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Control of Carbon Dioxide Bivalent Heat Pump on Heating of
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Abstract. The control system of a bivalent heat pump (BHP), using as low potential heat (LPH)
sources both the heat of the return water of the network and the heat of the outside air, is considered.
The aim of the work is to determine the parameters of the thermodynamic cycle of the heat pump,
which would ensure the operation of the heat pump at variable temperatures and flow rates of the re-
frigerant in the load. The set goal is achieved by solving the following tasks: analysis of the methods
of synthesis of systems at variable load, analysis of the operation of the system at random disturb-
ances, development of the heat pump automatic control system (ACS). The main result of the work is:
the scheme of the heat pump, which can work with variable pressures of the evaporator and the gas
cooler, as well as the technical solution, in which the enthalpy difference at the evaporator remains
constant regardless of the outside air temperatures Significance of the obtained results consists in crea-
tion of the BTN scheme, which allows to provide both qualitative and qualitative-quantitative laws of
regulation of thermal regime of a building at increase of SOR of a heat pump, thanks to rational choice
of a temperature schedule of regulation. Local storage using electrochemical accumulators at the re-
quired capacity would be very expensive and would make the entire installation unprofitable. The only
reasonable solution is interaction with the grid, which requires, in addition to the technical means of
interfacing, the presence of appropriate regulations governing the transfer of electricity generated by
the local facility to the grid, especially if the generation will be carried out throughout the year.
Keywords: bivalent heat pump scheme, automatic control, random disturbances, reliability, district
heating, carbon dioxide.
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Rezumat. Scopul lucrarii este de a determina parametrii ciclului termodinamic al pompei de céldura, care ar
asigura functionarea pompei de céaldura la temperaturi si debite variabile ale lichidului de racire in sarcina.
Scopul stabilit se realizeaza prin rezolvarea urmatoarelor sarcini: analiza metodelor de sinteza a schemelor la
sarcind variabild, analiza functionarii schemei la perturbari aleatorii, dezvoltarea sistemului de control automat al
pompei de caldura (ACS). Cel mai important rezultat al lucrarii este: schema pompei de céldura, care poate
functiona la presiuni variabile ale evaporatorului si racitorului de gaz, precum si solutia tehnica, in care diferenta
de entalpii la evaporator ramane constantd indiferent de temperaturile aerului exterior. Semnificatia rezultatelor
obtinute constd in crearea schemei BHP, care permite sd se asigure atat reglarea calitativa, cat si calitativ-
cantitativa a regimului termic al cladirii la cresterea COP al pompei de cédldura, datoritd alegerii rationale a
programul de reglare a temperaturii. La utilizarea modulelor fotovoltaice problema ramane stocarea energiei
electrice generate de acestea. Depozitarea locald folosind acumulatori electrochimici la capacitatea necesara ar fi
foarte costisitoare si ar face ca intreaga instalatie sd fie neprofitabila. Singura solutie rezonabild este
interactiunea cu reteaua, care necesitd, pe langd mijloacele tehnice de interfatare, prezenta unor reglementari
adecvate care reglementeaza transferul energiei electrice generate de instalatia locald cétre retea, mai ales daca
generarea va si fie efectuate pe tot parcursul anului.

Cuvinte-cheie: schema pompei de caldura bivalenta, control automat, perturbari aleatorii, fiabilitate, termoficare,
dioxid de carbon.
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Annomayusn. PaccMoTpeHa cuctemMa yIrpaBJieHHs OMBAICHTHBIM TeruIoBEIM HacocoM (BTH), ncnons3yromum B
KayecTBe HMCTOYHHMKOB HU3KomoTeHmuanbHOH TerioTsl (HIIT) kak TemnoTy oOpaTHOW ceTeBOW BOABI, TaK H
TEIUIOTY HApPYXKHOTO Bo3ayxa. l[eipro paboThI sSBIISETCS ONpe/elicHIe MapaMeTPOB TEPMOAMHAMHYECKOTO UK
BTH, xotopslii obecnieunBasl Obl pabOTy TEIUIOBOrO HAacoca INPH IMEPEMEHHBIX TEMIIEpaTypax U pacxojlax
TEIUIOHOCHUTENS B Harpyske. IlocTaBieHHas 1€l JOCTHUTHYTA MyTEM PEIICHHS CICAYIONIMX 3ajad: aHaInu3a
METOJIOB CHHTE3a CXEM MpPU IEPECMCHHOW HArpy3ke, aHaim3a pabOThl CXEMBI MPU CIYYaHHBIX BO3MYIICHUSIX,
paspabotku CAY TH. HawmbGosee cyliecTBEHHBIM pe3yabTaTOM pabOTHI SIBISACTCA: CXeMa TEIJIOBOTO HACOCa,
KOTOPBIl MOXeET ()YHKIIMOHHUPOBATH MPHU TEPEMCHHBIX MAaBICHHUSX HMCIAPUTENST M Ta300XJIAJUTEINsA, a TaKKe
TEXHHYECKOE pelIeHue, PU KOTOPOM Iepenaj SHTAIBINI Ha UCHApUTEIIC OCTACTCS MOCTOSHHBIM HE3aBHCHMO
OT TeMIIepaTyp HapyKHOTO BO3IyXa. Y CTAHOBJICHO, YTO JJISI CTAOMIIN3AIlNHN peXUMa PabOTHI PETyIUpPYIOIIETo
kianaHa jocrarouHo [IM-perymnstopa B kouTtype CAY TemnepaTypoil xjlaJjareHTa Ha BBIXOJE BTOPOW CTYIIEHU
ra300XJaguTesNs. 3HAYUMOCTh ITOJIYYEHHBIX PE3yNbTaTOB COCTOMT B co3maHuu cxeMbl bTH, koTopas mo3Boiser
o0ecreunTh KaK KAueCTBCHHBIH, TaK M KadeCTBEHHO-KOJIMYECTBCHHBIH—3aKOHBI PETYIHPOBAHUS TEILIOBOTO
pexmma 3maHus  npu  noBeimeHun  COP  termioBoro Hacoca, Omaromaps palMioHaJIbHOMY  BBIOOPY
TEeMIEepaTypHOro rpaduka peryaupoBaHus. [Ipw HUCHONIB30BaHUM (DOTOIIEKTPUUESCKUX MOMAYJICH MPOOIeMOit
0CTaeTCs aKKYMYJIUPOBaHUE TCHEPUPYEMOM UMH 3JIEKTPOIHEepruu. JIokaIbHOe aKKYMYJIIHPOBAHUE C PUMEHEHUEM
JNEKTPOXUMHUYCCKUX aKKYMYJISATOPOB MPH TPEOyEeMBIX MOIIHOCTSIX MOJYYUTCS OUYCHB JIOPOTHM, U CHENAET BCIO
YCTAaHOBKY HEpEHTA0eIbHOW. EMMHCTBEHHBIN Pa3yMHBIA BBIXOJ] — B3aHMMOJICHCTBHE C CEThIO, TPEOYIOIIEe TIOMUMO
TEXHUYECCKUX CPEACTB COMPSDKEHUS Sl M HATUYUS COOTBETCTBYIOIUMX HOPMATUBHBIX AKTOB, PETIIAMCHTHPYIOIINX
repenady TEeHEPHPYEeMOil JIOKaJbHBIM OOBEKTOM DSJICKTPO’HEPTHH B CETh, OCOOCHHO €CIM TeHepamust OynmeT
OCYIIECTBIITHCS B TSUCHHUE BCETO TO/Ia.

Knwuesvie cnosa: cxema THOPHIHOTO TEIJIOBOTO HAcocCa, ABTOMAaTHYECKOE YIPABICHHE, CIydaifHbIE
BO3MYIICHHUS, HAZIS)KHOCTD, ICHTPAIN30BAHHOE TEIUTIOCHAOKEHHE, YTIICKUCIIBIHA Ta3.

