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MHorokpatHoe noBbILLEHNE CTOUMOCTY JOOLIBAEMBbIX U POU3-
BOAUMBIX TOM/INBHO-3HEPTETUHECKUX PECYPCOB, UCTOLLIEHUE 3a-
14COB TPAANLMOHHOO OPraHN4ecKoro TOMmBa u 3K0JI0rN4ecKne
10CNEACTBUS €r0 CXXUraHns, BO3PACTAKLLAS C KaXbIM r04oM
NOTPE6HOCTb B TEIMI0BOV IHEPT NN XUTTULLHO-KOMMYHA/IbHOIo
1 POMbILLAIEHHOI0 XO3AVCTBA, YXXECTOYarLNECs TPEO0BAHNS
110 00ECIEYEHNIO IKOSIOTUHECKOMN YUCTOTbI TEXHOOMNHECKUX MPO-
LIECCOB Y OXPaHbI OKPYXAIOLLIEN MPUPOAHON CPELAb! 00YCI0BUIN
BCe 607166 LLINPOKOE NCMOb30BAHNE IGDHEKTUBHOIO SHEPIO-
cbeperaroLero 060py0BaHs — TENNOBbIX HAcOCoB (TH) n Tex-
HOJI0rMi Ha UX OCHOB.

BBEIEHUE

B nocnenHue gecatunetus HabnogaeTcs 3Haqu-
TeNbHbIA MHTEPEC K 3TUM TEXHOMOMNAM NpaKTi-
4eCKM BO BCEX Pa3BUTbIX CTPaHax Mupa. AHanm3
BO3MOXKHbIX 06MaCTei MPUMEHEHUS B 9KOHOMMU-
Ke Poccuim TennOHACOCHbIX TEXHONMOTMIA NOKa3bl-
BAeT, 4TO Ha nepsoM 3Tane B Poccuu Hanbonee
NepcrneKTMBHOM 06M1aCcTbi0 UX BHEAPEHUS ABNS-
t0TCA CUCTEMbI XN3HE0OECNEYeHUS 3AaHNIA.

TennoBbIM HACOCOM HAa3bIBAETCA TEXHUYECKOE
YCTPOWiCTBO, peanu3yroLLyee npoLecc nepeHoca
HU3KOTEMMEPAaTyPHOU TeOThl, HE MPUrOLHOMN
L4715 IPAMOro UCrosb30BaHNA, Ha 60/16e BbICOKO-
TEeMepatypHbIi ypoBeHs. [10 aHanornm ¢ BogA-
HbIMY HACOCaMM, NEPeKaYNBaroLLUMy BOAY, Ter-
J10BbI€ HACOCHI «MEPEKAYNBAIOT» TENOTY. UHbI-
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Mu crioBamu, TH aBAsIlOTCS TpaHcghopmaTopamu
Tens0Tbl, B KOTOPbIX Pab0Yme Tesa COBEPLLAOT
00pAaTHbIN TEPMOAUHAMUYECKUI LNKIT, NEPEHOCS
TEMIOTY C HU3KOro TEMNEPATypPHOro ypoBHSA Ha
BbICOKWIA. Takum 06pa3om, U3 HU3KOMOTEHUMU-
anbHOV TeMI0Tbl PA3/INIHOIO NPONCXOXAEHNS
(MpUPOJHON BO30OHOBIISIEMON TEMITOTHI [PYHTO-
BbIX U MOBEPXHOCTHbIX BOJ, TEN/IOThI [PYHTA,
artMocghepHoOro Bo3ayxa, a Takxxe coPOCHOM Tex-
HOreHHOW TeMIoTbl TEXHOJIOMUYECKUX MPOLECCOB
MPOMBbILLIIEHHbIX POU3BOACTB, CTOYHbIX BOJ
OUONIOTNHECKNX U JPYIUX OYUCTHBIX COOPYXE-
Huit) ¢ Temnepatypoi 0-50°C BbipabarbiBaercs
Tenso.

[py 3TOM KONKU4YECTBO MOy4aeMOoii Nose3HoN Ter-
NOBOVA 3HEPruK CPeIHero NoTeHLmMana, 3a UCKIo-
YeHKeM NoTepb, PaBHO CyMMe TEMNOBbIX 3HEPriii
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HU3KOrO0 W BbICOKOrO NOTEHLIMANOB, YTO 06YCraB-
NNBAET IHEPreTUYECKYI0 W, KaK CNeSCTBUeE, 9KO-
HOMWYECKYI0 1 9KOOrMYECKY0 3(PEKTUBHOCTb
TENNOBbIX HACOCOB.

B HacToALLee BpeMA B UHLYCTPUANIbHO Pa3BUTBIX
3apy6exKHbIx cTpaHax u Poccun onpefennnioch
[1Ba OCHOBHbIX NPUHLMNNANBLHBIX HANPABIEHMUS
B Pa3BUTUM TENJIOBbIX HACOCOB:

M 1apOKOMMPECCUOHHBIE TEMOBbIE HACOChI
(NTH).

Il A6copO6UMoHHbIe TemoBble Hacockl (ATH).

1. MAPOKOMMNPECCHWOHHBIE TENJ0BbIE HACOCbI

1.1. MPUHLUN PABOTbI MTH

MpuHUMN fencTBUS NapOKOMIPECCUMOHHOIO Ten-
NOBOr0 HAcOCa aHaNOrM4eH NPUHLMNY LeicTBms
[OMaLLUHero xonogunbHuka. B Hem moposuska
(ucnaputenb) 3a6MpaeTTENIO U3 OXNAXKAAEMbIX
MPOAYKTOB. TO TENJIO M BbIAGNSETCS B MOMELLE-
HUe 13 pagmaropa (KoHAeHcaTopa), KOTopblil pac-
MOJI0XEH Ha 3a[IHEil CTEHKE CHApYXXW XONO4Ub-
HUKa. «[lepekaqnsaemoe» Tenso HeCKOMbKO pa3
MPEBOCXOAMT 3aTPa4eHHYH 3Heprut0. ToYHO Tak
xe u [TH 3abupaet Tenno U3 NpupoLHOro (Bo-
[a, TPYHT, BO3yX) WUNW NMOCTOSHHOrO TEXHOreH-
HOr0 UCTOYHMKA HU3KOMOTEHLNANbHON TENNOThl
11, 3aTpadnBas HEKOTOPYO 3HEPTUI0 HA CBOIO pa-
60Ty, Npeo6bpasyeT aHePrut0 HU3KOro NoTeHLNa-
na B TENJIOBYH 3HEPTUI0 CPELHEero noTeHumana,
MPUroJHyI0 Ang notpebutenen.

1.2. KNACCU®UKALINA NTH

CyLLecTBYIOT CaMble pa3Hble BapuaHTbl KNaccu-
(pmkaumn TensIoBbIX HaCOCOB.

IMTH no arperaTHOMY COCTOSIHIIO BO30OHOBNSAE-
MOr0 HI3KOTEMMEePaTyPHOro UCTOYHIKA TENNOTbI
(HT) v HarpeBaemoli cpefbl NofpasnenaoTcs
Ha Tunbl «BOAA-BOAA», «BO3AYX-BOAA», «BO3AYX-
BO3/yX», «BOAA-BO3AYX»; MO TUMY MCMOMb3YEMOro
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KOMMNpPEeCcCOpHOro 060pya0BaHNs — Ha CAMpanb-
Hble, NOPLUHEBbIE, BUHTOBbIE 11 TYp6OKOMNpeccop-
HbI€; N0 BUAY NPUBOAHOIO ABUraTens — Ha anek-
TPONPUBOAHbIE, NN C NPUBOJOM OT TEMJIOBbIX
[Burarenei (4surareniei BHyTpEHHEro cropaxuns
MapoBbIX, rA30BbIX UMK TMAPABANYECKNX TYPOUH);
Mo NpUMeHsieMoMy paboyemy Teny (xnagoHy) — Ha
HNU3KOTeMnepaTypHble, CPeAHETEMNEPaTypHbIE
11 BbICOKOTEMNEPaTYPHbIE; M0 CTENeHN repme-
TUYHOCTU COEMHEHMA C NPUBOLOM — HA repme-
THYHblE, 6ecCanbHUKOBbIE 11 CaNbHUKOBbIE.

Mo onepatuBHbIM YHKLMAM [TH MOXHO pas-
[ennTb Ha YeTblpe OCHOBHbIE KaTteropum [1]:

TennoBble HacOCbI TOJLKO AR OTONNEHMA, NPU-
MeHsieMble A 06ecneveHns KOMOPTHON Tem-
nepatypbl B noMeLLeHum. CyLLecTByeT 06LLIMPHOE
nose [esTenbHOCTM N0 3aMeHe KOT/I0B HU3KOTEM-
nepaTypHbIX OTOMUTENbHBLIX CUCTEM HA OCHOBE
TeNNOoU3y4atoLLMX NOSIOB UK CTEHOBbIX NaHenen
BEHTUSIALMOHHO-KOHBEKTOPHBIMU NIN60 TEnI0BEH-
TUNALUMOHHbIMK ycTaHoBKamu ¢ [MTH. CyLuecTByto-
LUNIA AfMUHUCTPATUBHO-XIUION (DOHA, Kak npa-
BUNMO, UCMbITbIBAET ONpPEJe/IeHHbIe NPO6EeMbl
C AbIMOOTBOZAMM U AbIMOXOJAMU W NPOBIIEMbI
NoXXapHoit 6e30MacHOCTM B LieNoM, NO3TOMY Ten-
NOBOW HACOC, KOTOPbINA B MPUHLNME HEe UMeeT Ta-
Kux npo6siem, NpeacTaBiseTcs B aTUX Clydasx
UAeaNbHbIM BapUAHTOM 3aMeHbI.
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Tennosbie HacOCbl OTONUTENbHbBIE U XONOAWSIb-
Hble, NPUMeHsieMble A KOHANULMOHUPOBAHNS Mo-
MeLLIEHIIA B Te4eHMe BCero rofa. Hambonee pacnpo-
CTPAHEHHbIMU ABMSAKOTCA PEBEPCUBHbIE arperarbl
Knacca «Bo3fyx-B034yx». TennoBble HACOChI Cpes-
Hel 1 60O MOLLHOCTA ANS COOPYXeHWi
chepbl 06CNYKMBAHUS UCNONb3YIOT MMAPaBINYe-
CKMe KOHTYPbI AN pacnpefeneHus Tenna u xo-
noja 1 npu 3ToM MOryT o6ecneynBath 06a pa-
604MX PEXMMa 0JHOBPEMEHHO.

MHTEerpupoBanHbie CUCTEMbI HA OCHOBE TEMNOBbIX
HacocoB, 06ecneynBatoLLe OTONNEHUE NOMeLLe-
HUIA, OXNAXAEHIE, TPUrOTOBEHNE BOAbI ropsye-
ro BogocHabxenus (FBC) n uHorga ytunmsaumo
0TBOAMMOr0 BO3LyXa.

TennoBble HAacoCbl, NPeHa3HAYEHHbIE UCKNID-
yutenbHo ana MBC. 3a4acTyto B Ka4eCcTBeE NCTOY-
HUKa Tenna UCMonb3yT Kak HapYXXHbI BO3AYX,
TaK N COPOCHOI BEHTUNALIMOHHbIA BO3AYX.

TennoucTo4HNKM Ha 6a3e TENIoBbIX HACOCOB Obl-
BatOT KaK MOHOBANEHTHbIE, TaK 1 GUBANEHTHbIE.

MoHoBaneHTHble TENOUCTOUHNKN NOMHOCTbIO MO-
KpbIBAKOT rO0BY0 NOTPEOHOCTL B OTOMMNEHUMN U
ropsivyeM BOLOCHAOXeHM, BKITH04Yas CE30HHbIe,
«MUKOBbIE» TEMNI0BbIE HATPY3KN.

TennoBble HacOCbl B GBUBANEHTHbIX TENOUCTOY-
HUKaxX nokpbiBaoT o1 50 fo 70% rogoson no-
TPE6HOCTM B TEMI0OBON 3HEPTriK, HO NO3BONAIOT
CYLLECTBEHHO C3KOHOMUTb CPEACTBA Ha CO3Aa-
HUe TeNNONCTOYHMKA 1 NONYYUTb 3HAYNTENbHYIO
3KOHOMUIO TONSIMBA MU 3NEKTPOIHEPrum (no
CPaBHEHIO C ANEKTPOKOTESbHbIMK). [TKoBas Ten-
NOBas Harpy3ka nokpbIBAeTCcs 3a CHET AONOSHU-
TeMbHbIX NCTOYHMKOB OTOMMEHNSA, Yallle BCEro
3NEKTPUYECKUX, YTONbHbIX, FA30BbIX NN XINIKO-
TOMMMBHbIX KOTMOB.
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1.3, ONMUCAHUE PABOTbI MTH

Ha puc. 1 npusepeHa npuHumnuansHas cxema NTH
TuNa «BOAA-BOAA» C HAMMEHOBAHUSMI OCHOBHBbIX
3/1EMEHTOB, a Ha pUC. 2 N306PaXKeH YNPOLLEHHbII
TepmoanHamuyeckun uukn MTH B T-S guarpamme.
CocTosHMA paboyero Tena nocne NpoLeccos, Npo-
NCXOAALLNX B OCHOBHbIX anemeHTax [1TH, 0603-
Ha4YeHbl COOTBETCTBYIOLLMMM LNpamm Lnkna.
B otnnyme ot napoKOMNpeccopHoro AoMalLHero
X0NI0AUNbHUKA U OT N060M JPYroil NapoKoMmpec-
COPHOM X0N0AuNIbHOIK MawuHbl, [MTH Tuna «Boja-
BOJAa» MMEET Ha OfIMH annapar 60sibLUe (0CTanb-
Hbl€ TUMbI, 3a PEOKMUM UCKIOYEHNEM, UIMEHOT TE XKE
CaMble OCHOBHbIE annaparbl, YTO W XONOANSIbHbIE
MaLLVHbl). 3T0 nepeoxnaguTens ITXnLKoro xna-
noHa. MTH paboTaeT cnefytoLwmm 06pasom: B MeX-
Tpy6HOE NPOCTPaHCTBO MenapuTena U nopaetcs
HU3KOTEMMepaTypHas BOa, e OHA OXNaXAAeTCs
3a CYeT KuneHus (ucnapeHus) B Tpy6HOM NpocT-
paHcTBe ucnapurens M xnagfoHa (paboyero Tena,
KOTOPbIM SBNSKOTCSA HU3KOKUNALLNE PTOPXNOP-
coJepalline yrresoAopossl, T.H. (PpeoHsl). Mapsb!
XnagoHa u3 menaputens M nocTosiHHO 0TcacblBa-
toTCa Komnpeccopom K v, npoxons pereHeparms-
Hbli Tennoo6MerHnK PT, NOQ0rpeBatoTcs BClea-
CTBUeE Tens006MeHa C NpOTeKaKoLLMM BHYTPM TPY6
Tenn006MeHHMKA XNAKUM XnagoHom. Kemnpec-
cop K cxxumaet noforpeTblie napbl XnagoHa Ao
[1aBNIEHNS KOHAEHCALNM N HanpaBnseT UxX B MeX-
TPYBHOE NPOCTPAHCTBO KOHAEHEaTopa K/]. B Tpy6-
HOe NPOCTPAHCTBO KOHZeHcaTopa K/ nopaeTcs
Harpeaemas Bofa TennoceTn. Ha Hapy»Hom no-
BEPXHOCTU TPY6 B MEXTPYOHOM npocTpaHcTee K
napbl XNajoHa 0XNaxaarTcs U KOHAEHCUPYHTCS,
npeBpaLLanchb B XXMAKOCTb, KOTOpas 3aTem no-
CTynaeT B nepeoxnagutess I >X1AKoro xnagoHa,
rJe OXNXAAETCH 3a CYeT TennoobmeHa ¢ obpar-
HOVI BOZOW TennoceTn. [lanee XWAKUA XnagoH
MPOXOANT BHYTPY TPYO pereHepaTuBHOro Ten1o-
o6meHHnKa PT, oxnaxpasch JONOMHUTENIbHO 32

BUNYINdO®HU 19d0€90 WN9LYLI
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CTATbW. 0630Pbl. NH®OPMALMA

npuuuunuanbuaﬂ cXema napoKoMnpeccuMoHHOro TennoBoro Hacoca

K — komnpeccop; KI — koHaeHcatop; M — nepeoxnaautens; PT — pereHepaTuBHbIi TeNN00OMEHHUK;
PY — perynupytolee yctpoiicteo; U — ncnaputens; Ts1 " Ts2 — HU3KOTEMMepaTypHas BOAa;
Tw1,Twz — Harpesaemas Boaa

YnpoLyeHHbIi# TEPMOANHAMUYECKMIA LMK NapOKOMNPECCHOHHOO TENJIOBOIO HAacoCa C NPoLeccamu:
1-2 — cxatne napoB pabo4ero Tena (XnafoHa) B KOMNpeccope; 2-3 — OXNaxaeHne U KoHAeHcaums
napoB X/1afoHa B KOHAEHcATOpe; 3-4 — nepeoxNaxXAeHNe XMAKOr0 XNafaoHa B NepeoxnaguTene;

4-5 — oxnaxaeHue XXMAKOro XnafoHa B pereHepaTuBHOM Tenn006MeHHNKe; 6-1 — kuneHne(ncnapexme)
XNnagoHa B ucnaputene; 1-1' — nogorpes napoB xiagoHa B pereHepaTMBHOM TEMNO06MEHHMKe

_ e-mail: red@vvt.ru http://www.prombook.ru
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CcYeT Tenoo6MeHa ¢ napamm XnagoHa, 1 apocce-
NNPYETCS B PErynupyroLyem yeTpoicTee PY, noHu-
)as CBOe JjaBfieHNe 1, COOTBETCTBEHHO, TEMNepa-
TYpy [0 JaBfieHNs 1 Temnepatypbl B ucnapurene U.
MapoxunaKocTHas cMecb, 06pasyroLLasncs BCnea-
CTBUME APOCCENIMPOBAHNA, KUNUT (Ucnapsercs)
B MCNapuTene, nony4as Tenno Yepes CTeHKu Tpyo
C HU3KOTEMNepaTypHon Bofoii. O6pasyroLymecs
napbl XNafoHa 0TCacbIBAKTCA KOMMNPECCOPOM,
umMKn paboyero Tena NTH 3amblkaeTcs.

Taknm 06pa3om, paboyee Teso (XNaLoH), NOCTOSH-
HO LIMPKYNMPYeT B 3aMKHYTOM KOHTYpe TH, npe-
Tepnesasl U3MEHEHWUs arperaTHoro COCTOAHMA
B €ro annaparax 1 nepeHocs TennoTy 0T B0306-
HOBJIIEMOI0 HM3KOTEMMEPATYPHOr0 NCTOYHUKA
TeNn0Thbl K NOTPeOUTENO TeNN0Thbl CPEAHEro no-
TeHLMana 3a c4eT 3aTparthbl 3HEPrun BbICOKOTO Mo-
TeHLMana B KOMNpeccope.

1.4. JHEPTETU4ECKASA
JODEKTUBHOCTb MTH

Kak 6b110 0TMEYEHO BblLLE, TEN0BON HACOC, Kak
1 X0N0AMNbHAA MaLlLNHA, peannayeT 06paTHbIii
TEPMOANHAMNYECKIIA LKA, NEPEHOCs TennoTy oT
MEHEee HarpeToro Tena K 60nee HarpeTomy 3a cHet
3atpartbl NepPBUYHON 3NEKTPUYECKON UK TeNo-
BOW 3HEPrN B COOTBETCTBMM CO BTOPbIM 3aKOHOM
TepmoanHamukn. OTHOLLIEHME NOY4YEHHOI NOTpe-
OWUTENEM TEnI0BOI SHEPrum K 3aTpa4yeHHoi (B Ten-
NOBOM 3KBUBAIEHTE) onpeaenser ad)eKTMBHOCTb
pa6oTbl TH 1 HOCUT Ha3BaHe KO3 ULIMEHTA Npe-
06pa30BaHus:

©=0Q,+Q/0Q,
rae Q, + Qy,; — T8NN0TA, NOJTy4eHHaA noTpeouTe-
neM 13 NepeoxnagmTens U KOHAEHCaTopa;

Qy — MOLLIHOCTb B TENN0BOM 3KBUBANEHTE, 3aTpa-
YeHHas Ha NpuBOJ KOMMpeccopa.

