Використання  низькопотенційної  теплоти  за  допомогою

теплових насосів
Принцип дії і класифікація теплових насосів
[image: image1.png]Bukopucrans Teniosux Hacocis (TH) ais onamosanss, rapsuoro
BOIONOCTANANHA € CUIOCOGON, ATBTEPHATHBHIM IHUIN CIOCOBAM, TAKIM, K
TpaiHE CIATIOBANNA OPIAIHOTO NANHBA, WIHPOKO TIOWMPEHE IEHTPATSHE
napose 460 BOZAHE ONATIOBAHS, EIEKTPOOGITPIS i i,

Temnowui Hacoc  sailicwoe  nepexauy  sHyrpimmbo  eneprii Bix
CHEPIOHOCiA 3 HUSBKOIO TEMIEPATYDOIO A0 CHEDIOHOCiA 3 GLibLI BHCOKOID
Teiepatypolo.  Ockinbki  BUUIOBLAHO [0 ADYIOTO  OCHOBHOTO  3aKOHY
TEpMOAMHANIKH TENIOBA CHEPris Ge3 Gy Ab-AKOT J0BHILINBOT Al MOKE HEpEXOAHTH
THILKH 3 BHCOKORO TEMIICPATYDHOTO pisiis Ha GLtbu Husbkiti, A1 saificHenns
TNI0-HACOCHOTO LUNKTY HEOBXIAHO BHKOPHCTOBYBATH NpHBAHY cHeprito. Touy
HpolCe  mepeiaui  cHEprii B HAUDAMKY, HDOTILICKHOMY  HPUDOJHOMY





[image: image2.png]TEMICPATYPHOMY HANOPY, 3ificHIoEThes y kpyrosomy umkai. Ha pucynky 1y
UHKIAL  MABCICHA CXCM NAPOBOT XONOUILHO! MMM, ¢ POGOUOIO
PCUOBHHOID C1YZKIITh KIILIS'A PH HI3bii TEMIICPATYPI PLAHHA — XOA0I0AICHT.

“E -8
I — cnepromociii, 2 — npuiimau temions; 3 —
4 — perymoiounii KIANA; 5-KOMIpECOp; 6 — BIAPOBYBAY; 7 — JuKepeNo

nearop;

Pucynox 1 - Terionacocsiii uin (X0N0/u1bHa MaiHHA)




[image: image3.png][EHEpronocii, siki NOCTAUAIOTE TEILIOBY CHEPIIIO 3 HIILKOIO TEMIEPATYPOIO
15 VUCHEHHA TEILIOHACOCHONO LWKILY, HASMBAIOTHCR [UKEPETANH TENIOTH
BoHi BULIAIOTS TEMIORY CHEPIii0. IIIXOM TENIONEpEIai, KoHBeKIT i (a00)
BnpONiIOBaNHs. EHEPrOHOCH, AKi CHMAIOTS B TemIO-HACOCHOMY WK
TEII0BY CHEPIifo NBHILIEHOrO NIOTEHLIATY, HASMBAIOTECH IPHMAUANH TENIOTH
Bowi Clpuiivalorh TEMUIOBY CHEPTito IUIXON TEILIONEPEAAi, KoHBEKIGT § (a00)
BUpONiHIOBaHHS. EHEPIOHOCiH, sHIE CIYAITS JUACDENON TEILIOTH, HATXOIMTS Y
BNAPOBYBAY, 1€ BUIAOBYETHC pikili XOn0n0ATeHT. TeIIOTa BUNAPOBYBANHS,
HEOBXiHa 113 1570, BIAGHPACTECS BiA /DKEPENa TEMIOTH, TaK 5K BHIAPOBYBaIS
XOJI070ATEHTY IPOXOITS HPH HtsbKill TEMIEPATYDL.

'V KPYTOBOMY Wi ADH XONOAOATEHTY BCMOKTYIOTHEA KOMIPECOPOM i
CrHeyioThCR 70 Bucokoro  Teky. [pn crickysawsi ix Tewneparypa
DTBYETECA, WO CTBODIOC  MOATMBICTS LAl Temsool  exeprii
renonpuiivaty.

Tlapi X010/10areHTY DM NiBHIEHH] THCKY HAIXOMATH Y KOWACHCATOD,
uepes akuli nporikae eeprowocill, wo ciysuth npuiivates temtorw. Horo
TENNCPATYPA HIOKUA TEMIEDATYDH 114D  XOTOAOTEHTY N NiABHILCHOMY
Theioni. T1pH KOWICHCAIT HAH BIILIACTLCH TEILIOA CHEPTis, KA CIPHIIMAETLCS
renonpuiivates. I3 KOWICHCATOpA pLakili X0H0A0AreHT Hepes peryowii
BEHTHL (IPOCCTLHMI KNANAH) HAZXOANTL 3HOBY y BHNAPOBYRAY, i Kpyromuil





[image: image4.png]UHKN 3AMHMKAETBCA. Y PEryMONYOMY BCHTHI BHCOKMH THCK, NpH sKOMY
HIXO/UNTS XOMOTOAICHT i3 KOWICHCATOPA, SHIDKYCTLCS A0 THCKY Y BUIApOBYBas
OmouacHo mkyeTsen fioro TemepaTypa.

TakiM WHHOM, 30 JOTIOMOTOI TEILIOBOTO. HACOCA MOATHBA NEPEAIIA
TeNI0BOT eHePril B TKEPEA TEILIOTH 3 HISKOIO TEMTIEPATYPOIO 10 IpHIMAYa 5
BHCOKOIO TEMIIEPATYDOIO DI NIBOAT 30BH MEXaHIMHOT CHEprii s npHBoza
KOMIpECopa (IpHBONA eHEPris). Sk BIIHO 3 pHCYHKA 1, CXEMa X0NOMIBHOT
MALIHHI § TEILIOBOTO HACOCA BYADISHACTECS TEIBKH IPHIHACHHAN.

