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AHHOTAIIHA. B cmamve paccmompenvl paziuyHble munbl meniogbix HACOCO8, UX
O0OCMOUHCMEA U HeOOCMAamKY, A Makdce NpumeHeHue ux 6 sHepeemuxe. 1lpueooumcs
HPUHYUN PAOOMbl MENI08020 HACOCA, 4 MAKHCe MUNUYUHbIE 3A8UCUMOCTNU UOEATbHO20 U
peanvHoeo  Ko3pduyuenmos  npeobpa3o06aHus  Menjiogo2o  HAcoca - Om
memnepamypuvl KoHOeHcamopa u ucnapumens. B 3asucumocmu om npunyuna
pabomul Menniosvix HACOCO8 CMamve NPUBOOSMCs NPUMEPbLL 2OPUSOHMANbHBIX U

BEPMUKANIbHBIX 2c€ONMePMAIbHblIX MENJTIO0B6bIX HACOCOSE.

ABSTRACT. The article discusses various types of heat pumps, their advantages and
disadvantages, as well as their application in the energy sector. The principle of operation of
the heat pump is given, as well as typical dependences of the ideal and real conversion
coefficients of the heat pump on the temperature of the condenser and evaporator. Depending
on the principle of operation of heat pumps, the article provides examples of horizontal and

vertical geothermal heat pumps.

AHHOTAIIHA. Maxonada xap xun mypoacu UCCUKIUK HACOCTAPU, VIAPHUHZ
agh3auKnapu 6a KAMYWIUKIAPY, ULYHUHCOEK IHEPReMUKA COXACUOA KYIAHUWIUWU KYPUO
yukuean. FlcCukiux HacoCuHuHe uliiau RPUHYUNU, ULYHUH2O0EK, UCCUKTIUK HACOCUHUHR UOel
6a pean mpaHchopmayus KodphuyueHmIapuHuHe KoHOeHcamop 6a OyIameuyHuHe

xapopamuea O6ynean bonukmeu depwiean. Mccukiuk HacoCiapuHuHe UWuiawt pUHYUnUSaA
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Kapab, Makonaoa 20pu30HmMal 6a 6ePMUKAL 2eomepmal 0)IeaH UCCUKTUK HACOCTapued

MUCO/UIAP KETIMUPUWICAH.

Knrouegvte cnosa: ucmounux menna, meniosou HACOC, 2e0MepMAIbHASL SHEPRUS,
Koaghpuyuenm npeoOpazoeamiis, HUKONOMEHYUATLHOE MENTO, UCNAPUmMenb, KOMRPeccop,

KOHOeHcamaop.

Keywords: heat source, heat pump, geothermal energy, conversion coefficient,

low-potential heat, evaporator, compressor, condenser.

Kanum cyznap: uccuxnux manbau, UCCUKIUK NOMAACU, 2e0MEPMUK IHEP2US, KOHBEPCUSL

Koehghuyuermu, nacm nomeHyUa UCCUKIUK, OVIameut, KOMIpeccop, KOHOEHCAmop.

