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TEPMODJIEKTPOTPAHCO®OPMATOP

UzobpeteHne  OTHOCHTCS K o0jacTd  JHEpPreTHKH, B HYaCTHOCTH K
TEIIOIIEKTPOTEHEPALIMH.

W3BecTHBI M  INMPOKO  NPUMEHSIOTCS  TEIUIOBHIE  HAcOCHl,  HMCIOJB3YIOIIHE
HU3KOTEMIIEpaTypHEIE ~ MCTOYHMKM  Tella  JUid  TepMOTpaHCHOpMAlHH  MOUIHOCTH
HU3KOTEMIIEPATyPHBIX MCTOYHHKOB — BOJIA, BO3/YX, IPYHT, COTHEYHOE H3IYYCHHE, B MOIIHOCTD
Gonee BHICOKOHW TEMIEPATyphl, MPHIOJHOH I OTOILIEHHMS MXAJIBIX H IPOHU3BOACTBEHHBIX
[TOMEILECHHH.

HezocTaTkoM yKa3aHHBIX YCTPOHCTB SBIAETCS HH3KHM KO3(QGUUIHEHT TpancpopMauuu
3MeKTpHYecKolt MOMHOCTH B TemioByio MomuocTs — COP. Kosdduuuent COP nokaseipaer Bo
CKOJIBKO pa3 KOJNHMYECTBO TEMIOBOM MOIIHOCTH, MNEPENaBAaeMOM MOTPEOMTENO, TMPEBbIIACT
KONMUECTBO SMEKTPUYECKON MOUIHOCTH HEoOXOIMMOH Ui TMepeHoca TeIUIOBOW SHEPTHH  OT
HH3KOTEMIIEpaTypPHOr0 HCTOYHMKA BBICOKOTEMIIEPAaTYPHOMY TIOTpeOHTENIO. PeanbHbIe 3HaUCHHUS
>G(EKTHBHOCTH COBPEMEHHBIX TEIUIOBBIX HACOCOB COCTaBisoT mopsaka COP=2.0 mnpu
TemnepaType ucrounuka (ucmaputens) —20°C, u nopaaka COP=4.0 npum Temmepatype
ucrounuka +7 °C.

H3sBecTHBI cmocoObl U yCTpoﬁCTBa HO3BOJISIONIME TPaHCHOPMUPOBATH TEILJIOBYIO
MOIIHOCTb ~ HH3KOTEMIIEpaTYPHBIX HMCTOYHMKOB B 3neKkTpHuecKyio. HauGonee Ommu3kuM

spisiercs npurarens Ctupnunra (https:/electrosam.ru/glavnaja/jelektrooborudovanie/

jelektropitanie/dvigatel-stirlinga/, DJIEKTPOCAM.PY, 2018), xoTopeii HMeeT creyronue
NPECHMYINCCTBA:

- KaK ¥ BCE JBUTATENH BHEIIHETO Cropanus, nsuratens CTHPJIMHIa MOXeT paboTarh OT
[0YTH JI000ro nepenanga TeMIeparyp: HalpuMep, MeXIy pasHbIMH CJIOSIMH BOJBI B OKeaHe, OT
COMNHIIA. OT SAE€PHOTO WM W30TOMHOTO HarpeBaTeisl, yroJbHON WM APOBSHOM MEYH U T. I.

- asuratess CTHPIMHIA 03BOJISIET 00eCIeYnTh HEOCTYXKMMBIN LIS APYTUX JABUraTelIeH
3anac paboTOCHOCOGHOCTH B IECATKHM U COTHH THICSY YaCOB HEIIPEPbIBHON paboThL.

- JUIS TpaHC(OPMALIMH HEKOTOPHIX BUIOB TEIIOBOH SHEPTHH, OCOOEHHO MpH HEOOIBLION
pazHule Temrepatyp, asuratenu CrupiuHra spisiorcs Haubonee 3QQpexTHBHBIME BHIAMHU
aBurareneit. Hampumep, B ciiyuae mpeoOpa3oBaHHSA B NIEKTPHUECTBO MOUIHOCTH COJHEYHOH
sHeprun gurareid Crupmunra naxot Gomsmui KITJ (mo 31,25 %), 4eM napoBbie TEIUIOBbIE
MallMHBbI.