BennymnHa koadhpuumeHTa npeobpasoBaHms pe-
anbHOro 06parHoro Lukna PeHK1Ha, peanusyemo-
ro B [1TH, B 0CHOBHOM, 3aBMCWT OT TeMMeparyp
XOMOMHOr0 U ropsi4ero UCTOYHWUKOB TEnsoThl:
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Q=@ XU,
e @up= T/ (Tx — Tp) — KOIDDULNEHT NPeo6-
pa30BaHUs naeanbHoro Lmkna KapHo, 0cyLLecTs-
nAemMoro B AnanasoHe Temnepartyp (No wkane
KenbBuHa) KoHLeHcauun Ty 1 KuneHns T, pabo-
4ero Tena LuKna;

L=y X Uy X g X [y X Uy — KOIPDULMEHT, yiunThI-
BaOLLWIA pearnbHble MPOLECChI, OCYLLECTBNISAEMbIE
pa6o4nm Tenom B MTH [2]. MpakTuyeckn ang TH
TMNa «Boga-Boaa» T, =273 + (o + (5-10))°C,
al,=273+(tsp—(2-4))°C.

30echb by, tsp, COOTBETCTBEHHO, TEMNEPATYpA r0-
pAYEro UCTOYHMKA TENNOThI (HarpeBaemoi BOAbI)
Ha BbIXOLe 13 KOHZeHcaTopa u Temneparypa xo-
NOJHOr0 UCTOYHUKA TENOThI (OXNaX4aeMoll BO-
Abl) Ha BbIxoae u3 ucnaputens MNTH. Koadgu-
LUMEHTbI LL,—L15 [2] Y4UTHIBAIOT HEOOPATMMBbIE MO-
TepU PeansHoro LyKna COOTBETCTBEHHO: 3aMEHY
cpefHeTepMOoANHaMUYECKON TeMnepaTypbl 0TBO-
[a Tennotsl T, B unkne PeHkuHa Ha Temnepa-
TYpy KOHAgHCaLWK paboyero Tena Ty (Li,); notepu
B MPOLECCE APOCCENMPOBAHNS (LL,); UMEHEHME
3Ha4eHns KO3 uLMeHTa NnpeobpasoBaHus LnK-
na, CBA3aHHOEe C Meperpesom napos pabovero
Tena nepes CXxaTmem B KOMMPECCOpEe B perexepa-
TUBHOM TEMIO0OMEHHUKE (Li5); NOTEPU OT Heo6pa-
TUMOrO CXaTust B KOMMPECCOpe (LL,) U AOMNOMHN-
TesbHble 3aTpaTthl MOLLHOCTM KOMMPECccopa Ha
NPeojosieHne Cuil TPEHNA HA HArHEeTaTeNIbHOI
11 BCACbIBAIOLLBA CTOPOHAX KOMNPECCOPA (LLs).
[pakTU4eckne 3Ha4eHNa L B [1UanasoHe pearb-
HbIX Temnepatyp koHaeHcauumn (50-70°C) n Tem-
nepartyp kunenus (0-20°C) paboyero Tena cocTas-
nstot 0,55-0,70, npun 3TOM 60/1€€ HIU3KIE 3Ha4eHNs
COOTBETCTBYKOT KpynHbIM [TTH. Hanpumep, 8 MTH
TensuioBoi mowHocToto 1 MBT npu Temneparype
HU3KOTEMMEPATYPHOro UCTOYHNKA TennoTbl (HAT)
7°C v Temnepatype HarpeToi BOAbl CPeAHETEM-
neparypHoro notpeéutens Tennotsl (CMT) 60°C
K03(phuLmMeHT npeobpa3oBanns ¢ coctasnaet 3,0.
370 3HAYUT, YTO U3 TPEX EAMHILL NONYyYeHHoI CIT

BUNYINdO®HU 19d0€90 WN9LYLI
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3Heprus
npuBoaa

Temneparypa
Bofbl +12°C

aHeprus
NCTOYHMKA

% 0 20

40 60 80 100

ml 3arpatbl 3Heprum B TENIOBOM HacoCe Ha eAMHNLY NPON3BEAEHHOr0 Tenna

TeN0BOI 3HEPrUM OAHA eAMHMLIA — 3 CYET 3HEp-
ruv npusoga IMTH, a ABe eAuHMLbI — 32 CHET Ten-
notbl HAT. OTHOCKUTENbHbIE 3aTPaThbl AHEPTMN MO-
KasaHbl Ha puc. 3:

Mpwn nosbiweHnn Temneparypbl HAT 1 noHWXeHUN
Temnepartypbl CMT, T.e. Np1 COKPALLEHUN Pa3HO-
ctv Temnepatyp HUT v CIT (470 cooTBETCTBYET
CHUXeHWo pasHocTu Temnepatyp T, — Tp), KO-
apuLmMeHT NpeobpasoBaHns NOBLILLIAETCA, NPK
YBENNYEHUN Pa3HOCTU Temnepatyp Koadhduuu-
€HT, COOTBETCTBEHHO, CHIXaeTCs. PeanbHo Aoc-
TUraemble Ha NPaKTUKe pa3HOCTU Temnepartyp —
0T 70°C o 30°C, npu aTOM KO3 DULIMEHT Npe-
06pa3oBaHus u3meHsetcs ot 2,0 o 5,0 cooTBeT-
CTBEHHO.

1.5. IKOHOMUYECKAS
JOOEKTUBHOCTb NMTH

CokpallieH1e pacxofi0B Ha OTOM/IEHIE 1 ropsiyee
BOJIOCHAG)KEHUE, CHUDKEHIE 3aBUCUMOCTM OT MO-
CTaBOK (MMMOpTa) OPraHin4eckoro TONMnBa Bo MHO-
TUX PErUOHaX, He UMEHOLLIX COBCTBEHHbIX MeC-
TOPOXAEHNI U UCTOYHUKOB TONMMBA, ABNSIOTCS
BECbMa aKTyaNbHbIMI 3a4a4amiu.

e-mail: red@vvt.ru

[To cpaBHEHWIO C aBTOHOMHbIMI KOTENbHbIMU,
paboTaloWMMM Ha OPraHN4ecKoM TOMMNBE, NPu-
meHeHue [TTH MoXXeT 6bITb ONpaBaHo B Cnyyae,
€CII1 CTOUMOCTb C3KOHOMIIEHHOrO TOM/IMBA (3HEp-
rn) B Te4eHune 2—4 net npesbillaer nmbo pasHa
YBEINYEHUI0 HE3HEPreTUYeCKoli HacTy NponsBe-
JEHHbIX FOJ0BbIX 3aTpaT (KanuTaNbHbIX 3aTpar,
3aTpar Ha 006CNy>KIBAHWE U PEMOHT), KOTOpbIe,
Kak npasuno, Bbille npu npumeHeHun MTH kak
60nee 4OPOrmx.

IKOHOMMSA TOMIMBA NPU CONOCTABNEHUM TEMM0-
CHa0XeHKs ¢ nomoLLbto MTH 1 KoTenbHbIX onpe-
Jensercs:

AG = Gy (1= K/ Kry),

rae Gx— pacxop TONNNBA B KOTENbHON B TOHHAX
YCNOBHOIO TOM/MBA (T.y.T, HU3LLAA TEN0TBOPHAsA
CMNOCOBHOCTb OJHON T.y.T, A, = 7,0 [kan);

Ky, K7y — KO3(P(PULIMEHTBI NCMONb30BAHNA Mep-
BUYHOI 3HEPTWN B KOTENbHOI 1 TEMIOBOM HacoCe.

Ilnsl KoTenbHOM:
KK = T’K’

re Ny — KOIMMULMEHT MONe3HOro AeicTaus
KoTna.
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Nna Tennosoro Hacoca:

Ky = @ X Nsg (M),
rae @ — KoahuuneHT npeobpasoBaHns;

TMy5 — KOIPULMEHT NONE3HOro AeRCTBUS Npo-
3BOACTBA 3JIEKTPO3HEPrN B CNy4ae 1UCnonb3o-
BaHusA TH ¢ 31eKTponpuBoaoM;

T — KO3 DULMEHT M0IE3HOTO ANCTBUA B CIy-
4ae NCNOoNb30BaHNSA TENOBOrO ABUraTens (4Bu-
ratenb BHYTPEHHEro CropaHuns, naposas uian ra-
30Bast TypoUHA).

PaccmoTpum [1Ba anbTepHATUBHBIX aBTOHOMHBbIX
TeNNONCTOYHNKA: KOTESbHYH0, NOTPEONSIOLLY0 ANs
BbIPabOTKM Tennosoit aHeprin 1000 T.y.T. yronb-
HOTO TOMMMBA 32 OTOMUTENTbHbINA CE30H, Y4TO NPK
TennoTBOPHOM cnoco6HocTu yrns Qy = 5,0 lkan/T
coctaBnset 1400 TOHH HaTypanbHOro yrns 3a
OTOMMUTENbHBIA CE30H (MpK KO3t dmLeHTe no-
NE3HOro AeNCTBUS YrofbHbIX KOTNOB 1), = 60%,
nonesHas BbipaboTKa TEMNOTbl B YrONbHOMN KO-
TenbHo coctasnseT 4200 Mkan B rog) u Tenno-
HacocHyt ctaHuuto ¢ MTH Tuna «Boaa-soaa»,
TaKXXe BbipabaTbIBatoOLLYO 32 OTOMUTENbHbINA Ce-
30H 4200 lkan TennOBON 3HEPrUN.

[ins pernoHa CpeaHero MoBOMKbA NPOLOMKN-
TENbHOCTb OTOMUTENBHOr0 Ce30HA COCTaBNAET
5200 4, T.e. cpefiHeYacoBas TensjoBas Harpyska
CUCTEMbI TEMSI0CHABXeHNA (BKNKOYas noTepu B
cucteme) coctasnser 4200/5200 = 0,8 lkan/y.
CnenoBatenbHo, B YroNibHOI KOTENbHOW A0MKHbI
ObITb YCTAHOBJIEHbI 1BA KOTNA TENNONPOU3BOSM-
TenbHoCTbio Mo 0,8 Mkan/d4 (OAMH U3 HUX — T.H.
«ropsAYnin» peseps).

AnbTepHATUBHbIN TEMNNOHACOCHbIV TEMMIONCTON-
HUK TaKXe COCTOMT U3 [IBYX arperatos TennoBoi
moLyHocTbio no 928 kBt (0,8 Tkan/4) u npwm pa-
60Te Ha HAT ¢ Temneparypoii 7°C (rpyHToBas
BOJA U3 CKBAXWH) U TeMNepaType HarpeTomn Bo-
abl Tennoceti 60°C nmeet KOIPDULMEHT npe-
o6pasoBaHus ¢ = 3,0. IKOHOMUSA TONNNBA
AG =Gk (1-n, / @Xnys) =1000 (1-0,6/3,0 x
0,33) =394 1.y.1., unn 551,6 TOHH HaTYpPaIIbHOTO
YIns 3a OTONUTESbHbIA NepruoA. MNpu cToumMocTu
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HaTypasIbHOr0 YrIiA C TPAHCMOPTHBIMMU, MOrPY304HO-
pasrpy304HbIMI Pacxofamm Ha MecTe noTpeobne-
Hus 1300 py6./T, (Hanpumep, CTOUMOCTb NOCTaB-
KN yrns B KOTESIbHYHO KOMMJIEKCA «LUKOMa + 60Mb-
HULA» Ha 3aBOJKCKON TeppuTopuu . HYe6oKcapbl
B8 2003 .) 3KOHOMMS B [JEHEXHOM BblpQXXEHMN
coctasut 717,1 Teic. py6. [3]. KanuTanbHble 3a-
TpaTbl HA NPUOBPETEHNE, MOHTAX, TEXHOSIOrMYe-
CKYH 00BA3KY 11 NyCKOHANaaKy KOTeNbHOro 060-
PYAOBaHMA, B COOTBETCTBUM C MPOEKTHO-CMETHOI
JoKymeHTaumein coctasnstoT 2 800 Thic. py6. (6e3
CTOMMOCTW 3[aHNIA 1 COOPYXKEHUI, KOTOPYHO Npu-
HMaeM paBHOV B 060MX BapuaHTax). KanutasibHble
pacxofibl Ha NpUOBPETEHINE, MOHTAX, TEXHONOTNYe-
CKYH 00BA3KY 11 NYCKOHANAZKY TENJI0HACOCHOI0
060pyaoBaHKs, GypeHne CKBaXXMH, NOAAYY U 0TBOA
HUT coctasnsatoT 5 000 Thic. py6. Cpok okynaemo-
CTW JOMNOJTHUTESIbHBIX KanaaTpar TenoHacoCHOro
BapuaHTa CoCTaBAET:

5000 - 2800
[ = ————=3,0roja.
717,1

[Tpn 0ANHAKOBbIX 3aTpaTax Ha PEMOHT, aMOPTU-
3aunio 060pyLoBaHMA (C Y4eTOM TOr0, YTO CPOK
cnyx6bl [1TH 60nblLe cpoka Cny>X6bl YronbHbIX
KOT/I0B) pasHuLa B 3KCMITyaTalUMOHHbIX pacxofax
B KOTENbHOI W TENJIOHACOCHOM TEMN0NCTOYHNKE
onpefensieTcs pasHoCTb0 CTOMMOCTEN M3PacXo-
[I0BaHHbIX 3a OTOMNUTESIbHBbI CE30H YIIIs B KOTEMb-
HOW 11 3/TEKTPO3HEPT M B TENNIOHACOCHOMN CUCTEME.
CTONMOCTb M3PACXO[J0BAHHOIO YrIIi COCTABNIAET:
Cy = 1300 x Gy = 1300 x 1400 = 1820 Tbic. pyo.
Mpwn cpeaHeB3BELLEHHON CTOMMOCTM (C Y4ETOM
NbrOTHOr0 HOYHOTO Tapua) oaHoro KBT-4 anek-
Tpo3aHeprum 0,63 py6. [3], CTOMMOCTb N3pacxoLo-
BAHHOM Ha 3MeKTPONpPMBOL TENSIOBbIX HACOCOB
3M1eKTPO3Heprum pasHa: C,, = 0,63 x 1,163 x
4200/3 = 1025,766 Tbic. py6. Pacxop anekTpo-
SHEPrun Ha 3NeKTPONPUBOA NOrPY>KHbIX HACOCOB
HUT n3 ckBaxuH coctasnset 10% 0T n3pacxo-
[I0BAHHOW Ha 3N1eKTPONPUBOZ TEMI0BbIX HACOCOB
[3], T.e. Benu4mnHy 1,163 x 4200/3 = 162,8 MBT-4,
a CTOMMOCTb JJOMOMHUTENTBHOMO Pacxofa 3NeKTpo-
aHepruu: Cpy = 0,63 x 162800 = 102,6 TbiC. pyo.
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IKOHOMMS KCMITyaTaUMOHHBIX PACXOAOB B TEM0-
HaCcOCHOM BapuaHTe COCTaBNSET: AC = Gy — Gy~ Cpy
= (1820 - 1025,766 — 102,6) x 1000 = 691,634
TbiC. PY0., T.6. TPUMEPHO COOTBETCTBYET BEJINYU-
He 9KOHOMMN, NONYYEHHON 13 pacyeTa 3KOHOMUK
yrns (717,1 Tic. py6.). OTHOLWEHME CTONMOCTM
1 KBT -4 3Heprum anekTpm4eckom K CTOMMOCTH
1 KBT-4 3Heprum Tonnnea B JaHHOM PEeruoHe no-
3BO/ISIET NPOrHO3MPOBATH SKOHOMUYECKYHO Liesie-
€006pa3HOCTb 1CMOb30BAHUS TEMNMOBbLIX HACOCOB
[Ns TENIOCHA6)XEHUSA NPU HANYMK B LOCTATOYHOM
Konuyectse HAT. B paccMOTpeHHOM BbiLLe Npu-
Mepe 370 OTHOLLEHWE COCTaBNALT L,/ Ly =2,81.
Kak nokasbIBaeT 3apy6eXKHbili 1 0TEYECTBEHHBbII
ONbIT, MPUEMNEMbIA CPOK OKYNaemMOoCTU KanuTasib-
HbIX BIIOXKEHWIA B UCMO/b30BAHIE TEMSIOHACOCHOM
TEXHUKM B 2—4 rofja JOCTUraeTcs Npu OTHOLUEHUN
Ls5 / Ly < 3,0. Hanpumep, 8 LUseuun n Fepma-
HUK 3TO OTHOLLEHMe paBHO 1,3 1 2,2 COOTBET-
CcTBEHHO [4]. B Poccun 13-3a HU3KIX LieH Ha opra-
HUYeCKOe TOMJIMBO 3TO OTHOLLUEHWE COCTaBsAET
[Ns 3NeKTPO3Heprin (npu anektpooTonnexnn) 1,0;
ng TBepAoro v Xuakoro tonnuea — 2,5-5,0;
a ana npupogHoro rasa — 6,0-8,0. Ecnu n3eecrt-
Hbl LieHbl Ha 3N1eKTPUYECKYHO 3HEPruto, TOMSINBO,
a TaKXXe HU3LLas TenIoTBOPHAA CroCOBHOCTb TOM-
NNBA, NErko paccyuTartb BENNYUHY L5, / L, onsa
n60oro pernoHa u Buga Tonauea, pacnpocrpa-
HEHHOr0 B [JAHHOM PEruoHe W NpeaBapuUTesibHO
OLLEHNTb 3KOHOMMYECKYHO LIeNeco06pa3HOCTb BHEJ-
peHus NTH. Hanbonee BbIroAHa 3amMeHa 3y1eKTpo-
OTOMJIEHUS TENSIOHACOCHBLIM; 3[1eCb CPOK OKyMae-
mocTy 3atpar — 1-2 roja.

Pacxop TonnmBa B 3HEProcMcTemMe Ha Npon3BoA-
CTBO 3nekTpoaHeprun ans NTH 6onee 4em Ha
60-70% nepekpbIBAETCS 3KOHOMWEI TONMBA Ha
TeNnnocHab>xeHne B 3TOM Xe 3HeprocucTeme. 310
ABNAETCSA CEPbE3HbIM apryMeHTOM npu hopmMm-
POBAHWUM PErnoHanbHbIX TapUOB Ha 3N1EKTPO-
aHepruto ans MTH.

Mycts MTH BbipabatbiBaeT Q [kan TennoTbl 1 no-
Tpebnset ans atoro 3 MBT-4 anekTpo3Hepruu.
YnenbHbIil pacxop TON/MBa Ha NosyveHne 31eKTpo-
3Heprun (B,) ¢ yqeTom notepb B J13 B pasmepe

e-mail: red@vvt.ru

10% cocTasnser 341 kr.y.7./ MBT-y. YoenbHblii
pacxof TOMn1Ba Ha NPOU3BOLACTBO TeNnnoThl (By)
B 9HEProCUCTEME C Y4ETOM NOTEPb B TENNONPO-
BOJax B pasmepe 15% coctasnset okono 200
Kry.1./lkan.

MpumeMm KoapuuueHT npeobpasosanus MTH
npy yTUNU3aLnm HUSKONOTEHLIMANBHON COPOCHOI
Tennotel @ = Q/ 0,86 x 3 = 3,3, TOrAa 3kOHOMUSA
MepBMYHOr0 TONNKUBA OT nNpumeHeHus MTH, no
CPABHEHUIO C anbTEePHATUBHBIM MOJyYeHUeM Ten-
NOTbI OT TEMIOUCTOYHNKA 3HEPrOCUCTEMBI, COCTa-
BUT: ABy; = (Bagx ¢ x 0,86 -B,) x 3 = (200 x 3,3 x
X 0,86 - 341) x 3 = 226,6 x 3 Kr.y.T. YaenbHas
3KOHOMUA Tonnmea B pacyerte Ha 1 MBT-4 no-
TPeO6IeHHON 31EKTPOIHEPr M ONpeaenseTcs Kak
Abgy = ABry/ 3 = 226,6 kr.y.7. Takum 06pasom,
pacxof TonnuBa B NPON3BOACTBE 3NEKTPOIHEPrIN
ans MTH 6onee vyem Ha 66% (226,6/341 x 100%)
nepekpbIBAeTCA 3KOHOMUEN TOMNBA Ha TenJo-
CHaOXXeHWe B 3TO XKe aHeprocucteme [5].

1.6. IKOJIOrMNYECKASA
JOOEKTUBHOCTD MTH

Akonoruyeckas adpdexktnsHocTb MTH no cpasHe-
HUIO C TPAAMLMOHHBIMMW TEMNIOMCTOYHUKAMK, pa-
60TatoLLMMI HA OPraHN4ecKoM TOMBE, Onpeae-
NAGTCA 3HEPreTU4ecKomn AP eKTUBHOCTbLIO, T.€.
9KOHOMMEN NepBMYHbIX BUAOB TONNMBA, 6aroa-
ps TENNOBbIM HACOCaM, NPU OAUHAKOBOI BbIpa-
60TKe TensoBON 3Heprun 0[JMHAKOBOrO MOTEH-
Lmana, yaoBneTBOPSIOLLEro NOTPe6UTENs.