OmauM 13 3(PGEKTUBHBIX IMyTEeH HSKOHOMHUHU TOIUIMBHO-IHEPTETHUCCKUX
PECYPCOB SIBIISIETCS HCIIOIH30BAHUE DKOJIOTHYECKA YHUCTBIX HETPATUIIMOHHBIX
BO300HOBIIIEMBIX HCTOYHUKOB SHEPTHH, U B TIEPBYIO OYEPE/Ib, COTHEYHOU IHEPTHUH,
aKKyMYJIUPOBAaHHOW B TpyHTE, Bojoemax, Bosayxe. OIHAKO TMEPUOAMYHOCTH
JICUCTBUS M HU3KUI TEMIEPATYPHBIM MOTSHIIMA ATUX UCTOUYHUKOB HE MO3BOJISIOT
UCIIONIb30BaTh MX DHEPrUI0 JJis OTOIUICHUS 3JaHUN HEMOCPEeNCTBEHHO, 0e3
npeobpazoBanusi. B kadectBe mpeoOpaszoBaTeneii TEIUIOBOW JHEPTUU  OT
HHEPTOHOCHUTENSI C HU3KOH TeMIlepaTypol K SHEPrOHOCHTENIO ¢ 0ojee BBICOKOU
TEMIIepaTypOil MCIIONB3YIOTCS TETUIOBBIE HACOCHL. TEIIoBON HAcOC MPEACTaBIISIeT
coOoii oOpalleHHYI0 XOJIOAWIBHYIO MAIIMHYy M TI03BOJISIET BbIpabaThIBATh
TEIUIOBYIO DHEPTHI0, WCIONB3ys HHU3KOMOTCHIIMAIBHOE TEIUI0 BTOPUYHBIX
DHEPTEeTUYECKUX PECYPCOB W HETPAJAUIIMOHHBIX BO300HOBISEMBIX HCTOYHHKOB
sHepruu. lIpuMeHeHne TEeIIOBBIX HACOCOB IO3BOJISIET ASKOHOMHUTH a0 70%
TPaUIIMOHHBIX dHEPreTHueckux pecypco [1]. B HacTosIee BpeMs OTOIJICHHE U
ropsiaee BOJOCHAOKEHNE TOPOJICKIX O0BEKTOB OCYIIECTBIISETCS, KaK MPaBUIIO, OT
IIEHTPAJIM30BAHHBIX CUCTEM TEIUIOCHAOXKeHUs. MICTOUHUKOM TEIJIOBOM IHEPrUu B

TaKUX CHUCTEMAX ABJIKOTCA TOPOACKHUC TBH, Ha KOTOPBLIX OCYIICCTBIIACTCA
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KOMOMHUPOBAHHAS BBIPA0OTKA DJIEKTPOIHEPTMU U TeIJia, WIA palOHHbIE
KoTenbHbIe. [IpeumyIiecTBa HEHTPAIM30BAHHOTO TEIUIOCHAOKEHUS IIHPOKO
npuzHanbl. C  TEpPMOJMHAMUYECKOW TOYKM  3pEHHS  KOMOMHUPOBAHHOE
MIPOU3BOJICTBO 3JEKTpO3HEepruu u Temna Ha TOL sBigercs ropasgo Oosee
3¢ (}EeKTUBHBIM, 4YeM  pa3felbHOE  NPOU3ZBOJACTBO  AJIEKTPOIHEPTHMH  Ha
KOHJICHCAI[MOHHBIX TEIUIOBBIX 3JEKTPOCTAHIIMSAX U TEIJIa KOTelbHBIMU. BmecTe ¢
TEM TMPUMEHEHHE IIEHTPAIM30BAHHBIX CHCTEM TEIUIOCHA0KEHUSI HMEET CBOHU
HEJOCTaTKU U oOrpaHndeHusi. CTPOUTENBCTBO MPOTSHKEHHBIX TEIIOTPAce K
ylIaJleHHBIM O00BEeKTaM, a Takke K OOBbeKTaM B pailoHaX ¢ Majod IUIOTHOCTHIO
3aCTPOMKH, CONPSHKEHO CO 3HAYMUTENIbHBIMM KAlUTAIBHBIMU BJIOKECHUSIMU U
OOJBIIMMU TEIJIOBBIMH TOTEPSIMU Ha Tpacce. VX skcmmyaranusi BHOCIEACTBUU
Takke TpeOyeT OosbIIMX 3aTpaT. TermiIoHACOCHBIE CHUCTEMBI TEIMI0CHAOXKEHUS
NPE/ICTAaBIIAIOTCS OJHUM M3 HaubOojee 3(PQPEeKTUBHBIX AJbTEPHATUBHBIX CPEACTB
pemienus  npoosembl. C  TepMOAMHAMUYECKOM  TOYKM  3pPEHUSI  CXEMBbI
TEIUIOCHA0XKEeHUsI Ha 0a3e TEIUIOBBIX HACOCOB B OOJBIIMHCTBE CIYYaeB SIBIISIOTCS
naxe ooinee 3 pexTuBHBIMU, YeM OT TIIl 1 UHAUBUTYATBHBIX KOTEIBHBIX.