J10 XOMONMIBHIX MALINH HANEAITS O0THANHS, AKE JO3BONE SAHICHHTH
BiAGHPAHIS TETLIOBOT €HEPHIT BiZ Til 3 TEMIIEPATYPOIO, HILKUOIO BIA TEMIIEPATYDH
HABKOMIIHLONO CepE0BHILA (0GTO. BUPODHHIITBO X0102y). SIKILO. HEOBXiMO
OTPMMETH  BHSHQUCHY KITSKICTH TEIIOTH 3 BHCOKOW TEMIEPATYPOK) 400
OMHOUACHO | TEMIOTH, | XONOAY, TaKe OGIATHAMHA HAICAWTH 1O TEIIOBHX
Hacocis.

SIK HOKA3HO HA PHCYHKY 1, TENIONPOAYKTHBHICTS (TEMLIOBA NOTYAHICTS)
TCMIOBOTO HACOCA CKIAMACTBCA 3 ABOX CKIAIOBMX: TEILIOTH, OTPHMAHOT
BHnapOByBaen bix mkepena Teniomk (Qo), | NPHBOAHOT eHepril P, 52 A0nONOIOK0
AKOT OTPIMANA TEILI0BA CHEPTis HINACTLCS Ha Oitbil BHCOKITi TewmepaTypHii
pibers. 3BACH BUILIMBAE BUSHAUCHNS TEILIOBUX HacoCis: TenOBMIi Kacoc ABIsE
coGot0 mpHeTpili, swit cipwliviae TemioBHii HOTIK K HASKIH TeMmEpATYPI (Ha
Xonoawii CTOPOH), @ TAKOK HEOBXiAMY ATS NDHBOTA CHEPriiO i Neperac
CroK By TenIOBMTE MOTiK, 0CHYIOUM 00HABA NOTOKH eHepril npw miABHILeHi
(NOpIBHANO 3 XONOAHOIO CTOPOHOIO) TEMDEPATYPi.





[image: image5.png]Le susHaueHns nificHe 413 KOMNPECOPHHX Ta abcopbuilinmx Tern
Hacocis.

AGeopGuiiiniii TenIOBHI HACOC M€ TAKOWK BHIGPOBYBA' | KOWACHCATOD,
i IPALIOIOTh Tak CAMO, K Y NAPO-KOMIPECOpHOMY Ak, Tenora miasouThes
HO BAIAPOBYBAUA, BHKIHKIC KHTIHHS XONOIOAICHTY NDH HHISKOMY THCKY.
KopicHe Teilio BIBOMNTECS 70 KOWICHCATODA, BCCPEMH AKOTO MPOXOMTH
KoWwieHcalis UpH BHCOKOMY THCKy. OjHak b adcopOuiiHowy Wk
BHKODHCTOBYETLCS AIOIATKOBMIL KOHTYP, B AKOMY NPOTIKG€ kit aGeopGent aGo
posatiK. BUIADH XO0A0ANEHTY TIOTIHHAIOTLCR PUHOIO HDH HISHKOMY THCKY.

TloTine piina ClEaTHHIM HACOCOM IEPEKAUYETLCA B OBAACTS BHCOKOTO
THCKY, Je MABOMNTHCH TENNOTA, | HEWAKAOW HA BHCOKMI THCK, Hap
Xononoarenty BwiasoThCA 3 piawi. OCKUTKH CyMitl piakoro abcopoenty i
XOTOAOANEHTY MPAKTHIHO HECTHCNMBI, BITPATH NOTYAHOCTI Ha HACOC Mai i
JUKEDEION IEPBHHHOT CHEPTIT € TUTbKH TEIIOTA, 10 MABOMTES A0 TEHEPATOPA
TapH, Kl SABAZM M MAKCHMATGHY TEMNEpATYpy Wiy, Temiora, mo
BAILIACK b 2GCOPOEPI, NICYMOBYETHES 3 TENIOTOR BiA KOHACHCATOPA.

Ha cooroni HAHGUIbIIE POSMIOBCIODKCHHS JICTATH 12PO-KOMIPECOpHI
TEMIOBE HACOCH, TOMY CAME X TAKIX CHCTEM B TOTATBUIONY BHKNAIAIOTHC
eHepreTHIH] OuiHK i pOTpAXYHKIL

Terunoni wacoes MOAHA KiacH(iKYBATH 32 HACTYIIHOIO O3HAKOIO:

~ 38 npHHLTON AT;

32 BHKODHCTOBYBAHHMH [UKCPCIAMH HH3BKONOTCHITIHOTO Terua;

108X





[image: image6.png]— 10 HOEAHAHHIO BHKOPHCTOBYBAHOIO HU3BKONOTCHUIHHOIO Temia 3
CEPEIOBHILIEN, 1O HATDIBACTECH B TEILIOBIX HACOCAX;

~ 50 BILAMH CHEPIII, IO BITPANACTLCS.

3a NEPUOI OMAKOI. POIPIMAOTL APO-KOMIpecopHi, abeopOuilini i
TepuOeeKTpHHI TeMIoBi Hacock

SIK UKEpena HUILKOOTEHIINHOT TeNTa /UIA TEMIOBHY HACOCHB MOKYTH
Gy Bukopicrani

~ sostiume nosiTps;

~ noBepXHEBi BOM (pitka, 03¢DO, MOPE);

~ nimsenni bo;

— oy

~ comsuna enepris;

~ HH3BKONOTEHIIHE TETLIO LITYMHOTO NOXOAEHHS (CKHAH] BOAW, HrpiTi
O TEXHONOTIHIX MpOLICCiB | iR).

Tpw saacikanii 3a nocaHARHSM JUAepen HUSHKONOTERUHONO Tenia
CEPEOBHILA, 1O HaTDIBACTECA, POIPIBHSIOTE HACTYIH BapiaHTH

~ nositps-nositps;

~ nositps-poza;

~ rpyst-nositps;

~ rpynr-poa;

~ Bona-noBiTpS;

~ sona-Boa.