CpaBHuTeNbHAA 3Konornyeckas 3 HeKTUBHOCTb
[TTH no cpaBHEHWO C KOTESIbHbIMM Ha TBEPAOM,
XKNOKOM, ra3006pa3HOM TOMMMBE, a TaKXKe C 3eK-
TPOKOTENbHbIMIA, NOTPEONAOLLMMIA 3NEKTPUHECKMIA
TOK, BbIpaboTaHHbIi Ha TILl, npueefeHa B 7aos1. 1.
Kak BuHO 13 7a6s1.1, NapOKOMMPECCUOHHbIE Ten-
NOBbIE HACOCHI C KO ULMEHTOM npeobpaso-
BaHUA ¢ = 3,0, 4TO COOTBETCTBYET TeMmeparype
HWT, pasHoti +8°C, (Mpu MCNONb30BaHUM AN Bbl-
paboTKM 3neKTPo3Heprum Ha TALL nepBUUHbIX
BWJI0B TONMMBA: YINS, Ma3yTa TONOYHOr0, NPUPOA-
HOr0 rasa), N0 CPaBHEHMIO C KOTENbHbIMU HA CO-
OTBETCTBYHLLUMX BUAAX TONMBA UMEHOT:
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Tabnuua 1.

CpaBHuTeNbHaA Tabnuua 3KONOrM4eckoii 3(heKTMBHOCTH TENNOBbIX HACOCOB
N0 CPABHEHMIO C TPAAULHUOHHBIMMU KOTENIbHbIMU, Pa6OTAOLMMU HA OPraHN4ecKOM TOMJIMBE.
(PacyeTbl BbINOHEHbI /1S KOTE/IbHbIX MOTPEOUTENS TEMI0BON MoLHOCTb0 1,163 MBT (1,0 [kan/4), ¢ rogosoi

BbIpabOoTKOI TennoBov sHeprum 2616 [kan; pacxog tonnusa Ha T3L — 0,3 kr ycioBHoro tonamea Ha 1kBT-4;
TensoBas cnoco6HocTh: yriis — 19,5 MOxw/kr, masyta — 39,0 Mk/Kr, npupogHoro rasa — 33,24 MIDk/Hm?®).

TpapguuMoHHas
Mpoussoautenu KoTenbHas

Tenna
Kna=0,65 Krg=0,80 Kra=0,86

Tonnmeo:

TennoBow Hacoc

AnekTpo-
KoTenbHas

T

HA

.= +8°C; ¢ =3,0 T, =+40°C; ¢ =6,0

FonoBol pacxop Tonnuea (yrosib U MasyT — B TOHHAX, Fas — B TbiC. HM®)

HenocpeAcTBEHHO Y NoTpe6uTens

Ha yaaneHHbix TOL

Cxuranve

5863 | 3516 | 3747 [1360,0[687,0|808,7] 453,1]229,0 | 269,6 [ 226,6 ] 114,5] 1348

Cymmapuble BpeaHble BblﬁpOCI:l OKUCJIOB a30Ta, cepbl, yrnepoaa B rof, TOHH:
Ha mecTtax npous-
BOACTBA Tenna 16,31 9,98 248 - - - - - - - - -
B mecTax cxuraHus
TONNMBa (B TH. 17430 | 10298 6674 |259 | 186|558 |863 | 62 |1,86|432| 31 | 093
T3l)
Bbi6pocbl CO, («napHuKoBbIi achchekT») B rof, TOHH

gea';rvcl)cq)epy 17430 | 1029,8 667,4 [2768,0[1919,0[1499,0{ 922,5 | 639,7 | 500,0 | 461,0 | 319,8 | 250,0

B 04TV B /jBa Pa3a MeHbLLIe BbIGPOCOB OKMC-
110B a30Ta, Cepbl, OKCH 1 IBYOKICH Yrepo-
[1a npu paboTe Ha yrmne;

H 6Gonee Yyem B NONTOPA pasa MeHblle Npu pa-
60Te Ha Ma3yTe;

B Ha 30% MeHbLLe npu paboTe Ha NPUPOLHOM
rase.
Mo CpaBHEHWIO C 371EKTPOKOTENbHOM, NOsyyaro-
LLier anekTpoaHepruto ot TALl, Tennosoit Hacoc
C ANEeKTPONPUBOLOM, MUTAKOLLIMMCS OT TOM Xe TAL,
1MeeT BblIOpockl B 3 pasa Huke. lMpn koadpdu-
LineHTe Npeobpa3oBaHns @ = 6,0 «NpuUBELEHHbIE»
BbIGPOCHI BPEAHbIX ra3006pa3HbIX 1 TBEPAbIX NPO-
[QIYKTOB CXMraHus NepBUYHOro TOMMKBA B TENOBbIX
Hacocax COKpaLLaKTCs eLLe B 2 pa3a no cpasHe-
Huto ¢ MTH, umetowmm @ = 3,0. B TennoncTo4Hmn-
Kax C TennoBbIMM HACOCAMM 1 B TENSIOMCTOYHMKAX

http://www.prombook.ru
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C 3M1eKTPOKOTEMbHbIMYU BbIOPOCHI NPON3BOAATCS
Ha yaaneHHbix TALl, KoTopble BbipabaTbiBaOT ANs
HUX 3NEKTPOSHEPT IO, B OTAINYME OT KOTENbHBIX,
B KOTOPbIX 3arpsi3HEHNE OKPY>KatOLLIEV Cpefibl Mpo-
MCXO[UT B paiiOHe X pa3MeLLieHIs), B HeNoCpea-
CTBEHHOWN 6/IM30CTW OT NOTPe6UTENEN TENNOBOI
3HEprum.

Cnepyet UMeTb B BUAY, HTO CUCTEMbI O4UCTKM NPO-
QIYKTOB CXWUraHus Tonnmea Ha TALl 6onee cosep-
LLEHHbI 1 MOANEXaT 00513aTeNbHOMN YCTaHOBKE, Ye-
IO HeNb3s1 CKa3aTb 0 MasbIX U CPEAHUX KOTENbHbIX,
B KOTOPbIX O NPAKTUYECKN OTCYTCTBYIOT. Ha puc. 4
MOKa3aHO OTHOCUTENIbHOE CHIKEHME BbIBPOCOB
«TTaPHUKOBOr0» yrnekucoro rasa s [1TH, nony-
YaoLLMX ANEKTPOIHEPrIt0 OT KOHAEHCALIMOHHOI
anektpoctaHuyuu (K3C), ¢ pasnuyHbiMu koaddu-
LIMeHTaMI Ce30HHON npon3soauTensHocT SEER
(oTHOLUEHWe 06LLelA TeNNoBOI 3Heprun B KBT - yac,

BUNYINdO®HU 19d0€90 WN9LYLI
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Bbi6pocbl CO, npu Npon3BO/CTBE 3NEKTPUYECTBA,
cpeaHeeBponeickuii nokasatenb = 460 r Ha KBT -4 anekTpo3Heprum

C0, - rasoBoe oTonneHue = 221 r Ha kBT Tenna

= ® 80%

g 60 85%
5l -
§ c 50 100%
§' % 45 Koathchuument
22 40 ro70BOjA
E NPON3BOANTENLHOCTY
e 35 / kona (KM/)
EX wl
o -

2 20 ;

25 2,75 3 3,25

SEER - koathpnumeHT ce30HHON NPON3BOANTENLHOCTI TEMAOBOrO Hacoca

3,75 4 4,25

BbIPabOTAHHON 3a CE30H, K 00LLEA N3pacx0a0BaH-
HOI1 32 3TOT CEe30H anekTpoaHeprum B [1TH, T.e.
CPeAHMI 32 CE30H (pcp) M0 CPABHEHWIO C ra30BbIMU
KOTnamu 0fjuHakoBOWN TEMI0BON MOLLHOCTK, Npu
ux pasnuynbix KN4 [1].

CopemeHHble [MTH Tuna «Bo3ayx-Bo3ayx» 06ec-
neynBatoT SEER = 3,0. TennoBble HAcOChl TuNa
«B0Jla-B0OJla» W «IPYHT-BOJA» paboTaloT 6osee
3hheKTUBHO 1 'y HUX SEER = 4,0.

[ins npumepa: MTH, umetownin SEER = 2,75, Bbl-
6pacbiBaet B atmocrepy GO, Ha 35% MmeHbLue,
4em ra3osbin koten ¢ KM = 90% npu oanHako-
BOW CE30HHON NPON3BOAUTESILHOCTH.

1.7. ICTOYHUKN BO3OB!'|0BJ'IﬂEMOI7I
HU3KOMOTEHUWANbHOW TENNOTbI

TennoB.ble, 3HEPreTU4eCcKme 1 3KOHOMUYECKIE Xa-
PaKTEPUCTUKIN TEMNM0BbLIX HACOCOB CYLLECTBEHHO
3aBuCAT 0T xapaktepucTuk HAT, otkyaa TH «yep-
natoT» Tenno.

e-mail: red@vvt.ru

m | CpaBHeHue anekTponpuBoAHbIxX MTH ¢ razosbiMyM KoTnamu no Bbi6pocam CO,

MneanbHbi MICTOYHMK Tenna AOKeH Noaaepxu-
BaTb CTabWSIbHO BbICOKYIO TEMMEPATYPY B TEYEHME
OTONMUTENbHOrO Ce30Ha, 6bITb N306UIbHBIM U BO-
306HOBJIEMbIM, HE 6bITb KOPPO3UOHHOAKTMBHbLIM
11 3arpASHAIOLLAM, UMETb 611aronpuATHbIE Tenso-
(hr3nyecKme xapakTepucTuKI N HU3KNE SKCMITya-
TaLMOHHbIE pacxofbl. B 6onbLUnHCTBE cnyyqaes HAT
ABNAETCA KN0YEBbIM (DAKTOPOM, ONPEeLeNtoLM
JKCMJyaTaUMoHHbIe XapakTepuctukm MTH.

B 7a6s1. 2 npusefeHbl TEMNEPaTypHble NoKasare-
nn, TUNUYHBIE 419 HANBOJIee PacnpoCTPaHEHHbIX
MCTOYHUKOB Tema. Hapy>Hblil 1 0TBOAUMbBIN U3
MOMELLEHUI BO3YX, N04BA (FPYHT) 1 NMOAMNO4BEH-
Has BOZA NPEACTaBNAOT COB0 UCTOYHUKM TENNa,
LUNPOKO MCMOMb3YeMble B HEBOIbLUNX CUCTEMAX
Ha 6a3e TenoBbIX HACOCOB, TOMAA Kak MOpPCKas,
03epHas 1 peyHas BoAa, reoTepmasibHble UCTON-
HUKW 1 TPYHTOBbIE BOAbI, 3aneraroLne Ha rmyou-
He HKe 20 M, NPUMEHSAOTCA AN CUCTEM 60Mb-
LLIOW MOLLHOCTH.
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Tabnuua 2.

TemnepaTypHblil YPOBEHDb, XapaKTEepPHblil AN OCHOBHbIX UCTOYHUKOB TEMNA,
UCNONb3YEMbIX B CUCTEMAX HAa OCHOBE TENJIOBbIX HACOCOB B PEXUME OTOMJIEHHUS.

UcTo4yHuk Tenna TemnepaTypHbI AnanasoH, °C

Hapy>HbIn BO3gyx -10/+15
OTBOAUMBIV UCMONBb30BaHHbIN BO3QYX 15/25
lMNognoyseHHas Bogja 4/10
O3sepHasi Boga 0/10
PeyHas Bopa 0/10
Mopckas Boga 3/8
TpyHT 0/10
[pyHTOBbLIE BOABI >10
leoTepmanbHas Boga 20/50

1.7.1. Bo3gyx

HapyXHblii BO3AyX, 6yay4u CoBepLUeHHO 6ec-
MAATHbIM 11 0BLLEAOCTYMHBIM, ABASETCS Hanboee
NPeAnOYTUTENbHLIM MCTOYHMKOM Tenna. OaHako
TeN0Bble HACOCHI, NCMOMb3YHOLLME BO3AYX B Ka-
yecTBe HUT, nmetoT (hakTop Ce30HHOI Harpy3Ku
(SPF) B cpeHem Himke Ha 10-30% no cpaBHEeHUIO
C TEMOBbIMM HACOCaMI «BOfA-BOAA». ATO 0OBAC-
HABTCA Cneayowmummy 06CToATeNbCTBAMM:

B 6bICTPbIM CHUKEHWEM MOLLHOCTHU 1 MPOM3BO-
LNTESTIbHOCTW C MaZIeHNEM HapyXXHO Temne-
parypbl;

W 0THOCUTESIbHO 60J1bLLIOI PA3HOCTHIO TEMMNEPA-
TYp KOHZEHCALMM 1 UCNAPEHUs B Nepuos Mu-
HUMaSbHbIX 3UMHUX TEMMEePaTyp, YT0 B LiESIOM
CHIXaeT 3(PEKTUBHOCTbL NPOLIECCa;

M 5HeprosaTpatamii Ha pa3MopaxuBaHie 06ay-
BAemMOro BO3yxoM ucrnaputens n paéoty co-
OTBETCTBYIOLLNX BEHTUNIATOPOB.

B ycnoBusix Tennoro n BNaXKHOro kimmara Ha no-

BEPXHOCTW ucnaputens B guanasoHe ot 0°C no

-6°C 06pa3yeTcsa UHEell, YTO BeJET K CHIKEHNIO

MOLLHOCTI 1 Npou3BoanTeNbHoCTM MTH.

http://www.prombook.ru
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Heln ymeHbLUaeT nnowajs CBO6G0AHON NOBepX-
HOCTM W MPENATCTBYET NPOXOXAEHNIO BO3LyXa.
Yxypluaercs Tennonepegada, u, Kak cneacrsue,
CHUXXAETCA TemMneparypa ucnapeHns xnagoHa, 41o
B CBOI0 04epefb, CNOCO6CTBYET HAPACTAHUIO NHES
11 JanbHelLLeMy CHUXXEHUO MPOU3BOLANUTENBHOCTY
BN/IOTb [0 NOSHOW OCTAHOBKMW arperara Bcneg-
CTBUE CpabaTtbiBaHMs JAT4NKA HUSKOTO AaBNEHUS,
eCIn Npex[ie He yCTpaHuTL 06nefeHeHne. Pasmo-
paXKuBaHue ncnapuTens oCyLLeCTBNAETCA peBep-
CUPOBAHWEM OXNTAXIAIOLLEr0 LKA UK UHBIMN,
MeHee 3 ekTUBHbIMK criocobamu. G yeenuye-
HUEM 4aCTOTbl Pa3MOPaXXMBAHUS PACTET 3HEPrO-
noTpe6neHne, CHKAETCA KOadhOULLMEHT Npeo6-
pa3oBaHna ¢.

[TpMMeHeHNEe cneumnanbHoi CUCTEMbI KOHTPONS,
obecneynBatoLLeil pa3MopaxuBaHie no Tpebosa-
HIO (TO €CTb KOria OHO (PAKTUHECKN HE0OX0ANUMO),
a He NepnoanNyeckoe, MOXET CYLLIECTBEHHO MOBbI-
cUTb 06LLYH apdeKTUBHOCTb, MMTH.

Ellle 0MH NCTOYHUK TENNa B XXUNbIX 1 TOPrOBO-
ALMUHUCTPATUBHBIX COOPYXEHUAX — OTBOLM-
MbI BEHTUNIALMOHHBIN BO3AYX. TennoBoil Hacoc
pereHepupyeT Tennio U3 0TBOAUMOro BO3Jyxa

BUNYINdO®HU 19d0€90 WN9LYLI
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CTATbW. 0630Pbl. NH®OPMALMA

1 06eCneYnBaeT NPUroTOBNEHNE FOPSYEN BObI
MW TENJIOro BO3AyXa N1 OTONSIEHNS NOMELLIEHNIA.
B aTom cnyyae, ogHako, TpebyeTcs NoCTOSHHOE
BEHTUNIPOBAHNE B TEYEHIE BCErO OTOMMUTESTbHOIO
Ce30Ha UK aaxe LENoro rofa, ecim npeaycmoT-
PEHO KOHAWMLUMOHMPOBAHNE NOMELLIEHNIA B NETHUI
nepuog.

CyLLieCTBYIOT annapatbl, B KOTOPbIX KOHCTPYKTUB-
HO M3Ha4aslbHO 3a/10’KeHA BO3MOXXHOCTb UCMOJb-
30BaHNA TENOTHI 1 OTBOANMOI0 BEHTUNALIMOHHO-
O U HapY>XHOro BO3Ayxa. B HEKOTOPLIX Clyyasx
TenyioBble HACOCbI, UCMOJIb3YIOLLME TENIOTY OTBO-
QMMOro BO3[yXa, NPUMEHSOTCS B KOMOUHALUK
C pekynepatopamu Tensa «Bo3ayx-Bo3ayx».

1.7.2. Bopa

Tennosble HACOChl «B0OJA-BOAA» UCMONb3YHOT Ten-
110 NOANOYBEHHbIX (FPYHTOBbIX) BOJ, OTKPbIThIX
BOJO0EMOB WIN TEXHOMOTNYECKONM OXNaXKAaLoLLeit
BOZbl.

[PYHTOBbIE BOfIbI €CTb BO MHOTMX MECTAX, OHU UMe-
t0T AOCTATOYHO CTABUIIBbHYIO TEMNEpPATypy B Ana-
nasoHe ot 7 fo 12°C B Te4eHme Bcero roga. Ha
puc. 5 nokasaHa cucrema ¢ MNTH «Boga-sofa»
AN HANOoMbHOMO OTOMMIEHUS UHANBUAYANBHOO
noma. Mo cpasHeHuto ¢ gpyrumn HAT, Boga obec-
Ne4nBaeT HaWMEHbLUYK Pa3HOCTb Temneparyp
(Tx—To) W, COOTBETCTBEHHO, HaMOO0sIee BbICOKNI
Ko3adppuumeHT npeobpasoBaHua @. [inq ee uc-
NoNb30BaAHNA NPUMEHAKOTCA TMaBHLIM 06pa3oM
CKYCCTBEHHO CO3/1aBaeMble KONMOJLbI 11 FPYHTO-
Bble CKBXKMHbI: BOJJ03a60PHbIE 11 BOLOMNPUEMHbIE
(T.H. HarHeTaTesnbHbIe).

B B0J03a60pHbIX KOMOALAX 11 CKBAXMHAX pa3-
MELLAKTCs 0fHO- MO0 MHOrOCTYMNeHYaTble BO-
JIAHbIE HACOCHI, MojalLine BOAY B ucnapure-
nun MNTH. OxnaxaeHHas Boja U3 ncnaputenen
BO3BPALLIABTCA Yepe3 BOJONPUEMHbIE KOMOJLbI
11 CKBaXXWHbI CHOBA N0oA 3eMnt0. 3a60p 1 BO3BpaT
BOJbl [IOJIKHbI OCYLLIECTBNATbCA B HaNpaBleHN

le— s

K]

T

O

@
Oy

Cuctema otonnenus ¢ NTH Tuna «Boga-Bopa»
A- npuemMHasa CKBaXXnHa, B- noaawLlas CKBaXXnHa, C — TennoBon HacocC,
D - HanonbHOE oTonjieHune, E- HanpaeJieHWe NOTOKa rPYHTOBbLIX BOA

e-mail: red@vvt.

ru
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MOA3EMHOr0 ABVXKEHUS TPYHTOBbIX BOA C LIeNbi0
UCKIOYeHNs «bailnacupoBaHus» notoka. Mexay
B0J103a60PHbLIMM 1 HarHeTaTesbHbIMI YCTPOICTBA-
MW [O/KHO CO6JTI0AaThCs 0npeaeneHHoe paccTo-
SHWe, YT0ObI UCKIIIOYUTL NOHMKEHNE Temnepary-
pbl BOAbl, nogasaemoi B MTH. [Ang He60MbLIKX
06beMO0B N0aBAEMON BOAbI (OLHO- U [IBYXKBAP-
TUPHbIE XWNble J0MA) PACCTOSAHME MEXLY NOLak0-
LM 1 NPMEMHbIM KOM0LAMN AOSKHO ObITb HE
MeHee 5 M. BogonpreMHbiii KOnoaeL, JOMKEH Bbl-
MOMHATLCA TaKUM 06pa3oM, 4TOObI TOYKA BbIXOAA
BOAbl HAXOMNACh HIKE YPOBHS rPYHTOBLIX BOA,.
[pyHTOBAs BOJA, B 3aBUCUMOCTY OT KOHCTPYKLUN
CUCTEMbI, Ha4arnbHOM TEMMNePaTyPbl BOAbI, OXNaX-
naetcs B ucnaputene MNTH makcumanbHo Ha 5°C.
[ing kpynHbix MTH Heo6X04UMbIA PACXOA TPYH-
TOBbIX BOJ 3HAYUTENbHO BbILLE, MO3TOMY Ny61Ha
1 IMameTp CKBXXUH 60Siblue. Konn4yecTso BOAO-
NoJaoLwWwnx 1 BOAONPUEMHbIX CKBAXXUH MOXET
ObITb OT OJHOW 40 AeCATKOB. G Lienbto NCKN0Ye-
HUS B3AUMHOr0 BANSIHWA, PACCTOSHIUE MEeX[ly BO-
103260PHBIMN 1 HAarHeTaTeNbHbIMU CKBAXIHAMN
JIOSKHO ObITb HE MeHee 50-80 M, a paccTosiHMe
MeXay OAHOTUMHBIMW CKBXXWHAMMW — HE MEHee
30-50 M. PekomeHayeTcs BbINOMHAT CKBAXUHbI
PEBEPCUBHBIMU, T.6. C BO3MOXXHOCTbHO NpeBpaLLle-
HUs BOJ03200PHON CKBXWHbI B HArHETaTeNbHY0
Yyepes KaX/blA rof aKcnayataunm ans 04nMCTKN
(bunbTPOB, YCTAHOBEHHbIX Nepes rMyouHHbIMI
Hacocamu, 06paTHbIM TOKOM Bofbl. [oaBoA v OT-
BOZ FPYHTOBOIA BOAbI K TENSIOBOMY HACOCY LOMK-
Hbl BbITb 3aLLMLLEHbI OT 3aMep3aHns U NPOKNambl-
BaTbCA C YKMOHOM K CKBAXIWHE UAN K KOMOALY.

