 31ech TENJIO OT XOJOMHIBbHOM MAUIHHBI, OXJaaxK1a-
loledl BO3AYX B IeHTPaJbHOH YacTH 3[faHHA, He BHIOpacmBaercs, a
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HCmoJb3yercs AafA odorpeBa KOMHAT IO MEPHMETPY 3/1aHHA, B KOTOPHX
M3-32 OCTEKJIeHUS OKOH U JBepell MoTepH Temla MOBHILEHHI.

CxeMnl moo0GHBIX YCTAHOBOK NpHBeeHH Ha pHc. 6.4. B o6oux cay-
yafx TenJo U3 LEeHTPAJbHOM YacTH 3/]JaHHS MOCTYMaeT ¢ MOMOIBIO BO-
JSAHOH CHCTEMB! OXJIaXKJJEHHST K HUCMapUTeNio, a jaJjee ¢ MOMOUIBIO XJa-

0)

2)

Puc. 6.4. CxeMnl nepepacnpegefeHis Telllla ¢ 3aKpHTOA rpagupuei (@) H ¢ ABOAHLIM
KOHjieHcaTopoM (6).

! — OTONHTCALHLIT NMPHOOP; 2 — 3aKpbiTad TIpamHpHA, 3 — HacOoC; 4 — KOHAEHC2TOp, § — 0XJax:-
BalOILH}T NpHOOp, 6 — HcnapHTenp, 7 — OTKPBITag rpalupHsi; & — CEZBOCHHLIT KOHZeHCAaTOp.

JloareHTa H KOMIIpeccopa 3Ta 3Heprus mnepejpaercd KOIIJEHCATOPY.
[Tostesnoe Temso € MOMOLIBIO CETH HArpeTo BOABI Nepemaercss B BO3-
AYLIHYIO IpagUpHIO, IPHYeM HCIoJab3yeTcd Jin00 CNBOEHHBIH KOHJEHCAa-

p o= Ayt
W = T4 : z
00 (T i

O . 3

PRt

-

Pue. 6.5. Bua ¢ Topua Ha arperHpoBaHHHEIA OXJagHTCab BOALI ¢ ABOHHLIM KOHZEHCa-
TOPOM.
JleBasa napa dbaaHueB — CCTb CpapUpHH; NpaBaf — CeTb OTOMJEHHA.

Puc. 6.6. Bogooxnaauteds ¢ OTAEALHLIM KOHAEHCAaTOPOM [JJis INcpepaclripcaenenus
Tena.

I — KoMnpeccop; 2 — KOHEEHCATOp CeTH OTOMJAEHHS; J — OOLIAHBIF KOHZeHCaTop; 4 — OXJaJHTCIb
BOADbI; 5 — CTAHIHA YNpaBJCHHA.

Top, Judo nBa ornaedbHhx. CaBOeHHBIH KOljleHCAaTOp TNOKa3aH Ha
puc. 6.5, a cxema Cc OTAEJbHHMH KOHJEHCATOPaAMH jjis1 OTOIJIEHHA H
cOpoca Temsa B rpajHpHe — Ha pHc. 6.6, B 3uMIiHl mepHo, Korjga of-
HOBPEMEHHO TpeOyIOTCH H OXJaXkjeHHe § HalpeB, 4acrh CABOEHHOrQ
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KoljaeHcaTopa MM BTopol xoHueHcaTtop (cM. puc. 6.6) paGoraer 1ta
otonnente. IlosesHoe Tenso cyumaercs aU60 clelHaJbHHMH BEHTHJIS-
TOPaMH, AHOO ¢ MOMOmBI0 TeMTO0OMeHHHKAa B BO3AYIIHOM Kapase,
Bo3nyliiast rpafHpHs, KOHEYHO, HY:KHA M B 3TOM pexHMe i 0TBONA
B aTMochepy H30HTOYHOro Temna. CxeMa Ha pHc. 6.4,2 ¢ BO3LYUIHOH
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Puc. 6.7. CxeMa nepepacnpejeneHist Temia,
] — Harperblfi NCPBHYHBIT BO3AYX: 2 — cBeXHfi Bo3pyx; 3 — cOpoc BOo3hyxa; 4 — Telllo OF CBe-

TWILHHKOB H MeCpPcoHana, § — MoTop H KOMIIpeccop; 6 —KOHAEHCaTop; 7 — o6paboTka nepBHYIIOro
Ro3Ayxa; 8§ — rpaiHpHA.

rpajupHeii padoraer TakuM 00pas3oM, yTo B peXkHUMe OTOILIEHHST BOja
OT KOHAeHcaTopa MHHyeT TpajUpHIO U INojaeTcss B HarpeBaTejbHbIH
npuoop. CaenyeT oTMETHTh, UTO He 00f3aTeIbHO BCe €OpOCHOE TEILJIO
MojaBath B I'DagHpHIO, ero MOXHOQ HCIOJNb30BaTh JIsT HarpeBa BOJAH
MJIH TeXHOJOTHYECKHX HeneH ¢ OoJbluoil 3KOHOMHYECKOH BHI'OAOM.

Hpumep 1. CnyxebHoe 3naHHe B AHIVIMM HCIOJNL3YET JBa arperu-
POBAHHBLIX OXJAJHUTENS BOJAB C BUHTOBHM KOMIIPECCOPOM M CABOCHHHM
KOHIEHCATOPOM B TellJloHacocHoM pexume. Kpome Toro, Hcnonb3yores
OOLIYHLIH KOTeJ M BO3AYIIHAA TpajUpHA. 31aHHe pa3jieJieHo Ha JBe
cckuun, Kaxpass u3 HUX HMeeT CBOIO YCTAHOBKY ISl KOHJAHEHOHHpO-
BaHus Bosayxa |[2]. IlpeaycMoTpeHa - BO3MOXKHOCTh HCIOJb30BAHHS
Kak0il ¥3 yCTAaHOBOK JJIs1 OJHOBpPEMEHHOro oOCayKUBaHHA 000HX
3A4HHUA MpH MOJOMKE HJIH PEMOHTe OJHOH U3 HUX., OrjnajieHHHe KOMHa-
T 000rpeBaloTCsl WIH OXJAXAAITCS ¢ NMOMOUIbIO JIOBOJYHKOB C BEH-
THIITOPAMH, pa3MelleHHHX moa okHaMH, Kaxawit Mojaysnb uMeer Tep-
MocTat Ha o0paTHOM BO3JyXe U YNpaBJseMHil KjJanaH, YTo 03BOJsIET
HITUBUAYAJbHO® PETYIHPOBAHHE MECTHOH TEeMIEpaTypHl.

B 370it ycTaHOBKe 00paTHHIH BO3/yX U3 OXJaX/JAEHHOro LEHTpa 3]a-
Hust cobupaercsi B UEHTPAJBHYIO yCTaHOBKY oO0palbOTKH BO3ayxa, a
cOpocdbli BO3IYX H3 KOMHAT H TYaJeTOB MPOXOJUT Uepe3 TemnoolOMeH-
HHK, OTjlaBast TeI10 cHcTeMe ropsuero BopocHa6Gxedud. Houwlo B 3pa-
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HHM moAfaepxuBaercs: Temnepartypa 10°C. B mauajse pabouero aus
TeMIeparTypa OrcTpo MOBHILAETCH A0 HOPMAJBHOH € MOMONIBIO CIELH-
aJbHON CHCTEMH ynpaB/ieHHd H OycTepHHX HarpeBaTtesed.

Kaxpas u3 JABYX YCTAHOBOK B TeILIOHACOCHOM peXXUMe HMeer Xo-
JOAMIBHYI0 MomHocrhk 805 kBT, oXmaxpamowmias Bojga ¢ pacxoaoM
34,1 M/c canxaer reMnepatypy or 11,5 go 5°C. Boaa B KoHaeHcaTOpe
nporexaer ¢ pacxojaoM 27,3 a/c u Harpesaetca or 30 o 39°C. Jlpu
IoJIHOM Harpyske morpedssieTcs: ajeKkTpHueckasa MomHocTh 240 kBT.

Npumep 2. YcraHoBKa, co3naHHas B AHIMH Ha 000pyACBallHH
¢upmbt Carrier. dro 3ganue nocrpoiiku 1969—1970 rr. (¥YnpaBneHue
sHeprocucTeMoii CeBepHoro Yaaeca). 3xeck BmepBhe CO3JaHa IIOJHO-
MaclurabHaz cucreMa KOHAHUIMOHMPOBAHHA ¢ HCIOJIb30BAHUEM Telljia
ocseuiedns. BHYTpu 3paHusg moaaep:xusaercs TeMmnepatrypa 21°C mpu
H3MeHeHUH HapyxXHoH TeMmneparypu ot 26,6 no —4°C. Cnelyer oTMe-
TUTh, Y10 omamneﬂne HCTOYHHKOB CBeTa NoBHcHIo ux cBerosoil KII[
npuMepHo Ha 13%.

DTa cxeMa NokazaHa Ha pHc. 6.7. CBeTHIbHHKH OXJAXAAIOTCA BO3-
JAYXOM, OTCachHBaeMHM H3 KOHAMUHOHHpyeMoro nomelleHus. Kpome
TOr0, HCTIOJIB3YeTCs TeIJIOBheaeHre 0T 060pyLOBaHHA | JIofel B cJe-
Ayoinell MPoOmOPUHH: OT CBeTHJIBHHKOB 45, oT apyroro o06opyroBaHus
40, ot m0aeit 159%.
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Puc. 6.8. Ocpernrensuuie NpuGOpH C BOJSIHEIM OXJAXKAEHHEM M CHCTEMOfl Tepepac-
npefesneHns Tema.

I — BofoOXTAMKEaeMble CBeTHAbHHKY; 2 — HaPyHubifl BosslyX; 3§ — Tensco6MeHHHK; 4 — CLBOCH-
HbIt KOHmeHCcaTOp; 5 — koMnpeccop; 6 — rpasupHs; 7 - HarpeTas Bofla Axa o'rormemm 8 — ox-
JayKneHHas Boja; 9 — McnapHTeab; j0 — BolGpoc BO3fyxa.

Harpetnifi BO31YX NocTynaer No BepTHKAJLHLIM KaHaJdM B LEHTPC
3/1aHHSA K LUeHTpadhHOH ycTaHoBKe oOpaloTKH BosayXa. [IBe X0J0aH/IL-
Hule MaliHL GUPMH Carrier ¢ HeHTpOOeKHEIMH KOMIpPECCOpaMH HMe-
10T Teliopyio Momuocers 790 kBT, Tak uTo Kaxmas U3 HHX MOXKeT Io-
KPHTb BCl TEIJIOBYIO HArpy3Ky 3faHusg. Temmeparypa BOAH Ha BX0.e
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M BbIXOJe H3 KoHAeHcaTopa 49—D54, a temmeparypa HCHApEHUs — OKO-
J0 15°C. Tensora copacuBaercs B arMoc(epy ¢ MOMOLIBIO BO3YINHOM
rpaaupHi. C Uesabl0 JOKaJbHOrO yIpaBJdeHHs OTOIJIEHHEM IIpHMeHeHH
HHAHBUAYAJNbHEE HarpeBareJbHble NpHOOpH B KaXAOH KoMHare. OHH
MoACOEAMHENH H K CeTH OXJaxKaeHHOH BOAH, TakK 4YTo NpH pabore B
pexKnuMe -OXJTaXKAeHHUA TeIIO H3 LeHTPAaJbHHX TOMeIeHHH HCIoJIb3yer-
csi aaa oborpeBa nepudepun smavug. KoTeabllag B 3TOM 3JaHHH He
HyHa. Houblo H B KoHLe HeJeJH HCTOYHHMKOM Telja CAYXKUT TeIIoBOil
akkymyaarop. Temsora or oOHuraresell H OT OCBemEeHHsI B 3TO BpeMa
He mocTylaer.

Pexxe mnpuMelldercd BO3MOMKHas CHCTEMa HCOOJbB30BAHUS TelJa
CBETHJBHHKOB C HENOCPeACTBEHHBIM BOAAHHIM oXJaxkAeHueM. OHa
BIOJHE MPUrofiHa AJgS PEKOHCTPYKUMH 34aHHMi. CXeMa Takoi#l cHCTeMb
C BOJISTHBIM OXJIaXKjieHHeM CBeTHALHAKOB II0Ka3zaHa Ha pHuc. 6.8.

6.3. AELLEHTPANM3OBAHHBLIE CMCTEMbI
KOHAMLLMOHHMPOBAHMSA BO3AYXA

CucreMa ucIoJib30BaHUS TeIIa OT KOHAEHCATOPOB HEHTpaJU30BaH-
HOTO BO3AYIIHOIO KOHAHIHOHHpOBAHHA, HCHOOJAB3YIONIAA KOMHATHHe

I ™ I |
Puc. 69. CxeMa JIeHeHTPaJH30BAHHOrO [Li] [El
BO3MYIIHOrO KOHIMIHOHMpOBanua «Ener-
cons.
1 ~— Hacoc 2 — peBepcHBHEle KOUAHUHOHCPLI; 3 —
JOMonHMTENbELIE HarpeBaTexn; 4 — c6poc Telza, 7 E
7 4

Tel1000MEHHHKH C BEHTHJIATOPAMH, NpPEACTaBAdeT JHIIb OAHY U3 BO3-
MOXKHOCTeHl coXpaHeHHsI 3HepPrHi B OOJNBLINX 3AAHHAX C BO3AYIUHEIM
KOHJUUHOHUpoBaHHeM. Jlpyrasi Bo3MOXHOCTb, nalouiaf, ¢ Hame#d Tou-
KH 3peHusi, pAd INpeuMyulecTs, — HCIOJb30BAHHE HWHAHBH/YAaJbHBIX
TEIJIOBHX 11aCOCOB BO BCeM 3JaHHH, II0 KOTOPOMY UMPKYJIHpyeTr BOAA,
a4 BO3JMyX CJYXHT KOHIHUMOHHpyeMoH cpedoii. IlopoOHyio cucreMy
MOXKHO HasBarhb JCUEHTPAJHU3OBAHHOW CHCTEMOH KOHAMLUHOHHPOBAHHUS
Bozzayxa.

TunnuaeME cHcTeMaMHM Takoro popa sBadlorces «Enercon» u
«Versa Temp». OcHoBHad cXeMa MaJlo OTJIMYAeTCH OT LEeHTPasH30BaH-
HOH, HO BMeCTO OJAHOro ‘GOJbINOTO XOJOAMJbHUKA (TemIoBoro Hacoca)
HCIOJML3YeTCsI MHOrO .HeOOAbIIHX YCTAHOBOK, pasMenieHHHX Hemocpen-
CTBEHHO B MeCTax KoHAHUHOHUpoBaHud (puc. 6.9). B cxeMe «Enercon»
UMeeTcsl PSAA arper#poBaHHBIX peBepCUBHBIX BO3AYIUHBIX KOHIHIHOHe-
PoB THIIA BOJA -—BO3AYyX, CNIOCOOHHX JaBarb HArpeB HJM OXJakKie-
Ilne, OHU NMOAKIIOYEHB K HEOXJaX1aeMoH LeHTpaJbHOH BOAAHOH CH-
cTeMe, B KOTOPOH C NOMOILBIO AOMNOJTHUTENBHOrO BOjAOHATpeBare/]st H
TPafguplin teMNleparypa NoJfJepXKusaerca B uHrepBate 15—32°C,
Kaxnas KOHIHLHMOHHPYIOINAS YCTAHOBKA <COMEPIKHT MOJHYIO XOJ0-
AUJNLHG-TEDNJIOHACOCHYIO CXeMY ¢ BEeHTHJIATOPOM A  UHPKyJISTUHMH
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KOMHATHOIO BO3AYXA, Hopkiidueltyio K BoasHol cueéreMe (puc. 6.10).
BoZa cinyXHUT TElIOBHIM CTOKOM HpH paboTe B XOJIOJHJLHOM peXHMeE
U MCTOUHHUKOM Telja B peXUMe OTOILIeHHA. JlonoJHUTENLHLIH Harpes
TpedyeTcsi TonbKO B CJAyyYae O4€Hb XOJOAHOH MOTOAH, KOraa GOJbUTHH-
CTBO yCTaHOBOK paboraer B pexXume rarpesa. Ilogaua remnta B Boas-
HYIO CHCTEMY IPOH3BOAMUTCS OT KOTEJNLHOH, 3JEKTPHYECKOro NapyKHO-
ro HarpeBareJisl, COJTHEYHON 31EPrHM WIHM HCTOUIIHKA cOpOCHOTO TEmaa.
IMoTpebHocTi B Tenne yMeHBUIAIOTCs, KOrfa OfHa HJAH HECKOJILKO ycTa-

5

Puc. 6.10. Boagymuuf kouaupuonep «Enercons ¢ BogsiHOR cHcreMof nepegaud Tenaa
B PeXHMe OXJlaXK1eHHSI H HarpeBa.

I — oXnaXpBaeMblil KOHAHUHOHHDYEMBI BO3AYX; 2 — HCMAPHTCAL BOIAAVIUHLIE; 3 — KoMNDpeccop;
4 — peBCPCHBHLIJ] Xpaf; § — Kanuaaap; 6 — KOHJeHcaTop BoAaHol; 7 — Nojaua BoOAL & — oTBoj
BOALl; 9 — HarpeTbli KOHAHIHOHHDYEMDLIi BO3AYX; 10 — KOHACGHCATOD Bo3AYWHLIA; /] — HCRMapH-
Tenb BOASHOM,

II0BOK AOJNIIE paldoTarh B XOJOAHABLHOM pexkume. Ilpu cpemnux teM-
mepaTypax iapy:KIOro BO3AyXa YCTAaHOBKH C TeHEeBOH CTOpOlH 37a-
HUsl paforalor Ha HarpeB, ¢ COJIIEUHON CTOPOHB — Ha OXJaXKJIeHHe.
Ecan npumepno 30% ycraHoBok pafoTaloT B XOJOAWJILHOM pexHMe,
TO OHH JAIOT AOCTATOUYHO TEIJIa B BOASHYIO CHCTEMYy, YTO HCKJIIOYAET
HeoOXOAUMOCTD A5 3 aHUs MONyYaTh WM OTAaBaThL TeILTo.

B 31aHUAx ¢ BHYTPEHHHM TEIIOBLIIENEIIHEM OT OCBElEHHS, KOM-
NLIOTEPOB W T. M. M 'BEICOKHM YypOBHEM TENJOH30JgdUMH (cM. § 6.2),
MOKeT MollagoOUTLes KPYrJAOTOAHYHOe JoKaabHoe oxgaaxjaeHde. Ilo-
JYUeHHOe 3/lech TEHJI0 NepejaeTcs B BOAAHYIO CUCTEMY M JaJee K ycra-
HOBKaM 10 nepudepUn 31aHHsl, KOTOpPHE B 3HMHHMe Mecsunl palboraior
11a Harpes. _

JleueHTpasu30BaHHLE CUCTEME MOMKHO TaKMKe RCIOJb30BATL B 3/1a-
HHUAX, rae TpeOyercs oXJaxKJeHHe AHeM M HarpeBaHHe HoyLio. Ecin
JHEM TeMIcpaTypa BOAH B CeTH NMOBLINIAETCS A0 MaKCHMaJhLHOro 3Ha-
yeHHsi, AONYCTUMOTO AJMsi paloTH XOJOAUABHHX ycTpoficts, +32°C,
TO TEIJIo He cOpachipaeTcs B rpafHpIIM U MOXKET CJAYXKHUThL ajasi oborpe-
Ba B TeuyenMe YaCTH llarpeBaTeJLHOrO IHKJAA MEPe] BKJIIOYUEHHEM JI0-
MmoJHUTENhHOro oborpeBa B Ja1000H dopme, uTOo HeoOXOAUMO, KOrla
TeMnepartypa BoAM nagaer nmke 15°C. Bo3AyuIHEIH# KoHaHLHOlEp Ha-
YyHHaeT paloTy YTPOM, KOFla BoJAa X0JojaHa M jaomyckaer 3¢Q¢peKTHB-
HOEe OXJa)KjeHHe, a 3aKaHYMBAET B KOHLe AUSA, KOrja Boja Harpera
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Aa  addexTHBHOTO HoyHOTO OTomMeHHusi. XapaKTePHCTHKH CHCTEMH
«Enercon» npuMeHuTennHo K CEMHITaXKHOMY CHYReGHOMY 3[aHHIO B
CYyTOYHOM paspese NoKasaHe Ha pHc. 6.11: @ —norTpedHOCTL B Temae,
BKJIIOYAIOMIas TemoBhle MOTEPH 3/laHMA 32 Bce 24 4, H moTpe6HOCTL
B TEmJIEe /I Harpema ‘BeHTHJAUHOHHOTO BO3AyXa B TeueHHe paloyero
IHsA; 6 — BUYTPEHIIMe TENNOBHIESEHHs, KOTOPHE MOMKHO HCTIOML30BATE
KaK HCTOYHHK tensa. Ilpeamosaraetcs, 4T0 HEKOTOpHE YCTaHOBKH
BHYTPH 3JlaHHs padoTaloT B TeyeHHe 24 u. 3pech CymecTBYIOT HCTOY-
HHUKH TEILJIa OT OCBereHHs H mep-
coHana B TeyeHue 9 u. MoxHO
MPeNCTaBATb MOKasaTend cuere- 27701 T T T )
mb «Enercon» kak Hamememme | |
KOJHYECTBA 3aMacaeMoTo Temna L
B BOJAsAHOH cHcTeMe, oTAaBaeMo-  J00} T
ro KOHAMLHOHHPOBAaHHOMY BO3-

nyxy (puc. 6.11, 8). Ha rpadu- \ \ %&\k\ §\§

K€ BH/HO BAHAHHE TeMIlepaTyphl g
M Z 4% 6 80127 4 6 8 Jogy

//‘\\\}

BOJALI; OH NMPOXOJAHUT Yepe3 MHUHHU-

MyM B 10 4, Korna Hcuesaer i3 3 157 & 558 9 85653400
BKJIaJ ocBepnlell¥si, ¥ MOBHIILIaeT- R
Csl B cepeJidde JHS, KOTAA BO3-  wxar N N ! La).
pacraeTr MOCTYIJIEHHE Temaa OT = TSy s
yCTallOBOK, OCBEWeHHs M mepco- | ' RN 7, 94 e |
llaja ¥ BKJAIOYaeTcs KOHAHIHO- S P .
IIHpOBaHHe. A ST 2 I ¥
Y n |

Puc. 6.1!1. Yacosofi rpadHK Harpysku M7 4 6 80177 ¢« 5 8 BT
cucTeMnl  «Enecrcon® s KOHTOPCKOrO . ,

3/IaHHSL C HMCNONL30BAHHEM aKKyMYJH- 33 3 157 4 558 9 8555345

pOBaHHUS Tenaa.
a — HOTpCﬁH’OCTb B TCle COMH3TAKHOIO

e e

—
N ' S J_l

KOHTOPCKOro 3KaHuf;, [ — Tenao pag 1ojlo- Hx8T J- i {Z | )

rpCBa BCHTHIASUHOHHOIO DBO3AYXa; 2 — Tell- : i 3 W .

JoBble NOTCPH 9€pe3 OrParK fCHHA; T —- BPCMA Fa01 R -f —-T= NN -

CYTOK; 6 — W-TCnyoBLIACNCHHE B KOHTOPCKOM oo i AN

3ZaHHM; | — 3JMEeKTPOMCXAaHHYCCKOC ofopyno- oo '

BaHHe:; 2 — nepcoHada; 3 — ocBenichHe 35 B/ g | | f Cooy 7

/M7 8 - coBmculcHHC TPAdHKOB nOTPCGHOCTH — : AL

B TEIdC d TCMJAOBBLIICACHHS B 3EadnM: | -- M Z 4 6 8 022 46 8 gy

HCMoJML3IOBAHKHC HAKOMJICHHOILD Tenaa: 2 — Ha- L ) o

KoNJeHHe Tellnla oT BHYTPEHHEro TenJoBLi- !

LCNellus. 95452 4556 9 8555 ';.gg

H»

BuelmtH#{i BHA THIHYHBIX YCTAllOBOK ¢ KOMIIpECCOPOM, BEHTHJIATO-
POM, BOASIGLIM KOHTYPOM, YIpPaBJEHHEM H KOXYXOM [0KaszaH Ha
puc. 6.12. Ila puc. 6.12,a nokasana ycraHoBKa, MOHTHpPYEMasl Ha TIO-
TOJIKE, Ha Hel BHANL CjieBa HalpaBo: KOMIpeccop, KopoOKa ymnpassne-
HHMS U TPpYyOKH /151 l1aTpeBa M OXJaKAE€HHs Bo3Ayxa. Bce coeiMHEHHs,
B TOM YHCJE H BOJSIION CHCTEME, pasMergellti ¢ ofHOH CTOPOHH KOXKY-
xa. CHcTeMa yIlpanJelds BO BPeMsl peMoHTa HJIa o0CAyXHBaHHA MO-
ket OuTh clisita 0e3 neo6xoaUMocTy pa3bopKH Bcell KOHCTPYKIHH.

Ha puc. 6.12, 6 nokasan paspes ycralioBk# «Versa Temp» MoHTH-
pyeMoii Ha noJay. CHcreMbl 3JIeKTPHYECKOTO M PYUYHOTO YIpaBjieHHs
pasMmelelbl BHUIe KoMIpeccopa, ¢ npaBo#l CTOPOHB HAXOAATCA Tell
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Puc. 6.12. Tloroaouuntit xonpuuuotcp «Lnercon» («), paspes  ycriiopxi
sVersa Temp» (6) u ee obGpatnas cropona (g).



JUOOMCHTIN STLLCATCnT - Bod YN, e poOcRILIT Beivissirop d i
asnrarcas. Hpeayesorpeno yiadcenne ckolLienchposasulciica na rei-
A000MeIKe BAAYI ¢ HOMOILDLIO [031011d, BCIIVILCTO K TPYOKe B JICBOI
qaCcTH Koayxa. Ha puc. 6.12, 8 — vactiuno packpbitast ycralonka
«Versa Temp» ¢ poasiiibiM TCILI00OMCHITIKOM.

llpeacrasaeinie o pasmepax yeraidonkn «Versa Temp» aaa xabn-
HCFIHOrY pasMewicinsl  (a HOJAY)  g2i0T ¢jieayiomce wippm: janna
956 -—1280, marcinvanuias splcoTa 743 MM; Macea 63 -96 kr. Hau-
MCHBUIAA YCTAII0BKA JIMCCT X0J0A01MPOH3BoTCALI0CTh 1,76 i1 Teillo-
HPOU3BOAHTCALLIOCTDL 2,42 KBT. B tociieaneM pekuMe 3JCKTpHUecKast
svoitniocts 0,72 KBt (senriadarop i KoMipeccop). HanGoapuiaz yera-
BOBKA [IMCCT  TCILIOUPOH3BOAUTCIABLIOCTD 5,94 U 1oauyIo 3JaekTpHue-
cylo Montiocts 2,02 kBr.

DupMBL, BLHIYCKAOINIC ACUCHTPANISORANIMC CUCTCMB, YTBCPXKAa-
0T, YTO HMX HPOAYKUUA HMMCCT CYJHCCTBOUHULIC [PCHMYILCCTBA [1epe,l
ICHTPATHIOBATIILIM XJAd0CHA0KCIIICM B HILUIBHAYAJAbIDIMA arpera-
raMmu. B 1aba. 6.1 couocran.acib oclOBIDLIE CROIICTRBA 3THX CHCTEM.
B paGore [4], orKy;la 3alMcIBoBaNa 3ta Tal.ila, yKasalno, YTo 0IyM
M BAAKIOCTL UPH CONOCTARJCIHHHM I¢ yuHMTbhiBalotesa. IlpesorBparurh
IYM BHYTPHUXKOMIIATIBLIX YCTANOBOK TPyAlEC, UeM LeNTpaJH30Balllbix;
114 9TOT0 HPHMCIHIOT APXIUTCKTYPIO UPHCMJICMBIE OrPayCICHHSA H ApY-
Fyio akycrnycekyo u3oasnuio. OrrocHreIbaa BAAKIOCTL, KAK [10KA-
SHIBAIOT HCKOTOPLIC 1ICCACA0BAHNS, pu naMmaiIcemu or 25 g0 75% e
OILYILACTCH UCJAOBCKOM, CCJAH TCMUCPATYpa IOAACPAKIBACTCA B pCaC-
dax koM(oprnoi.

KoameeTseminie ganibie 1no KANUTAJoBIOKCIINIM | IKCIIyaTani-
DIITBIM 33 IDATAM B CHCTCMDBI KOHAHIHOIIPORANNA RBCCX TPEX THMOB,
ynoMsuyrbiy B taboa. 6.1, yrasanwe g radn. 6.2 n 6.3, Cacayer orMme-
THTb, WTO NOTPEBICHNC ICPIIN MOKET 3aMCTIHO OTUIMATHCH B KOIK-

Tacanna 6.2. KanuTanosnaoKeHun AJA AAMHHUCTPATHBHOIO 31anHa
na 104 m2 (3977 1), . c7.

Aacwrprncondl | deneTpaInionan-
Zpepamia N npoBeIeye T TPYOaast CocTe- | BV Koh- | Nbie Tensonacoc-
paticr 0 odoryaonaine Ma (cdereva a) Jnonep DL YCTaNORRY
(cncreva 9) {cicTevs 8)
YcTanonka BO3AYIUHOTO  KoOlaw- 10160 = 104 M2XH2.6=| 10! M*X50=
ILHONUDOBMILIA ==600 000 =526 000 == 500 000
CheteMa CRCRET0 BO3 VYA Buie vixe 104 M2X3.25=={ 10* M2X3.25==
BRII0OUCHA =32 500 ==32 500
DACKTHOCCTh #H BOLONDOBOL IO w?h== | 10' u?%3,25= 10 w2X5=
== 00 300 =132 500 =50 000
Crponteasiisie paboTi, lioMeLie- 210 12 000 90 000
DIC L1 VCT2IOBKIL, Kanad 10
O0CTY KHABATLIA
Orpaxichue YCTAUOBKI B KOM- 27 000 30 000 50 000
naTe
Moutax: 1t naGawaecyue 25000 12 000 25 000
Hroro 940 000 064 500 747 500
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Ta6au x¥a 6.3. chn.nya'réuuo:{mﬂe pacxoayl (,uononHeHHe K Ta6u 6.2), (b ct,

Cuctema a Cucrema 6 CHcTeMa 8
ONEeKTPOSHEPTHS: ‘
KOMIPECCOPH, BEHTHJATODH, 13777 32 381 15 426
Hacoch, TOAAYAa  CBEXKEro
BO3fyXa M 3AEKTPOHArpeB
ANl CHCTeMH 6
Oronnenue:
NPUPOAHHA ras ¢ y4eToM i1 186 Her (3nekrpo- 6200
noTepb NpPH cropaHHH Harpes)
O6cnyxuBanue:
HaOMOMeHHEe U PEMONT 30 000 15 000 20 000
peHoBauus MauHH, KOTHAOB, | 250 000/25 ser=| 50 000/12 ner= (300 000/20 aeT=
rpaaupeH =10 000 =417 000 =15 000
lopoBue IKCIVTYATARHOHHEIE 64 963 93 081 56 626
pacxoan
loposnie oTyucaexHss mpu  10% 940 000 664 500 747 500
npu6LaH 3a 50 JeT (1/9,91) = (1/9,91) = (1/9,91) =
=04 853 =067 053 =75429
{Tonxnie rogosnie 3aTpaTH 159 816 160 134 132 055

PETHHIX YCIAOBHSX 3KCIyaTalHH Ka)KAOH M3 CHCTEM, TaK 4To HpHBe-
JIEHHLlE 3HayeHHs CAyXKaT TOABKO JUIS HX comocraBieHHsi, [logobHas
OrOBOPKA OTHOCHTCH U K 3KCIJIYaTaHOHHHM pacxojiaM.
JleleHTpann3oBaHHble TEMJIOHACOCHBIE CHCTEME! MMEIOT NpeHMylie-
CTBA H 110 KAIHTAJLHEIM, U 110 TeKylI[UM 3aTpataM. LlenTpannsoBaHHyIo
CHCTEMY MOXKHO YCOBEPILEHCTBOBATH € MOMOIIBI0 BOCCTAHOBJEHHS Tell-
Jda < TelyiooOMEeHHHKaMH M TelJOBHIMH Tpybkamu [5], 94To CHH3HT
3KCIIyaTalHOHHBIE pPacXofAbl, HO MOBBICHT KanurtajgoBjaoxkeHus. [lo-
cllelHHe MOXHO CHH3HTh, ecjii o6opyjaoBaHHe i BOCCTaHOBIEHHUs
TeIJia NPeLYCMOTPeHo B NPOEKTe 31aHHsI, TAK YTO pasMephl X0JOAU/b-
HOH YCTaHOBKH COOTBETCTBEHHO yMeHblueHH, IIpeMMyliecTBo JeueHT-
pASN30BAHHEIX YCTAaHOBOK COCTOMT B IPOCTOTE MOHTa)Ka M peMOHTA.
EMHHYHYIO YCTAHOBKY MOXXHO 3aMeHHTh, He 3aTpar#Bas BCIO CHCTEMY.

6.4. KOMBMHUPOBAHHDIE LLEHTPAJIU3OBAHHDIE M
AEULEHTPANTIM3OBAHHBIE CUCTEMDI

Jeuenrpasn3oBaHHble HacoCHBle YCTAHOBKH YA00HB B T€X cjayua-
X, Korja B OOJBIUUX 37aHHAX MIIOro HeGOJALMIHX KOMHAT, Tpedyio-
IIHX B OJIHO ¥ TO e BpeMs larpesa Wi oxnaxneHHs. Ho B 3jpaHy-
X ¢ GoALUIMMM 3aJaMM yA0OHB LeHTpasibHble CHCTEMBLI KOHJIMIHOHH-
poBaHHsd. B aToM cayyae coBMecCTHO HCIOJL3YIOT peBepcHBHHE yCTa-
HOBKH, MOHTHpYEMbIE Ha KphLllle ¢ MHAHBHAYaAbHBIMH KOHJHUIHOHepa-
Mu «Enercon», onucauieiMi B § 6.3 (puc. 6.13). 3aech BuaHa BoAsiHasA
cHCTeMa ylpaBJeHHds, MOHTHpyeMoH Ha Kpbllle, CBSI3LIBAIOAs KOM-
HaTHble Kouiguuuonepnl. Ha pnrc. 6.13 cnepyer takike ormetuth Oak-
akkyMmyasitop. [IoMHMO HakKomieHHs Temia B NEpHOIR HHTEHCHBHOTO
OXJaKAelns AJS TOCAEAYIOMEro HCIOJAb30BAHUSA B OTONHTENLHOM pe-
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KHMe OH MO’KeT aKKYMYJHPOBATL TEMJO COJHEYHHIX KOJJEKTOPOB H
cOpPOCHOE TemJIo XOJOAMJALHHKOB M NpOMHILJIEHHBIX mpogeccos. [lpu
HaNHYHE JOTOJNHATENLHOTO TelooOMeHHHKa ero MOKHo HClo/ib30BaTh
1JI51 TOpSIYEro BOA0CHa6KeHHs.

[ T
Prc. 6.13. Ycravoska «Emncrcon» ¢ pesep- E
CHBHLIM BO3JIYUIHLIM KOHIHIHOHCPOM.
| — HacoC; 2 — peBepCHBHas KpblllHaf YCTaHOB-
Ka; J— peBepCHBHBI} KOHAHIHOHED; 4 — JOTOJ- 7
WHTeALHLEI HarpeBaTedb; 5 — cOpoc Tenda; 6 — : Ty A
0aK-aKKYMYAATOD; 7 —- CONHewHbIA  KOMICKTOD; [
§ — HarpeBaTedb AJfA ropsyero BoAOCHaGKcHHA, & &
' — g 1 g i

Puc. 6.14. Cucrema AAF aas MoHTaXa nojx KpLILICH.

Ha puec. 6.14 nokasan paspes arperHpoBaHHoH ycTaHOBKH C BO3-
AVIIHLIM TeMJoOGMeHHHKOM B Jiesod yacTH. IlocpeadHe BHIHBI LEHT-
pOGeKHBIH BEHTANATOP U NPHUBOAHON JBHraTesin, a ClipaBa — KoMIIpec-
COp ¥ BOJSIHOH TENI00OMEHHHK.

6.5. TETHIOBBIE HACOCHI B MNABATEJIbHbIX BACCEMHAX

TemnoBhle HACOCH XOPOLIO COXPAHSAIOT 3HEPTHIO B NJiaBaTeldLHbIX
OacceffdaXx H IIHPOKO NMPHMEHAIOTCS B NOCAEAHHE TOMAH, OCOOEHHO B
Adrgun w OPI'. B OoJblIMHCTBE MaaBaTenbHBIX OaccelHOB ¢ HX MO-
MOILBIO MOXKHO HCIOIL30BATh Tenjo cOPOCHOro BJAAKHOro BO3AyXa A
oTomeHus 3ajka OacceifiHa. TenyioBo# Hacoc MOXKHO TaKXe HCIOJbL30-
BATL B COUETAHHH C MCTOUYHHKOM I10/13eMHO BOJbI A/l NpAMOro Harpe-
Ba 3aKPBITOrO WIH OTKPHITOTo DaccefiHa ¢ MpUMeHeHHeM aKKyMYJsTo-
pa TenJia. JlJg 3aKpuiThix DacCeiHOB MOMHMO HarpeBa DacceiiHa Tpe-
Oyercsi JAoIOJHATENLHoe ropsuyee BojocHabKenne. Handoapmas po-
roja HoJydaercss MPH HCIOMb30BAHHM TEMJIOBOLO Hacoca TaM, Tae
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OJIHOBpEMEHHO TPeOyIOTCS HarpeB W OXJaKAeHHe B OOJIBIIHX MAacCHITa+
Gax, HalpluMep B CHOPTKOMILIEKCAX ¢ HMCKYCCTBEHHBIM KATKOM M ILia-
BaTeJbHLIM GacceiiioM. HHKe paccMorpeHbl Bce yIOMSIHYTBIE TIpH-
Mephl.