BBEJEHUE sl THOPUAHBIX (DOTOINEKTPUUECKUX MOIYJIeH
(PV/T) B xayecTBe BCIIOMOTATEIbHBIX UCTOYHHU-
KOB TEIUIa C TEIUIOBHIMH Hacocamu, paboTaro-
IIMMH Ha OCHOBE IPyHTa, M OLEHMBANIACh HX
KU3HECTIOCOOHOCTh B PAa3JIMUHBIX PETHOHAX C
npeoOnaganueM oTorieHus. Jlis OLeHKH Mpo-
W3BOJIUTEIBHOCTH CHUCTEMBl IIPU Pa3IUYHBIX
KOMOMHALUAX HMCTOYHUKOB TEIUIa HCIOJIb30Ba-
Jach MOJENb CHUCTEMBI, KOTOpas B3auMOJECi-
cteyer ¢ MATLAB u TRNSYS. Pesynbrarst
MIOKA3bIBAIOT, YTO MCIIOJIb30BAHUE THOPUAHBIX
(hOTO3TCKTPUUECKIX MOIYJIEH MOBBIIACT KOI(-
(UIHMEHT MOJIe3HOTO ACHCTBUS TEMJIOBOTO HACO-
ca Ha 6,5%, coxpaHsis IpH 3TOM TEIJIOBOH Oa-
JaHC MouBbl. bojee KpymHble cHCTEMBI C 0OJb-
[IMM KOJIMYECTBOM MOAYJIEH AAlOT JIy4lIyIO OT-
Jlady B PETHOHAX C OTHOCUTEIbHO BBICOKHM CO-
OTHOLIEHHUEM Harpy3Kd OXJIQKICHUS/OTOIJIEHNUS.
Bonee Hu3KMe KanuTanbHbIE 3aTPaThl HA MOAYIH
u Oosiee BBICOKHE IEHBI Ha AJIEKTPOIHEPTHIO B
CeTH TOBBIIIAIOT 3KOHOMHMUYECKYIO IIpUBJIEKa-
TEJBHOCTh KOMOMHUPOBAHHOM CHCTEMBI B PETH-
OHAX C OTHOCHUTEJIBHO HHM3KHUM COOTHOIIEHHEM
Harpy3KH OXJIQXJICHUS/OTOIUICHUS, TIPU 3TOM
CTOMMOCTh JKM3HEHHOTO LHWKJIA CHIKAETCA 0
40% 1O CpaBHEHUIO C TPATULMOHHBIMU CHCTE-
MaMHu. Mcronb3oBaHUE TakWX MOIYJIEH MOXKET

B nannol paboTe mpomomkaeTcs paccMoT-
peHre TOoAXoAa K TOCTETIEHHOMY POCTY IOJIH
BUD B cucremax TEmIOCHA0KEHUS MHOTO3TaX-
HbIX 3maHui. C 3TOH IEIhI0 aBTOPAMH paccMar-
puBaercs cuctemMa «TOLl-MecTHBIE TEIUIOBEIE
HAcOCBl «BO3AYX-BoJa» ¢ Oyokamu (poTodmeK-
TPUUYECKUX KOJIEKTOpOB. [IpeanoskeHo Mcnomib-
30BaTh YacTh TEIUIOTHI OOpPaTHOW CETEBOM BOJBI
3/1aHUM, YCIOBHO HAa3bIBAEMBIX BEIYLIUMH, VI
MOJIOTpeBa BO3/AyXa, ABIAIOLIETOCS UCTOYHUKOM
HU3KOMOTEHIIHAIIbHON TEIUIOTHI JAJIS TEIJIOBOTO
Hacoca (TH) Tuma «BO3myX-BoZa», HCIONb3ye-
MO0 Ui TEIUIOCHAOKEHUS 3JaHH, Ha3blBae-
MbIX «BeloMbIMU». B kommuiekce ¢ TH paccmart-
puBaercs OJIOK (OTORIEKTPUIECKUX MOJYJIEH,
YCTaHOBJICHHBIX Ha BEAYIIEM M BEAOMOM 3/[aHH-
SIX JJISL DNIEKTPOCHAOKEHHS TETUIOBBIX HACOCOB.

B [1] ykxa3aHo, 4TO TemjIoBble HAcOCHI, pa-
OoTaroliye Ha OCHOBE T'PYHTa, M3BECTHBI CBOEH
5Heprod(HeKTUBHOCTEI0O W IOTEHIIMAJIOM CO-
KpaleHus: BeIOpocoB yriiepona. OAHaKo Heco-
IJIaCOBAaHHOCTh TEIUIOOOMEHAa MEXIy CKBaXKUH-
HBIM TEIUIOOOMEHHUKOM W TOYBOW 3MMOU M Jie-
TOM B pErmoHax C MpeoONaaHueM OTOIUICHHS
MPUBOANT K TEIUIOBOMY AricOanaHcy MmouBbl. Jis
pelIeHust 3TOW MpOoOJIeMBI M3ydanach WHTETpa-

151



PROBLEMELE ENERGETICII REGIONALE 4 (64) 2024

CHHM3HUTh CTOUMOCTH JKM3HEHHOTO LKA OOBIY-
HBIX TEIUIOBBIX HACOCOB, HCIOJB3YIOMIMX TEILIO
rpyHra, 6onee uem Ha30 %, a WX BBIOPOCHI
CO, — 6onee yem Ha 50% mpu yMepeHHBIX Karu-
TaJbHBIX 3aTpaTax. JTO HCCIEJOBAHUE MPEIO-
CTaBIISET JAaHHBIC W PEKOMEHIAINH /IS MpHMe-
HEHUS TaKWX WHTETPUPOBAHHBIX CUCTEM B PETH-
OHax ¢ mpeobnazaHueM oToruieHus. B o0030pe
[2] paccMarpuBaeTcs HWHTETpaIlds COJIHCYHBIX
TEXHOJIOTH, TETIOBBIX HACOCOB M CHCTEM Xpa-
HEHHsI TETUIOBOW SHEPIMHU Uil CHIKECHHUSI SHep-
ronoTpebienus 3mannii. B HeM moapoOHO pac-
CMaTPHUBAIOTCS PA3IMYHBIC THUIBI COJHEYHBIX
koyuiektopoB (CK), Brimowas Kak KOHIIEHTpH-
pYIOIIME YCTPOMCTBA, Takue Kak MapadosIonu-
JTUHJPUYECKHUE KOHIIGHTPATOPbI, (OKOHBI U
(OKINHBI, TaK W HEKOHICHTPUPYIOIIHUE KOH-
CTPYKIIUH, TaKHE KaK TUIOCKHE U TPyOuYaThie Ba-
KyyMHpOBaHHBIE KOJUIEKTOpHI. B Hem paccmart-
pUBAIOTCS MHHOBAIIMOHHBIE CTPATErHH ITOBBIIIE-
HUsl npousBoauTensHocT CK, Takue Kak aib-
TEPHATHUBHBIC TPOPHIN I POKOHOB U (DOKIH-
HOB, U BCTaBKa pebep B TpyOKH-TIOrmoTuTeny. B
0030pe paccMaTpUBAIOTCs MaTepUasbl AT Xpa-
HEHHMs TEIJIOBOM SHEPTUU C pa3leIieHUEeM UX Ha
HAKOIUTENN «IBHOTO» TeIUIa, HAKOMUTEIH
CKpPBITOro Tera ((a3onepexoaHsie) U TEPMOXU-
mudeckue Hakormtenu terna (THT). O6cyxma-
IOTCSI IPEUMYIIIECTBA M HEJOCTATKU KaXIOW Ka-
teropun. B [3] paccmaTpuBaercsi sHeprerude-
CKasl CHCTeMa, OCHAILeHHAs] THOPUIHBIMU (POTO-
ANEKTPHYECKUMHU KOJUIEKTOPAMH, IByMs Oaka-
MU-aKKyMYJISTOpaMH: HCTOYHHKA TEIUIa U OBITO-
BOTO TOPSYEr0 BOJOCHAOKEHUS W TETUIOBBIMHU
HACOCaMH JUIsl OTOTUIEHUS TIOMEUICHUA M OBITO-
BOTO TOPSYETO BOJOCHAOKEHHs OJTHOCEMEHHOro
JKUIIOTO JIOMa, PpAacIOJIOKEHHOTO Ha CeBepo-
BocToke MHrammu. bpum mnpoaHanm3upoBaHbBI
BO3/IYIIHBIC, COTHEYHBIC U TPYHTOBBIC TEILIOBEIC
Hacochl. Hekotopeie xoH(Urypanuu ObUTH HC-
CJIETOBAHBI C MCIIONB30BAHUEM KOMITBIOTEPHOTO
MOJICJIMPOBAaHUS Ha OCHOBE MAaTeMaTHYeCKON
MOJIeNM, pa3pabOTaHHOM MAJIsl OLIEHKH JIIEKTpPH-
YECKUX W TETUIOBBIX XaPaKTEPUCTHK TMOPUIHBIX
CONTHEYHBIX KOJJIEKTOPOB. BBUT mpoaHamm3nupo-
BaH MHTEJUICKTYaJIbHBIM OJIOK ympaBiieHUsl, CIO-
COOHBII ONMPENCTUTh JYYIINHA HCTOYHUK TEIia
JUTSL TETIZIOBOTO HACOCa M PacCCMOTPETh BO3MOXK-
HOCTh BIIPhICKa COOpPAaHHOTO COJIHEYHBIMH KOJI-
JIEKTOpaMH B JIETHUM Mepuo/] Teria B rpyHT. Hc-
CIIeZIOBaHKME I0Ka3ajo, YTO MYJbTHIHEpreThuye-
CKHE CHCTEMbl MCTOYHHKA OBUIN OTBETCTBEHHBI
3a MOBBIIICHHE 3HEProdP@eKTHBHOCTH Ha 16-
25% 1o cpaBHEHHIO C OOBIYHOW CHCTEMOW TETl-
JIOBOTO Hacoca BO3AyX-Boja. MonenupoBaHue
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TaKXe IT0Ka3ayo, 4To SHeprodppekTuBHOCTH CH-
CTEeMbl HCTOYHHKA BO3IyX-COJIHIIC OblJla HEMHO-
ro HWXKE, 4eM Yy JIPYTuX KOH(UTypaluii, BKIIIO-
Yasi TETJIOBOM HACOC TPYHTOBOI'O HCTOYHHKA.