- pmeuratenp CTHpIMHTa'  OKOJOTHYECKHM UHCT, HE pacxolyeT pabodee Telo.

Dxonoruyueckas 4YHCTOTa JBUTaTeENs, 06)’CJ'IOBJIEH3 9KOJIOrHYECKOH YHCTOTON HCTOYHHKA TEILIA.
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Henocrarkamu apurareneii CTHpIHHTa, B TOM 4uclie poTopHsIX, (RU 2451811 C2, FO2G
1/043, F02G 1/053, FO1C 1/344, 27.05.2012 Bwoa. Ne 15), ABIMOTCA CIOXKHOCTH
KOHCTPYKIHH, GOJbIIee KOJMYECTBO [eTaNeil KOHCTPYKIHMH, 9eM Y TypPOHHBI, HU3KHE 000POTE
Bala, IepeMEHHbIi MOMEHT Ha Baly, YTO BBHI3BIBACT BHOpAlMIO, BCe 3TO OOyClaBIMBacT
TIOBBILIEHHbIE TEIUIOBBIE MOTEPH M COOTBETCTBEHHO HHM3KHH K.ILJ. TPaHCHOPMalMH TEILTOBOH
SHEPrHUH B MEXaHHYECKYIO.

MsBectHo ycrpoiictBo - TemnoBodt anekrporeHeparop Capstone WHG125

hitp://ngee.ru/catalog-kompanii?id=264&type=11&view=object, = KOTOpHI  COCTOHT M3

HCIIapuTeNs, TypOMHBI C OJeKTPOTeHepaTopoM, KOHIEHcaTopa, W Kommpeccopa (Hacoca). B
YKa3aHHOM yCTPOMCTBe puUMeHsietcs opranndeckuit nukn Penxuna (ORC).

YerpoiictBo paGoTtaer cnemyromuM obpasoM: Pabodgee Temo R245fa B pecmBepe
HaXOAMTCAd B JKHAKOM COCTOSHMH IIpH TeMIepaType H JaBleHHMH KoHiaeHcauuu. Hacoc
nepexaunBaeT R245fa B ucmapurens, NMOBbIIAs napieHue. PaGouee Teno MPOXOIUT uepes
5KOHOMaii3ep, HarpeBasCh TEIUIOM Mapa W3 3JeKTpocuioBoro Momyns. Jlanee pabouee Teino
NONANAET B HCHAPHUTEID, II€ IPOUCXOJUT NIepeXoXk B IapoByIo (a3y 3a cdeT nepeiayu Temia ot
BHEIIHEr0 MCTOYHUKA. 3aTEM OHO B BH/Ie 11apa MONAJaeT B Typ6nHy B 3JIEKTPOCUJIOBOM OJIOKE,
Ha KOTOpO# JIaBJICHHE TIapa CHIDKAETCSl O AaBICHHS KOHACHCAIMHM, IIPHBOJIS B ABHKEHUE POTOD
C 2JIEKTPOTEHEPaTOPOM. BBINONTHHB paGoTy B 31MeKTpocHIOBOM Giioke, pabodee Teno Bee elie
COIEPXHMT OGONBIIOE KOAMYECTBO TEIUIA, YacTh KOTOPOro Iepemaercss >XKMaKoH ¢ase B
>KoHOMait3epe Ay nosbimeHus 3ddexTuBHOCTH paboTh CHCTeMH B IienoM. PaGodee Teno B
napooOpa3sHOM COCTOSIHHH nonanéer B OXJAJHTENb, I/ie¢ KOHICHCUPYETCA B XHAKOCTh, IOCIE
4ero CTEKaeT B PECHBEP IS IOBTOPHOTO HCIOJNB30BaHHSA B LHKIE. YCTPOHCTBO obnaxaet
repMEeTHYHbIM CHJIOBBIM OJIOKOM ¢ TypOHWHOM Ha MAarHMTHBIX NONIIMIHMKaxX, paboraroliedt Ha
26 500 o6/mMuH. YpOBEHb 3(1)(1)eKTnBHocm npe06pa303aHnﬂ TEILUIOBOH JHEPrHUM B
AIIEKTPAYECKYIO JHEPTHIO COCTaBJISIeT 38%

HenocTaTkaMH YKa3aHHOIO YCTPOMCTBA SBISIOTCS: OTCYTCTBHE BO3MOXHOCTH paboTaTh
B peXHMME TEIUIOBOTO HAcOCa, HAJMYHe IOTeph MOIIHOCTH HeoOxomumoi g paboTsl Hacoca
(KoMIIpeccopa) IMOCPEACTBOM JJIEKTPONPUBOZA, COOTBETCTBEHHO, HH3KHH K0dhdHIHUEHT
MOJIE3HOr 0 AEeHCTBHUS.

