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AHanus NMPUMEeHEeHUA TenNOHAaCOCHbLIX YCTaHOBOK
B CUCTeMax TensiocHabxeHus

A . Wenrunckuii, U.B. Skosnes

PaccMoTpeHbI Ipo6iemMbl HCTIOIB30BAHHS TEIIOHACOCHBIX ycTaHOBOK (THY), IpHMEHSIOMMXCS B CHCTEMAaxX YTHJIM3AIIHH BTOPHYHBIX SHEPIO-
PECYPCOB NPOMBIILICHHBIX HH3KOTEMIIEPATYPHBIX TEIUIOTEXHOJIOTHYECKHX MPOLIECCOB M B CHCTEMAX TEIUIOCHAGKEH S 31aHHi.

IpuBenens! nanubie no nponakam THY B pasmuuHbIX eBpoMeiicKHX CTpaHax, H3 KOTOpBIX ciexyeT, uTo B Poccuiickoit Denepanuu otmeua-
€TCA CYIIECTBEHHOE OTCTaBaHME MO Hcnonb3oaniio THY B cuctemax TeruiocHabkeHns. YCTaHOBKH KIaCCH(HIMPOBAHBI 110 LHKIAM U 110
HCTOYHHKAM HH3KOTIOTEHIIMATIBHOM TEIIOTHI.

Ipencrasnena npuanmmHansHas cxema THY B cHcTeMe ¢ HCTIOMB30BAHHEM HH3KOIIOTEHIMATBHOMN TEIUIOThI CTOYHBIX BOJL. Jlna Tpancnopra
OT HCTOYHHKA HHU3KOMOTeHIHANbHOH TerwioTsl (MHT) x ucnaputemo THY (B kauecTBe mpuMepa) BMECTO HAcoca ¢ 3JIEKTPOIIPHBOIOM ISt
TIepeKAIHBAHHA IPOMEKYTOYHOTO TEIIOHOCHTEIS HCIIONB3YETCs TellIoBas Tpyba. [TokasaHk! rpadHk TEIUIOBBIX IOTOKOB B TEMITEPATYPHOM
COOTBETCTBHH TEIUIOHOCHTEIeH IIpH nepeaadH Temiotsl or MHT k notpebuteno u Tenosoit 6amanc a1eMenTa cuctemsl ¢ THY.
IIpoananM3npoBaHB! METOMIBI ONPE/IENIeH s SHEpreTHIecKoi sddexTBHOCTH npuMeHerns THY ¢ nernons3oBanmem k03¢ dHIMeHTa TpaHC-
(opmariu (mpeoGpa3oBanus) TEIUIOTE! H 3Kcepretryeckoro KIIJ[, yUHTHIBAIOMIErO He TOMBKO KOTHYECTBO TI0JTy9aeMOH TEeIUIOTHI, HO H ee
Ka4eCTBO — TEMIIEPATypHbIH ypoBeHb. [10ka3aHo, 4TO NMpH JOMOTHHTE/BHBIX 3aTPATax SHEPrHH UL TPAHCIIOPTA TEIUIOTH OT HCTOYHHMKA
HH3KOTOTEHIHATBHON TEIUIOTHI K Mcnaputenio THY 1aHHbIe 3aTpaThl SHEPTHH HEOOXOMMMO YUIHTHIBATH VLA OIPE/IEICHHS S3HEPIeTHYECKOH
9b(eKTHBHOCTH CHCTeMBI, BKTodatomeit THY. TIpH HCIob30BaHHM 3/1eKTPHUECKOH H APYTHX BHIOB SHEPIUHM UL ONPE/ICIICHHs SHEPreTH-
4eCKOH 3 EKTHBHOCTH CHCTEMBI 11€/1€CO06Pa3HO MPHMEHATH TaKHe I0KA3aTe/H Kak CTOHMOCTB SHEPTOHOCHTEIIEH H 3aTpaThl yCJIOBHOIO TO-
TLIHBA HA HX BBIPAGOTKY. J{0Ka3aHO, 4TO PH HCIIOB30BAHHH OPraHHYECKOTO TOILTHBA Ha BRIPAbOTKY 3JIEKTPO3HEPIHH H TETUIOTHI 1St paboThI
xomnpeccopa THY ¢ anektponpusozom kospdurmenT Tparcpopmawyu tertors 8 THY 10/mkeH GBITh CYIECTBEHHO BBILIE BETHHHEL 2,32.
MaHb! pe3y/bTaThl peald30BaHHBIX POEKTOB, B KOTOPBIX NMPOBOIIIHCH HCCIIE0BAHKS (bYHKIHOHHDOBAHHSA CHCTEM TEIUIOCHAGKEHHS HA
ocHoBe THY. AHa/3 No/y4eHHBIX PE3y/TBTaTOB, MOKA3bIBAET HA3KYIO SHEPTETHUECKYHO 3D(BEKTHBHOCTD B ps/ie BBINOTHEHHBIX MIPOEKTOB,
KOTOpasi He MO3BOJIAET KOMIIEHCHPOBATh 3aTPaThl HA HX CO3JaHHE.

Bemrunna koa(duunenTa npeoGpazoBanms SHEPIHH 3aBHCHT OT TpeOyeMoii TeMIIepaTyphI Ui IOTpeGHTENS | TEMIIEpaTyphbl XOJIOIHOIO HC-
TOYHHKA; TEPMOMHAMHIECKHX CBOHCTB paboyero BelIeCTBa H 0COOEHHOCTe!H TepMoaiHaMudeckoro muKia THY; TeXHHuecKkoro coBepiieH-
cTBa KOHCTPYKUMH THY; BHIOB 3HEpreTHYeCKHX 3aTpaT Ha IIPHBOJ KOMIIPECCOPA H CIOC06a TPAHCTIOPTa TEIUIOTHI OT HU3KOMOTEHIHATBHOTO
HCTOYHHKA. [I71sl BEICOKOH > deKTHBHOCTH cHCTeM TerutocHabkenns Ha ocHose THY (CT THY) ciefyer HMeTh HCTOYHHK HH3KOMOTEHITH-
AILHOH TEILIOTHI C HAHOOJIEE BBICOKOH TeMTIEpaTypoii H MoTpeGHTe s TEIUIOTh! ¢ Hanboee HU3KOM TeMIepaTypoil HCIIOJIE3YEMOT0 TeIIOHO-
cutens. Hamnaue ynoGHBIX HCTOYHHKOB HH3KOMOTEHIMATbHOMN TEMUIOTHI, KOTOPBIE 0671a/1aTH GbI 3UMOI1 H JIETOM JI0CTATOYHO BEICOKOH TeMITe-
paTypoi, He TpeGoBa Okl GOMBIIMX 3aTPaT HA MX MEPEKAuKy H He BbI3bIBATH ObI KOPPO3HH TETUIOOOMEHHBIX AIIAPaToB | Tpy® — OZHO 3
BaXHEHIINX ycnoBuH npumenenus THY u1s TerocHaGxeHus.