6.5.1. TENJIOBOH HACOC AN UCNOJIb3OBAHWUA TENJNA
CBPOCHOIO BO3AYXA

O6biyHO obulecTBEellHEe 3aKPLITHE MuaBaTelibHble HacceifHB sBJfI-
I0TCST KpYIHBIMH TNOTPeGHTESIMH 3HEPrHH, 0COOEHHO B YCJAOBHAX XO-
JoaHoro kammara. ITorepn Temsna mo oOTAeNbHHM 3JeMEHTaM MOTYT
6LTh NpUEIU3UTENBHO oTpaKeHb! rpadukom (pHc. 6.15) kak QyHKuud
TEMIepaTypH oKpyxawmero Bo3ayxa. CorsnacHo [5] romoBoe norpe6-
Jelne Heprud Jis oOuleCTBEHHBIX 3aKpHTHX OaccefiHoB cocTaBaser
14 000 xBrt-u/m? BoasHoW mosepxHocTH. Heobxogumas Temmepartypa
Boab okojio 30°C, a TeMneparypa Bo3ayxa
HeMHoro sbile. TpebyeMasi KpaTHOCTb BeH-
THASUHE oT 4 no 20 oObeMOB B uac.

Ons ucnonb3oBaHHA Temyia cOpocHoro
BO3JyXa MOXKHO NPHMEHHTH Bpapjaloupecs
reHepaTopbl, INOAOrpeBalOnHe BXOASUIHH
BO3AYX C 3KoHomUei 3Heprum [6]. Memoasb-

7 Tun 6 77 30BaHMe TaKMX TemjooOMeHHHKOB CTaHoO-

Pre. 6.15. Tenmonsie moreoy  BETCR oOuieNpUHATHIM B OacceitHax, ofiHa-

AaKPHITON maBaTemoll'iO KO OHH BOCCTAHABJHMBAIOT JiHIIb YacTh Tell-

6accefita. Ja, cojepxkauerocs B cOpocHOM Bo3JAyxe.

I — sewTEnsinmonnme: /T — zepes COAEPKAHMe B HEM BJjiary BecbMa BeJIHKO,

orpamxeafis; [II'— ucnapeiiic 3 GonbUIHHCTBO OOHUYHHIX CHCTEM BoCCTa-

HOBJIEHHS TeIlna HCNoAb3yeT TOJBKO SIBHOE

Temso. PekynepaTHBHHeE TennooGMeHHHKH

CNOCOOHH  KOMJAEHCHPOBATH TOABKO 4acTh Bjard, M MPHTOM CpPABHH-

TeJbHo Majyio. BocctanoBisieHHe cKpHTOR TEMNOTH MOMKHO 3HAUHTENb-

HO yJnyullUTb, NMPHMEHSS TemnoBHe Hacochl, Bo MHOTHX CayuasiX COB-
MECTHO ¢ OOBIYHBIMH CHCTEMAMH BOCCTAHOBJEHHS TelJa.

THnnuHLIf npuMep TemnoHacocHo# YCTAHOBKH AJs KOM7JIEKca IL1a-
BaTeJbHbIX GacceitHoB B Uecrepe (Auraus) omnmcan B pabore [7]. [iBa
naaBaTeTbyLIX faccefiHa 06pasyioT yacTh GOJBHIONG 3aKPHTOTO CIOp-
THBHOTO LEHTPA H NOTPebsioT 60abLIYIO YacTh SIEPTHH, NOgaBaevoi
B 3/laHne ¢ pacuerHod rtemsoBod Harpy3ko#t 2 MBr. Csexuit Bosayx
MOCTYI&eT B KOMILICKE pacxogoM 46 v/c, us Kotopeix 21 M/c nogaercs
B 3an Oacceilna. Brlcokas KpaTHOCTb BeHTHASIMH MHUHHMHSHpYeET
KOIJIEIICAIIHIO B 3aJje M TIPHJIETaloniHX KOMHATax, a TaKKe YMEHbIIAeT
3amax xJqopa, npuMensieMoro B ueasx crepuiniaudu. INonHas remo-
Basg Harpyska 2 MBrt cknagbizaercs 3 Harpesa Bogs B Hacceiine, ro-
pAYEH BOLL AJIS1 AYNIEBBIX H OTOIJIEHHS NPHMBIKAIONEro cayxKeGHOro
3panus. Owoso %/, MoJHOro pacxofa Temsna HAeT HA BEHTHINIHIO, H3
HUX IJIaBaTe/ bkl 6accefin moTpebasieT mosoBHHY.

TexnuRro-3KoHOMHYCCKHe PaCYeTH pasiHIHEIX BAPHAHTOB M0KAa3a-
JIH, UTO B AaHnoM crydae nanGojce SKOHOMHUYHLIM SBJIsieTcsl IPHMelLe-
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e 3aMKiyToro KOHTYpa ¢ fnpoMexyTounbiM TemionocHreleM B Bejl-
THJASTUAOHHBIX ~ KallaJax CoBMeCTHo ¢ TeIJIOHACOCHOH cHcTevoH
(puc. 6.16). C6pocHoil Bo3ayx, NpoXo[ds MHMO UacTH 3aMKHYTOTO KOH-

ik )

A N 28°C
+ A + q
& IR/ A I §  —
L
] R
32°
2
4359
T
87°c
70°C

Pue. 6.16. CxeMa TemsioBoro Hacoca .M CHCTEMBl KDYIJIOTOZHYHOrO BOCCTAaHOBJICHHS
Tenaa,

Typa, IpeABapUTeNbHO OXJaXKAAETCH,
OTAAaBas M0JI10 CKPHTOro Telia, a 3a-
TeM ellle oxJjakaaercs Ha 4°C B Hc-
mapurenxe TeIJIOBOro Hacoca (pHe.
6.17). Cpexxuft Bo3ayx cHauasa Ha-
rpeBaercs BTopoH NOJOBHHOW 3aVIKHY-

|
TOT'O KOHTypa, a 3aTeM JOTpeBaercHd /’7‘_ D d
B KOHJeHcarope TeILIOBOTO Hacoca. 22 b7 L
B obmev temnoBov GanlaHce 3aMKHy- 87 5 3

Tl  KOHTYp  BO3BpalllaeT OKOJO  Ppyc. 6.17. [TcuxpoMeTpHuCCKHe
400 kBT, a TemnoBoH Hacoc — HEMHO-  gauuple 45l CGPOCHOTO H TIDH-
ro 6onee 1 MBT, ocraBjsisi cpaBHy- TOUHOTO BO3nyXa B 31aHHH M-
TEJbHO Madylo 4acTh TeMIOBOH Ha-  PareabHoro bacccia,

@ ~— OTHOCHTCJALHAA BJIaXHOCTL
CPY3KH JJ51 TOKPHITHSA NocpeacTsoM 100%: d — aGcomoTHOC BJIZrOCOACD-
oObluHOA KoTedbHoN. [asopHii Koreq ~ XAWEE XI/XT cyXoro Bosayxa.
BKJIOUEH MOCJAeJ0BATENBHO ¢ TEMJIOBHM HACOCOM, MpHUEM TeMIepary-
pa mocse TEMJNOBOrO Hacoca A0CTATouHa fJs1 HarpeBa Bo3jayxa B IJia-
BaTeshHoM OacceilHe, a Gojiee ropsuas Bofa, AorpeTas B KOTJe, HAET
Ha Jpyrue HyxAe. TemnoBoll Hacoc Ow1 mogoOpaH H3 yCHOBHS BO3-
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Mo3KHO Oosiee GJIH3KOro COOTBETCTBHA HopMasJbHbiM TeMmmepaTypam
BO3AYLIHOTO KOHAHUHMOHHPOBAHHS, 4YTG TO3BOJIMAO HPUMEHHTH CTaH-
AapTHLIE arperartsl AJis OXJia)KjJeHHs BOALL. YCTaHOBJIEHH! ABa arpera-
Ta, KaXJAbH ¢ ABYMS TOPUIHEBLIMH KoMIpeccopaMH. OQfa arperara
paboTaloT mapajsienbHo M PETYJAHPYIOTCS TEMNEpaTypoH OXJiaxkjaeHHOH
BOJBL.

MourHocTs KOT/IOB ONpeaesieHa H3 YCIOBHA OTOMJIEHHs OacceliHa H
MpHJAETANINX 3Jadii B Xoja0gHoe BpeMs. [IepBLli 3KCnayaTalHOHHBIN
ONHT, BKAKOUAKOUIUHA TenygoBol Hacoc ¢ KOII Buiue 4, mokasan, uto
HHTEHCHBHOCTL MCIAapeHHsi ¢ [0BepXHOCTH DacceiiHa CyllIeCTBEHHO
HHXKeE, ueM MOoJyuyeHHas mo pacuety. B pesysibTaTe 3TOro KOJIHUECTBO
TenJa B cOpOCHOM Bo3JyXe, MojJiexKalllee HCNOAb30BaHUIO, 0cOOEHHO B
TEIJIOBOM 11aCOCE, 0KAa3aJioCh HeCKOJbKO MeHblle oxugaeMoro. domos-
HUTeNLHLIA HarpeB, TpebyeMblil Jis NPHTOUHOTO BEHTHJSIIIHOHHOTO
BO3JyXa, YBeJHUWICH, UTO B 3HAUHTEJBbHOH Mepe CKOMIEHCHPOBAJOCh
yMeHbIIE[IHeM TeILIOBOH MOUIHOCTH, TpebyeMoll A7 HarpeBa CaMoro
Daccefina.

6.5.2. KOMBMHALIMA MUCMONL3OBAHWA CEPOCHOIO TEMJNA BO3QYXA
C APYIMMMH TENJIOHACOCHbBIMM CHCTEMAMM

IlpuMenieHse TemsoBOro Hacoca B MJaBaTeJabHHIX OacceliHax He
OrpaHBuYHBaeTcs CHCTeMaMM BO3AyX — Bo3ayx. PHpma Sulzer, umelo-
1asi, BeposTHO, HanOOJbLIME ONBIT B MpHMEHEHHH TEIJIOBBIX HACOCOB
B MiasaTeJLHbIX 6accefiHax, KOMOHMHUpyeT psijJ TEIJIOBHX HacoCOB,
KaX/JBbH H3 KOTOPHX HMMeeT cBOe Ha3HaueHHe, THIHYHBIM TpUMEpPOM
CYKHT ycTaHoBka B JIHHaenOepre (puc. 6.18). 3akpuiThiii Oaccelin c
BOJHOH moBepxHocThIo 315,56 M? uMeer TemnepaTypy Bosayxa 30—32°C
H TeMIepaTypy BOAH Ha 2° HHKe,

Ten1oBoil Hacoc A ¢ MoOJAYrepMeTHYHHIM MOPIUHEBHIM KOMIIPECCO-
poM MolltHoeThlo 228 kBT Henoabsyer cOpocHol BO3AYX KaK HCTOUHHMK
Temaa. CBeXXHH BO3AyX NMPOXOAUT yepe3 KOHJEHCATOp, a 3aTeM OBBIU-
NLiA Kasopudep, cHocobHLi oOecneduTh JONOANHTENLHBIH HaTpes,
eCsId 3To 1te06xoauMo. Eciy oTonHTeNLHasi Harpy3ka Mellblle, YeM BLI-
XO[AHasi MOIULIIOCTb TEIJIOBOTO Hacoca, TO BTOPOH KOHAEHCATOp ¢ BOASA-
HBHIM oXJaxleHHeM oTZaeT H30LITOK TelJja AJs Harpesa Bogbl B Gac-
ceiive. Bropoi TennoBoit Hacoc B crampapTHoifi Mogenn «Sulzer» Ha-
rpeBaeT ojy B O6accefive. OH TakKe HCNONb3YeT MOpLIHEBble KOMIIPEC-
COpPLI B UMeeT TellJIOBYI0O MOUIHOCTh A0 582 KBT. YcTaHoBKa MOLIHOCTLIO
258 kBr, Bxoasmas B 3Ty cHCTeMy, paboTaer Mo cxeMe KHAKOCTb —
KUAKOCTh, HCIOJAL3YS B KauyecTBe HCTOUIMKA Temia cOpPoCHYI0 BOAY
GsM3Jiekalulero NpoMBILIEHHOro npeanpUsTHsi. Hapagy c¢ marpesow
Bojibl 14 OaccefiHa yacTh TemJa aKKyMyJHpyeTcss AJs UCIOJb30Ba-
HHAS JPYIMMH TEeIUIOBLIMH HacOCaMM TOTo Ke THIa TeNmaoBOH MOIHO-
cteio 151 xBr. [lBa KoHaeHcaTopa BKJIOYEHB! MapasJiefbHo, OHH Ha-
rpeBaroT BOAY s AyWeBHX U oborpesa mosioB. MHTepecHo OTMETHTS,
4To Aaxe CJAMBAIONIASCS BOKPYT KpPoMok OaccefiHa Boja HCIIOJb3Yyer-
¢l KaK HCTOYHHK TeIia AJisl TelioBoro Hacoca C.
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Puc, 6.18. Onuno- ¥ ABYXCTyNeHUaTas TENJOHaCOCHHIE VCTAHOBKH 3aKPHITOTO IJana-
TCJLHOTO Hacceiina. '

A — Tennomoff HacoC BOIAYX ~ Bo3ayx: [ — KoMmpeccop; 2~ BO3AYXOOXAAgHTEAL (HCNapHTENL):
Jd — KOXYXOTPYOGHEI Tenaoo6MeyHHK; 4 — KOHAEHCaTOp AJMA NOJOrPEBa BO3AYXa; 5.7 — GYCTEPHLIA
pa2aMaTop ANd BO3AYXa: 6 — BEHTHASTOD NPHTOYHOIO BO3LYXa; 7 — BCHTHASTOD YXOASWEIO BO3-
AyXxa; § — OMPKYJASILHOHHBI HacoC.

C — TenaoBOft HACOC JA AYLIEBBIX H 060rpeBa Tona: [ — KOMOpeccop; 2 — OXNamHTEAL BOaDI
{HcnapHTean); 3. — KOKyXOTpYGHbIT KOHpencaTop AN o6orpeBa mnoda; 3.2 — KOKYXOTPYOHbi
KOHECHCATOP s AYIICBbIX M 0aCCCHHOBOH BOJABI; 5.3 — NPOTHBOTOYHLIA TCTINOOOMEHHHK,

D — duauTp Boabl, F — pacupeseiadTeIb TENJa; & - cHopHHK pacnpezciuTensa ropaveit sogbl; Il —
IGOpPHHK PacRPCRENHTCAR XOAOAHOHK BOabl, [ — yMargHteabhas ycranorka; K — docdaTHpoBanhe;
L — xnopupomanue; M — c6opHHK BHiNJeCHYBLWIcAic® Boabl; N — dJaokyaanua; O — Bxox Bo3ayxa
B 3iakWHe OGacceflna, -

B — TtengoBoit Hacoc afla oforpeba GacccifHa: [ — KoMInpeccop; 2 — oXJagMTeNb BOAbl  (HCHapH-
TEAL); 3 — KOXMYXOTDYGHBIZ KOHacHCaTop; 4 — o6orpeB AOPOMKH AAA DOAXOond; 5.2 — NPOTHBOTOR-
Hblii TCMIOOGMCHHHK.

W[ — uCTOYHHK TeNAa: BLIGPOC BAAXHOro BO3ayxa; W2 — HCTOYHHK TeNJaa: BOaa AJA Halpesa
Gacccitva, nona u aymeBbix; W3 — ucToYHHK TenAa: akKKYMYyldHpoBaHHoc Teliio; £ — BO3BpaT
BO3AYXa H3 3h2HHs; Q@ — CBeXHA Bo3ayX; R — Buifpacuhiaacmuill Bo3ayvx; § — oOorpes nona;
T — KOppeKUHA BOJOPOZHOrO NMOKa3aTeis.

6.5.3. OTKPBITBIE NMAABATENbHbIE BACCEWHbDI

I1d GaccefiHnl, ecaH UX paccMaTpHBATh OTAENLHO OT APYTHX pekpe-
AUMOHHLIX 0OBEKTOB, NMpPeCcTaBJAIOTCH HEeCKoJbKo HHOM cdepoit mpH-
JIOKEHHsl TEIJIOBBIX HACOCOB. 3Jech HeT UCKYyCCTBEHHO# BEHTHASHUU
MpocTpaHcTBa BOKPYr HaccefiHa, a cief0BaTesibHO, UCTOUHHKOB TeIJia
JJ1s1 eT0 BOCCTAHOB/IeHHS, H TeIJI0OBbIX HACOCOB.

B 3ToM caydae TemNoBOH HacoC TPHMEHSIOT NMpH HaJHMYUH NPHPO]I-
HOFO MCTOYHHKA HH3KOMNOTeHUUAJbHOro TemJa [Js Harpesa BOAH B
Oacceiine (pHc. 6.19). 3xeck B KauecTBe HCTOYHHMKA TENJa HCIOJNb3YeT-
csl peynas Boja c¢ Temnepartypoi 10°C, kKotopasi ¢unbTpyeress mepej
MOCTYIJICIIHEM B HCIIAPHUTEAb H oxsaxjgaercss B HeM a0 7 °C. IMonyueH-
Hoe Tel/i0O BMecTe C TEMJIOM, 3KBHBAaJEHTHHIM paboTe KOMIpeccopa,
nosbliaeT TeMIepaTypy BoAbl, UHpKyJHpyiolie# B Oacceiite. C mo-
A00HOH 1e/MbI0 B TENJIOHACOCHHX CHCTEMAaX HCMOJB3YETCS M -MOpcKas
Boja. baccefin Ha MopCKOH Boje o0Cay)KHBaeTCsl TEMJIOBBIM HACOCOM
¢upMbl Sulzer ¢ HeHTPoOEKHBIM KOMIIPECCOPOM Ha xJajoaredre R12
Temiosofi MouHocTeio 1620 kBT npH MoBBIIEHHM TeMNepaTypH BOJLI
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Gaccerina or 23,6 po 32°C. KoueuHo, npuMenenne MOPCKOH BoAH U
B Mcrapurese, ¥ B KOHjeHcaTtope moTpeboBajo U3MeHEHHsi MaTepHania
0O0HX TEemI00OMeHHHUKOB.

Kak u Bo Becex APYTHX cjyyasX, I€HTPaJbHBIMHA BONPOCAME MPHME-
HEHHS TEIJIOBOTO HAacoca ABJASIOTCS ero 3KOHOMHYHOCTh MO CPABHEHHIO
c Jpyr#Mu HarpesaTejbllbiMH cHcreMamu. [las cpasdHennsi HeobxoaH-

14
L1}
1&}4
104
i
i
|
|4
|

Puc. 6.19. Cxema Temnno-
HACOCHOH VCTaHOBKH JJ5
n OTKPHITOr0 nnaBaTeNb-
Horo GaccefHa.

I — pednas BoJka; 2 — BOOf-
HOJ} Hacoc; 3§ — (hbHIALTD; 4 —
| HCOapHTCAL: 5 — KOMIpeccop;
g p 6 — npHBoxHOfi  ABHraTENb;
7 — goHjucucatop; 8 — pery-
JATOP MNOTOXK2Z XNJajOareHTa,
9 — Gaccefin; 10 — Hacoc,
Il — duapTp.

§

F 5.6 15 6 |5 N

MO cobparb TouHble naHHBle 00 0COGENHOCTAX YCTAaHOBOK, KaluTa-
JIOBJIOXKEHHAX, pecypce H 3KCIIyaTallMOHHBIX pacxojax. Torga cyMm-
MapHBle 3aTpaThl Ha TeMWIOHACOCHYI0 YCTAHOBKY, BKJIKYAIOHE
3KCIVIyaTalHOHHBIE PAaCXOAbl H AMOPTH3AaUHOHIIBIe OTYHCHAEHHs, COMNOo-
CTaBNAIOTCA ¢ aHAJOTHYHHIMM 3aTparaMu HaA TPaJAHUHOHHBIE CHCTEMBI
oToINIeHHSA 11a He(TH, rase n yrie.

B kauecTBe npHMepa IpHBeJeM cpaBHEHHe TEMJIOBOrO HAcoca ¢ Hed-
TAHHIM W ra3oBBIM HAarpesBoM il OTKpuIToro 6acceiHa B ®PI nmo gaH-
HHM Gupmul Sulzer.

Tennorol Hacoc:

Houynaa snekrposmeprsg . . . . . . . 0,05 mapgn/(kBr-4)
Temnepatypa HcnapeHns e e 0°C
Temneparypa konpeHcamws . . . . . . 30°C
KoapdHnuent npeobpasosaud . . . . . 5
Crommocte 1 IJIx (10° Ox) Teona . . . 2,8 mapkn
Hed Ts:
Hewa . . . . . . . . . .+ . . 0,3 mapku/Kr
Tennorsopuasa cmocobmocrs . . . . . . 42 000 gJx/xr
8 I ~ 0,75
Croumocts ! T'Jx Temna . . . . . . 9,6 Mapkn
lNas:
Llena . e e e e e 0,3 mapku/m®
Tennorsopuad cmocobuocrs . . . . ., 33 500 xJx/m3
e e e e e e e e ~ 09
Croumocrs 1 TJx Tepna . . . . . . 10 mapox

CpaBHeHMe TIOKa3BBaeT, yTO TEMJIOBOH HAcOC AAET CYIECTBEIHYIO
S3KOHOMMIO MpH HarpeBe OTKPBITHIX OacceiilloB 3a CyeT BIENHKOBOI
3J1€KTPO3IEepPTHH.,
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[ToMHuMoO pedHoli © MOPCKOW BOABL AJiS OTKPHITHIX H 3aKPBHITHIX Oac-
CefiHOB MOXIO HCHONB30BATh M APYIHe HCTOUHHKH TeIia: OXJaMaa-
IOIYI0 BOJAY XOJAOAHJBHHX YCTALIOBOK H BOAOCHA0MKE€HHe HPOMBILLICI-
HEIX OpeANpHATHHA. MoxHo TaK:Ke HCNoJb30BaTh H OKPYXAaKOmHi BO3-
1yX, ocobeliHo JeroM, B TEIUIOBLIX 11dcocax THMA Bo3AyX — Boga. Mec-
MOAB3YETCA TAKXKE BOAA, MOJOrpeTas CONMHIEM, C MOBHIUIEHHEM e TeM-
mepaTypbl B TEMJioHacoCHOH ycTaHoBKe. Ecau, HanpuMmep, oTKpHTas
TJiollajJKa /I KaTauua Ha posinkax pasMeuiena sOaH3H bacceiiHa, TO
ee 6ETOHIIAS MOBepXHOCTb MpeAcTaBiseT coboi HAeaJbHbIH aKKyMyJis-
TOp Temia, MOCKO/bKY Olla OTKpHITa AJS COJlledllof pagHalMyu 4 HMeeT
HOJBLIVIO TEILI0EMKOCTD.

6.5.4. NNABATENbHBIE BACCEAHbB! B COYETAHMM
€ UCKYCCTBEHHBIMM KATKAMM

[TprMelleHHe TemJOBBIX HACOCOB B TeX CJYuasix, KOTJa HCKyCCTBEH-
HbIH KaTok c6pasyeT efMHBI KOMIUIEKC ¢ MJ1aBaTeJblibiM OaccefiHOM,
paccMaTpHBANOCH B paGorax [8, 9]. Haubosee noapobHo omucaHa
mpefiapckast ycraHoBka [9], cxema xoropoil npuBejena Ha puc. 6.20.

CucTeMa BKJIOYaeT OTKPHITHH MiaBarenbHblfy Gacceiin 10, 3akpH-
ThIl nyaBaTtesbHbfi GaccefiH 9 M HCKycCTBeHHM# KaTok 2 pasmepoM
6437 M. Ilozpuee OblIO NMpepsoKeHo ACHOAHHTh ee IUIOMAAKOH AJf
XOKKesl, a Takxe HECKOJbKHMH 3aKpPLITHIMH KOJBUEBHIMU JeAsSHbIMH
JAOPOKKAMH, uTo He NoKasaxHo Ha puc. 6.20. XaagoareHToMm 3jech cay-
KHAT aMMHaK. MekycerBeHiblii KaToK co3jaercs IVIaBHHIM HCIapHTeseM
Telm10Boro Hacoca. AMMHAK mucrapsieTcs B Tpybax, yJoXKeHHHX BAOIL
KaTka ¢ waroMm okono 90 mm. Ilpyroit ucmnapHTesb CAYXKHT JJis HC-
NOJb30BaHHS TemJa HOJ3EMHOH BOAB NPH HECKOJABKO OoJiee BHICOKOI
TeMneparype. Ou BHIONHAET BaXIYIO poJb, TAK Kak padora HCKYyC-
CTBEHHOr0 KarkKa HMeeT CE30HHBIH xapakTep, uTo ue obecneynBaer .Mmo-
CTOAHHBIH MCTOUHHK Tellla AJd IiaBaTelbHoro Oacceifiia.

Boccratopiennoe Temio B 3TOM CNOPTKOMILIEKCE TPHMEHSETCss B
pasauuubx Ueaax. OcHOBUOR HCTOYHHK 5 JeHcTByeT KakK rijaBubifi Ha-
rpeBaTesb B Kolitype ropsdeit pogb. B TemncobmeHHHKe I8 Temno me-
peaaeTcss Boje OTKPHTOrC M 3akpbiToro 6acceitHoB. Uacrts Temna of
KOHJAEHCATOPOB HCHOIb3YCTCs AJS OTOIJIEHHS B Kajaophtpepe 8§ W ans
MO/IOrpEeRA CBEXKEro BO3AYXa, NofasaeMoro B Hacceitn 14.

IMosnas xosogonponsBoauTensiocth cocTabjaser 1380 kBr. IMpu
OAHOBpPEMEHIIOH paboTe KaTKa H TiaBaTeabllbix Oaccefiion mosHas
TEIUIOBAsl MOLHOCTh TEeMJIOBHX HacocoB cocrasasier 1815 xBr. Ilpu no-
cTosAlHOH TeMnepaType B Oacceiine TeMIlepaTypa HCMapenHsi B KaTrke
HHUKe, 4eM [pH HCIOJb30BAHHHM MOA3eMHOH Boiabl, uTo cHuxkaer KOII
cucrembl. TToaTomy mnokasaTean ee npH KoMOHIHpoBaHHOW pabore
HHXKEe, yeM TTPH HCOOJb30BAHHK TOJbKO NMoAzeMHoi poAbl: KOIT cocras-
asier 4,03 n 4,61, [Ipu paborte TOILKO HAa HArpeBaHHe TEMIOBOH 11acoc
paer okosno 2270 kBr, uro cocTaBaser okosao 50% MarcHMasibHO# Tel-
JIOROM HArpPy3KH KOMILJieKCa, UMEIOIIero TakK»Ke H KOTEJBHYIO.

CpaBHelnHe XapaKTepHCTHK TEIWIOBOrO 11acoca B ABYX pexHMax
npupeneHo B raba. 6.4, 0TKyla BHAHO CHHKEHHe TEMIIEPATYpPH HCNa-
peunns npu pabore Karxa.
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Tadbnuua 6.4 XapakrepHCTHKH KoMIIpeccopoB

P pacoms Comesoruer pagera | Harer Saceetns
Temnepatypa ucnapenns, °C —7 —1
Temneparypa koHpeucanut, °C 47 47
Ckopocrb BpamneHns, o6/mMHH 960 960
Xonoonpon3BoAMTEeNLHOCTh, KBT 460 600
MomnocTh KOMnpeccopa, KBr 150 164
TennonpoH3pogUTEALHOCT, KBT 605 756
HomananpbHag MOILHOCTL 3JAEKTPOJBHraTe- 200 200
ng, KBt

JpyruM npuMepoM MoXKeT CJAYXHTh ra30MOTOPHBIH TEmIOBOH Ha-
coc, TIPHMCIIAEMbIH TaKXe U A5 0OBIYHBIX 3paHWi. B ra. 7 rasovorop-
HHIH TensjoBo# Hacoc onucan Oosiee mogpoOHO BMecTe ¢ JPYrMMH Ipo-
MBIILJEIIIILIME  TPUIOXKEeHUAMH. 3aMeHa 3JeKTPONPHBOAA Ta30BHM
JABHraTeNeM fdeT HepreTHyeckHe npedMylecTBa, KOrja MOXHO HC-
MoJib30BaTh TEIUIO OXJiaXXAaloUleH ABUraTesib BOAB M BBIXJONHHIX ra-
30B. ITO NMOKa3aHO lla AHarpaMme NnoTokos sueprun (puc. 6.21).

Puc. 6.20. KomOuHanmys HCKYCCTBEHHOrO Karka M mAasBaTeNnHoro Oaccefiva, B KOTO-
poii MCTIONL3YIOTCH XOAOAHNLHAS H HarpesarelibHas BO3MOMXHOCTH TAPOKOMIIPECCIiOH-
HOT'O UHKAA.

I — MOTOp H KOMIIpeccop; 2 — KaTtok ¢ TpyGKaMH HCHapHTeAs, BMOHTHpPOBaHHbIMH B Ocron: 3 —
HCNApHTe b AJAS HCNONb3OBAaHMA TenJa TNof3eMHoHl BOAbL; 4 — HAcoC NMOA3CMHOR BOAbL; & — KOH-
ECHCAaTOp AJNS HarpeBa BOAbl H BO3KYXa; 6 — KOHpeHeaTOp AJF HarpeBa BOAbl; 7 — MHKOBas KO-
Teapliad; 8 — pasHaTop AJNS OTONMCHHS, 9 — 3aKphiThifi GaccelH; /0 — OTKpbiThil Gacceitn; [/ - -
GaK-akKKyMyasitop Al Harpetolt Boahl; I2 — moTpeGHTENH HarpeTofi BOALI;, /3 — OXJNAMHTCHAL BO3-
Byxa; J4— parpeBaTcan Bo3gyXa; /5 — CAHB oXhaxpawoniefi BOAL; /6 — Momaya OXRAaXAaroulci
pojnl; [7 — ppcHaxX MoAseMHOA Boxel; I8 — TCnNooGMedHHK nfifl HarpeBa Boghl B Gacccelie.
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Cucrema, npeajoxenHas ¢upmoit [10], ocobenno smrogua MpH
MIIOTOLEJIEBOM UCHOJB30BAHMM, KorTJa OJHOBpeMenHo Tpebyercs H
IIN3KasN TeMllepaTypa MJA KaTKOB H BbicoKas i OacceiiHoB. B sToMm

H

TeMOHACOCHOH ycraHoBKH «Sulzer» ¢ razo-
MOTOPHBIM TIPHBOJOM.

il — nepBHunas sueprasd (ras); M — MexaHHYecKas
9HCPrHA; £ — Tendio H3 OKpymaionledl cpesbl/ (BO3-
ayx 5°C); AHc — notepH Tensla 3a CYeT TeNJONpO-
BOLHOCTH; AHr ~ NoTepH TeNllMla 3a cUET BLIXRoMa M
HM3NYYeHHs; § — HCNORb3DBAHHOE TEMAC OXAANK ACHHA
ABHraTedsi, BBHIXRONHBLIX ra30B H [JOXKHUraHHA; @ —
OTAAHHOE NOTPEGHTCNI Tenso.

> K,

M
Puc. 6.21. JluarpammMa noTOKOB 3Heprum mis
£
» AN

_q._

cayuae 3 @eKTHBIOCTh ra30MOTOPHOro NMPHBOJAA CYIIECTBEHIIO JIY4IIE,
ueM y asiekrponpusoga. Komnpeccop moxer paboTaTs npu 6osiee Hu3-
KOM OTHOLUEHHH AaBJA€HHH ¢ HCIOJNb30BAaHHEM TEIUIOBOI'O Hacoca AAs

Puc. 6.22. Tazomoropunit Tennoroit uacoc «Sulzer».

MoNydyeHHsl CPABHHTENbHO HH3KHX TeMIepaTryp H JOIpeBoM HeoOXomu-
MO0 KOJHYeCTBA BOJABI TIOCJE KOHJAEHCATOpA COPOCHBIM TEIIOM JBH-
ratess. Arperar ¢upmbl Sulzer mokasam Ha puc. 6.22, a ero nokasa-
Teﬂﬂﬁnng'smecm- H BOCBMHUUJIHHAPOBOrO KOMIIPECCOPOB TPUBEJAENH!
B Taba. 6.5.
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Taoanua 6.5 XapakTepHCTHKH TENJIOBLIX HACOCOB THNA BOAA — BOAA
€ Ta30MOTOPHLIM NIPHBOLOM

Tun Komnpeccopa 6-110 8-110
Xnapoarerwr R22 R22
TenaonpoxasoLAATEJNLHOCTh TCIJIOBOIO  l1a- 279100 418 680

coca, Br

XOJIOLlOl'lpOHSBO.IlHTeJIbHOCTb BT ‘ 197 700 300200
TCMnepaTypa Bonu, °C 55 55
Tazosnft ABHl"aTe-'lb : ' 300 1200
C6pocsoe Tenao purarens, Br 157700 232 600
Temneparypa ropsgefi Boaw, °C 61 - 61
IMonuas Tcnnonponanbnwre'nbﬂocrb, Br 436 100 651 280

B 3Toil raaBe paccMarpuBaduch JMUIL HEMUOrMe MPAMEDPH npUMe-
HEHUS TeNJIOBbIX HacocoB. HanGosee 3KOHOMHUHBIMK [peACTaBJIAIOTCS
arperaTtbol AJf LEHTPAJAU30BAHHOI'O TEIJOCHAGNKEHHS W TEMNOBBIE Ha-
COCHl 111 CIOPTHUBHBIX KOMILIEKCOB.

Fnasa 7

NMPUMEHEHME TENNOBBLIX HACOCOB
B I'IPOMbII.l.IIIEHHOCTPl

IpumeneHne TEMIOBBIX HACOCOB B NPOMHEINJIEHHOCTH
PEryJafipHO NMPEAJarajoch yxe B 'reqenne 6oJee 30 aer. Hekorophie
IPeJoKeRUst GBIIH peatu30Balbl HapALY ¢ APYIHMH [POUECCAMH HC-
NOJAb30BaHUsA COPOCHOIO TelJa U HCNONb3yTCA YxKe gasdo. Haunboanee
noapo6uo owu omucanbl B kuure [1]. OcramaBuinecsi COMHEHHSi OTHO-
CHTENbHO MAacWITa00B NMPUMEHEHHH NOCTENEHHO paCCQHBaPOTCﬂ 6aaro-
paps GoJbUIOMY YHCAY DPOMBIUIJIEHHHIX MPUMEHEHUH cHcTeM ¢ NpUeM-
JEMBIM CPOKOM OKymaemoctd. HexkoTopbie B3 HHX ONHCAHBI HHXKE.
B usactitoerd, B § 7.4 noapo6iio paccMaTpHBaeTcs BbIGOp XJagoaren-
TOB AJfi HPOMBIIIJIEHHBIX TEMJOBBIX 11ACOCOB ¢ TeMmIllepaTypoH KOHeH-
canuu go 120 °C.

7.1. OBJIACTM NPUMEHEHMA

HO,[I. NPpUMECHCHUEM TEIJOBLIX NacocoB B NPOMBINIJIEHHOCTH mopgpa-
3yMeBacTCad MW CTalllHOHHasg HEPreTHKa, U TeXHOJOTHUECKHEe [IPOIIE!CCbI
[IPOHU3BOJACTBA.
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74.1. KCNONb3OBAHKME TENSIA CHCTEM OXNMANAEHMA

Hwmeerca MHOTro chep mpuMeHenus, I'ie IVIaBHOH 3ajauell TeM/IOHA-
COCHOTO LHKJa siBaseTrcs oxaaxaenue. OUeBHAHO, OAKAKO, UTO J06as
CHCTEMAa OXJaXAEHHs J0JKHA cOpachiBaTh TENJO KOHAEHCATOpa NpH
TEMIOEpaType BhlE oKpyxawuieid. OO6buHO 3T0 TenJo cOpachiBaeTcs B
rpagMpHe WAH ¢ MOMOUIbIO BO3AYHIHOTO M BOASHOTO oXxaaxjeHus. Ero
MOXHO MCHO0JIb30BaTh AJsi OTOIJIEHMS, IPeJBapUTENbHOTO HarpeBa BO-
ABl H T. 1. IIoCKOMbKY 3TO TEIJIO CPaBEMTEJNbHO HH3KOTO MOTEHIHAJa,
€ro HCNoJb30BaHUE QIPAHUYHUBACTCA 06beKTaMH, HAXOAALUMHUCH BOJIH-
31 KOHJAEHCATOpa, TAKUMHU KaK ckaajab u pabpuunblie 3ganus. 3aMeHa
OGbIYHBIX KOHAEHCATOPOB TAKUMH, KOTOPBHIE MPHIOAHBI AJsi BOCCTAHOB-
JEHHUS TE€NJa, CPABHHTEJNbHO HEIOpOra, X KalmUTaJOBJOXKeHUs ObICTPO
oxynawrcs. Koadhuuuent npeobpaszoBanus 3Aech HeJb3s ONTHMH3H-
poBaTb MO YCJOBUSIM HAarpena, NOCKOJAbKY OCHOBHOE Ha3HAYeHHE YCTa-
HOBKH — oxJaxaenne. Ho 3T0 HecyliecTBEHHO, TaK KaK Harpes moay-
uaeTcst TIpH MaJblX JOMOJHUTENbHBIX 3aTpaTax.

7.1.2. NPOLLECCHI CYLWIKW, VMCNAPEHUS U KMNEHMUA :

Bo3MOXHOCTH TeNJMOBHIX HACOCOB B TIPONECCAX CYIUKH CJAEAYIOLIHE.
Hcnapuresb morjolzaeT Temlo NOTOKA BJAaXHOTO c6poCHOro Bo3jyxa,
OJHOBpeMeEHHo oxaaxaas ero (puc. 7.1). Oxnaxpenue BHI3HBACT KOH-
JEHCANMIO 4AaCTH BJard, 6Jarofaps geMy BO3AYX OCYIUAeTcsd, a 3aTeM

—ee

- |:] |4 A
3 Jj : J
Pg 0N
f_—rli J/-\r N J.- 7 . . ————
z T . r
l—b-)———————————— -:—-—_‘—4——-» . » ’
: Z 5@
. J .
Pre, 7.1. Cxema Tennosoro Hacoca B Puc. 7.2. CxemMa TUTIMYHOH YCTaHOBKH
CYLIHJILHOM IIpoliecce. : C pekoMIpeccHeli napa.
I — cymiummil maTepHan; 2 -— cyxoll BoO3nyx, [ — cbipse; 2 — OpoAyKT: 3 — Hacoc; 4 — BelI-
J — KowpcdcaTop; 4— HCDAPHTENL: 5= THASLHONHBIA BbIGpOC; § — KOWACHcaT, 6 —
c6oPAHK KOoMJAcHCATa; 6 — TennoBOH Hacoc; KOMIpeccop € 3ICKTPONPHBOJOM.