3a BTaMH CHEPTil, 1O BITPANICTECA, POTPIIHSIOT TEILIOBI HACOCH, 1O
BUKODHUCTOBYIOTh €1EKTPOCHEPTiIO, HATHEO TOTO G0 IHIIOTO BHEAAAY, BTOpHHHI

eneprerini pecypen




Конструкції теплових насосів
[image: image7.png]Jo OCHOBHMX CIICMEHTIB TCILIOBUX HACOCIB HANCKMTH poSoue Tino
(POGOUE CepEAOBHILL). KOMIPECOD, TEILIOOGNIHHIK, NPHBO I ABHTYH

Poote cepenopuie. Cepen TepMOMMHAMINHAX - BIACTHBOCTEIT  Haph
POGOUNX  CepeAOBMIL  HAHGTBI  BUKIMBO € MAKCHMAISHO JOYCTHVA
Komsencauiiina Tewnepatypa a6o oA 3 WM THCK. THCK, MeAi aKOro
UIEKATH B KOMIDECODA, BUIHATAE TAKOK | TeMnepaTypy omaienns. Poota
TemI0BOrO HACOCa XapAKTEpHIYETHEA KoedinticTon neperaopents (KOTI)

HaliGibu 4acto BHKopHCTORYIOThES pOGOi cepeopma (1adanus 1) R-
12§ R-22. Bowi MaloTs BANOBLIHO NAKCHMATbHY KORIEHCALiiHY TEMICPATYDY
80§ 60°C, a onamosanbia TewnepaTypa cinanac sinosiano 70 i 50°C. Xopous
BIACTHBOCT] Ma€ @MiAK, 32 AOTIOMOTOK0 AKOFO MOAKHA OTPHMATH i Gibll BHCOKY
Komsencauiliny Teneparypy. Heonixow awiaky € BHCOKM TOKCHuHicTS. B
aGeopONliHIX TENIOBHX HACOCAX HalIHACTIIE BUKODUCTOBYKOTh MADH CEPEAOBHIL
NHy/H;0 i H;0 /LiBr.
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Xnopolropsyrieucsi  (X®B)  podoui  cepenosmuia  3Gimuyior
napunosuii edext wa sewti. 3a jamnwm Intergovemment Panal on Climate
change, ix smecok y ueii edext 3a ocramni 10 poxis ckmasac 24%. XOB
XaPAKTEPHIYIOTHCS BIUIHBOM K NOTEILTIHHS HA €MIi § IOTCHUIANON 030HOBORO.
pyiinysanns. Brums evicii XOB Ha rio0aisHe nOTENiHIA XapaKTEPH3YCTCS
GWP, Bemiina sK0ro JUIEAMNTH Bif “acy AWHTTA XONOIOACHTY B aTMoc(epi
3ewii. Tax, saGopowemit 3 2000 p. maiiGiabu cneprernuno edpextusiui
xononoarent R-12 wae maxsswuaiino wicoke smanemms GWP = 4500, o
cxwisanenthe mukwiam CO, np supoGwmurei 4000 kBIron enektpoetepr
Hapith, 3 ypaxysauusn HEBCTMKO! MACH XOIOJOQIEHTY, SKUM SAIPARTAIOTC
XOTOMMIBHIKH | TEIIOB] HACOCH 3 4aC IX eKCITYATAWil, MpANMIE BHECOK Y
noTeNIiNMA SUMIGETNCS OCTATHBO  BcOKIM. Towy B Haliomosi posi
OCHOBHIN POGOUIN TinoM MOBYTOBOH XONOMLIBHOT TeXHiK Gy Xon0A0areHT
R-134a, skiif 30 CHOIMM TEPMOZHAMITHINNG | CHEPIETHINI BIQCTHBOCTAMM

Gumswnit g0 R-12 i nopisuano 3w ac vewuni GWP = 1300, Jlu
nozanbmoro wenuens GWP sacrocoyiors cywim R-13a i R-152
(GWP = 150). Ha choroani s cywiu #k Xomomanbhiii arcwr nownmac

sactocosysates B xonomuibimkax AO «Hopiy. Jlocaivaenis nokasam, mo
noGasxa zio R-134a 20% R-152 a NiBHIIye eHepreTHURY eexTURHICTS HA 1-2%.




[image: image9.png]Komnpecopu.  Pospisustors  poTauiiini, nopuiHesi, rsHHTOBI Ta
BCHTPOB] KOMNpECOpH 13 TeMIOBHX Hacocis. J10 KOMNPeCopis npea'sansiors
Taki svorn

— Ginbun BicOKa TeMiepaTypa KoeHcanif (Gint 60°C);

— Ginbun BHCOKa OMyCTINNG TeMEPATYPa CTHCKyBaHs (Gins 100°C);

— wicokii KKJL;

110 MOAIHBOCT ILIGBHE PeTYIIOBANHS IPOAYKTHBHOCT] Ges Tf BTpaT;

— HeBmcoKHit pincb Iywy.

Pomayiini Koxnpecopu UPAINOIOTS UDH HMISKNX THCKAX i CTYNeHIX
Cruckysaniis, BOHH JACTOCOBYIOTHCA NDH MOTYAHOCTAX NPWBOZA 70 5 KBI,
‘BHxiHOMy THCKY 10 | MTa.





[image: image10.png]Topwnesi xovnpecopu HaiGinsu POSNOBCIOKCHT B TEMIOBUX HACOCAX.
Benni xownpecopn aocaraioms norykmocti 100-150 kBr, a  nesemki
KOHKYYIOTH 3 poTauiiisiiyi. TI0pUINCB] KOMIDECODH IOAUIAIOTHCA KA BAKPHTI Ta
TepueTiei. Y BIAKPHIOMY KOMIDECODOBI IDHBOZHIIE B BHXOMTH 30BHI YEPEs
yuinssenns 5 xopiyci. TpHBOX MOKe GymH enekTpHIHHM 400 BiA iHIOTO
Jwuryna. Y repueruniii KOMCTDYKUI yIiToHeHHA BHKTONEH, @ UPHBOL
SiliCHIOETBCA  CACKTPOTBUIYHOM, DOSMIILICHIM Y Cpenmhi Koyxa, sk
repueTno yminssennit (sasapennii). Lle ououacHo poss'asye Asi npoGaen:
1iKBIAYE BHTOKH €pe3 YUILTBHEHHS | 30CAICUYE OXOTOMACHIS CAEKTPOIBHIYHA.
OcHoBHi XAAKTEPHCTHKH KOMIDECOPA, 3 AKHMH BiH BHGHPACTRCA! THOK Ha
BIXOZ, TEMIIEPATYPA, PISHHLIA THCKIB, THCK BCMOKTYBaHIS, BiHOUICHHS THCKD.