Bonpocsr npumenerns CT THY B KOHKPETHBIX YCIOBHAX TPeByIOT TIIATEILHOTO PE/IBAPHTE/IBHOTO TEXHHKO-9KOHOMHYECKOTO HCCIEI0BA-
Hus. Kosddrument tpanchopmaru (mpeobpazosanns) Terwiorst B THY aaseko He Beeraa SBIAETCS ONPEIe/IsIOLIM IIPH OLIEHKE JHepre-
THYeCKoH dddexTnBHOCTH Henonb3oBarus CT THY. JIOMOMHUTETBHO HYKHO YUHTBIBATh, YTO HA PHBOX xommpeccopa THY u tpancmopr
HH3KOTOTCHLHAILHOM TEILIOThI OT HCTOYHHKA K HemapuTermio THY skenaTeIbHO HCMOIB30BaTh HaUGOIee NemeBbIi Bi SHeprun. s HPHBO-
na xommnpeccopa THY B psize cirydaes 3¢ deKTHBHO PHMEHSTH SHEPIHIO H3GBITOYHOTO ABIEHHs SHEPTOHOCHTEIEH (Ia3a, rIapa, BOBI U T.IL.),
MEXaHHYECKYI0 SHEPTHIO JBHTaTe/ell BHYTPEHHErO CrOpaHMs, ra30TypOHHHBIX YCTAHOBOK M INOZOGHBIX ycTpoiicTs. ITpH HCromb30BaHHH
THY ¢ 571eKTpONpHBOAOM CIIETYeT PEryTHpOBaTh COOTHOIICHHE TapH(OB Ha MEKTPOIHEPTHIO H TEIIOTY C LENbK YMEHbLIEHHS OTHOICHHS
IIEHbI 3IEKTPOSHEPTHH K LIeHE Ha TEIUIOTY.

Knrouesvie cnosa: NCTOYHUK HU3KOTIOTEHIHATBHOM TEIUIOTEL, K03(dHUHEHT MPeoBpa3OBaHHs IHEPTHH, TEIIOHACOCHAS YCTAHOBKA, CHCTe-
Ma TerIocHabKeHHs, JHepreTHaeckas 3QpHeKTHBHOCT.

Hns yumuposanua: Wlenruuckuii A 5., Sxornes .B. AHain3 npuMeHeHHs TEIUTOHACOCHBIX YCTAHOBOK B CHCTEMAX TeIIocHa0xeHus / Bect-
HUK MOMU. 2018. Ne 2, C. 42—52. DOL: 10.24160/1993-6982-2018-2-42-52.

Analyzing the Application of Heat Pump Units
in Heat Supply Systems

A.Ya. Shelginsky, I.V. Yakovlev

The article discusses matters concerned with the use of heat pump units (HPUs) in systems for reclaiming the secondary energy resources of
industrial low-temperature thermal technological processes and in heat supply systems of buildings.

Data on the sales of HPUs in different European countries are given, from which it can be seen that there is a significant lag in the use of HPUs for
heat supply systems in the Russian Federation. Different HPUs are classified by cycles and by low-grade heat sources.
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The basic circuit diagram of an HPU applied in the system involving the use of waste water low-grade heat is presented. As an example, a heat
pipe can be used instead of an electrically driven pump for transporting intermediate heat carrier from the source of low-grade heat (LGHS) to the
HPU evaporator. The graph of heat fluxes (constructed in consistency with the heat carrier temperatures) in transferring heat from the LGHS to
the consumer and the heat balance for an element of the system containing an HPU are given.

Methods for determining the energy efficiency from applying an HPU are analyzed through the use of the heat transformation (conversion)
coefficient and the exergetic efficiency, which takes into account not only the amount of produced heat, but also its quality in terms of temperature
level. It is shown that, if additional energy is spent for transporting heat from the low-grade heat source to the HPU evaporator, these energy
expenditures must be taken into account in determining the energy efficiency of the system containing an HPU. In case of using electric and other
types of energy, it is advisable to use such indicators as the cost of energy carriers and the expenditures of equivalent fuel for producing these kinds
of energy in determining the system’s energy efficiency. It is shown that in case of using fossil fuel to produce electricity and heat for the operation
of the HPU’s electrically driven compressor, the heat conversion coefficient in the HPU should be well above 2.32.

The results of implemented projects in which the performance of HPU-based heat supply systems was investigated are given. An analysis of the
obtained results shows that a number of implemented projects feature low energy efficiency, a circumstance that does not allow the cost of their
construction to be compensated.

It is shown that the energy conversion coefficient depends on the required temperature for a consumer, on the cold source temperature, on the
working fluid thermodynamic properties and the HPU thermodynamic cycle features, on the HPU design technical perfection, on the type of
energy expenditures for driving the compressor, and on the method for transporting heat from the low-grade source. For securing high efficiency
of HPU-based heat supply systems (HSS), it is necessary to have a low-grade heat source with the highest temperature and a heat consumer
with the lowest temperature of the used heat carrier. The availability of convenient low-grade heat sources that would (i) have a sufficiently high
temperature both in winter and in summer, (ii) not require high expenditures for transferring them and (iii) not cause corrosion of heat exchangers
and pipes is one of the most important conditions for using an HPU for heat supply purposes.

Matters concerned with the use of HPU-based HSS under specific conditions require a thorough preliminary feasibility study. The heat
transformation (conversion) coefficient in an HPU is by no means a universal factor that can be used as the determining one in assessing the
energy efficiency of using an HPU-based HSS. It must also be borne in mind that the cheapest available type of energy should be used for driving
the HPU compressor and for transporting low-grade heat from the source to the HPU evaporator. In a number of cases, the most efficient way of
driving the HPU compressor consists in using the energy of excess pressure available in energy carriers (gas, steam, water, etc.) or the mechanical
energy of internal combustion engines, gas turbine plants and similar devices. When using electrically driven HPUs, it is recommended to adjust
the ratio of tariffs for electricity and heat in order to reduce the ratio of electricity prices to the price of heat.

Key words: low-grade heat source, coefficient of performance, heat pump unit, heat supply system, energy efficiency.

For citation: Shelginsky A.Ya., Yakovlev LV. Analyzing the Application of Heat Pump Units in Heat Supply Systems. MPEI Vestnik. 2018;2:42—52.
(in Russian). DOI: 10.24160/1993-6982-2018-2-42-52.

Bormpocs! 3HeprocOepexkeHHs U 3KOJIOTHH BEChbMa aK-
TyalbHbl /Ul MPOMBINUICHHBIX NPEANPHATHH H Chephl
KUJIHIIHO-KOMMYyHaIbpHOro xo3siicrea (JKKX). B nacro-
simee BpeMst 0co0oe BHHMaHHE Yensdercs Npobiemam
HCIOJIb30BaHMA TEIUIOHACOCHBIX ycTaHOBOK (THY), koTo-
pble TMPUMEHSIOTCS B CHCTEMaX yTHJIM3AaLHH BTOPHYHBIX
SHEPrOpPeCYpPCOB MPOMBIIUICHHBIX HH3KOTEMIIEPATyPHBIX
TEIUIOTEXHOJOTHYECKHX MPOLECCOB U CHUCTEMAX TEIIO-
cHaOXeHHs 371aHHH.

Bnepeeie B EBpore MOLIHBIH TEIUIOBOHM HAcoC s
OTOILIEHHMS 3[aHMs ObUT MCIONb30BaH B [{ropuxe B 1938 .
C 3Toro BpeMeHH B 3alagHbIX CTpaHax, ocobeHHoO B I'ep-
manuH, [lIBerru 1 HopBeruy, TeIIoHaCOCHbIE YCTAHOBKH
aKTMBHO MCCJIE0BATMCH U BHEPSIIHCH B CHCTEMBI TEILIO-
cHaOKeHHs 34aHUH U OTJE/IbHBIE TEIUIOTEXHOJIOIHYECKHE
IpoLecchl. YKe KO BTOpo# mosoBruHe XX B. ObLIM peaju-
30BaHBI MHOTHE [ECSTKH THICSY PA3THYHBIX TPOEKTOB C
ucnoas3oBanuem THY [1].