Tun oTonUTeNbHONM CUCTEMbI U TEMNepaTypHbie 3Ha4YeHUs
nogaBsaemMou U oTBogumon Bogabl,°’C

bonblwmnmM HefOCTaTKOM TENNOBbLIX HACOCOB, Pa-
60TalOLLMX HA FPYHTOBbIX BOAAX, ABMSETCS BbICO-
Kas CTOMMOCTb paboT No 06YCTPONCTBY CKBAXMWH
unn Konopues, noasoay 1 oteogy HUT. Kpome
TOro, B 3aBUCMMOCTY OT Ka4eCTBa rPYHTOBOI BOAbI,
TPebyeTca NPUHATL Mepbl NO 3aLUTe CUCTEMbI
o6ecne4yenns HAT ot Koppo3uu 1 0TNOXEHNH],
0C006EHHO OT OKUCMOB Xenesa, una. Heobxoau-
MO Y4eCTb TPe60BaHNA, NOPON BECbMa XECTKUeE,
MECTHbIX aIMUHICTPALIMIA B BONPOCAX OpraHu3a-
LMK CTOYHbIX BOL.

PeyHas 1 03epHas BoAa C TEOPETUHECKON TOYKN
3peHNs NpeaCcTaBseTcs BECbMa NPUBEKaTeb-
HbIM UCTOYHUKOM TEMNa, HO UMEET OANH CyLLe-
CTBEHHbII HEAOCTATOK — YPE3BbIYANHO HU3KYHO
Temnepartypy B 3UMHUIA NepUoS (OHa MOXXET Onyc-
KaTbCA [0 YPOBHS YyTb BbILLE UIN NPAKTUHECKN
BnnoTHyw K 0°C).

Mo 3Toi NpuymHe TpebyeTcs 0C060e BHUMAHWUE
npy NPOEKTUPOBAHUM CUCTEMbI B LIENAX NPeSoT-
BPALLEHUS 3aMOPAXMBAHWUA UCNAPUTENS.

Mopckas BoJa npefcTaBnseTcs B HEKOTOPbIX CIly-
yasx OTMINYHBIM UCTOYHUKOM Tenna u Ncnonb3y-
eTCA rMaBHbIM 06Pa30M B CPEIHUX U KPYMHbIX
cuctemax. Ha rnyébute ot 25 1o 50 m mopckas
BOJA UMEET MOCTOSHHYIO TemnepaTtypy B Anana-
30He 0T 5 10 8°C, 1, Kak npasuno, npo6nem ¢ 06-
Pa30BaHWEM NibJIa HE BO3HMKAET, MOCKOMbKY TOY-
Ka 3amep3aHus 3gech ot -10 1o -2°C . ECTb BO3-
MOXHOCTb UCMOJIb30BaTh KaK CUCTEMbI MPAMOTo
pacLUMpeHus, Tak 11 CUCTEMbI C paccosom. B rabsr. 3
NPUBEAEHbI NPAKTUYECKNE 3HAYEHUS ¢ (B 3apy-
6exxHo nutepatype COP):

Tabnuua 3.

SHauvenuns @

CucTeMbl C TpaaULUMOHHBIMK paguaTtopamm (60-50) °C 2,5
CucteMbl HanosnbHOro otonseHus (35-30) °C 4,0
BeHTUNALUMOHHO-KOHBEKTOPHbIE cncTembl (45-35) °C 3,5

Temnepatypa Boabl HUT Ha Bxofie B ucnaputenb Bo BCex cnyyasix pasHa 5 °C

http://www.prombook.ru
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Ba)KHO TONbKO 1CNONb30BaTh TENT00OMEHHNKM
1 HAaCOCHbIe arperatbl, CTOMKNE K BO3AENCTBUIO
KOppo3uu, 1 NpeoTBpaLlaTh HAKONEHNE OTN0-
XKEHWIA OPraHNYeckoro xapakrepa B B003a60p-
HOM Tpy60npoBoje, TENT00OMEHHNKAX, UCNApK-
TENax u np.

Mpumepamu BO3MOXHbIX UCTOYHUKOB Tena BOA-
HbIX Cpef MOXHO CHWUTATb KaHaNnn3auNOHHbIE
04MLLEHHbIe 1 Heo4uLLEeHHbIe CTO4HbIE BOAbI, NPO-
MbILLSIEHHbIE BOAOCTOKM, BOAbI 06OPOTHBIX CUC-
TEM OXJKAEHUSA NPOMBbILLTIEHHbIX TPEANPUATHIA,
KOHIEHCATOPOB BOAAHOIO napa, NpUMeHAeMbIX
npu NPpon3BOACTBE INEKTPOIHEPTUN.

B nocnepHee Bpems B CLUA 1 cTpaHax EBponbl
B KPYMHbIX COOPYXXEHUSAX, UMEOLLUX MHOXXECTBO
NOMELLEHNI, TaKUX KaK aAMUHUCTPATMBHbIE 3[a-
HISA, XKWIble OM, FOCTUHWLbI, TOPrOBbIE LIEHTPI,
Hayanu NPUMeHATLCSH 3aMKHYTbIE (KOMbLEBbIE)
BOJiSIHbIE CUCTEMbI, COAEPXALLNE HECKOMbKO aB-
TOHOMHBIX PEBEPCUBHbIX (TEMNI0-X0N0A) Tenno-
HACOCHbIX YCTAHOBOK TWMa «BOJA-BO3MYX», COe-
QVHEHHbIX B e[MHbIA TMAPABANYECKNA KOHTYP
NIBYMS Tpy60NpOBOAAMM — NPAMbIM 11 06PATHbIM.
B cocTtaB cucTeMbl BXOAAT TakXe «MUKOBbIN»
KoTen (TennoreHeparop) u rpagunpHs. B CLUA
B HOBOM CTPOUTENLCTBE UX UCMOJNb30BaHNE CO-
cTaBnset y>ke 60%, B peKoHCTpyupyemom — 40%.
B EBpone Takue CUCTEMbI TOJTbKO MOSBUNCE.

MpuHUMAManbHas CxeMa CUCTEMbl 3aMKHYTOrO
BOJSHOIO KOHTYpa NpuBefeHa Ha puc. 6 [1].

B 3aMKHYTOM KOHTYpe LMPKYnupyeT Tennas BO-
N, ee TemnepaTypa B Te4eHue BCero roja noj-
nepxnBaeTcs Ha ypoBHe oT 18 no 32°C. Boga nu-
TaeT KOHAULIMOHEPbI.

3aMKHYTbIA BOASHOI KOHTYP paboTaeT 1 Kak uc-
TOYHVK Tenna, u3 KOTOPoro NOTPe6AsOT SHEPruk
CUCTEMHbIE arperatbl, HaXOAALLMECS B PEXUMe
TENN0BOro HacoCa, M Kak CTOYHUK X0nopa, Kyaa
arperatbl B peXXMmMe OXNaXAEHUs «COPAChIBAKOT»
Tenno. Ecnm 4ucno arperatos, HaXoAALMXCA
B peXXume O0TOMNIEHNA, paBHO YKUCy arperaTos,

1
3
4
Rl 1 (071 F:UE
e B03BPAT

2
~
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MpuHUMNManbHas cxema CUCTEMbI
3aMKHYTOro BOAAHOro KOHTypa

C KOHAULNOHEPAMH HAa OCHOBE
TennoBbIX HAcCOCOB:

1 — KOTen; 2 — rpagupHs;

3 — Hacocbl BOASHBIE;

4 — TennoBble HACOCHI Knacca
«B0O[A-BO3LyX»

paboTatoLLMX Ha OXNXEeHIe, TO CUCTEMA CaMO-
YPaBHOBELUMBAETCS, [N Hee He TpebyeTcs 3Hep-
MM M3BHE U 0TNajaeT HeOOXOAMMOCTb Mepepa-
6aTbiBaTb TEN0. Bo BCEX OCTanbHbIX Cly4yasx
cucTeme MOXeT TpeboBaTbCs MO0 AONOMHUTENb-
HOE Tenno, 160 0TBOZ, U3MULLIHErO TEMMA HAPYXY.
Ha npakTtuke, B 3MHMIA Neproj, Koraa TemMnepa-
Typa BOMbl CTPEMUTCS ONYCTUTbCA HIke 21°C,
BKJTHO4YAETCH «MKOBbIA» KOTEN AONONHNATENBHOMO
o6orpesa, a f1eTOM, Korfa Temneparypa npesbl-
waeT 29°C, B pab0TY BKITHOYAETCA OXNXAALOLLASN
rpagupHs.

http://www.prombook.ru
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1.7.3. [pyuT

TennoBble HACOCHI, MPUMEHAOLLNE TPYHT B KaYe-
CTBE MCTOYHKA TEMNA, UCTONL3YIOTCA s 06Cy-
YKNBAHMS XUNbIX 1 TOPrOBO-aAMUHUCTPATUBHBIX
COOPY>XeHWIA. [PYHT, KaK 1 NOJNO4YBEHHbIE BOIbI,
IMEEeT 0QHO NPEeNMYLLIECTBO — OTHOCUTENbHO CTa-
OUNbHYIO B TeYEHMe rofa Temneparypy, obecne-
Y1BAIOLLYHO BbICOKMIA KO pULMEHT npeobpaso-
BaHusA ¢ (cm. puc.7) [1].

Tenno ot6upaertcs no Tpy6am — rpyHTOBbIM Ten-
NOOOMEHHMKAM, YITOXKEHHbIM B 3EMITH0 TOPU30H-
TaNbHO (CNKpaneo6pasHo) UK BEPTUKANTbHO (Tak
Ha3bIBAEMbIE FPYHTOBbIE 30HLbI).

3[ecb MOryT UCMOMb30BATLCA:

B cucTeMbl MPSIMOr0 PaCLUINPEHUA C OXNaxaa-
HOLLIN XKUAKOCTbIO, MCNApAIOLLECs No Mepe
LMPKYNALMI B KOHTYpe Tpy6onpoBoza, 3armny6-
NEHHOTO B FPYHT;

B cucTeMbl C pacCconbHON XUAKOCTbIO, NPOKa-
41BaeMoi no TpybonpoBoy, 3arnybreHHoOMy
B FPYHT.

O 4N W e O e N ®©

10 20 30 40 50
PasHocTb TemMneparyp, °C

TunuyHas 3aBUCMMOCTb
Ko3thchuLMeHTa TenNoBOro

Hacoca THNa «rPYHT-BOAa» OT Pa3HOCTH
TeMnepaTyp rpyHTa U HarpeToi Bofbl

B ropnsoHTanbHbIX rPyHTOBbIX TEN006MEHHINKAX
3a60p Tenna U3 rpyHTa oCyLWecTBAAETCS C no-
MOLLbH0 MPOMOXKEHHOIA B FPYHTE CUCTEMbI Mac-
TUKOBbIX TPYO 6OJbLLOI nowaau (cm. puc. 8).

KONNEKTOop);

http://www.prombook.ru
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Buabl ropu30HTaNbHbIX FPYHTOBbIX TENN006MEHHNKOB:

a — Tenno06MEHHUK 13 NOCne0BaTenbHO COeAMHEHHbIX TPYO;

6 — TeNN006MEHHUK M3 NapanienbHo COeANHEHHbIX TPYO;

B — FOPU30HTANbHBIA KOMMEKTOP, YI0XEHHbI B TPAHLLEE;

T — TeNN006MEHHUK B hOpMe MeTnu;

A — TensIo06MeHHNK B (hopMe Cnupanu, PacnosioXKeHHON roPU3OHTANTbHO (TaK Ha3blBaeMblil «slinky»

€ — TeNN006MEHHIK B (hopMe crvpanu, pacnosioXXeHHO BEPTUKANbHO
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[nactukoBble TPy6bl M3 NONUITUNEHA UMK NONN-
XIOPBUHWNIA YKNALbIBAKOTCA B IPYHT Ha rNyOuHy
1,2-1,5 M 1, B 3aBUCUMOCTU OT BbIGPAHHOIO M0-
MepeYyHoro ce4eHns Tpy6bbl, HA PACCTOAHNY NPU-
onmsutenbHo 0,5-0,7 M napannensHo Apyr apy-
Iy, TaK, 4To6bl HA KaXX[bliA KB.M. NnoLwwanm 3a-
6opa Tenna 6bI710 NPOSIOXKEHO MPUBNN3NTENBHO
1,43-2,0 m Tpy6. [nnHa kaxgon nnetm Tpy6o-
npoBoJa He [o/mKHa npesbiwarts 100 M, nHave no-
Tepn SaBneHns n Tpebyemas MOLLHOCTb Hacoca
OyayT CINLLKOM BESUKMN.

Tpy6bl HA KOHUAX COEAMHAOTCA B pacnpenenu-
TesbHble rpe6eHK 06paTHOM 1 NoJatoLLen maru-
CTpanen, KOTOPbIe LOSKHbI HAXOANTHCSH HEMHOTO
BblLLE, YeM CamMu TpyObl, 4TO6bI BO3LYX MOT yaa-
NATLCA U3 BCEI CUCTEMbl. PEKOMEHAYeTCs, 4T0O0bI
Kaxaas nietb MOrna nepekpbiBaTbCs apMartypoil
OTAENbHO.

Paccon uupKynupyeT ¢ NOMOLLbIO Hacoca Yepes
MNacTMKOBbIE TPYObI, 3a6Mpast HAKOMMEHHOE FPyH-
TOM Tenno, u nogaetcs B ucnaputens MTH, B KoTo-
pOM OTf@eT 3T0 TENNo xNaAoHy. [lanee 310 Tenno
B KOHTYpe MTH TpaHcdopmupyeTcs B Tenno 6onee
BbICOKOr0 MOTEHLMana s TennocHabXeHus no-
MeLLeHNii. BpeMeHHOe 3amep3aHue rpyHTa Hemo-
CPeLCTBEHHO B 30He nposeraHuns Tpy6 (B 60Jb-
LUNHCTBE CNy4aeB BO BTOPOI MOMOBNUHE OTOMU-
TENbHOr0 CE30HA) He 0KA3bIBAET OTPNLIATENBHOMO
BO3/eIiCTBMUSA Ha paboToCcnoco6HOCTb TH 1 pocT
pacTeHuid. Ho BCe e B 30He MPOX0XAEHUs TpyO
C pacconioM Ha CafioBbIX y4acTKax He PeKOMEH-
QlYeTCA CaXaTb PaCTEHUs C rMYOOKUMI KOPHAMNA.

[PYHTOBOE TEeM0 — 3T0 HAKOMJIEHHOE COSTHEYHOE
Tenno, KOTOPOe NepexoauT B rPYHT 6rarofaps nps-
MOMY 060rpeBYy COSTHEYHbIMU Jly4amm, nepejade
Tenna 0T BO34yxa Wi BbINaBLUMX aTMOCHEPHBIX
ocafkos. Tenno, nocTynatwLLee HaBepx U3 bonee
rny6oKuX cnoes, Hwke 15-20 M (T.H. «HeiATpanb-
HOW 30HbI»), (HOPMUPYETCA U3 3HEPTUN, NOCTYNAK-
LLeil U3 Hefip 3eMJTu, U NPAKTU4ECKMN He 3aBUCUT OT
CE30HHbIX U3MEHeHUI Knumara. Benuynxa noto-
Ka pagnoreHHoro Tensna, nocTynatoLLero n3 3em-
HbIX HEAp, AN pa3HbIX MECTHOCTeR COCTaBNAeT

0,05-0,12 B1/M? n B Ka4eCcTBE UCTOYHMKA Tenna
QNS BEPXHNX CNOEB 3EMJIM UM MOXHO NpeHeo-
peyb BBUAY Manoctu [8].

lNonesHoe KoNM4YecTBo Tenna, u, Takum 06pasom,
nrowianb Heo6Xxo41MOl NOBEPXHOCTH TENN006-
MEHa B CYLLIECTBEHHOW Mepe 3aBuUcAT 0T Tennocu-
314YECKMX CBOWCTB FPYHTA U 3HEPTUU MHCONALMN,
T.6. OT KNIMMATU4eCKMX YCNOBUA. TepMnU4eckune
CBOWCTBA, TaKNe Kak 06beMHas TeNN0eMKOCTb U
TENNONPOBOAHOCTb, 04EHb CUMLHO 3aBUCST OT CO-
CTaBa W COCTOSAHWA rpyHTA. Tennoakkymynupyo-
LLine CBOIICTBA W TENJIONPOBOAHOCTb TEM BbiLLE,
4eM CUNbHEE TPYHT HACbILLEH BOLON, YEM BblLLe
L0151 MUHEpaNbHbIX COCTABNAOLLNX U 4EM MEHb-
LUe COZiep>KaHune B HeM nop C BO3AyXOM. [1pu aTom
MOLLHOCTb M0 0T6OPY Tenna Ans rpyHTa HaxoauT-
ca npumepHo mexay 10 n 35 Bt/m? B cnyyae npo-
Knagku Tpy6 ¢ warom okono 0,5-0,7 M. YaenbHble
TEN0BbIE NMOTOKW L1 PA3HbIX TPYHTOB COCTaB-
naort [9]:

CYXOW NnecyaHblii
CbIpOVi NecYaHblIn
CYXOM FMUHUCTbINA
CbIPOVA TMINHUCTBIIA
BOJIOHOCHbIN CJI0i

q, = 10-15 Br/m?
q, = 15-20 Br/m?
q, = 20-25 B1/m?
q, = 25-30 Br/m?
q, = 30-35 B1/m?

B paioHax ¢ BbICOKOI NNOTHOCTbIO HACENEHNs
1 ManbIMU 3eMeJTbHbIMMW Y4aCTKaMu PEKOMEHSY-
eTCs 00yCcTpamBaTh BepTUKaNbHbIE FPYHTOBbIE
Tenn006MeHHUKM (30Hbl). Kak npaBuno, 30Hp!
13roTaBfIMBAKTCA U3 NOUITUNEHOBON UNK NO-
NUNPONIUIIEHOBOI TPYObI. B 60NbLIMHCTBE Ciyya-
€B NapannesibHO YCTaHAB/IMBAKOTCA YeTbIpe TPYObl
(30HA B chopme ABoMHON U-06pasHoit Tpy6bl)
B OZIHO CKBaXKuHe (cm. puc. 9). Bce nonoctu
Mex[y Tpy6amu 1 rpyHTOM 3arofiHeHbl MaTepua-
1I0M, XOPOLLIO NMPOBOAALLMM Tensio (6eToHNT). Pac-
coJ1 Mo ABYM Tpy6am TeveT U3 pacnpegenntens
BHU3, a N0 [IBYM Apyrum Tpy6am BO3BpaLLaeTcs
HaBepx K pacnpegenutento. [Ipyron BapuaHT (cm.
puc. 10) — KoakcuanbHble TPYObI («Tpyba B TPY-
6e») C BHYTPEHHEN NnactTukoBoi Tpy6on ans
MOJa4mM 1 C BHELLUHEN NNacTUKOBON Tpy6on Ans
BO3Bparta paccona [3].

e-mail: red@vvt.ru http://www.prombook.ru
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lopsyee BOLOCHAGXKEHNE

Bak-akkymynsTop

HanonsHoe otonneuue

BepTuKanbHbIil FPYHTOBOI TEMNO0GMEHHMK

Cxema oTONNEHus n ropsyero
BOJ,0CHA6)XEHNA OHOKBAPTUPHOIO
Xunoro joma nocpeacTsom

TEennoHacoCHOW YCTaHOBKM
C BEPTUKAJIbHbIM TPYHTOBbIM
Tennoo6MEeHHUKOM

[PYHTOBbIE TEMN0BbIE 30HAbI (B 3aBUCMMOCTU OT
CMOJIHEHMS) MOHTUPYIOTCS C NOMOLLbH BYpunb-
HOW YCTaHOBKM N60 3abmBatoTcs Konpom. [my-
61Ha MOHTaXa 30HA08 50-200 M.