3aziaya 3asBIIEMOrO H300PETEHHS — CO3aHHE TEHEpATopa TEIJIOBOM M IEKTPHUECKOH
MOLIHOCTH HCHOJIB3YIOMIETO HU3KOTEMIECpAaTypHBle HCTOYHHMKM TEIUIA, [TO3BOJIAIOLIETO
obecieunuTh BBICOKOI(P(EKTHBHBIA NpPOLECC KOTEHEPAIMH TEIUIOBOH M OJIEKTPHYECKOH

MOITHOCTH.




3

TexHHUECKHH pe3yIbTaT JOCTHIAeTCA TeM, UTO 3asBJIEHHOE YCTPOHCTBO, COCTOAIIEE U3
UCTIapUTEN, KOHJEHCATOpa, KOMIIPECCOPA, APOCCENsi, PErynsaTopa TMOJa4M TeroBOH
MOIITHOCTH, IEKTPOMOTOP-T€HepaTopa B KOHTPOJUIEpa MPEAHA3HAUYCHHOE UL IeHEpallld Kak
TennoBoH, TAK W HNEKTPHIECKOH MOITHOCTH. [IpH 9TOM, C LEMbIO NOBBIIEHUsS  K0d(QuIHeHTa
tpanchopmanue — COP ¥ reHepaiuy 3ICKTPHYECCKOH OJHEPrMH H3 TEIUIOBOH JHEPIHH,
YCTPOMCTBO BHINOJHEHO TaKMM 00pa3soM, 4TO BXOJ 3JIEKTPOMOTOpP-TEHEpAaTopa MOAKIIOYEH K
MCTOYHHKY SIEKTPHUECKOH MOIIHOCTH, a BBIXOJ MOKIIOYEH K IOTPEOHTEMO INEKTPUIECKOH
MOLIHOCTH, BXOX PEryjsTopa NOJa4Yd TEIUIOBOH MOMIHOCTH MHOIKIIOYEH K KOHICHCATOpY, a
BBIXO] IOJKIIIOUEH K MOTPEOUTENIO TEIUIOBOH MOIIHOCTH, IIPH 3TOM APOCCENDb BBIIOJIHEH B BUC
coluia TypOMHBI, Bal KOTOPOH COEJMHEH C BAJIOM KOMIIpECcopa, Bajl KOTOPOTO COCHUHEH C
BaJIOM 3JIEKTPOMOTOP-T€HEpaTopa.

[Ipuauun paboTeI yCTpOKHCTBA OCHOBAaH Ha TOM, YTO KOJIHYECCTBO MEXaHH4YeCKOH (1160
SMIEKTPHYECKOM C YUeTOM BBICOKOrO K.ILJ. IPeoOpa3oBaHMs) MOLHOCTH, TpeOyemoH A
paGotel TemnoBoro Hacoca cocraBmser go 25%, (COP=4.0) or xommdecTsa TEIJIOBOH
MOILIHOCTH, I€peJaBaeMOi OT HHM3KOTEMIIEPaTYpHOTO MCTOYHHMKA BBICOKOTEMIIEPATYPHOMY
noTpe6uTemo. B Toxe BpeMs ypoBeHb 3 HEKTHBHOCTH IIpe06pa3oBaHus TEIIOBOH MOIIHOCTH B
JJIEKTPHYECKYIO MOIIHOCTE MOCPEICTBOM TYPOHMHBI B TEILIOBOM djeKTporeHeparope Capstone
WHGI125 coctaiser = 38%. Takum o6pa3oM, 3(¢eKTHBHOCTH MpeoOpa3oBaHMs TEILIOBOK
MOI[HOCTH B OJJIEKTPMYECKYIO MOIIHOCTH IIOCPEACTBOM TypOHHEI 38%  mpeBsImacT
CYLIECTBYIOMYIO 3((EKTUBHOCTS TeIUIOBBIX HacocoB 25%, (COP=4.0), 4rto mo3poiseT
MCIOJIF30BaTh YacTh TEIUTOBOM MOLIHOCTH BBICOKOM TeMIlepaTyphl pabodero Tejna HCHoib30BaTh
JUISL CO3IaHMS MEXaHHYECKOH MOIHOCTH HEOOXOAMMOi Ut IlepeHoca paboyrM TEJIOM TeIUIOBOH
MOIIHOCTH OT HH3KOTEMIIEPATYPHOTrO0 MCTOYHHKA TEIIa MCIAPHTENs BBICOKOTEMICpPATyPHOMY
KOH/IEHCAaTOpy H Jajiee IOTpeOMTemo. YKa3aHHBIA NPHHIMI aHAIOTHYEH NPHHLMAIY PabOTHI
neuraress CTUpIRHTA.