Hcnonb3oBaHue COJIHEYHOW OHEPrHU B
TEIUIOBOM HAcOCe MOXKET JOTOJHUTENBHO CIIO-
coOcTBOBaTh dHEprocOepekeHnI0 U 3PpdexTus-
HOCTH. MHOTOUYHUCICHHBIE HCCIEI0BATEECKUE
TPYMNIIBI  MCCIEAOBAIA CHUCTEMBI CONHEYHOTO
teruoBoro Hacoca (SAHP), koTopsie MOXHO
KJaccu(UIMPOBaTh HA CHUCTEMBI C NPSIMBIM H
KocBeHHBIM pacmmpennem [1, 2]. Cucrema
HarpeBa BOJIbI C COJIHEYHBIM TETUIOBBEIM HACOCOM
npsimoro pacuupenus (DX-SAHP), B kotopoii
COJIHEYHbIC KOJUIEKTOPHI WM THOPUIHBIE MOIY-
i PV/T ucnonb3yroTcs B KauecTBe MCTIAPUTENs
CHUCTeMBI TemioBoro Hacoca [3-7]. TemmoBo#
Hacoc KocBeHHoro pacmmpenus (IDX-SAHP)
MOXXHO pa3feinTh Ha TOCIEAOBATEIbHBIA THII,
napajuledbHBIA  THI, TapajielbHO-TI0CIIE0BA-
TEJIBHBIH TUII U TUN C JBOWHBIM HCTOYHHKOM
TEeria B COOTBETCTBHHU C Pa3IMYHBIMH KOMOMHA-
USIMA MEXKIY CHCTEMaMU COJTHEYHOW SHEPTHHU U
TEIIoBOr0 Hacoca [6]. O630p [4] cTaBuT cBOEH
LIEJIBIO [IPEICTABICHUE TOCTH)KEHUH U TEKYILETO
COCTOSIHUS TEIJIOBBIX HACOCOB C TIPSMBIM pac-
IUPEeHNEM W CONHEYHON momaepxkoir (DX-
SAHP), koTopsle UMEIOT OONBIION MOTEHIIHAT
JUIL Pa3MUYHBIX TPUMEHEHWH M HCHOIB3YIOT
HU3KOTEMIIEPATYPHYIO OKPYKAIOIIYI0 SHEPTUI0
Y COJIHEYHOE M3ITydeHHne. DTOT 0030p MoKa3bIBa-
€T, YTO WHTErpalys COJHEYHBIX KOJUIEKTOPOB-
HcHapuTeeld ¢ HEKOTOPBIMH TEXHOJIOTUSAMH, Ta-
KUMHU Kak (orosnmekrpudeckue, (azomepexon-
HBIE TEIUIOBBIE aKKYMYJISITOPBI U TEIUIOBBIE TPY-
ob1, mozBossier DX-SAHP paborats nyumie B
Pa3NUYHBIX KIMMaTHYECKUX YCIOBUSAX W MPHIIO-
XKEHUSAX. DTO UCCIIE0BaHUE IPUXOIUT K BbIBO-
Iy, YTO CYHIECTBYIOT YETKHE TEHACHLUH Iep-
CHEKTHB KOMMEpLHUAIU3allid TEXHOJOTHH C
BHeapenueM DX-SAHP B pasmuunsie oTpaciu
IIPOMBIIIJIEHHOCTH U U3y4EHHUEM MHOI'O(YHKIHU-
OHaNbHBIX npuioxkeHuit DX-SAHP.