OnbIT NOKa3bIBAET, YTO YAENbHbIA TENIOBOI NOTOK
04€Hb CUNbHO KOMEBNETCs U HaXo4uTCca Mexay
20 1 100 Bt Ha meTp AnuHbl 3oHAa. [ing pasnny-
HbIX TPYHTOB OH COCTaBSIET:

qe = 20 B1/m;
qp = 40 B1/m;

CYXOW NeCcYaHblii rpyHT
CbIPOI NecYaHblid TPYHT
BJTXKHbIA KAMEHUCTbIN
TPYHT Qe = 60 BT/m;
BOJIOHOCHbIE CIIOM FpyHTa

(comepxaLume rpasmit) g, = 80-100 B1/m;

http://www.prombook.ru

e-mail: red@vvt.ru

PaccTosiHne Mexay 30HAAMM JOMKHO COCTaBNAThb
He MeHee 5-6 M. [1ns Heb0oMbLWOoro Joma aocTa-
TOYHO OJIHOr0 TeNnN006MeHHKKa. Hanpumep, npu
CpeaHem 3HaveHun g, = 50 B/m ans obecnedye-
HUS X0NOAUIbHON MOLWHOCTK 6,5 KBT (Tennosas
MouiHocTb TH okoso 10 KBT) HeobXo4Mbl 30H[,
anudon 130 m unn aBa 30HAa no 65 m.

[ns 60MbLUNX 30aHNUIA MOXET NOTPe60BaTLCA YC-
TPOICTBO LieNoii rpynnbl CKBXUH C BEPTUKASb-
HbIMI TENN00OMeHHMKaMK. Gamoe 60MbLLOE B MU-
pe 4YNCO0 CKBAXMH UCMONbL3YETCA B CUCTEME Ter-
no- u xonogocHabxenns «Richard Stockton Col-
lege» B CLUA B wrate Hbto-[hxepcu. BepTukans-
Hble rPYHTOBbIE TENNOOOMEHHUKI 3TOr0 KOJea-
xa pacnonaratotca B 400 CKBaXUHAX rny6uHON
130 m. B EBpone HanbosbLIee YNCIO CKBXKWH

U-06pasHblii [1BoiHOM
TEenN006MEHHNK U-06pasHbliit
25-32 mm TeNnN006MEHHUK
o,
¢
§ &

N
T .
! Q\§
)
/\«

lpocToii KoakcuanbHblii
TENnNoo6MeHHUK

40-60 mm

bornee CnoXxHble BapuaHTbI
KOaKCUanbHbIX TeNN006MEHHUKOB

& &

70 Mm 70-90 mm

CeveHue pas3nnyHbiX TUNOB

BEPTHUKANbHbIX rPYHTOBbIX
Tennoo6mMeHHUKOB

BUNYINdO®HU 19d0€90 WN9LYLI
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(154 ckBaXMHbI rny6uHOn 70 M) UCMOMb3YHOTCA
B CUCTEME TEMMO0- M XONO[JOCHAOKEHUS LIEHT-
panbHoro oduca FepmaHcKoii cnyxo6bl ynpasne-
HMA BO3AYLWHbIM ABMXeHUeM («Deutschelug-
sicherung»)[8].

B Lienom, TennoBbie HACOChI PACCONBbHOrO TMNA
MMEKT 6051ee HU3KYH NPOM3BOAUTENLHOCTb N0
CPABHEHWIO C arperatamu nepeoro Tuna B cuny
MPOUCXOASLLIEr0 B HUX «[JBONHOM0» TENN006MEHA
(rpyHT-paccon, paccon-xnagfareHT) 1 aHeprosa-
TpaT Ha 06ecneyeHne paboTbl HACOCA LIMPKYNALMN
paccona. XoTs, cnpaBe/IMBOCTY paay Haao 3ame-
TWTb, 4TO 0O6CNYXKIBATb TaKNe CUCTEMbI CYLLIECT-
BEHHO npoLe. TemnepaTypa 3amep3aHns paccona
(cmecu Boab! 1 aHTUGPKU3A) AOKHA ObITh OKONO
MuHyc 15°C Ans UCKNIOYEHUS ero 3amep3aHins
B MPOLIECCe 3KcnayaTauui.

Tennosas eMKOCTb FpyHTa BapbUpyeTcs B 3aBU-
CUMOCTM OT ero BIAXXHOCTW U 0BLUNX KNUMaTU-
4eCKNX YCIIOBUIA KOHKPETHOW MECTHOCTU. B cuny
npou3BOAMMOro 0T60pa Tenna Bo BpeMs 0TOMNM-
TENIbHOr0 CE30HA ero TemMnepaTypa NnoHMKaeTcs.

Ha y4acTkax ¢ X0NoAHbIM KNnumMatom 6onbluas
Y4aCTb 3HEPrUM U3BNEKAETCS B (DOPME NAaTEHTHOrO
Tenna, Korga rpyHT npomep3aeT. B neTHuii nepuog,
OHAaKO, NoJj AeNCTBUEM COSHLA Temneparypa
rPYHTa BHOBb NOAHKUMAETCS BNAOTb [0 NepBOHa-
YaJibHOIA.

1.8. PABOYUE TEJNA (XNIAZIOHBI) NTH

Pa6ouue Tena ycnoBHo, B 3aBUCUMOCTU OT Klac-
CUCHMKALMM XONOANIBHBIX MALLUH 1 TeNMOBbIX Ha-
COCOB, MOAPA3AENAOTCA HA TPU rpynnbl:

I HM3KOro JaBNEHMSA, UM BbICOKOKUNALLME (TEM-
neparypa kunexus t" sbiwe -10°C) npumeHs-
t0TCS B BbICOKOTEMMNEpaTypHbIX MMTH;

M cpepHero nasnewns (i, o7 -10 fo -60°C) npu-
MEHAOTCS B CpeaHeTemnepatypHbix MMTH;

H BbICOKOrO [aBNEHUA, MW HU3KOKMNALLME
(t" Hxe -60°C) NPUMEHAIOTCA B HU3KOTEM-
neparypHbix MTH.

* [ipn HOpMasLHOM aTMoCCHEpHOM JJaBIIeHNN

e-mail: red@vvt.ru

B TennioBbIx Hacocax, Kak 1 B X0N04UIbHbIX Ma-
wuHax (XM), naBneHue KUMeHns 3aBucuT oT TeM-
neparypbl HAT (xnagoHocutens B XM), a aasneHue
KOHLeHcaLum — oT Temnepatypsl Harpesaemoro
TeNIOHOCUTENS (OxnaxpaaroLlen cpedsl B XM).
B BbicokoTemnepartypHbix [MTH Temneparypa KoH-
AeHcauuu (1) pasHa unu Hike 100°C. B HuX nc-
MoNb3YHOTCH MaNl0030HO0NACHbIE, Pa3PELLEHHbIE
K npuMeHeHnio MoHpeanbCKuM npoTOKOMIOM Mo
BELLECTBaM, Pa3pyLLAIOLLM 030HOBBI CHOV 3eM-
nu, xnagoHbl R142,,, R124, R236, a Takxe R744
nnu CO, — yrnekucnbivi ras. R744 no gasnexnto
OTHOCUTCA K pab041M Tenam BbICOKOr0 LaBNeHus,
a o TeMneparype KOHLEHCALMN — K BbICOKOTEM-
nepatypHbiM [TH. B cpeaHeTemnepatypHbix MTH
C Temneparypoi t, = 80°C v HKe Cnosb3yTCs
xnapoHsl: R134,, R152,, cmecn xnagoHos R22
1 R142,, a B HU3KOTEMNEPATYPHbIX — XNaf0HbI
R22, R407¢ ¢ TemnepaTypon KOHAEHCALMN HIA-
xe 55°C.

B 3apy6exHbix [TTH B 0CHOBHOM MCMONb3YHOTCA
XnafoHbl: B cpefiHeTeMnepaTypHbiXx — R134,,
B HU3KoTemneparypHbix — R22 n R407,. Bbicoko-
TemnepatypHble [MTH, B CBA3M C OTCYTCTBUEM
HEoOX0AMMOCTI HarpeBa TenoHoCMTENen Ans
oTtonneHns 1 MBC cBbile 60°C, He NPUMEHSHOTCS.

1.9. OMbIT NPUMEHEHWA NTH

1.9.1. 3apy6exHbii onbIT

[To paHHbIM Ha 1997 1. BO BCEM MUpE TENNOBbIX
HaCcOCOB BCEX TUMOB HACYMTbIBANIOCH 0K0/10 90
MITH WT. [1]. OKONO 57 MAH LUT. 3 HUX NPUXOLNT-
¢ Ha ponto AnoHum, 13,5 mnH wr. — CLUA, 10 MnH
Wwt. — Kutast v tonbko 4,28 mMiH wT. — EBPOnbI
(6e3 Poccun n ctpan GHI). LLnpokoe pacnpocT-
paHeHue Nony4naun, B OCHOBHOM, TEM0BbIE Ha-
COCbl TMNa «BO3AYX-BO3AYX», COBMeELLAOLLNE
OyHKLMM OTONNIEHUS NOMELLEHUS, NpK Temnepa-
Type HapyxHoro Bo3ayxa -10°C, ¢ dyHkunen
OXNXKAEHNS UK KOHAULNOHMPOBaHUS BO34yXa

http://www.prombook.ru
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B MOMELLEHWUI B Tennoe Bpems roga. B Anonun
Takoe 060pya0BaHNe IBNSETCS OCHOBHbIM B Tern-
NOCHA6XXEHUN XXNNOro 1 TOProBO-aAMUHUCTpA-
TUBHOO (hOHAA, TaK KaK Ha 60NbLLEN YacTy TeppU-
TOpWK CTPaHbl TeMNepaTypa Hapy»KHOro Bo3ayxa
B 3UMHWIA Nepuog He onyckaeTcs Hke -10°C.

MpumepHOe KONM4eCTBO TEM0BbIX HACOCOB, YC-
TAHOBJIEHHbIX B KPYMHbIX CTpaHax EBponeicko-
ro Coo6LecTBa B XXMNOM, TOProBO-aAMUHUCTPa-
TUBHOM (hOHAAX, NPOMBbILLNEHHbBIX COOPYXXEHUSAX
npueefeHo B 7a6s1. 4 [1]. OCHOBHYO 0Nt NOfb-
30Bartesien 6UGYHKLMOHANbHBIX TEMOBbIX HACOCOB
COCTaBNAOT CTPaHbl KXXHOM EBPONbI C TENMbIM
knumartom: Vicnaums, Utanus, Mpeuns — okono
70%, unun 2,857 MNH WT. B 0cTanbHbIX CTpaHax
E3C tennoBbie HACOCbl B OCHOBHOM WCMOSb3Y-

t0TCS TONIbKO NS OTOMNIEHNA U TOPSYero Bofoc-
Ha0XXeHus, T.e. 0HOYHKLNOHANbHbI.

Kak BUAHO 13 1absi. 4, B XXUNom oHae UMeeTcs
4yTb 60Nee 3 MSTH YCTAHOBMEHHbIX TEMNNOBbIX Ha-
COCOB, 4YTO COCTaBNAeT 0KoNo 1% BCEX UMeto-
LLMXCS OTONUTENbHbIX YCTPOMCTB, B TOProBO-aj-
MUHUCTPATUBHOM (poHae — 1,2 mnH wrT. MTH.
B LLBeuuu, ¢ HaceneHnem 9 MITH HenoBek, Konunye-
CTBO MHAMBULYANbHbIX OMOB (Ha OLHY CEMbIO) —
0Kono 1,6 MNH LWT., BKMKOYas NeTHWUe gomuku. Mo
AaHHbIM [6] Ha 2000 r., no4Tn 350 ThIC. U3 HUX
060rpeBatoTCA TENNOBLIMY HACOCAMU PA3NINYHBIX
TNoB, 550 TbIC. MCNOJL3YIOT NPAMON ANEKTPO-
Harpes, 224 TbIC. — 3MIEKTPOHArPEB B COYETAHUN
¢ aposamu, 104 TbIC. — LieHTpann30BaHHOE Teno-
CHabXeHMe.

BUNYINdO®HU 19d0€90 WN9LYLI

Ta6bnuua 4.
KonnyectBo HacocoB, ycTaHOBNEHHbIX B EBpone (no AaHHbIM Ha 1996 rop).

CrtpaHa XKunoii hoHp’ Toproao-amqn)v::::‘rpaTMBHblﬁ HPOM:;;;"HJ;HHH“ Bcero Ha 1996 rop
AscTpus 133 100 4 300 * 137 400
HaHus 31 300 2 000 1000 34 300
DOpaHums 53 000 61 000 675 114 675
lepmaHus 363 120 5 300 300 368 720
Mpeuuns 570 840 266 220 * 837 060
Uranns® 800 000 20 000 * 820 000
Fonnaanm“ 2 856 136 159 3151
Hopserus 13 500 6 400 726 20 626
Wcnanwus 802 000 411 000 7 390 1200 390
LLseums 250 000 * * 250 150
LLiseruapus 39 500 3400 * 42 900
AHrnus 13 900 414 060 600 428 560
Bcero: 3073116 >1 193 816 >11 000 >4 277 932

* — HeT uHghopmavuu;

1 — B TOM 4Y1CNIe BOASAHbIE OTONUTENN,
2 — B TOM YUCTIE PaiOHHbIE CUCTEMBI,
3 — 0pUeHTUPOBOYHO;

4 — 1071bKO OTOM/IEHNE.

http://www.prombook.ru e-mail: red@vvt.ru
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CTATbW. 0630Pbl. NH®OPMALMA

Ha puc. 11 noka3aH ypoBeHb NPOAAX Ha LLUBEJ-
CKOM PbIHKE TennoBbIX HAcoCOB B nepuoj ¢ 1986
no 1999 r.r.

OfHa n3 NpuYmH pocTa 06beMa Npofax Mexay
1986 1 1999 r.r. — pocT LeH Ha HepTb, NOITOMY
CTano BbIFOAHO NEPEXofuTb 0T 060rpeBsa 3a cyer
CXKMIaHNs XNLKOro TONNBA HA ANEKTPOOTONE-
HUe, B TOM Yucne ¢ ucnonbaoBaHmem MTH ¢ anek-
Tponpueofom. B LLseuun okono 50% anekTpo-
3Hepru BbipabatbiaeTcs Ha FAC ¢ OTHOCUTENBHO
HW3KOWN Ce6eCTOMMOCTbIO, MO3TOMY 3KCryaTaum-
OHHbIE PACX0/bl HA TENIOHACOCHOE OTOMNJEHE
HIDKeE.

PacnpocTpaHenuto MTH B LLseumnn nocne 1995 .
Cnoco6CTBOBANM TPU BaXKHbIX (DaKTOpa:

W cy6CcuaMM NPaBUTENLCTBA HA MEPEX0[ OT XKU-
KOro TOMMBA U NPAMOro 3N1eKTpOHarpeBsa
K OTOMEHMIO TeNI0BbIMW HacoCaMit;

M pOCT CTPOUTENLCTBA HOBOMO XXWJ1bfl OAHOBpE-
MEHHO C POCTOM CBA3aHHbIX CEKTOPOB PbIHKA,

W BBefeHue LLIBeackon Accoumauuen TennoBsbIx
Hacocos (SVEP) cepTndnumnpoBaHns MOHTaX-
HbIX OPraH3aumi, YLOCTOBEPSIOLLErO HaN4me

,ElOCTaTOHHOVI KBaJ'IVI(*)I/IKaLl,VII/I Onga yCTaHOBKU
TennoBbIX HacocoB. 0co60e BHUMAHWE Yaensi-
NoCb NOTPEBUTENBCKOI HAIEXXHOCTU 1 6830-
MacHOCTHW, Ans 4ero AccoLuaums npeaocTasns-
na rapaHTun N CTPaxoBKM Kak 4acTb 06LLIEro
nakeTa ycnyr.

B 7a6.1. 5 npuBeieHO CpaBHEHME KannTanbHbIX
11 3KCMyaTalUMOHHbIX 3aTpaT CUCTEM TennocHab-
)KEHNS C Pa3NnYHbIMM TENNOUCTOYHUKAMN ANs TU-
MoBOro 10Ma ¢ nnoLaabto 150 M2 B GuHnaHgum [6].
YBenu4yeHne KanutanbHbIX pacXooB Ha YCTaHOB-
Ky TeN0BbIX HACOCOB MO CPABHEHUIO C NMPSAMbIM
3NEKTPOHArPEBOM U KOTNaMM Ha XMIKOM TOMBE,
C NINXBOIA, B Te4eHMe 3-5 NIeT, OKynatTCca CoKpa-
LLIEHNEM SKCMNyaTaLMOHHbIX PacxXoaoB. 370 cno-
COOCTBYET PACLUMPEHIIO NPOAAX TENNOBbIX HACO-
coB. /X nons Ha pbiHKe GUHASHAMM 3a NOCNeaHNe
10 net (¢ 1995 no 2004 rr.) Bbipocna ¢ 1% fo
20% nns TennoBbiX Hacocos Ha HIAT B Buae yaa-
NAEMOro BEHTUAALMOHHOMO Bo3ayxa 1 Ao 30%
ans NTH ¢ ucnonb3oBaHnem TennoThl FPyHTa,
T.6. 50% CTPOALLMXCA UHANBUAYANbHBIX JOMOB
060pyayOTCA TENNOHACOCHBIMU CUCTEMAMM Ten-
NOCHABXEHMUS.

30000

25000
20000 1
15000 1
10000
5000 1
0

KonuvecTtso
NpoAaHHbIX HacoCOB

1986 1988 1990 1992 1994 1996 1998
lon

m Pa3BuTue LWIBEACKOr0 PbIHKA NPOAaX TENNOBbIX HACOCOB ANSA XUMbIX 3AaHNA
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Tabnuua 5.

CpaBHEeHMe CUCTEM OTONNEHUS ANS HOBbIX A0MOB B DUHNAHANM:
noTpe6nenne 3Heprum Ha OTONNEHUE U ropsYee BOJOCHAGKEHNUE AN TUNOBOro AoMa nnowjafbto 150m2

SKCI'InyaTaLIVIOHHbIe

Jons Ha pbiHKe, %
P y

Cucremsl MoTpe6nexHue Kan. 3aTtpartbl,
oTonneHus 3Heprum (B roa) pacxonel, eBpo**
eBpo/rog*
1995r. 2000r. 2005r.

MpsiMoit anekTpoHarpes 20 000 KBT-4 1 300 7 500 >70 30 0-20
OnekTpooTonseHve
C XXNOKOCTHbIM 20 000 kBT-4 1000 9 500 <10 40 10-40
TennoHocuTenem
KoTnbl
HA XUIKOM TONMUBO 2500 n 1300 12 000 20 20 0-10
TennoBble Hacochl
Ha YAATIAEMOM BO3AYXE 11 000 kBT-4 750 9 000 0 <1 10-30
Tennosble HacocChbl
C vcronb30BaHem Tenna 6 500 KBT-4 437 16 000 <1 10 20-40
rpyHTa

*CTONMOCTb 3HEPIrOHOCHTENE:

anextpu4ectso 0,065 eBpo/kBT-4 (0,05 eBpo/KBT-Y [7151 3/1EKTPOOTONTIEHUS C XULKOCTHBIM TENI0OHOCUTENIEM),

xugkoe Tonameo — 0,52 eBpo/ii.