B Hacrosmee BpeMs B mupe paboraer O6osiee 30 MIIH. TEIUIOBBIX HACOCOB
Pa3IMYHON MOIIHOCTH — OT HecKoJbKux KBT 10 corer MBT. B CIIIA 601ee 30%
KWIBIX 3JIaHUA OOOPYIOBAaHBI TEIJIOBBIMH HAcOCaMH (COBMEIIEHHBIE CHCTEMBI
OTOIUICHUS] U KOHAMIIMOHMPOBaHUSA Ha 0Oa3e TemioBeiX HacocoB). B Ileeunnu 3a
nocJieJHUE TO/bI BBeAEHBI B JiericTBre Oosee 100 TerIoBbIX HACOCOB (MOUTHOCTHIO
ot 5 1o 80 MBT). B flnonuu exeroHo npojaercst 3 MIIH. TEIUIOBBIX HACOCOB (J1s1
cpaBHeHus, B CIIIA — 1 mun.).

PazpaboTka yCTpONCTB, UCHONB3YIOMMNX HETPAAUIMOHHBIE HMCTOYHUKHU
SHEPIrUM TaKUe KakK: YHEPTHI0 BETpa, BOABI, COJHIIA, T€O0TEPMATIbLHYIO SHEPTHIO, a
TaK)Xe TEIJIOBYIO HEPTUI0, COJIEPHKAIIYIOCS B BOJAE, BO3JyXE U 3eMJIE, aKTyajabHa
BO BceM mupe. OTHUM U3 TAKUX YCTPOMCTB SIBJIAIOTCA TEIUIOBBIE HACOCHI. TeroBoii
HAcOC — 3TO MallliHa, KOTOpas peaau3yeT oOpaTHBIA TEPMOAMHAMUYCCKUN ITHUKII,
I7I€ B pPE3YyJbTaTe YEr0 OCYUIECTBIISIETCS IEPEHOC TEIIOTHI OT MEHEE HArPEThIX Tell

K Oosee HarpCThIM. TermnoBbIX HACOCOB MO IMPUHOUITY UX pa60T51 MOKHO pa3acCiInTb
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Ha!

1) copObumoHHbIE U 2) napoKOMIPECCUOHHBIE.

B copO1MOHHBIX TETUIOBBIX HACOCaX COPOCHT MPU MOMOIIY TEPMOXUMHUYECKUX
IIPOLIECCOB MOIJIONIAET PaOOUYMil ar€HT C BBIAEICHUEM TEIUIOThI — IPOLIECC COPOLIHH.
A 3areM, ¢ TMOIJIONIEHUEM TEIUIOThl U3 COpOEHTa BBIACNSETCS pabO4Yuil areHT —
nporecc aecopoumu. s paGoThl TaKOro TEMJIOBOIO HAcoca HEOOXOAMMO
pacrionaratb TpPeMs BHEUIHUMHM HCTOYHMKAMH TEIUIOTHI: TPEIOMIMN HCTOYHUK,
UCTOYHUK HU3KOW TEMIIepaTyphbl, Uil OXJaXKIAEMOro 3JIEMEHTa YCTaHOBKH, U
OKpykatomasi cpena. lcnonb3oBaHUE AOMOIHUTEIBHOTO HCTOYHHKA TEIIOTHI
JlenaeT  TakoM  BUJ ~ Hacoca Ooiiee  3aTpaTHBIM IO  CPaBHEHHIO C
MapOKOMIIPECCUOHHBIM [3].