B [5] moxazano, yto KomOmHanuu ¢oro-
ANEeKTpUYECKNX TerioBelx HacocoB (PV-HP) c
aKKyMYJIITOPDHBIMH OaTtapesMd M CHUCTEMaMH
yhnpaBiieHHsS SHEprued CTaHOBATCS Bce Ooiee
MOMYJISIPHBIMU. JTa TEHJICHIUS O00YCIIOBIICHA
MPOAOIDKAIOLIEHCS ANeKTpUHUKaMed CceKTopa
OTOIJICHUSI W PACTYIIMM HEPAaBEHCTBOM MEXIY
YBEIMUCHHEM PAacXOJIOB Ha AJIEKTPOIHEPTHIO U
CHIDKCHHEM Tapu(OB Ha IMOJa4y SJIEKTPOIHEp-
rud B I'epmanun. CTpaTeruy MHTEIJICKTYaJIbHO-
T'0 YIpaBJICHUs] MOTYT UCIIOJIb30BAaThCS IS KOH-
TPOJISL M ONTUMH3ALNHU PabOTHI TETJIOBOTO HACO-
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ca JIJsl TOCTHKEHHs 0oJiee BHICOKOIO COOCTBEH-
HOTO TIOTPEOJICHUS JJICKTPOdHEepruu. B pabote
MIPEJICTABIECHBl PEe3yNbTaThl OIIEHKH TOTOBOH K
WHTEIUICKTYaIBHON CETH YITPaBIIIEMON CHUCTEMBI
PV-HP-akkymynaropHslx Oatapeit B OmHOCE-
MEWHOM JOMOXO03sIiiCTBE B I'epMaHUu C KCIOJb-
30BaHUEM JIJAHHBIX MOJIEBBIX U3MEPEHUH C BBICO-
KHM pa3pellieHneM B TeueHue | MuHyThl. 3a 12-
MECSYHBII TEepPHOJ OICHKH OBIJIO OIpeneseHo
coOcTBeHHOe mOTpedacHne B pasmepe 43%.
Conneunas gonst TH cocraBnser 36%, uTo Tak-
JK€ CTaJl0 BO3MOXKHBIM Ojiarojapst 0ojiee BBICO-
KMM 3aJlaHHBIM TeMIlepaTypaM IS OTOIUICHHUS
MOMEIIEHUH W MPOU3BOJICTBA TOPSYEH BOJBI IS
ObITOBBIX HYXJ. Ce30HHBIN KO3(QPHUIMEHT mpo-
nu3BonutenbHocTh SPF — 310 oTHOmIEHHE 00-
el TeTJIOBOW SHEPrHH, BHIPaOaTHIBAEMOW TeTl-
JIOBBIM HACOCOM B TEYEHHE CE€30Ha OTOIlIe-
HUS/OXJTOKICHUS WM 3a TOZA, K ero morpeodie-
HUIO 3JIEKTPO3HEPTUH 3a TOT ke nepuona. Coot-
BeTCcTBEHHO, SPF ymensmaercs Ha 4,0% B pe-
KM€ OTOIUICHHS MOMeIneHuii u Ha 5,7% B pe-
KUME Topsiuero BogocHaOkeHus. KomOuHHMpO-
BaHHBIA CE30HHBIA KOID(UIIMEHT TPOU3BOAU-
TETBHOCTH TSI CHCTEMBI TETJIOBOTO HACOCa yBe-
nuguBaeTcs ¢ 4,2 10 6,7, eC’u YIUTHIBATH TOJb-
KO 3JICKTPOIHEPTHIO, B3ATYIO U3 CETH, M HE Y4H-
THIBaTh JIOKAIBHO BBHIPAOATHIBAEMYIO JIIEKTPO-
9HEPTHUIO, MOCTABIAEMYIO0 (OTOIIEKTPHYECKIUMHU
ycraHOBKaMu. B [6] Obuia cnpoekTupoBaHa W
YCTaHOBJIEHa MHOTO(QYHKIIMOHANbHAS THOPU-
Has coyHeuHas (PV/T) TemmonacocHasi cucreMa
JUTS TIOIa4M SHEPTHH B Kwible 3aanus. Cructema
MOTJIa PeajH30BhIBATh pa3nudHble (pyHKINH, pa-
0oTasi B pa3NMYHBIX PEeKUMaX, TAKUX KaK OTOII-
JICHUE 3UMOM, OXJIAXKICHUE JICTOM, HArpeB ObI-
TOBOW BOJIBI B TEUEHHUE BCETO I0Jla U 4acTh CIPO-
ca Ha 3JIEKTPOIHEPTHUIO ISl JOMOXO3SHCTB. DKC-
MEPUMEHTAIIBHO  HCCIIeloBalaCh  ITPOU3BOJAM-
TEIBHOCTh CHCTEMBI. Pe3ynbTaThl MOKa3alid, 4To
cpenmsst obmast dddextuBHOCT, MOy PV/T
coctapmsia 6omee 50% st pekxuma Harpea
BOJIBI, KOT/Ia COJIHEYHOTO HM3JIY4YCHHUs ObLIO JO-
CTaTOYHO, TEM CaMbIM YKa3bIBasi Ha XOPOIIYIO
TEIUIONPOU3BOAUTEIBHOCT Moayias PV/T. B
AKCIEPUMEHTAIBHBIX YCIOBUAX KO3(h(UIIMeHTHI
npousBoauteabHocTd (COP) pexxuma Harpepa
PV/T-WSHP wu pexuma Harpesa PV/T-
W&ASHP coctaBnsanu 3.18 u 2.53, uto ObLIO
HamHoro Bbimie, yeM COP pexuma Harpera
ASHP, paBroro 2.23. Pa3numa Oputa cBsi3aHa ¢
TEM, 4TO JOOABJICHNE COTHEUHOW SHEPTHH MOTJIIO
VIIYYIIUTh TEMIIEPATypy HCIAPEHUS CHCTEMBI
TEIUIOBOT0 Hacoca. Takum o0pa3om, MOXKHO aK-
THBHUPOBATh Pa3IMYHBIC PEKUMBI PabOTHI, TEM
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CaMBIM peaJu3yd MAaKCHMaJIbHO BO3MOXHOE
sHeprocoepexenne. Cucrema MOKET MOJTHOCTHIO
HCIIOJIb30BaTh COJHEYHYIO 3HEPTUI0 U peaIn3o-
BaTh BBITOJHBIC B3aUMOJIOTIONHSIEMOCTH MEXKITY
COJTHEYHOU PHEpPTHed W TEeTUIOBBIM HACOCOM ITy-
TEeM KacKaJIHOTO WCIONb30BaHMs 3Hepruu. [lan-
HBI€ W aHAJN3 MOTYT NPENOCTaBUTH CCBHUJIKY Ha
dbopmy komOuHaiuu Mexay PV/T-cucremoii u
pa3IMYHBIMA CHCTEMaMH TEIUIOBBIX HAacocoB. B
[7] cpaBHUBaIOTCS M HUCCIECOYIOTCS Pa3IU4HbIC
KOMOWHAIIMU CHCTEM COJIHEYHOW SHEPTUU U Tell-
JIOBOTO HAacoca ¢ TIOMOIIBI0 MOJISTHPOBAHUS TIe-
pexomHbIx cucteM. OCHOBHOE BHUMAHHE yIEs-
eTcsi MaJoMOIIHOMY TeruioBoMmy Hacocy (TH) c
TEIJIOBOM MOIIHOCTHIO 5.36 kBT. 3manue (ogHO-
ceMeiHBI oM momanso 140 M%), koTtopoe
paccMaTpuBaeTCs B 3TOW CTaThe, HMEET MOTPeo-
HOCTb B OTOIUICHHMHM TOMELIEHUS  OKOJIO
45 xkBr-u/m* B rox. Ha ocHoBe 00bIMHOM cHCTe-
Mbl TH ¢ BO3IyIIHBIM HCTOYHUKOM W mMapal-
nensHOUM cucteMbl TH ¢ CONHEUHBIM BO3yI-
HBIM HCTOYHHKOM OIPENENAIOTCS M aHAIU3HPY-
IOTCSl TIOCJIeIOBATENbHBIE PEIIeHHus i1 KOMOu-
Hauuu cucteM conHeunbix TH. na paccmotpe-
HUS U OLICHKU PA3JIUYHBIX CHCTEM C IMOMOIIBIO
MOJIEJTMPOBAHHS TIEPEXOIHBIX CHCTEM HCIIONb3Y-
etcs nonyduzndeckas moaens TH, kotopas maer
BO3MOXHOCTb HCIIOJNb30BaTh JiBa HCIAPUTEINS
nocienoBatenbHo. C KOMOMHHPOBAaHHOHN Tapall-
nenpHOM cucteMoir TH ¢ cosiHEeUHBIM BO3IyII-
HBIM HCTOYHUKOM IPOU3BOJUTEIBHOCTb CHUCTE-
MBI (SPF = 3.65) MoxeT ObITh 3HAUNUTENBHO yBE-
JTUYCeHA TI0 CPAaBHEHUIO ¢ 00bIHOM cuctemoit TH
¢ BO3aymHBIM nuctouyHUKOM (SPF = 2.55). He-
OCTEKIIEHHBIE COJIHEUHBIE KOJUIEKTOPHI C CelleK-
TUBHBIM TIOKPBITHEM TOTJIOMIAONINX IMaHeNIeH B
KauecTBe uctounuka i TH uMeroT npenmyiie-
CTBO, 3aKJIFOYAIONIeecss B TOM, YTO KOJIIEKTOP
MOJKET MCHOJIb30BAaThCA KaK BO3AYIIHBIN TerIo-
oOMeHHUK. [Ipy HaIWYMM COJIHEYHOrO M3ITyde-
HUST MOXKHO JOCTUYh OOJiee BBICOKHX TeMIIepa-
Typ Ha ucnaputene TH mo cpaBHeHHIO ¢ 0OBIU-
HOH cuctemoii TH ¢ BO3AYyIIHBIM HCTOYHHKOM.
WHTEeTpanus TakuxX COJTHEYHBIX KOJUIEKTOPOB B
KadecTBe ucTouHuka i TH mo3Bosser 3Haum-
TEIbHO TOBBICUTH €r0 IMPOU3BOJUTENBHOCTD
(SPFHP yBennumBaetcs ¢ 3.25 o 3.55 mo cpas-
HEHHIO ¢ 00br9HOM cuctemort TH ¢ Bo3mymTHBIM
HUCTOYHUKOM).