CxeMa ycTpoiicTBa IPECTABICHA HAa YEPTEXKE.

YerpoiictBo paboTaeT cieAyomuM o6pa3oM:

TloTpeOuTeNh MOCPEACTBOM PETYISTOPA 5 YCTaHABIMBAET KOJNMYECTBO MOTPEOISEMOK
TenI0BOi MOIIHOCTH. Pabodee Telno HAXOAWTCS B HCIapuTele 2 IpH TEMIIEpaType UCTOYHHKA
TEMIoBoH MOMHOCTH (TPYHT, BoJa, BO34yX). KOHTposiep 6 BKIIOYaeT 3IEKTPOMOTOP-TEHEPATOP
7 B peXuM 3JIEKTPOMOTOpA, COCAMHEHHBIM C BAJIOM 3JIEKTPOMOTOP-T€HEpAaTOpa KOMIPEcCop 4
nepekaupBaer pabouee TenO B KdnneHcaTop 1. PaGouee Teno, 3a CYET MOBBIIICHHS JIABJICHHS
HArpeBaeTcs ¥ TepejaeT TEIUIOBYIO MOINHOCTE OT KOHACHCATOpa 4epe3 PperyisiTop 5

norpebuTemo. [anee paGodee TeNO MOCTYNAEeT B COMIO TypOMHBI 3, Ball KOTOPOH COEIMHEH C
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BaJIOM KoMmmpeccopa 4 M BaloM 37eKTpoMoTop-reHepatopa. Comio TypOHHEI OJHOBPEMEHHO
BBINONHSAET (YHKIMIO IPOCCENsl, MOHWXKAIOLIEro aBieHue pabodero Tena d QYHKIHMIO
npeoGpasoBaresiss TEIUIOBOH MOIIHOCTM B MEXaHWYCCKYIO MOIIHOCTh MYTEM BpAIICHUA
TypOunbL [IpH MPOXOXKICHAM dYepe3 COIUIO TypOMHBEI pafodee TENO OXNAKIACTCH HIKE
TeMrepaTypsl HCHApUTeNs, [PH 3TOM dYacTh TEMJIOBOM MOIIHOCTH pabodero Tena He
HalpaBleHHas MOTPeOUTEeMO TpaHCHOPMUpYETCs B TypOMHE B MEXaHHYECKYIO MOINHOCTH Ha
Baly KOMIIpECCOpa M COOTBETCTBEHHO 3JI€KTpPOMOTOp-TeHepaTopa. [lanee, pabodee Teno,
OXJIAXKIEHHOE HHXKE TEMIIEPaTyphl UCIAPHUTEINIA MOCTYNAET B HCIAPUTEINb, TIE€ HArpeBacTCs 10
TeMIIepaTyphl HCIIAPUTEIs MOJly4Yas OT HCTOYHHKA TEIIa TEIUIOBYIO MOLIHOCTh, HEOOXOUMYIO
s paboTel  ycTpoiicTBa. TakuM o00pa3oM, MOTpeO€HHE SIEKTPHYECKOH MOINHOCTH OT
BHEIITHETO HCTOYHMKA 3JIEKTPOMOTOP-TEHEPATOPOM CHIDKAETCS 33 CYET MOLIHOCTH CO3/1aBaeMOM
Typ6OuHOM, a Ko3(hduIMeHT TpaHCHOPMALMH SIEKTPHIECKON MOIIHOCTH B TEIJIOBYIO MOLIHOCTD
— COP Bo3pactaer. [lpy CHHKEHMM TEIUIOBOM MOIIHOCTH HAmpaBieMoH HOTpebuTemo
H30bITOYHAS YacTh TEIUIOBOM MOINHOCTH TpaHCGOpMHUpYeTCs MOCPEACTBOM TypOHHBI B
MEXAHMYECKYI0O MOMIHOCTh Ha Bajdy TYpOMHBI, JOCTaTOYHYIO IJid pabOTHl KOMIIpECcopa,
noTpebJIeHHe NEKTPHIECKONR MOIIHOCTH OT BHEILIHETO HCTOYHHKA 3JIEKTPOMOTOP-T€HEPaTOpPOM
IpeKpaInaeTcs, KOHTpoUiep 6 NEepeKIIodaeT 3NIEKTPOMOTOP-TEHEPATOp B PEeXHUM IeHepaTopa,
YacTh MOINHOCTH CBbIIE HeOOXOAuMMOM i paboThl KoMipeccopa TpaHCHOpMHpYeTcs B
IMEKTPUYECKYI0O MOIIHOCTH IIOCPEICTBOM  JJICKTPOMOTOp-T€HEparopa W  HanpaBACTCH
notpebureo. B TakoM pexuMe YCTpPOHCTBO I'€HEPHPYET IJIEKTPUYECKYIO MOIIHOCTH 32 CHET
WCTOYHHUKA TEILIOBOM SHEPIHH aHAJOTHYHO aBHrareno CTupiuHra.