7 — BaaxHBI BO3NYX.

HarpeBaeTcsd B KOHJAEHCATOPE TenJoBoro Hacoca. CJegyeT OTMETHTb,
YTO BO MHOTHX CYWIMJIKAX, OCOGEHHO* ANS HCHAPEHHUS TOJbKO BOAH,
TEJOBOH HACOC MOXKET X0POWO AOHOAHUTb 0ObIYHBIE CHCTEMBI BOCCTA-
HOBJeHus cGpocioro remaa ras — ras. Kak mokasaHo HHIKE, 3TO 3KO-
IIOMHYECKH OnpaBJaHO.

B 3TUX IPUAOKEHHAX MOXKET GbITI) H MHOTO HEOGBIYHBIX THUIOB TEI-
JIOBBIX ‘HACOCOB. [/ CyIIHMIOK NpefsoXeH PeKoMIPECCHOHHBIA LHKJ
)¢ HCIOJIb30BAKHEM IEPErpPETOTO Mapa B KauecTBe TENJNOHOCHTENd LS
Harpesa. B .peanbHoit ycTaHOBKe BHIXOAAIIMI M3 CYLIMJAKH BO3AYX pas-
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aelsercd Ha aBa notoxka. OxuH MoTok anuabaTHO cxKuMaeétcd ¢ MOBbI-
IeHHeM NaBaeHHsA U TeMnepatypnl. CKphiTas TenaoTa KOHAeHCALKHK NPH
BBICOKOM [aBJEHHH Nepepaercd B TENJIOOOMEHHHKe IPYromMy IOTOKY.
Harpernifi 1 BoiCYWIennbii TakKUM 06pa3oM BO3JAYX MOMKET PELUPKYIH-
pOBAaTb yepe3 CYHIMJKY, a MEPBBIA NOTOK cGpachiBaeTcss Kak KOMjgelcar.

[TockonbKy 31ech e NPUMEHSAITCA CKJAOHHBle K PA3/IOXKEHHIO NpH
BbIcOKO# Temmepatype (120 °C) xmamoarenThl, mNOSBJAAETCA BO3MOXK-
HOCTb paGOTH IPH Ouellb BHICOKMX TeMmmepatypax. B 1976 r. B Aurauu
co06n1aa0ch, YTO Opu BhIXOAHOH TeMmmepatype 150 °C MoxKHO DOJYUYHTDL
KOIT ot 3 no 3,5 npu oTHomenun nasaenunii 4—>5,5 [2]. Onnako spech
XK€ O0TMeuaeTcd, YTO B HepacUE€THHIX YCJIOBHAX M HPH YACTHUIION Ha-
rpy3Ke nOKasaTeJd YCTAHOBKH HEYAOBJETBOPUTEJLHH.

Mpoueccax HCHApeHHs M NUCTHANASLUUK NpPUMelsercs TEmIoBOH
HacOC TPETLEro THNA, OCHOBAHHBIH HA MeXaHHUECKOH pekoMIpeccHn
nmapa. B aTom cayyae Bech DOTOK mapa NMPOXOILMT Yepe3 KoMIpeccop, a
3aTeM Yepe3 TEMJIOOGMEHHHK, HaXoasulkics B COcyne ¢ Hcnapsoomei-
cd ¥uikoctbio (puc. 7.2). Ero npuMenenue a/s Bumaplblx DPOLECCOB
00CYXK1aeTCs1 HECKOJMBKO [HXKE.

7.1.3. BOCCTAHOBNEHUE TENNA CGEPOCHBIX NOTOKOB MMAKOCTH

DT0 opHA U3 TJABUBIX o6JacTell paclIupsAONIErocs IPUMEHEHHd
TENJIOBBHIX HACOCOB KAaK C JIEKTPONPHBOAOM KOMIpeccopa, TaK H ¢ 1H-
3€JbILM U ra3oMOTOPHLIM MPUBOAOM, PaboTAMIKX MO OGHIYHOMY TEII-
JOHACOCHOMY uuKJay. O6aactu npuaoxeuuii Nokasasel na taéna. 7.1,
BOCIIPOM3BEENIION U3 ONMHcAlHUsA NPOMBIUJEIHONO TEIJIOBOFO Hacoca
«Templifier» ¢upmbl Westinghouse. Ilepeuens npousBoncTs, rae uMe-
IoTca cOpoch UAKOCTH ¢ Temmepatypoir mexay 10 u 60°C, Benuk.
B taba. 7.1 He BKJOUEH HAFpEB MHTATENbHOH BOJB PA3aHYIBIX KOTJIOB,
IIHPOKO NmpUMelAeMBbfl B NPOM3BOACTBE. Bxatodennoe B TaGAULY NpH-
MEHEeHHe OJi CYUIKH, KOHEUHO, TpeGyeT MogH(pHKAUUH KOHAEHCATOpa H
ucnapurens.

B otanune oT MHOTHX ra30BHX BHIGPOCOB, KOTOpble HMEIT BBHICOKYIO
TEMIEPATYPY, HU3KONMOTCHUMAJNbHOE TEINJIO He MOXKET GHITb HCIOAb30-
BAHO NyTEM MPUMEHeHHS OOBIYHBIX TENJI00GMEHHHKOB.

Cpenn Ten1006MeHHHKOB THIIA XHIAKOCTh — XHUIKOCTh HauboJee
KOMNAKTHHIMH 1 2((}eKTUBHEIMH OKa3aJduCh MJACTHHUATbIE, Y KOTOPHIX
ko3¢ puyuent perenepanuu nocruraer 90% [3, 4]. Onnako BoccTaHOB-
JEHHOe B HHUX TeIIO 33YacTyl0 MMEET HeZOCTATOYHO BHICOKYIO TeMIe-
patypy, TOorga Kak Bpallaopmuics TeNJOOGMEHIIHK HA BBICOKOTEMIiE:
paTypHOM. ¢6POCHOM Ta3’0BOM INOTOKE BOCCTAHABIHBAET TEMIO 6e3
OONBHIOrO CHUKENHs Temnepatypel. Moxuo HaHtu 3¢ ¢dekTHBHBE 006-
JJACTH COBMECTHOTO NPHUMEHEHHH MJAOCKHX TEMIO0OMEHHHKOB M TEMJIO-
BLIX HACOCOB, TAE€ HX cOBMecTHas pa6Gora nopoimaetr KOII nyrtem
YMEHbIIEHUS PA3HOCTH TeMIepaTyp HCTOUNHKA M NPHEMHHKA Temaa.
IIpu coBmecTHONH pafoTe MOKIO CHH3UTb pPasMephl TEIJIOBOTO HAcoCa,
HAINPaBJIsis YacTh Tella yepes3 TENA006MEHHHUK.

TennoBoiéi HAcOc TUDA XKUAKOCTh — KHAKOCTb MOMKIIO NPHMEHHTH
AJi1 BBICOKOTEMNEPATYPHLIX NMPOLECCOB, YKA3AHHHIX B Tabua. 7.1, ama-
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JOTHYHO cHcreMaM, Kpatko ondcadubim 8 m. 7.1.1. Korga oagHoBpemen-
o TPpeGYIOTCS W OXJa)kjelne U uarpepauue, CHUMXKAeTcs Harpys3ka ua
Ipajupun 0O CPABHEHHUIO C HATPY3KOH B cxeme, paboTaied TOJNbKO Ha
OXJaxjelue, H MOJE3HO UCMOJb3YIOTCH o0& CTOPOHBI TEMJIOBOIO HAaco-
ca — Y KOHJEHCcaTOpHas, U HCapUTEIblAs. '

7.1.4. APYTHUE NPUAOXEHMUSA

O6aacTu NPUAOKEHUH CYIIECTBEHHIO 3aBHCAT OT XapaKTrepa UCTOY-
HMKAa M CTOKa Temaa. B NPOMBILINEHIIOCTH — 3TO XOJOARAbIbLIE yCTa-
HOBKH ¢ BOCCTAHOBJICHHEM Tensla AJd Ueei oTomsaenus, c6pacuiBae-
MBIl BJaXKHBI BO3XYX WJK gpyTrHe mapu U cOpachiBaeMasi XKHIKOCTb.
Cobpocibie TOPYHE I'a3bl XOPOUIO HCOONb3YKITCH C MOMOINbIO OOBIYMBIX
Temaoo6meitinkoB. OAuil npUMep Taxoro npuMmenenns gaetcs B § 7.5.
ITOT 0cOOBIfA clyyadl npeacTaBlAseT HITEPeC, MOTOMY YTO HCTOUMHK
Tenla u €ro notpeGuTrelb pasfedelbl CYIEeCTBERHHBIM pPacCTOSHHEM,
YTO JeJaeT HCNONb30Banue cOpOCHOrO Tensa YpesMepHo JOPOTHM.

Hcrounnku Tenna M3 OKpyXKalomleid cpeinl psga pOLeccoB
TakXe MOXIO HCOOJNb30BaTh, OAHAKO, KaK MPABHJA0, B NPOMBILIICH-
HBHIX Mpoueccax MpUMeHsSeTCs TOJAbKO TEMJAO NPH TakoH TeMmepaType H
B TaxuUX KOJHYECTBAX, YTO pasMenlelue HCNapUTenss B peKe, IpylTe
UM JaXe C UCMONb30BalKeM OKPYXAWIIEro BO3AYXa ¢ HIKEHEPHOH
TOYKH 3pEHHs HENPAKTHYHO H HEe3KOHOMHYHO, TpefyeMoe MOBBILIEHHE
NMOTeHHAaJa Telsla CTOJb BEAMKO, UTO HPH ITOM JOCTHXKUMO JHIUD
Hu3koe 3unayeune KOIL Tlpu mcnoab3oBanuu X0JOARABHOH YCTAHOBKH
KaK MUCTOYHMKA TENNa MOXKHO HPUMUPHATbcA ¢ uuM3kum KOITI, Tak kax
OCHOBHBHIM Ha3HAau€HHeM KOMIIPECCOPHOTO arperara sBJASETCS B ITOM
caydae OXJaxKiaeHue, U €ro Helb3s HEMOCPEeACTBEHIO CPaBHUBATL C
TEIJOBLIM HACOCOM Ha BO3AYyX€ WAM NPUPOAION BojJe, paboTaromKUM
TOJIbKO 'HA Harpes.

JlBa gpyrux HCTOUHMKA TemJa, KOTOpHE pallee elie e YNOMHIa-
JHCb, PACCMATPUBAIOTCS jAaJjee MOAPOOHO; HCIONb30BAHKHE B MPOMBILU-
JIEHHbIX NpoLEccax TFeoTepMadbHoro temaa [5] u cOpocuoro Tenaa
TeNJIOBHIX 3Jekrpoctaunuuii [6].

7.2. MCITIONB3OBAHUE TEMNA XONOAMIIBHBIX YCTAHOBOK

Bo3MoXHOCTb HCOONDB30BAHKA TEMJNA OT KOHAEHCATOPOB XOJOHJb-
HBIX YCTAHOBOK M3BECTHA yXKe JABHO W peanusyercss BO MHOTHX 06.a-
cTaX. B ri. 5 ynoMuHanach cucteMa ¢ JOMAaIUHUAM XOJ0HAbIHKOM AJS
COXPAHCHUS INHILEBBIX MPOAYKTOB, ofecnedyuBamonlas OIHOBPEMEIHO
oronseune. B ria. 6 paccmarpuBasnoch nmpuMenende cGpPoCHOTO Temna
XOJOJUNbINKA HCKYCCTBEHHOIO KaTKa JJs Harpesa Bojul B [JaBa-
TeNlblloM Gaccefine TOro ke cnoptuBHOro KoMmmjaexkca. CosnaBuias 3ty
cucreMy dupma Sulzer paspaGorana Takxe OIMH M3 NEpPBHIX 06pas-
110B NPOMBIUIIEHHBIX XOJOJUJIbIBIX MAaUIMi C MOJE3HBIM HCMIOJb30Ba-
HHeM cOpocHOro Temja. XWMHUECKasi MPOMBIUAECHHOCTh YK€ MIOTIO
AECATHIETHH sBJAsETCH KpynuomacitaliubiMm norpebuteneM XoJojaa.
Cosngannast B 1977 r. Kpymias XoJdogunbiasi yCTalOBKA NOPOH3BOAHT
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240 T abpa B geHb M oxaaxnaer paccoa ao —10°C. Ha »t1o sarpauu-
Baercs 270 kBT n eme 480 xBt gas oxnaxpgenus BOAHW *. OaHOBpe-
MEHHO 3Ta YCTAHOBKA sBJSETCA  TCIJIOBLIM HACOCOM, RAOUIRM
2320 kBT Tenaa nas mwarpesa Bogs ot 18 g0 72 °C |7].

Jlpyrasi o6aacTb NpUMEIElts Temaa OT XOJOAWNABHBIX YCTAHOBOK
OTHOCHTCH K OoxJaxpaeunio Modoka. B CUIA B 1952 r. [8] 6nlao mpo-
H3BeJelo NepeobopynoBalHe XOJMOAMAbHOA YCTaHOBKU ¢ OOBIYHEIM BO3-
AyUribiM OXJaxkJeilHeM Kollfelncatopa AJs ABOMHOrO HCHOAB30BAHHUSA:

OXNMaguTelsss MOJOKA H HAarpcBartenad

BOJBI, YTO JAJIO 3aMeTHYK 3KOHOMHUIO 76

OpH - 3aMelle IEeKTpHUECKOTO HarpeBa

4]
BOJBI, HCIOJAb3YeMOH B CalUTApPIUbIX t-ﬁz_ o
ueasx. MoaudbuuupoBaumnasa ycraimos- § /
Ka HMeeT KOUJeHCATop BUYTPH Temlo- 3 o FR8 1 -
H30JHPOBAMHOr0 BOASHOTO Gaxa, uTo %45——_—73%(;

obecneyyBaeT npenBapHTelbHBIH Ha-
IrPeB  BOjABl, HNOJAaBaeMblii 3aTEM B
oBbIyHbIl BOJOHATpeBaTENb. TeopeTH-
YECKH TEMJOBBIE MOTEPU UYEThIpEX XO-
JOJUAbHUKOB wmachaoboen 6 kBr mpu
CIIHIKEHUKRH TEMIIepaTypPH MOJ0KA oT 32
10 4,5°C. Ecau Bce cbpacbiBaemoe
Tenjo HCNOJb30BaTh 1A TOLOFpeBa

[+
o

1/ W

J4 4 45 50 T°C
Puc. 7.3, 3aBUCHMOCTD SKOHOMHH
3NICKTPOHEPTHH OT TEMIEpaATYpLI

BOJH B 0aKe ¢ KOHIEHCATOPOM Tell-
JIOBOTO Hacoca. '

BOJBI, TO 33 KamjJhle CYTKH MOXIO Mogorpets mpuMepHo 250 J1 Bogw

ot 16 g0 46 °C ¢ pgaapuefimuum
70 °C.

ee JOT'pPeBOM 10 HeOO6XOAHMHX 65—

¥YcraHoBKa — npoTtotun ¢ xJdajoareHtoM R22 ¥ MOmMHOCTBIO KOMII-

peccopa 250 BT Brawuana Bogsitiofl Gak BMeCTUMOCTbIO 225 71 ¢ ajex-
TpoHarpesoM u 6ak NOJOBHHHON BMECTUMOCTH, llarpeBaeMblii KOHJIeH-
CaTOpPOM XOJIOAMAbHHKA. PesylbraTel wHcObTalWii MOKa3aHbBl Ha
puc. 7.3. B cpeliem 310 gaJio 3koHomuio Gonee uem 50 Y% snekTposHep-
THH 32 CYET MPEJBAPUTENbHOTO HATPeBa BOALI KOHIEHCcaTopoM. -

B numeBofi npoMBILIAEHIHOCTH, KaK NPABHIO, OJHOBPEMEHIO B O]-

Ta6nuna 7.2. TeKyuwiue 3aTPaThl Ha XOJIO.[lHJIbHle YCTAHOBKY
npyu pasngiuof TeMnepaType KOMAECHCALMH

CuereMa ¢ HCOONb30BAHWCM Tenna

. Onuwirnasn

3aTpaTol, ¢. CT. cHeTemMa
3 °C 47,5°C 35 °C 22,6°C
IMorpcbaenie JeKTPOIHEPTHH 50 000 61 300 46 900 33 300
Henoasvzoranue renaa 0 - -b8 400 —55 200 —52 000
Bopga (rpannphu) 5000 500 750 1000
Obeayxusanye 7500 1300 1300 1300
Mroro (Bron) 62 500 4700 — 6250 —17 000

* B CCCP B xuMyyeckofi MPOMKILIEHHOCTH paboTaloT XOJMOMH/bHbIE CTAHIHY,
cojcp¥atilHe MO 1IeCTh Typﬁomaneccopme arperaToB c JeKTPHYeCKOHA MOLKHOCTLIO
kamaoro 1500 kBt (Kanauuus H. M., LHupaun B. JI., Hucrakos . M. — «XuM. 1 #ed-
Temaw, 1975, Ne 9. — Hpum. nep.
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HOM H TOM e 3JaHur TpeOyrTcd M Harpes, H OXJaXJeHHE.
B Tta6a. 7.2 npuBefieHbl TEKYUIHE 3aTPaThl HA OOBIYHYIO XOJOAHJIbHYIO
YCTAHOBKY € KOXYXOTPYOHBIM KOHJAEHCaTOPOM H YCTAHOBKY, I'I€ TEIJIO
KOHZEHCATOPA NOJE3HO HcHoab3yercd. B o6bYHOM yCTaHOBKE OYEHDL
CYIIeCTBEHIIN 3aTpaThl HA rpaauMpHio. I'paaupHU HCIONB3YIOT A
OXJaXJAeHHs PeUuUpKYJIUpYiomeH BoAb, CHUMammeH cO6pocioe Tenao
KollencaTopa.

Kak Bugno u3 tabna. 7.2, 3aTpaThl T€M MEHBIIE, YeM HHKE TeMIte-
paTypa, MpH KOTOPOH HCMOJb3YEeTCs Temao. JTO aHAJOIMYHIO NOBHILE-
uulo KOII remnoBoro Hacoca npu CHHMKEHHH PAa3HOCTH TeMHeparyp
HCOApEHUs ¥ KoifleHcauud. B npuBe/leHHOM npuMepe KamuTaJoBJIOXKe-
HHS Ha mepeo60pPyAOBAHME YCTAHOBKH OKYIAKTCH 3a CPOK Meiee roja.

7.2.1. GYOPMOBAHME NNACTMACCHI

OJHHM K3 KNaCCHYECKHX NPHMEPOB HCHOJb30BAHHS XOJ0AUJIbLHOH
YCTAHOBKK fABJAAETCA YCTAHOBKA, NPHMeHAeMad 0OpH (OPMOBAHHH
naacr™maccsl Ha ¢abpuxe «Link» B Aurauu. oJoBas 3KoHOMHUST 3HEp-
run onenuBaercs B 15000 ¢1. cr. CxeMa YycTaHOBKM NPHBEACHA HA
puc. 7.4 [9].

Oxnaxpamomas Boja or (GOPMOBOYHOH MaIlKHBI HelMpEepLIBHO pe-
ILHPKYJUPYET depe3 TENNOHaCOCHYI0 YCTAHOBKY, KOTopas 3aMeHser
OOBLIYHYIO TPAAMPHIO U CHMXKAET TEMIIEpATYPy OXJNaXAaIiedl BOAH OT
11°C, npu KoTOpHIX OHA noxuAaer MawuHy, Ao 7,2 °C. Pacxon BOAH
10 1140 n/muu. Hoayyensoe TENI0 HCHONB3YETCH B CHCTEME OTOIIE-
HUA, cocTOodlie u3 14 ropuU3OHTaNbIHLIX BO3AyXO0HATPeBaTe] el C BEH-
TuAsitopaMd. I'naBHy0 BHIrogY OT NMPHUMEHEHHUs TENJAOHACOCHOH CHCTe-
MH faer 5%-Hoe yMeHblueline BpeMeHy IIUKJIA ¥ COOTBETCTBYIOLIEE IIO-
BbIllleHHEe MPOU3BOAUTENLHOCTH YCTAHOBKH, KOTOPOE 06YCJOBJICHO TEM,
YTO TENJOBOH HACOC MOCTABASET XOJOAHYH BOAY JAJid MAaUIMHbBL NpH
HEOOXOAKUMON HU3KOH TEMIIepaType B TEUCHHe BCEro rojla, Tora xax
NIPH NPUMEHEHUU I'paJupHHu HeH3GexHb KoJebaHus TeMmmeparyphl.

JlocTuraercs Takxke CyumecTBEHHAsi 2KOHOMHSA B 3arparax Ha ToIl-
JUBO 34 CUET UCKJAIOYEHMA pacXofa HedTH MJHM rasa AJs OTOIIEHHA
¢abpuku nmomaibio 3160 M2 Korpa paGoTamoT MALUHHBI, NOJaYYEHIOE
TEIJIO OT OMUCAHHOIO MPOHECCa IIIOC TENNO KOMIPECCOPHBIX COCTaB-
aseT 0koJo 325 kBT, uto ofecneynBaeT A0CTATOULIOE OTOINJIEHHE IIpH
caMO#l Xon0nHOH morojfe. JJonmoJHUTENbHBI HarpeB NmpeyycMAaTpHBaeT-
cfl TOJMbKO JAAs CAy4YaeB, KOr/la MAIIMHBI OTKJAYEHB MM KOT'La OHM
TOJBKO BKJIQUEHBl MNOCAE BHIXOAUBIX [AHed, B 6ak ¢ ropsayei Bomo#
BMOIUTHPOBAHH jABa 3JjekrpoHarpeBareas no 1400 kB, koropble BRIIO-
YaTCd BO BPEMs PEMOHTA MALUMI K HOAAEPXKHBAMOT TEMIEPArypy Bo-
JAbl, HEOOXOAUMOM O OTONJICHHUS.

JLpyrofi mpuMep yCTaHoBkM Mogo6Horo Troa — ua ¢pabpuke maact-
MaccoBuix m3fiennin Revell, Dta cucreMa HECKONbLKO MEHBIIE, C KOM-
npeccopom MoulHocTbio 22 xBrt. Ee croumocts 6000 ¢. cr. oxymaercs
3a cpog Menee roja. 2xonomusa 1500 ¢. cr. pocruraercs 6aaropaps
npsAMof penupKyJAAUHH BOABL, UYTO obecmeYuWBAET CHHIKEHHEe €€ HoTeph
M 3aTpar Ha BOAOMOATOTOBKY. Kag W mpeawiaylieM Ipumepe, OTOmJe-
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HHe nNpPOM3BOAMTCH OT KOMHJAE€HcaTopa C BO3AYIIHHM OXJAXACHH-
em [10].

IIpumensieMoe 3nech oGopynosanue — OGBHIYHBIE OXJAJUTEJIH BOIHI
JANsi MPOU3BOJACTBA IJACTMACC, 10 OHW MOPHIOAHB A5 HCIONb30BAHHMS
Temaa BO3AYIIIOro oxJaxjenus KoujdencatopoB. Bos3lyx mnofaercs
JABOHHBIMM HEHTPOOEKHBIMH BEHTHAATOPAMH, YNpaBAAEMBIMK HE3aBH-

5 6 Vi 8 g ¢

Puc, 7.4. Blok-cxema TemJoBOro Hacoca [JsI OXJAXKACHMH BOAW H OTONIGHWA HA
(pabpHke nlacrmace.

I — XOnoAHAbHAS YCTAKOBKA, PaboTA0Ulas KaK TCNJAOBOH HacOc; 2 — OXMaKJawlias BOja NPHK
BOCTOAHHOR TeMOcpaType 76°C: 3 — nomscMHBI 6ak; 4 — OPMOBOYHAA MallHHA; 5 — HHAHBHAY-
albHOE peryJHpOBaHHe HarpeBa; 6 — nolt GaGpHEkH; 7 — BCHTHAATOPH; § — BBHIXOA OXAaXpaloouich
Boasl npk G0 °C.

Puc. 7.5. 3aBHCHMOCTb XOJIORONPOM3BORMTENBHOCTH Q OT TemOepaTypbl  OXJaACH-
#Ho#t Boab T ¥ Bo3nyxa Ts, IORaBACMOTO Ha KOHAEGHCATOP.

CHMO W PACCYMTAHHLIMM HA NMOJAYy BO31yXa B KAHAJBI CHCTEMbl BO3-
AymHoro oromienus. OCHOBHblE XaPAaKTEPUCTUKM YCTAHOBOK (PHPMHBI
Heat — Frig npuBeaenbl B Taba. 7.3, a Harpy3oulnle XapakTepUCTHKH
HauGoabtuedl YCTAHOBKM Kak yHKHHsS TeMmepaTypbl Ha BXOjAE B KOH-
JEHCATOP W TEMMEpaTyphl OXJaxAeHHof BOABI NMOKa3aHHl a puc. 7.5.

Ta6avua 7.3. XapakTepHCTHKH oXAaguteneHd sonbi

Moncan Xon%%%ilﬁgzizonu- Tlonnas ycraHosACH- Macea, Kr
npk 10°C, KBt Hafd MOULHOCTh, KBT s
5HR 21 .9 290
6HR 26 11 430
9HR 42 17 520
12HR 52 23 630

3Aechb cAeAyeT NOAYEPKHYTb, 4TO JOGOH NMPOLECC OXJAXKICHHST HIU
3aMOpAaXHUBALHUA MOMXKIO HCHONAL30BATh [Js MOAOIPEBA BOJALI HJAK BO3-
ayxa. JJs mogaydyeHus HEH3MEHHOr0 BO BPeMeHH CHAGXKEHUsI TemJoM
mpd nmepepbuieax B paboTe XOJOAHABHHKA MOJE3HO yCTaHaBJAuBaTh OYy-
¢depublii GaK-aKKYMYJAATOP MEXAY KOHJCHCATOPOM K CHCTEMOH OTOM-
aemus [11].
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B ta6a. 7.4 npuBepeinbl AOMOJIUTEJbIbIE AAIIIbIE 0 XJaj0areHTax,
HCIOJAb3YEMBIX B TEMJOBbIX HAC0CaX M XOJOJHMNAbHUKAX YIOMSHYTOIO
npumetenns [12].

7.3. NPOLIECCH]I CYLUKH, BbIMAPMBAHMA M KMNAYEHMA

B texiosornueckux mponeccax Cymika M BBHITaPHBAlHE MPHUMENSIOT-
Csl WMPOKO, K 3[1eCh TEMJIOBOH HACOC YCIEULIO KOUKYPHUPYET ¢ APYTHUMH
cCHCTeMaMu BoccTalloBaenus Temaa [13]. Huxke noapobuo obcyxnamnr-
Csl PaslMulIbie WHKJIbL B TPUMEPbl HX MPHMEHEHUH.

7.3.1. CYLUKA "1 OBE3BOXXMBAHME

[Ipumerienine TEMJOBBIX HACOCOB B MPOIECCE CYMIKH 3aMETHO BO3-
pacract, Ha PbLIIKE NOABAAKTCA MHOTQUUHCJAEHIBIC YCTAHOBKH, NpEaHA-
3uaueHusle Aas 3Tux uened. Opina u3 aydymwnx pador No NPHMEHEHHMIO
TENJIOBbIX HACOCOB B CYINMJbHBIX TIPONECCaX NpoBexeina DIEKTPOTex-
HAYECKHM HCCAeN0BaTeNbCKUM neutpoM B Auranu. OHa mpojoJsKaetcs
M B Hacrofilice BpeMsi. B paGore [14] nmpoanmanusaupoBailo cocTOsHHE
CYIUUJABHOH TEXHOJJOTHH M HOJACYKATAHO KOTHYECTBO BOABI, yraJfeMoy B
MPOMBIIIJIEHIIBIX TTPoHeccax Ha mpeanpuaTHax Aurauu. DTH 3HaUCHUA
NpHBeAeHbl B TabJ. 7.5, OllM lle BKJAYAKT BOLY, YAaJAAEMYI0 B XHMHRUe-
cKOH, thapMameBTHUECKOA M MHINeBOH mpombitnnennocty. ['ogoBoe Ko-
JIMYeCTBO HcrapsieMoil Bonsl B Aurnur cocraeaser 20—30 maH. T.

Jna ucnapemus 30 Man. T TpeGyerca aueprus 74-108 I'Ix. C yuerom
obujero KILJ npouecca cymwku 50% mnoaioe norpe6aende 3HEPruu Ha
3TH npoueccH cocraBut 148-10° I'/Ix.

Ta6anuna 7.5. ¥YpareHHe Boabl NYTEM HCNAPEHHA B NPOMBIIAESHHOCTH

Coxosoe Cpentiee KoaunuecTro
MartepHaa NPOKH3BOACT- B‘_;gif;%iﬁ‘ vaaleHHOH
BO, MJH. T % BMarH, MJAH. T
Dymara ¥ pockH 4,6 200 9,2
Knpnuuu 15,7 15 2,4
Cyxoe MOJ0KO 0,21 900 1,85
CrymesHoe MOJ0KO 0,17 500 0,85
Tunc 3,7 20 0,74
Ulrykatypka 2,3 45 1,0
Texcrnae 1,4 30 0,4
Cripbe past papdopa 3,05 10 0,35
MHuepadbsbe YROOpeHus 4,0 3 0,12
JpepecHEa MATKHX MOpoOJ, 0,27 45 0,12
JlpeecyHa TBEPAHIX TOPOA 0,24 20 0,05
Kpacurenn 1,0 50 0,05
daphoponbie TpyOrH 0,75 15 0.11
Uepenuia, roHYapHee H  cAHTCXHHMYCCKHC
H3ACIUsA 1,0 15 0,15
Htaro ‘ ‘ 174
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Ilns 3THX NpOLECCOB aMMHAaK HMEET CJHIIKOM BBICOKOE JaBJIEHHE,
UTO He MO3BOJIAET UCNOJB30BATH €ro B TemNoBHX Hacocax. Ho nasie-
HHE€ — He eIMHCTBEHHHH KpHUTEpH#H 1as BuOopa pabouero tena. Ko-
JHYECTBO TEmJa, NEpPenaBaeMoro XAajoareHTOM, CHABHO 3aBHCHT OT
€ro CKPHITOH TEMJOTH, 3HAauYeHHdA KoTopofl NpuBeneHsl B Tabn. 7.6.

Ta6auua 7.6. TeoperHuecKne XapPaKTPUCTHKH XJAaN0aTeHTOB
NPH TEMNEPATYPHBIX YCAOBHAX TemIOBbIX HacocoB

T

Xnapoaredt
XapakrepucTuxa
PR I TR T I I TP PR FYVIT P R PYPY
Hanaeure ucnapenus, kH/m?2 220 385 103 425 | 1190 | 758 | 1200

Hanneune konnencanmu, xH/m2 | 1000 | 1610 560 | 1700 ! 3950 | 2920 | 4140
Kpuruueckan temmepartypa, °C 198 178 214 146 | 112 | 142 | 118
OTHolleHHe JaBJeHHi 4,45 4,2 5,3 3,95(3,35 (3,86 ] 3,4
yllseéllgéblﬁ o6vem, Mm3fkr, upu|0,0801|0,0619]0,1298]0,0320/0,0146]0,0324(0,0170

Maccosmit pacxon, Kr/fc 0,088 | 0,126 |0,060 |0,245 |0,530 |0,242 | 0,450
Unctult xomoznmwueiii  adexr, ) 114,5 1145,5 | 86.4 | 48,5 | 36,6 [118,8 | 65,0

K JLx/Kr 27,91 35,0 25,6} 18,61 18,6 ] 35,0 | 25,6
Tennora cxarusa, kJx/kr 13,91 22,8 6,76 | 13,0 | 28,3 | 37,6 | 41,7

Koaddprnmenr npeobpazosawna | 5,1 | 6,2 | 4,35 | 3,5 | 2,9 | 4,48 | 3,55

Henapurtens 50 °C }
KoHmeHecaTop 110°C TcopeTtnucckuit 06BCMHMI pacxojx koMnpeccopa 28,32 m3fq,

XononHnbHbfi 3(deKT NOAYYCH BLIYHTAHHCM 3HTANBNHH XJaJoaTeHTa NpH TCMOepaType XJa-
J0arcHTa M3 SHTAaXbNHH NLCPErpeTOro Mapa, BXOANIUIEro B KOMIPECCOp OpM TeMOcpaTypc Hcnape-
HAd. Tenliota KOMNpPeCCHH — 3TQ pasHOCTh MeXAy SHTaAbNHed napa nocie KoMOpeccopa A0
HCTO B NPeANONONeHHH H303HTPOMHUCCKOLO CXKATHHA,

YnenbHbfi 06beM ompegensieT  pasMeps KoMmmpeccopa. Kpurtuyeckoe
JlaBJieHHE W TEMIEpaTypa ONpPEAENSIOT NPEAEbHbIE YCAOBHS, BHE KO-
TOPBIX paboyee TeNo ykKe HE MOXeT ObTb KCIOJb30BaHO. Kpome Toro,
BaXHbIM (paKTOpPOM $BJAETCS PAaCTBOPUMOCTb XJaJ0areHra B CMasou-
HOM Macae,

Hapsay ¢ ynoMsiHyThIMH CBOHCTBAMM C/eAyeT NPUHUMATh BO BHH-
MAHHE TaKXKe H CTOMMOCTb, XOTS BHOOD XJ1a0areliTOB HAa PHIKE J0CTa-
TOYHO BCJHK H KOHKYpEHIHsi YJi€pXHBa€T LEHbl B pa3yMHHX mpeje-
JNax. Kpome TOTO, NOTEPH X/MaA0areHTa AOJKHB OBITb MHHUMAaJbHBIMH,
X0t A OOJIBUIMX CHUCTEM OHH HE COCTAaBJAAKT 3HAYUTENBHOH J0JAH
KalMTaJbHBIX MJIH TEKYLIUX 3aTparT.

KIT[I o6piuHOf KOHBEKTHBHOH Cywusiky (puc. 7.6) 3aBHCHT OT CTe-
MEHH PEHHPKYJIAUHH BO3AyXa ¥ OOHCHIBaeTcst (popMynon

N=(Te—Ts) [ [(Te—T3)+ (1 —=W) (Ts—T1)],

rie Ty — teMmepatypa OKDYXaIWOILEro BO3Ayxa; Is-— TeMOepaTypa
BO3JyXa Ha BXOAE B CYUIMABHYWO Kamepy; T3 — Temnepartypa c6poCHO-
ro Bosayxa, W — oTHoUIeHHEe pacXoja pPenupKyJAdUMOHHOIO BO3AyXa K
MOJHOMY pacxojy.
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Tunmnunasa saBucuMoctb KIT cymunku ot W mokasana ua puc .7.7.
B o0nluHol cymunke HeBosmoxkHa 100%-Hasg peuHprynsuusi, Tak Kak
MTOBBIIIEHHE BJAXKHOCTH BO3AyXa OBICTPO JNHKBHAKPYET €rQ CYUIHIb-
HYIO CIoco6HOCTb, OAHAKO TEMJNOBOH Hacoc MOXKer Obith 3((eKTHBHO

il 2l /

a6 v

06 =

g4 e
0 0% a8 W

Puc. 7.6, O6piuHaa cymuaxa, ue- Puc. 7.7. Bauspve pepupkyas-
OOJNL3YIOW AN WACTHUMHYI pelMp- uud W na KIIJL obObiunoii  cy-
Ky ASLHIO. IIHAKH.

! — BeHTHAATOP; 2 — HarpeBaTCHb;
3 — cyliHabHasa KaMcpa: 4 - BHGpoOC,

NpUMEHEH B CYUIHJKaX KakK CPeJCTBO YAa/JeHHs BJArd U3 BhifpacbiBae-
€MOI'0 BO3AYyXd, TAK UTO OH MOXKET HANpPaBJATbCH HA PELUUPKYIALHKIO B
3HAYMTENbHO OOJBUIMX  KOJHYECTBAaX. JTO ObIJIO MOKA3aHO TaKXKe B
1. O NpH ONUCAHUK AOMAUTHUX CYLIMJIOK.

Pzt
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Pruc. 7.8. Tennonacocuas cywuaxa.

| — BAamHBIN BO3AYX; 2 — CYXOil BO3AYX:
d — KOHJACHCATOpR; 4 — BCHTH/SITOP: & —
KOMNpCCcop; 6 — JApocceltb; 7 — HCNMApH-
e, ¥ — KOHICcHCAT,

[Tpouece  06e3BoxHUBaAHUSA

nNOMOUIIBIO

Puc. 7.9. Ynaneune Baarn ¢ 1o-
MOIIbIO TEIJIOBOTO Hacoca.

Tx, Then — TCMOCpATYpH KOHACHCAUWH H
ucnapenns; d — aGCoMOTHAT  BAaMKHOCTD,
KI/Kr; (0 — OTHOCHTCABLHAN BJAMKHOCTE.

TCIHJ0BOTO Hacoca

(puc. 7.8) MOXHO u300pa3uThb Ha I[ICHXPOMETPHYECKOH auarpamme

puc. 7.9. YXoaswui BO3AYX, KOTOPHIH HYZKHO OCYIUMTb, NPOXORUT He-
pes McmapuTeab TeNJOBOrO Hacoca M oxnaxpaercs (mpouecc I, 2 Ha
puc. 7.9). B pesyabrate oXNaXKAE€HHd 4acTb BJArd KOHIEHCHPYeETCHd H
BHITEKACT Yepe3 ApeHaxk. Peuupryaupymoluii Bo3ayx MOCTYNAET 3aTEM
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B Kou,ueucamp W UarpeBaeTcd 3a CYeT HCHONB30BAUNs ABHOH M CKpLl-
TOH TEMJOTH, BOCHPHHATONH MCHAPHUTENEM, W Telsa, 3KBHBAJNEHTHOTO
paboTe cxkaTus.