Tounmosi koxnpecopu  npuskasewi s npoaykTHBHOCTE, ki
nepemnuyiors cdepy sacTocyBaHA nOpuIHERHX. KoMnpecopis. Ll kownpecop
CKIMIETHCH 3 ABOX TBHNTOBOTO BILY DOTODIS, WO OOEPTAOTRCH PIOM B
YinsHeROMY Kopuyci. CTHCKYBAHHS NPOXONTS y SA30DAX i HauEnICHHNH
TounTavM.  IpOAYKTHBHICT TBHHIOBOTO KOMIDECODA MOKE INIHIOBATHCA
cryninuacto. 3asaKH BACYTHOCT POGOYHX KIANAHIB | BYYIB NEPEATTONHOTD
MEXAHISMY, TAKIEX, 3K WIATYHI | NOPUH, JOCATACTHCS GLAbi BHCOK HailinicTs
TOpIBHANO 3 TIOPUIHCBIN KOMIECOPO. TIDHHLMTIOBIM HEOTKOM TBHHTOBHX
KOMIIpecopia ¢ NigBHIIEHRS BAPTOCTI i piBns mIyMY.





[image: image11.png]Mpusoani surynn. lpusogom  kowmnpecopa  MOKe Caymuti sk
€NeKTpONBNIYH, TaK | ABMIYH BHyTpitHsOro sropsuas (JB3). Tipusox i
enexTpotBuIyHa  HAHGTBIN  posnOBCIOTKeHM, WO HOSCHIOETRCH  FHor0
JCUEBIIHON, NPOCTOTON B CKEIIYaTANl | BHCOKO KazinicTIo. Pasow 3 Tt
enexrponmry Men edexrpli 50 nEpBHHKOIO erepricio. Ipw suKopHCTAHI
JIB3 SRBICTBE MOKAMBICTS BUKODUCTOBYBATH B AKOCTI IPHB0A TEIIOTY BOAH,
HIDITOT B OXOMOMKYKOOMY KOHTYDI ABMIYHA, | Temiory BuxiOmHX rasis. /lis
Toro wob orpuvari 100 KBr Tenosof noTyAHOCTi, y Temonowy macoci Ha
PHBOA KoMIpEcopa HeoGXiAHO BiTpaTHTH 43 KBT eXeKTPHIHOT NOTYAHOCT], 110
exsipanentio 170 kBT 51 NAMMBA, CHAIEHOTO HA CICKTPOCTANNIL. Y BAIAAKY
JW3EILHORO ABHTYH L1 OTPHMANNA Tiel & KLIBKOCTI TENIOTH BivaracTies 88
KBT HOTYKHOCTI CHANCHONO MATHBA.





[image: image12.png]‘Tenaoobminui anaparu. Bunaposysad y TCILIOBUX HACOCAX CAYAKHTS LIt
BUIGHPANIS TEIIOTH 3 HABKOMIIMBOTO CEPEAOBMIA A00 BIA TEMIOHOCH
SRl TEMIEPATYDI, IDH HS0MY XONOAOATCHT NEPEXOMNTE i3 pikol damt B
rasonoiGhy. ¥ 383Ky 3 HAUHOI PisHHICIO Koe{DilieHTiB TenI000NMiHY MOTOKY
rasiB i piAWH ACTOCOBYIOTS i Dishi KOHCTPYKLIT BHIAPOBYBaB /1% OXONOKEHHS
pise | rasis

BUnapoByBati AT OXONOTKEHHS DLWMH AICAHO BiA KOHCTPYKLT
noinAoTh Ha: KoKyXOTpYOHi, THity «TpyGa 5 TpyGin, swiliosKosi, pericropi,
Eerasmcri





[image: image13.png]KosyxotpyGua KOHCTpyKuis HaiifLIbUl  WHPOKO  3aCTOCOBYETHCA, Y
BUNApOBYBAYI AN OXONOACHNS DimH. PUMMNA, IO OXOTODKYETHCH, MOKE
POXOINTH K YCepEAUHi TPYO, TAK i Mk M. JIBOTPYOHA KOHCTpYKUis
3ACTOCOBYETECH LISl TOILIOBHX. HACOCIS TeILIONpOAYKTUBHicTo Menue 40 kBT




[image: image14.png]Hepesara Takoi KOHCTPYKUIl noasrae B Tomy, wo o0HABL piauny, wo GepyTs.
YHACTS y TENIONEPEAa, PYXaloThes y NPOTHTON. Y 3MiHOBMKAX, pericTopHiX Ta
TUIACTHAMACTIOX BHIAPOBYBAUAX XOTOORIEHT, IpH3HANEHNT] /1A BHIAPOBYBAHHS,
nonacrues seepeny swifonka, pericrpy a60 muactan. Taki KowCTpYKUiT
30CTOCORYIOTE y THX BHIAAKAX, KO BUIAPOBYBAUI BOYIOBANI Y KDYTIi a0
Garatokymni peicpyapw, fe pOTIKac piuHa, WO OXomomAYeTsex. Tax sk
KOGILiCHT TENI000MIHY XONOAOATEHTA, WO BHIGPOBYCTHC, BHINH, Hik NP
TeI00G i NOTOKY rasy, B AKOCT] TEIIONEPEAAI0OT HOBEPXHI Y BHIAPOBYBAUAX
JUI3 OXOIO/UACHHS T3y SN HCTOCOBYKOTHCA TPYGH 3 POSBHHYTOIO HIOBEPXHEIO
is ctopown pyxy rasy, muacwwsacti i pedpucti Tpyom. Ia aGo mow
IPONYCKAIOTS YEPEs MyHIKH IACTHHIATHX 250 PESPHCTIX TPYG i THeKOM. Hacto
30CTOCORYIOTE  BEHTHILIHO-BHIAPOBYBATSH]  ATPETAT, AKi CKIATAIOTSCS 3
BUNAPOBYBAA, BEHTIIATOPA, IO CTEOPIOE PYX TIOBITPS, i KOAYXY.