B CCCP TterionacocHbsiMH ycTaHOBKamHu ¢ 1930 roaa
3aHMMAJIUCh BO BCECOIO3HOM TEIIOTEXHHYECKOM HHCTH-
tyTe uM. @.3. JI3epKUHCKOr0, DHEPreTHYECKOM HHCTHUTY-
te uM. I'M. KpxusxaHoBckoro u ap. OnHako, 3TH paboThl
SBJISJTMCH B OCHOBHOM OO30pHBIMH M TEOPETHUECKH-PAC-
YeTHBIMH M HE HAaXOIH/JIH MPAKTHYECKOTO IPUMEHEHHUS H3-
3a HegocTarka KoMmiuiektyroumx s THY. C pa3Butuem
ManmHocTpoenus B Poccun cramu npumenats THY pas-

JIMYHBIX THIIOB C Pa3/INYHBIMU HCTOYHMKAMH HHU3KOIOTEH-
HATHFHON TEIJIOTHI.

B uHbOpPMAIIHOHHO-METOIMYECKOM H3[aHHHU [2] npu-
BEJEHBl JaHHble M0 mpoaaxaM THY B pa3snuuHBIX €B-
poneiickux crpaHax B 2015 r. (puc. 1). U3 auarpamMmel
crnenyert, uto B Poccuiickoi ®enepanuyu OTMEYaeTcs Cy-
IECTBEHHOE OTCTaBaHHe M0 ucroib3oBanuio THY B cu-
CTeMax TeII0CHA0KEeHHS.

Ha npaBHUTENTECTBEHHOM YPOBHE IIOJHHMAIIHCh BO-
[POCHI HEPreTHYECKOH cTpaTteruu Poccun Ha mepuon 1o
2030 r. [3] u ObLT yTBEpKAEH MEPEYeHb OOBEKTOB M TEX-
HOJIOTHM, OTHOCSIIIUXCS K 00BEKTaM U TEXHOJIOTHUSAM BhI-
COKOM sHepretiyeckoi b dexruHOCTH [4]. B 3TOT Nepe-
4yeHb BOIILUTH U TEXHOJIOTHH ¢ puMeHeHneM THY.

Haubonee pacnpoctpanensl THY 1o nukiaM u 1o uc-
TOYHHKaM HH3KOTIOTEHIIHATbHOH TETLIOTHI:

* KOMITPECCHOHHBIE: TAPOKOMIIPECCHOHHBIE, I'a30KOM-
[IPECCHOHHBIE;

* copbuHOHHbIE: a0COPOIHOHHBIE, aICOPOLHOHHEIE;

* OKpY’KaroILUH BO3IyX;

* BOZIOEMBI, 03€pa, PEKH;

* TPYHTOBBIE H MIO3E€MHbIE BOJIBI;

* KaHAJTM3aLHOHHbIE H CTOYHBIE BOJBI

* IOBEPXHOCTHBIH U ITyOUHHBIN IPYHT.

[ToxgpoGuast uHGopManus mno kinaccHbukauuu THY,
HCIIOJIb3YEMBIM XJIaJIOHAaM M MCTOYHHKAM HHM3KOIOTEHIH-
aJIbHOM TETUIOTHI MIPE/ICTaBJIeHa B [2].

Ha puc. 2 u3o0pakeHa NpHHIMIHAIbHAA cxema THY
C HMCIIOJIb30BaHHEM HHU3KOIOTEHIIHAIBHON TEIUIOTHI CTOY-
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Puc. 1. KonndecTBO MpofaHHEIX TEMIOBBIX HAacocoB B 2015 T,

I10

HHT1 S0 ,l IHT2

Puc. 2. Cxema TeruionepeHoca OT HCTOYHHKA HH3KOMOTEHIHAb-
HOH TEIIOTHI K MOTPeOUTEIO:

) K S S K. y— ucnapurens u konzencarop TT u THY;
KM — xomnpeccop THY; I10 — npoMeskyTO4HBIH OXJ1a1uTens
xoHzneHcara THY; Jlp — npoccens; T3 — TpancnoprHas 30Ha
TT; tyrs by, — TeMmepatypa Temiosocutens MHT Ha Bxo-
Ae u BbIXone u3 ucnapureni TT, °C; 7, — Temmeparypa Hacki-
LUEHHS NPOMEXKYTOUHOTO TemnoHocutens TT B8 M u K, °C;
Ig,s I, TEMIIEPATyphl HACBILEHUS TeIUIoHoCcHTeNd THY B I/ITHy
u K, °C; ¢, , t,,— TeMmeparyphl Harpesa TemIOHOCHTEIIs, 110~
CTYMAIOIIETo K N0Tpedutemo, °C; t,— t, — TeMIieparypsl TeIo-
Hocutens THY mocne I10, KM, KTHY, °C; 7, — Temnepartypa
KoHzieHcaTa nocie I10, °C 1

BectHnk M3W. Ne 2. 2018

HbIX BOA. JIid TpaHCIOpTa OT MCTOYHMKA HH3KOIOTEH-
uanbHo# Temnorel (MHT) k ucnapuremo THY Bmecto
Hacoca ¢ /IeKTPOIPHUBOIOM /I TepPEeKadHBaHUA MPOMeE-
KYTOYHOTO TEMJIOHOCHUTENSA MPEAJIOKEHO HCIIONB30BaTh
teroByo TpyOy (TT) [5].

TeruioBele MOTOKM B TEMIEpPaTypHOM COOTBETCTBHH
TEIUIOHOCHTENIEH IS aHAJTH3HPYEMOrO KOMILIEKCA MOKa-
3aHbl Ha puc. 3. Tentonocurens or UHT ¢ Temneparypoit

"4

]
19: X

X

Puc. 3. HpHHUHﬂHaﬂbHaﬂ CX€Ma TEIUIOBBIX ITOTOKOB B TEMIIEpa-
TYPHOM COOTBETCTBHH TEIUIOHOCUTEJICH:

O, — Temwn0Bo# noToK oT Temwionocutens UHT k mpomekyTou-
Homy Terionocutemo TT B U, kBt; O, — TemioBoii notok ot
MPOMEXYTOYHOTO TerioHocutens TT k temnonocutemo THY B
KWy, KBT; O, — Q. — TemwioBble N0TOKH OT TEIUIOHOCHTE-
15t THY K HarpeBaeMoMy TEIUIOHOCHTENIO MOTPEGUTENIs TeILIo-
Tl B K\ TIPH OXaXK/1€HHH H KOHICHCALHH 11apa U OXJIaXKIEHHH
KoHzeHcata tennonocuTens THY, kBt; O, — Tem1oBoii notok,
nepenaBaemsii B I10, kBT; L, — pa6ora, 3arpaunBamas B KM
THY n71s nOBbIIEHHs TEMIEPATYPHOTO YPOBHS TEIIOHOCHTENS
THY ot ¢, no ¢,, kBt