B [8] cpaBHUBaIOTCS M UCCIEIYIOTCS C TO-
MOIIBI0 MOJICTMPOBAHHS Pa3iIdHble KOMOWHA-
UM COJHEYHBIX CHUCTEM W TEIUIOBOIO Hacoca.
IIpennoxens! pemeHus Aas 0OAHOCEMEWHBIX J0-
MOB. OCHOBHOE BHUMAaHHE YIENSETCS Majo-
MOIITHOMY TEIIJIOBOMY HACOCY C TEIUIOBOM MOIII-
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HOCcThIO 5.36 KBT. 31anue (omHOCEMEWHBINH AOM
momaneio 140 M?), KOTOpoe paccMaTpUBAeTCs B
STOW CTaThe, UMEeT MOTPEOHOCTh B OTOIUICHUU
noMereHus okoio 45 kBt -u/mM? B Toj. Iupoxoe
pacmpoctpanenue B ctpanax CHI' moxyumio pe-
TYJIUPOBAHHE IO TEMIIEpaType Hapy>KHOTO BO3-
nyxa. C TOUKH 3peHHs] TEOPUH YIPABJICHHUS IO-
JOOHOE peryJMpoBaHHE pPeanu3yeT Pa3OMKHY-
THIN TIUKIT yOpaBiicHus (0e3 oOpaTHOW CBSI3U I10
peryaupyeMoii KoopAauHaTe), ero MpuMeHEHHE B
CPaBHEHHU C 3aMKHYTBIM ITUKJIOM YIPaBICHUS
oOecrneunBaeT Ooee HU3KYIO TOYHOCTH. Takke
peryiavpoBaHUe [0 TeMIlepaType Hapy>KHOTO
BO3/yXa HE YYHMTBHIBACT BIMSHUS ObICTpOAEH-
CTBYIOIIMX BO3MYLICHWI: BETpa, COJIHIA, BHYT-
PEHHUX TEIUIONOCTYIIEHUH OT JIIOAEH U dJIeK-
TpOnpuOOPOB U T.1.

Mertoauueckoil OCHOBOI MOBBIILICHUS Kaye-
CTBa pETyJIUPOBAHUS OTOIUICHUS SIBIISIETCS pea-
JU3aIys 3aMKHYTBIX KOHTYPOB ¢ 0OpaTHOM CBS-
3bI0 10 PETyIUPYEeMON KOOpIWHATE — TeMIlepa-
Type BO3JyXa B TMOMEIIEHHSX 3AaHus. Tero-
THJPaBIMYECKHE MPOIECCH B 3AaHUU 00JaJaloT
OOMBIION HMHEPIIMOHHOCTHIO, MUMEIOT HEJIHHEN-
HBIA W pacIpeeIeHHBIA XapaKTep, OIBEPKEHBI
0OJBIIOMY KOJHMYECTBY BO3MYIIAIOMINUX (aKTo-
pOB, TIpsSIMOE HM3MEpPEHHE KOTOPHIX KpaifHe 3a-
TPYOHHUTEIHHO HA TPaKTHKe. YKa3aHHBIE OCO-
OCHHOCTH OTPaHUYUBAIOT BO3MOXKHOCThH TpHMe-
HEHHsI B CHCTEMax aBTOMATHYECKOTO YyIpaBlie-
HUSl OTOIJICHHEM 37]aHHWi THIIOBBIX allTOPHUTMOB
perynupoBaHusl ¢ 0OpaTHON CBS3BIO MO TEMIIe-
patype BO3llyxa B MOMEIICHUSX M KOMIICHCAIH-
el JeHCTBYIOIINX BO3MYILIECHUM.

PaccMoTpum BiMsiHHME 3aKOHOB PETYIUPO-
BaHUsI TEMJIOBOTO pPEXHMMa 3JIaHHWH: KauecTBEH-
HOTO, KOJIMYECTBEHHOTO H KOJHMYECTBEHHO-
KauyeCcTBEHHOro Ha cxemy TH u ero 3akoHsl pe-
ryaupoBaHust. i 3TOro paccCMOTpUM HHTErpa-
LU0 3aKOHA PETYIMPOBaHMs Ha OCHOBE OLECHKH
1 oTpabOTKH OBICTPONIEPEMEHHBIX BO3MYIICHUN
[12]. s penrenns qaHHOW 3aJadd Ipejiaraet-
Csl MOJIXO/, OCHOBaHHBIM HAa KOMIICHCAI[MH Tell-
JIOBOW MHEPIMH 3[aHUS M BIUSIONINX HA 37]aHHe
BO3MYIIEHUH TyTeM (HOPMHUPOBAaHUS YIpexKaa-
Iouel OIeHKH 000OIIeHHOro BO3MYILICHHUs Ha
TEMIIepaTypy BO3AyXa B IOMELICHUAX, IMOTY-
YEHHOHN C MCIIOIB30BAaHUEM MPSAMBIX U 00OpPaTHBIX
MoJenell JTUHAMUKH 31aHHS.

Jis onTUMH3aLUU TeMIepaTyphbl TEIIOHO-
CUTENsd MO KPHUTEPHI0 MHUHUMYMa OTKJIOHEHUS
TEMIIEpaTyphl BO3AyXa B MOMEIIEHUSIX OT yCTa-
HOBJICHHOT'O IIpefieNia TMPeUIOKEeH TOAXO0A K
¢dopmupoBanio 3P PEeKTHBHOTO TeMIepaTypHO-
ro rpaduka, OCHOBaHHBII Ha aHaJIM3€ HUCTOPUU
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npoiiecca, HaKarTMBaeMoro 3a TECTOBBIM EPUO/T
U TEepHOJ JKCIUTyaTauuu. B pesynprare Kycou-
HO-JIMHEWHOW  amNNpOKCUMAlWK IOJy4YeHHOTO
s dexTrBHOrO Tpaduka cHOpMHpPOBaH TEMIIC-
paTypHBI TpadMK C JAByMs H3JIOMaMH, YYHTBI-
BAIOIMIMU TIOBBIIICHHBIH YPOBEHb COJHEYHOMN
pamvanuy B MEPUOJ Haydajla U OKOHYAHUS OTO-
nuTenpHoro nepuosa. IIpowsseneHa Bepuduka-
s JTAHHOTO TEMIlepaTypHOro rpaduka, KOTO-
pas 1moKasaja IOBBIIIEHUE TOYHOCTU PEryJIUpO-
BaHUA TEMIICpATyphbl BO3JyXa B IMOMCIICHUU H
yCTpaHEHHE CTaTUYECKOH OMMOKM MpU aHaIn3e
YCPEIHEHHBIX 3a pPaccMaTpHBAaCMBI IIEPUO]
3HAYCHUN TEMIIEpaTyphl BO3/lyXa B IIOMELICHUH,
YTO MOJTBEPIKJAET Ha NMPAKTHKE BO3MOXKHOCTb
NpUMEHEeHUs JaHHOro moaxoxa. Ilpm stom co-
XpaHsAeTCs JOCTATOYHO OOJBIIONH pa30dpoc 3Ha-
YEHUI TeMIIepaTyp BO3AyXa B IIOMELICHUU B OT-
JIeTTbHBIE MOMEHTHI BPEMEHH, YTO YKa3bIBaeT Ha
CYIIECTBEHHOE BIIMSIHUE HA TEMIIEPaTypy BO3IY-
Xa B INOMCUICHHMHU pa3IMYHBIX BO3MYIIAIOIINUX
(haKTOpOB, KOTOpHIE HEOOXOAMMO KOMIEHCHPO-
BaTh COOTBETCTBYIOIINM YIIPABIISIOMINM BO3CH-
cTBHeM. TeMm He MeHee, ccTeMa He JIMIIeHa 00-
HIMX HEJOCTATKOB, NPUCYIIMM CHCTEMaM OTOII-
JEeHUs, a WMEHHO, OTCYTCTBHE KOMIICHCAIINU
BJIMSHUSI COJIHEYHOTO H3JIy4eHHUs mo Qacanam,
OTCYTCTBHE KOMIICHCAIIMM BHYTPEHHUX TEILIO-
BbIACJICHUN B 31aHuu U Ap. [losToMy TerioBoin
HAacoC JIOJDKEH BcCeraa padoTaTh B KOMIUIEKCE C

CUCTEMOM  aBTOMATHU3AIlMM  TEIUIOCHAOKEHUS
3IaHUS.
CTPYKTYPHAS CXEMA
TEIIJIOBOI'O HACOCA

Ha puc.] npuBenena cTpykTypHas cxema
TEIJIOBOTO HACOCA.