KOMIEHCATODH b TEMUIOBHX HACOCAX CAYAATS 13 BUIBICHHS TEMIOTH 1D
TeMIEPATYDi, AKa NEPEBHILYE TEMTIEPATYPY HABKOMMIIMBOTO cepeaonta. Tpi
LBOMY XOAOIOAEHT NEPEXOINTS i3 NAONOTIOHOTO CTany B pisii, T00T0
KOWICHCYETbCR, B AKOCTI  OXONOZAYBAHOT PEOBHHM A1 KOWACHCATODIB
39CT0CORYIOTS A PiMHH (0COBIMBO BOAY), TaK i rasi (0C00MBO NOBITPS). Tt
OXOHOMKYBAHOT PeNOBIIK, KA CHDHNAC TEMIOTY KOWICHCAN, S1CKNTS Y
TenIOHACOCHOMY WHKTT B Cri0COBY 3aCTOCYBANHS. BHKODHCTAHIS NOBITDS /U8
LBORO MAC CEHC TOT, KOTH BOHO ABIAC COBOK) PEUOBMHY, 10 AKOI NOBMHHG
nigsonuTes Temnora. [lpH BHKODHCTAHII DilH B SKOCTI OXONODKYIOHOT
KOWZEHEATOp PeuoBHHH X (GYHKLI€I0 HACTO € JMLie TPAHCTIOPTYBANHS KOPHCHOT
TENIOTH BiA KOWACHCATOPA 10 Mici i COAMBAHHS

KOMIEHCATODH 5 DUUHHIN  OXOIOACHSM 110 KOHCTPYKTHBHOMY
'BHPILLICHHIO NOAINAOTECA HA KOAYXOTPYGHI, ABOTPYGHI i IMIHORHKOBOTPYGHI.





[image: image15.png]KokyxorpyOHa  kOHCTpykuid  Haffuacrimie  3aCTOCOBYEThCA B
KomencaTopax. TIpH L0y XOI0HA PEHOBHHA IPOIYCKACTECS Beepe NI TPYO, a
XOTOMOAIEHT KOWICHCYCTHCH 1A S0BHILNli CTODOI TDYG y MIKTDYOHOMY
npocropi. JLis saGesnieucHss Gibil BHCOKOTO HATDIBAHHS XONOTHOT PeNoOBHIM
OpraisyeThes pyx mapw Xomopoarenty sy spepx. KOHCTpyKitis «rpyGa b
1pYG» Mae nepenary y CTBOpEHHi NOBHOTO TPOTHTOKY 0GOX PENOBH, SaBIAKN
HOMY JOCAFACTHCA GUISIN BHCOKD TCMIEPATYPA TemIOHOCi HA BIXOZL. Y
KOWICHCATOPAX 3MiHOBHKOBOTDYGHIX KOHCTPYKILii 3 HIOBITPAHIM OX01O/TKEHHSM
B AKOCTI TEIIONCPEANONORO CAEMEHTY HABAAM SACTOCOBYIOTH TPYOH 31
3GUIBIICHOI0 TIOBEPXHEIO 31 CTOpOHH rasy. JLix AOCATHEHHS GLIBIION KOMIAKTHOCT]
anapary i Horo yieuiennenss 3AACKIOCTLCH BIMyWICHHIE PYX Tasy 4G nOBITP
epes iy peGpHCTHX DY

oinsuenns powipis TenrooGvinmiKis nigsMIye iX Bapricts, ane -
OHOUACHO SMEHILIYE DISHHIO TEMIEPATYD MEA KHTIHHAN | KOWICHCAIiEIO, & tie
owanac sGimsuenns KOIL Towy HeoOxiauo  pospaxysar  ommusanbimi
TEMIOOGMMHIK, BUXOTNN 3 CKOHOMIHIX MipKyBaih. Pistii IX0MH 110 15010
IHTalHS OBYMOBIIN Te, IO B YMOBAX AHITIT TENIOB] HACOCH MAKOTH IPAKTHIHO
Biui GUIBIN KOWICHCATOD NIODISHAHO 3 ATPETATAMM, 1O BHIYCKAIOTHCH B
CILA.
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Джерела теплоти теплових насосів
[image: image17.png]Hositps stk kepe:io TenaoTH. Tuiosa HOBITPAHO-NOBITPAHIIE TeLIOBHI
Hacoe noKA3AH Ha pHCyHKy 2. 30BHILINE NOBITDA IPOTAHACTCS epes opedpeni
TPYGKH BUIIAPOBYBANA, YCEPEANHI AKMX WADKY.TIOE POGOUE Tino. TaKim wiHOM,
TEMIOTA  BUBOMTACY Bii KOWICHCATODA 110 NOBITPS  pHMIMCHHS, 1O
OnamoeTes. Y Mipy SHHACHHS TEMIEPATYDH HABKOTMUINBORO CEPENOBHILA
HeobXiaHa KUGKICTH TMIOTH 1A ONANCHHS NIZBHUYETCA, AN 3MTHICTS
TemIoBoro  Hacoca NTIDHMYBATH Habith noCTIfiHY Teniomy noTYAHCTH
SkyeTses. JLis YCYHERHS 6010 HEAOTKY HCTOCOBYIOTh OATKOBI Harpibasi
— enekTpiani 260 Ha OpraHiHOMY HATHB. PO3MIILYIOTS BHIIAPOBYBAY Y MiCIX,
A€ TeMICpATYDA TOBITDR  MIITDIBACTHCA  COMSUMHM  BHIDOMIHIOBAHHSN,
il MOKPIANEIO Ha FOPHI GYAUHKY.