T e ———
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tr, TOCTymNaet B ucnapurens TT (W), rae oxnaxknaerces
10 TEMIEPATYPHI £, ., OTAaBas TEIUIOTY O, POMEXYTOY-
HOoMy TeruioHocHTemo TT. IIpoMeKyTOUHBIN TEMIOHOCH-
tenb TT ucnapsercs npu Temneparype /. Ilap mpomesxy-
TOYHOTO TeruioHocHTens TT mpakTHUeCKH MpH 3TON ke
TeMIepaType 110 TPAaHCIOPTHOM 30HE NMOCTYNAeT B KOHJIEH-
carop TT (K,), KOTOpBI OIHOBPEMEHHO SIBISETCS HCMa-
putenem THY (U, ). TpaHcniopTHas 30Ha PEACTaBISET
co0oii 1Ba pa3ebHBIX TEIIOW30IMPOBAHHBIX KaHaa Ul
napa ¥ KonaeHcara. [Ipu xonnencaunu B K Bbizenser-
cs TeMI0Ta KOHAeHcauH Q,, KOTopas MepefaeTcs Tero-
Hocuremo THY. Temnornocutens THY ucnapsercs u nap
HarpeBaeTcs B mpoMexyTogHoM oxiaautene (I10) no Tem-
TepaTypel £, ¥ 3aTeM nocTynaet B kommnpeccop THY (KM),
i€ B pe3y/bTarTe €ro CKarHs TeMIIEpaTypa BO3pacTaeT 10
t,. Ilpu 3TOM 3aTpaynBaeTcs paboTa Ha MPHUBOJ KOMITpEC-
copa THY L., . B xonzencarope THY nap oxnaxuaaercs
10 t,, OTJaBas TEMUIOTY OXJa)aeHHus (., KOHIEHCUPYETCS
IIPY 3TOM TEMIIEpaType C BBIACICHHUEM TEIUIOThl KOHJEH-
canuu Q,. Konnencar oxnakaaercs 10 TEMIEpATypsl /,,
oTaaBas Temiory oxnaxzaenus Q.. Ilocie xoHmeHcaropa
K.,y ¥oHzencar oxnaxnaercs B I10 1o temmeparypsl 7,
oTzaBas TeroTy oxnaxaenus Q,. [Ipu apoccennpoBanuu
B apoccene ([p) Temneparypa KOHIeHcaTa MEHSeTCs 110
t, = tg,. TemnoHOCHTENb, MOCTYNAKMNN K noTpeduTeN0
TEIUIOTHI, HarpeBaetcs B K, OT Temmeparypsi 7, 10 7,

TeruoBoii GanaHC paccMaTpPUBAEMOro KOMILIEKCa BbI-
IIISIMT CIETYIOIMM 00pa3oM:

0, Lo=0,+ 0+ 0
Qz ™ Q1 i) QHOT ’
rae Q.. — TOTepH TEIUIOTHl B TPAHCIOPTHOH 30He TT,
KBT.

Onepretuueckyo dddexkruBHocts THY  npussATO
OLIeHNBaTh KO3(GbHIHEHTOM TpaHCHOPMALUH TETUIOTHI H
skcepreruueckuM KIIJI [6, 7]. Koadduument tpanchop-
Manuu (mpeoOpa3oBaHuUs) TEIUIOTHl ONMpPEAEIAETCS OTHO-
IIEHHEM MOTy4eHHOH Terotel Q. B THY K 3arpaden-
HOH pabote N, :

n= QTHY/NKM'
Okceprerudeckuit KI1J] y4uTBIBaeT HE TOIBKO KOJIH-

4eCTBO IOJIy4EHHOH TEIUIOTHI, HO U €€ Ka4eCTBO, T. €. e
TeMIepaTypHBIil yPOBEHb

- |
. QTH’YTq IN KM?
e, — ko3¢ durreHT padboTocrnocoOHOCTH TEIUIOTHI [6],

T, = (T, - T, /T, =1 - T,JT,,

3nech T, — TeMmIepaTypa BHELIHETO TEIIOHOCHTES, MO-
CTYyTIAIOILETO K NoTpebuTeto nocie kouaacaropa THY, K;
T, — Temneparypa okpyxatomei cpensl, K.

ITpenensl u3meHeHust skceprerudeckoro KIIJT —
0<n,< 1. Ins peansusix THY xosbduument tpanchop-
Malliy TEIUIOTHI COCTaBIseT [ = 2,5...6, T. €. Ha KaKIbIH

3aTpadeHHblH | kBT-4 sHepruu B peansHoi THY B koH-
JIeHCaTOpe MOXHO MCMOb30BaTh O . = 2,5 ...6 KBT'4 Te-
IUIOTBI, YTO IPHHSATO CYUTATH OCHOBHBIM IIPEUMYILECTBOM
THY mnepex ApyrumMu cnoco06aMy MOTy4eHHs TETUIOTHI
(7meKTpoHarpeB, KOTelbHbIE H T. 11.). IIpu HCroab30BaHHH
THY B GOJBUIMHCTBE CITy4aeB HEOOXOIHUMBI JOTOTHH-
TEeIbHBIE 3aTPaThl YHEPIHU I TPAHCIOPTA TEIUIOTHI OT
HHU3KOMOTEHIIHATBHOTO HCTOYHHKA TEIUIOTHI K HCIIapHTe-
0. J{71sl mepekayKy MPOMEKYTOYHOTO TEIJIOHOCHTEIS HC-
MOJTB3YIOTCSI HACOCHI € NIEKTPONPUBOIOM. B 3TOM cityyae
k03 durmeHT TpaHGOpMALIH TEIUIOTHl B CHCTEME TEIUIO-
cHaOxenus ¢ THY cnexyer onpenensTs Kak:

B DL NG T N,

CrieflyeT y4MTHIBaTh, 4TO IPH MCIOIB30BAaHUU Opra-
HHYECKOTO TOIUIMBAa Ha BBIPAOOTKY 3JIEKTPOIHEPTHH H
Teru1oThl 1 pabotel kommpeccopa THY ¢ anekrpompu-
BOZIOM Ha CPEJIHECTaTHCTHYECKOM HCTOYHHKE JJIEKTpUYe-
CKO#f 3Hepruu 3arpayuBaercs okono 0,3445 kry.T./(kBt-u),
TOT/a KaKk Ha BIPAa0OTKY TEIUIOTHI Ha CpeIHEeCTaTUCTHYe-
CKOM HCTOYHHKE TEIUIOBOI HEPTrHH MOTPEOILETCs OKOJIO
0,1278 xry.T./(xkBt'u). 3 3Toro cieayer, 4To B CpeiHEM
no Poccwuiickoit @enepanuu koddduimeHT Tpanchopma-
uu TerwioTel B THY pomkeH OBITH CyIIECTBEHHO BBILIE
pesynbTara oTHOIEeHUs 3445/1278 = 2,70, 1. e. p > 2,70.
B xoHkpeTHOM ciydae mpumeHeHuss THY 3HadeHue ort-
HouleHus, pu kotopoM THY ycraHOBKa Oyaer sHepreTu-
YECKH BBITOJIHA, OTIPEIEISIETCS COOTHOLIEHHEM Y/IEIbHBIX
PacXo/I0B YCJIOBHOIO TOILUIMBA Ha MPOU3BOJICTBO COMNOCTA-
BHMBIX KOJTHYECTB 3JIEKTPHUECKOH U TEIIIOBOH SHEPTHH.

Peanu3oBaHHBIE POEKThl, B KOTOPbIX IPOBO-
JUINCh UCCIENOBAaHUS  (QYHKIMOHHUPOBAaHHA CHCTEM
TeIUI0CHa0KeHHs,0TMedeHbl B [8 — 11].