Ilon oGo3HaueHmeM «A» TNpHUBEICH BHYT-
PEHHUI KOHTYp TEIJIOBOIO Hacoca, KOTOPbIU
UMEET Pa3NUYHyI0 KOHQUTYpPAIUIO B 3aBUCHUMO-
CTH OT croco0a peryJupoBaHusl TEIJIOBOH
Harpy3kd 3JaHUS: KOJWYECTBEHHOro, Kade-
CTBEHHOI'O MJIM KaY€CTBEHHO-KOJINYECTBEHHOIO.

Tak, mpum KadyecTBEHHOM pEryIHpPOBaHHUH
TEIIOBOTO PEXMMa, TOCIEAHUI oOecreunBaeT-
¢, B MAaKCHUMaJbHOW CTEIEHU HACTpPOHKaMHU
nukia TH ¢ momompio COBMECTHOW pabOTHI U
perynupytouiero kianada PK (EEV), TPB, pe-
TYJIMPYIOIIETro KJIalaHa AaBJeHUs B UCHApUTEIe,
Y TIOJIMETIIMBAIOIIETO Hacoca KOHTypa (puc.l).

[Ipy KOJAMUYECTBEHHOM pEXHME PETYIUPO-
BaHUs TEMJIOBOTO peXHMa B 3[JaHUM OH MOAJEp-
JKUBAETCSl PETYIHPYIOIUM  3JIEKTPOIIPUBOJOM
KOMIIpECCOpa M PETryJIUPYIOLIUM MPUBOJOM
Hacoca NpoOMEXYTOUYHOT'O KOHTYpa.
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FA30OXNAOUTEIDb FA3SOOXNAOUTEIDb
2 CTYMNEHb 1 CTYNEHb
PEW”MPY"OLU,MW GAS COOLER Gﬁssc-:riglé
KNAMAH (PK) 2 STAGE
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LIQUID RECEIVER OMI'IPECCOP
OMPRESSOR
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UCNAPUTENDb
EVAPORATOR
TPB <« AIR HEATER
XV Boaayxo-
HarpeBaTtenb
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Water

3enenwvlii yeem UHUI — 600a, CUHUIL YGEM JTUHUIL — 6030YX, YEPHbLIL YGEH JTUHUI — X]1A0AZeHMm.
Puc.1. CTpykTypHas cxemMa Tel10BOro Hacoca.
Green lines are water, blue lines are air and black lines are coolant.
Fig.1. Block diagram of a heat pump.

[Ipu KoNMMYeCTBEHHO-KaYECTBEHHOM pETYy-
JUPOBAHUM TEIUIOBOM pEXHM OTaITUBAEMOTO
31aHus 00eCTIeYNBaETCs KaK 33 CUET W3MEHEHUS
000pOTOB MPHBOJA KOMIIPECCOpPA, TaK M 3a CUET
W3MEHEHHUS] COCTOSHUS PETyIUpPYIOIINX BEHTH-
neil TermnoBoro Hacoca. MOXHO MPeIoKUTh I
WCTIONB30BaHMsI B 3MIaHUSAX, oTarumBaeMbix TH,
pacuIpeHHblid TpaduK peryiupoBaHHs peXuMa
OTOIJICHUS, OOECHEeUMBAIOIINN MaKCUMAaJIbHOE
UCIIOJIb30BaHUE TEIUIOBOIO MOTEHIMANa TEeIIo-
HOCUTENS, 3aJaHHYI0 TemIlepaTypy BoO3ayXa B
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OTAIlJINBAEMBIX IIOMEIIEHUSIX W MHHUMAILHBIC
3aTpaThl PHEPTHH Ha TPAHCIOPTHPOBKY TEIUIO-
HOocHTENsl. DTOT rpaduK OCHOBAaH Ha KOJWYE-
CTBEHHO-KAYECTBCHHOM 3aKOHE PETryJTHUPOBAHIS
TEIJIOBOTO pPEXHWMa OTAIUIMBAEMBIX  3JaHUM.
[IpumeHneHre pacimpeHHOTo rpaduKa MPUBOIAUT
B OCHOBHOM YacTH OTOIUTEILHOTO IEepHoja K
CHIDKEHHUIO TeMIeparypsl OOpaTHOW BOJBI [0
30-40°C npu HaIM4YUMU JOCTATOYHOrO 3amaca
MOILHOCTH CHUCTEMBI OTOIUIEHHUS, YTO 0OECIIEYH-
BaeT 0oJice MOTHOE OXJIAK/ICHUE U YMEHBIIICHUE
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pacxola TEIUIOHOCHTENs, CHIDKAeT 3aTpathl
3JIEKTPOPHEPTUH Ha TIPUBOJI CETEBBIX HACOCOB
WCTOYHHKA TETUIOCHA0)KEHUSI W TEIJIOBBIE TMOTe-
pu B cetu [9].

Paccmorpum  TemmepaTypHblii  rpaduk
75/30 Ka4eCTBEHHOr0 PEryJUpOBaHHUS TEMIIECpa-
TypBI ceTeBoi Bonbl. M3 paccmoTpenus rpaduka
CIeJlyeT, UTO IPH TeMIIepaType Hapy>KHOTO BO3-
nyxa muayc 16°C TemmepaTypa oOpaTHOU ceTe-
Boi1 Bozsl coctaBuT 30°C.

B pabGorte [5] npeanoxeHO YCTaHOBHUTH
Mexay TPB u kommpeccopoM peryiupyromuii
BEHTWJIb «JI0 ce0si», KOTOPBII obecrieunBaeT 3a-
JaHHOE JIaBJICHUE HAa BXOJAE B UCIIAPHUTENb U MH-
HUMAJIbHOE BIIMSHUE PacXoja XJagareHTra Mpu
crabunuzanuu nasnenus TPB.

Hns paccmarpuBaemoro ciayyas TPB pon-
JK€H OBITh AJIEKTPOHHBIM, C TeM 4TOOBI obecre-
uuth [IM-3aKk0H perynupoBaHus neperpesa xJja-
JlareHTa.

TEPMOJIUHAMWYECKHWHA ITAKJI
TEINJIOBOI'O HACOCA

Ha puc.2 npusenens! Tpu nukia bBTH npu
TeMIIepaTypax Hapy>KHOro Bo3ayxa MUHyC 16°C
(1. 1-2-3-11-10), 0°C (T. 4-5-6-11-10), 8°C
(tt. 7,8,9,11,10).

[IpuBeneHHbIC LUKIIBI MIPEIHA3HAYECHBI AJIS
paboThl ¢ TeMmeparypHbIM TrpaduKoM Kade-
CTBEHHOTO PETYJIMPOBAaHHS TETUIOBOTO PEXHUMa
75-30. Touku 10-11 COOTBETCTBYIOT HCHApUTE-
mo, 10-1,10-4, 10-7 — xomnpeccopy, 1-2, 4-5, 7-
8 — mepBoil cTymeHu razooxjaaurens, 2-3, 5-6,
8-9 — BTOpOH CTYIIEHU Ia300XJIaIUTENS.

Ileperpes ucmapuresns npeiaraercst pery-
JMPOBATh 32 CYET PETYIHUPOBAHUS TEMIIEPATYypPhI
BO3/1yXa, OMBIBAIOLIECTO HCHAPUTENb NP 3aJaH-
HOM Temmeparype oOpaTHOW CeTeBOH BOJBI
(OCB). Cpenu paboT, TOCBSILIEHHBIM PETYIHPO-
BAaHHUIO peXuMa PabOTHl TEMJIOOOMEHHUKOB OT-
metnMm [15-19].