**[locTaBKa M0 KNH0Y», BK/04as UCTOYHUK 000rpeBa, CUCTEMbI FOPSYEro BOJOCHAOKEHUS 1 OTOMIEHUS.

1.9.2. Bugbl yCTAHOBNEHHbIX CUCTEM

B CLLIA ocHoBHbIM TUNOM ABnsieTcs MTH «BO3AyX-
BO34yX», UX Aons cocTtasnset 6onee 80% ot
06LLero yucna yctaHosneHHsix MTH. AKTuBHOE
npou3soacTeo MMTH, paboTatoLux Ha rpyHTOBOIA
Bofie (B CLLIA oHM Ha3blBaloTCA reoTepmasibHbIMU
TennosbIMK Hacocamu (['TH)), Hayanocb ¢ 1995 T.
nocne npuHATUs Mporpammel [lenaptameHTa aHep-
retukn GLUA «OpraHn3auus cepuitHoro npous-
BOJICTBA re0TepMalibHbIX TEM0BbIX HACOCOB»,
OCYLLECTBNSEMON B pamkax meponpustuii No26
«0 KNUMATUYECKNX N3MEHEHUAX>, YTBEPXKAEHHbIX
npe3uaeHtom GLUA. B cOOTBETCTBUM C NPUHSATOIA
lMporpammoit exeroaHas npoaaxa 'MH Bbipocna
0T 40 000 B 1995 r. 5o 400 000 wt. B 2000 T.

http://www.prombook.ru
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Vicnonb3osanue 'TH no3BoNNI0 CHU3UTL BbIOPO-
Cbl IBYOKWCH yrnepoda Ha 1,5 MJTH. TOHH B rof,
COKpATWUTb MUKW NOTPE6NEeHUs 3NIEKTPOIHEPriK
Ha 3000 MBr.

MpumepHo 77% yctaHosneHHbIX MTH B EBpone
UCMONb3YIOT B KAYECTBE UCTOYHMKA TENNOThI Ha-
PYXHbIA BO3AyX. CUCTEMBI KNacca «BO3[yX-B0O3-
JyX», rNaBHbIM 06pa30M pasfefbHble (0T aHrJl.
Split) pesepcuBHbIe (Teno-xonom), npeobnagatt
B cTpaHax HOxHoi EBponbl. B HUX BbI6OP cucTe-
Mbl Ha OCHOBE TEM0BOr0 Hacoca 06YCnoBeH
HE06X0MMOCTbI0 KOHANLMOHNPOBAHNS BO3AyXa
B NIeTHWIA nepuog. B ctpanax CesepHoit EBponbl
3a4actyto [TH npumeHsTCA TONLKO AN 0TON-
NeHusa 1 ropsyero BogocHabxexus. B LLsewuun

BUNYINdO®HU 19d0€90 WN9LYLI
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TENJI0BblE HACOCHI Pa3fINYHbIX TUNOB 06ecneyn-
BatoT 0K0No 50% BCel BbipabaTbiBaEMOI TEMJ0-
BOW 3Heprin. CnedyeT TakxKe OTMETUTb, HYTO B 3TOIA
CTpaHe pacnpoCcTpaHeHo LeHTpanu3oBaHHo. Ten-
NOCHaBXeHNe 0T KPYMHbIX TEMIOHACOCHbIX CTaH-
uniA (THC) ¢ ycTaHOBNEHHON TEMI0BOM MOLLHO-
cTbto 0T 5,0 no 80 MBT, paboTatoLmx Ha TennoTe

Bua HU3KONOTeHUNanbLHOro
UCTOYHUKA TennoTbl.
MecToHaxoxaeHue THC

KonuyectBo 1 eanHu4Has Tennosas
mowHocTb MNTH, MBT

ObITOBbIX 1 MPOMbILLMAEHHbIX CTOKOB, FPYHTOBbIX
BOJ, 036PHO U MOPCKOIA BOAbI. B 1a6s1. 6 npu-
BEAEHbI AaHHbIE M0 KPYMHENLLUM TEMNOHACOCHbIM
cTaHumam LLseuunn. Hanbonee KpynHon ABRseTcs
ctokronbmckas THC mowwHocTbo 150 MBT, uc-
nonb3yrowas B kavectse HAT Bogy 13 bantuiicko-
ro Mops ¢ Temnepatypoii B 3umHee Bpems 4°C.

Ta6nuua 6.
KpynHeiilume TennoHacocHble cTaHyuu LLiseuun.

lF'on BBOAA B aKcnnyaTtauumio

BbiTOBbIE CTOKM

[éte6opr 2x29 1983/1984
Kapnctag 1x15 1984
Esne 1x14 1984
OcTepcyHa 1x10 1984
CToKronbM-JInauHré 1x 11 1984
Opebpy 2 x 20 1985
Ymeo 2x17 1985
Ocnoy 1x80 1986
[éte6opr 2x42 1986
Crokronbm — CynbHa — CyHpa6ro6epr 4 x 30 1986
CToKrosnibM — Xammap6u 2x20+2x30 1986
MpoMbiLNEeHHbIe CTOKU

Apnés 1x10,5 1982
Kapckap 2x14 1984
OpHLWEeNbACBUK 1x14 1984
BopnaHnr 1x12 1985
CaHpBuKeH 1x12 1986
NéHrénunir 1x25 1988
Bo3pyx

OKCKNbCTYHA 1x4,.2 1984
CrokronbM — CkaprHek 1x4 1984
O3sepHas, Mopckas Boaa

Crokronbm — BépraH 1x15 1983
CrokronbM — YnnaHac — Bec6io 2x 11 1984
CTOKrosibM 3x25 1985
Crokronem — Vépdéna 1x 40 1986
CToKronbm — PoncteH 6 x 25 1986
Crokronbsm — Okepcbepr 1x6 —
FpyHTOBbIE BOABI

XenbcuHréopr 1x25 1983
Jlynp 1x20 1985
JlyHg 1x27 1986
JnHpec6epr 1x5 1986

e-mail: red@vvt.

ru
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THC pa3ameLLeHa Ha npuYarneHHbIx K bepery 6ap-
ax 1 BKMo4aeT B ce6s 6 Typ60KOMNPECCOPHbIX
TEMN0BbIX HACOCOB MOLLHOCTbIO KaXzaoro no 25
MBT. CebecTonmocTtb nony4yaemon ot THC Ten-
notbl Ha 20% Huxe ce6ecToMMOoCTyK Tenna, no-
Ny4aeMoro 0T ra3oBoil KOTeSbHOM [7].

[octato4Ho kpynHble THG akcnnyatupytotes u
B Ipyrux cTpaHax 3anagHon Esponbl. 13 1a6s. 7,
B KOTOPOW NPUBELEHbI KPATKUE XapaKTepUCTUKK
BBEJEHHbIX B AeicTBMe KpynHbiX THC B 3anagHoit
Espone, BuaHO, 4TO ANs NpuBoLa KOMNpPeccopos

MTH Hapsay ¢ 3aNeKTPUHECKUMI HAXOAAT NpUMe-
HeHue 1 TennoBble apurateni [8]. Kak nokasbl-
BAET MUPOBOIA OMbIT cO3AaHNs KpynHbix THC, Ha
1X CTPOMTENbCTBO TPEBYETCS OKOMO rofia, a CPoKu
OKYMaemoCTN COCTaBNAT 2—4 roaa, 4To cBue-
TemNbCTBYET 0 BECbMa BbICOKOI KOHKYPEHTOCMOCO6-
HocTn THC. YcTaHoBReHHas TennoBas MOLLHOCTb
MTH cyLLecTBEHHO BAUSIET HA MOMHYH CTOUMOCTb
THC. YBenuyenue Tennosoii mowHocTh ¢ 10 go
100-130 kBT 1 no 10 000 kBT 1 6onee npueo-
JNT K CHMKEHUIO YAENbHOW CTOMMOCTY CTaHLIMK

BUNYINdO®HU 19d0€90 WN9LYLI

Tabnuua 7.
KpynHble TennoHacocHble cTaHuuu EBponbl.

MakcumanbHas

TennoBas Bupg

LAEEIETET G, mowHocTb THC,  HM3KONOTEHUWanbLHOro Temneparypa L1 .
¢TpaHa MBT UCTOYHMKA Tenna TennoHocurens, °C npusona
®dpuaepuxcxaeH, faHus 7,8 CTOY4HbIE BOfbI 78 rMn
Pemxo-Ovunus, Utanua 2,3 To xe 45 an
Benbuepc, JinxteHwTenH 1,3 pyHTOBbLIE BOABI - an
HeseHTep, Huoepnanasl 1,5 To xe 65 an
Bapym, Hopserus 14 CTO4Hble BOObI 85 an
Ocno, Hopserus 2,6 To xe 60 an
CanpBuka, Hopserus 13 BeHTUnAUMOHHBIV BO3AYX - an
Apréepr, ®PI" 1,2 PeuHasi Boga - an
Bennet Uun, ®PI 4.6 OxnaxpgatoLlas Boga TOC 50 an
unb3eHkupxeH, ®PI 1,0 Bospgyx - MM
HopcTteH, ®PI 1,8-21 PeyHas Boga 65 rMn
Jnp, ©PI" 5,6 [MpoMBbILLNEHHbIE CTOKM 67 MM
CaapsuseH, OPI 4,0 PeyHas Boga 90 naTn
OcceH, OPI 1,03 Boaayx - MM
Kusb, ©PT 7-9 ox”:ﬁ”ﬁg;i’;:’;ﬂzgsc 78 -85 an
XenbcuHkn, GUHNSHANS 10,5 OxnaxpatoLas Boga TAC 70 an
XenbcuHkM, GUHNAHAMSA 11,3 To xe 80 an
Kpei, ®paHums 9,0 [eotepmanbHas Boga - arn
>Kenesa, LLBeiuapus 1,4 PeyHas Boga 55 an
Litopux, LLseriuapus 5,8 To xe 74 an
Liropux, LLseriuapus 5,0 To xe 70 an
Oky6neHu, LLiseiiuapus 7,0 O3epHas Boga 50 an

*IMIT — razomasyTHbii npusog, 31— anektponpusog; [1TIT— napoTypOnHHbIA MPUBOA.

http://www.prombook.ru e-mail: red@vvt.ru
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COOTBETCTBEHHO ¢ 670-1200 go 600-700 u o
200-300 ponn./kBt [7]. B LWseiuapuu n As-
CTpUM NPe06IafatoT TEMI0BbIE HACOChI, 3abuparo-
LLMe TeMNO U3 rPYHTa Yepes Tenno00MeHHUKN, pas-
MELLIEHHbIE NOJ 3eMNeN HUXKe rNy6uHbI 3amep3a-
HUS NOYBbI KAK FOPU30OHTANTbHO, TaK 11 BEPTUKANb-
HO. Yucno MNTH ¢ rpyHTOBLIMM TENI00OMEHHU-
kamu B ABCTpuu 1 LLIBeliLapuu, COOTBETCTBEHHO,
coctaBnser 82 n 40% 0T 06Llero Konu4yecTsa
YCTAHOB/IEHHbIX B 3TUX CTPaHaX TEMNOBbIX HACO-
cos [1].

1.9.3. OTeyecTBeHHbIA onbIT npumeHenus MTH

Ncnonb3osanue MTH B Poccun u ctpanax CHI
HAX0ANTCA B 3a4aTO4HOM COCTOSHMM. O6LLas yc-
TAHOBJ/IEHHAs Tennosas MOLHOCTb BeeX [1TH Ha
01.01.2004 r. B Poccuu MeHbLuUe, 4em B JTHOKCEM-
oypre.

COOTHOLLIEHME LIeH Ha ANEKTPO3HEPII1I0 M TONMBO
00 90-X IT. MpOoLUOro CTONETUS 3KOHOMUYECKN
He CTUMYNUPOBAIIO PACMPOCTPAHEHIE TEN0BbIX
HacocoB B Poccum n ctpaHax CHI. HecmoTps Ha
NOATBEPXAEHNE NX 3DIEKTUBHOCTYN B 3apy6ex-
HOV NpaKTuKe, 0TEYECTBEHHbIE TEOPETNYECKME
paspa6oTku [10,11,12], MeroTCA NULLb eUHNY-
Hble MPUMEPbI NPUMEHEHMS NX B NPOMbILLSIEH-
HOCTW, CeNbCKOX03ANCTBEHHOM NPON3BOACTBE
u cucteme XKX [13,14,15].

Tennosoi Hacoc TH-150 ¢ noplHeBbIM
KOMNpeccopom

L emiedewan

Tennoso# Hacoc TH-500 ¢ BUHTOBbIM
KOMNPEccopom

Mepexof Poccum K pbIHOYHOM 3KOHOMUKE CTUMY-
nnupoBan paboTbl N0 3HEProcOepeXxeHno.

AkTuBHOe BHefpeHue MTH ansg aBTOHOMHOTO Ten-
NOCHA6XXeHNs pas3finyHbIX 06bEKTOB HA4anoch
8 1989-1990 rr. nocne cosfaHus B HoBocnoupcke
3A0 «3Heprus», NepBoii B Poccum cneunanmanpo-
BaHHOM coupmbl o TH, koTopas Ha 6a3e Bbinyc-
KaemblX B TO Bpems opeoHOBbIX X0S104UTbHbIX
MalLLWH co3fana v yCnewHo BHeApMna HECKONbKO
Tunopasmepos MNTH Ha Kamyatke. Boi6op pervo-
Ha Ans BHeApeHUs 6bin He CIy4anHbIM, MOBbILLE-
HUWE LIeH Ha TONMMBO nocne nepexoga Poccun
K PbIHOYHOW 3KOHOMWKE NePBbIMU OLLYTUAN Pant-
OHbl, He UMelOLLEe COBCTBEHHbIX UCTOYHUKOB Op-
raHWYeCKOro TONIMBA M XXMBYLLME HA MPUBO3HOM
(Ha Kamuatky 13 noptos Haxoaka u Bnagusoc-
TOK) XUAKOM 1 TBEpLOM Tonnuee. Kpome Toro,
Ha Kamyatke umetotcs Mayxetckas 1 MyTHOBCKas
reoTepMasibHble 3NMeKTPOCTaHLMK, reoTepMaibHble
HIT ¢ Temnepatypoii 30—40°C, He npurofHble ans
NpsMOro 1Ccnosib30BaHNs, HO 06ecneymBaroLLme
BbICOKMIA KO3(hPULIMEHT NPe0bpa3oBaHns B 3rek-
TponpuBoLHbIX MTH 1, COOTBETCTBEHHO, HEOOSTb-
LUOW CPOK oKynaemocTu. Ha puc. 12 n 13 nokasa-
Hbl ABE MOAMMMKauum n3 cemu MTH Tuna «Bofa-
BOJa», Bbinyckaembix 3A0 «3Heprus».

B nocnegHue 5-6 NeT COOTHOLLIEHNE LieH Ha 3NeK-
TPO3HEPTMIO K LIeHAM Ha XXIKOe 1 TBepA0e TOMu-

http://www.prombook.ru
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BO CTAHOBUTCS 61aronpusTHbLIM A48 UCMOSb30Ba-
HUS ANeKTPONpuBOAHbIX MTH Ang aBTOHOMHOrO
OTONM/EHMS 0TAENbHbIX 06bEKTOB, B KOTOPbIX He-
BO3MOXHO OCYLLIECTBSIEHWE LIEHTPAIIM30BaHHOI0
TennocHabxeHns ot TAL, MuHn-TAL, ¢ ogHoBpe-
MEHHOI1 BbIpabOTKOI 3NEKTPUYECKON 1 TENMOBOIA
3Heprum, 0TCyTCTBYET rasndpukaums. Hanpumep,
B MpkyTCKOIi 06nactu, He BxoasLen B PAO «E3C
Poccum», rge 4OCTaTOMHO LIMPOKO pacnpocTpa-
HEHO 3/1eKTPOOTONJIEHNE Ha [eLIeBON 3M1eKTPO-
3Hepruun, BbipabaTbiBaeMon NpenuMyLLeCTBEHHO
Ha ['9C, Hanbonee Hu3Koe L,,/ L, =1-2,9.

B HoBocunbupckoit, OMCKON 1 MHOTUX ApYrux 06-
nactsax Guéupwn n JansHero Boctoka ¢ anutens-
HbIMM OTOMUTENTbHBIMM NEPUOAAMU MPAKTUHECKU
OTCYTCTBYET rasuchmkaLms ¢ noka eLe LeLieBbiM
MPUPOAHbLIM ra3oMm. B T0 )Xe camoe Bpemsi B Bbl-
LLIeynoMsHYTbIX 06nacTsax, bypatun, Ha Kamyart-
ke, Kypunbcknx oCTpoBax, rae [OCTaTO4YHO Be-
NIKK 3amackl TepManbHbIX BOJ C TeMMepaTypoin
25-50°C, ucnonb3ayercs anekTpooTonIeHue.

MoaTomy B 3TUX pernoHax, a Takxe B EBponei-
CKOi1 4acTn Poccuu, fns NONHOMO 3aMeLLEeHNs nu-
00 [0NOHEHMS CYLLIECTBYHOLLINX ANEKTPUYECKNX,
XKNIOKO- U TBEPAOTONMBHBIX TEMNOUCTOYHIKOB
BECbMa YCMeLHO MOryT 6bITb UCMOMb30BaHbI TeM-
noBble Hacockl. O NPMBNEKATENbHOCTM 3TOM0 CeK-
TOpa SHEPreTUHECKOro PbiHKa MOXHO CyANTb N0
YBENNYEHMIO Y1ca (PUPM 1 OpraHn3aLmii, B TOR
UMM MHOW Mepe 3aHNMAtOLLUXCS TEMNSIOHACOCHO
TeMaTMKOW, POCTY KOMNYecTBa A0KNALO0B U Ny6-
NNKaLWiA B Npecce, NPeAcTaBNeHNsaM Ha pasnny-
HbIX MPOMBbILLSIEHHbIX BbICTaBKAX 3KCMOHATOB N0
TEMN0BbIM HacocaMm.

Ecnn B 1990 r. 3A0 «3Heprus» 6b1110 eANHCTBEH-
HbIM CMeunannM3mpoBaHHbIM NpeanpuaTueM no
paspa6botke 1 BHeapeHuto MTH, To k 2004 r. B Poc-
cuu nosisunock 6oree 20 opraHu3aumnin u upm,
pacnonoxexHbix B HoBocubupcke, Omcke, Mepmu,
Yebokcapax, MeH3e, Pbi6uHcke, HuxHem Hosro-
poge, MockBe, He CHUTas MHOCTPAHHBIX, KOTOPbIE
npeanararoT CBOW YCNyryt B aToi cdpepe.

B cratbe [16], B cnpaBoYHuKe-Katanore [17] npu-
BEJIeHb! HEKOTOPbIE AENACTBYIOLLME TEMNIOHACOCHbIE

http://www.prombook.ru
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CTaHLMN B CUCTEME KOMMYHANTbHOMO M MPOMBbiLL-
NEHHOro TenyI0CHa6XKeHus, a TakXKe TMNopasmepsbl
MTH, npousBoanMbIX B HacTosLlee Bpems 3A0
«JHeprus», 0AO «MocKOBCKWit 3aBOA XONOAUMb-
HOro MaLLMHOCTPOEHNS "Komnpeccop”», PbIOUH-
CKMM 3aBOJIOM NMpMB0OPOCTPOEHUS. B HacTosLLee
Bpems B Poccuu pa6otatoT 6onee 70 TH «Boja-
BOJa» 06LLUEA TennoBON MOLLHOCTbLI 60nee 40
MBT, BBeaeHHbIX B cTpoit 3A0 «3Heprus» [16],
okono 10 THC u THY, pa3pa6oTanHbix OAQ «/H-
CONAP-NHBECT», ¢ TennosbIMK Hacocamu, uc-
nonb3yrLwmmu B kayectse HAT rpyHTOBbIE BObI,
TPYHT, BbITSHKHOI BEHTUNSALMOHHbIA BO3AYX, U3r0-
TOBMEHHbIX PbIGUHCKUM NPUBOPOCTPOUTESIbHBIM
3aBOZIOM 1 COBMECTHO BHEAPEHHbIX KakK B Cefb-
CKOM MeCTHOCTH, Tak 1 B MockBe — B 17-3Tax-
HOM JloMe B MUKpOpanoHe Hukynuxo-2 [18-19].
[MpuMep yCneLwwHoro 1enosib30BaHus TensoTbl He-
OYULLIEHHBIX CTOYHbIX BOA B . 3eNeHOrpaje npu-
BedeH B [20].