[TapokOMIIpeCCHOHHBIE TEIUIOBbIE HACOCHI MOKHO TMPEJICTaBUTh B BUJIE
CUCTEMbl U3 TpeX 3aMKHYTBHIX KOHTYpPOB. B mepBOM HUpKyIupyeT aHTHU(PU3,
KOTOpBI COOMpAET TEIUIOTY M3 OKpYXKalolleld Cpelbl, JaHHbI KOHTYp TaK e
Ha3bIBA€TCAd BHEIIHUM. BTOpoi mpencraBiisger coOOM UK TEIJIOBOrO Hacoca, B
KOTOpOM  IUpKynupyer xjamareHT. OH orTOupaer TeIIOTy  BHEUIHEro
TEIJIOHOCUTEIIS], UCHIAPSISACh PU HU3KOW TeMIepaType, U OTAAET TEIUIONPUEMHUKY,
KOHJICHCUPYSChH IIPHU BBICOKOM TeMIepaType. TpeTril KOHTYD SIBIIETCS BHYTPEHHUN
KOHTYPOM, IO KOTOPOMY LUPKYJIUPYET TEIUIONPUEMHUK, HAIPUMEP BOJla CUCTEM
TeriocHaOxeHus [4].

[IpuHIMIIHANIbHAS. CXE€Ma TEIJIOBOr0 Hacoca mpuBeaeHa Ha puc. 1. CyTb ero
paboThl COCTOMT B cleayionieM. B wucnapurene TEMIOBOro Hacoca TEIIo
HEBBICOKOTO TEMIIEPaTypHOro MOTEHIMala OTOMpPAETCS OT HEKOEro MCTOYHHKA
HU3KOIMOTEHIIUAJIBHOTO Teria (TPYHT, COPOCHOE TEII0, BO3AYX U T.11.) ¥ IepeaacTcs
HUBKOKUIISIEMY pabouemy Teny TemioBoro Hacoca (dpeony). Ilonyyennsiii nap
cxxumaercs komnpeccopoM. [Ipu 3Tom Temneparypa napa noBbIIAETCS, U TEIUIO Ha
HY>)KHOM TEMIIEpaTypHOM YpPOBHE B KOHJIEHCATOpPE IIEPENacTCsl B CUCTEMY
OTOIUICHUSI M TOpSYero BOJOCHaOkeHus. [lns Toro 4TtoOBl 3aMKHYTH ITUKII,
COBEpIIAEMbI paboOyuM TeNOM, IOCNIe KOHAEHCATOpa OHO APOCCENUpYETCs 10

Ha4YaJIbHOI'O0 OABJCHHUA, OXJAXKIAACb OO0 TCMIICPATYpbl HHIKE HCTOYHHUKA
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HU3KOIMOTEHIIMAJIBLHOT O TEIUIa, U CHOBA TOJIaeTCs B UcMaputenb. Takum oOpazom,
TEIJIOBOM HACOC OCYIIECTBIIICT TpaHC(OPMAIUIO TEIIOBON IHEPTUU C HHU3KOTO
TEMIIEpATYpHOTO YpPOBHS Ha 0OoJjiee BBICOKUNA YpOBEHb, HEOOXOIUMBIN
notpebuTento. [Ipu 3TOM Ha MPUBOA KOMIpEccopa 3aTpavurBacTCsl MEXaHUIEeCKas
(37IeKTpUYECKasi) SHEPTusl.

[Ipy HanMUMKM UCTOYHWKA HU3KOMOTEHIIMAIBLHOTO TeIia ¢ 0oJjiee WU MEHEe
BBICOKOUM TeMIlepaTypoi, KOJIWYECTBO TEIUia, TOCTaBIIEMOr0 IMOTPEeOUTENIo, B
HECKOJIbKO pa3 MPEBBIIIAET 3aTPaThl YHEPTUU HA IPUBOJ] KoMIpeccopa. OTHOIIeHHEe
MOJIE3HOT0 Teria K paboTe, 3aTpayMBaeMoil Ha MPUBOJ KOMITPECCOpPa, HAa3bIBAIOT
kod(dduimeHToMm  mpeoOpa3oBaHUsS  TEIUIOBOTO Hacoca, HW B Haubojee
pacnpocTpaHEHHBIX TEIIOHACOCHBIX CUCTEMax OH JocTuraeT 3 u Oolee.