B cxeme nmpeaycMoTpeHO cTaOMIU3HPOBATh
MOJIOKEHHE PadOUYMX TOUEK HCHApUTENS B LIUKIIE
3a cueT: perynupoBaHus pacxoga OCB wu
Hapy>KHOI'O BO3yXa, a TAKXKE 3a CUET PEryJIupo-
BaHUs pacxojia BO3JyxXa, MOJAaBAeMOr0 Ha BTO-
PYIO CTyIleHb Ta300XJaanuTeNsl. 3aganHasi TeMIie-
paTypa XJaJareHTa Ha BBIXOJ€ BTOPOH CTYIEHU
ra3o0XJafuTeNs B 3aBUCHMOCTH OT TeMIIEpaTy-
pPBl Hapy>XHOTO BO3[yXa, B OOLIEM BHUIE, 3aIlH-
CBIBAaeTCA B BUJIC YPAaBHCHHUS:

M

tout_2 = f(text!PGC)a

rue,
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t,, — TEMIIEpPATypa Hapy>KHOI'O BO3yXa,
P, — AaBleHHE ra300XJIaJuTess B 3aBUCUMOCTH

OT TeMIIepaTyphl HAPY>KHOT'O BO3/IyXa.

[epenaTtounas QyHKIMS TEII0OOMEHHUKA
[0 KOOpAMHATaM ““pacxoji Bo3ayXa, TeMIreparypa
xynamareHnTay umeet Bug [10,12]:

CTyp) 1=
Gp) (Lp+)(Tp+1)’

W(p) 2

MopenupoBanue padOTHl JaHHOW Tepena-
touHoi ¢ynkuuu c¢ [IU- u ITUA-perynsropam
ONTUMAJIbHO HACTPOECHHBIMH COTJIACHO METOMU-
ke, mpemnaraemoir MATLAB, mokasaio, 4To Ta-
kas 3aMmkHyTass CAP sBnsercs yctoiuusoit. [le-
PEXOIHBIN MpoLecc He 00NanaeT nepeperyaupo-
BaHMEM. J[IUTEILHOCTh MEPEXOJHOro Mpolecca
COCTAaBJIACT HpH6HI/ISI/ITeHBHO TpUu MaKCUMaJlb-
HbIE MOCTOSIHHBIE BPEMEHH OAHOUWIEHOM, CTOS-
KX B 3HaMeHarene. 3afgadaM peryJIHpOBAHUS
meperpesa rasza Iocjie UCIAPUTENlsl MOCBSIICHO
MHOTO PaboT. 37eCh OTMETUM TOJIBKO [36-41].

s oGecriedeHnst HEOOXOAMMOTO 3HAYCHUS
BEJIMYMHBI TIEperpeBa Tasza IOCle HCHapUTeIs
MOKHO HCIIOJIb30BaTh: I[OHOHHHTeHBHBIﬁ KOM-
IPECCOop € MOIIHOCTBIO MPHOIH3UTENBHO 25% OT
MOIITHOCTA OCHOBHOTO KOMIIPECCOpa, TErI000-
MEHHUK, OTOHMPAIOIINA TEIIOTY OT BO3AyXa K
XJIAJJareHTy, BBIOOP ONTUMAILHOW TEMIEepaTyphl
UCTIAPUTENS TIPH MaKCUMAIbHOW TeMIepaType
BOJIbI B OTONHTEJIHEHOW CHCTEME, NOMOJHHUTEIb-
HYIO TEIUJIOTY OT COJHEYHBIX KOJUIEKTOPOB IS
mojorpeBa xyajgareHrta. s TemrepaTypHOTO
rpaduKka  KOJMYECTBEHHOTO  pETyIUPOBAHUS
110/60 Bemymiero 3maHuss U TEMIIEPATYPHOTO
rpaduka 75/30 mis BeqOMOTo 3[aHUs, TEMIIepa-
Typa XJaJaresra B ucmapureine cocraBmina 15°C
pu pasyeHun 5 MITa.

Brei6op xoopaumHat paboumx Touek 10-11
UCTIAPUTENS OTpeAeTsieTcs TeM TpeOOoBaHHEM,
4T0o0bI T. 11 HaxoaUIach rapaHTUPOBAHHO JIEBEES
JIMHUY HaCBIIEHUs AUOKcHaa yriepoaa Ha H(P)
JIuarpamme.

310 00OCHOBBIBaETCSI TeM TpeOOBaHUEM,
4yTOoOBl Perylupyromuil kinaman paboran Ha Of-
Hodazuoit cpene. Betdop P u T xoopaunat 1. 10
ompenenseTcss TpeOoBaHWEM, YTOOBI TOYKH, Jie-
xamue Ha u3zodHTpore 10-1 (puc.2), Obin pac-
MOJIOKEHBl  MPUOJIM3UTENBHO  KBHIMCTAHTHO
JIMHUY TEMIIepaTyp MpsIMOil CeTEBOM BOJBI OTall-
nuBaeMoro 3aaHus. [laBieHuwe, MOJ KOTOPBIM
HaXOIUTCA CpeAa B HCIapuTeNe ONpeAeisercs
TeM TpeOoBaHHWEM, YTOOBI 3HAUEHHE BEITMYUHBI
meperpesa rasza ObuI0 B mpenenax 5-6°C u 3Ha-
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YeHHE BEITUYMHBI TEMIepaTypsl ra3a B T. 10 mo-
TpeboBasio ObI MUHMMYMa pacxoja TOIUIMBa Ha
TOIl nmns momorpeBa OOpPaTHOW CETEBOM BOIBI
(OCB).

3aBHCHMOCTD SHTAJIBIHH 0T AaBJienns H(p)

=30
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2
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-400
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Puc. 2. TepmoauHaMuyecKHe IMKIIbI TEMJI0BOr0 HACOCa JJIsl OTAEJIbLHBIX TeMIepaTyp BO3AyXa.
Fig.2. Heat pumps thermodynamic cycles for individual air temperatures.

MCIOJIb30BAHUE COJTHEYHOM
SHEPI'MM B CUCTEME
TEIIVIOCHABKEHUS C T'MBPU/IHBIM
TEINJIOBBIM HACOCOM

Cucrema TeIUIOCHAOXKEHHUS C TEIUIOBBIM
HacocoM TpeOyeT Haluuusl [BYX HCTOYHUKOB
SHEPruU: UCTOYHMKA PHEPIHU Ha NPUBOJ, TEIUIO-
BOI'0 HAacOCa U MCTOYHMKOB HU3KOMOTEHIMAIBHO-
rO TeIuIa, UCHOJIB3YyeMOro TeIUIOBBIM HacocoM. B
000MX ciyJasix JUIs JONOJHUTEIBHOTO 3HEpro-
CHa0>XEHUSI MOKET OBbITh HMCIOJIb30BaHA COJIHEY-
Hasg SHeprus. OQQeKkTHBHOCTH U Iierecoo0pas-
HOCTh €€ WCIOJIB30BaHUS TpeOyeT OTAEIBHOIO
aHaIM3a.

