Heat Pumps

NPEAMCNOBUE K PYCCKOMY M3QAHMIO

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-
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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-
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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
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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
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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
_——‘/
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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

—50 —



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
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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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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
| AL

//
\
N

300 600 1200 2800 4800
T T T
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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.
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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.
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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-
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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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Puc. 5.3. Touka paBHOBecHs H 10-
MOAHUTeJBHLIH HarpeB Ha JHar-
paMMe JJg TenJIOBOro HacoCa THNa
BO3iyx — BO3AYX.
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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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