B 2001 r. B MOCcKkOoBCKOM MHKpopaioHe Huxymuno-2
BBEJICHbI B CTPOH /Ba 17-3TaKHBIX 82-KBAPTHPHBIX JKH-
aeix goma cepun 111-355 MO. CrpourensHblii 00beM
otarMBaeMor yactd 30133 M°, miomans XHILIX IOMe-
meHHid 6582 M?, pacyeTHOE KOJIHYECTBO KHUTeneH 292.
OAO «HMuconap-HHBecT» pazpaborana cHCTEMY ropsdero
BOJOCHaOXEHHsl 3JaHHSA HAa OCHOBE TEIUIOBBIX HAaCOCOB,
UCTIONB3YIOIMX KaK HeTPAJUIIMOHHBIH BO30OHOBIISEMBIi
HCTOYHHK YHEPIrHH — HU3KOMOTEHIHAIbHOE TEIUI0 IPyH-
Ta, TAK U BTOPUYHBIH 3HEPreTHYECKUH pecypc — Teruio
BEHTHJIALIMOHHBIX BEIOPOCOB.

B [9] mpuBeneHsl AaHHBIE N0 pe3ynbTaTaM 3KCILTya-
tauuu THY, ucnonb3yromen TeIuioTy IrpyHTa, B CHCTEME
TEIUIOCHAOKEHUS CeTbCKON IIKOJBI 32 OTOMHTENIBHEIH TTe-
puox 2001/2002 rr. PaccMaTpuBaIuch Ba epHOAa OTOIH-
TenbHOro ce3ona: ¢ 05.10.01 mo 04.11.01 u ¢ 05.11.01 no
23.03.02. TlomydeHHBIE IOKa3aTelIH SHEProcOepe eHus
3a TMEpBbI MECSI OTOIUTEIBHOIO NepHoa 3HAYHTEIBHO
OTJIMYAIOTCA B JIYYIIYIO CTOPOHY OT IOKa3aTellel Jpyrux
nepronoB otoruienus. Ilpu pabore THY mpoucxoaur 3a-
XOJTa)KMBaHHE TPYHTa BOKPYT TEIUIOOOMEHHHKOB 0TOOpa
HH3KOIOTEHLHAIbHOH TEIUIOTHl IPYHTA, YTO MPHBOIHT K
MIOHMKEHUIO TeMneparypbl TH u, COOTBETCTBEHHO, CHH-
KeHHI0 KoddduirenTa TpancHOpMaIUHU TEIUIOTHI L.

BectHuk MOW. Ne 2. 2018




46 OHEPIETUKA

B [10] onucana pabora SKCIIEpHMEHTAIBHOM aBTOMa-
Tu3HpoBaHHOH THY, yTunu3upyromed TemioTy Heodu-
IIEHHBIX CTOYHBIX BOJI ¥ TIPeTHA3HAYE€HHO [UIs I0A0rpeBa
BOJIOTIPOBOJHOH BOZBI Nepel KOTIaMH PaiOHHOM Teruio-
Bo# cranimu (PTC) Ne 3 . 3eneHorpana.

B [11] nmpencraBneHs! pe3y/nbTaTsl HCCIEA0BaHMS OIIBIT-
Hoii THY, paboraromeli B cuCTeMe rops4ero BOAOCHa6-
KEHMS XWIOro AoMa. B KauecTBe HH3KOIOTEHIMAIBLHOM
TEIUIOTHI HCTIONB3YIOTCS TEIUIOTa IPYHTA M TEIUIOTa KaHaJIH-
3alIMOHHBIX CTOKOB Z0Ma (puc. 4). IIpuBeneHsl naHHbIE 11O
pesynbTaTaM HecnenoBaHus paborel THY B TedeHHe CyTOK
Pa3NIMyYHBIX Tpex AHeH. B Tabmmie mpomeMoHCTpHpoOBaHa
9acTh Haubolee XapaKTePHBIX Pe3yJIBTaTOB 3THX HUCCIEN0-
BanuH. K coxanenuro, B [11] He ykazaHsI JaHHBIE 110 pacxo-
Iy 371I€EKTPO3HEPTHH Ha IPUBOJI IHUPKYISIHOHHEIX HACOCOB,
00€eCIeynBalOIMX TPAHCIIOPT HH3KOIOTEHIIHAILHOH Tell-
J0TBI K Hcnapuremo THY, 94To MOXeT CyIIeCTBEHHO CHH-
3UTh PEATbHYI0 3HEPro3(h()EKTHBHOCTE CHCTEMEI B LIEJIOM.

W3 tabnuws! ciexyert, 9To B [8] 3HeproshHeKTHBHOCTE
HIKE 110 CPaBHEHHUIO C TEIUIOCHA0KEHHEM OT KOTENIbHOM,
0COOEHHO, €CIIH YTHJIM3HPOBAaTh TEIUIOTY BEHTHIIAIMOH-
HBIX BbIOpOCOB. B [9] ycTaHOBIEHa cucTeMa TemiocHal-
xeHus Ha ocHoBe THY BMecTo anekrpoxorioB. Hecmo-
Tpsl Ha HU3KUH KO3 dUIMEeHT npeoOpa3oBaHus TEIIOTHI,
JaHHBIA BapHAHT OKa3aics 6onee 3HeprosbhexTuBHbM. B
[10] moCTHIrHYT 3HAYMTENBHBIH SKOHOMUYECKHH 3PEKT,
3a CYeT MoJorpesa Bozkl B koHAeHcaTope THY nepen kot-
70M U G0MBIION MOIIHOCTH TerutonoTpednerus. OUeHHTh
pe3ynbTaThl paboThl [11] He mpencTaBIsSeTCs BO3MOKHBIM
U3-3a HeloCcTaTka HHDOPMALIHH.

Jlns moBbIeHUs 9HeProdhPeKTHBHOCTH CHCTEM Te-
mwocHabkeHns Ha ocHoBe THY crenyer mpumensTs Gonee
JIENIEBYI0 3HEPTHIO Ha MPUBOJ KOMIIpECcopa, COKpaliarh
SHEpromnorpebiIeHHe Ha TPAHIOPT TEIUIOTHI OT HHU3KOIO-
TEHLHAILHOTO MCTOYHMKA TEIUIOTHI [5], 6paTh HCTOYHHK
HHM3KOIIOTEHIIMAIBHOH TEIUIOTH! ¢ Gojlee BBICOKOH Temrie-
parypoi. Hanpumep, HCIIONB3ys TEIUIOTY COJIHEYHOIO H3-

Puc. 4. IIpuHnMnHanbHas cXeMa HHKEHEPHBIX CHCTEM JKCIIEPH-
MEHTaJILHOTO 3HeprodddekTHBHOTO A0Ma ¢ npruMeHeHrem THY.

nydenus B ucnapurene THY npu Temneparype 6onee BEI-
COKOH, 4eM OKPY>KaIOIHH BO3TyX, TPYHT, PYHTOBEIE BOIbI
U T. 1., COJTHEYHBIE KOJUIEKTOPbI MOBBIMIAIOT KO3 dHIIHEHT
npeobpasoBanus TeroTel B THY [12] (puc. 5).
ABTOHOMHAs CHCTEMa TEIUIOCHAOKEHHS NPE/ICTABIISET
co00H COHEYHO-TEIUIOHACOCHYIO YCTaHOBKY, IIpEIHa3Ha-
YEHHYIO U1 00ecCredeHHs HYXI OTOIUIEHHS U TOpSYEro
BOIOCHA0XEHHA B Te4eHHe Bcero roga. CHcTeMa COCTOHMT
U3 4ETBIPEX KOHTYPOB: TEIUIONPHEMHOTO IHPKY/ISIIHOHHO-
IO COJIHEYHBIH KOJUIEKTOp — 0aK — aKKyMyJIAaTop, LHPKY-
JISIHOHHOTO 0aK — aKKyMYJISTOp — HCIIapUTEINb, KOHTYPOB