KITJI cucteMbl monunisiercd OOBIUIBIM 3aKOHAM TEMJOBBLIX HAaCOCOB,
KOIT 3aBucut 0T pasioCTH TeMmepaTyp HCHAPEHHs ¥ KOHAEHCAIMH.
Cuuxkenye pa3HoCTH TeMNepaTyp OOBIYIO ZOCTHIaeTCsi B CyUIMJIKax C
KaMepoil cMelleildsi, TAe NPH YCJOBHSX, COOTBETCTBYIOIIUX TOUKe J
puc. 7.9, oxsaxaenublii BO3MyX € HacHIEHIBIM MapoOM CMELIHBaeTcs C
HEeOXJMa2K LEHITDIM [IEPE,II BXOIOM B Kmmeucamp.

XapaKTepUCTHKH TEMJIOBHIX HACOCOB B CYLIMJIKAX 3a4aCTYIO H30-
6paxamoT B UX 3aBUCHMOCTH OT CTENeUH ymaNelusi BJard, WMelollei
pasMepuoctb Kr/(kBr-u). Ha pue¢, 7.10
NOKa3alo BJHSHME TOBHIILEHUA TeMIe-
paTypnl X BJAXKHOCTH Ha CTelelb yia-
Jeiins Baard. OQua BO3pacraer no Mepe

- 7

1.°C
70

” NOBBILIEHUS TeMIepaTypPHl W BJaMKHOCTH.

sa{- Huxe paiel npumepsl, rie creleHb yjaa-

Neuus BJary cocrasaser 2,5 kr/ (KBt-u).

i / / Takxe HOJMKHL BCKOpE MOSIBUTHCA yCTa-
30 : .| - HeBKd npu 3 Kr/ (kBt-u).

a : J TIpu comocraBneuun pasaRulBIX CY-

””7”””””5”7"”””” soaen, /f107-4) WHAOK CO CTEMeHblo yiatelHs BJATH
Puc. 7.10, 3abncHMocts cremen 3 KT/(KBT 4) 0Ka3aJ0Ch, 4TO AJf MOJY-
T ocramnon | oo O yenusi PABUOTQ C TEMNONACOCHBIMH CY-
TeMIEpATYPE CymibHOro aren- WHIKAMH NOTpeGJelns sueprdu B CIy-
Ta. | yae naposoro uarpeBaims KITJ momxet

6bITh 58%, a B cayuae orueBoro marpe-

Ba — 75%. DakTHueCKHe 3UAYEHHs: KIT/I 3THX cyHIMJIOK HHXe, TAK UTO
TEMJIOBOH HAacOC MOXKET JaTh 3KOHOMHIO TONJIMBA.

Kak ynomuianoch B § 7.3, B CyWIHIKaX MOXKIO NPUMENSATh B OOblu-
Hble CHCTEMbl BOCCTaHOBJelHd temna. Ou® MOTYT HIrpaTb H pPoJb 06e3-
BOXKHBAOMWHKX ycrpodcTB. Onpexeseine ONTUMAAbHOH AONK TeMJIoHA-
COCHLIX M OOBIUHLIX CHCTEM BOCCTAHOBJIEHHS TenJia MOXKIC PeKOMeijo-
BaTb B KAYECTBE MOJIE3HOTO YIPaXKilelHs.

OnuuMm U3 nepBLIX MpUMeleHHH TEmIOBOrO Hacoca A 00e3BOXKH-
BauuA "6uaa -pabora Gupms: Sulzer [7] — o6esBoxkuBauue MOA3EM-
ubX nonocreit B 'epMaunu B 1943 r. Tensiora koHuelcanuu BOASHOro
mapa M3 BO3AYyXa HCMONb3OBANach AMS MOJAOrPEBa BXOMAIIETO CBEKErO
Bosnyxa. JIpyroft mpuMmep — 3epHOBasi CyUIMJKa, pa3paboTaHHAasi B
CHIA B 1950 r. [15]. IlpuMerenize TenJIOBOro 1acoca MOSBOIHIO YII-
PaBJISiTb OTHOCHTEJNbHOH BJAXKIOCTBIO W TeMMOEPAaTypOH BO3AYXa, YTO
BaXIO /S MUOIMX CYWIHNIbHBIX YCTPOHCTB. JKCNepUMeHTanbiass 3ep-
lOBasl Cymunka Oblha uarotosnena (puc. 7.11) u ucneiTana B pasiuy-
HbIX YCJIOBHSAX, YTO MO3BOJIKJO IPOBEPHTb TEOpPETHUECKHe HCCAEN0Ba-
finsd, npoeegeunsle B 1949 r. [16]. Ilnomans nona sepuoBoro Gyikepa
cocrasnsna. okono 1,3 M2, TennoBoff -1acoc ¢ 2/1eKTPOMPHBOIOM MOILL-
Hocreio 570 Br comepxan ‘xnamoarent R12. LIupKynsuus Bosayxa
obeCcneunBajach UeHTPOOEKHEM *BEHTHIATOpOM MomuocToio 380 Br.
Bozsinoll oxnaxaaWIHil KOHTYD CIYXKWI 1A DEryAHPOBaiHs TeMIe:
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patyput cylikd. B dcciienoBanuax fiepeMéinbiMu GuAn TéMnepaTypd
Bosayxa (43—54°C) u ero pacxon (550—2000 m3/u). Hcnbitauus
IpeKpaimlanuch IpH AOCTHRKeluu BAAXKHOCTH 3epua 129%. Okaaalocs,
uTo moTpeGsenue suepruu (KBT-4/Kr) BAarm oyeHb Xxopolllo coraco-
BAJIOCh C TEOPETHYRCKHMHU 3HAuelMSIMH, MOJYUelllibIMA B HCCAeJOBalk-
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Puc. 7.11. dkcnepumentanbas TENNOHACOCHAS CYIIMJKa 3epHa, wcnbirannas B CHIA
B 1950 r,

A — snekTpojBHRraTeny; B -xouupeccop, — KofAjgencatop: | D — #cnapaTenab; E — BEHTHAATOP;
F — meAraTtenbt BeHTHAATOpa: G — Bo.u.ﬂuoﬂ TCHAOOGMCHHEK, [ — TPH TepMONape ¢ OCPegHEHHCM
noxkasareaefi; 2 — Yyersipe TepMonaphl J — BAAKHBA H cyxoﬂ cnafl repMonaph; 4 — H3MEPHTCAD
BJaKHOCTH; 5—Tepmonapnuﬁ JATYHK; .6 — YeThipe TepMONaPh ¢ ocpegHECHREM; 7 — uamepmonb
pacxoaa.

‘2

. ,
ax 1949 r. MuHuMyM 3aTpaT COOTBETCTBOBAN Pacxony 800—1000 M3 /u.
3atpartnl sueprun 0,28 Br- y/kr pu 54 °C. ITH 3HaveHHs CBHAETEND-
cTBylOT 0 BhlcOkOM 3uayvenuu KOII rennoporo macoca mo CPABHEIHIO
C COBpeMelHBIMH ycTaHOBKaMH. B paGore - oTMeYanoch, UTo FRJIaBIBbii
HEOCTATOK CHCTEMb! — JOMOJIHTENbINE | KARHTAI0BIOKCHHS. MMosz-

Hee GbLIO MOKA3aHO, 4TO 3TH R06aBOY- |
Hple KamuTaJOBJIOXKEHHs, OKynalTcd 32 ([f— '
HECKOJNbKO MeCHIEB. - ( - - {2

2

OJHHM M3 HepBHX npuMetenui Ten- s
JIOBOFO HACOCA A CYWIHIbHBIX Lelel B
KOMMepyeckoM Mmacirrafé ¢ TOHKHM pe- E
IYJAMPOBAHHEM TeMIEPaTypH M BJAKHO- \ ' \

CTH siBjsieTcs CyIIKa JApeBecuHH. Il1Ho- . J
ilepom 3xechb 6nina ¢upma Westair, BbI- \ .
MycKaBuIas O0GOPyAOBaHUE B TeyeHHe
10 set. OkoN0 THICAYHM €e YCTAHOBOK pa-
GoraroT BO BceM Mupe. TumHumasg ycta-  pyc 712, Cxema Temzonacoc-
HOBKa noxasaua ua puc. 7.12. Oua pa-  moil cymmiku Ans 10coK.
foTaeT TakK, KaK 3T0 ObUVIO OMUCAIIO pA- /— ZOCKW; 2 — BHTmasTop; 8-
0603BOXKHBATCN b,
llee, ¢ TEM OTJAMYHEM, UTC BO3LyX 0OLY-
BaeT aneKTpooéopyﬂonaxme uTO YaAyY-
IIaeT HCMOJb30BaHHe Telna 1 oGecmeylBaeT OXJakieHne MOTOpa Beil-
tuasTopa. [lepen BosBpamenueM B CyUIMILIYIO KaMepy BO3JYX Harpe-
Baercsi B TennooOMennnke. Ha puc. 7.13 moxasann olmHH Bhj ycTa-
HOBKH H €C OCLOBHBIE KOMIOHEITHI.

YeTaHOBKA COAEPKHT AaTUHKHM BJAAXKIOCTA W TeMOepaTyphl, KOTO-

pHIC yNpaBASOT BKIIOUEHHEM XONOJIHJbIHKA H HArpeBaTess B 3aBHCH-
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Puc. 7.13. Arperar «Westair» B cymnike aaa jgocok B HoprymGepaewme (a), ero

1 — TennooGMeAMHK; 2 — ceKHUA HCOADHTEAN; 3 -— CeKHHA KOnAeHdcaTOpa; £ — nOTOK XxaloareHTa;
el QHALTY; § — MoJmeH AAS Apedaxa,

MOCTH OT CBOHCTB BhICYLIHBaeMOro Martepuaia. [lepuoguueckas Hanan-
Ka ynpaBjeHUs B Npouecce CyHUIKR ONpelleisieTc COfePKAHHEM BJary.
B psne cayyaeB 9Ta HANa/JKa OKa3blBaeTcs M3JMUIHEN BO BCEM [poLec-
ce CYUIKH. -
[TapameTpsl cymku npoBepsioTcd BpauialomuMcs FATPpoMeTPOM Hiin
3amiceiBaloTcs Ha tepMmorurporpage. Comepxanue BJaary 8 jgpeBecHHe
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OCHORHHIe KOMIOHEHTH (6) ® TemnoBof macoc «Westair — D200» (8).
5 — paclIHpHTeNbHOE YCTPOHCTBO; & — KOMNpeccop; 7 — BEHTHASATOP C JBHraredeM; 8 — cyuHjhb-

KOHTPOJIpyeTcd B TEyeHHUE BCEI'0 Tpollécca HA chMellHadbHO 3aJ/M0XKEH-
HoMm obpasue. Ilpu noctuxennn HeoOXooHMbIX 3HadyeHHH B TeyeHue
HEeKOTOpOT'O BpPeMeHH Iiepe] BHIeMKOH APeBECHHB W3 KaMephl ee Bulgep-
¥HUBAWT B YCJAOBHSAX paBHOBECHUA,

Cama Kamepa usrotoBJeiia U3 OOBIYHbIX CTPOMTE/IbHBIX MaTepwa-
JIOB — IpeBecHHbl, Kupnuua wid OeToHa. [l Hee TaKXke MOXKIUOQ Hc-
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[0ib36BaTh éyillécTBywiune 3nanus. HueobxomuMo Auiith, dTobnl oHa
Obla BO3MOXKHO Jy4llle U30JWPOBAHA M YINJIOTHEHA AN NpPEeAOTBpalle-
Hus yredeg Bosfyxa. [lon u ppyrue BHYTPEeHHHE MOBEPXHOCTH AOJIKHH
6HTb BOZOCTOHKHMH BO H30EXKaHHE HAKOMJEHUS BJAard. Ato JErko fo-
CTUraeTcsi GUTYMHBIMH MOKPHITHAMHM, a AJS CT€H W NOTONKA — [AOCKa-
MM C OJaCTMACCOBBLIM MOKPBITHEM.

B nonoJiHeHue K BEHTUASTOPY, BXOAAIIEMY B ycraHOoBKY «Westair»,
HeOOXOHMO YCTAHOBUTH BEHTHIATOP AJA UUPKYJAAUHH BO3AyXa BHYTPH
KaMepHl, '

[Tpon3BOAUTEABHOCTD CYHIMJIBHOH YCTAHOBKH ONpelenseTcs cXxeMoi
U KOHCTPyKIHeit KaMepnl. [lorpeburens coofuiaer ciaeAyollHe AaH-
HHle: |) copr BHICYIIHBaeMOH APEBECHHBI; 2) HAYaJbHYI0 K KOHEUYHYIO
BJaXHOCTb; 3) KOJHUYECTBO BHICYUIHBAaE€MOH [peBeCHHB 3a HELeJNI0
WK Mecal; 4) pasMepsl JOCOK.

OcroBBIBasick Ha 3TOH uH(pOPMaluH, HUPMa-IPOH3IBOAUTENL COBE-
TYET, KAK CKOHCTPYHPOBaTh KaMepy, H PEKOMEHAYET MOAXOASUYI0 MO-
AC/b H3 CBOHX YCTAaHOBOK.

KoHeuno olleHHTb 3aTparhl 6e3 AeTajdbHONR MpopabOTKH TPYAHO, TaK
KaK OHH 3aBHCAT OoT MHOrHX ¢akrtopoB. [lJsg KOMIJIEKTHONH YCTAHOBKH
Boinycka 1974 r. cpefiHHe KaMHTaMOBIOXKEHHs, paclpeAe/eHHbBle Ha
nepBble 5 JeT, oleHeHbl 0K0JaO 7 (. cT./M® BHICYIIeHHOH APEBECHHHL.
Texyuine 3aTpaThl TaKXke 3aBHCAT OT MHOTHX H3MeHsollHXcs (dakro-
poe. Ilpn cpenHell CTOMMOCTH 3JeKTPOIHEPIHH 32 YNOMSHYTHIA S-JeT-
HHIl IEPHON OHM COCTABHJH 2,5 ¢. cT./M3,

Moxno oxunpare cymectBeHHO 6oJiblilero pecypca YCTaHOBOK
«Westair», Josbue Bcero paboramluas ycraHoBka B Hopeernn paBeO
npeogosena 10-netHuil py6ex 6e3 KamuTaAbHOIO PEMOHTa NPH OOBIY-
HOM 00cayXKHBaHHH,

[lpyruM npHMeHeHHEM, peasH30BaHHLIM B OoJsice mosjHee BpeMmd,
IBJIFETCA CylIKa KepaMHKH, B KauecTBe THMHYHOTO NpHMepa MOXKHO
npUBECTH ycTaHOBKYy Ha (abpuke Portacel B Kenre, Bhimyckalomyio
KepaMHyeckHe QUIBTPHL 1Jis OYHCTKH BOABL. 3AeChb Tpefyercd T AT b-
HBIl KOHTPOJIb 33 TEXHOJOTHYECKHM MPOLECCOM, M TEMJIOHACOCHAs CH-
cTeMa MO3BOJHJA NOBBICHTH Ka4e€CTBO MNPOAYKUHH H NPOH3BOAUTENb-
HOCTb.,

KepaMuyeckHe 5JAeMeHTHl HaPE3aOTCA H3 CMJOIIHOA LIMJIHHIpPHYE-
cKoft Tpy6hl, MosyuaeMoli 9KCTpy3Hell, NMpH AJuHe oTpe3koB 125 u
250 MM. ITH 3JeMeHTH NOACYUIHBAIOT nepefl 00XKHUIOM B CTPOrO ompe-
AeneHHbix yenoBuax. [Tocsie monHof c60PKM M HCTIBITAHUS B BOAE Tpe-
fyercsi MOBTOPHAs CylIKa. YCTaHOBRKY «Westair» npuMendaior aid cyu-
KH GpHABTPOB Nepen 06XKUroM W MOCJAE UCOBITAHHH.

Panpuie cyuika mepef o6XKuIoOM OPOBOAHNACH B Kamepe JAJIHHOM
15, mupuno# 6 u BeicOoTON 2,5 M. [opsAuuil Bo3pyx mocrynan ot ra3oBoro
HarpeBaTteds TEMAOBOH MomiHocThio 545 MIx/u. Cymxa pHeBHOH
npoayguuu — 2000 aeraneii oOBYHO 3anuMalna 72 4 U npeAcCTaBaAna
y3K0e MecTo B mpousBojcrBe. HoBasi cyumnibHast KaMepa HMeer pas-
Mepsl 9X 42,5 M. ¥ Hee GCTOHHHI MOJ M CTEHHl U3 JICTKHX OJIOKOB.
H3HyTpH CTEHB MOKPHITHI TEMJOU3OMASHEH W3 CTEKJOBOJOKHA TOJIIM-
ol 75 mM. Orpaxaenue, CTOHKOe K BO3ACHCTBUIO Mapa, BHMOJHEHO H3
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cyloBoH (paHepn, KpalleHHOHW aJiOMHHHEBOW KpacKo#. B kaMepe mof-
aepxkuBaerca TeMneparypa 49 °C, u nHeBHOH BHnyck — 2000 metanei
npoXoAuT cyuky 3a 24 4. Ilpn cymke Oojlee AAHHHBIX (HIBTPOB
(250 MM) 3a cylnHAbHBIA HMKN yaansgercs okosno 900 kr Boanl. HMenbl-
TaHUS TMOKa3alH, YTO MPH HEoOXOZHMOCTH BpPeMsi CYUIKH MOYKHO CHH-
3UTb AC D 4.

PasMepnl Kamepsl HECKOJNDKO MPEBHIIAIOT HeoOXOAUMBIE, YACTh ee
oTAenena mutoM. Ona o6opyroBaHa ABYMs ycTaHOBKaMH «Westair» ¢
MOIIHOCTBIO KoMmnpeccopa 8,5 xBr H 3nexkrponarpeBateneM Ha 9 kBt
AJst MOBLILIEHHSA TeMMIepaTypH Cpa3y mocne BKIoyenus. KpoMe ynoms-
HYTHIX moTpebGHTENIell SHEPTHU UMEETCS TONBKO 3JEKTPOMOTOP MOTONOY-
HOFO BEHTHJIATOPA, o0ecneuuBaiomero peuupryaaiuio Bo3ayxa.

Jns soimycka 3000 feranefi B JeHb GupMa MJAaHUPYET YAAJNHTD
BPEMEHHHIH HIMT B KaMepe H CMOHTHPOBATb TpeThio ycranoBky. Ilo-
MHMO CHHXKEHHSI BTPoe — C 72 0 24 4 BPEMEHU CYLIKH HOBasi CXeMa
zaer BoJjiee paBHOMepHOe coldepxkanue Baard. [Ipu crapoi cucreme TeM-
neparypa CymECTBEHHO H3MEHAJMacCh, OT Yero BJara pacnpenensnach
HEPABHOMEPHO H 4acTb AeTaJielt npH obxure paspywanacsk, Hosas cu-
cTéMa HCKJAIOYHJa BapHalMH TeMOmepaTtyps H CHH3HJAA MOTEPH OT
6paka. o

ITocne ucnbTaHud B BoJe KepaMuyecKde feTalu cymaTt mpd Gonee
HH3KOH TeMneparype — 32 °C, yToOnl He HaPyLIaTh aAre3nio MOKPBITHS.
Panbuie 310T mpouecc npoBOJMACA B KaMepe, HarpeBaeMoH rasoBHM
noforpesareneM Ha 29 kBT maioc TpeTrbs YacTb MOUIHGCTH He(TAHOIO
nojorpeparesia Ha 73 KBT, KOTOpPHIH BKJAI0YaJu TIPH MOBBILIEHHH BHI-
nycka npoAyKunu. Temepb CYHUIKY npoM3BOASAT B HOBOH Kamepe, oBopy-
AOBAHHOH TakoH Xe ycraHoBKoH «Westair».

CrouMocTb 3HepruH, norpebaseMoli oOOHMH CYIIHABHBIMH npoLec-
caMu MpPH razoBoM H HedTaHOM moaorpese, okono 6500 ¢. cr./ roa. dru
3aTpaThl cHHXKawTca npuMepHo go 3000 ¢. cr./rog mpn mpuUMeHEHHU
HOBOH 3/IeKTPHYECKOH TennoHacocHoH cyuwku. Ilpu crouMocTu ycTaHoB-
ku okoso 10000 ¢. cr./ roa, romoeasi axkonomusi 3500 ¢. cr. obecneyn-
BaeT CPOK OKymaemocTH MeHee 3 Jser. Jlna ¢upMbl He MeHee BaKHBI
YAYYLUIEHHE TEXHOJOTHYECKOro PHTMa H NMPOCTOTA YBEJAHYEHHS MOIIHO-
CTH CYIUMJIKH [PYU MJAHUPYEMOM YBEJWYEHHH BBIMYCKa MNPOAYKIHH,
CHuKEHHE BPEMEHH CYUIKH YCTPAHHJIO Y3KOE MECTO B MPOH3BOJACTBE.
[ToBLilleHHE PABHOMEPHOCTH pacCIPENEICHHS BJATH MOBLICHJAO KayecT-
BO NMPOAYKIHK M cHusuno Opak. Kpome toro, Takofi meron 006e3BOKH-
BaHU aBTOMAaTHYeCKH CHabXkKaeT MUCTHANIHPOBAHHOH BOJOH Apyrue
TeXHOJNOTHYECKHE MPoLEecCh MPOU3BOACTBA, YTO AaeT pupMe 5KOHOMHIO
100—500 . cr./rox.

Peunlenne ¢GupMbel MpUMEHUTb OMUCAHHYH 3MEKTPHUYECKYIO CYUIKY
NMPUBENC K MNOBHLIIEHHI0 3(Q(PEKTHBHOCTH HCMONbL30OBAHHA NMPOU3IBOACT-
BEHHBIX MOMEWleHuii, paboyedi Cuibl, SHEPrHH U MATEPHANOB, HHAYe
TOBOPS, BCEX PECYPCOB, UCMOJIB3YEMBIX B TE€XHOJOTHH.

Bpinle NpuBEJEHH TOJbKO ABa NMpuUMepa NMPHUMEHEHHS TEMJIOBHIX Ha-
COCOB AJ1 00€3BOXKHBAHUS M CYUIKH. UuCI0 NPUMEPOB MOKHO MPOROJI-
KUTb! CIOfia OTHOCATCH NHIEBas u (apMaueBTHYeCKas MPOMBILIJIEH-
HOCTb, @ TAK¥Ke NIPOH3BOACTBO KePaMHKH H KUpNuua, TemnoBre HacocH
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C UEeJbI0 OCYIUCHUS Hayadu NPHMCHATb W Ha 3JCKTpocTanuuax. as
MOALCPXKAaHHS OOMOTKH TCHCPAaTOPOB B CYXOM COCTOSIHWM, KOTAa TCHE-
patop He paboract, paHee MNPUMCHANACH LUUPKYJIALMSA OKPYKAIOIICTo
BO3/lyXa, Harperoro B 3Jckrtpoxatopudepe. Temeps pnsa 3Tofl nenu
HCMOJML3YIOT HCOOMBIION TENJOBOH HAcOC C CYILCCTBCHHOH 2KOHOMUCH
sHeprud. [IpuMeHeHHE TCMJIOBOrO Hacoca AJs CYWIKH O6YMaxkHOH JCHTHI
Ha ycraHoBKe crouMocthio 1500 ¢. cr./ron paer oronao 4500 ¢. cr. ro-
nOBOH 3KoHOMuu. Hceaenyercesi BOSMOXKHOCTL OHOBPCMEHHOI'O MCIOJMb-
30BaHUSA BO3JYUIHBIX KOMIPCCCOPOB W AJA OXJaXKACHHSA, H AJA CYLIKH.
Pa3pa58TbIBal0TCﬂ MCTOJbL MOBHIIUCHUS TEMMOCPAaTYpsl KOHACHCAIUH

Boite 100°C, uro pacmmmpsier chepy nOpHiao-

7 KCHUS TCIVIOBBHIX HACOCOB.
Jlnsi cyllkn nmoMumMo oOBYHBIX XJaj0areH-
| TOB, XapakTCPHBIX AJS XOJOAUJNBHBIX YCTaHO-
x ¥ BOK, MPUMCHSAIOT U HEOOBIYHLIC; HCAABHO BO
J ®panuun [17] NpeAnoXEH NapoKOMIPCCCHOH-
d__ N HBl IMKJ Ha BOJE, €ro C¢XeMa MmoxasaHa Ha
4" puc. 7.14. Bopsino#i map mnpu atmochepHOM
et ddadds JaBJCHUH OTCACHBACTCS HaJ BJAXHBM [pO-
AYKTOM W cxumactes B KoMmnpeccope. OH KOH-
E;ibKZ,'ﬁ;‘-ﬂﬁgjfg',‘fj,]_”‘”’0“" nercupyercs npu 0,5 MITa (150°C) B rTemno-

! — xommpeccop; 2— ckarmh OOMCHHHMKE, MOJOrpeBaiolmlCM BO3JyX, MORaBa-
map; ga;eﬁj[g;“f[a;gfgfbev- eMpii B Cymu/aky. Ecan nmap HenocTaTOYHO

YUCT, PEKOMEHAYCTCA NPHMCHSATb 3aMKHYTHH

KOHTYp Ha BOASHOM Mmape C ACMOJHHTCIbHBIM
TCMIOOOMEHHHKOM. YTBCPKIAETCH, UTO 3 GCKTHBHOCTD npouecca co-
craBasier 1000 xJIx/kr ncnapsieMoil Bnaru [3,6 kr/(xBt-4)]. B apyroi
cxeMe (puc. 7.15) KOHTYp C meperpersiM mapoM AONONHAETCA OOBMHHIM
TCIJIOBHIM HacocoM Ha ¢peoHe, Npu 3TOM 3(PGHCKTHBHOCTL AOCTHrAeT
750 xdx/kr [4,8 gr/(kBr-4)]. 3Ta cXeMa npuMeHeHa AJsi HEMPEpPHB-
HOTO MPOLECCa B TYHHENbHOH CYIIWJKE, TOTAA KaK APYyrhe OMHCAHHbIE
BHIILIC CXCMbI OTHOCATCH K KaMCPHLIM CyIIHJKaM.

Henasuo 8 Hoso#t Senanauu nposeena pabora, HanpaBJcHHAs Ha
CHHIKCHHC KAMHUTAJOBAOXKEHUH B OMNMCAHHBIC BBHINC CYLIMJIKH OOJBILOH
MOMIHOCTH ¢ YYCTOM OTPaHHUCHHMS TCMOCPATYyphl, HAJaraeMore mpHMe-
HCHUCM CYLICCTBYIOIHMX xMaAoareHtoB [[8]. B kadecree pemcHus npo-
GreMbl PCKOMEHJOBaHa PCKOMNIpPECCHs mapa. 34echb CJACAYET OTMCTHTh,
YTO MakKcuMallbHasi TeMOepatypa XJajoareHTa B pacycrax HOBO3C-
NaHACKUX aBTOpoB — 0xoJo 50 °C. Opnako npu HCNONb30BaHHH TAKHX
XNagoarcHToB, Kak R144, nonycruMa reMnepatypa KOHJACHCAILMH OKO-
a0 120°C (§ 7.4). Orpanuycuuem cayxut cauxkerde KOII reminosoro
HacoCa MpU HaTPCBE OKPYMKAIOUICTO BO3AYXa AO BHICOKHX TEMNEPATYD,
NPUBOJAKIINCE K HCIKOHOMHYHOCTH YcTaHOBKdU. CyIlIKa HEKOTOPHIX COp-
TOB Jcca tpefyer TeMICPATyp, MPCBHIIAIOMIMX BO3MOXKHOCTH CYIECT-
BYIOIIHX CYLUHAJOK, H 3ACCh MOXHO NPHMCHHUTD pexoMnpcecCHIO napa —
CKaTHC MapoB, yAaJfacMBIX M3 BBICYHIHBACMOro MaTtepHania, H HX Hc-
II0/Ib30BAHKC [IJ19 MOJXOrPCBa.

BricokoTeMnepaTypHas cylika mpd at™MocdepHOM [aBACHHM [a€T
napsl ¢ remneparypoit KonAcucauuu 100 °C, wo ecau Tpedyer f1porpam-
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Ma, TeMmeparypa napa moxer Owith ¥ Bhiue. Ilpu cxkartuu storo napa
noBbIIIaCTCA H TeMhepatypa cymku. Ilpu gocrarouno Gosasmof creme-
HH CXKATHA TCMOCPaTypa KOHACHCAIMH NPCBHIIIACT TEMMCPaTypy cyXo-
ro TCPMOMETpa, H TOTAA yCTaHaBJAMBaercss HeoBxopuMas AJd TEMIO-
oOMCHA W MOAAa4YH TCMJIa B CYLIMJKY Pa3HOCTb TCMICPATYp.

ITpn MCNOJIb30BAHHKM 3TOTO METOAA AN CHHKCHHA MNOTpebieHus
SHEPTHH B CYWHJKaX AJs Jeca HCoOX0IuMbl HEKOTOPHC H3MCHCHHSA IO
cpaBHCHHUIO ¢ cYWKOHA KepaMmuku, ITpucyrerBue Bo3ayxa B mape npu na-
POBOM MOJIOTPEBC cHUKACT 3QPECKTHBHOCTDL TCMIO0OMEHA H NMOBHIMIAET
3aTpaTel 3Heprud Ha cxkarue. Ilosaromy BaxknOo, yro6wl atMocdiepa

Puc. 7.15. KounBeKTHBHas CylIHJIKAa C KOHTYpOM Ieperperoro napa v oGWYHBLIM Terl-
/I0BHIM [1aCOCOM.

! — ngOILYKU,HSl; 2 — xonoAHast BOJa; J — MOTOK BO3[Ayxa, 4-— BOARHON map aTMmocdepHoro jpaeae-
Husi; § — MaHOMETD; 6 — KOMNpeccop BOASHOrO mapa; 7 — ()PEOHOBBIT KOMNpEccop; 8 — KoHaeHca-
uus napa npH 0,5 MITa, 148 °C; 9 — soja npu 108 °C, 0,5 MlIla.

BHYTPH CYLIMJIKH COfepKana TOJNbKO Map, T. €. 4tobu cyliuika pabo-
Tajsa Ha neperperoM nape. [aa noAAcpKaHHA nmapa NCPErpeTeiM NpH
arMochepHOM TaBJCHHM KOMIpEccop AOJKCH 3acachlBaTh TOJbLKO Ma-
PH, yAaaJisieMble M3 BBICYIIHBACMOTO Jeca, M moZaBaTh MX B MapoBOH
HarpeBaTesib. Y NPaBJCHHEC KOMIOPCCCOPOM CTPOMTCA € YYCTOM mapa-
METPOB apa Ha BHIXOAC H3 CYUIMJIKH H TaBJICHHH BHYTPH HCE C pery-
JHPOBAHHEM MOTOKA HCMIapsAeMOH BJaru uepes kommpeccop. He nyx-
HO cOpacwBath U30HITOYRYIO BJary B atmocdepy, Tak Kak BCs HCla-
puBIllascd BJara ygaadaercs KOMIPECCOPOM H KOHACHCHPYCTCH B Mapo-
BoM HarpeBateae. [ToB6oYyHHM NPOAYKTOM mOpouecca PCKOMIIPCCCHH
napa sBAsSeTCAd OOMBIIOE KOMMYECTBO TOPsYCH BOAB TPH TEMOEparype
10 100 °C, x0TOpPY10 MOXKHO UCIONB30BaTh, B YACTHOCTH, KAK NMHUTATC/b-
yi0 BOAY AJs KOTJa.

OO6mas cxeMa CyWuMJaKH [QJs Jieca ¢ PCKOMOPCCCHEH NMapa mpHBe-
neHa Ha puc. 7.16; oHa COCTOHMT TOJbLKO M3 YIJIOTHCHHON KaMephl ¢
BCHTHAATOPOM [ WMPKYJALMH TrasoB U MAapoBOro MOLOTPCBaTeNd.
BaxHocTh ymJIoTHeHUst KaMepbl TPyAHO mepeolicHHts, IIpu cymke
IEPerpeTHM MapoM HMCCTCA TCHACHLHA XK HEGKOTOPOMY MOBBIIICHHIO
naBJeHUa mapa BHYTPH KaMCpH, YTO cnocoO6CTBYyeT YTCYKC mapa B
atMocepy. Jliobas moreps mapa CHHXKaeT 3HCPTHIO, BOCCTaHaBJHBacC-
MYI0 NP PCKOMIMPECCHH, MO3TOMY YCTPAHCHHIO TAKHX YTCUCK CJCAYeT
yaeaath ocoboe BHUManne. CACIyeT YCTPAaHATb TakXke H JaI0OYI0 KOH-
JeHCaUHI0 BHYTPH CYIIHJIKH, TaK KaK M OHA YMEHBIIACT KOJHYCCTBO
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napa, NocTynaiooumero Ha pexoMmnpecchio. Cyluaka J10JXKHa HMeTb J0-
CTAaTOYHYIO TENJIOH30MSLHIO, TaK KaK TeMIepaTypa BHYTPeHHEH CTEHKH.
npeseiaer 100 °C.

OT1coc mapa KOMIpPeccopoM NPOH3BOAHTCS H3 HHXKHEH YacTH KaMe-
PHl, UTO MO3BOJSET CKUMaTh MeHee TeperpeTsiii map M NOHUXKAET pac-
X0l 3HePruH Ha cxkatue. [[OMONHHTENbHHM NPEHMYLUECTBOM TaKOro
pa3sMelIeHHs SBJseTCs TaKike CHHXKEeHHe pacxofa BO3JyXa ucpe3 KOoM-
npeccop. Boanyx HakanaupaeTcs B BepXHeH 4aCTH KaMephl H BnOpa-
CHIBaeTCs yepe3 chmeuHaJbHble KaHaJuwo. [laBjeHuwe cxaTtoro mapa npH-
O6anxKaeTcss K NaBJeHHIO OGBIYHBIX MapocHabXaiouux yCcTaHOBOK.

g pexoMmpeccHH HYXHO THlaTeJbHO mnonobpaTs KoMOpeccop.
B orsnunie ot G0JBIIHHCTBAa JPYTHX CJAYYacB OXJaxJCHHE KOMIpPeCcco-
pa 31ecs He Ttpebyerca. Ha Bhoixo-
Jle M3 KOMIIpeccopa JOCTHraeTCsl Bbl-
F4 0

cokas TteMmmeparypa (no 415°C),

4 UTO TpefbABAseT K KOHCTPYKLHH
Kommpeccopa ocobbie  TpeboBaHHS.
Cnenyer mnpenycMOTpeTb peryampo-

Puc. 7.16. Cxema pexoMmnpeccMd napa B Cy-
Z[i IIHJIKEe pJIsi aepeBa.

! — Tpy6KH ¢ napoBbIM nojlorpeBoM; 2 — BO3NYX;
3 — VJAaBJHBATeNb; 4 — BoJsiHoll map; 5 — BEHTHAS-
TOp; 6 — NpefoxXpaHHTeJpHBIA KaalaH; 7 — KoMnpec-
g cop; 8 — BXox B KoMnpeccop; 3 — KOHAEHCAT.

7

BaHHe KoMnpeccopa, YTOOH NpH CHHXKCHHH HArpY3KH yMeHblUajcs H
pacxoj Dmapa, HO JaBJICHHE Ha BHIXOJE MOAAEPXKHBAJOCh IOCTOSHHBIM.
Hns necocylinnbHBIX yCTAHOBOK 0OKa3aJHCh MOAXONSAUIHMH KOMIIpec-
COPHI, CO3JaHHBIC JAJ5 BHIAPHHIX annapaToB XHMHUYeCKOH TEXHOJIOTHH,
rIe PEKOMNPCCCHA NPAKTHUECKH MCIOJb3yeTcs AJAS TenJaocHabxkeHud
HenpepuBHO paboraiomux annapatoB. MHorpa aasi ¢xaThHfl mapa HC-
NOJb3YIOT CTPYHAHBIE 3KEKTODPH Ha Mape Bhcokoro nasaenus. Ilpenmy-
IECTBOM TaKOH DeKOMIIPeCCHH Tapa fBJSCTCS CHUIKCHHe 3KCNJayaTa-
UHOHHBIX 3aTPaT U HCKJOYCHHE HCIOJNb30BaHHA JOPOrOH 3JEKTPO3Hep-
rut. Hegocratok tako# chucreMbl B HH3KoM MexaHunueckom KITJ mapo-
BOTO 3KEKTOpPa H TPYMLHOCTH DETYJHDPOBaHHSA CHCTEMBl NPH H3MEHEHHH
pexuMa paboth *.

HMeitoTcss npuMepsl yCnellHoro NpuMeHeHHsl IeperpeToro napa ajs
CYWIKH Jeca npu Temnepatype 130 °C, tax 4TO MpH PEKOMNPECCHH CJiC-
JyeT npenycMoTpeThb NoJyueHne neperpetoro mapa.

HoBoszeaanackoe uccJc/OBaHHE NMOKAa3aJo, YTO 3KOHOMHS 3HEpPTHit
MPH CyLiKe Jieca JOXOAHT g0 65% pacxogyemoii B 0GBIUHOI CYIIUJKE,
ITO OTHOCUTCA K yCTaHOBKe ¢ KommpeccopoMm oxoso 500 kBr, 3nauu-
TeJbHO OoJsiee MOUIHBIM, UeM COBPEMCHHBIC KOMIOPECCOPH CYIUHJBHBIX

* Buyrpemnnii KT axexropa (okoao 0,2) cywecrsenno nuxe KITJL mexamnude-
¢koro Komnpeccopa (okono 0,7), mo3TOMY 3Mekropnad KOMIpECCHST He NOJYHIa
lpoKoro pacnpocrpanenta. — [Tpun. nep.
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TIVIOBLIX HACOCOB 3aMKHYTOrO LMkiAa ua dpeonax. fpeanodaraercs,
4TO 3KOHOMHIO 3HEDPIHH MOMKHO €ILe MOBHICHTb B TAKHX CYLIHAbHBIX
mpoueccax, e CrefeHb OCYNIKH He OUCHb BEJHKA.