B nocnepHwve roabl B Poccuu 1 npakTu4ecku Bo
BCEX €€ PEernoHax NpUHATLI NPorpaMMbl 3HEpPro-
coepexeHns «3HeproadeKTMBHas 3KOHOMMKA»
Ha nepcnektusy fo 2010 r. Bo Bcex nporpammax
npeaycMaTpuBaoTC MePonpPUATIS Mo 3KOHOMUN
MEepBUYHbIX BUAOB TOM/NBA, 3/IEKTPOIHEPTMN 32
CYeT UCMONb30BaHNS BO30OHOBSEMbIX UIIN He-
TPaANLMOHHBIX UCTO4HUKOB 3Hepru (HBIS): con-
HEYHOWN, BETPOBOIA, FTMAPABNYECKON MasbIX PeK
11 BOAOTOKOB, NPUIIMBOB MOPEN 1 OKeaHoB, 610-
Macchl (OTXOZ0B /1eCO3ar0TOBOK, IPOB, OpraHuye-
CKMX OTXO[0B XXMBOTHOBOACTBA 11 NTMLEBOACTBA
1 T.0.), re0TePMasbHOM, @ TAKXKE HUSKOMOTEHLMATb-
HOr0 Tenna Bo3ayxa, BOAbl, FPyHTa. JKOHOMMYe-
CKMWIA NOTEHLMAN (BENWUYMHA 3HEPruu, Nosny4eHue
KOTOPOW 13 AAHHOTO Bia pecypca SKOHOMUYECKN
OnpaBAaHo NpU CYLLECTBYIOLLEM COOTHOLLIEHWM
LIeH Ha 3N1eKTPO3HepPruto, TOMN1BO, 060pyLoBaHMe,
martepumasbl, paboyyto Cuny) UCMob30BaHNS BCEX
HBI3 coctaBnset 270 MIH T.y.T. ©XKErogHo, 4To
paBHO 22% 0T 061Liero aHepronoTpedeHns B Poc-
cun [20] (B HacTOALLEE BpeMA UCMONb3YeTcs Me-
Hee 1%), B TOM Y1CNe C NOMOLLLbO TENJIOBbIX Ha-
COCOB MOXHO MUCMOJIb30BaTh He MeHee 31,5 MIH
T.y.T., unm no4ti 11,7 % ot o6wwmx HBIS.
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B HekoTOpbIX pernoHax, Hanpuvep, B HoBocubup-
ckon o6nacti, KpacHosipckom kpae paspa6bota-
Hbl 1 peannayoTcsa cnewlyanbHble NPOrpaMmsl;
«BHefjpeHue TennoBbIX HACOCOB HAa 06bEKTax ToM-
NNBHO-3HEPreTUYECKOr0 KOMMNIEKCa Ha TeppUTo-
pun Hosocubupckoi o6nactn B 1999-2002 rr.»;
«/lcnonb3oBaHue TennoBbIX HACOCOB 15 TEN0-
CHabXeHuns 1 ropsyero BoA0CHateHus B KpacHo-
Apckom kpae» [16]. Mo nepBoit 13 HUX NPeLyCcMOT-
peHo ocHatueHme 30 cen 1 AepeBeHb TenIoHacoc-
HbIM TEMI0CHaBXeHeM, KOTOPOe AOIMKHO 06ecne-
4NTb CHKEHMe cebecToumocTu 1 kan Tenna ot
1,4 00 4,5 pa3 no CPaBHEHWNIO C CYLLECTBYHOLLMI
MCTOYHMKAMM TeNna, 1 CPOKN OKYNaemocCTi Kanu-
TaJTbHbIX BMIOXXEHUIA OT OAHOrO0 [0 LWecTu net. lo-
[10Bas 3KoHOMUSA 0T BHeapeHus MTH — 12,6 mAH
py6. npu 061Lnx 3atparax 38,4 MiH pyo., T.e. Cpes-
HUIA CPOK OKYNaeMoCTM KanaaTpar 0Kono 3-X fieT.
Mporpamma, x0T U C 3a[ePXKON, CBA3AHHON
C (OMHAHCUPOBAHMEM, YCMELLHO OCYLLECTBNIAETCS.

OCHOBHOI NyHKT BTOPOIA [porpamMmmbl — nNepeBos,
CUCTEMbI TENNOCHABXeHUA I. [JUBHOropcka, pac-
MOJI0XKEHHOT0 B HEMOCPECTBEHHO 6/130CTU OT
KpacHospckoii [3C, ¢ aneKTprn4ecKoro Ha Tenno-
HacoCHoe ¢ nomoLLbio MTH ¢ anekTponpuBoLOM.
B kayectBe HUT npeaycmaTpuBaeTcs UCNOMb30-
BaHWe BOAbI pekn EHncelt, Temneparypa KoTopoii
coctasnset aumoit 1,5-2,0°C, netom — 10-11°C.
Peanuaauns npoekTa no3sonuT CHU3NUTL rOL0BON
pacxof 3NeKTPO3HEPruM Ha 3reKTPOOTOMNEHNE
r. [lusHoropcka ¢ HaceneHnem 40 TbiC. YeN0OBeK
Ha 400 000 MBT-4, nofiy4nTh 3KOHOMUIO BHOKET-
HbIx cpefcTs ropofa B 100 mnH py6. B rof, ynys-
LLUUTb 3KONOMMYECKY0 06CTAHOBKY B PETMOHE B pe-
3yrbTare NIMKBUAALMN He3amep3atoLLelt, «naps-
LLiei» 3UMOIA BOAHOW NMOBEPXHOCTU B PEKE HIKE
obea. OpUeHTUPOBOYHAR CTOMMOCTb BCEro Npo-
eKTa, BK/l04an pa3paboTKy KpynHbIX Typ6o-
komnpeccopHblx TH, ocywecTtensemyto 0AO
«BHNWxonoamaw-Xonauur», (r. Mocksa), co-
crasnset 400 mrH pyo6.

e-mail: red@vvt.ru

B pecny6nuke benapycb, UMetoLLein orpaHnyeH-
Hble 3anacbl CO6CTBEHHbIX TOMIMBHbIX PECYPCOB,
NPUMEHEHNE TENOBbIX HACOCOB OTHECEHO K NpU-
OPUTETHBIM HanpaBneHNAM 3HepProcoepeXxeHns.
TennoBble HACOCHI TUMA «BOAA-BOAA» YCTAHOBNE-
Hbl Ha 15 NPOMbILUNEHHbIX NPEANPUATUAX, 00b-
eKTax XXUNNULLHO-KOMMYHAJTbHOTO X035MCTBA U
0TAbIXa [5]. B 726/1. 8 npuBeLeHbl NpUMepbI Aen-
cTBytowux THY B pecnybnuke benapycb. BHea-
pexuem TH 3anumatotcs OAO «benaneprocoepe-
Xenue», VI «benHunrpagoctpoutenscrea», 3A0
«3JHeprocepamcHas Komnaxms 39».

Ha YkpauHe npom3BoauTeniem masblx TEnoBbIX
HacocoB siBnsetcs OAQ «Pedoma», r. MenuTtononb
3anopoxckoi 065. MpeanpusTe BbINyckaeT NATb
Tunopasmepos TH «Bofa-Boaa» Tenn0BOi MOLLHO-
cTbto 0T 8 8o 40 kBT, ognH Tnopasmep TH «B03-
Qlyx-B0Aa» TeNn0BON MOLLHOCTbLI0 60 KBT. Hanbo-
nee LIMPOKOE NMPUMEHEHME NONy4nn TensoBon
Hacoc TXY-14 Tuna «Boaa-Boaa» TenioBoi MOLL-
HOCTb0 10 KBT, NpeaHa3Ha4eHHbI 451 FOPS4ero
BOZ0CHA6XEHNS MOJIOYHOTOBAPHBIX (DEPM 1 UC-
MONb3YHOLLWIA TEN0 OXNAXAEHUS NAPHOrO MOJIOKA.

C 1986 no 1993rr. 6bin0 BHeapeHo okono 300
TXY-14 B0 BCex 6bIBLUNX pecny6nukax CCCP.

B cBSA31 C CYpOBbIMI KNIUMATUYECKUMU YCII0BUS-
MM MOYTN Ha BCEN TeppuUTOpUM (MPOLOIKMTENb-
HbIA OTONUTENbHbIA NEPUOA, HA3KAs Temneparypa
aTMOC(hepHOro Bo3fyxa), C NPaKTUHECKUM OTCYT-
CTBMEM CMCTEM BO3AYLLUHOMO OTOMEHNS 34aHNIA
11 COOPYXXEHWIA, ncnonb3oBaHue B Kayectse HAT
Hapy>XHOro Bo3ayxa B Poccuu He HaLwno npume-
HeHns. OHAKO B HXKHbIX pernoHax EBponenckoit
yacTu, rae 3UMHAS Temneparypa He onyckaertcs
HKe MUHYC 15°C, a Takxe B NepexoaHble 0CEHHe-
3UMHUIA (CEHTAOPb-HOAOPL) 1 3UMHE-BECEHHNI
(mapT-main) nepnofpl Ha 60nbLuei EBponenckoil
yacTtu Poccuu BnonHe 9KOHOMUYECKM ONpaBaaHo
npumerenune MNTH «B0o3ayx-B0O3ayx» ANS UHAM-
BUAYaSbHbIX JOMOB U CTPOEHWIA C BO3AYLIHbIM
OTOMNJIEHNEM N0 BGMBAIEHTHOI CXeMe MCMoJb30-
BaHus MTH.
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Ta6nuua 8.
Hencteyrowme THY B pecny6nuke benapyce.
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O6BLEKTDI @
npUMeHeHus UcTouHMK Tennonotpe- Twvnbl Pa6ouee (& CIVE:] 2
TennoBbIX HUT 6uTenb KOMMpeccopoB Teno oT6opa TennoTbl -
HacocoB =
CoopyxeHus e
py. OTonnexwe, C NpomeXyToYHbIM [=]
pe4Horo PeuHas Boga BuHTOBbIE R134A 3
BeHTUNAumsA n NMBC TENNoHOCUTENEM =
BOf03a60pa =
=
C NpomMeXyTOo4HbIM =
BoporacocHele MopLukesie R22 Tegl'IOHOC)Il/ITeJ'IeM =
BoponposopgHas
cTaHuum ll-ro e OtonneHne =
HenocpeacTBeHHbIM
nonLema CnupanbHble R407C pen
0T60pOM
lopofckue cTouHble C npoMeXyTo4HbIM
POA CnupanbHble R407C P Y
BOfbI TennoHocuTenem
KaHanusaumoHHble o
HACOCHbBIE Tonnexme C HemocpencTBEHHbIM
[pyHTOBbIE BOAbI, 1 BEHTURALMS
0T60pPOM
craHuum ropopckue BuHTOBbIE R134A
1 C NPOMEXYTOYHbIM
CTOYHbIE BOApI
TennoHocuTenem
CoopyxeHus
OuuLLeHHble OTtonneHwe, C HenocpeacTBEHHbIM
O4YMCTKN FOPOACKMX BuHTOBbLIE R134A
CTO4HblE BOAbI BeHTUNsUmsA n MBC 0T60pOM
CTOYHbIX BOA
o OTtonnenve
BbITsXXKHOIM BO3AYX CnvpanbHble
v oxnaxpaeHne C HenocpeAcTBEHHbIM
CraHumun mMeTpo R22
Boanyx OtonneHve MopLuHeBble or6opom
TOHHENs METPO P
VCNOBHO YKCTbIE CnviparnbHble, R22 C NpoMeXyTOo4HbIM
MpOMBILLAEHHbIE CTOYHbIE BOAbI o6 NMopLUHeBble TennioHocuTenem
NpeanpuaThA C HenocpeacTBEeHHbIM
O6opoTHas Boaa BuHTOBbLIE R134A PeA
0T60pPOM
TpaHcdopmaTopHble | TpaHcdopmaTopHoe OtonneHve C npoMexXyTo4HbIM
parceop P parccop P ’ CnupanbHble R407C p Y
noAcTaHumm macno BeHTUNsUMs u NBC TennoHocuTenem

2. AbCOPBLINOHHDIE TEMJIOBbIE HACOCbI (ATH)

2.1. ONUCAHWE W NPUHLIMN JEACTBUSA ATH

B nocnegHwne roabl 3a py6exxom u B Poccuu npo-
113BOASATCS TEMNOBbIE HACOCHI HOBOrO MOKONEHNS,
B OCHOBE KOTOPbIX IEXMUT UCMONb30BAHME B Ka-
yecTBe paboy4ero Tena napbl BELECTB: pacTBOP
abcop6eHTa — xnagoH. B ocHose paspaboTok ATH
nexxar co3fiaHHble B 50-e ropl NPoLUIoro cTone-
TN a6COPOLOHHbIE BOA0AMMMAYHbIE 1 CONEBbIE
X0STOAUNbHbIE MaLLMHBI, B KOTOPbIX pabo4nmm na-
pamMu BELLLECTB COOTBETCTBEHHO ABNAOTCS: BOAA-

amMMMaK 1 BOAHble PacTBOPbI CONein 6POMIUCTOrO
UNN XNIOPUCTOr0 NUTUSA. B OCHOBHOM NMPUMEHS-
0T Mapy BELLECTB: pacTBOP 6GPOMUCTOrO NUTUS
(H,0/LiBr) — Boga (H,0). ATH oTHocsTCA K 6onee
LUIMPOKOMY Knaccy abcopOLNOHHbIX Npeobpaso-
Bareneii Tennotsl (AMT) [22, 23], BKtO4aloLLemMy
B Ce09 eLLe abCOPOLIMOHHbIE XONOANbHbIE MaLLK-
Hbl (AXM) n AT Ans OLHOBPEMEHHOIO Harpesa
1 oxnaxaeHus soabl. Bee Tunbl AMNT 06beauHsieT
TO, 4TO NPOLECChI NepeHoca TensoTbl B HUX CO-
BEPLUAKTCS C NMOMOLLbHO COBMELLEHHbIX NMPAMOro

http://www.prombook.ru e-mail: red@vvt.ru
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11 06pATHOr0 TePMOANHAMUYECKIX LIMKIIOB, B OT-
nnYKe 0T NAPOKOMMPECCUOHHBIX TEMOBLIX HACO-
COB 11 XOJTIOAWSIbHBIX MaLLVH, B KOTOPbIX paboyee
Tesno (XnazfoH) COBEpPLLAET TOMbKO 06paTHbIV Tep-
MOAVNHAMUYECKUIA LK.

Huxe paccmoTpeHsl Tonbko ATH v AT ans oa-
HOBPEMEHHOr0 HarpeBsa U OXJNaXAeHNs BOb.

B cBA31 C BbICOKUMM AaBNIEHUAMM KOHLEHCALMN
XNaf0Ha — aMMm1aKa — 1 HU3KO SHepPreTMYecKon
3(PMEKTUBHOCTbIO BOLOAMMMAYHbIE TEMIOBbIE Ha-
COCbl He MOly4nn pacnpocTpaHeHus. Hanbonb-
Lee NPUMEHEHNe HaXOASAT TeNNoUCnoNb3ytoLLme
26COpOLMOHHbIE GPOMUCTONUTUEBLIE TENNOBbIE
Hacocbl (ABTH), UMetoLLme HannyyLLIne xapakre-
puctukn n3 ATH 1 Ucnonb3ytoLLme Tak Ha3biBae-
Mble a6COPOLIMOHHbIE MOHKAIOLLME TEPMOTPAHC-
thopmatopbl, N0O3BONAOLLME NONYHUTL U3 TEM-
NOTbl BbICOKOr0 MOTEHUMANa W, Kak npasuso,
C6POCHON TENNOThI HU3KOTO MOTEHLMANa, Hempu-
FOAHON N1 NPAMOro MCronb30BaHWA, TenioTy
CpeaHero noTeHuuana ans KOHKPETHOro noTpe-
outens.

meetcs ewle oguH Bug AMT — abCcopoOLMOHHbBIE
OpPOMUCTONUTIEBbIE MOBbILIAKOLLME TEPMOTPAH-
cchopmatopsbl (ABIT), No3BoNAOLLME B XONOAHBI
nepyuoa rofa, Npy Hanu4ymn AeLleBbIX FPELLInX
MCTOYHUKOB TENNOTbl ¢ TemnepaTypoi 40-60°C
1 oxnaxpaaroLLen cpeapbl (BoAa ¢ Temneparypo
15-20°C, BO3Ayx ¢ Temneparypoit He Bbile 10°C),
o6ecneynTb TeMnepaTypy HarpeBaemMoin Bofbl Ha
15-30°C BbllLE TeMNEpPaTypbl FPEIOLLEr0 NCTOY-
HUKa TennoTbl Ha BxoAe B AT. pu aToM Konunye-
CTBO NOMy4aeMoi TennoTbl COCTABNAET 0KONO 50%
0T 3aTPa4yeHHO TENIOTbI FPELOLLEr0 UCTOYHMKA.
Takue ABMT MoryT HamT NpUMEHEHNE Ha 3Hep-
rOeMKIX METaNIypPrinyecknx 1 XMMIUYeCKInX npo-
3BOACTBAX, MMEIOLLIMX 6OSTbLINE 06bEMbI COPOC-
HOW HN3KOMOTEHLMANIbHOW TENJOThI, 2 TAKXe B pe-
TMOHAX C re0TepManbHbIMI MCTOYHUKAMM Tenna.
B cBA3K CO cneunduKon ncnonb3oBaHus, 0TcyT-
CTBMEM MapKETUHIOBbIX UCCEA0BAHWUIA NO UX NPK-
MeHeHuto, ABIT noka ocTatoTcs HeBOCTPE6OBaAH-
HbIM 3HeprocéeperarLwmm 060pya0BaHIEM.

e-mail: red@vvt.ru

[lanee 6yayT paccMOTPEHbI MOHWXatoLLMe abcop6-
LIMOHHbIE 6POMUCTONNTIEBLIE TEPMOTPAHCOP-
Martopsbl, Ha3BaHHble ABTH 1 nonyyatoLme Bce 60-
nee LPOKOe PacnpoCTPaHeHNe.

OtcyctBue B ABTH komnpeccopHoro 060pymo-
BaHUS, OTOPXNOPCOAEPIKALLNX BELLECTB pacLLIM-
PAET rpaHuLbl UX NPUMEHEHUS 1 AUana3oH npo-
3BOAMMbIX MOLLIHOCTEM.

ABTH ucnonb3yroTcs 419 Harpesa BOAbl CUCTEM
TENIOCHA6XEeHUs, AN HAarpeBsa 1 OXNaX4eHUs
TEXHOJIOMMYECKUX CPEL B NPOMBILLNEHHOCTH, 3HEp-
reTUKe, CeNlbCKOM X035INCTBE U T.4. 3TO 6JI04HbIE
KOMMAKTHbIE arperarbl BbICOKOW 3aBOLCKOi MOTOB-
HOCTMU, NOJTHOCTbIO YKOMMJIEKTOBAHHbIE HEOOXO-
AnMbIM 060pyaoBanuem, apmarypoi, KUTMuA.

Mo BMAy UCNoONb3yemoil BbICOKOMOTEHLMANbHON
Tennoson aHeprun ABTH nogpasaenstotcs Ha
MaLLVHbI:

M ¢ napoBbIM 060rpeBoOM reHepaTopa;
M ¢ BofifHbIM 060rpEBOM reHeparopa;

B ¢ reHepaTopoM Ha XHAKOM MM rasoobpas-
HOM TonnuBe.

o 4ncny cTyneHein pereHepaumm pactesopa 6po-
MWUCTOrO JINTMA Ha:

H ofHOCTYNEHYaTble;
H fiByXCTyneH4arbie.

Ha puc. 14, 15 nokasaHbl NpUHLMNNANbHbIE CXe-
Mbl, COOTBETCTBEHHO, ofHOCTyneH4atoro ABTH
C NapoBbIM 060rPEBOM reHeparopa u BYXCTYMeH-
yaroro ABTH ¢ reHepaTopoM Ha ra3oBOM TOMJINBE.

ABTH paboTatoT cneaytoLmm 06pa3om. B TpybHoe
NPOCTPAHCTBO UCMAPUTENA NOJABTCH HU3KOTEM-
nepaTypHas BOAa, r4e OHA OXNAX4AeTcs 3a CYeT
KnneHus (McnapeHns) B Bakyyme paboyero Tena
(BOZbI), CTEKAOLLEr0 B BUZE NEHKM M0 HAPYXXHOIA
MOBEPXHOCTN TPY6 B MEXTPYOHOM NPOCTPAHCTBE.
O6pa3oBaBLUMACS NpK 3TOM Nap abcopbupyeTcs
(nornoLyaercs) BOAHbIM pacTBOPOM 6POMUCTOrO
NINTUNS, CTEKAOLLLErO B BILE NAEHKN N0 HAPYXKHON
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BOJAHOr0 napa (puc. 14), Nubo CXXMUraHus XngKo-
ro unu ra3o006pasHoro Tonnuea (puc. 15). B ogHo-

1 Kpenkwit p-p o
Caton p-p cryneHyatom ABTH (puc. 14) kpenkuit pactsop
LIpkynSLMOHHas BogA yepes pereHepaTMBHblﬁ TEenno06MeHHUK nopaet-
Harperan sona cs B abcop6ep. BoinapeHHbIin BOAAHON nap U3 re-

< Kongercatop HepaTopa HanpaBnseTcs B MeXTPYO6HOE NpoCT-
PaHCTBO KOHAEHCATOpa, rae KOHAEHCMPYETCS Ha
= - ”iq:. HapY>XHOW NOBEPXHOCTU TEMNT00OMEHHBIX TPYO.