HanpHKIA





[image: image18.png]| — soBitHE HOBITPA; 2 — BHIAPOBYS; 3 — ABMIYH BEHTIINTOPS;
4 — BUKIIN OXOIOTKCHOTO NOBITPS; 5 — BONTIIATOP S0BHILMBORO NOBITPA;
6—KomercaTOp; T—XONoMHE NOBITPY 3 MpHMiLIEHIS; §— peryy
9 — umnryn verty

op stpar;
opa; 10—warpite nowitps b npiiuenti; 11— benmnsop
By TPILIHBOTO 1OBITPS; 12-380p0THi Knanary; 13— Kaninspi; 14—posnoninsnii

Kana; 15 — KIanaH POSBANTARCHAS KOMIPECOpa; 16—posoiniosat «

Toky:
17—xosmpecop.

Pucynok 2

CXeMa TENIoBOro HACOCA THITY HIOBITPS — NOBITPA




[image: image19.png]Boxa sk jkepeno TEIIOTH. ApIC3iaHChKa BOAA Mae MAILKC O1HAKOBY
Temnepatypy, npuGmmo sia 10°C y niswiunix obnactax 10 15°C nomsy
exatopa.

TpyHIOB] BOH, TEMNIEPATYPA AKHX IPOTATOM oKy cictatac 8-10°C, aiots
CHHSTIMB BIACTHBOCTI /U13 BUKODUCTAHHS B TEILIOBX HACOCAX 0€3 LATOTOBIX
nponecis. IndiabTpatiis OXOIO/KEHO! O AFICHIOETLES B TOMY BUIAZKY, KOMH
IPYHTOBA BOTA HE MOKE OYTH BHKODHCTAHA [UIA TEXHOTOFIMHIX NOTDED.
‘Bozoniioni Ta ininstpaniiini K0n043i NOBHHII Gy posTauIOBaHi 0K Bix
O/IHOTO He MeHImE Hixk Ha 15 M.





[image: image20.png]Bojia BiAKpHTHX BOZIOHMHILL, TaKHX, sk 03CPa, MOPA Ta Piki, TAKOX MOXE
CyRuTi kepenon TennoT. Tpi Ti BHKODHCTNNI, K 1 Y BHIAAKY 3 NOBITDAN,
TpansIoThes Tpy o B3MKy: Boza HazxomTh 3 Tewneparypoio 4-7°C. Lo
BOHA He savep3aa, I He A 0X0A0KYBaTH 10 1-2°C.

Cnato. warpit

BOIA sk /DKEpENO TemIOTH — WAHGLAb mpUBAGMBE
Jokepeno. Towy BUKIHA BoA@ B NOGYTI CHICHIX | MichKIX Gymkis (s,
i nocyoNMTiN § MPATLHI MALIMH) MO BHKODHCTOBYBATHCH AK /UKEPED
TenoTH TenoBHX Hacocis.

V' CIbCHKOTOCIOAAPCLKOMY  BHPOGHILITBI B SKOCT [UAEpeNia Terion
MQATA RHKODHCTORYBETU: TEIIOTY REKHAHOTO NIORITDA, PLIKOO MHOIO, MONOKA,




[image: image21.png]Ipynt sik xaepeno reniaorn. V CLUA sHauna dacTia TeioBix Hacocis,
BHKODHCTOBYIOTS IpYHT s jukepeno Temna. Ha pucyky 3 nokasani isonier
TeNnEpATYI (YHTY, XapaKTepHi /U1 YKpaiti 5a1CAHO B CAHOHHI § nEpiOzy
POKy. Sk BHAHO 3 PHCYHKY, TIDH 3aKIAANI TemI00ONIHHIKA Ha TG Ginbiie
13 wosa minysari Temnory i3 1pysty. Tlpi UbOMY TpeSa MaTH Ha ysasi, 10
HEOGXiHA /U1 BHIIAPORYBAA TEMIOBOTO HACOCA IIOILA IOBEPXH 3eNTi b Garato
P nepesuye onaniosa

N Y

NNER -

PucyHOK 3 — 130IUICTH TEMTICPATYD TPYHTY B SANEKHOCTI bia THGHIM §
uepiony poy (v pariony Kitcsa)

30 aGinbuennan MO NPOKIQIKH TDYG MiHINYM  BHKODHCTaHHS
TEIIOBOrO NOTOKY SMILYETECA 32 HACOM 10 MOMEHTY, P AKOMY HOMHHAETSES
JPOCTANHI  TEMNCDATYDH  SOBHILINEOTO  NOBITDA.  Takiy WHHON, MOKHa
BHKODHCTOBYBATH K JUKCPEN: TElIo 3enti — 3osimme nowitps. Jlotarkose
AKYMY/IOBAHIS TEMIOTH y (DYHTI MOAIHBE, SKILO TEIIOOOMIHHUK CYAHTE
yaiTKY 113 BiABORY TEMIOTH y rpyHT

TemnooGuinmukn y pyHri, sakiazeni sa cxewowo (pucynox 4),
CKIULAGIOTHCS i3 CHCTEM TDYO Y BHITIAI TODHSORTATEHO MPOKIAIEHHX 3MiHOBHKIS,
10 AKX 1Oy CKACTHCS TenIONOH (s0a, aTibpis, poscia). Temonocilt bizuiac
TeIIo XO/OIATERTY Y CleHiANsHOMY TemIooONiHiKy. Cepeas TemnepaTypa
poscony sk exrazac -3°C.

1 — nopaua; 2 — ssoporsa niis

PhcyHOK 4 — CXeMa IOKIAJAHHS IPYHTOBOTO TEILIOOGMIHHHKA




[image: image22.png]31 36iAbLICHHAM BMICTY BOIOIH Y IPYHTI i NiABMULCHHIO SABAKH LBOMY
TeNIONPOBIAHOCTI | KPALIOMY KOWTAKTY i3 TpYGaNIt mirToMI TemioBi nOTiK
3poctac. TEMONPORLHICTS CYXOMO IYHTY 3ANEKHO BiA WNBHOCT] | XiMiuHOrO





[image: image23.png]CKIIajly KOIHBAeThCs B Mexax 0,14-0,52 Br/(m. K), sonororo — 0,8-2,5 Br/(mK).
Marepiaon 1py5 eyt koposilimocritisuii nosierwien (TTJI2S8I) ao
HepAasioua cram,

3 AQTCKMH AOCHLTKCHHAMH, UDH AKIANG TemIOONMHHMKA Ha
TGy 1,5 3 nph kpoui poswituentis TpyG y 2 w noromsii Temnosuii notik 10
unaposysava 3 1pyuty cnazac 20-25 Briw.