AHajlorruHble TpeMMYILECTBA HMeeT l'IaPOBaSI KOMIIDECCHST IPH TIPO-
H3BOJCTBe OyMarH.

7.3.2. NPOLUECCHI BLINAPMBAHMSA M KMNAYEHMS

Kax ynomuHaloch B mpeabllymux pasnenax, paGouuM TeJOM NpH
pekoMnpeccHd cayxHT Bofa. Kpowme Ttoro, B BHIIapHEIX annaparax
pexoMnpeccus nmapa mpeAcrtaBiaser co0ofi TenJoBoH Hacoc OTKPHITOro
LHKNA, KOrJa H KOHNeHcaT (BOAa), H ynapeHHBII KOHmeHTpaTr Herpe-
PEIBHO YyNaJAIOTCS H3 YyCTaHOB-
KH H 3aMemaloTcsd NojaBacMbiM
chipbeM. Kak mokasaHo Ha pHC.
7.2, ucmapHTeNb H KOHJIEHCATOP
$aKTHYeCKH NpPencTaBJfIOT OAHO
es0e H BHJEJCHHE CKPHTOH
TENJOTH KOHJICHCANHU obccrne-
YHBACT HCNAPEHHC KHUIKOCTH. ‘;_’

JHepreTuyeckue npeuMymre- -
CTBa DCKOMIPECCHH NpPH BhNa-

PHBAHHHM TAKHC KC, KaK H IIPH - p g 7 HByxcrynenuaroe Mcnape-
cywke. ITockoabKy ckpuras ten- .o 0 y P
J10Ta chapeHHH BOBBpamaETCH I — Bopsnoll nmap; 2 — nepBas CTYNEllb BLI-
NPH KOHJEHCALlHM Mapa 3aTpaThl  Dapks;, § —nap; 4 — TOMIHBO; 5 — BTOpas
CTyneilL  BBINApKn; 6 — cOpoc mnapa; 7 --
DHCpPruu Tp€5y10TC${ TOJLKO Ha cBODIHK KOlIJelcaTa; 8 — OTBOX KOILRICATA;
npuBox Komnpeccopa. Ecau pas- ¢ aonyura.
HOCTb TEMNepaTyp HCmapenHsa H :
KOHJGHCAUHH TNOMIepXKHBaeTcs B npenenax 7°C, 3aTpaThl 3Hep-
ruu ¢ yuerom KIIJ xowmnpeccopa cocraBasiior okojo 70 xJIxk/kr.
B 00buHOM OJHOCTYNEHYAaTOM BbHIDAPHOM annapate 3aTpPauyHBacTCo
okoso 2790 x/1x/kr, a B WECTHCTYNeHUaTOR YCTAaHOBKe C BEICOKOH 30-
dekTUBHOCTLIO Tpebyetca 465 kJIxk/Kr.

OnuineM XpaTKo Npomnecc MHOTMOCTYNIEHYATOro BbmapnBa}mﬂ Oxn
uszoOperen Pufiy B 1843 r. 1sg mpoH3Bo/JcTBa caxapa H COCTOMT B NO-
BTOPHOM HCIOJIb30BAHHH CKPHITOTO TenJa AAf HcemapeHus 6e3 pexow-
npeccud. B ollHOCTYNneHuUaTOM annaparte NOJyueHHHH map BolOpachiBa-
ercsd B armMocdepy, HO TpH BBeJE€HHH BTOPOH CTYNeHH HCNapeHHs map
NepBOH CTYNEeHH MOXKHO HCIOOJb30BaTh B 3aMKHYTOM KOHTYDPE JJs HC-
mapelns BTOpoit ctymenu. Ecau Bropolt cocym nommepkuBaercs npu
aTMOChCPHOM [JaBJICHHH, TO JAaBJEHHC B KOHTYpe mepBOH CTYNeHA
JOJXHO ObITh NOBHIIIEHHBIM.

IlpennosoxKHM, UTO BTOPOH COCYJ, KaK NOKa3aHo Ha pHC. 7.17,
coobiaercs ¢ arMmocdepoti. Korna map nocrynacr aas marpeBa nepeoro
cocyna, B HEM HaUWHACTCA KHIICHHE, HO BO BTOPOM COCYAE KHIIEHHS
elne ner. {1o mepe Bo3pacranusa faBaeHHA BHYTPU NCPBOro cocyna pas-
HOCTb TCMIICPATYP MCK/Y TPCIOILHM H NOJYYCHHLIM NapoM CHHXKaeTcs,
YTO yMeHbuaeT TenaoobMcH. B To ke camoe BpeMs noBbillaeTcs pas-
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HOCTh TeMmepatyp W RaBJeHHH MEXIY MOJy4YeHHBIM napoM H XKHAKO-
CThIO BO 'BTOPOM COCYyJ€, YTO BHauaJje BLI3HIBAeT KOH/eHCAIHIO Mapa
H3 TepBoro cocyna. CxphiTas TelljloTa ero KOHJEHCAIHH AaeT A0CTa-
TOYHO 3HEPrHH /I HCMapeHHs BO BTOPOM cocyne, oOecreunBas 3d-
¢ektHBHOE BhimapuBaHue. KonuuecTBo TakuX cTymedell MoXKeT JOCTH-
rath wectH. B MoJIOYHOH NPOMBILINICHHOCTH NIPH PEKOHCTPYKIHH YCTa-
HOBOK 4HCJIO CTyNEeHEeH NOCTENEHHO YBeJWUYHBaJOCh OT JABYX A0 TATH
[19]. MocJje 3TOro JMOrHYHO NMPHMEHHTh PEKOMIIPECCHIO Mapa, OCOGCH-
HO Ha KDYNHBIX ycTaHOBKaX. D(p¢eKT 3KOHOMHH 3HEPruu NpH ynapu-
BaHuu 450 000 21/u CHATOrO MoJiOKa 10 cofepXKaHus TBEPAOH (ashi
48% npusesen B TaGa. 7.7, OTKyJla ‘BHAHO, YTO MOJHOE MOTPeGJeHHE
HEPrHH CHHXKeHO NouTtH Ha 80% H naxe ¢ yyetoM mOTephb NPH MOJY-
UCHHH 3JIEKTPOIHCPTHH PCKOMIIPECCHA TMapa jJaeT 3KOHOMHIO OoJee
409% ronausa.

Tab6nuuwa 7.7. dueprus, saTpaunBaeMasg Ha HCNAPEHHE

Sueprust, MIx/a
3 - P
Mponece F:llflr,(.rl?g’?f:le[% napz‘ix:c(’r{l[u Ho Tendy no pacxony
TONJNHBa
Yernipexcrynenuaras Bhi- 0,0027 0,16 0,49 0,58
napka
Pexomnpeccust napa 0,0230 0,01 0,11 0,39

Mexanuyeckass pexOMIIpeccHs mapa DPHMEHSETCS AJs TPEX OCHOB-
HHX mponeccoB: 1) moayuenne 060J/ice KOHHEHTPHPOBAHHOIO NPOAYKTa,
2) yMeHblleaue ofbeMa XHIKHX CTOKOB; 3) BOCCTAHOBJICHHE BOJAKL AJ5
MOBTOPHOrO HCIOJbL30BaHHUS.

Haub6oasee ycnemno pekoMIpeccHs NPUMeHsIeTCs /11 KOHIECHTPaHH
OuYeHb Pa30aBJCHHOTO CHIpbs, MOCKOJLKY TPeGyeTcs BO3MOMKHO MEHb-
wasg Pa3HOCTb TeMIepaTyp KOHJEHCAUHH NMapa W KHNEHHS BTeKarlleh
)kunkocti. Ilo Mepe MOBHINEHHS KOHHEHTPALMH MOBHIIIAETCS H TEMIIe-
patypa KumeHusi pacteopa. OHa MOXKeT cTaTh Upe3MepHON JJA f1apo-
KOMINIPECCHOHHBIX CHCTeM. Jlpyroe orpannyeHue — HeBO3MOKHOCTb pa-
60TH Ha XHAKOCTAX C BHICOKOH BfI3KOCTbO. B MHOrocrymeHuaThiX Bhl-
NMapHHIX anmapatax MOXKHO HCIOJb30BaTh PEKOMIIPECCHIO Mapa TOJLKO
Ha TNEepBOW CTYNECHH, [AE PacTBOP €IIE CPABHHTEJbHO Pa3GaBJICHHHI.

BrLicokoBsi3KHe KHAKOCTH OOBIYHO 0o0pafaTHBAalOTCA B Clelnadb-
HHIX HCOApHTEJAX ¢ TOHKOH naeHkofi. Onu paboraioT NpH GOAbLLIOH
pasHoctH teMnepatyp, okoao 80 °C, mpu BBICOKOH NMJAOTHOCTH TENJOBO-
ro NOTOKa H MakKCHMaJbHOM HKCIOJb30BaHHH TOBEPXHOCTEH Harpesa
[20]. lloBnirenne TeMOepaTypel 0 TAKOrO YPOBHS H HCMOJb30BAHHE
C}KaTOro mapa B TOM e ammapaTe TPefYIOT CTeNeHH ¢xXaThf okoJo 10,
O/IHAKO MAaKCHMaJbHO JOCTHXHMAas CTeINCHb CKAaTHA B OJIHOH CTYIICHH
KOMIIpeccopa He npesniaet 1,8.

PeanusoBaHHbBe CHCTEMBl ¢ PEKOMIIpecchHel Napa BKJIOYAIOT KOH-
HCHTPAHHIO NYJbILI B OTX0A0B 6yMajXKHOH IPOMBIUJICHHOCTH, NPOH3-
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BOJACTBO CNIHPTa H MHOrOYHCJEHHHE YCTAHOBKH XHMHUECKOW N POMBIIL-
AcHHOCTH. TumuuHaa ycTaHOBKa ¢ pexoMmmpeccHeli mapa (uaum TepMo-
KOMIIPECCOpOM) Ha TepBOl CTYMeHH NOKasaHa Ha puc. 7.18. Tepmun
«TeDMOKOMIIPECCOP» BBEJCH NMOTOMY, YTO PEKOMIIpPEccHs -mapa MOXKeT
OBITb HE TOJBKO MEXaHHYECKOH. 3ayacTyio NPHMEHSETCS ITapO3KeKTOp-
Has pPeKOMIpeccus Nl NMOBHIUIEHHS moOTeHUHasaa Msrtoro nmapa. [lap
HH3KOrO JaBJICHHA MOXKET OBITh CXAT 10 HECKOJbKO 50Ji¢e BhICOKOTO
JaBJICHHSI ¢ NMOMOW1bIO OCTPOro napa B COOTBETCTBYIOILEM 3XKEKTODeE,
Pe3ybTHPYIOWHE NOTOK Napa NOBBILIEHHOTO NdBJCHHSA yaaeTcsd NoJes-
HO HCmoJb3oBaTh. Takas cucreMa paboTaeT TOJMLKO B CAyYae, eCJH
TpefyeMoe TMOBbILEHHE AaBjaeHus HeBeanko. Hepocratok Takolt cucte-
MBI COCTOHT B TOM, 4TO TpefyeMmoe JaBJieHHe OCTPOro mapa cpaBHH-
TCJAbHO BenKo (okoso 1| MITa) [21].

————

CTYUIENYaToOH CYHMIHJIKH CO
CcTeKalilel  Jenkoil o
pexoMIipeccyeit napa.

[—3 — cTyncHH BeiNapkH; 4 — T !' L
TEPMOKOMIIpeccop; § — Boxad- | }
noit nap: 6 — BakyyMm; 7 — é |

noaorpcBaTedpb H Kolfgelca-

TOp; 8 — cHipbe; 9 — Kk Ga- l
poMeTpy; 10 — KOIMCUTPHPO-
BallHBIH NPOXNYKT.

r
!
!
Puc. 7.18. Cxema Tpex- !
|
|
|
L

17

Jlpyras 6oabwas ofyacte NPHMEHCHHS TCNJIOBBIX HACOCOB — JH-
cTuiadmya. Kak npaBuso, B AHCTHAJANHOHHHX KOJIOHHAX TOJydYaercs
He BOJSHOH map, mo3ToMy 3aech TpebyioTcs KoMnpeccophl, cnocobubie
pa6oTaTh Ha OPOAYKTaX JAHCTHJJISUHH HJAH B 3aMKHYTOM [HKJE Ha
OOBIYHBIX XJajoareutax.

O6blunast AMCTHAJISHHOHHAS KosoHHa (puc. 7.19) cHabXeHa pu-
6oiiiepoM u KoHAcHcatopoM [22]. PuGoiinep mojorpesaercs BOJSHEIM
napoM, a KOHJEHCATOp OXJaXKaaeTcsl creuHaJbHOH CHCTEMOH, NMojgzep-
XKHBawueH HeOOXOMHMYIO TeMIlepaTypy KonjaeHcanuu. IIpgaMuiM nytem
IPHMeHEeHHEe TeMJIOBOro Hacoca AJA COKPAaUleHHA SHEPTrHH JHUCTHAJS-
UHH ABJSCTCH KHCIOJAL30BAHHE TENJOTHI KOHJCHCAIHH AJs 3aMCLICHHA
napoBoro mojporpeBa puboisaepa (puc. 7.20). CnenoBatenbHo, pHGOI-
JCp CTaHOBHTCSA KOHJCHCATOQPOM TENJOBOro Hacoca. [Jlnsa cHuxenus
MOLIHOCTH KOMIIpeccopa tpedyercss mOgNepKHBaTh BO3MOXKHO MEHbL-
Iy Pa3HHIy TEMIlepaTyp MexAy puOOHIepPOM H KOHAEHCATOPOM, HO
NPH 3TOM BO3PACTAIOT NOBEPXHOCTb H CTOMMOCTb TENJIOOOMEHHHKOB,
TAK 4TO HILETCHS KOMIIPOMHCCHOE PelieHHe.

JIpyruM nyTCM TIpUMEHeHHS TeIJIOBOro Hacoca fABJSIETCH HCMOJb-
30BaHHe NPOAYKTOB KOJIOHHBI B KayeCTBE XJaJ0areHTta, €CJH HX CBOH-
¢TBa 3TOMy HE NPENATCTBYIOT. DTO HCKIIOYAET Nepenaa TeMOeparyp b

— 185 —



KOHJCHcaTOpe WAM puboitncpa, T. e. mobimaer KOIL Cxembl Taxux
KOJIOHH MOKa3aHbl Ha puc. 7.21,

Ilpn 5KOHOMMUYCCKMX OLeHKaX ycTaHoBJjecHo [22], 4ro Temjonacoc-
HBIC CXCMHB HCKOHKYPCHTOCHOCOGHH MO CpaBHCHHIO ¢ OGBIMHOHR CXeMOfi,

- Puc. 7.19. Cxema obwunoft  gu-

J 4 CTHJISILHOINIOH KOJIOIIbL. g J
|_] ! — cbIppe: 2 — KOJOHHa, J— map: %
7 4 — Konlencatop: § — oXJAaXKLAl0-
ulasd cpepa; 6 — MHIKOCTB, 7 —
- BepxHuli npogykr; 8 — pHOo#ACD;
b 9 — BopsmHo# nap: 10 — KOHJEMUCAT, 7
1] — HHXMHHH OPOJYKT.
7 < I

11, N S & FO

Puc. 7.20. JHCTHAISALHKONNAS KO-
JouIna C TEIJIOBHM 1acocom b
3aMKITYyTOI'O LIHKJa (na creuH-
J 9 anbunom paGouem Tee). ]
1 — cBipbe; 2 — KOJAOHHA, 3 — nap, H g )
4 — ucnapHTeAb, 5 — APoccenb: 6 —
MHAKOCTh;, 7 — BepxuHil aponykr; 8—
y/7) puboliiep-KoHaelcaTop; 9 — Komnpec- Y4
i cop; 10 — HHXKNHII NPOAYKT.

i )
Lo
[ =

MONYyYaoiCiH  TEIJAO OT TCMJO3JEKTPOLCHTPAJH, ecaAu TeMmiuepatypa
KOuJCHcauuu naxoaurtcea B mpeaenax 35—110 °C. OcnoBHo#t 06s1acTbiO
MPUMCHCHHSA SIBJASIIOTCS AMCTHAJASANVOHHBIC KOJOHHBI C XOJIOAWbHBIMH
MKJaMH, a TaKXC MHOTHC JPYTHe HOBBIC NPOLCCCHI,

AN 4
b4 4] b4
A CEREE e
6 .
e 3
] ) 10 )

Puc. 7.21. CxeMu TeNJ0oBOro nacoca Iia Bepxiem npoaykre (a), IHXKIeM nPORYKTE
(0) M OTKPHTOrO LHK/Ia ¢ NapoTypOHNIILIM NpUBOAOM (8).

4 — GaK; {! — TypOHHa; [2 — pPeryAHpOBOYHBLY XOAOJAHAbHHK. (cTanbHble o0603HAYEHHH CM. B
NOJ0OHCH K PHe. 7.20.

CxeMa KOJIOHHBI, MPOAYKT KOTOPOI 1iCNOJB3YCTCS B KauCCTBC XJa-
noaresta [23] c¢ OOBIYHBIM Ta30BBIM KOMIIPECCOPOM, BbiMOJHAIOLIUM
$YRKUMN TCNJIOBOTO Hacoca, mpuBelcHa Ha pHc. 7.21. IlepBonauanbabie
OLCHKH NOKa3aJH, YTO TCNJIOBOH HAacoc MOBHINACT CTOMMOCTb KOJIOH-
bl mpuMepHo Ha 10%, HO maer sxonomuwr 25% 3xepruu. Ilpu stom
jie TpebyeTcst HHKAKMX W3MCHEHHME CYICCTBYIOUICH TeXHONOTHH AHCTH/I-
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AfiHK, HyKHO Jiuiilb fIOBBICUTD aBJeHUC B KOJOHHE, 4TOOB! YMCILIIHTD
pasMeps Kommpeccopa. Heobxoguma TujaTeJbHas npopaboTKa KOH-
CTPYKLHMH TCIJIOOOMCHHHKA, TaK KaK TCNJOBOH HAacOC MOBHILIAET TeMie-
patypy He Gosice uem Ha 20°C u Tpefyercs OuYcHB MaJgas pa3HOCTh
TCMICPATYp NpH TEIJI006MCHe.

Texnuyeckne npoGJiembl ynanoch NpeojoseTh CPaBHHTCABHO JICTKO,
H CPOK OKYNaeMOCTH KaNHTaJOBJOXCHUHA Obl1 KOPOTKUM. DKOHOMUS
HCPTHH MO3BOJACT MOJYYHTb B NPOMHILJIICHHBIX NPOICCCAX CPOK OKY-
macMOoCTH He foJee 2 jer.

Bosee monpoOHBle OmCHKHW NPEHMYICCTB TEMJOBHX HACOCOB MO
cxeMme puc. 23, 6 B IMCTH/JSLUHOHHBIX ycTaHOBKax [24] mpuBcacHh B
taba. 7.8. CHava/a IHCTHJ/JIALKOHHAS CHCTEMa mpejacraBasgaa coboi
0OBIYHYIO KOJIOHHY € BOJSHBIM OXJaXACHUEM KOHJCHCATODA H MPAMBEIM
nojorpeBoM pubOHJcpa, a 3aTeM ce MOLHGHUHPOBAJH C BKJAOYCHHEM
TCIJIOBOTO HACOCA, YTO CHH3HJO0 Pa3MCpPhl KOJOHHBI H HCKJOYHIO KOH-
acHcatop. CHABHO CHH3WJAMCh ¥ KaNHTaJbHBC, H 3KCNJAYyaTalHOHHBIC
3atpaTel. 31cCh K¢ NMPHBCACHO CPaBHCHWC ¢ CHCTEMOH MOAOrpeBa KO-
JOHHB! ¢ TOMOLIbIO COPOCHOrO TenJa, MoJayyacMoro ot APYyrol ycTaHOB-
KH, PaccMaTpHBAIOTCA TaKXKC CHCTCMB C HMCIOJNb30BaHHCM HarpeToH
TCXHHMYCCKOH BOIBI, NpPHMEHCHHC KOTOPOH HCKJAWOUaeT NOTpeOHOCThL B
rpagupHAX ¥ APYTHX TenJooOMcHHHKAX. BnoJiHe BO3MOMXHO, 4TO JaJtb-
HeHasi mpopafoTKa BBIIBUT ONTHMYM B COBMCCTHOM HCNOJIb30BaHHU
KaKk cOpOCHOrO Tenaa, Tak M TeNJ0BOroO Hacoca € KOMIIpECCOpOM
YMCHBUICHHOH MOILHOCTH.

Tab6anua 7.8. CpaBHeHHe XapaKTEPUCTHK TEMJIOBBIX HACOCOB
H APYIHX CHCTEM B ANCTH/UISAIHOMHBEX KOJIOHHAX

1larpes
2:?323? TenaoHacoc- ¢OpOcHhM
XapakTepHCTHKA BOIRHOE Hast EHCTeMa ;‘(e)g.gﬁngé
OXJNaXKI1eHHe OXMa W IeHHE
Temnepartypa komonim, °C 37 4,5 37
Ontumanbuoe pedaokcnioe oTnoulenye 6,9 5,6 7.2
Hpouent npesunrenust pedawokca 5 7 13
HuameTp koJonnu, M 4.7 44 48
Boicora Kogonmm, M 66 46 56
Toamua crenky, MM 36 14 35
Tensosasi moutliocTs Kompgencatopa, MBr 37 - 39
Hosepxnocrs kKonpencaropa, m? 5260 — 5680
Tennosast mouinocTh puGoiepa, MBr 37 36,7 40
[MosepxnocTh pHEoiinepa, m? 310 10 600 2760
Momnoets Komnpeccopa, KBT —_ 4200 —_
[Moanue KanuTanoBJONKENMsl, MJH. NOJJI 4.2 49 43
Oxuaaxpapomasn cpeaa Bona — Bona
CTOHMOCTb BOJLH, LENT/a 0,27 —_— 0,27
Hoanast croMMOCTb CHCTEMBE OXJaXKIeHHA, 1,9 — 2
MJIIL [TOJJL
I'petomuii arent [Tap un3Ko- — [Copsivasi
10 JlaBJeHHsA BO#A
CrouMocTb narpesaiwouieii ycralloBKH, MJIL 16 — 0,7
JLOJLIT.
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7.4. MCNIONb3OBAHME TEMJIA MNPOMBILUNEHHBIX CTOKOB

Hexoropeie maHHbie, NOKa3blBaiOlllie BO3MOXKHOCTh INDHMEHEHHS
TCIJIOBHIX HACOCOB B HCMOJIb30BaHKHK TeNJa cOpachiBaeMbiX XHIKOCTEH,
yxe Oblan mpuBcAcHbl B Taba. 7.1; B OCHOBHOM JJs NMHIEBOH NPOMBILI-
JIEHHOCTH, NPOH3BOACTBa 0€3a/KOrOJbHEIX HaNHWTKOB, MOJOKa W TNHBA.
B n#ineBoli mpoMbIIIJICHHOCTH HMEIOTCS ABa ¢nocoba MPHMEHCHHS Tel-
JOBHX HacocoB. Hapsaay ¢ mpocroit pexynepanue#l Temna BO MHOTHX
NPOH3BOACTBAX TPeOyeTCsl He TOJBKO TCXHOJOTHYECKOE TelJo, HO H
TEeXHOJOTHYEeCKHH X0J0[. 31ech TCIJIOBOK HAcoC HCMOJAB3YETCd TaK ke,
KaK W B CHCTEMaX OXJaxJIeHHS, ONHcaHHHIX B § 7.2, HO npu Gonee
BhICOKHX (mpumepHo Ha 20 °C) TeMnepaTypax HCDapeHHS H KOHJeHCa-
IHH. B TCKCTHALHON NPOMBINJICHHOCTH 4alie BCero NpHMeHsieTcs Ipo-
cTasg pexynepaius TenJja, NpHYeM IOC/Ae HCNONb30BaHHS B KauecTBe
HCTOYHHKA TeMJa XHAKOCTh cOpachBaeTcs.

7.4.1. NMIWLEBASI NPOMBLILLAEHHOCTb

Harorosnenne u ynakoBka NHINEBBIX TPOAYKTOB BKJIOYAIOT MHOTO
pa3JHYHBIX TPOLECCOB, CPeAH KOTOPHX 00JbLIYI0 A0JI0 3aHHMAIOT Ha-
rpeB H oxsaxjaeHnne. B GosnblIHHCTBE cjyyaeB H3rOTOBJAEHHE Henocpei-
CTBEHHO CBfI3aHO C YNMaKOBKOM, MO3TOMY OHH 31€Ch pPacCMaTPHBAIOTCH
COBMECTHO.

KonvyecTBeHHBEe qaHHBIE N0 9HEPromoTpebJeHHIO NHINEBOH npo-
MBIILJICHHOCTH MOJYYHTh TPYAHO H3-3a MHOroo6pa3ns Nponeccos H mpe-
HeOpeXeHHss K 3HEePreTHYCCKHM 3aTparam, CYILCCTBOBABLIEro 10 MO-
caepnero BpemenH. B CILA nonnoe norpeGiieHne 3HEPruM B NMHULEBOH
NpoMHLIIEHHOCTH omeHuBaercsd B 0,9-10'® x B 1971 r. * Bogsee Twia-
TeJbHbIH aHaJu3 npoBeacd B Ioananauu, rie muipeBas NpOMBIIIJCH-
HOCTh HaXOJHTCA Ha YETBEPTOM MECTE B CIHCKE OCHOBHHIX morpebure-
Jed anepruu ¢ norpebaenuem B 1972 r. 69-10 JIx, uyTo cocTaBiaser
9% snepruu. CratHcTKa B AHIVIHH BKJOYAeT NMHINEBYIO NPOMIIIJIEH-
HOCTb B pa3fie KJacCHPHKaUUK «IHina, HaUTKH W Tabak» ¢ norped-
JenneM B 1972 r. okoso 265-10' JIxk, T. €. BueTBepo GoJjblle, 4eM B
Fonnanpun.

B nmuineBoft mpoMbimsieHHOCTH 0c060e 3HaYEHHE HMeeT NPOH3BOJCT-
BO KOHCEPBOB H MOJIOYHBIX TpPOAYKTOB. IIpH KOHCepBHpPOBaHHH IIPOH3-
BOAATCS HarpeB H CTCPHJH3AIMA TIPH TNOBMILIGHHON TeMOeparype.
B MmoJiouHol NPOMBIIJIEHHOCTH 3HAauuTeNbHAs 3HEPrHsl pacXoiyercs
Ha 06paboTKy Kak MOJOKa, Tak H €MKOCTeHd [Js ero mphHema. 31€ch
IIHPOKO MPHMCHAIOTCA ropsiuas BOja W BOAsSHOH map u umeetrcsi 60Jib-
IIOC KOJHYCCTBO CTOKOB C Pa3/iYHOH CTCNEHbIO 3arpssHeHus. B muie-
BOH NMPOMBILIJICHHOCTH, a 0cOOEHHO B NMPOHM3BOACTBe nHBa, 0€3a/Ko-
TOJBHBIX HANMHTKOB H MOJOYHHIX NPOAYKTOB, BaXKHO cOXPaHATb BO.LY,
TaK KaK €€ CTOHMOCTb PacTeT H OHAa CTAaHOBHTCH CTOJb XKe AeHIHTHOH,
KaK H 3Heprus. B CTOHMOCTb BOXZH BKJIOUAIOTCS TakXke H 3aTpPaThl Ha
OYHCTKV CTOKOB.

* Oxono 30 M. T yeJoenoro tonausa. — Ipum. nep.
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KonnuecTBo KHAKHX CTOKOB B /i060f YCTAHOBKE MOKHO MHHHMH-
3upoBaTh. OOLIYHEIM MEPONPHATHCM SBJSETCA TEPEXOL K 000 POTHOMY
BOJIOCHAOKEHHIO ¢ WHDKYAsmHeld BOLb, HCMOAb30OBAHHON LIS Harpesa,
OXJIaXKACHHUST WM MBITbS, [JIf YCro BOAA NPOXOAHMT AOMNOJHHTCABHYIO
NOATOTOBKY H OUHCTKY.

Koncepsuposatute nuiyu. duepronoTpeSasiontie 1pOHEceH npH
KOHCePBHPOBaHHH ()PYKTOB M OBOILEH yka3aHbl Ha puc. 7.22 [25]. ITpuy
60JIBIIOM YHCJE TeIVIOBHX IMPOIECCOB CYILECTBEHHO peryJjupoBaHue
TeMOepaTypH AJAf NpenoTBpalleHns

neperpesBa U nepepacxona TONNWBA.  Jodbud Ppynisl, 06adit
Bonee paunoHanbueiMH sBasiorcs A
npouecchl HeNpPCPLIBHOrO HarpeBa Jvucmnd,
B TIOTOYHOH JNHHHH, a HC HATPCB B nafermin
OTAenbHBIX KaMepaX. KoHeyHo, nme- - afoua
€TCs MHOro ¢nocoboB yJayulieHus a7 lr gmbemidungs |
HCTO/Ib30BAHHA SHEPrHH H be3 ka- nomabager |
MHTAJOBJOXECHHH, CBA3aHHHIX C Tell- }
JoHacocHoR TexHosorueli. Cnepyer T4 | Awapes
OTMCTHTL TNpHMeHEHHe OOLIUHBIX -
KHIKOCTHHIX TeMN000OMEHHHKOB, UTO f
oueHb 3((EKTHBHO, 0COOEHHO MNpH JangnReLe
LdHUN

BbICOKOH  CTENEHH peKynepaikH.
Huxe npuBeeHH yeTHpe peKOMeH- .
oanuu: a4y i Betiaqa,

1. HMcnoab3oBadHhe MHHHEMAJb- yrmomuerite Pavox
HOH pno0aBKH Bogbl B NpOHECCE.
Bona ponxua ObITH HemapeHa Ha il ]r Umf.’;;a'/maaqan
NOCJAEAYIOmHX CTaAHAX TNPOIECCoB,
H 3TO yBeJHYHBaeT TeNJOBYIO Ha- !

Fpy3kKy. - Oxnaxiends

2. CnepyeT npoBepuTb 3Hepre-
THYECKYI0 3G (eKTHBHOCTL crmocoba bugxmsl o 08wt
HarpeBa. TeopeTHUCCKH HarpeB H g paxrax

puUroToBJCHHE NHINH NPH TMOBBl-  pye 7992 NuarpamMa notoka aneprau
IICHHOM HRaBJeHHH Oosace 3P eK-  npu H3roTOBNENMH MUIIEBHX KOHCep-

THBHEI, 4€M NpH aTMoChEepHOM HJH  BOB.
NOHHKEHHOM.

3. HenpepriBEBe Nporecchl NpeacTaBasiioT 0ojbile BO3MOXKHOCTEH
AJNs1 BOcCTaHOBJAeHHS Temna. OXJaXaeHdhe NPOAYKTa B psje cJaydyaes
NO3BOJISICT HCIIOAB30BaTh TENJIO OXJaXKaeHHs B gpyroM npouecce. Ecau
NpoaAyKT He Tpefyercss oOXnaxaaTb OBHICTPO, NPHUMEHSETCSH €CTeCTBEH-
Hasl KOHBEKIHS, H 3TO TENJO HCNOJb3YeTCs AJdS OTONMJCHHS.

4. Ecnu Heu3BeKHB KaMepHbie IIPOIECCH, TO caeayeT HCMOJb30-
BaTh PA3HHE COCYILH AJ5 HarpeBa H OXJaXJeHHS.

B npou3BoacTBe KOHCEPBOB YacTo npeHebperaioT NMOLAEpPKaHHEM
TeMIepaTypPHOr0 peXuMa, OTYEr0 3aTpaThl TelJa Ha MPOICCC YBEAHYH-
BaioTes, TIpH crepunnsamyy H3OBITOUHKIE HAarpeB NMPUMEHSIOT NPH OT-
cyTcTBHH HHGMODMAaumHH O XapPaKTepPHCTHKAX TenaoobMeHa H COpepXKH-
MOe TNeperpeBatoT AJIs rapaHTHPOBaHHS KAauecTBa MPOAYKIHH.
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Heo6xogumuift Harpes onpenedsetést TenfoBoil HeTOpHEH MPOAYK-
Ta, MOCKOJbKY YHHYTOMeHHC OaKTCPHH — (PYHKUHS KaK TCMIepaTyph,
Tak ¥ BpeMenun. Tak, HampuMep, BHJcpxkka npu 120°C B TeueHne
1 MHH gaeT MPHUMEPHO TOT Ke 3(1)(beKT kak 100 mun mpu 100 °C. Ilo-
CKOJbKY 3TOT 3Gb¢eKT pe3ko HeJHHCHHBIH, TOYHOCTh H3MEDPCHHA TeMie-
paTypel cTaHOBUTCA Bee GoJiee BaXKHOK Mo Mepe ee pocTa.

B 3Tux npoueccax ncnosb3yeTcs BOAAHOH Map AJs Harpesa H CTe-
PHJIH3ANMHK ¢ NOCAELYIOIHM oxJaxaeHuem npoaykra. Ilostomy tenJo-

] ffegedano ¢ Sude
uexmpaswepaaa 027 - ndaws

Repiavwan D nampeﬂammm
FHEPEAN
g
_.! (
a)

ﬂﬂlﬂﬂﬂﬂha ongiens a3 cmoxol 0,54
Apa CLHEPGHGG (cipocHie mesns)
gackmpoengpera 0,73
COpochet mEnnseXnaNioHIE KoNgpoccaonss:d 1087
M’Zeam'/m v fsixpam 0,68, _&, ¢ FademsnbN ﬂpﬂiyﬁyy 5,87
neplaswan S N Jogcmarvbrerros
eRepean  |Mlomepo MEXEROYE~ clpacRee menny
1.0 CROT MUL ROEIY — N fabasy
437 — Mexa g IocKan s f,‘,’.”’ 24
_‘\ mowrocms 0,26 '
ffomega
Apa JechreixNe (
5) xepma 0,08

ﬂmym/a aa mﬂn’ﬂi 882

Puc. 7.23. TloTokH 3Hepruy B TeillJIOBOM HAcOCE ¢ 3JEKTPONPHBOAOM (a) H c LIPHBOAOM
OT ABHraTesst pnyrpennero cropanus (6).

LludpH YKA3BIBAKOT JoJI0 NEPBHYHON SHEDPTHM.

BOH HACOC JOJIXKeH OBblTh pacCUHTAH HA NOjauvy Napa HH3KOTO JaBJeHN ]
W HCTOJb30BaHKe TellJla OXJaXKNalomuX KuaKkocteil, TemnepaTypa KOH-
AeHCAUWH JOJXKHa CYMIECTBEHHO mnpeBocxonuTs 100 °C, yto Tpebyer
TINATEJbHOTO BhIGOpa XJjajdoarenTa — paGouero TeJa TenJOBOTO HACO-
¢a, a TakXe ONTHMH3alHH CHCTEMB! NpyBoda koMmmpeccopa. Fla mpak-
THKE NpHMeHseTcd H 3JIGKTPHYCCKHI, W Fa30MOTOPHBLIE NPHBOI: mep-
BHH HMeeT GoJiee HH3KYI0 CTOMMOCTb, a BTOpOfi obecmeynsaceT Gosec
3 PeKTHBHOE HCIIOb30BaHHE ICPBHUHON 3HEPTrHH (pHC. 7.23).

PaccMaTtpHBaeTcsl BO3MOXKHOCTh NPHMCHCHHS TENJOBHIX HacocCos,
CPaBHHTEJBLHO HEGOJbINHX N0 MODIHOCTH, ¢ TEMIEpaTypOH KOHJCHCa-
uni 120 °C u ucTOYHHKOM Tenja — ropsiueli Bofoii mpu 70—80°C.
ITpuBoZOM CJYKHT ra3oBeH JABHraTess MouiHocThio 75 kBT, Huxe
NPUBOAATCA Pe3yJbTaThl HCCJACNOBaHHS, NMPOBEJCHHOIO MO TMOPYYEHHIO
EBponefickoft 3xoHOMHUecKoll KoMucchu [26].
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Ta6auua 7.9 JaslexHne xnagoareHToB

Xnapoareurts Hasneune, MIla
- OTHoulcHHe
Wudp 1TazgaHne H?ﬁg;{g‘?‘e m; 135158‘;"& nasaenutt
717 Avmuak 2.8 6,0* 24
40 Merunxaopun 1,36 4.5 3.3
764 JBYOKHCL cepnl 1,0 4,0 4,0
630 MeTtunamun 1,02 3.85 38
600a Haobyrau - 0,86 29 3.4
600 LyTtan 0,64 22 3,4
114 Huxmoprerpadroparan 0.57 2,05 3,6
21 HuxaopdropMeran 0,52 1,93 3.7
160 ITHIAMHH 0,49 1,90 3,9
631 STHIAMHUH 0,44 1,85 4,3
11 Tpuxaopdropmeran : 0,32 1,22 3.8
611 MeTuagopmar 0.26 1,19 4,5
30 Me THIXTOPHA, 0,20 1,05*% 53
610 SunoBLIH 3¢Hp 0,23 0,99 4,3
1130 ILuXI0p3aTHIEN 0.15 0,69 4,6
13 Tpuxnopdropmeran 0.15 0.60 4,61
1120 TpuxaopaTuaen 0,0 0,33* 8,3
718 Bona 0,02 0,2 110

* JKCTPANMONHPOBAUHBIE 3HAYEHHS,

Beobop xaadoacenra. Tlpoinsit onbiT He KaBas OCHOBH AJs BHGO-
pa xJlajoaresaTa, HOCKOJAbLKY PafoT, NMOCBALIEHHLIX YCTAHOBKAM C TaKH-
MH BBICOKHMH TeMnepaTtypaMmu, Obl1o oueHb Maso. EjpunactBenHoe
HCKalodenue — rtensoBoll  Hacoc «Westinghouse Templifier», o goro-
poM MOHJeT peus B . 7.4.2.