TunuyHele 3aBUCUMOCTH HJICAIBHOTO M peabHOTO KO3(PPHUIIMEHTOB
npeoOpa3oBaHus TEIIOBOIO HACOCA OT TEMIEPATYPhl KOHGHCATOPA M UCTIAPUTEIIS
npuBeAeHBI Ha puc. 2. Hampumep, mpu temnepatype ucmaputens Ha ypoHe 0 °C u
Temmeparype KoHaeHcatropa Ha ypoBHe 60 °C koddduimeHT mnpeoOpa3zoBaHUs
peasibHON ycTaHOBKM pocturaer 3. C yBeTWYEHHEM TeMIlepaTypbl HMCTOYHHKA
HU3KOTOTECHIIMATFHOTO TEIJIa WM C YMEHBIIEHWEM TEeMIIepaTypbl, HEOOXOaMMON
notpeduTento, ko3p UIUEHT IpeoOpa3oBaHUs BO3PACTACT U MOXKET JOCTUTaTh 4, 5
U OopIuX 3HaueHud. [IpuMeHeHne TerIoBbIX HACOCOB 0COOCHHO d(PPEKTHBHO B
Cllydae HMCIIOJIb30BAaHUSI BO3YIIHBIX CHUCTEM MJIM HAMOJIBHBIX CUCTEM BOJSHOTO
OTOIUIEHUS, ISl KOTOPBIX TeMIIepaTypa TEIUIOHOCUTENS He mpeBbimaer 35-40 °C.
Bce 6onee mmpokoe nmpuMeHeHre B TOCIeIHee BpeMst HaXOASAT CUCTEMbI OTOTIICHHS
C MPUMEHEHHUEM COBPEMEHHBIX TEIJIOOOMEHHUKOB C BRICOKMMH KO3 (puImeHTaMu
TEIUTONIePEAady U COOTBETCTBEHHO JIOMYCKAIOIINX UCIIOTB30BAHIE TETUIOHOCHTEIIS
C TIOHKEHHBIMU TEMIIEpaTypamHu.

B kadecTBe  HM3KOMOTEHIIMAIBHBIX  HCTOYHUKOB  TEIUIOTHI ~ MOTYT
UCTIOJIb30BAThCS:

a) BTOPUYHBIE DHEPTETHYECKHE PECypPChl: TEIJIOTa BEHTUJISIIMOHHBIX
BBIOPOCOB; TEIUIOTAa CEPHIX KaHAIM3AIMOHHBIX CTOKOB; COpOCHasi TeruioTa

TCXHOJIOIT'MYCCKUX IMMPOLCCCOB;
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6) HCTPAAUIINOHHBIC BO300OHOBJ/IIEMbIE UCTOUYHHUKU OHCPIrun: TCIJIOTA
OKPYKaroIero Bo3ayxa, TCIjIoTa rpyHTOBBIX BO/I; TCIIJIOTA BOAOCMOB U ITPHUPOJHBIX

BOAHBIX ITOTOKOB, TCIIIIOTA COJIHEUHOM OHCPIruu; TCIJIOTA MOBCPXHOCTHLIX CJIOCB

IPyHTA.