Hiveubki 0CHpKCHHS NOKATYIOTH HACTYNHI ONTHMATbHI NapavETpH:
iametp TpyG 20-25 i, BiACTanb i TpyGave 0,5-1,8 ., ruGua sakiaakh 0,5-
3 (3a1eAHO B BAACTHBOCTEH IPYHTY), IHTOME TemIORAIXOMACHIS 6-45 Br/aw
nOBEpXHI TpyHTY, ZOWAHH TPYO KOAHOT BiTkH 100 M, TeNnepaTypa TEMIONOCiS -
5°C npu AT = 5°C.

TpoayKTiBicTs TeII0BOr0 Hacoca IKYEThCA Ha 5% Ha KoM rpazye
SHIACHIS TEMTIEDATYDI BHTIAPOBYBAA

Constami Ko:1eKTOpH i aGCOPGEpH 1K TKepeTa TENIOTH.

KonekTopn i aGcopepi 1pSMO  NIEETBOPIOIOT COMSUHY CHEPriio B
Tepuiuny, NIAITDIBAIOUN TeMIOROCIH, AKMIi BULIAC TENIOTY  BATAPOBYBaYY.
Biuiaioun TeIo Y BANADOBYBA NDH TeMICDATYDI Gtbili BHCOKiH, Hik
HABKOAWILE NOBITA, IpYHT 00 BOSA, Comsuni KonekTopH mizsHtyioTs KKJL
TenoBoro Hacoca. V GitsIOCTi BnAIKiB /U CraGiaisauil TeoRor noTyKHoCT!
TEMIOBOTO HACOCA AOIBHO TEMIO B COMFUHOTO KONEKTOPA NOMIBATH B
piili TenoBHi  AKYMYIITOD, KyIH aHypewi TPYOKM  BHIAOBYBAA
Temnonuil AKyMYIATOp Ja¢ CHEDIIIO A BHIGOBYBAHIS, KOIH HABKOIHIINS
TeMIEATYDA HH3KA 1% BUIAPOBYBANA | MOKE BHKOHYBATH | YHKLLHO rap0rO.
ST —

OGMEACHNA B 3ACTOCYBAHHI COMFUHHX KONEKTODiB HAKIQIAIOTHEA i
saprictio.

V niepatyphix skepenax i npoexrax dipu eneprerimy eexmunicts
KONEKTODiB OUIHIOIOTH 33 BEIMUMHOI BLIHOWICHHS KODHCHO! NOTYAHOCT 110
iiTencuBoCTi comsuHOro  mnpoMimionats. [Ipn BAGODI  MPOAYKTHBHOCTE
KOMEKTOPA. KOG(DILICHT CHEPTETHINOT eQEKTHBHOCT CAI OLHIOBATH, BIXOZAH 3
PeRIMY exCIUIYaTALT T2 KIMATHUHIX Y\OB — IHTCHCHBHOCTI COMRMHOT paniauii
© piwmui TeMnepatyp TemnooGwinmika  (aGcopOepa) | HaBKOMMUIEOTO
cepenonma

Tlph BHGOpI COMSUHHX KONCKTOPIB NODSA 3 X TEPMOTMHAMINHINIL
BIACTHBOCTAMH BHDIILATSHE SHA'EHHS MAE DOSNID KATAIOBKICHD.

CoMstini KOJCKTODH 3ACTOCOBYIOTHCA TAKOK DAION i3 IpYHTOBMNI
TennooGuinmmkann  (pucysox 5). Ha pcywky 6 mamcaemi pesymstarn
pospaxynkis (s ywos CIIA), sxi nokasyiors cnissimsomenss  wik
€HEPIOCOKHBAHHSN KOMNDECOPA i IVIOILEIO FPYHTOBOTO i CORSUHOTO KONCKTODIB
nph pitinowy BupoBiky Temia 12,26 MBI + rox. Jlis nokputrs 1 kBt irpar
npHMIILEHHA, IO ONATOCTECA, NOTPOHO Gitbime 3 M MO cOMRHOrO
Konextopa. Tlpn  consunomy Korextopi miomero 30 i3 rpymTomin
TenooGuinmmko 100 s° KOII remnosoro wacocy cknazae 34. A npw
BUICYTHOCT] COHAUHOTO KOIEKTOPA § IIOWI TpYHTOROTO TemooONiHHIKa 300 2
KOIl=2.7.





[image: image24.png]3 — remiosa nowma;

1 — consumii xonextop: 2 — TpyG ¥ rpym
4 — Gax; 5 — npuneHH, 11O ONATOETECS.

Pucynox 5 — Cxema TeIVIOBOTO HACOCA 3 OAHOUICHIM BHKOPHCTAHIAN
rennoni rpywry i Conna
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Pucynok 6 — wnedicrs  clKTPOCIOKMBNNS  KOMIDECOPD |