Buinu paccMoTpens Bee XxJafoareHTHl, NPHTOAHbIe A9 pPaboTH NpH
BEICOKHX TeMmmeparypax. Ilpu 3amanHofi TeMmmepartype KOHIeHCAUHH
120 °C nepsniit xputepuii oT60pa COCTOUT B TOM, YTO KPHTHUCCKAS TCM-’
nmepaTtypa xJajoaresta A0JKHA ObiTh Boine 120 °CH*.

Bbicokass TeMmmepaTypa KOHJEHCAUHH WCKJAKOYAET HCIOJb30BaHHE
OOBIYHBIX XJagoarenToB R12 u R22. O6s3aTenbHble kpuTepHu BHGOpa,
y®Ke 06CyXKAaBLIHecs B V. 3, BKAIOUAIOT BLICOKYIO TEPMHYECKYIO ¢Ta-
OHJbHOCTb, YMCDCHHOE [aBJICHHE KOHIEGHCALHH, BBICOKYIO CKPMITYIO
TCIJIOTY KHNCHHS H HH3KYI0 BA3KOCTb., OKOHUATENbHHI BHIGODP XJaXo-
areHTOB NpeJcTaBaseT KOMIpPOMHccHoe pewenue. Hapsany ¢ Temnepa-
Typoit konAencamuu 120 °C 3afaerca u Temnepartypa ucmapenus 60 °C,
W M0 HHM BBIYMCJASIOTCS OTHOLICHHC JaBJCHHUfi B KOMIpeccope H HaBJe-
HHC KOHAeHcauuu (Taba. 7.9).

* Crtosib Kareropuyeckoe BhICKa3wBallMe lipejcrapasercst leoGocuoBannuM, H60
noao6uo NpSAMHBM (3UepreTHyecKHM) UHMKaaMm Penknna npu cBepXKpHTHUECKHX mapa-
METPax BIOJIIE BOSMOXKIB 3(MQeKTHBNLe o6paTuble WHKIK NPH CBEPXKPHTHUCCKOM
AaBnenuu. — [Ipum. nep. o
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[pn Jyumem XJajpoareHTe naBJjeHHE KOHACHCALHH MOJYYaeTcs
yMepeHHhIM. B npotuBHOM cayuae Tpefyercss DNOBHILICHHE NPOYHOCTH
KOMIpeccopa, 4T Bhi3biBaeT ero ynopoxasue. Iocne xoncyapranuu ¢
H3TOTOBHTE/NSIMH KOMIIpeccopoB OBl IIPHHAT BEPXHHE Npenes paBJje-
nus 2,1 MIla. DToT KpHTepuil HcKJalOUaeT TakKHe XJaJOareHTH, Kak
aMMHaK, JIByOKHCh Cepbhl H MOTHJXJOPHJ, KOTOPHIC IIHPOKO NPHMEHs-
I0TCSl B NPOMBIIIJICHHBIX XOJOJHJbHEIX YCTAHOBKAX, HO HMCIOT JaBJe-
HHe KOHJeHCAIHH NPH PaccMaTPHBAEeMHIX ycJjoBHAX Bume 5 MIla.

OcranbHble XJanoareHTH — OPraHHYCCKHE COCJAHHCHHS, INOJydae-
Mbie H3 yraeBonoponoB. Cpenu HHX Boja NpeACTaBjseT BechMa HHTe-
pecHoe HcekaodenHe. Hu ofHH U3 HEX He HMEET LIHPOKOTO NMPHMEHEHHS

‘2l R4
LA g
22 /

I /”Z,/ Puc. 7.24. 3aBHcHMOCTb AaBJeHHs  OT
1,2 TEMTepaTypH XJAagoareHToB, TIPHIOA-
' T e K /

i //ﬁ’li HBX [T BHICOKOTEMIIEpATYPHHIX  Tem-
48 i/ 7 JOBHIX HACOCOB: IYHKTHp — TeMIepa-
74 é ___11-1_._.-—-- TYpPa BCachiBaHUsL.

60 80 Wy 1270 T°C

B TakoM Macmrabe, kak R12, R22 uau aMMHax, No3TOMYy JaHHLIC 06
HX CBOMCTBaX Kak XJaj0areHTOB OrpaHHYeHH, a B psAfAe cJaydaeB HX
NpOCTO He cyuiecTByer, ocabenHo aag 120 °C.

BaxHBIM KpuTepueM JJs BhIOOpa H3 OCTABIIKWXCH XJaj0areHTOB
siBJIgeTcd B3pLIBOO€30MacHOCTh, B HEKOTOPHIX cjayuasix NMPOMBIILICH-
HOrO MPUMCHEHHS BAXKHOCTh 3TOFO KDHTepPHS CHHKACTCH, HAIpHMEp
KOrda Ha NPOMHIJIEHHOM NpeANPHATHH MPHCYTCTBYIOT OrHEOMACHBIC
AKHJKOCTH K rasbl H yTeyKa XJaJi0areHTa He MOBHIIAaeT pHCKa MoXKapa.
YrTeukn xsajoareHta B atMocdepy, a ClelOBaTebHO, H BEPOATHOCTh
B3pLIBa YMeHbIIAIOT NyTeM YJYyUYLIeHHS YNJOTHEHHH, XOTS 3TO H BhI3bI-
BaeT 3aTpaThl. DTHIXJOPHA, NPOH3BOJHLIC METHIA H JHXJOPITHJICH H3-
33 B3PHIBOOMACHOCTH H3 pacCMOTPEHHSI HCKJII04aoT s,

Jns panprefiiero paccMOTPEHHS OCTalOTCHA TOJbKO TaJOreHHpO-
BaHHbie yTJeBOAOPOAH H Bojaa. B ¢Bs3u ¢ OTCyTCTBHeM HHGpOpPMAIHH
A5 MHOTHX COCAMHCHHH HHXKE MOAPOOHO paccMaTpHBAKOTCA TOJbKO
R11, R21, R113, R114 u Boaa.

3aBHCHMOCTL J1aBJCHHSL OT TEMIIePaTyphl AJs YOOMSHYTHIX YeThipex
XJ1aj0arcHTOB MOKazaHa Ha puc. 7.24. K xaXJ0My u3 XJaJ0arcHTos
MOXHO AaTh CNeAYIOIMHA KOMMeHTa pHi.

XnapnoarenTt RI1. OcHOBHOH HEZOCTATOK — BBICOKAs TeMIepa-
Typa nocae xomnpeccopa (141°C), uro MoxeT BLI3BAThL TePMHUCCKOE
HJIH XHMHYECKOe paspymenue coefauHennsd. 3HaueHue KOIT (3,9) no-
BOJILHO BLICOKO, 4 O0BeMHEIN PacXxon AoNycKaeT NPHMeHeHHE KaK mop-
IIHeBBIX, TaK U UeHTPoOeXHBIX KoMnpeccopoB. CTenenp cxaTusi U AaB-
JIEHHe KOHJeHCAlHH He NPCACTABJAIOT MpobJeM.

XaagoaresT R21. Hmeer paxe GoJsee BHICOKyIO TeMIepaTypy
nocje koMnpeccopa (154 °C), u mosToMy ero cTabuJbHOCTh IPeACTaB-
asict 00abiyl0 mpoGaemy, uyeM Yy RI1l. PacxogHbie XapaKTepPHCTHKH
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XOpoWwHe, NO3TOMYy TpebyioTcs CpaBHHUTeNbHO HebosblIHe KOMOpec-
copel, KOIT — oAMH M3 Jy4mHX, cTeMeHb CXKATHA HE TPEACTaBJsCT
npobaem,

Xnanoarent R113. O6bemunii pacxon Beaux (0,216 m3/c), uto
BTpoe Bbille, ueM y R21 u R114. TlosToMy ero ucnoabsoBaHue B f1op-
IIHEBLIX KOMINIpeccopax BHI3WIBaeT TPYAHOCTH. B03MoxkHO npuMesenne
B LEHTPOOEXHHX KOoMIpeccopax Goabmoii MomHocTi. Ero mpenmyiie-
CTBOM saBJseTcs Bhicokoe 3Hauennme KOII, nauskue naBjeHune u TeMie-
patypa moc/ae KOMIpeccopa, YTO CHHXKAaeT OMACHOCTh pa3JoXKeHHA
XJlaf0areHTa.

Xnmanoarent R114. Haumenbmas teMmepaTypa mocije KOMIpec-
copa H, cJeAOBaTENbHO, HAUMEHLINAS OMACHOCTh pa3joxkeHHA. Takol
Xe o0beMHBIH pacxon, kak y R21, u, caenoBatenbHo, Takue e po-
OJjeMbl ¢ pasMepaMu Komipeccopa. HauGoJbilee naBaenue Ha BXOE B
xoMmrpeccop (0,57 MIla), uTo BHI3LIBaeT NOBLIMIEHHYH HArpy3Ky Ha
YIOpHBIH MOMIIHIHKK BaJja KoMmimpeccopa. HaBaeHue mocae Kommpec-
copa (2,05 MIla) rakxe naubBosee BHICOKOe, TpubOIHKaOUEECs K Tpe-
Aeay AJas OOJMbLIIHHCTBA KOMIPECCOPOB, a B HEKOTOPHX CcJyyasix H
npeBocxossiuiee 3ToT npenes. Crenenb cXkaThsg caMasi HH3Kas H ca-
muiii Hu3kui KOIT (3,19).

Bona (R18). Nmeer naunbonbmuit KOIT (4,1) Onaronapsa Gouib-
II0H CKPHITOH TemsoTe. Jpyroe 3nauyHTeNnbHOE IIPEHMYyIECTBO — BBHICO-
Kasl TepMHYecKas cTaOMALHOCTL B CPAaBHEHHH ¢ [aJIOTCHOBOJOPO/LAMH.
Onnako temmepartypa mocje kommpeccopa (412 °C) noBosabHO Besnka,
uTO BHI3HBaeT NpoGJjeMbl BHOOpa MaTepHaJoB KoMmmpeccopa. O6nbeM-
HBIE pacXxoli OuYCHL BeJHK, B 4 pasa BHmE, 4eM y R113, uto Tpebyer
NpHMeHeHHA OOJbIIHX IEHTPOOEKHBIX KOMIIPEcCOPOB, a BBICOKOE OT-
Homenue gaBacHuA (10) — MHOroctymeHuaThix KoMnpeccopos. Husxkoe
JlaBJeHHe BO BcachiBawuiel Tpyfe BLI3BIBaeT OMACHOCTh IIPHTOKOB M3
atMocdepH.

OcCHOBHOH pe3yJbTAT aHAJH3A I[HKJIOB COCTOHT B TOM, UTO HH OJHH
H3 MATH PacCMOTPEHHHIX XJaJOareHTOB He fBJASETcs HAeaJbHO [MOAXO-
AAIUM 125 1ocTaBaeHdHo 3agaun. Kaxabuii XnmagoaredT co3jaer mpo-
6nembl. Bona npejacraBasier MHTepec AJd NMPHMEHEHHS B QYeHb MOMI-
HHIX TCNJIOBHIX HacocaX ¢ 60/bIIHMK HEHTPOOGCKHBIMH KOMIIPECCOPaMH.
Hayuenne mpoGneM, BH3BAHHHX BHICOKOH TeMIepaTypol cxKaTHsa A
OObIIAM OTHOIICHHEM JaBJeHuit, morpeboBano 6bl 60/bllle BPeMEHH,
yeM OBLJIO OTBEEeHO Ha NPOEKT, NMo3TOMy Bojaa OHJa HCKJOYCHA H3
paccMoTpeHHs.

Jast BoIGopa w3 OcTaBUIMXCA Beects Oblj MPHMEHEH NONOJHHTEb-
HHIH KDHTEPHH — TepMHuYeckas H XHMHYecKas cTaOHJALHOCTb TIPH BHI-
cokoit remneparype. [Ipu Temnepartype xounencanuu 120 °C pasnoxe-
HHEe KaKOH-TO NOJIH BeuiecTBa HEeH30exkKHO, M €ro MPOAYKTH MOTYT BhI-
3BaTh KOPPO3HIO H/H yMeHbIIHThL 3¢ ¢GeKTHBHOCTL IHKJa. KpoMe Toro,
BO3HHKAKOT MpoOjeMH 1H3-3a [OBHINEHHS PACTBOPHMOCTH XJaJ0areH-
Ta B MacJie H NOBHIICHHS CKOPOCTH T'HJPOJH3a, YTO OCOOCHHO CyuIecT-
BEeHHO [IPH BLICOKOH TeMIepaType ¢3KaTHS.

PacTBopuMOCTL XJ1a/l0areHTa B KOMIIPECCOPHOM Mac/e€ 3aBHCHT
oT TeMnepaTyph. Hem GoJiblle pacTBOPEHO XJaJ0areHTa, TeM CHJbHEE
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H3MeHSI0TCS CBOHCTBA MacJja, B 0COOCHHOCTH CYUIeCTBEHHO NajicHHC
BA3KOCTH. Ecan BsiakocTh cHuxkaercs no 102 [Ta-c¢ u HuXKe, 3aTPyAHS-
ercsl cMa3xa NOAIWNHHKOB. N5 CHHXKeHHS KOJHYeCTBAa PacTBOPCHHO-
ro XJajJoareHTa 3ayacTyl0 BHYTDH KOpOyca KOMIOpeccopa ycTaHaBJIH-
BAalQTCH clenuasbHbie HarpeBatean. [Ipy BBHICOKHX TeMpepaTypax XJja-
JLOATeHT B3aHMOJCHCTBYET ¢ MacaoM ¢ o0pas3oBaHHEM Yraepoacojep-
JKalluX 3arpsA3HCHHN, 4 B HEKOTOPHIX CJAy4asX W KHCJAOT. 3arps3HeHud
YXyAIIAIOT CMa3biBalomlylo Ccrnoco0HOCTh, a4 KHCJOTH BHI3HBAIOT KO-
po3HI0.

OTHOCHUTENLHO cOlepKaHus BOJB  CJCAyeT OTMETHTh, YTO BOJAa B
NPHHIKNE HE N0JI)KHA NPHUCYTCTBOBAThL B CHCTEMe, oJAnako HeboJblloe
€€ KOJHYeCTBO HCH30CKHO IPUCYTCTBYCT W NPH BLICOKHX TeMIepartypax
BCTYNACT B PCAKIUIO THADPOJK3A C XJaaJoarenToM ¢ obpa3oBaHueM Kop-
PO3HOHHO-aKTHBHBIX KHCJOT. JTa NpobaeMa CBOicTBeHHA BceM XJa-
noareHTaM, YTo He jacTt ocHoBaduH Jad sBubopa. Peuenne npoGJeMhl
COCTOHT B YCTAHOBKC OCYLIAKIUX YCTPOHCTB B XHAKOM XJAJ0Aarcure,
YCTPAHAIOWHUX BOAY H KHCJAOTH. JIJg 3TOr0 HCHOJAb3YIOTCS aKTHBHPO-
BAHHLIC OKHCJBl aIOMHHHS H CHAHKAreb.

CorJsacHo monyYeHHBIM JAAaHHBIM, [aJIOTEHOBOJOPOAHBIE XJaloareH-
Thi BBHISBIBAIOT CYLIECTBCHHOC pa3pyllieHHe NJaCTHKOB H 3JacCTOMEpOB,
NO3TOMY JAJ5l KaKAOH KOHKDETHOH XHIKOCTH HeoOXonnMo moaGupath
CBOH KOHCTPYKIHOHHBIE MaTepHaJbl,

XnajaoareHT Takxe pearHpyeT u ¢ MeTasJaMH, HO NPH MaJHX TeM-
nepaTypax CKOPoCTh peakuuH npeHebpexnMo Manaa. OnHakKO KOHICH-
cauus npu 120 °C NpHBOAMT K NMOBHUIEHHIO CKOPOCTH PeaKLUHH H BO3-
HHKHOBeHHl0 npobJseM, cBSI3aHHHX ¢ 3po3uced. [IpuMeHeHune LKHKA,
MarHHsl H ajiOMuHUs, coaepxauiero Gosee 29 MarHufl, B KOHTaKTe
C TaJIOrCHOCOJACPXKAIIMMH XJaJ0areHTaMH HE PEKOMEHJyeTcs IIpH JIo-
OBIX TeMOepaTypax.

Tepmuucckas cTaGHJIbHOCTE — HauGoJee BaXHHH QakTOp B OKOH-
yaTeJbHOM BHIOOpe XJajnoareHtTa. Kak caM¥ xJajoaresThi, Tak H TO-
CAeICTBUA MX pa3jloxeHHs BechMa Joporu. dra npobaeMa MHOro-
MJ1aHOBA, MOCKOJBKY XJaloareHThl Pas3pyllaloTcs He TOJALKO NOJA BO3-
ACHCTBHEM BBLICOKOH TeMICPaTypH H H3-3a PCAKIHH C Pas3JHUHBIMH
MeTdJ1aMu ¥ MacaoM. CKOpOCTh PCaKIHi C pPa3JHYHBIMH MeTaJlaMH
pPa3jH4YHa, H MO3TOMY B CPaBHCHHAX YUHTHIBACTCS HEKOTOpas ycpen-
HeHHasl CKOPOCTb peakuuu. HM3-3a orpaHnuCHHOCTH BHICOKOTEMIIEpATyp-
HBIX NpuMeHeHNH MaHHHX 0 pasaoxenuu RI11, R21, R113 u R114 npu
BLHICOKHX TeMmepaTtypax HeMHoro. TeM ne MeHee 3akJaiwoueHue o6 OTHO-
CHTEeJbHOH cTabHJABHOCTH XJ1aJ0arcHToB cjacjatk MoxHo. (Pupma
Du Pont pexoMeHayeT paboumne TCMIEPATYPH, YKa3aHHHC
B taba. 7.10.

ITH AaHHbIC OHJIKH NOJyYeHBl H3 CepHH HWCOHTAaHHE ¢ ofpas3nmaMu B
repMeTuHnHX TPybOkax. ITonob6ume uccaenosanus nposeneHs ITapme-
JH. B HUX XJaf0aredT WCOBITHBAJCA NPH pPa3HBIX TEMIepaTypax B NpH-
CYTCTBHH HeTSAHOIO MacJa, ajJlIOMHHHS, ME/IH H XKeJe3a.

Ony6avkosanabe AaHHBE O CTalUJbLHOCTH XJaJ0arcHTOB JAaloT
Pa3HBbIC 3HAYCHNA JJS CKOPOCTH DPAa3JIOKCHHS B 3aBHCHMOCTH OT METO-
A4 HCMHTaHWH, TPHCYTCTBYOLUIHX MaTCPHAJOB H BpeMeHHn HalaIOaeHUH,
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Onsako KauyecTBeHHbIC 3aKJIIOUYEHHS 00 OTHOCHTENbHOH CTaGHJLHOCTH
OHH BCC K€ MO3BOJAT cAenath. Flanboaee CTOMKHM INpeacTaBageTCH
R114, uto, BeposTHO, 00bsicHsieTc GOMLIIOH NoJacH (TOPa B MOJCKYyJe-
[Tockonbky ¢TOp — 3JACKTPOOTPHIATENbHLII 3JEeMEeHT, B MOJCKYJe
obpasyloTcl CHJbHLIE TOJSIPHLIE CBSI3H, uTO jgenaeT ee BGoJgee cra-
OHNBHOH.
Caenywomum no crabuabnHoctn cuurtacreds R113, 3a nnwm — R,

HanMeHee cTabusbHHi #3 HEX R21. Csasb Mexay cTabH/IbHOCTBIO MO—
JIEKYJIB ¥ cofiepxkanneM hTopa NokKasaHa HHXKE: -

XaagoareHTs B mopsiike crabuwaexoctdw . . ., 114(4) 113(3)
KoJandecTBo atromoB (propa b MoJekyae . . . 1y 2t

Bee pacueTh nmoxasajH, YTO TeMIepaTypa CKaTHA AJs pas/HYHBIX
XJ1aJJ0areHTOB BhIIIe MAaKCHMaJbHHX TeMiepaTyp, PeKOMCHAOBAHHBIX
Ass HenmpephiBHON paboThl. PaKTHUECKH TeMOepaTypa CXKaTHA XOTd
H 9BJASCTCHd MAaKCHMaJbHOH B HHKJeE, AeHCTBYET B TCUEHHE MAJOH A0JH
BpeMCHH paboTH Beeli CHCTEMH. TeM He MeHee, NOCKOJbLKY Pa3soXeHuC
XJafoaredTa spJsercs TJasHOH nmpobaeMol TenJoOHaCOCHOH YCTaHOB-
KM, pekoMeHJyercs BhOHpaTb XJaanoareHTw, Haunboaee crabuabHbe
IIpy naHHBIX yeaosuax paborth. B tabn. 7.11 ykazaHa pa3HocTb MCKAY
pacyeTHOH TCMNEpaTypoH CXKaTHA W MaKCHMaJbHOH PEKOMCHOIOBAaHHOH
TeMIlepaTypoi.

Tab6auma 7.10. Tepmuyeckan Ta6auua 7.11. CooTHolleuue
CTOHKOCTbL XJIAJ0ArenTa MeKEY TemMnepaTypoil cKaTua
H peKoMeHA0BAHHOH TeMmepaTypoi
MaKcHMaibHas g‘;;?ec’;:; 3;3‘ Temneparypa, °C
Xaagoareur :;T;:g:;ggg 200 °C Xaano- Pasvoctb
paboTh, °C Co CTadablo, arent peKoMen- jTEMIEPATYD
% B roj CHATHA { nopaHHasl
113 107 6 114 125 121 4
11 107 2 113 133 107 26
{14 121 1 It 141 107 34
21 121 HeuspecTro 21 154 121 33

R114 paboraer npu teMnepaTtype Ha 4 °C BHIlIe peKOMeHJOBaHHOH,
TOrja Kak Jpyrue XJajoarcHTh — He MeHee uem Ha 26 °C. C rTouku
3peHHs cTaOuJABHOCTH XJaj0areHta OuYeBHAHH mpenMywectsa R114,
OLHAKO Yy HEro HauXy/JIIKHe TePMOJHHAMHYCCKHE CBOHCTBA H OH Tpebyer
BhICOKHX nasaedufi. Caenyioumee no crabunabiaoctd BeuiectBo R113 —
OHO W3 JYYIIHX B TCPMOAMHAMHYECKOM OTHOUICHHH, TpeOyeT HH3KHX
JlaBJeHHi ¥ XOpOIIO COrJacyercsi ¢ MpHMeHeHHeM LeHTPOGeXHLIX KOM-
Npeccopos B TCMJIOBBIX HAacOcaX GOJbIIOH MOLIHOCTH.

OxoHuaTesbHHI BHOOP XJamoareHTa npoBoauTcs Mexay RI113 u
R114. IMepsuii 6yaet npuMeHAThCS B HEHTPOOEKHBIX KOMIpeccopax, a
BTOPOH — B TIOPIIHEBOM KOMIIpeccope ¢ ra3oMOTOPHBIM TNPHBOAOM Ha
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Tab6auuna 7.12. XapakrepucTHRn XAafoATeRTOR

XapaKTepucTuka RI114 RI113

IMpeumymecrsa | Ilopnimennass Tepmuueckass cra-| Huakoe nasaende cxaTtud
GHIBHOCTD Buicokuii KOIT

HepocTaTky 1. Bocokoe papmernye Tpebyet|l. Bricokas cTenenb CXKaTHs

yTsKenenus tpyGonposopoe u| Tpebyer Oosee noporMx MHO-

KOpITyca KoMIIpeccopa roctymendatelX 1enrpobexnbix

KOMppeccopoB

2. Broicokoe napnenye ha pxopel2. Huskada TepMHueckasm cra-
MOBLIHIAET Harpysky na ynop-| OunbnocTb  MOMKET  BhI3BaThb
HB[ TOAHIMIIHMK TOPMINEBOro| KOPPO3HIO B CHCTEMe
KOoMIpeccopa

3. Boabmiasi pasuocte papnenuii{3. O6beMubift pacxof COHHIKOM
BLI3bIBAET MOBMIHEHIEe HaRPs-{ BeJIHK JJf MOPWIHEBHX KOM-
KeHuss ¥ yTedkd B KoMIpecco-| mpeccopos

pe

75 xB1. OTHochTenbHble NpeHMyHIECTBA M HEAOCTATKH XJaJg0areHTOB
CyMMHpOBaHH B Ta6J. 7.12,

Buibop xkomnpeccopa. B ra. 3 yke paccMaTpHBAJHCh THIH KOM-
NPECCOPOB U HX XaPAKTePHCTHKH. [{1 KOHKPETHOrO TCXHHYCCKOFO IIpH-
MCHEHHS OKOHYaTe/bHEIM KpPHTEDHEM BHIGOpA CAYXKHT CTOHMOCTb.
B paccmarpuBaeMom mpoekTe A5 MOUIHOCTH 75 KBT, ecrecTBeHHO, BhI-
6paH MOPIIHECBOH KOMIPECCOp C BJAAaXKHBIM peXHMOM paborh. LienTpo-
Oe3KHbIH KOMITpeccop NPH TAKOH MOUIHOCTH YpPe3MEPHO Jopor, OH CTa-
HOBHTCSl KOHKYPECHTOCIOCOGHHM NpH 60JbIIUX MOIHOCTAX.

Texanueckne npobseMHl, CBA3aHHBIE ¢ BJAaXHBM PeXHMOM paboTH
KOMIIpeccopa, peliaioTcess OOHYHBIMH TEeXHHYecKMMH cnocoGamu. [Ipo-
6/1eMa BHXJIONHBIX KJaNaHoB, paboTalouMX NpH MaKCHMaJbHOH TeMIle-
patype nukaa 125 °C, He 6osee cJA0XKHA, YeM NIPH HCTIOAb30BaHMH 00 bIY-
HBIX XJaJ0areHToB ¢ TeMmnepatypoil koxnencanun 60—70°C, wo mpu-
MEPHO TaKOH XK€ MaKCHMaJIbHOH TeMIlepaTy poil HHKJa.

[TpepnaraeTcs NPHUMEHATh BHCOKOBSI3KOE MacJo, MOAAEPKHUBACMOE
npu temnepatype 90-—100 °C, Bo u3bexaHHe 4UPe3MEPHOro PAa3Ku-
KEHUS. :

Tasoasui dsuzaress. BeiGop ABHraTeas oGeyxkjiancs B ra. 3. JKo-
HOMHYHOCTh Ta30MOTODHOrO0 TIPHBOAA  MOJHOCTbIO  ONpENEeJseTcs
HCII0Jb30BaHHeM COPOCHOro Tenja jaBurartenas. EcaH 3HAYHTCABHYIO
yacTh 3TOr0 TeMJa He ucnoas3oBath, To KIID Gyger camimkom
HH3KHM,

IMepBriM u HauGosee BaXkHHIM NOKaszaTeJeM KOHCTPYKIHH SABJSET-
cs repmudeckuii KITJ nBuratens. On pasnuueH Mas pasHbiX ABHraTe-
Jeii (rasoBbix Typ6HH, AH3eJel, Fa30BhIX MOPIIHEBbIX), a TaKkKe 3aBH-
CUT OT CKOPOCTH M HATPy3KH.

B paccMaTpuBaeMoMm.cayyae BhGDAH 4eTHIPEXTAKTHHIE NOPIIHEBOH
ABuratesab 6e3 HajaAyBa ¢ oxunaemeiM tepmuueckum KIT/I 319%.
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[Tpu wacruunoit narpyske KIT/I usMensieTcs B 3aBHCHMOCTH OT BO3-
MOXKHOCTH DeryJupoBaHus ckopocTH. Ecan OHO HEBO3MOXKHO, TO MOl
HOCTh CHHMXKAeTCs NYTeM JPOCCEeJHPOBAHUS NPH NMOCTOSHHOH CKOPOCTH.
[Tpu mocTosiHHON CKOPOCTH ylenbHBIH PacXOX TONJHBA BO3pPacTaeT Npu
CHHIKCHHSl HATPY3KH. EcJu 3Ke CKOpOCTb CHHKAETCH, TO H YAeJbHH
pacxol MoxeT HECKOJbKO YMCHbIIHThcA, Jlag paccmarpuBaeMoil ycra-
HOBKH NPHHAT Tepmuueckuit KII=31Y% npu Bcex pexumax.

Ocrasmuecs 69% saTpauenHoit aHeprun c6pacHBaOTCI B BHAE Tell-
Ja BHXJONHBIX Ta3oB, OxJaxAawumel BoJAb, OXJaXJeHHS Macaa H
H3JY4YCHHS, COCTABJSAIOIIHX CJACAYIOUIHC NpoueHTHue goau 28, 30, 3 u
8Y% cooTBeTCTBEHHO.

Vf/.?

Puc. 7.25. TennooOMeHtiuk pasi Menoab3oBanus cOpociioro
Tell/la B TellJIOBOM HAacoce ¢ ra30MOTOPHbIM 1IPHBOLOM.

Bruixsonasle rasw ¢ pacxonom 0,1 xr/c umeior remnepatypy 650 °C.
[Toneanoe tensno (oxono 47 kBT) MOXHO MCTIOJIb30BAThL MPH HX OXJAXK-
Acnun no 180 °C. dTo 3Hayenwe TeMnepaTyphl BHGpPaHo MO JBYM c00G-
DaKeHHSIM: /I MCKJIOUEHHS KOHJACHCAIIMH M yMCHBLIIEHHS Pa3MepoB
tennoobmMeHHrKa. KosjeHncanys BHIXJONHHX 'a30B ONpefeJeHHO Npo-
uexonut npu 100°C, a MoxkeT 6bITh M Bhillle B 3aBUCHMOCTH OT BJaxK-
HOCTH ra3os.

d®opma TennoofMeHHHKa 3aBHCHT OT €r0 Ha3HaYeHHS: HATPeB BOJIHI
HJIH reHepauud napa. B cayuyae BHICOKOTeMIEPaTy PHOTO TENJIOBOrO Ha-
coca Tpebyercsl MpPOM3BOJCTBO NMapa HH3KOFO JAaBJEHHUS H, CJAel0Ba-
TeJbHO, TenJ0o0OMeHHHK KOHCTpyHpyercs Kak kores. HanbGosee pac-
NpOCTpaHeHHON KOHCTPYKIHCH SBJSCTCH KOXyXoTPyGHasi ¢ yBeJduuye-
HHEM NOBEPXHOCTH TPYyO €O CTOPOHBI BhiX0Ja ra3oB. Kax W B KOHAEH-
catope, HeoOXOJHMO peryJHpOBaTh YPOBeHL BOJAH M jaBJieHHe Dapa.
[Turatenvnoli Bojgol cayXHUT Bo3BpamaeMbii kgonaencat (puc. 7.25).

Oxoao 80 kBT Tenaa noayuaior B BOASAHON pybalike OXJaX/AEHHS
ABHraTeNst v NPU OXJAaXkKAEHHH CMA304HOr0 Macaa. DTo TEWI0 JOJNXKHO
OHTL OTBeJEHO BO H3fekKaHHe meperpeBa ABHrarteas. Ecau oTBoj Ten-
Na mpoucxoAuT npu temneparype 110—120°C, to ero MoxkHO n06a-
BUTb K Temay OT kKoajaencatopa. Ho ecau JABuratesJb, KakK 3TO Yalle
OHBaeT, oxaaxnaerca Bogoi 1o 80—90 °C, T0 3T0 Tens0 3HAYUTEJLHO
MeHee IeHHO. TeMmmepatypa onpejenasieTcsi DO COrJACOBAHHIO C H3ro-
TOBHTCJASIMH JBHI AT
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HitoroBoe pacnpemeneHde 3SHEPrHH B YCTAHOBKE cJAeAyIoLiee: IO-
Je3Has pabora — 31, nonesnoe ucrogablyemoe cbpocHoe Tenyo — 49 u
Hedcmoab3yemoe Tenao — 20%. boanmoe koaHYeCcTBO 110J€3HOTO TCIIa
MOZKHO MOJIYyYHUTh NMPH HCIAPHUTEJbHOM OXJaXK/JeHHH, HeOOXOHMOM A4
9KOHOMHYHOCTH ycTaHOBKH. Ho ucmapuresbHOe oxnakiaeHue tpebyer
- 6oJice foporux aBHraTesed, ueM oOhIUHOE.

Pexomendyemas cxema Ycranosku. TepMOAHMHAMHUYCCKHH pacyer
aas xnajnoaredta R114 npu temnepatype xumends 60 W KOHJCHCAIUH
120 °C naet caenyiouide NOTOKH TeMJa: Ha BHIXOJE U3 KOHIEHcAaTOpa —
239, Ha Bxoje B Hucmaputeab — 164, npoMexyTouHhil TENI006MeH-
HUK — 31, MomHoCTh KoMIlpeccopa — 75 kBt, KOIT=3,19.

Konneneatop Bhimaer map npu 110, a ucnapurenb HarpeBaercs
c6pocubeiM nOoTOKOM ¢ TemmnepaTypoil Boanl 80 °C. ®akrTHueckas Temie-

patypa NpOU3BOAHMOro NMapa 3aBH-
z 47 cut ot KIIJl TenaooOMeHHHKOB.
Ecnu OGyner HafAJeHO BO3MOKHEIM
nepenath 239 kBt npu pasHocTH
temnepatyp 5°C, 1o TeMmmeparypa
napa noBbicHTCa g0 115°C. Ho ecau

i

7
| Puc. 7.26. CxeMa rasoMOTOPHOro TemJo-
_ L g 41 BOr0 Hacoca ¢ HCMAPHTEJBHBIM OXJaXJe-
b HHEM JBUTATEJA. |
1 — HcapHTedblIOe oXxaXjcyie aBurarenas; 2 —
) BO3BPAT KONJACHCATA;, 3 — BOAANCH map: 4 — Bhul-
m

[
b"_'\

-

1

XJION; 5§ — nBUTATeNb; 6 —— KOMIIPCCCODP; 7 — KOH-
ncucaTop; & — OTBOA, Tenaa oTF Macaa;, 9 — npo-
MCIKYTOYHBIA TCOAOOGMCLIIIK, [0 — 1cTIapHTCb,

pasHocth TemmepaTyp OGyaer 15°C, To TeMmepaTypa mapa — TOJbKO
105 °C. B mo6oM cayyae xj1af0areHT KOHIeHCHPYETCS npu 120 °C, uro
B HaCTosliee BPeMs CYMTACTCH BEPXHHM TpENeJOM, OrPaHHYHBACMEIM
MaKCUMaJbHHM JaBJCHHEM KOMIpeccopa.

CxeMa pexOMeHJyeMoro Hacoca Noka3ana Ha puc. 7.26, Temmepa-
Typa HcDapeHHs pEeryJjHpyeTCs pPACUIMPHTEJbHBIM KJaNaHOM H 3aBH-
cut ot KILI nmpoMe:kyToynoro tenaoofMeHHHKa. Ta 3aBHCHMOCTD
00y C/IOB/I€HA TeM, 4TO TeMICPATYPA HAa BXOJE B KOMIPECCOp COCTABJSI-
er okoso 73°C, 1. €. 60°C B ucmapurene mmoc 13°C — peperpes B
NpOMEXKYTOUHOM TemnoobMennuke. Ecau addexTHBHOCTL 3TOrO TEMIO-
o6MeHHHKA GoJiee BbICOKA, TO HCIIAPCHHE MOXKHO NPOH3BONHTh, HAIPH-
Mep, npu 55 °C u nabaecnuu 0,5 MITa ¢ neperpeBom na 18°C.

IipomexyTounnii Tennoo6MeHHHK (HasHBaeMHIl TakXke neperpepa-
TeJEM) MPHUMEHAIOT B TENJIOHACOCHOM IHKJE NS oGecmedeHus Heo6-
XonuMoro neperpeBa Ha 13°C 3a cuer oxsaXIeHHS CKOHIEHCHPOBaB-
IWerocst Npu BHICOKOM NdBJIEHHH XJajoarenta. TakuM myteMm obJerya-
ercs paGoTa uCOAPHTENd H YMEHBIIAIOTCH ero pa3Mephl. Ileperpes
napa B caMOM HCHapHTese MpHBeJ Obl K €ro CyUieCTBeHHOMY YBeJaHde-
Hu10. Ho nmpoMmexyTounblii Tennoo6MennuK He ABJSETCs HEOBXOAUMOI
4acThiO cxeMH. ECAH oKaxercs, 4To ucnaputenb paboraer Jydile, yem

OXHNaJ0Ch, WJIH YTO MOTEPH 4Ype3MepPiio BeJUKH, TO NeperpesaTtelb
MO2KHO YIaJHTb.

— 198 —



Hu>xe npuBenes sHepretudeckuii Gananc 3TOM CHCTeMBl (OTcuer
3HePrHd HarpeBa Bedercs oT 60°C — HaunHameli TeMIepaTtyphl
IHKJ4)

Bxon, Mol;l.ggcm. BXon Monll(l.]lal(;mb.

Tazosoe Tomawso . . . . . . 242 Nap:

Oxnaxpawinas soga 0,5 kr/e 0,163 krfc npu 110 °C . . 370
wan croxku npu 80 °C ot ox- 20 r/c oT KOTaa Ha BHXJON-
JaKpeHws wmacaa . . . . 42 HHX rasax . . 45

Copocuoe Tenao NOTOKa BOJEI 33 r/c or OXJIa)Kﬂ,eHHﬂ ;uan-
1,99 krfc npu 80°C . . . . 167 rateast . . . . 76

Ilotox «xompencata 0,163 KF/C 110 r/c or KOHﬂeHca'ropa .. 249
npu 80°C . . . . . . . . U Hencnonbayemoe c6pockoe Temno 24

Totepu Ha wanyuerne . . . . 18
Copocsoit moTok 2490 r/c an
65°C . . 52

KII® B 3toM cayuyae mpd HcIapuTeabHOM OXJaK ICHHH coc'raBm{eT
356/242==1,47.

daxTHyeckas BHIXOJHAS MOWHOCTh (356) — 3TO Pa3HOCTh TEMJOTHI
nmapa (370) u Bo3BpairaeMoro koHnencara (14 gkBr).

Jkonomura. B npuBefeHHHX HHXKE pacyeTax NpeanoJarajoch, 4To
ra3oBHI JBUTraTeJb HMEET HCMapHTeJbHOE OXJaxaeHHe, 4To HeobXo-
JMMO 1J5 TIOJIYYCHHsS B TeNJOBOM Hacoce BLICOKOH TeMIEpPaTypH H
CHHIKEHHsT CPOKA OKYHaeMOCTH.