Pe3yabTaThbl HCCI€10BaHHSA PabOThI TEMJIOHACOCHBIX YCTAHOBOK

a— Iloka3arenn
0y KBT'Y N KBT'9 [ N, ps> KBTY IN,, kBry p cucrembr Q /N,
i 3 17,4 Ge3. BeHT. 2,11 Ge3. BeHT.
(8] 26,3 0 3,43 l’g,(ﬁ)e: BZ(:T 2’5,4 C BEHT. 145¢ Be:'r.
153,68 31,59 4,86 16,06 47,65 3,22
[9] 64,19 45,6 2,52 7,58 53,18 1,21
69,00 25,79 2,68 4,90 30,69 2,25
1980 585 3,39 93,6 678.,6 2,92
(o] 1623 503 3,23 45,27 548,27 2,96
17,15 4,93 3,48 — — —
17,07 4,93 3,46 - — —
18,06 5,38 3,36 — — —
(11]
18,04 5,38 3,35 — — —
18,58 5,40 3,44 — — —
22,86 6,33 3,61 — — —
BectHuk MOW. Ne 2. 2018




OHEPTETUKA

47

B CHCTEMY OTOILICHHSA

ul'BC
[, W3 CHCTEMBI OTOILICHHS
PR S s S
ul'BC

Pruc. 5. IlpurnmnuansHas cxema conseynoit THY ¢ morpykeHHbIM HCIIapUTEIEM:

1 — comnHeuHBIi KojutekTop; 2 — 6ak — akkymy:sTop; 3 — LMPKYIISUHOHHBINA HACOC; 4 — KOMIIPECCOp; 5 — KOHAEHCATop; 6 — Jpoc-

Cellb; 7 — MCMApUTeNb; § — 3IeKTPOABUraTE b

TEIUIOHACOCHOH YCTaHOBKH, OTOIUICHHS M TOPSYEr0 BO-
AocHabkenns. Cucrema paboraer ciexyrommum o6pasoMm.
Bozna B koiuiekTope HarpeBaeTcs H mepegaeT Temwio 6aky-
akkymynstopy. TeroBas Harpyska or 0aka K HCrapuTe-
O TMEpPefaeTes C MOMOIIBI0 HUPKY/IALHOHHOTO KOHTYPA.
[TapooGpasuelii paGounii areHT (hpeoH) mocie cxarus B
KOMITpeCCOpe KOHIEHCHPYETCs B KOHIEHCATOPE, Harpepas
TIPH 3TOM BOAY B CHCTEME OTOILUIEHHS W TOPSYEro BOJO-
cHabxeHust. [Ipy OTCYTCTBHH CONHEYHO# paaHalMH, Te-
IUIOBOH HACOC PAacXOyeT SHEPTHIO, 3aMlaCeHHYIO B Hake.
Ha npakTuke B KauyecTBe TEIUIOHOCHTEs, MEpeaao-
IIEr0 TEIUIOTY OT KOJUIEKTOpAa K MCIAPHUTENIO TEIJIOBOIO
Hacoca, HCHoJb3yeTcs Boaa. BeceMa addexkTuBHbIM AB1A-
€TCsl HCIO0/Ib30BaHKe GaKoB-aKKyMy/saTopoB. Temaora ot
COJTHEYHOTO KOJUIEKTOpa MOJAeTCs B KHIAKOCTHBIN TEIUIO-
BOH aKKyMYJISITOp, Ky/Jla HETIOCPEACTBEHHO MOTPYKEH HC-
TAPUTEIb HJIK XK€ OPraHH30BaH LHPKY/IALHOHHEIH KOHTYD
Gak akKyMyIATOp — HenapuTes. [IpHHIMIHATBHAS CXeMa
YCTaHOBKH C MOTPYKEHHBIM HCIIAPHTENIEM NPHBEACHA Ha
puc. 6. ConHednas pajuanus, nonazas Ha MPHEMHYIO Ma-
HEllb KOJUIEKTOpA, HarpeBaeT TEIUIOHOCHTeNb (Bomy). U3
KOJUIEKTOpA HAarpeThii TEILIOHOCHTENb IOCTYNaeT B Mac-
CHBHBIi TEIUIOBOH aKKyMYJIATOP, Ky/a IIOTPYKeHbI TPyOKH

ucnapuress. C mOMOIIBIO TEIUIOBOIO HACOCa MOBHIIIAETCS
TEMIICPaTyPHbIA MOTEHUMAN OT 3HAYEHHSA TEMIICpaTyphl
HCIapeHHs /10 3HAYEHHs TEMIIEPATyphl KOHICHCALMH pa-
Gouero arenta. TemoBas Harpy3ka KOHJAEHCATOpPa HIET HA
HY)KJIbI OTOIUIEHHS U TOPSYETO BOAOCHAGKEHHS.

Ha pucynke 7 nokasaHa cxema ¢ HalH4MeM UHMPKY-
JIALHOHHOTO KOHTYpa 6aK — aKKyMyJIsITOp — HUCIApUTEIb.
ITupKy/ISUHOHHBIH HACOC MO3BOJISIET PETyIHPOBATH PACXO
TEIUIOHOCHTENIs, TeM caMbIM Gosee rubko hopmupys ko-
JIMYECTBO TEIUIOTH, IEpeaBaeMoe U3 Haka-akKyMysaTopa
B HCHapuTesb. Hanuuue 10MOIHATEIBHOTO MPKYJIAIHOH-
HOT'0 HacoCa BEJET K MOBBIIICHHIO IKCIUTyaTallHOHHBIX 3a-
TpaT Ha yCTaHOBKY.

B [13] npemnoxeno ucnons3osats THY B TermoBom
IyHKTE® LEHTPAIH30BAHHOH CHCTEMBI TEIUIOCHAOKEHHS
JUIL TOpSi9ero BoAOCHaOXeHHSA. VICTOYHHKOM HH3KOIO-
TEHLHAJIBHOM TEIUIOTHI ABJIAETCA TEIUIOTa BOAbI 0OpaTHO
TEIUIOBOH CETH, MMEIOIIEHl OTHOCHTEIBHO BBICOKYIO TEM-
neparypy (puc. 8), KpoMe TOro, IpeayCMOTPEHa BO3MOX-
HOCTb HCIIOJIb30BaHHS BHEIIHETO HCTOYHHUKA HU3KOIOTEH-
IHATbHOH TEIUIOTHI C IOCTATOYHO BBICOKOH TEMIIEPATyPOA.

IIpu Takoii cxeme Bkmtouernss THY ymeHbInarorcs Ha-
IPy3Ka Ha HEHTPAIbHOM TEILUIOTEHEPATOPe H TeMIeparypa

B CHCTEMY OTOIUIEHHS
0 #I'BC

19 U3 CHCTEMBI OTOI/ICHHS
.—-‘_—
uI'BC

Puc. 6. TIpusnumnuansHas cxema comseunoit THY ¢ Hamuamem LHMPKYIAIHOHHOTO KOHTYpa 6ak — aKKyMyJISATOp — HCIIAPHTEb:

I — conHeuHsl# KoyUTeKTOp; 2 — Gak akkymynsaTop; 3 — LHMPKYIIAHOHHBIH HacoC; 4 —KOMIIPECCOp; 5 — KOHAEHCATop; 6 — JIpOCCeb;
7 — MCIapHTeNh; 8§ — 3JIeKTPOABHIaTeNb
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Puc. 7. BapuanTsl cxeM BriIiodeHHss THY B LIEHTpaH30BaHHYHO CHCTEMY TEILUIOCHAOKEHHS:
KM — xommpeccop; K .., U .., K, U xonaencarop u ucnapurens THY u TT; 10O — nepeoxnamurens; TT — TeruioBas pr6a