uipKyAifinoro nacoca i wiowi 1py#Tooro F i consumoro S KoxckTopin

MBrroupix

Comumuili KonekTop  snise coBoio  sauopHenil  Tenioo0MiHiK
(abcopGep), isosonanmii swisy | 3 Goxis, a 3epXy NOKDHTHI oM a0 oM
wiapani cita. SO TEMIOOGNIHHIK FAUOPHITH 3 YCiX GOKIB, HE HCTOCOBYHMH
301U § 3ACKIICHH, TO OTPHMACMO COMNI ABCOPBp. MO AcUIERI b
KoneKTopa, ki, HesmuKalowH HA Hemenkiii  Koebiuienr enepremHunoi
eeKTHBHOCTI, YCTIIHO 3ACTOCOBYCTHCA AK /UKEPEN0 Temia.  Bummsoio
XAPAKTEPHCTHKOI a0COPOEPA 3 OTIAY KODHCHO 3HATON 3 HBOTO cHeprii ¢
KOILICHT  TEIIONEPEAU]  BiA HABKOTMUINBOTO CEPEAOBMIN A0 KOpUYca
aGcopOepa. SIKINO  KoEBillicHT TeNONCPEAIU  CORSUMOTO  KOEKTOPA D
onsowiaposovy sackiensi ckrazae 3-8 Bri(v' K), 10 5 abcopBepi bis naumo
Gunbui. 3insuye HOrO BeAMMHY, A SHAUNTS, | eeKTHBHICT BHKOPHCTaH
aGcopOepa, poca Ta i, wo BumAM wa kopuyci. IIpi usomy Koediuient
Tenzonepesaui ckatae 25-34 Br/(w” + K). Slkauo consumii abeopGep He BXOAUTS
A0 CKIALY OrODOTKYBATSHOT KOWCTPYKUIl NOKDHTTS, TOBTO isosuis  Horo
380POTHOT CTOPON e NOTPIOHA, TO KoeQillieHT TeNIONEpeIt] NPAKTHIHO
HOABOIOCTLC. 3 ZGHHMH HIMEUBKWX BEHHX, UDHDICT eHepril a0copGepa 3a
PAXYHOK BHIIDOMiHIOBaHHS cknaae 20%.




[image: image25.png]Hegonik aGcopGepa nousrac B ToMy, WO BAITKY BUHHKAIOTH SHaUHi
KOMBAHHS TEMIIEPATYDH BHIIAPOBYBAHHS Y BHIIAPOBYBA] TEILIOROTO HACOCA.

Constui aGeopGEPH KOHKYDYIOTS #K i3 COHSUHIMH KONEKTOPANH, T2k | 3
TOBITDAHIMI  TEIUIOOONIHHIKAN 3 IPHMYCOBOIO LMPKYIAILEIO  HOBITDA.
Tlepesara TEMIOACOCHNX YCTAHOBOK i3 COHSHIMMH aGCOPOCPANH TIODIBHAHO 3
TAKIMH K YCTAHOBKANH i3 COSUIRINH KONEKTODANH NOTAFAE Y SHATHO MEHUINX
KANTANOBKIQACHHAX, 3HAUHO GUIbWH KiTSKOCTI TOMH POGOTH 3 HOBHIM
masanrakenmay, Jlo Helonikin HuIeANTH femo swkene wavenns KOII
LCILIOBOO HACOCA.





Методи розрахунку теплонасосних установок
[image: image26.png]V' cinbebkorocnosiapeskomy BupoGHuITSi i nobyri cinbenkux Kurenis
SACTOCOBYCTHCA TP BWIH OIAICHHS: DANATODHE, NAHETSHE | HOBITPAHE.
POSTISHENO OCOGIMBOCTI POSPAXYHKY HEOOXIAHIX TEMNEPATYD TEILIOHOCiS U
X cHeTem onane.

Jlis paiaTopHOT CHETEN M OmIeHH TenoBHii GATaHC NpHMEHH Mae
wacTynHiE BrL
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(OB BIDATH IpH POSpAXYHKOBiH TeMIepaTYpi 30BHIIEOTO
nositps, kBr;
V'~ oG'ex npviuicis, v';
g~ rowi sTpaTH Temaor Gyaini, KBr/(v'+K), sanears bix miay
GyuiBeHiIY MaTEpiAiB, IX TOBUIHI, HAABHOCTI NOBITPAHIX
npousapkis i T
fuoc— MAKCHMATBHO  MOAIHBA  TEMACPATYDA  ONATIOBATHHOTO
npusazy, °C;
p Kup—TeNDEDATYPA | KOC(iNieHT Temnonepesasi  onamosatsHOro
npusazy, °C i KBr/(3K);
I, - TEMICDITYDA | DOIDANYHKOBA TEMIEPATYDA  SOBHINIHEOTO
nosips, °C:
32~ TemepaTypa b onaoBaLHOMY npHMiesti, °C.

POSpaxyHKOBa TEMICPATYpA SOBHILIHEOTO HOBITDA — HC MiiMaLHA
TeMIepaTypa HOBITPA IAHOTO PEriOny.




[image: image27.png]V' cinbebkorocnosiapeskomy BupoGHuITSi i nobyri cinbenkux Kurenis
SACTOCOBYCTHCA TP BWIH OIAICHHS: DANATODHE, NAHETSHE | HOBITPAHE.
POSTISHENO OCOGIMBOCTI POSPAXYHKY HEOOXIAHIX TEMNEPATYD TEILIOHOCiS U
X cHeTem onane.

Jlis paiaTopHOT CHETEN M OmIeHH TenoBHii GATaHC NpHMEHH Mae
wacTynHiE BrL

0o =CQuss [0
A€ 0, ~ TEII0TA, 3K HAXOMNT B NpHLenis B pasaropis, kBT
Q,.,=F, K, (t,~1,). @)

-~ Temwnoni xparn Gyaisni, kBr;
Qu =V -altu=1,). &)
F,,-uosepis  onamosatbwin  npwiasis, sk npuiivacrsc

nocrifioio s Aanoi ceres, v;
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(OB BIDATH IpH POSpAXYHKOBiH TeMIepaTYpi 30BHIIEOTO
nositps, kBr;
V'~ oG'ex npviuicis, v';
g~ rowi sTpaTH Temaor Gyaini, KBr/(v'+K), sanears bix miay
GyuiBeHiIY MaTEpiAiB, IX TOBUIHI, HAABHOCTI NOBITPAHIX
npousapkis i T
fuoc— MAKCHMATBHO  MOAIHBA  TEMACPATYDA  ONATIOBATHHOTO
npusazy, °C;
p Kup—TeNDEDATYPA | KOC(iNieHT Temnonepesasi  onamosatsHOro
npusazy, °C i KBr/(3K);
I, - TEMICDITYDA | DOIDANYHKOBA TEMIEPATYDA  SOBHINIHEOTO
nosips, °C:
32~ TemepaTypa b onaoBaLHOMY npHMiesti, °C.

POSpaxyHKOBa TEMICPATYpA SOBHILIHEOTO HOBITDA — HC MiiMaLHA
TeMIepaTypa HOBITPA IAHOTO PEriOny.