Bxoa xonoaso#
BOJIBI

Boaxyxo-Boassoi JlpoccensHBlH  Bonep KOCBEHHOIO
TEIIO0OMEHHHK KJ1anaH Harpesa

Puc.1. IllpyHuun gelcTBUS TEMJI0BOr0 HACOCA

B 3aBucumoctH OT HCTOYHMKA OTOOpa TeIa TEIJIOBBIE HACOCHI
noJpas3AensoTcs Ha: 1) reorepMaibHble (MCHONB3YIOT TEIUIO 3€MJIM, HAa3€MHBIX
100 MOJ3EMHBIX TPYHTOBBIX BOJ); 2) 3aMKHYTOI'O THIIA: a) TOPU3OHTAJIbHBIE, T]I€
KOJIJIEKTOP pa3MellaeTcs KOJbLIaMU WM U3BWINCTO B TOPU3OHTAJIBHBIX TPAHIIEAX
HIDKE TJIYOUHBI IpoMep3aHus 3eMit (TpyHTa, 00b14HO oT 1200 MM 1 Gosiee). Takoii
croco0 fABIsSIETCSl HauboJee SKOHOMUYECKU 3PPEKTUBHBIM AJI KWIBIX O0BEKTOB
IIPU YCJIOBUM OTCYTCTBUS AepUUUTA 3€MEIbHOMN IUIOMAaM moa KoHTyp (puc.3). B
BEPTHUKAIBHBIX KOJUIEKTOP Pa3MEIaeTCs] BEPTUKAIBHO B CKBAXKWHBI TITYOMHOU J0
200 M. DTOT CIOCOO MPUMEHSIETCSI B CIIyYasiX, KOT/1a TIOMaab 3€MEIbHOTO y4acTKa
HE TIO3BOJISIET Pa3MECTUTh KOHTYpP TOPHU30HTAJIbHO WIJIM CYILECTBYET YIrpo3a

noBpexXIeHus nanamadTa (puc.4).
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Puc. 2. UneajbHbIi U AeHCTBUTEIbHbINH KO3 duuueHT npeodpa3oBanus

TEIJIOBbIX HACOCOB C MOPIIHEBbIM KOMIIPECCOPOM

Puc. 3. Cxema pa3menieHusi KOJJIEKTOPA 1JI TOPU30HTAJIBHBIX

reorepMajbHbIX TEIJIOBBIX HACOCOB
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[ P r.'i —y o el
Puc. 4. Cxema pasmenieHus KOJUIEKTOPA I BEPTHKAJIbHbBIX

reorepMajibHbIX TEIIJIOBBIX HACOCOB

HDCI/IMVIHGCTBa W HECOOCTATKH TCIIJIOBBIX HACOCOB. I'maBHBIM JOCTOMHCTBOM

TEIUIOBBIX HACOCOB SBIISIFOTCS HMX HHU3KHE OJKCIUTyaTallHOHHBIE PAacXOIbl, T.€.
CTOMMOCTD MPOU3BEACHHOTO TEIUIa WU OXJIXKACHHS I KOHEYHOTO MOTPEOUTENs
ABJISIETCSI CAaMOM HHM3KOHM 1O CPAaBHEHHUIO C JPYTUMHU CIOCOOaMHU OTOIUIEHUS WU
KOHAMLIMOHUpoBaHus. Kpome 3Toro, cucrema ¢ TEIIOBBIM HACOCOM MPAKTHUECKU
Oe3omacHa Uit aoma. CrenoBareibHO, YHPOIIAOTCS TpeOOBaHMA K CHCTEMaM
BEHTWISILIMM €70 IOMEILEHUI U MOBBIIIAETCS YPOBEHb MT0KapHOM 6€301acHOCTH.

Urto Takke MOJI0KUTENIBHO BIUSET HA CTOUMOCTh YCTAaHOBKH 3THX cucteM. Ho
€CTh Y HUX M HEJOCTAaTKH, TJIABHBIA W3 KOTOPBIX SIBISIETCS OOOPOTHOW CTOPOHOM
TJIABHOT O TUTFOCA — KaMUTAIbHBIE 3aTpaThl HA X YCTAHOBKY BEChMa CYIIECTBEHHBI.
Taxke OAHMM W3 OCHOBHBIX HEIOCTATKOB TEIJIOBBIX HACOCOB JI0 HEJABHETO
BpEMEHH ObLIa CPAaBHUTEIHHO HU3KAs TEMIIEpaTypa TemioHocuTens — He 6omee 60
C°. Ho nmocnennue pa3paboTKu 1aau BO3MOXKHOCTh YCTPAHUTh 3TOT HepocTaTok. Ho
U IIeHa Ha TaKue MOJICNIN BhIIIE, YeM Ha CTaHIapPTHBHIE.