POIT — perymnsarop 3nexrponpuBona; TO — TennooOMeHHHK

Puc. 8. [IpuHnmnuanbHas cxema ucronb3oBanus THY B cucteme
MoUIepkaHUs MHKPOK/IMMAaTa IUIaBaTe/IbHOro Oaccelina:

] — ucnapuTens; 2 — KOMIIpeccop; 3 — BO3TYIIHBIH KOHAEHCATOP;
4 — TPB; 5 — HapyXHBIH BO3IyX; 6 — KaHAJI YIaIsieMOro BO3-
Jyxa; 7 — JNONOIHUTE IbHBIIH BO3yXOMOI0rpeBaTelb; § — BOJOOX-
JIaK/1aeMblil KOHJIEHCATOp; 9 — JIOTIOHHUTEBHbIH [OI0TPeBaTelb
BOJIBI U1 HanH 6acceiina; /() — npeHax; /1 — vamia 6acceiina [23]

BecTHuk MOW. Ne 2. 2018

obparHo# ceTeBor Boabl. OCOOEHHO 3TO BayKHO IPH Orpa-
HHUYEHHOH MOIIHOCTH CYIIECTBYIOUIEH CHCTEMBI TEIUIo-
CHaOKeHHA.

OpnHo 13 HanpaBieHuH ucnoab3oBanus THY — npume-
HEHHE TEIUIOHACOCHBIX YCTAHOBOK B CHCTEMax obecrieye-
HHSI MUKPOKJIUMATa 31aHUH, TpeOYIOIINX 3aTpaT TEIIOBOH
sHepruu [14 — 24]. Ilpu npumenennn THY B cuctemax
obecreyeHns] MUKPOK/IMMATa B Ka4yeCTBE HHU3KOIOTEHIIH-
QJIHOTO HCTOYHHKA TETUIOTHI, KaK MPaBUIIO, HCIIONIB3YeTC s
BBITSDKHOH BEHTWIALMOHHBIN Bo3ayX. [lomyyaemas terio-
Ta MCIOJb3YyeeTCs KaK IS TEPMOBIaXKHOCTHOH 00paboT-
KH BO3/IyXa, BKJIIOYAOIIEH HarpeB, OXJIaKACHHE H OCYILIKY
Bo3ayxa [14 — 19, 21 — 24], Tak u B m00BIX TEIUIONOTpE-
ONAIONIMX CHCTEMaX, HalpUMEp, B CUCTEMAaX IMOATOTOBKH
ropsiueii Boas! [20].

B pa6orax [17 — 19] naHel onucaHHe M pe3ynbTa-
TBl YHCIEHHOTO HCCIEIO0BAaHHUS CXEMbI TEIUIOCHAOKEHHS
XKUIBIX 31aHUH Ha Oaze THY, B KOTOpBIX B KadyecCTBE HC-
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TOYHHKOB HH3KOMOTEHIHAJIBHON TEIUIOTHI MpeIaraioch
HCIIONIb30BaHHE BEHTHIAIIMOHHBIX BBIOPOCOB M KaHAIH-
3aI[HOHHBIX CTOKOB. AHAJIM3 MOKa3all, YTO HCHOIb30BaHHE
THY no3BonsieT CHH3WTh (PMHAHCOBBIE IKCILTyaTallHOH-
HBIE 3aTpaThl B TPH pa3a NMpPH TPEXCTABOYHOM TapHpe Ha
311€KTPOIHEPTHIO.

B psine paGort, Briitouasi 3apyOeskHBIX aBTOpPOB, pac-
CMaTpUBAJIOCh IIPHMEHEHHE TEIUIOBBIX HACOCOB Ha HYK/IbI
TEIUIOCHA0KEHHS B TOMEIEHHSX C MIOBBIIICHHON BIIaXKHO-
cThi0 [20 — 24], B TOM YHKCIIE B IUIaBaTEIbHBIX OacceiHax.

Tak, Ha puc. 8 npeacTaBlIeHa NPUHLUITHAIBHAS CXeMa
npumeneHuss THY B cucteme obecnedeHust MUKPOKIIHMATa
riaBatenbHOro Oacceiina [23]. B [23] Obu10 Mpou3BeneHO
CpaBHEHHE YHEPronoTpedIeH s IIPH HCIIOIB30BAHHH TPEX
pa3IMYHBIX CXeM: ¢ Hcroiab3oBaHueMm THY, aGcopOumon-
HOT'O OCYLIMTEIs, @ TAK/KE CXeMBI 0e3 TpUMEeHEHHs 1010~
HHUTENBHBIX CPEICTB YTHIH3aLMH (BO BCEX TpPeX CXemax
ObL1a B3dTa MepBas peuupKyssiius). [Ipu conmocraBneHHn
cxeM OpaTHCh IKCIIEPUMEHTAIbHbIE TaHHbBIE, T0TyYeHHbIE
B XOJ€ HCIIBITAHHUS «ITHJIOTHOH» CHUCTEMBI MOIIEpKaHHS
MHKPOKJIMMATa IIaBaTeIbHOro facceifHa ¢ MpHMEeHeHHEM
a0COpOIMOHHOTO OCYHIUTENS (MECTO PACIONIOKEHHS 00b-
exta — IlIBenus). IIpoBeneHHBIE YHCTIEHHBIE HCCIIEI0BA-
HuS nokaszanH 14 %-oe CHIKEHHE IOZOBBIX YHEPro3aTpar.
CpoK OKyTIaeMOCTH BBIIICOMHCAHHOW CHCTEMEBI MO OLEH-
KaM aBTOpPOB cOCTaBjseT okoio 12 set. Kak ormeuaror aB-
TOpBI, ONTHMHU3ALMs JAHHOIO NapamMeTpa MOXKET OKa3aTh
CYIIECTBEHHOE BIIMAHHE Ha PE3yJIbTaThl PACYETOB.

[TpuHuMnuanpHas cXeMa YTWIM3AalUH TEIUIOTHI BbI-
TSHKHOTO BO3yXa IUIaBaTeNbHOro OacceiiHa Ha 6aze THY
npezcTasieHa Ha puc. 9 [20]. OCHOBHBIMH 3I€eMEHTaMH
CHCTEMBI ABIISIOTCS TEIIOHACOCHAs ycTaHOBKa /, Oydep-
HbIH OaK-HAKOMHUTEIb CMENIMBAONIEr0 THIA 3; KPBILIHbIN
BEHTHJIATOP /), yTUIIH3aTOP TEIUIOTHI BBITSHKHOTO BO3yXa
B COCTaB€ KOHJEHCALIHOHHOTO TeIUI000MEHHHKA-YTHIIH3a-
TOpa 2 M IMPKYISLHOHHOTO KOHTYpa C MPOMEXYTOUHBIM