K

e KoHaeHcaT BOASHOr0 napa Yepes rugposarsop
MOCTynaeT B MCNapuTenb. Harpesaemas Boja no-
[laeTCs NocnenoBaTeNibHO B a6Cop6ep U KOHAEH-

BUNYINdO®HU 19d0€90 WN9LYLI

7 carop, rae HarpeBaeTcs 0 He06X0AUMON TemMne-
Oxnaionian = patypbl 1 HanpaenaeTcs noTpedbuTento. B ,[l,ByXCTy:
<P == ! nenvatom ABTH (puc. 15) 4acTUHHO YKPenseHHbIi
N P— pacTeop |513 reHeparopa I cTyneHu 4epes pereHe-
Oxnmxgaeman oBHeHHIK paTUBHbIA TENI006MEHHIUK HAaNpPaBnseTCcs B FreHe-
BOfa cna- <
p;_"a patop II cTynexu, rae NnpoucxXoamuT fanbHeiiee
Tens YKpennexue (BbinapueaHue) pactsopa 3a CHeT

TeN/0Tbl KOHAGHCALMW B TPY6ax BOASAHOTO napa,
MOCTYNatoLLEro N3 MeXTpy6HOro NpoCTPaHCTBa

HarpeBaemas Boga

MpuHUMNManLHas cxema 3 Kpenkuii p-p
etz Cnabblii p-p
|r#4%) LlMpKymlLlMDHHaﬁ BOAA

Puc. 14

oaHoctyneHyaroro AbTH Ha nape

Harpertas Boga

&

K

Top
AN
[bimoBoi
ra3

CTEHKe TPY6 B MeXTPYOHOM NPOCTPaHCTBE abcop-
6epa.

Mpw 3TOM pacTeop 6POMMCTOrO JIUTIS HarpeBaeT- E
Cs W Ans COXPaHeHns ero abcopompyioLLen cro- feueparop Ll cr
COGHOCTM TEMI0Ta, BbILENNBLLIAACA B Pe3ynbTa- :
Te abcop6LMM OTBOANTCS BOOW, MPOTEKaKLLEl et j
BHYTpM Tpy6 abcopbepa. Takum 06pa3om, Nponc- P
XOLWT NEPEHOC TeN0Tbl C HU3KOTEMNEPATYPHOTO 2 =3
YPOBHA B ucnaputene Ha 60nee BbICOKUIA B a6- Drnaze:
copbepe. MornoLas BOAAHOI Nap, pacTBop 6po-

MMUCTOr0 NINTUS Pa3baBNAETCs, CTAHOBUTCA CNa-
ObIM — KOHLIEHTPALWSA ero CHUXaeTcs. [ins pereqe- &
pauuu (BOCCTAHOBEHMS KOHLEHTPaLK) Crabbiii Harpesaean soga Tonnueo
pacTBOp 4Yepe3 pereHepaTUBHbI TENN006MEHHNK
(puc. 14) unu Tennoo6meHHuku (puc. 15) nopaet-
cs B reHeparop (puc. 14) unm redeparop I cty- MpUHLMNMANbHAS CXEMa

NeHu (puc. 15), The ynapuBaeTes (KOHLEHTpUpYeT- nByxcTynenyaroro ABTH Ha rase
Cs) 32 CYET Tensa rperoLLero UCTOYHNKA — NM60

http://www.prombook.ru e-mail: red@vvt.ru
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reneparopa I. Takum o6pasom, reHeparop II oa-
HOBPEMEHHO SIBNSIETCA KOHAEHCATOPOM BOASHOIO
napa, BbiNnapeHHOro B reHeparope I, n Tennota
KOH/EHCALIMM NONEe3HO NCMOoMb3yeTcs Ans yKpen-
NeHUs pacTBOpPa, 4T0 NO3BONAET CHU3UTL NOTPEOD-
NeHue TONNBA UK TEN0BOA SHEPTUi B ABYX-
CTYNEHYaToil MaLLHe MO CPABHEHUIO C OJHOCTY-
MeHyarol.

Kpenknii pacTBOp M3 MeXTPYOHOI 4acTu reHe-
patopa II 4epe3 pereHepaTuBHbIi TENNO06MEH-
HUK HanpaBsnseTcs B abcopbep, B TO BPEMS Kak
06pasyoLninca KoHaeHcaT U3 Tpy6HOro npo-
CTPaHCTBA NOCTYnaeT B NOAAOH KOHAEHCATOpA.
Beinap pactsopa (BoasHoli nap) u3 redeparopa I1
KOHJIEHCUPYETCS HA HAPYXXHOI NMOBEPXHOCTM TPYO
KoHpaeHcaTopa. Becb KoHJeHcaT U3 KOHfeHcaTopa
MOAAeTCs B UcnapuTenn. Harpesaemas Bofa, Tak
Xe, KaK B ogHocTyneHyatom ABTH, nocneposa-
TeNIbHO NpoXoAnT abcopbep 1 KOHAEHEATop 1 Ha-
NpaBnseTcs NoTpeduTenio.

MPOAYKTbI CXUraHUs TOMAUBA YAANAOTCSA B aT-
Moceepy 4epes bIMOBYIO TPyoY.

2.2. JHEPTETNYECKAA 3®DEKTUBHOCTb
ABTH

JHepreTuyeckas adhdekTusHocTs ABTH xapak-
Tepu3yeTcs Ko3(pUUMEHTOM TpaHcdopmaLum
Tenna — OTHOLUEHWEM MPOU3BEEHHON TENIoThI
K 3aTpa4yeHHON BbICOKOTEMMEPATYPHON TENNoTe:

£=0Q,/0,=0,+0,/0Q,=0+0,/Q,
rae.
0/., — KO/n4ecTBo I'IpOI/I3Be,U,GHHOI7I TennoThl;

Q- KONM4ECTBO BbICOKOMOTEHLMANbHOI TENNOTbI,
NofIBEIEHHOI (3aTPayeHHOIA) B reHepaTope;

(; — KONM4eCTBO CPeaHenoTeHUMabHON TENOTbI,
OTBEAEHHOI1 B abcopbepe;

Q) — KONM4eCTBO CPeAHENOTeHLMaNbHOA TeNsIoTh,
OTBE/EHHOI1 B KOH[IEHCATOPE;

00 — KONWUYECTBO HU3KOMOTEHLIMANbHON TENNOTI,
MOABELEHHON K NCNApUTENIO.

KoagpdpuuneHT tpaHcpopmauum tenna AbTH
C O[IHOCTYMEHYaToll pereHepawmeii pactsopa co-
crasnset 1,65-1,75. Otctoaa yaenbHbIA pacxoq
TONNMBa Ha BbIPaboTKy Tenna B ABTH cocTasuT:

B=1/Exn=067-0,76,

rae 11— KT KoTenbHO unu ToMKu MatluHbl (pe-
anbHelii n = 0,8 - 0,85).

Y ABTH ¢ AByXCTyneH4aToil pereHepaumen pac-
TBOPa KO3 MULMEHT TpaHc(opmaLum paBeH
2,05-2,15, a yoenbHbIN pacxof TOMAMBa Ha Bbl-
paboTky Tenna cocrasnser 0,55-0,57.

Ha puc. 16 nokazaHbl TeN0Bble 6anaHChl pasniy-
HbIX TNoB ABTH. 113 BbILenpmBeAeHHbIX pac-
4ETOB,  TAKXe TeNI0BbIX 6NaHCOB BULHO, 4TO
yAENbHbIA Pacxof TONNNBA HA BbIPABOTKY Tenna
B ABTH Ha 40-60% Hwxe, 4em B KOTefbHbIX. 13-
BECTHO, 4TO NPV NPOU3BOACTBE TEMNOBON 3HEPrinN
B KOTEJIbHbIX, CXXMUTIOLLMX OPraHN4eckoe Tonm-
BO, CYLLIECTBEHHYIO YacTb (50-70%) B cebecTomMmo-
CTW COCTABNAT 3aTpatbl Ha Hero. Moatomy npu
NPUMEPHO PABHbIX OCTANbHbIX YAENbHbIX PACXO0-
Jax ce6ecToMMOCTb TEMN0BO JHEPrUM, NONYYEH-
HoW B ABTH, HMXe, 4eM B KOTENbHOM Ha OpraHu-
4eCKOM TOM/uBe.

2.3. IKOJIOrM4ECKAS 3DDEKTUBHOCTb
ABTH

Pacxon nepBMYHbIX BUAOB OPraHU4ecKoro Tomn-
nuBa B ogHocTyneHyYaTbix ABTH Ha BbipaboTkKy
OJHOr0 W TOTO XK€ KONWU4ecTBa TENI0BON 3HepPru
M0 CPABHEHMIO C KOTENbHOIA, HUXKe Ha 33-24%,
a B IBYXCTYMNEHYaTbIX, COOTBETCTBEHHO, Ha 45-43%.
CnepoBaTefibHO, KONMYECTBO 00pa3yoLLMXCcs
BCNEACTBNE CXXMIaHWUS OPraHnYeckoro TonauBa
BPEAHbIX BbIOPOCOB — OKMCIIOB a30Ta, Cepbl, yrie-
pofa, «NapHUKOBOro» rasa (4BYOKMCH yrnepoaa
CO,) n TBEPAbIX OTXO/0B MPU CXKNUraHNI TBEPAOTO
Tonnuea B ABTH — Ha 30-45% MeHbLue no cpas-
HEHWIO C KOTENbHON.
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TennoBsble 6anaHcbI:

a) ABTH Ha ra3o06pasHoM (XX1aKOM) TON/NBE;
6) ABTH Ha rpetoLLem nape;

B) ABTH c AByxcTyneH4atoil pereHepaLuen
pacteopa Ha razao06pasHOM (KMAKOM) Ton-

NuBE;
r) ABTH ¢ ABYXCTyneH4aTol pereHepawmen
pacTBOpa Ha rpetoLLem nape;

) — KOTeNbHas Ha ra3o06pasHoM (>KMaKoM)
TonnuBe

2.4. 0NbIT NPUMEHEHUA ABTH

2.4.1. 3apy6exHblii onbIT

B HacToslee Bpemst OCHOBHbIMI MPOU3BOAMTE-
namu AMNT B Mupe ABNAOTCA DUPMbI ANOHUN
(«Hitachi», «Sanyo» n gp.), CLUA («Carrier»,
«Tran», «York» n fip.), @ B N0CNeAHNe rodbl K HUM
no6asunuch pupmbl Kutas. TonbkKo SNOHCKNE
thupmbl B 90-6 roabl NPOU3BOAUNN EXErOAHO

http://www.prombook.ru
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2200-2400 wt. ABTH n ABXM xonoaonpou3so-
autenbHocTbio 60nee 300 kBT. [1Ba ABTH anox-
CKOW doupmbl «Hitachi» TennoBoi MOLLHOCTbIO
50 MBT ycTanosneHs! B 1. Yncana (LLIseuwns), nsa
ABTH cupmbl «Sanyo» TennoBOA MOLWHOCTbH
no 5 MBT pa6otatot B r. [éTe6opre (LLseums).
B AnoHun 6onee 50 ABTH akcnnyatupyroTcs Ha
Pa3nUyHbIX NPEANPUATUSX, Y KOTOPLIX UMEKTCS
BOJI0060POTHbIE OXNAXAKLLME CUCTEMBI, Yepes
rpagupHu KOTOPbIX B OKPYXQKOLLY0 cpefly copa-
CbIBAKOTCA 60/bLUNE 06BEMbI TEXHOTEHHOM Ten-
notel ¢ Temnepatypoit 30-20°C. Kak npasuno,
Ha 9TUX NPOMNPEANPUATUAX UMEIOTCH COOCTBEH-
Hble UCTOYHWKM TEN0BON 3HEPriK B BUAE BOAS-
HOro napa unu ropsyei BoAbl, IM60 NOKynaeTcs
razo06pasHoe, XuaKoe TOonjMBo, NPUrogHoe AN
1cnonb3oBaHns B ABTH.

B CLLA n Kutae ABTH, B OCHOBHOM, UCMONb3Y-
t0TCA HA NPOMbILLNEHHbIX NpeanpuaTusx. Okono
70% Bcex AlT 3a py6exom BbinyckKalTcs ¢ Ton-
KOVl Ha ra30BOM UMK XWUAKOM Tonnmee[24]. 3T
06bACHSAETCA BbICOKON 3KOHOMUYHOCTbHIO M aBTO-
HOMHOCTbH0 Takux AMT, 4TO CYLLECTBEHHO PacLUm-
pseT 06/1aCTb UX NPUMEHEHMA, COKpaLLaeT 3a-
TPaTbl HA MOHTAX U 3KCMITyaTauio CUCTEM XIafo-
1 TennocHatxeHus. AT ¢ TONKoA MOXET BbINos-
HATb [Be (DYHKLMW: B NeTHee Bpems paboTatb
KaK X0/lI0A4nNbHasA MallKHa, a B X004HOe Bpems
rofa — Kak BOJOrpeiHbIn KoTen.

2.4.2. 0Te4ecTBEHHbIN ONbIT

Abcop6LMoHHbIE 6POMUCTONMTUEBBIE NPE06PaA30-
BaTeNU TeNI0Tbl X0N0AUNbHOK MoLHOCTbi0 1100
1 3000 kBT (ABXA-1000 n ABXA-2500 cooTBeT-
CTBEHHO) B GbiBLUeM CCCP cepuitHo BbINycKanuch
C KOHUa 60-X rofoB. bbinun TakXe 0CBOEHbI MOAN-
(huumpoBaHHble arperatbl: ABXA-2500XT — ans
0LHOBPEMEHHOI BbIPAOOTKN X0J104a W TENOTbl
1 ABXA-2500TH — ans BbIpaboTKN TONbKO TEMM0-
Tbl. [Py HANMYMN BbICOKOMOTEHLMAMBHBIX TPeto-
LLIMX UCTOYHMKOB ¢ Temnepartypoit 160-180°C ce-
puitHbiii ABXA-2500 f0NONHANW BbICOKOTEMME-

BUNYINdO®HU 19d0€90 WN9LYLI
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paTypHOW NPUCTABKOMN, COCTOALLEN U3 CTYNEHU
reHeparopa BbICOKOro AaBneHus 1 BbICOKOTEMME-
paTypHOro Tenn006MeHHNKa pacTBOPOB, TEM Ca-
MbIM NpeBpaLias ogHoctyneHyatbii ABXA-2500
B [IByXCTyneH4artblii arperat ABXA-2500-2B [25].

Bce BbllLIenepeymncieHHble 0TEHECTBEHHbIE TUMbI
AT MOXXHO OTHECTM K MaLLIiHaM NepBoro nokone-
HUA. ICTOYHNMKOM TENMOTbI B HUX CNYXXaT BOASAHOIA
nap Unn ropsiyas Boga, 0CHOBHbIM KOHCTPYKLIMOH-
HbIM MaTepuanom Ans ux U3roToBNEeHNs — yrme-
poaucTas ctanb. [pu TONLWWUHE CTEHOK TeNnoo6-

Mopens ABTH-IN ¢ napoBbim o60rpesom

MEeHHbIX Tpy6 2,5-3,0 MM (haKTU4eCKMin CPoK
CNy>KObl MaLLIMH He NpeBbiLlan 5—7 net. MoaTomy
B HacTosLLee Bpems B Poccum paboTatoLmx ma-
LUMH NepBOro NokoseHus Het. B 3apy6exHbix AMNT
Tenno0OMEHHbIe TPYObl M3rOTaBNNBAKTCSA U3
MeAHbIX UNU MEAHO-HUKENEBbIX CNNABOB TON-
LLMHOI He 60n1ee 1,0 Mm. [T03TOMY OHM UMEIOT CY-
LLIECTBEHHO MEHbLLNE rabapuTbl, Maccy, TpebytoT
MEHbLUEro KOnn4ecTBa 4OpOrocTosLlero 6po-
MUCTOrO NIMTUS 151 3anpaBKi MALLNH, @ CPOK UX
CNy6bl cocTaBnseT 6onee 25 net, T.e. B 3-5 pas
60/blue, 4eM Yy OTEYECTBEHHbIX MaLLUH NEePBOro
MOKOEHUS.

Tabnuua 9.
Tennosblie Hacocbl ABTH.

Mogenb ABTH-T Ha rase

MapameTpbl

600 1000 1500 3000 600 1000 3000
Tennoeas MOLHOCTb, KBT 1725 3300 5000 8300 1600 3000 4500
Y1unusupyemas tennota, KBt 660 1260 1860 3200 660 1260 1860
Pacxop rpetoLero napa, Kr/4 1540 2900 4300 7400 - - —
Pacxog npvpogHoro rasa, Hm3/4 - - - - 105 200 295
Pacxop, Harpesaemoit Boabl, M4 45 87 128 225 45 87 128
Pacxop oxnaxpnaemoi Bogbl, M3/4 115 217 320 550 115 217 320
MoTpebnsiemasn anekTpuyeckas 45 8.0 12,0 14,0 65 11,0 175
MOLLIHOCTb, KBT
[a6aputHble pa3vepsl, M:
onvHa 5,1 6,5 7,5 7,5 51 6,5 7,5
LUMpUHa 1,55 2,0 2,35 2,8 2,5 2,7 3,2
BblcOTa 3,0 3,15 3,3 3,9 2,75 2,9 3,0
Macca (cyxas), T 8 12 18 29 9 13 20

[laHHble Ans NapameTpoB, yKa3aHHbIX B Tabnuue:

oxnaxpgaemas soga 30/25°C

[onyckaemoe faBneHue:

KOHTYp oxnaxpaaemoi sofpl 1,0 Mla

Harpesaemas Boga 40/70°C

KOHTYp Harpesaemoii Bofpl 0,6 MIMa

rpetowmii nap 0,5 Mla, a6c¢.

KOHTYp rpetowiero napa 1,0 MMa, a6c.

e-mail: red@vvt.ru
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HayuHas ¢ 90-x rofi0B NpoLLNIOro cToneTus, 6na-
rogaps 60MbLLIOMY 06beMY Hay4HO-CCNEN0BaTe b-
CKUX 1 OMbITHO-KOHCTPYKTOPCKMX padoT (HOKP),
BbINOSHEHHbIX MHCTUTYTOM Tennodomankn Cubup-
CKOro otaeneHns Poccuinckon AKagemuin Hayk,
CaHkT-eTepbypreknm rocyHUBEPCUTETOM HU3KO-
TEMMNEepPaTypPHbIX W MIULLEBbIX TEXHONOTMUIA, PAAOM
HUW n KB r. HoBocnbupcka, 000 «Tennocu6»
n 000 «OKB Tennocubmat» pa3paboTaHsbl, UC-
MbITaHbl U BHEAPEHbI psf TunopasmepoB ABXM
1 ABTH HOBOTO NOKOMEHUS, COOTBETCTBYHOLLME
Ay4WM MUPOBbLIM 06pasLam.

B 7a6.1. 9 npusefeHbl TUMOpPasMepsl NPOU3BOLM-
Mbix 000 «OKB TennocmbmalL» TEN0BbIX HACO-
cos ABTH.

Ha puc. 17,18, 19, COOTBETCTBEHHO, NOKa3aHbl
OMbITHO-NPOMBILLEHHbIA OLHOCTYNEHYaTblil
ABTH-1000rM1, pa6oTatowmii Ha HoBocubupckon
T3U-4, ogHocTyneHyatblit ABTH-1000I, gByx-
crynenyarbin ABTH-2000T ¢ razoBoi TOMKOK, Npo-

ONbITHO-NPOMbILUAEHHbBINA
ABTH-1000M,
TennoBoi mowHocTbd 1000 kBT

http://www.prombook.ru

OpHoctyneHyatblii ABTH-1000I1,
Tennosou mowHocTbo 3300 kBT

LueaLwniA ncnsiTaHus Ha HoBocmbupckom meTan-
Nypruyeckom 3asofe M. KysbMuHa.

PaspaboTaHa npoeKTHO-CMeTHas LOKYMeHTauus
ans sHeapeHms apyx ABTH-2000T Ha OAQ «Ye-
OOKCApPCKMiA arperaTHblil 3aBog», . He6oKcapsl,
Yysawuckas Pecny6nuka [25].

MpoBeneHo 06Cnea0BaHNe 1 pa3paboTaHbl TEX-
HIYECKNe NPEANOXEHIUS MO UCMONb30BAHMIO [BYX
ABTH-1000T ans Harpesa Bofbl FBC OAO «[Mpom-
TpakTop», . Ye6okcapbl. CPOK 0KynaemMocTu Ka-
NUTanbHbIX 3aTpaTt — 2 rofa.

[ByXcTyneHyarbii
ABTH-2000T Ha rase,
TennoBoi mowyHocTbo 2000 kBT

BUNYINdO®HU 19d0€90 WN9LYLI
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