BbIBO/IbI

1.C TOYKHM 3peHHs] SKOHOMHYHOCTH CpPaBHUBAs TEIUIOBBIX HACOCOB MEXIY
co0oit mo koahdunreHTy npeodpazoBanus Termia (KodphuureHT Tpanchopmaum

TCIIa, MOIIHOCTH, npeo6pa3013aHH${ TeMnepaTyp) Mbl HMCECM CJICAYIOHIICC:
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K03 HUIMEHT TpaHCPOpMAIIMU TEIJIa MOKA3bIBAET OTHOILIEHUE MOIYyYaeMoro Tefa
K 3aTpayeHHON JHEPruH, HampuMep (=3,5 O3HayaeT TO, YTO MOABEAS K MalluHe
1xBT, Ha BbIXO/E MOy4aroT 3,5 KBT TemioBoit MomHOCTH, i€ B cpeaHeM 60-75%
MOTPEOHOCTEN TEITOCHA0KEHHSI TEIIOBOM HacoC obecrneunBaeT 0eCIIaTHO.

2. C TOYKHM 3peHUsl SKOJIOTMYHOCTH arperar TEIUIOBBIX HACOCOB HE COKUTAET
TOILTUBO, TIPH 3TOM M He oOpaszyrorcs okucibl tuna CO, COz, SOz, PhO, A
NpPUMEHSAEMbIE B TEIUJIOBBIX HAcocax (PpeoHbl HE coaepiKaT XJIOPYIJIepOIoB U
030H00€30IaCHBI.

3. C TouKH 3peHHsl YHUBEPCAIbHOCTHU TEIJIOBbIE HACOCHI 00J1aJJal0T CBONCTBOM
oOpatumoct (peBepcuBHOCTH). OHM MOryT OpaTh TEIUIO M3 BO3JyXa J0Ma,
oxjaxnas ero. JlerHee BpeMsi rofa MU30BITOYHAS SHEPIHs] MOXKET OTBOAUTCS Ha
nojorpeB 6acceina.

4.ArperaTbl TEIUIOBBIX HACOCOB NPAKTUYECKH B3PBIBO- MOKapOOE30IaCHBI,
TaK KakK HET TOIUIMBA, HET OTKPHITOTO OTHsI, OTIACHBIX Ta30B WJIM CMECEil, 1 HU OHA
JeTanb HE HarpeBaeTcs 10 TEMIEpaTyp CHOCOOHBIX BBI3BATh BOCIIAMEHEHUS
TOPIOYUX MaTepUajIoB, a TAK)KE OCTAHOBKHU arperata He MPUBOJIAT K IMOJIOMKAM WA

K 3aMCP3aHHUIO )I(I/II[KOCTeﬁ.

CIIUCOK JIMTEPATYPbBI

1. 3akupos JI.I'. «Dueprocoepexenne». [lepmb: Kaura, 2000.

2. 3akupos JI.I'., bBynyiiee - 3a TermioHacoCHBIMH TeXHOJOTHAMHU // KypHan
«HoBoctu TemnocHaOxeHuss» Ne§, 2006 r.

3. AmepxanoB P.A. TemoBsie Hacockl. — M.: Dueproarommzgat 2005.—160c.

4. lllepemer E.O. IlpumeHeHue  TEMJIOBBIX  HACOCOB B CHCTEMAax
[[EHTPATU30BAHHOT O TEIJIOCHA0KEHUS B I[EJISIX MOBBIIICHUS
AKOHOMHUYHOCTH dHeprodddextuBHoctu temnoBeix cereit / E.O. Illepemer, A. C.

Cemunenko // CoBpemeHHble HaykoeMKue TexHonoruu. — 2013 r. Ne 8 —c. 54-57.

www.pedagoglar.org 5-to’plam 1-son mart 2024

53


http://www.pedagoglar.org/