XBC IBC g

N
D

TeIUIOHOCHTeIeM. B omimume OT cXeMbl, NPUBEICHHOMH
B [23], yTHaM3anus TEIUIOTH BBITSDKHOTO BO3IyXa OCY-
IeCTBIIAeTCSl Orarofapsi yCTAHOBKE C IPOMEXKYTOYHBIM
terutoHocuteneM (YIIT). [IpumeneHue nmpoMexyTO4HOTO
TETIOHOCHUTEJISA MO3BOJISAET MPOBOIUTH ITyOOKYIO YTHIH-
3aIMI0 TEIUIOThl BEHTHJISLIMOHHBIX BEIOPOCOB, MOCKOIBKY
TeMIepaTypa MOBEPXHOCTH TEIUIONEpeNayl CHUKAETCS
HHJKE TEMIIEpaTypbl TOYKH POCHL. DTO BO3MOKHO IPH HC-
MOJIB30BAaHHH B Ka4eCTBE MPOMEXKYTOYHOTO TEIIOHOCH-
Tens antHdpHu3a — 45 %-ro nponuneHHKOIs. Pesyrnb-
TaThl HCCIEI0BAHHA MOKA3aIH, YTO MPU CYLIECTBYIOLIEM
YPOBHE LIEH Ha TEIUIOBYI0 M 3/EKTPHYECKYHK) SHEPTHIO,
npumenerne THY B cuctemax ropsdero BoA0CHaOXKeHUs
11e71eC000pa3HO, C TOYKM 3PEHMS 3aTpaT JHEPrOHOCHTE-
1, IPH COOTHOIUEHHH KodddHuHeHTa mpeodpa3oBaHUS
pu > 2,5..3,0. OnTuManeHbBIMH peskuMamMu paboter THY
CUHTAIOTCS PEKUMBI, B KOTOPBIX Pa3HOCTh TEMIIEpPATyp KOH-
JICHCALIMH U ucrlapeHus He Boime npuMepHo 30 °C, mpu 3Tom
k03¢ dHIMeHT npeodpa3oBaHus BbiLIe YeThIpex (puc. 10).

Takum o6pa3om, BenmuuHa ko3¢ duimenTa npeodpaso-
BaHHUS 3aBUCHT OT:

® tpeGyemoii Temneparypsl ans mnorpeburens (7,)
¥ TEMIIEPATYPBI XOJIOHOTO UCTOYHHUKA (7},);

® TepMOAHHAMHYECKHX CBOHCTB pabodero BemiecTna
U ocobeHHOCTeH TepMoauHaMuyeckoro uukia THY;

® TEXHHYECKOIO COBEPIIEHCTBA KOHCTpYKUuH THY;

® BJi/1a SHEPreTHYECKUX 3aTPaT Ha MPHBOJ] KOMIIPECCO-
pa u cnocofa TpaHCIOPTa TEILUIOTHI OT HU3KOIIOTEHIHAb-
HOT'O HCTOYHHKA.

B nepBoM npHOIMKEHHH MOXHO CYMTATh, 4TO KO3(-
(uumeHT p 3aBucut or pasHoctu temmneparyp (7, — T,).
UYeM oHa MeHblIIE, TeM Bblle kodddunueHt p. B kagectse
npumepa Ha puc. 10 naHa 3aBHCHMOCTH Koddduirenta
TpaHCHOPMALMU OT PA3HOCTH TEMIIEPaTyp MCIAPEHHS H
KOH/ICHCAIlMH, MOJy4eHHas 110 pe3y/bTaTaM HCIIBITAaHHS
THY B cucreme teriocHabxenus dacceitna [20].

9 2 10
2 yod e

oE%

Puc. 9. (DyHKIIPIOHaJILHaﬁ CXEMa yCTAHOBKH IS HCCJIIEAOBAHMA IPOLIECCOB YTHIM3ALHH TEIJIOThl BEHTHIALIHOHHBIX BLIGPOCOB Ha OCHOBE

THY B 6acceiine HUY «MDHW» [20]:

] — TemoHacoCHas yCTaHOBKa; 2 — BO3IyXOOX/IaauTeb (TpyGuarsiii opeGpeHHbIi TeII00OMEHHHUK); 3 — GydepHblii 6ak-HaKOIHTEIIb;
4 — NpOMEKYTOYHBIH TEMI00OMEHHHK (TUTACTHHYATBIH TEIUI00OMEHHHK); 5 — LUHMPKY/IALHOHHBIH HACOC; 6 — CMELIMBAIOIIMI KIaNaH
C 9MIEKTPONPHBOAOM; 7 — IIEKTPOMArHHTHBIH PacXoloMep; 8 — COJICHOHAHBIH KiIanaH; 9 — KapMaHHbIH GuisTp; /0 — BEHTHIATOD;
TE — TepMOMETp CONPOTHBIIEHHS TLIATHHOBKIH (aHATOroBbIit 1aT4nK); VE — npeoGpa3osareiib CKOPOCTH MOTOKa (aHATOTOBBIH JaTYHK);
®E — eMKOCTHBIH aHAJIOTOBBIH JaTYHK OTHOCHTEIBHOM BI@KHOCTH BO3AyXa
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Puc. 10. 3aBucHMOCTb K03 PHLIHEHTa TPaHCHOPMALIHH TEIUIOTHI
L OT Pa3HOCTH TEMIIEpaTyp KOHIEHCALMH H HCIapeHHs IO pe-
3yJIBTaTaM MCIIbITaHus TeruoBoro Hacoca Nibe F1330-60

Jlns BBICOKO#M 3()(EKTHBHOCTH CHCTEM TEIUIOCHabXke-
Hus Ha ocHose THY (CT THY) cnenyer HMeTh HCTOYHHK
HM3KOTIOTEHIIHAILHOMN TEIUIOTHI ¢ HanboJee BHICOKOH TeM-
eparypoi U 10 BO3MOKHOCTH §osiee HM3KYIO TeMIIepary-
py ais notpeduresns TeroTsl. Hamudne y106HbIX HCTOY-
HMKOB HH3KOIIOTEHIIHAIbHOM TEIUIOThI, KOTOpBIE 00/1a1a1H
6bl 3MMOH ¥ JIETOM JOCTATOYHO BBICOKOH TEMIIEpaTypoH,
He TpebGoBanu 6Bl OONBIINX 3aTPaT Ha MX MEPEKAYKy H HE
BBI3bIBAIM ObI KOPPO3HM TEIUIOOOMEHHBIX alIaparoB H
Tpy6, — OHO W3 BaYKHEHIIMX ycioBui npumenenus THY
JUIS TETUIOCHAOKEHHS.

Bompocs! npumererus CT THY B KOHKpETHBIX yCIIO-
BHSX TPEOYIOT TIIATEIBHOTO MPEIBAPUTEIBHOTO TEXHHKO-
HKOHOMHMYECKOro wucciaenoBanusi. KoddduumeHnt Ttpanc-
(bopmaruu (mpeodpasopanus) TerwioTsl B THY naneko He
BCEI/Ia ABJISAETCS OMPEACIIAIOLIMM IIPH OLEHKE JHEPreTH-
yeckoii adppexruBHoCTH Henons3oanus CT THY. [lonon-
HHMTEIBHO CTOUT YYHUTHIBATh, YTO HA IPHBOJ KOMIIpECCOpa
THY u TpaHCIOPT HU3KOMOTEHIHAIBHOM TEIUIOTHI OT HC-
TouHHKA K ucrmaputemo THY jkenarenbsHO HCIOIb30BaTh
HauOosee IenIeBbIH BH/ SHEPTHH.

Jlns npusozna kommnpeccopa THY B psze caydae 3¢-
(eKTHBHEI SHEPTHs H3OBITOYHOTO IaBIECHUS SHEPTOHOCH-
Tenei (ra3a, mapa, BOAbI M T.IL.), MEXaHHYECKas SHEPrua
JABC, TTYur o

ITpu ucrnionb3oBanuu THY ¢ 371€KTpONpHBOAOM, SHEP-
rosddexruBHOCTh TpuMeHeHHs THY 3aBUCHT OT COOTHO-
meHUs Tapr(OB Ha EKTPOIHEPIHIO U TETIOTY.
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