Chrayana onpenennM 3KOHOMHIO Heprun. [Tockoabky TensoBoi Ha-
COC TPOHM3BOJHT Map, ero YMecTHO CpaBHHBATh ¢ NMapOBHM KOTJIOM,
umeiomum KIT 75%. IlorpebacHue TONJMBA Ha NPHBOJ TENJOBOTO
Hacoca — 242, moJyyenHas TeNJoBas MOUIHOCTb B mape — 3956, morpeb-
JieHHe TOIJIHBA B CONOCTABJsIEMOM NMapoBoM Korjae — 475 kBr, caeno-
BaTEJbHO, 3KOHOMHS cocTaBJaseT 475-—-242=233 kBr.

[Tosaras, 410 TenJoBo# Haco¢ pafoTaeT B HENPEPHIBHOM Tponecce
8000 u B ron, moJy4YyaeM rojl0ByI10 3KOHOMHIO

E=233-8000 kBr-y=6,71-102 [Ix.

O6o3HauuM cTouMmocTh TomauBa depes A (¢. cr./Ax). Onybau-
KOBAHHHE [JaHHBE N0 TNPOMHIULIeHHHM TapHdaM Ha ra3 B AHrauu
TAKOBHL:

A(1975r.)=1,39-10"°% A (1977 r.}=1,61-10"°.

Heo6xoaquMbe KanuTaJoBa0KeHHs [ ONpeleasiioTess CHaMKH Ha OC-
HOBHOE 0GOpYAOBaHHe, KOTOPHE CYIIECCTBEHHO MEHSIOTCS B 3aBHCHMO-
CTH oT KayectBa. Jlasa AHraud B 1977 r. meHH cJeAylollHe: rasoshe
asuratend — 3000—10 000, xomnpeccopbr — 3000—4000, Tennoobmen-
HuKH — 5000-—10 000 &. cr.

[lonanme xanuTaJoBJO2KeHHS B neHax 1977 r. oueHuBaioTcs B
25000 ¢.ct. g cpaBHCHHS YKaKeM, yTo B nesax 1975 r. oHm OBIH
On 18 000 ¢. cr.

Cpok oxymaemoctd B (roa) omnpenensieTcss NPOCThIM YPaBHEHHEM

B=I|EA.
B nenax 1977r. B=2,31; 1975r. — B=1,93.
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3aech caemyeT OTMETHTh, YTO B YNOMSHYTHIE oAb B AHIVIHH Tpo-
H30LIJIO HeGJaronpHsTHOE NOBHIICHHE LeH Ha ofopyloBaHHe MO CpaB-
HCHHIO ¢ LleHaMH Ha TONJMBO. B 1JHTEe/NLHOH NMEepCHeKTHBE 0XKHIACTCA
ofpaTHast TeHAeHIKs (HeHbl Ha TONMJKWBO OBYAyT pacTu GbICTpee, YeM Ha
obopynoBaHue).

ITpumenenne B GonbuioM MacmTabe cxeM, MOJ0OHBIX TPUBEEHHOMY
npuMepy, ¢ BeipaOoTKo#l Napa HH3KOTO JaBJEcHHS OpH TemOepartype
pabodero Tesa a0 150 °C uMeer Xopomue NepCNeKTHBH, OCOGCHHO B
ITH11€BOA NPOMBILLICHHOCTH.

Moxnounas npomviwnennocrs. To 4To pexoMeHAyeTCA B 3TOM pas-
JeJe, MOXeT HaHTH NPUMeHeHHe TakKxke B IIPOM3BOJCTBE NHBa M Oes-
AJIKOTOJIbHBIX HanHTKOB. CpelM MIMPOKOTO acCOPTHMEHTa NpPOJYKTOB

] v v v v v v v v v vV . VvV V V. VvV
-_.-UUAAA A_A A A_A A A€\I\ A A A A_A AA_._
& 5 5 5 g 4 4
(V) | ()
Uz | 5 |51

Puc. 7.27. Ceyetine cTpyiiHoil MOeUHOH MalHHB AN OYTHIIOK.

! —BXoJ GYTHIIOK; 2 — MoOlOULlIe conyia; 3 — cOpoc BOJAR; 4 — Bojla AJNS NOJOCKalluA; § — Mmooy il
PacTBOp; 6,— NapoBOil IOAOTPCBATCIb,

MOJIOUHOI TpOMBIILJIeHHOCTH HaMboJice BaxKeH BHINYCK Mo0Joka B Oy-
THAKaX. C TOYKH 3PCHHSA 3KOHOMHH 3HEPTHH CJELYET COCPEJOTOYHTh
BHUMAaHHe HAa NpoLecce MHThsl OYTHJIOK B Moeunbix MamuHax. [1og06-
HEC MAUIHHE NPUMEHSIOT H B JPYTHX OTpacsx.

B sToM nmpomecce Baxhylo pPoJib OJHOBPeMEHHO MTpaeT U COXpaHe-
HHE 3Heprud, H COXpaHeHHEe BOJH, YyTO MNpeAcTaBjseT OOJLIIOH HHTe-
pec H HHXKe ONUCBIBaeTCsl MOAPOGHO.

PaGora MoeuyHo#l MallHHB. Moeudas mamnHa oOpafaTmBaeT HCECKOJb-
KO QeCATKOB THICAY GYTHJIOK B 4ac, TPaHCTOPTHpYst OYTHJIKH 4Yepe3 PsJ YCTAHOBOK
(prc. 7.27), rre GYTHUKH OMLBAlOTCH BOMOH WJH pacTBOpaMH MOIOUIHX BCUIECTB
¢ YRaJCHHEM HakJcCCK. B MOJIOUHON MPOMBIUIICHHOCTH B OCHOBHOM OGYTBITKH MOIOTCS
B CTPYAHHX YCcTaHOBKAaX, 8 KOTOPWX BHYTPEHHSIsi H BHCIIHSsi YaCTH GYTHJIOK OMHBa-
IOTCSL CTPYSIMH BOJIH MOJ [aBJCHHEM. TCIJIO MOABOAHTCA K BOJe H pacTBOpaM MOK-
IIHX BEIICCTB ¢ MOMONIbK NapONpoBOR0S, NOTPYKCHHEX B DakKH.

Hnasi ycTpaneHHsi BHIHMBX H OaKTCPHOJOrHUCCKHX 3arpA3HCHHE GYTHUIKH 1a-
rpeBatotes 10 70—80°C. Ha sxon B MaliHHY OyTH/IKH MOCTYNAKT OPH OKpYXaolled
TeMnepaType, Ha 3amoJHCHHC cpa3y mocjc MOHKH OHH MOCTYNAaKOT XOJOAHBIMH, MO-
STOMY B MalllHHC TMPOHCXOAAT H HarpeB H oxaaxacuue. BHavane GyToaxdH mpono-
JaCKHBAIOT TENJOH BOAOH, a 3aTeM o00paGaTHBAlOT CTPYSAMH MOMOLICrO pacrsopa.
TeMmnepatypa cTpy#t nocTeneHko yBelTHYHBAETCA g0 MAaKCHMAJbHOW, a 3aTeM MOCTCHEH-
HO MOHHXKACTCH, H Ha BLIXOAC GYTHUIKH NPOMOJACKHBAIOT YHCTOH BOROH mpH TeMmepa-
Type okoao 10°C. ByThuika npoXxogur MailuHy 3a 3—4 MHH, 32MOJHCHHC MOJOYHBLX
OYTHJOK NPOBOAHTCA B TCUCHHC 8 U B 1CHb, a NPOM3BOACTBO NMHBa M GC3aJKOrOIbHBX
HAOHTKOB OOHYHO nmpopogxkaercd 20 u B feHb.

Ha wnarpes Boan H pacTBopos 3aTpauuBaercst mpumepro 500 xrfu mapa. Tenpas
BOZIAa RJIS NPeaBaPHTC/AbHOIO mMponojackHBauus ofuumo cOpacusaercsa. Ee pacxop —
o 10000 n/q u temnepatypa 20—30°C. IlepeHoc Temna BHYTPH MAaHHLK OYCHB
caoxkeH. MuoOro Temsa mepeHoCcHTCSL OT OfHOH CEKIMH K APYTOH  HCMOCPEACTBEHHO
OyTHUIKAMH H TPaHCHIOPTHPYIOUIHMH MeXaHH3MaMH. DT0 TCNJAO OTBOAHTCH B OXJaX-
AAWLUIHX CEKIHAX H NPH OKOHYATCJLHOM NPONOJaCKHBaHHH.
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B 3Tux Mamuuax Y¥Xe NpuHAMAapT Mepbl Aas cOXPAHCHHA Telaa M Boahl. TﬂK,
HamnpHMep, XOJORHAsli BOMA MOCJAC OKCHYATEJBHOIO MNPOTIONACKHBAHHA YACTHYHO Ha-
rpesaeTcsl B KOHTAKTe ¢ OYTHJKAMH H 3aTEM HCNOJb3YETCH JJIA NPCABAPHTCABHOIO
NPOMOJacKHBaHHs, MOCJC YCTro NMPOXOAHT Yepe3 TelTOOGMCHHHK, Pa3sMELICHHHH B off-
HOM H3 0aKoB AJf MOKWHX pacTBOPOB, mojasacMHX B MaluHHY, H ToJbKO MNocie
3roro BwbpaceiBaercs,

OueBHaHO, YTO 3HATHTENLHOE KOAHYEGCTBO TenJsa, MOCTYNMAIOUEro B MallHHY, Teps-
CTCH 34 CYCT PajHalHH H KOHBEKIHH, HO, HeCMOTpPS Ha 3TO, MCPONPHATHA MO COXpaHe-
HHIO TCMJIa H BOAW 3KOHOMHYeCKH OmMpaBRaHH TMpH cToHMocTd mapa 2,5—3 ¢. cr. 3a
TOHHY H CTOHMOCTH Bopu 13 meHCOB 3a ToHHY. KpoMe TOro, cTOHMOCTb BOJB MOBHILIA-
€TCAl 3a CYeT MONOJHHTeJbHHX pacXonoB Ha o0paloTKy H o0e3BpelKHBAHHC CTOKOB,
YTO /ISt MOEYHBIX MAIlHH OlicHHBaeTCA B 7 MCHCOB 3a TOHHY. '

TennonacocrHas yctanmoska ¢ 3JckTponpuBogom  «Mil-
pro N—V».

I:m"c lﬁ"c 55"0& @&7% Lﬂa"c 2 |30 ‘ f{-éf.f

55 65°C 45°C 30°C
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s 73% | |

J8°T 45°C
: L =
55° 5%y 38° ) s, |
3 51 4 [ % |
M

Puc. 7.28. TeruioBokt Hacoc H cHcTeMa OGOpPOTHOrO BOJOCHAGKCGHHS AJf MOCYHOM
MalivHbB.

! — poamurodnaa BofAa;, 2 — ¢uapTp; 3 -— Kougclucatop; 4-— HCHAPHTeNb; & — BOJONOATOTOBKA;
6 — aBfiTaTedn ¢ KOMIIPCCCOPOM. -

CoBpeMCHHEE MOCYHHC MallHHH NPEACTaBIAlT coboit ynoOHHH oO6BeRT past
NPHMCHCIIHSL TenJIOBHX HacocoB, NOCKONAbKY 3/lecb MMeeTcs leaw#i psag OGaH3Ko pac-
NOJ0KCHHHX NoTpeduTeNell TenJda H HCTOYHHKOB HH3KOMOTCHIHAJBHOrO Temla. Temto-
nacocHas ycrauoBka «Milpro» [27] Bxarouaer cHcTeMy 06paGoTKn BOAH W yjOBJICTBO-
PsieT Bce MOTPCOHOCTH MOCYHOH MAIlHHB B TCMJC. YNPOUICHHAaR CXCMa YCTAHOBKH
noKasatia Ha pHe. 7.28, a xapaKTCpHHC TEMICPaTypPH COOTBCTCTBYIOT YKasaHHbIM RJs
puc. 7.27.

Tenno nocaepxero 6aka ¢ MOIIHM PacTBOPOM HCNOJNB3YETCS JIJISl MOZOCPCBa
BOAH MNpPCABAPHTCILHOTO NpPONOCNACKHBAHHA € NMOMOIULK MPOCTOTO TCMJAOOGMCHIHHKA,
CTpyn npensapHTE/biOrO MPONOJacKHBaHHA TNHTAlOTCA BOROM H3 GaKa OKOHYaTCAb-
Horo nponodackusakns (30°C), a TakKe pobGaBKoit H3 mociaepHero 0aka ¢ MOMLIHM
pacrsopom (45°C). Boma ans NpeRBapHTENBHOTO MPONOAACKHBAKHS MORXCPKHBACT-
Cf B COCTOSIHMH OTHOCHTCJIBHOH YHCTOTH € NOMOIIBIO chnelHaJbHOH CHCTCMBl (DHIBT-
paiiid. YacTh Telvla OTBOAMTCS BOJNOH, mpoxoisiliedi yepes mocaeAHHH Oak ¢ pacTBo-
pOM AJs ‘HArpeBa BOAB TNPCABAPHTCABLHOrO NPONONACKHBAWHS, a 3aTCM NPOXOIHT
yepes MCMapHTenb TEMJTOBOTO HAcoCa, BBLIMOJHAA POJb HCTOYHHKA HH3KOMOTGHIHAML-
Horo Tensa ¢ teMnepatypoit okono 30°C. YacTe Boan mpoxogHT uepe3 GHILTP H OX-
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Naxpaercs go 12—15°C B apyrom Henapitefe. Dra 4HcTas BOZA 3aTeM HCNOAb3yet-
cfl AJIf OROHYATEJNLHOrO NPONOJackHBaHHA,

[MocTynuBmee B ucmaputenp Temio obecnevyupaeT MCTAPEHHE XJ3J0areHTa, KOTO-
pHIl 3aTeM C:KUMaeTcd ¢ TNOBblllenHeM ero TeMnepatypbl. Iloaydennoe Ttensio npu
NOBHINGHHOH TeMIepaType OTJaeTcd B KOIJEHCAaTOpe MOTOKY BOJB H3 nepBoro 6aka
C MOIOIHM pacTBopoM (C pocToM ee TeMnepaTypbl oT 55 po 65 °C). Bo BTopoM KoH-
IeHncaTope Boja HarpeBaetcs ot 60 xo 85°C.

Ilpn o6miunoit cxeMe Molomwas Mamuua Ha 30000 6yTeiiok 8 4ac nmoTpedJser
13600 a1 Boaw B yac u MoimtHocts 600 kBT. @upma Milpro yTBepxpgaer, uTO TENJo-
HACOCHAad YyCTAHOBKA ¢ (HAbTpallHeit Boabl cHuXaeT notpebaedne jo 70 kBt
1 2600 a1 B vac. CpoK OKYnaeMOCTH YCTaHOBKH OT 2 g0 3 Jer, nmepBHYHAA SHEPIHd —
NPHPOAHBH ra3 I 3JCKTPHYECTBO.

puMmelnenie TenJdoBOro Hacoca B NOCYJOMOeYHBX Ma-
wiHax, Pa6ouuit kA 0OBYHBIX KPYMHBIX MOCYAOMOEYHHX MAaIUHH nOLo0eH THKAY
NPpH MHTbE OYTBLIOK, TO3TOMY 3jieCh TaKXKe BO3MOXHO TIPUMeHEHHe TEIJIOBOIO HACO-
ca. Boga aaq nponosackusanus HarpeBaetcs o 90°C, T. e. HeCKoJIbKO Bbimie, 4YeM
npn MoiTee OyThIOK. Tenso cOpachiBaeTCd 4acTIYHO B BUJE Tapa, OXJaXKACHHE KOTo-
poro yiydmaetr KOM(POPTHHIC ycaoBusi BOJIHZH MaIlMHBI H COXPaHseT 3MEepruio TP
HCIOJIB30BAaHHH B KayecTBe HCTOUHHKA Telja JiJjis TelJoBOro Hacoca.

Tennosoit nacoe, paborawowuit npn KOI1=4, uarpeBaer oy po 60°C u paus-
©T Ha PHepreTHYeckHil 0aJjlaHC MaIHHB CACAYIOIHM 00pa3oM:

O6munag cxema

MowrocTn, Mo g 110CTh,

Bxop kBT Brixon KBT
Motopwt . . . . . . . . . 955 Notepu Temna . . . . . . . 9,0
Kampopudep . . . . . . . . 67 C6pocuas soga . . . . . . 26,5
Harpes 6aka . . . . . . . 54 Noeyra . . . . . . . . .41,5
Hrtoro . . . . . .126 Map . . . . . ... . .80

Tennonacocmas cxema

MoutfocTs, MoujifocTn,

Bxop kBT Buixon kBT
MoTopnt .o 5,5 Notepu Tenaa . ., . . . . . 55
OkoHYaTe/blioe  MPOMOJACKIIBA- C6pocHas sBoga . . . . . . 26,5
HAC . . . . . . . . . .25 IMocysa . . . . . . . 22,5

Komnpeccop Temjosoro wnacoca 24 BoceTanonaentoe Tengo . . . 96

Hrtoro . . . . . .b4b

Cpok okynaemocTH ycTaHoBKI 31 Mec, Bminyckaetcs ¢upMoit Stierlen B ®PT.
7.4.2. TENNOBOH HACOC «TEMPLIFIER» ®@MPMbl WESTINGHOUSE

Hassanne «Templifier» oGpasoBano u3 mByx cloB: «temperature
amplifier» *. TennoBo#l wacoc pa3paboTaH Ha OCHOBE ONbITAa CO3MaHUS
GOMBIINX XOJIOAHJBHBIX YcTaHOBOK. Ilof ymoMsiHYTHIM Ha3BaHHeM BbI-
nyckaeTcs pAl MallMH pPas3iuyHol MomHoctH (Ao 3 MBr1) ¢ nenrpo-
GeXKHEIMH KOMIIpeccopaMy, MAIOMHMMH NoJie3Hoe TeMIo NP1 TeMneparType
no 110°C (na ¢peone R114) npu TeMmmepaType HCTOUHHKA Temja OT
27 po 77°C n remnepaType nojiaBaeModl XuAkoctH ot 60 po 120°C
cootBeTcTBenHo. IIpH  Majblx MOmHOCTAX HCHOJB3YIOT MOPIUIHEBbIE
KOMIPeccophl.

OcHoBHBIM 37eMeHTOM Hacoca «Templifier» Gosbmofi MomuocTH
CHLYXKHT KOMIpeccop ¢ TepMCTHYHBIM  3JIeKTpoNpHBoAOM (puc. 7.29),
ONHOCTYNEHYATBIH, ¢ THAPaBJHYECKH YNpaBJAseMOH CHCTEMOH peryJu-

* JlocnoBHBIA NepeBO] — «YCHJAMTENb TCMIEPaTyphly, — [Tpum. nep. .
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posaHusa. I'epMeTH3UPOBaHHBIA ACHHXPOHHBIA 3JEKTPOABHTATENb OXJa-
XJaeTcd LO3HPOBAHHBIM BIPBICKOM XXHMIKOCTH CO clelyualJbHOH 3allu-
TOH OT IlpeBHILIeHHA TeMmnepaTypel. PerynupoBaHne KoMmmpeccopa HpH
H3MEHEHHH HArpy3KH MPOH3BOAUTCHA € MOMOILBIO JONATOYHOTO pPeryJu-
pylouiero annaparta Ha BXo4e ¢ THAPaBJHUECKHM YHpaBsJleHHeM, YTo

z 5 4
/

7 [ |
/ 5

- |

8

Puc. 7.29. KoMnpeccop H 3AeKTpojBHTaTe b Temaoporo lacoca «Templifiers.

| — repMeTHYIIBI 3JCKTPOABHraTeNb; 2 — Machfaublji GUAbTP; 3 — peryaupyemMuifi auddysop; 4 —
KOJeco KoMIpeccopd; 5 — MOpleclb perydlUPoBAllfs JIONATOYNOro annapara; A — BXOANBIC JOTAT-
KIlf; 7 — BaJl KoMupeccopa; & — BaJl 3JICKTPOILBHraTeNs.

obecneynBaet YCTOHUHBYIO paboTy Ha pasJuyHblX pexumax. [lonoxe-
HHE JIONATOK ONpejensieTcss M3MeHeHHeM TeMOepaTyphl BOABI, YXoAd-
el U3 KoHAeHcaTopa. MIMeetcd BcTpoeHHas cUcTeMa aBTOMAaTHUECKOTO
OTKJIIOYeHHsS H OBICTPOro pearupoBanHus Ha H30mITOYHOE HaBJEHHe C
nepekpuiTHeM BXoZa JonatkaMHu. O6uinii BHA YCTAHOBKH MOKa3aH Ha
pac. 7.30. Ona BkJIOYaeT cTAaHUMIO YNpaBJIeHHA ¢ JaTUHKaMU JarJe-
HHA, CHCTEMaMH 3amuThl ¥ BHKJAI0YaTenamH. CHcTeMa C¢Ma3KH INHTa-
CTCS HE3aBHCHMBIM TepMeTHUHBIM MacjioHacocoM. KoHaeHcaTop W Hc-

| 1%
A - N [N
NE— ) N\

Puc. 7.30. Q6mui Buj Hacoca «Templifiers ¥ pasMelienne Teny00GMeHHHKOB,
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naputeab — KOXyxorpybrworo Tuna (cMm. rj. 3). B kouzpeHcatope
CTaJbHOH KOXYX M MelHbie TPYOKU. B ncmaputesie xjgajgoareHT Haxo-
AHUTCA MeXay TpyOKaMu U3 MelH ¢ opebpeHueM.

Ha pue. 7.31 nokaszana TMmuyHas cxema aJd Hacoca «Templifier»,
npejHa3HayeHHOro AJA nopayd ropsiveli soab npu 65 °C ¢ Henoab3o-
BaHMeM HCTOYHHKa Tenja — Bogw npu 35 °C. CxeMa nueHTHYHA BCeM
MapoKOMIPECCHOHHBIM TelJIOBBIM HacocaM H He TpebyeT NOMOJIHHUTElb-
Hblx nosicuenuit. Ha puc. 7.32 nokazano usmenenue KOII B 3aBucumo-
CTH OT TeMmepaTyp Ha BXoAe W Buixome. JlJg npumepa, yKazaHHOIC Ha
puc. 7.31, nonyuaerca KOIl=4,4, 1. e. Ha Kaxanifi | MBt nonesnoi

2

65 ’ = 54°C
= J xon 8
/|
71 77°C A 4
&
27°¢ 27°C
& J
70 a5 50 60 7T
aﬁac Jﬂoﬂ
Puc. 7.31. CxeMa W xapaKTepHble TeM- Puc. 7.32. 3aBucumoctb KOI1 Hacoca
neparypsi anas  uacoca «Templifiers. «Templifier» or TteMnepaTypm BOJb
I — npocecenp; 2 — KolifencaTop; 3 — KOM- ropd4yero ¥ XO0JoJHOro HCTOYHHKOB,

npeccop; 4 — HCOAPHTENb.

TelJOBOH MoIHOCTH Tpebyercsa 3atpaTiTb 237 KBT 3JlekTpHuecKoH
MOIIHOCTH Ha npuBol kommnpeccopa. [lo cpaBHeHu0 ¢ MHOMMMH TOMail-
HHMH M KOMMeDUeCKHMH TeMJIOBBIMH HaCOCAMH, ONHCAHHBIMH B IJ. & i
6, rae KOII o6biuHO Menblile 3, B pacCMaTPHBaeMOM cJiyyae MaJasi
Pa3HOCTh TEMIIEPaTyp MeXAY HclapHTeJeM N KOHIEeHCAaTOPOM IMO3BOJIs-
eT NMOJIYYUThb 3KOHOMMIO TONJHBA ¢ YUETOM €ro 3aTpaT Ha MPOH3BOACTBO
asekTposreprun (720 kBr). OnHako 3Ta 3KOHOMMS HECKOJIbKO MeHb-
HIeM, yeM MorJia Obl ObITh NOJIydeHa NPH ra3oMOTOPHOM NMPHUBOAE, ONM-
CaHHOM BBHIILE.

DKOHOMHSA TEKYLIMX 3aTpaT NpPH cpaBHeHWH Hacoca «Templifiers c
APYrMMH HCTOYHMKAMH Tenja Ha pas3HbIX TOMJMBAX IOKa3aHa B
tTabn. 7.13.

Ta6aunuxa 7.13. Texkyuiue 3aTpathl HCTOYHHKOB Tenna

J000 kBT Tennosoi leisa Tonamuea, TeKyigite 3aTpaThl,
MOLLIfOCTH [Moxson suveprau nencos /MK &. cT.from (4000 u)
TazoBnilt KoTea 1282 kB, 5 35880
KI1g 0,78
HedTsanoli Korea 1234 xBr, 5,5 , 38 640
K11/, 0,81
«Templifier» 227 kBr, KOI1=4,4 214 ncHcos 19 440
) za I KBr-q
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B tabn. 7.14 npuBeseHbl XapakTePUCTHUKH CepUH BOJLO-BOASHBIX
ycraHoBok «Templifiers ¢ nestpobexkHEIMU KoM peccopamu. J1as HeKo-
TOPBIX HCTOYHUKOB M moTpeburenell Temnja NMPUMEHSIOTCA TemaooOMeH-
HHKH H3 HepiKaBeIoleH CTajlH.

Ta6auma 7.14. NMapamerpwm ycranorok «Templifier»

HcroyHuk [Tozava

Tenya Temna Tennosan dneKrpuye-
Mosienn 3530 °C 54—66 C, MOMLI{OCTD, cKafd Mo~ Macca, Kr

Mg M3 Ju KBr HocTs, KBT
TP050 33 21 265 63 2300
TP063 71 44 565 132 5300
TP079 106 66 847 189 6700
TP100 169 105 1356 291 10 100
TP126 246 215 3000 612 15000

B CIIJA yxe paGoralor okoao 15 Takux ycranosok. [lepBulfi nacoc
«Templifier» 8 EBpone ycranoBaen B AHriuM Ha HoBo# (abpuke Mo-
JouHblx npoaykToB B 1979 r. [Tonyuen KOII Bbiuie 4,5, 4To mo3Bosanno
3a cyetr nmotpebaennss 170 kBT 3nekTpHyeckofi MOLIHOCTH HCMNOJB30-
BaTb cOPOCHOE Tenso crepuausaropa mosoka H mopath 910 kBt renna
B NHUTATeJbHOH Boje AJA KOTJOB, TEXHOJOCHYeCKHX MPOLECCOB U OTOMN-
Nenusi. CucTeMa Laer TakKe 3HAUHTEJbHYIO SKOHOMHIO BOJLBI, KOTOPYIO
MOKHO HcMOJAb30BaTh AJIS OXJlaXKIeHUs CTepUau3aTopa.

[}
————— 1 Jrce
D
Puc. 7.33. [Ipumenenue Hacoca «Temp- ‘ Je°C | t
lifier» ¢ mopiuHeBBIM KOMIpeccOpoM H R
HCIIOJIB30BaHHEM cOpOCHOro TemJa- cBa- 720 Vbezoc

POYHON MaluHHML

{~—8 — ppoueccr: 4 — rpagupus; 5 — ucna-
PHETENAB, 6 — KoliaclcaTop,

e

B cepuu tenmopnix nacocor «Terhplifiers ans HeGoablInx MOLUIHO-
CTefl MPUMEHAIOT M NOpIIHeBble KoMIpeccopnl. B HUX HcHosab3yercs
Temsio npu 15—55 °C u nogaercs npu 45—105 °C, uTo HECKOJBKO OTJIH-
YaeT OT HeHTPOOexHLIX YCTaHOBOK. THINUYHOE NpHUMeHeHHe MOKa3aHo
Ha puc. 7.33. ¥YkasaHHble Ha CXeMe TPH Npolecca — 3TO 3JEKTPOLYTo-
Bble CBapouHbie Mallunbl, paGotaiomve 10,5 4 qHeM HempepwiBHO, a
HHOraa W Houblo, Jlo mpuMenenus HacocoB «Templifiers tenaora mpo-
neccoB cOpaceiBajlach yepes rpagupHu B armocdepy, UTo IPHBOAMJIO K
notepe 90 KBt Tenaa.

[Tpu wopmaabHo#t paGote cpapoynofi Maimuuel B «Templifier» mo-
crynaet 3 a/muu Boawl npu 38 °C, ona oxaaxnaerca no 30°C u Bos-
BpalaeTcs CHOBa B CBapOUHYIO MAaIIMHY C TaKOH e TeMnepaTypof,
KakK NMpH NMPHMEHeHWH rpagupHu. [TosyuyeHHOe TEeNJO HarpeBaeT B KOH-
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nencarope 2,6 J/MHH nocrtymaiouieft B CHCTEMY OTOIJIEHUS BOAB OT
70 no 82°C.

TennonpousBogHTeLHOCTE YCTAHOBKH corjlacyercs ¢ morpebHocTs-
MU B TeIlJie Ha OTOIMJIeHHe MyTeM peryJaHpoBaHus wKomIpeccopa B 3aBi-
CHMOCTH OT TeMmnepatypbl o6paTHoil Boabl. B cBf3u ¢ Heob6xoauMOCThIO
OXJiaXKJeHHSl BOABI NMPHU OTCYTCTBHUU TEMJOBOH HArpy3Ku rpajupHf B
3TO# cxeMme coxpaHseTcs.

Cepyd TakHX arperatoB C MOPUIHEBBIMH KOMIPECCOPAMH COCTOHT
H3 IIEeCTH THMOpPasmepoB MolHocThio o1 75 Ao 300 kBT n cronmoctbio
or 700 go 12000 ¢. cr. [28]. Cpox okymaemocth 3-—5 ser. Yame
BCero HMX NPUMEHAOT I/l Harpesa BOAH B TeXHOJOTHUECKHX IPOHeC-
cax ¢ Hcrnosab3oBanveM cOpocHoro tenda. OgHako oHM MoryT pabotarhb
H C COJIHEUHBIM, M Jake ¢ OOBIUHLIM BO3AYIUHBIM HCTOYHHKOM TemJa.

Pacuinpesne npoMEILJIEHHOTO HPHMeHeHUS YCTAHOBKH OXHAaercd
Mo Mepe MOBLILUEHUA TeMIlepaTypbl KOHJeHcanud. Bunyckaemube npo-
MBIIIJIGHHbIE HACOCH C MOPLIHEBEIMH KOMIIpeccopaMH MOUIHOCTBIO OT
130 no 800 kBt nHa ¢peonax R22 w R12 paboraior npu Temmneparype
koHpeHcanuu 85 °C, temnepatype mnoZasaemoit Bopbl 75°C u umeior
KOll=4-+-44. .

7.5. PABMIMYHBIE MPUMEHEHMS MPOMBILINEHHBIX TEMNOBbIX
HACOCOB

B 3toM paszaene kKpaTko ONUCHIBAIOTCA MeHee H3BeCTHHE MpHUMeHe-
HHA TENJOBLIX HACOCOB, BKJIOUas paspabatbiBaembie cHcTeMBl 1Js Oy-
Ma{HO# NPOMBILIJEHHOCTH, HCMOJAb30BaHUe reoTepPMaJbHOTO Temaa M
MPOMBILIJIEHHBle YCTAHOBKH THIA BO3ILYX — BO3AYX.

7.5.1. HICNIONL3OBAHME TEXHONOTHMYECKOTO TEMNNA ANA OTOMNNEHMA

[IpnMeneHyne TemjoBBIX HACOCOB /il WCMOJB30OBAHMS TemJja Harpe-
TOro cOpOCHOrO BO3AYXa HECKOJbKO HeoObuHO. Kak mpaBuio, teniso
YXOASALUEr0 BO3AYXA HCMOJb3YeTcs ¢ MOMOIUIbIO OCBIYHBEIX TenJ000MeH-
HUKOB, M JaXe€ ecJd HCTOYHHK Temja W norpebuTesb HAXOAATCS Ha
pacCTOAIHHH, MOXHO 3(p@eKTUBHCO MPUMEHUTh CHCTEMY C NMPOMEXYTou-
HbIM XKHIAKHM TeNlJOHOcHTeJeM, PasButHeM TaKo#i cxeMmbl siBJasieTcA
ycradoBjiedunit B CIIIA TensoBofi wacoc, ¢ momolmibio KOToporo c6poc-
HOe TelJIO CYIIHJLHOM MeUH MCHOJb3yeTcs IJs oTonJenus (puc. 7.34).

Jo ycTaHOBKH TemJOBOro Hacoca ropsiuMii Bo3AyX BnibpachiBaJcs
HenocpencTBeHHO B atMocdepy, uTo CONMPOBOKAAN0Ch: MaJloa¢pdeKkTHB-
HBIMH MONMBITKAMU NPEAOTBPATUTL Neperpes oxkpyxarouiell cpenu. B 1o
Xe Bpemd OblJl YCTAaHOBJIEH NeUIAT TenJa B HaXOAAUIEMCS HeBraJleke
ckaafe. Hanpasaste cOpOCcHO# BO3AyX HEMOCPeACTBEHHO B CKJag OKa-
3aJloCh HEeNnpakTHYHO, MO3TOMY BO3AYX npu 34 °C Obl1 HanpaBsJieH B
MclapuTesib TEIJIOBOTO Hacoca, B KOHJIeHCATOpe KOTOPOrQ Iojorpesa-
eTcs BO3LYX, BXOAAWHHA B ckaaf, ¢ 3atpartodi 120 kBt tenaa. Knuma-
THYeCKHEe YCJIOBHs Ha TeMIePaTypy HCTQUHHKA TelJa B 3TOM NpuMepe
lte BausioT, 3nadenne KOII cocrasaser 3,67 [29], 4to n03Bosu10 0bec-
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MeYHTh IKOHOMUYeCKYI0 3 dekTHBHOCTD B CPABHEHHH ¢ He)TAHHIM MK
NponaHoBEM NMOZorpeBoM. OTCYTCTBHE CpaBHEHHS 3TOHA CUCTEMBI C MpH-
MEHeHHeM MPOMEXYTOUHOrO MKHAKOTO TelJOHOCHTeNd IJs Mepefadu
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Pue. 7.34. TennoBoii nacoc JIf OTOIJICHHSA € HCIOJAB30BANIHEM TIATIPETOro BHGpachiBae-
MOTO BO3fyXa. :

! — napyXublfi BO3AYX; 2 — TCHNOBOH 1facoc; J — XJajoarcuT BeICOKOTO AaBicuua (1,9 MIla);
4 — xmapoarcit WH3Koro pamacuua (0,65 MITa); 5 — komnpeccop 26 kBr, Beuruaarop 2,6 kBr; 6 —
Kanopudep; 7 — Bospyuilaa 3abeca; 8§ — BeHTRAATOp 3,3 KBT.

TenJla npeiacTtaBiseTcs HeonpaBiauHbIM. I[lo-BHAMMOMY, HPOMBIILJIEH-
HEIe TelJOBble HACOCHl THMA BO3AYX — BO3AYX OYILyT HMETb Jyyilpe
9KOHOMHUECKHE MOKA3aTeJH IPHMEHHTeJbHO K IPOLeccaM CYIIKH,

7.5.2. NONYYEHME TEXHONOIHMYECKOIO MAPA

B nocnensee BpeMs cleslaH pAl MHTePeCHHX MpefJOXKeHHH 1o Mc-
MOJIB30BAHHIO TEMJOBLIX HACOCOB MJiS MOJYUYEHHS TEXHOJOrMYyecKoro
napa [30]. /Ina npumepa BoiOpana GymakHasi MPOMBILJIEHHOCTD, T
HCIIOJb3yeTCA MHOrO TEXHOJIOTHYECKOro mapa u cbpacoiBaetcd MHOrO
ropsidero KOHOeHcata M Harperoro Bo3ayxa. HoBas cHcreMma
aHeprocHaleuuss  OymarogenartesbHOH  MallHHH NoKaszaHa Ha
puc. 7.35. :

OcHoBHaf1 OCOOEHHOCTb CXeMbl COCTOHT B MCHOJb30BAHHH Gymaro-
JenaTeJpHOH MalUMHBI KAaK KOHIEHCAaToPa XOJOJHJBHOTO IHKJAa H B
TO e BPEMS KOHpeHcaTopa MapoTypOMHHOrO 3HEepreTHYEeCKOro HHKJa
no HopmanabpHo# cxeme. CleldoBaTesbHO, HA PuC. 7.35 BepXHHUA KOHTYP
u3o0paxkaeT TENJIOHACOCHBIA HHKJ, a HHXKHHH KOHTYP — 3HepretHde-
CKHH ¢ ABYMd KoTJaMM, paborawmumu napaiienvHo. Hcnapurens
TeMJOBOTO HAacoca MCMOJb3YyeT Harpertbil BO3NyX WIM XKHAKOCTh Kak
MCTOYHMK TelJa,
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s cxxkaTHs NpUMeHseTcs HeHTPoOexHHA koMnpeccop ¢ MapoTyp-
OGHHHLIM NPHBOAOM, NMPHYEM MATBIH nap nocjie TYpOHHBI CMellnBaeTcs
c mapoM, MofapaeMbIM KoMIpeccopoM. AnbrepHaTuBOH fBJfETCA MpH-
MEeHeHHe TePMOKOMIIPeCcCOpoB (3KekTopoB), omucaHuux B § 5.3, uto
AaeT MOHHXeHHe KalHMTaJibHbIX 3aTpaT, HO MOBLIUIAaeT 3KCMJIyaTanHOH-
Hele H3-3a ux HH3koro KITJI, Mccienyercs takxe KOMOMHAHHA H3 Tep-

" Puc. 7.35. Temnosoii Hacoc 3
npoussojacTase OGymarn (K mpo-
EKTY PCKOHCTPYKIHH).

N

] — WCRIAapHTCaB BOIb; 2 — uOBas
GyMaxuiana MamHiia; 3 — UOBBI{ KO-
- ten, 4 — crapelfi KOTCN; 5§ — KOM-

- npecccHOHIO-PACIIPHATCABIASA ycra-

_@— J HoBKa; 6 — K OGyMaxKiofi MalliHHe,
——__—_QE_ 7 — cymeccrBYIOIAAH TypGOTCHCPATOP;
) 8 — PpPCKOMCUILYCMBIH K YCTAHOBKC

y TYPGOrCHCpATOD.