IlpeuMymiecTBOM  3asiBIICHHOTO YCTPOHMCTBAa SBJISETCA BO3MOXKHOCTH KOT€HEpallMU
TEIUIOBOM U JIEKTPHYECKOH MOUIHOCTH U3 HU3KOTEMIIEPATYPHEIX HCTOYHHUKOB TEILIA B IMPOKOM
JMAna3oHe IPONOPLUiA 3aJaBaeMBIX MOTpeOUTENEeM, BBICOKHE K.II.J. KOMIAKTHOCTb, BBICOKHI

ko3 duument Tpanchopmarmy - COP HH3Kas MaTepHaNOEMKOCTh, HU3KHH YPOBEHb BUODAlHii.




®OPMVJIA U3O0BPETEHUA

TepMo3JieKTpoTpancopMaTop - IEeHEpaTop TEIIOBOH K IJIEKTPHYECKOH MOMIHOCTH
MCHONB3YIOMKHA HA3KOTEMIIEPATyPHbIE HCTOYHHKH TEIUIa, IPEICTABIIOMH co0oH TEIUI0BOMH
HACcOC C MCIIApHTENeM, KOHIEHCATOPOM, KOMIIPECCOPOM H JPOCCENEM OMUUYAIOU(UICA TEM,
YTO [ONONMHHTENBHO K TEIUIOBOMY HAcOCy MPELYCMOTPEHBI DETyNATOp NOJAAa4HM TEIUIOBOH
MOIIIHOCTH, KOHTPOJLIEP U 3JIEKTPOMOTOP-TEHEPATOP, BXOJ KOTOPOTO MOJAKIIOYEH K HCTOYHUKY
NIEKTPHYECKOH DSHEPTMHM, 4 BBEIXOJ] INOJIUIIOYEH K MOTPEOHTENIO IIEKTPHYECKOH SHEPIHH,
YOpaBIsIomui KaHal MOTOp-TeHepaTopa HOAKIIOYEH K KOHTPOJLIEPY, BTOPOH YIpaBIIAIOIHH
KaHall KOTOPOrO HOAKIIOYEH K PEryilsaTopy IOAaud TEIUIOBOM 3HEPrud, BXOX  KOTOPOro
NOIKJIFOYEH K KOHJEHCATOpY, a BBIXOJA NMOAKIIOYEH K MOTPeOHMTENIO TEIIOBOH JHEPIHH, IpH
3TOM JpOCCeb BHIIONHEH B BHJAE CONNA TYpOMHEI, Bajl KOTOPOH COCJUHEH C BajloM

KOMIIpeccopa, BaJl KOTOPOro COEANHEH C BAJIOM 3JIEKTPOMOTOp-T€HEpATOpA.
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