MOKOMIIPECCOPOB HA MepPBHIX CTYMEHAX C MOCAelYIOIHM CXKaTHeM B
MHOTOCTYIEeHYAaTHX HeHTPoOeKHHX KOMIpeccopax.

Jlpyrofi aabTepHaTHBOH, MO3BOJAKOMIEH B KakoH-TO CTeNeHH CHH-
3UTb HeoOXOoAHMOCTh OosblINX OOBEMHBIX PAaCXOLOB BOASIHOrO Napa
HHU3KOTO NABJICHHS, CNYXKUT NpHMeHeHHe OOBIYHBIX XJIaJOareHTOB B
MPOMENKYTOUHOM KoHType (puc. 7.36). B neBofi vacTH cxemnl nokasana
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Puc. 7.36. TemnocnaGxeHne npows3soacTBa OYMark C KOMIPCCCOPHLIMH YCTaHOBKaMH.

| — Kouzeucar; 2 — BoAsuofl map; & — xaanoarent; 4 — Boza; § — BAAKIUBIY BO3fyX; 6 — BHOpOC;
7 — CBCXKIUH BO3AYX.

YCTaHOBKA AJS BOCCTAaHOBJIEHHSl Tensa, B NPaBofi — KOMIPeCcopH H
Typbuna. MCTOUHHKOM Tensa CAYKHT BJa)KHbI cOPOCHOHA BO3LYX O1
6ymarofesnaTe/bdofi MaulMHel. CyIIECTBEHHO, YTO YacTh €ro TeIJa
npeaBapHTENIbHO HCMOJAb3yeTcs ANAd IOAOTPeBa BXOAAWEro BO3AyXa B
skoHoMalsepe. Harperaa Boxa M3 3KkoHOMaf3zepa 3aTeM NPOXOAHT Ue-
pe3 TemlooOMEHHHK BOAA — XJaloareHT, o0pasylomui HCMapHTelb
TenJaoBoro Hacoca. Kouaencar us 6yMaronesnate/bHOA MallHHBl Npeob-
pasyeTcsl B map B KOHAeHcaTope TemjoBoro nacoca. Hapsay ¢ npume-
HEeHHeM 3KoHoMafi3epa BO3MOXHA NMpsAMas Mojada BJAAXKHOTO BO3AYXa
B UCMapHTeJIb TeMJoBOro Hacoca. B paccMmatpusBaeMoil cXeme map npo-
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H3BOAHTCH NpH HH3Kom pasiennd (24 klla, 64 °C) n noxsepraercs
CXKATHIO B MHOTOCTYIEHYATOM KOMIIpeccope A0 HeOOXOIHMBIX B TEXHO-
JoTHH mapaMeTpoR. B ycraHOBKe, mokasaHHO#t Ha puc. 7.36, Ha KoM-
npeccop 3atpauynBaerca 3,7 MBT, a Boccranosyennoe renic — 8,7 MBr.
CTOMMOCTb 3JIEMEHTOB 3TOH YCTAaHOBKH YyKasaHa HHXKe.

OGopyaopaHHe CT(&:[.MCO-:“'

Yruauzanus  Temia  (BO3SAYXOBOJAAHON  TCWI0OGMCHHHK
335000 M%) . . . . . . . . . . . 200000
XonoauabHad mawmma (2400 1) . . . . . . . 900000
Komnpeccop f-it erymews . . . . . . . . . 2300000
» 2-hcrtymenw . . . . . . . . . 1750000
» 3 crymewn . . . . . . . . . 1075000
[lpoMeXyTOUHBIC XOJNOGHABHHKH ., . . . . . . 1000000
Typ6buwa pna mpuBoja kKommpeccopa . . . . . . 190 000
Typ6oresepatop . . . . . .+ .+ . . . . 1000000
Hroro . . . . . . . . .+ . . 8145000

IKCmIyaTanHoOHHBIE PAacXoAb, KAMHTANOBIOXKEHUS W 3aTPATH JHEp-
THH GBI COMOCTABJIEHH ¢ TEMH e BeJIMYHHAMH OOBIYHOH KOTeNbHOH,
KOTOPYIO NepBoHAYalbHO MpPeANoNnarajoch YCTAHOBHTb NPH pacluupe-
HHH B6yMaxkHoH ¢abpuku. CtouMocTh KoTelbHOH 12,6 MaH. ¢. cT. Pe-
3yJAbTaThl COMOCTaBJeHHs caenyiouue (¢. cT.): '

KanutanoBnoXeHus . . . . . o« o« . . . . .38400
JKOHOMHS KANHTAJOBJAOKCHHA MO CPABUCHHIO ¢ KoTeapHo# . . 4100
TonoBasg 3KOHOMUSA:
npu amoptHsanuu 8,5% sa 8 er . . . . . . . 510
3a CYCT TOM/IWBA W OGCJAYXKHBamus . . . . . . . 1430
[Tepepacxox Ha Ho6GaBouHYIO sJeKTposueprao . . . . ., 1590
DKOHOMHA TOLOBWX M3LCPEEK . . . .« . . . . . 350

3IT10 HCCAeNoBaHMe NMOJOXKHIO HAYaNO Pa3BUTHIO HOBOrO HanpasJje-
HHUS B paboTax MO KOHOMHH SHEPTHH C NMOMOILIBIO TEIIOBHX HAcCOCOB.
B 6ymaxHOH NMPOMBILLIEHHOCTH HMeeTCs MHOTO APYTHX MCTOUHMKOB
Tenja, MoTeHIlHaj] KOTOPOr0 MOXHO INOBHLIaTh, HMEIOTCS OHH H B
APYrHX oTpacasx npoMmelulienHocTd. OAHAKO ypoBeHb HEoOXogHMBIX
KaNHTaJIOB/IOKEHHH NOBOJBHO BBICOK, NMO3TOMY MalOBEPOSITHO, UTOOHI
OHH OKa3aJIHCh IIOJ CHJIY KOMIaHMAM 6e3 CYU{eCTBEHHON NMPABHTENBCT-
BEHHO# MOMOLH.

7.5.3. TENNOBLIE HACOCH ANA NOJIYYEHMA TEXHONOTMUECKOIO TMAPA
HA TEOTEPMAJIbHBIX HCTOUHMKAX TEMNA

B nepcnektdBe reorepMalibHoe Temso ABUTCA albTePHATHBOH op-
ravHyeCcKOMY Tolnsy. B gactaocTy, usBectna pabora [31], rae uccne-
A0BaJicsi BBICOKOTEMIEPATYPHHH NPOMBHIUINEHHBIA TemoBoll Hacoc Ha
cOpocHOM Temjle reoTepMaNbHOR 3JIEKTPOCTAHIMM MPH TeMmepatype
100—150°C.

Buin paccMotpen psan pabouux ten (oktaH, rekcad, R113 u usonen-
Taw), HO OKasajoch, yro Haubonbmui KOII umeer Boma (puc. 7.37).
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3nauennsi KOI1 paccynrtanbi ffis u303nTponngeckoro cikaths or 120
no 150—260 °C.

Ilas BogsiHOrO Mapa cXaTHe HayHHaeTcs Ha MpaBofl MorpaHHYHOM
KpuBoii. B MHOrocTyneHyaToM KoMIpeccope map CHJbHO MeperpeBaert-
csi (230—560°C), mosatoMy I MOJYYeHHS HACHLIILEHHOTO Mapa IpH
MOBHILIEHHOMR TeMIepaType PeKOMeHAYeTcs ero IMPOMEXYTOUHOe OXJia-
XKJeHHe C HCMOJIb30BaHHeM OTBEeJEHHOTo Tela, 4TO CHHXKaeT paboty
cxkatiad. Ha puc. 7.38 touka mnpu

Ko7 \ 260°C cooTBeTCTBYeT TPEXCTYICH-
° JaTOMY KOMIIpEeccopy C oxJaxje-

H,0- c\ HHeM Mexay ctyneHamu. Epuxcr-

\ v BeHHBIM HELOCTATKOM BOAfIHOIO Ia-

Vi
pa kax pabouero Teja SABJIAETCH

y
s

\ BRICOKOE JaBJieHHe KOHJeHCAaIHH

NN (4,7 MIla nipn 260°C).

d AN S Bonsnofi map npeacraBaser He-
D e COMHEeHHBIH HHTepec Kak pabouee

W"Cﬁ
TeJO aAJd TelJOBBLIX HaCcoCOoB, Tak

i-Cs TR-n3

0 KaK HH OJHH M3 OObLIYHBIX BLICOKO-
125 150 175 00 725 2500 7.°¢C. CTA0UIbHBIX XJaagpoareHTop He CYH-
p : 3 TaeTCHd BIOJHE NMPUrOAHBIM IPH TEM-
we, 7.37. 3asucumocts KOI1 or Ttewm- mepatype Bhille 150 °C. O6opyno-

nepatyps TOJABACMOrO  TEMJIOHOCHTC- 5
A JIS BHCOKOTGMIepaTypubix pabo- DaHH€ AJd IOACOHHX YCTAHOBOK,
qUX Te. B UAaCTHOCTH KOMIIPeCCOpPHI, HMeeT-
! — TeopeTnyeckafi MaKCUMYM, CdA, H aBTOPHI pa60'rh1 ciaenaju Bbl-
BOJ O KOHKYPEHTOCHOCOOHOCTH Tel-
JIOHACOCHOro MeToAa IOJAYYeHHHA MNPOMBIIINIEHHOro Tenjaa ot reoTep-
MAJNBbHLIX HCTOYHHKOB MO CPpaBHEHHIO ¢ KOTEeJLHLIMH Ha OpI‘aHH‘JECKOM

TONJHBE,

7.5.4. BbICOKOTEMMEPATYPHbIA ABCOPBLMOHHDLIA LLIMKN
KAK HAACTPOHKA HAJl SHEPTETUMECKMM LIMKNOM PEHKMHA

HasBecTHo mMHoro pabor, HanpaBideHHnx Ha noBuimicHuce KILHA mna-
pPOTYPOHHHBIX 3JIEKTPOCTAHIUA C MOMOIIBIO Pa3JHYHBIX KOMOHMHHPOBaH-
HBIX LUKJIOB € BHICOKOTEMMEpPaTYPHBIMH <«HAICTPOHKaMH», KOTOpbIe
TeopeTHdyecky no3sosaioT noselcuTh KITL ot cymecTBylonux 3naveHni
33—36 mo 509% (MI Hd-renepartopsi, uukas Pedkuua Ha mapax Mertan-
JIOB H T. 1.).
- Kax nokasano B [6], abcopbunonHblfi TemiaoBoii Hacoc (cM. T 2)
tTakxke MoxeT noBHCHTb KITJ unkiaa PenkuHa Ha BOASIHOM mape 10
40—50Y% 3a cyer nOBHILIEHHA NMOTEHIHANla ¢GPOCHOro Temaa.

- Pabouyee Teso abcopbuHoHHOTO HKNa ~— BOAAHON nap, abcopbep —
OKHCb KaJbuusl. TenjonacocHB U¥KJ nokaszal B T — S nuarpaMme na
' puc. 7.38. Jlunus I-2 — mnpousBoacTBo BoasHoro mnapa npm 700°C
(naBnenne 10 MIIa, tennorta ucnapenusa 4450 kIx/xr). [Iponecc 2-3
— oxsnaxnaenue napa no 310°C, nponecc 8-4 — KOHAEHcanHs MpH
TIOCTOSIHHON TeMIepaTtype, NMocje Yero o jauHuu 4-5 nasjeHue H TeM-
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nepatypa cHukalotes 1o 0,01 MITa u 45 °C. ITonyuennas Boga cHoBa
ofpauwaercs B Nap Ne JHHRM 5-6 3a cyeT KOHJAEHCAIHM Mapa IHKJa
PeHk#Ha, T. €. HCNONb39BaHMA ero cOpocHOro Temsa. 3ateM map mepe-
rpeBaetcs mo JuHuM 6-7 mo 320 °C
n abcopbupyeTcss OKHMCBIO . KaJablHA
(7-8) no ypaBHEHHIO 7%

Ca0O4H,0 (nap)==Ca(OH) .+
-- 80 xJLx/Modb.

['11ApaT OKHCH KaJibllis HarpeBaeT-
¢ 110 jguHuu 8-1 ot 320 mo 700 °C,
a4 OKHCb KalJlbHHA BO3BpamaeTcs K
[1epBOHAYaJIbBHOMY COCTOSIHHIO IIDH g
320°C no auuuu 9-10. Tenxora,
Bhiessomasicas B npopecce 7-8
upu 320°C, uzer Ha nojyuyesue na- 4 . "
pa B 00bUHOM nHuKJIe PeHkuHa. )

Toukn co unITpuxaMu Ha pHC,

7.39 NOKa3bLIBAlOT BO3MOMKHOCTD IO- E:lf'm;;ff;mf{ Séﬁﬁﬁﬁﬁ?"o”aua?gfa afa
AYYeHHSA Temja AJaA nuKAa PeHKH-  cuecn Boma — oXuch Kasibuus.

l1a He IpPH 320, a IIpHu 510 unn I—V — norpamsaimic KpuBHe paGo4HX TeJI.
560°C  (uuxkaer  5-6"-7'-8 Y

5”-6"-7"-8" cooTBeTCTBEHHO).

B pacyerax KIIJ] Bceit cxeMnl mpennosarajoch, 4YTO BBHICOKOTEMIIe-
paTypubi#i aGcopObunoHHHA UHKJ HMeeT takoi xe KOII, kak u nusko-
reMmnepatypHuii. OtMedeno, yto 8 EBpone n fnonuun crouMocTs 3JeK-
TPOSHEPrHu cKAaibiBaetcs Ha 67% us tonnusHo#l u Ha 25 Y — u3 ka-
MiTaJbHOA COCTABAAIONIUX, MO3TOMY 3KoHOMUS 33 Y% TomauBa mMo3BoOJA-
CT BJOXHTh B HAaACTPOAKY TakKHe K€ KaNuTaJbHbie 3aTpaTh, KaK H B
B OCHOBHO# HMKJ, 6e3 MOBBILICHUS CTOMMOCTH 3JIEKTPOIHEePrHH. DKOHO-
MHIO KaMHTAJOBJOXEHUH MOXHO MOJYUHTh 33 CYeT CYLECTBEeHHOTro
YMCHBIIEHHS NOTPEOHOCTH B rpajupHAX W CHHXKEHHSA NaBJEHHS B IHKJE
Peukuna ot 25 mo 10 MIla. Kpome Toro, ynoMaHyTel BO3MOXKHOCTH
HCMOJIL30BAHUA aKKYMYJSTOPOB TelJa B TENJOHACOCHOK YCTaHOBKe
M NpPUMEHeHHs CXeMbi JJSl CYyJOBHIX IBUraTesel.

600
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NARVAN
/ ?
/
'l
6 S, x4x/lrr-2pai)




COHUCOK JIMTEPATYPH

I'maBa 1

Thomson, W. On the economy of the heating or ccoling of buildings
by means of currents of air. Proc. Glasgow Phil. Soc., Vol, III,
pp 666-675, Dec. 1852,

Fearon, J., Heat from cold-energy recovery with heat pumps.
Chartered Mechanical Engineer, pp 49-52, Sept. 1978,

Haldane, J.G.N. The heat pump - an economical method of
producing low grade heat from electricity. I.E.E. Journal,
Vol. 68, pp 666=675, June 1930.

Pietsch, J.A. The unitary heat pump industry - 25 years of
progress. ASHRAE Jnl., Vel. 19, Pt.7, pp 15-18, July 1977,

Egle, M. The heating of the Zurich Town Hall by the heat pump.
SEV Bulletin, Vol. 29, pp 261-273, 27 May 1978.

Von Cube, H.L. and Steimle, F. Warmepumpen. Grundiagen und
Praxis. VDI-Verlag GmbH, Dusseldorf, 1978,

Sumner, J.A. A summary of heat pump development and use in
Great Britain., J.Inst. of Fuel, pp 318-321, Jan 1953,

Montagnon, P.E. and Ruckley, A.L, The Festival Hall heat pump.
J. Inst. of Fuel, pp 1-17, Jan 1954,

Macadam, J.A. Heat pumps ~ the British experience. 'Building
Research Establishment Note N217/74, Watford, Dec. 1974,

Sumner, J.A. Domestic Heat Pumps. Prism Press, Dorchester,
1976.

Butler, C, Ferranti 'fridge-heater'. Arch. J. Info. Sheet
. 28.J.1, May 31, 19S56.

Kell, J.R. and Martin, P.L. The Nuffield College heat pump
J.Inst, Heating & Ventil, Engnrs., pp 333-356, Jan. 19623,

['naBa 2

Rogers, G.F.C. and Mayhew, Y.R. Engineering Thermodynamics,
Work and Heat Transfer. Longmans, London, 1964,

Fischer, R.D. et al, Solar powered heat pump utilizing pivoting-
tip rotating equipment, Phase 1 Summary Report, 1 July 1974 =
1l Sept. 1975, NSEF/RANN/SE/C-876/FR/75/3, 1975.

Anon. Systeme de chaufage et climatisation domestique utilisant
une pompe a chaleur actionnee thermiquement. Report of Battelle,
Geneva, 190-4100 JPB/YT/fsch, 25 March 1977,

Wurm, J. An assessrent of selected heat pump systcms,
American Gas Association Report on Project HC-4-20, Feb 1977.

Anon. Rovac patent, US Patent 3686 893.

Wood, B.D. Applications of Thermodynamics., Addison-Wesley,
Reading, Mass, 1989,

Huck, W. Thermoelectric heat pumping. Proc. ASHRAE Annual
Meeting, vancouver, B,C., June 13-15, 1960.



10

11

12

13

I'masa 3

Rousseau, J., Noe, J.C. Solar-powered Rankine cycle heat pump
systems, Proec., 1llth Interscc, Energy Conv, Eng. Conf.,
Nevada, 12-17.

Biancardi, F,R., Meader, M.D. A unique Rankine-cycle heat pump
system. ibid, .

Anand, D,K, et al, Short and long term comparison of solar
absorption air-conditioning system performance using real and
synthetic weather data. ibid.

Farber, E.A. et al, Experimental evaluation of the university

of Florida solar powered ammonia/water absorption air conditioning

system. Ibid.

Strong, D.T.G. Directly fired heat pump for domestic and light
commercial applications. Presented to the Commission of the
European Communities, Contractor's meeting, Brussels 28th
September, 1978,

Butterworth, D. Introduction to Heat Transfer - Oxford
University Press, Oxford, 1977.

ASHRAE Handbook, Fundamentals, Chapter 2. Published by the
American Society of Heating, Refrigerating & Air-Conditioning
Engineers Inc., New York, 1977.

ASHRAE Handbook, Systems, Chapter 26. Published by the
American Society of Heating, Refrigerating and Air-Conditioning
Engineers Inc., New York 1976,

Kays, W.M. & London, A.L, Compact Heat Exchangers, McGraw-
Hill Book Company, New York, 1958.

Blundell, C.J. Optimizing heat exchangers for air to air space
heating heat pumps in the UK. Energy Research, Vol., pp 69-94,
1977. .

€.C. Hiller, L.R, Glicksman. Improving heat pump performance
via compressor capacity contrel. M.I.T. Energy Laboratory
Report MIT-EL 76.001.

Downing, R.C. Characteristics of refrigerants, The Refrigerant
Engineers Society, Service Manual Section 3, page RA 331,
1963, )

Shearer, A. Selection of prime movers for on site energy
generation. Power Generation Industrial No. 3, May 26, 1976,

I'nasa 4

British Standard 4142, Method of Rating Industrial Noise
Affecting Mixed Residential and Industrial Areas, British
Standards Institution, Lomndon, 1967,

Kosten C.W. and Van Cs. G.J. Community Reaction Criteria for
External Noises. National Physical Laboratory Symposium No, 12,
HMS0, London, 1962,

Anon. Handbook of Noise & Vibratiom Control. Trade & Technical
Press Ltd, Morden, Surrey.

Anon. Report of Heat Pump Performance Characteristics Resulting
from Heat Pump Improvement.Research Project (RP 59) Spensorsd
by the Space Conditioning Policy Committee of the EEC,



10

(4]

10

11

12

Ambrose E,R, Heat Pumps and Electric Heating, John Wiley & Sons
Inc., New York, 1966.

Heap, R.D. Heat Pumps for British Houses? ECRC/M919,
Electricity Council Research Centre, March 1976.

Gates, R.R., Sepsey, C.F, and Huffman G,C. Heat transfer and
pressure loss in extended surface heat exchangers operating
under frosting conditions -~ Part I & II., ASHRAE Trans, 1967.

Niederer D,H, Frosting and defrosting effeects on coil heat
transfer, ASHRAE Trans, 1976,

Akalin, M.T, Equipment life and maintenance cost survey,
ASHRAE Jourmal, October 1978.

Anon. Heat pump datz show service variations. Electrical Weorld,
Vol, 182, part 7, pp 89-91, October, 197u,

I'maBa §

Anon. Energy conservation: a study of energy consumption in
buildings and possible means of saving energy in housing. A
BRE Working Party Report. Building Research Establishment
Current Paper CP 56/75, Dept. of the Environment, June 1975,

Anon. UK Workshop on Heat Pumps. ETSU Report Rl, HL 77/683,
Department of Energy, UK, March 1977,

Butler, C. Ferranti 'fridge-heater'. Arch. J. Information Sheet
28,J.1, May 31, 1956.

Heap, R.D. Heat pumps and housing. Proc. Conference on Housing
and-Erergy, University of Newcastle upon Tyne, 15-17 April,
1975,

Stoecker, W.F. How frost formation on coils affects refrigeration
systems. Refrigerating Engineer, p42, Feb, 1957,

Anon. Heat pump electricity usages and other operating
characteristics experienced under various weather conditions.
Southern Research Institute Repert No., 2371~28B-SVIII, July
22, 1955,

Anon. ASHRAE Handbook and Product Directory 1976 Systems Volume,
American Society of Heating, Refrigerating & Air-Conditioning
Engineers Inc., New York, 1976,

Klaus, H, Energieeinsparung bei der Raumheizung und
Brauchwarmwasserbereitung im Mehrfamilien hausbereich unter
Einsatz von elektrisschen Warmepumpen. Proc. EEC Contractors
Meeting on Heat Pumps, Brussels, 28-29 Sept., 1978.

Sumner, J.A, Domestic Heat Pumps. Prism Press, UK, 1976.

Reay, D.A. 1Industrial Energy Conservation. A Handbook for
Engineers and Managers. 2nd Edition, Pergamon Press, Oxford,
1979.

Kolbusz, P, The use of heat pumping in district heating schemes.
FElectricity Council Research Centre Report ECRC/M700, Feb., 1974,

Godard, 0. and Poppe, H. Temperatures in the soil in Belgium
and in Luxembourg., Bulletin of the Belgian Society of Astronomy,
Meteorclogy and Earth Sciences, Vol,76, No. 9- lO, Sept/oct,

19637 (In French) .



1y

15

le

17

18

19

20

21

22

23

24

25

26

27

28

29

30

[
Fordsmand, M. Analysis of the factars which determine the
COP of a heat pump, and a feasibility study on ways and means
of increasing same. Proc. EEC Contractors Meeting on Heat Pumps,
Brussels, 28-29 Sept, 1978.

Schar, 0. Warmepumperheizung. Elektrizitatsverwertung, Jg 53,
No. 1/2, S15-18, 1978. .

von Cube, H.,L., Warmeguellen fur Warmepumpen Warmepumpén -
Vulkan Verlag, Essen, 1978. .

Goulbum, J.R. and Fearon, J. Heat pumps using ground coils as
an evaporator, Proc. Heat Pump Workshop, Rutherford Laboratory
Report RL=-773;145/C, Oxfordshire, Dec. 1977.

Sporn,.P. and Ambrose, E.R. The heat pump and solar energy.
Association for Applied Solar Energy, Proc. World Symposium on
Applied Solar Energy, Nov. 1855,

Freund, F, Leach, S.J. and Seymour-Walker, K. Heat pumps for
use in buildings. Building Research Establishment Current
Paper (P 19/76, Feb 1978.

Jardine, D.M. and Xuharich, R.F. Operatiocnal report on an
integrated solar-assisted optimized heat pump system. Trans.
ASHRAE . Vol,.B82, No. 2, pp 426-u432, 1976.

McVeigh, J.C. Sun Power. An Introduction to the Applications
of Sclar Energy. Pergamon Press, Oxford, UX, 1977,

Hanby, V.I. Sizing of heat exchangers for heat pumps for
domestic applications. Proc., of Heat Pump Workshop, Rutherford
Laboratory Report RL-77-145/C, Oxfordshire, Dec. 1%77.

Reay, D.A. Directory of Heat Recovery Equipment, E&FN Spon,
London, 1979,

Smith, C.B. Efficient Use of Electricity, pp 283-285,
Pergamon Press, Oxford, 1976.

Dunn, P;D. and Reay, D.A. Heat Pipes. 2nd Edition. Pergamon
Press, Oxford, 1978.

Altman, M. Conservation and better utilisation of electric
power by means of thermal energy storage and sclar heating.
National Science Foundation, Univ. Pennsylvania Report
UPTES-71-1, Oct. 1971.

Lorsch, H.G. Thermal energy storage devices suitable for solar
heating. 9th Intersec Energy Conversion Engng. Conf. 1974,

Gordon, H.T. A hybrid solar-assisted heat pump system for
residential applications. Solar Heating & Cooling of Buildings,
Vol.3. American Section of International Solar Energy Society,
Florida, 1976,

Corman, J.C. McGowan, J,G. and Peters, W.D. Solar augmented
home heating heat pump system. 9th Intersoc Energy Conversion
Engng. Conf., 1974,

Ruiter, J.P., Leentvaar, G, and Zeylstra, A.H. Tumbler dryer
with heat pump. Elektrotechniek. Vol. 58, No. 4%, pp 22u4-229,
April 1978,

Wilson, D.R. et al. The minimisation of the power consumption
of a thermo-dynamic heat pump by a microprocessor based control
system. Proc. EEC Contractors Meeting on Heat Pumps, Brussels,
28~29 Sept. 1978.

—215—



31

32

33

y

10

Jansfen, H.A, and Delert, G. DevVelopment of a primary energy
driven absorption heat pump for domestic heating. 1Ibid.

Blakeley, R.E., Ng, D.N. and Treece, R.J. The design and
development of an abscorption cycle heat pump optimised for the
achievement of maximum coefficient of performance. Ibid.

Anon. High efficiency practizl magnetic heat pump. Industrial
Research, 'p 107-108, Oct. 1978,

Kergan, G. and Brady, J., Economic evaluation of heat pumps.

Energy Research, Vel. 1, pp 115-125, 1977,

['naBa 6

Dorman, R., Offices: better atmosphere aids comfort. Review of
Industrial Heating, Ventilating and Air Conditioning. The Times,
London, 21 Oct. 197u,

Bowen, J.L. Why you should consider heat recovery, Building
Serv. Eng., Vol. u4, pp. A20, 22, 24, 25, Nov. 1976,

Anon. Heat from light in Chester electricity headquarters.
Heating and Ventilating Engineer, pp. 116~119, Sept. 1969.

Hoyle, G,M, Decepntralised air conditioning - for decentralised
people. Building Serv., Eng., Vol. u5, Jan. 1978,

Dawes, J. Heat recovery and heat pumps for swimming pools.
Heating & Air Conditioning Jnl., pp. 24-28, Oct. 1978,

Reay, D.A. Heat Recovery Systems: A Directory of Equipment.
E t FN Spon, London, 1979.

Shave, R.E.J. Northgate Area. The Consulting Engineer,
pp. 38-39, April 1978.

Sturzenegger, E. Heat pumps in sports centres, Sulzer
Technical Review, No. 3, pp. 105-107, 1977.

Eicke, K. Heat pump system Serving both a skating rink and an
indoor swimming pool. Electrowarme International, Vol. 32,
pp. Al51-154, May 1974,

Anon. Gas motor heat pump with additional heat recovery,
Sulzer Tech. Review, No. 3, p.l136, 1977,

I'napa 7

Lyle, 0, The Efficient Use of Steam, HMSO, London, 1947.

Anon. UK Workshep on Heat Pumps, 30 June - 2 July 1976.
Energy Technology Support Unit Report HL77/683, Harwell,
March 1977.

Reay, D.A. Industrial Energy fonservation. 2nd Edition,
Pergamon Press, Oxford, 1979.

Reay, D.A, Heat Recovery Systems - A Directory of Equipment
E & FN Spon, London, 1979,

Neill, D.T. and Jensen, W.P, Goethermal powered heat pumps to
produce process heat. Proc. 1llth Intersoc. Energy Conv,.
Engng. Cenf,, Nevada, ppB802-<U7, Sept. 1976.



10

11

12

13

1y

15

16

17

18

19

20

21

22

23

2y

25

26

Alefeld, G. A high temperature absorption heat pump as topping
process for power generation. Energy, Vol.3d, pp 643-656, 1978,

Anon. A century of refrigeration by Sulzer. Sulzer Technical
Review, No. 1, pp 4l1-43, 1978.

Charity, L.F. et al, Heating water with a milk cocoler using
heat pump principle. Agric. Engng., pp 216, 219, April 1952,

Anon, Waste heat recovery saves f15000 a year. The Engineer,
p 24,25, 5 Feb. 1976.

Anon. Heat pump maintains plastic injection moulding output,
Case History, Electricity Council Note EC3822, 1978.

Braham, G.D. Energy management looks after lost heat. Electrical
Review, Vol,. 203, No. 22, Dec. 8, 1978,

Anon, Heat pumps. A new application for screw compressors,
Howden Journal, Issue No. 1y, Jan 1876,

Reay, D.A. Industrial Energy Conservation. A Handbook for
Engineers and Managers. 2nd Edition, Pergamon Press, Oxford,
1979, ’

Hodgett, D,L, Efficient drying using heat pumps. The Chemical
Engineer, pp 510 - 512, July/August 1976, ,

Flikke, A.M., et al. Grain drying by heat pump.: Agricultural
Engng, Vol. 38, No. B, pp 592-537, 1957,

Davis, C.P. A study of the adaptability of the heat pump to
drying shelled corn. M.,Sc. Thesis, Purdue University, USA,
1949,

Laroche, M. and Solignac, M, Heat pump application to drying in
agricultural and industrial fields. Rev. Gen., Therm., Vol, 15,
Ne. 179, pp 989-995, 1976, }

Miller, W, Energy conservation in timber drying kilns by
vapor recompression, Forest Prod. Jnl., Vol. 27, No, 9,
pp 54-58, 1977.

_Haprris, P,S, The dairy industry. Energy Audit Séries'No. 3,

Dept. Energy and Dept. Industry, Harwell, 1978,

Bucher, F. Making savings in thin film evaporators. Processing,
pp 73 - 75, June 1978,

Westbrook, N.J, Evaporation advances in the chemical industry,
Processing, pp 39, 41, September 1978.

Null, H.R. Heat pumps reduce distillation energy requirements,
0il and Gas Jourmal, pp 96 - 98, 9 Feb 1976,

Anon, Heat pump refinements, New Scientist, 22 Jan, 1976,

Petterson, W.C. and Wells, T.A. Energy-saving schemes in

distillation., Chemical Engng., Vol, 84, No. 20, pp 78 = 86,
1977, .

Reding, ¢.T. et al. Energy consumption. Paper, stone, clay,
glass, concrete and food industries. Environmental Protection
Technology Series, Report EPA-650, April 1975,

Macwichael, D.B,A., Reay, D.A, and Searle, N.,K., Feasibility
and design study of a gas engine-driven high temperature
industrial heat pump. Proc. EEC Contractors Meeting on Heat
Pumps, Brussels, 27-28 Sept. 1978.

— 217~



27 UK Patent Spec. 1494 780. Improvements in or relating to a
method and apparatus for washing articles. UK Patent 0ffice,

14 Dec., 1977.

28 Anon. Higher temperatures from heat pump heating packages.
Processing, p 49, Sept. 1978,
29 Whitehead, E.R. and Roley, R.D. The heat pump; a proven device

for heat recovery systems., ASHRAE Journal,Vel. 18, Pt. 5,
pp 31-3u4 1976,

30 Gaggioli, R.A. et al. A heat recovery system for process steam
industries. ASME Journal of Engineering for Power, Vol. 100,
pp 511 - 519, ODct, 1978,

31 Neill, D.T. and Jensen, W.P. Geothermal powered heat pumps to
produce process heat. Proc, 1lth Intersoc Energy Conv,
Engng. Conf,, Nevada, pp 802 1 807, 1976,

CNMCOK AONONHMTENbHOH NMTEPaTyPhl

Boikos A. B., Kagunus U. M. 06 3pdekTHBHOCTH TepMOINHAMHUECKHX LHKJIOB
Ha Hea3eoTPONHBIX CMCCAX KOMIOHenToB. — XoNOAMNbHASL Texnuka, 1980, Ne 12,
c. 11—20.

Freeman T. L., Mitehell J. W. Performance of combined solar-heat pump
systems. — Solar Energy, 1979, v. 22, Ne 2, p. 1256—135.

Groff G. C., Bullock Ch. E. Tleat pump performance improvements for
northernr climate. Proc. — 13 Intersoc. Ewergy Conv. Conf., San Diego, Aug.
20—25, 1978, p. 838—846.

Howerton M. T. A thermochemical energy storage systems and heat pump, —
Ibid., p. 935—940.

Jakobs R. M. Die Anwendung von nichtazeotropen Zweistoff-Kiltemitteln iu
Wirmepumpen. — Temperatur-Technik, Nov./Dec. 1979, S. 128—135.

Strong D. New gas fired heat pump. — Chart. Mech. Eug., 1979, v. 26, N¢ 6,
p. 87—90. '

Smith W. W. Water cooled heat pumps.— [leatin and Piping Air Cond,
1979, v. 51, Ne 3, p. 49—61.

Hochtemperature-Wirmepumpen. — Wirme, 1980, Bd 86, Ne 2, S, 44—45.

Calm J. M. Tleat pump for district heating and cooling. — ASFHRAE J., 1979,
v.21, Ne 9, p. 54—58.

Setty B. S. V. Economics of heat pumping. — Ibid., p. 48—5I.

Proc, 14 Intersoc. Energy Conv. Conf. Boston, Mass., Aug. 5—10, 1979.

Internal combustion engines and energy conservation. — Power Generation
Industrial, 1980, p. 24—25.

Moser F. Die Warmepumpen in der Verfahrenstechnik. — Springer — Verlag,
1979, S. 280.

Swedish heat pump projects 1979. Full scale experiments supported by govern
organizations. — Ed. by Skn — Allan Eklund. Document D29, 1980.

Grisvall J. P. EAdF Bull de la Direction Serie A Supplement Ne 3, 1980,
p. 193.

Brascamp M. The scenario-free survey — a method of research of the future.—
Energy models for the EC, Pergamon, 1980.

— 28—



Besos K. Il. PenxosemesnpHbie MarmeTHKH M HMX mpumereine, — M.. TPOM/JI,
1980, ¢. 239. '

Mycrosanos 10. B. dxonomuueckass 3PheKTHBHOCTb TAPOKOMIPECCHONHBIX Tell-
Joracocnsix cTannpil, — TennosHeprernka, Ne 2, 1981, ¢, 69—72.

Commitee UNICIAL — Der Einsatz von Wirmepumpen in  der Fernhe-
izung. — WEC, 1980, v. IB, p. 197—216.

Chemical heat pump heats, Cools — SUN, 1980.

Reay D. A. Iudustrial applications of heat pumps chart. — Mech. Eng,
1980, v. 27, Ne 4, 5.

Stockburger D., Bartmann L. Excrgetic evaluation of the use of heat pumps
(vapour comprssors) in chemical plants, — Int. Chem. Eng.,, 1980, v. 20, Ne 2.

Mattalon R. W. Application of high temperature heat pumps for district
heating. — 4 Int. District IMeat. Coni., Sirmione, Italy, 1980, paper I/L

Pietermaat F. Les economies d’energie et le sechage par pompe a chaleur, —
WEC, 1980, v. IB, p. 255—274.

Hodde A. ®. TMoaynpoBonnnKoBbic TepMoanemMentn. — M.—J1.: Haz-eo AH
CCCP, 1960.
Anatbiayk JI. WM. TepMmoaneMenTh H TepMOsJeKTpHUeckHMe ycTpoiicTBa. — Knes:

[Maykosa nyMmka, 1979.

Alefeld G. Einstein as inventor. — Physics Today, May, 1980.

Xonopnabunte Mawnuu / Ion pen. I1. I1. Kowkuna, — M.: TInmwesast npovbiw-
JeHHoCTh, 1973,

JeGeper II. A. TennooOmeHubie, CYWHIbHbie H XOJOAHJBHBEIE = YCTAHOBKH. —
M.: 3ueprus, 1972,

Autonckuii E. U, fiwoB B. C. HMcroab3obanue TensoTel 060POTHOH BOAHL. —
Tlpoueiiennas snepreTnka, Ne 5, 1980.



IIpenncnoBue K pyccKOMY W3IaHHIO

OFNABAEHMWE

CHHCOK JIMTepaTypHi

ITpennciosue

Beepneune
IF'MTABA
IF'MTABA
I'TABA
'TABA
''1ABA

1.
2. TEOPHUSI TEILIOBbIX HACOCOB .

3.

4. TTPOBJIEMbI KOFMHCTPYHUPOBATIHMA .

5. IHACOCbI B JAOMAIINMEM TEINJIO-

HUCTOPUS TEIIJIOBbIX MACOCOB

OCTIOBTHBIE 3JIEMETTbBI KOHCTPVKHHH

TEINJIOBBIE

CHAB)XEHHWH .
'1IABA 6. TEI'IJ'IOBbIE [TACOCBHI B OBH.[ECTBEIIIIbIX SILA

HMUAAX

FT'TABA 7. TIPUMEHENHE TEl'IJIOBbIX IIACOCOB B ITPO-
MBIIIJIEHTIOCTH .

Cnucok NUTepaTypH .

CnucoK JONOJHHTe/IbHOK JIHTEPaTYPhi

o ~ & ot W

15
39
77

95

. 138

. 162
. 212
. 218