B kadecTBe MCTOYHMKA HHU3KONOTEHLIMAIIb-
HOT'O TeIUla Ul TEIUIOBOTO Hacoca pPacCMOTPUM
BOJIy, HarpPEBAEMYIO B COJHEYHBIX KOJJIEKTOPAX
U TO0JaBAaEMyI0 M3 HHX B 0aK-aKKyMyJIATOD.
LIMpKyISMOHHBI HAcoC BKIIOYaeTCs OJIOKOM
ABTOMATHKH, KOTJa TeMIlepaTypa BOJbI B KOI-
JIEKTOpE NpeBbIIIaeT €€ TemiepaTypy B Oake
(06bryHO Ha 15-20°C ¢ y4yeroMm TOro, 4ro mpHu
OTCYTCTBHM TPOKAYKH BOJAa B KOJUIEKTOpE
HarpeBaeTcsl CHibHee, YeM NpPU HAIWYHUU TPO-
Ka4yKH), ¥ BBIKJIIOYAETCs, KOTJa TeMIeparypa Ha
BBIXOJ/I€ U3 KOJUIEKTOPA CPaBHUBAETCA C TeMIIe-
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paTypoit Boasl B Oake. Harpyskoif BomoHarpesa-
TeJIs ABJSIETCS TEMII000MEHHUK TEIJIOBOTO HACO-
ca, OT KOTOporo B 0ak MPUXOIUT BOJIA C TeMIIe-
patypoil 30°C, u Ha KOTOpPBIA MoJaeTca BOAa C
temneparypoit 35°C. Ecnu TemmnepaTypa BOIbI B
Oake nipeBbimaeT 35°C, oHa pazbaBisieTcs TPHUI-
HATUTPAJYCHOM BOAOH OT TEIUIOOOMEHHUKA, ec-
i Temnepatypa Hike 35°C, COMHEYHBI BOJIO-
HarpeBatellb OT Harpy3KH OTKIo4aeTcs. Pacxon
BOJIBI B KOHTYpPE COJIHEYHOTO KOJUIEKTOpa IMO[-
nepkuBaeTcs paBHbIM 40 Kr/mM’4, B KOHType
Harpy3Kky — ompeJelsieTcs BeTUUYUHON Harpys3Ky,
IPONOPLUOHAILHON Pa3HOCTH TEMIEpaTyp B
nomemeHnu (21°C) u TemrepaTypbl HapyKHOTO
Bo3ayxa. Pacuernas narpyska (mpu munyc 16°C
[t r. Kunyzesa) ¢ yueTom Hanu4us TEIIOBOTO
Hacoca cocraBuwia 700 kBt. M3-3a oTHOCUTEIBHO
HU3KUX pabovrX TeMIlepaTyp HpUMEHEHBI IJI0C-
KHE€ COJTHEYHbIE KOJIJICKTOPBI, TUIMYHBIE Mapa-
METpbI KOTOPBIX ompesenensl B [25]. KomnexTo-
pPBl CUMTAIOTCA OPHUCHTHUPOBAHHBIMH Ha IOT H
YCTAQHOBJICHBI IOJl YIJIOM, NPUMEPHO PaBHBIM
IMpoTe MecTHOCTH (45°), uTo 61m3Ko K obecrie-
YUBAIOIIEMY MaKCHUMaJbHYIO TOJOBYIO BBIpa-
ootky teroia [20].
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OnucaHHas BBILIE CXeMa SBIACTCS MPO-
CTEHIICH, HO TO3BOJSICT OICHUTHL BO3MOXKHBIN
BKJIAJ] COJIHEYHOI SHEPrHH B TEHEPAIHIO TeTUia
JUIL €0 MWCIOJb30BaHUS TEIJIOBBIM HACOCOM.
[TommydeHHbIe MOJIENUPOBAHUEM B CHUCTEME M-
HAMHUYECKOTO MOJEITUPOBAHMS yCTaHOBOK BO3-
oOHoBisieMoit »Hepretukn TRNSYS [20, 26]
MaKCUMAJIBHBIE IO  TIOKPBITUS  TEIJIOBOH
Harpy3Ku NpuBeAeHbI Ha puc. 2. HeoOxoammo
OTMETHTh, YTO JJIsi TAKOTO TIOKPBITHS Harpy3KH
HEOOX0IUM 0aK-aKKyMyJATOp OYEHb OOJIBIIOrO
oovema (mo 140000 wm®), ommako mpu ero
yMeHBIICHUH 10 pasyMHBIX 100-120 M3, moms
MOKPBITHS HArPy3KU CHIKACTCS HE3HAUNTENBHO.
Tem He MeHee, uig MOKpBITHS XoTs Obl 20%
Harpy3Kkud TpeOYyIOTCA COJIHEYHBIE KOJUIEKTOPHI
o0miei momanpo nopsaka 1000 M2, J{ns Ten-
JOocHaOXKEHUSI OJHOTO 3AaHUsl 3TO — H3JIUILHE
nmoporoe pemenue. Kpome Ttoro, pasmemnienue
npuMepHo 500 KOJIEKTOPOB Ha KPHIIIE 3TaHUS
(TMnMYHAs IUIOLIagh COBPEMEHHOTO IIOCKOTO
COIIHEYHOTO KOJUIEKTOpa — 2 M?) — OTJeNbHas
HETnpocCTas 3a/1a4a.

-
B (2] © O
o o o O
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Puc. 3. JloJist NOKPBITHSA HATPY3KH B 3aBUCUMOCTH

OT IJIOIIAAH COJTHEYHBIX KOJJICKTOPOB.
Fig.3. Share of load coverage depending on the ar-
ea of solar collectors.
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B ornuume OT CONMHEYHOro KOJIJIEKTOpa,
conmHeYHas Oarapesi MOXKET CIy)KUThb HCTOYHH-
KOM 3HEPrUH JJIsl IPUBOJa TEIUIOBOrO Hacoca. B
nociegHee BpeMsl CTOMMOCThH (POTOdNeKTpuye-
ckux Momyner (POM) CHIBHO CHHU3WIACh H
MIPOTOJDKACT CHIDKATHCS [27]. DTO MO3BOJISET HE
MeHee 3((EeKTHBHO, YeM C MOMOIIBIO COJIHEY-
HBIX KOJJIEKTOPOB, BBIpa0aTHIBATh U3 TE€HEPHPY-
€MOH MMM DIIEKTPOIHEPTHU TEIIO ¢ TOMOIIBIO
anekTpoHarpeBateneit [28, 29]. Onnako ®IOM
JIOJDKHBL ropasno 3¢ dextuBHee paboTaTh B
CBSI3KE C TEIUIOBBIMHA HACOCaMH, TIOCKOIBKY 3a-
TPaThl SHEPIHH HA MPUBOJ CYIIECTBEHHO MEHb-
e KOJIMYecTBa IepeKadnBaeMoro Temia. B
YaCcTHOCTH, B HAIlIeM CJIydac MUKOBasi MOIIHOCTh
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MpHUBOJA TEIIOBOro Hacoca coctasisieT 220 kBT,
a cpeaHsst (eciy B MEPBOM MPUOMIKECHUH CUH-
tath COP noctosuubM) — 125 kBT.

Pacuer BBIpabOTKM  (DOTORNEKTPUIECKUX
MOJyJIed TPOU3BOAWICA C MPUMEHEHHEM OJIHO-
JMUOTHOW TISITUTIapaMeTpudeckoil momenun OOM
[20, 30], xopomio ommceIBaromiel Hauboee pac-
npoctpaneHHble kpemuueBble OOIT [31] u peann-
3oBanHoii B TRNSYS. B kauecTBe HMCXOIHBIX
JIAHHBIX, KaK U IPH pacueTe BhIPaOOTKH TeIlIa
COJTHEYHBIMH KOJUIEKTOPaMH, HCIOIh30BAINCH
BPEMCHHBIC PSAIBI YaCOBBIX AKTHHOMETPHUYCCKHX
U METEOJaHHBIX B ()OPME TUIIMYHOTO METEOroja
[20] mu B BHle MHOTOJIETHUX BPEMEHHBIX PSIIOB
AKTHHOMETPHYECKUX F METEOPOJIOTHICCKUX JaH-
HeIX [32, 33]. PaccuutsiBanics cpeaauit mjst 6 co-
BpeMeHHBIX @OM K0a(pPHITUEHT HCITOTB30BAHUS
ycraHoeienHor momHocTH (KWUUYM; oH oueHb
c1ab0 3aBUCHT OT THIIA MOYJIsI, TOATOMY YA0OEH
JUTst O0OOIEHHBIX OIICHOK).

[Tonyuennsie 3nauenuss KUYM mns r. Ku-
IMHeBa cocTaBisiioT 14.9—15.6% (npu ycTaHOBKe
OOM mon yrmamu 40-56°, onTUMATBEHBIMUA JIS
KpYTJIOTOUYHON 1 3UMHEN paboTel DOM) — s
TOJIOBBIX 3HaYeHW, U ipuMepHO 10% — mmst 3um-
Hel (SHBapb—MapT, OKTAOpb—IIeKaOph) pPabOTHI
OOM. PesynbpraThl OKa3bIBAIOT, 9TO IJIsi 00ec-
MeYEHMs] CPeTHEN MOIIIHOCTH TPUBOJIa TETIOBOTO
Hacoca B TEUSHHE OTONHMTEIBLHOrO Mepruoaa Heoo-
XOJMMa  COJIHEYHas  Oarapes  MOIIHOCTBIO
1.25 MBT — nipu €€ paboTe TOJBKO B 3UMHHA TIe-
puoa — uiu okoio 850 kBT — npu kpyrioroauy-
Hoii pabote. O0a 3TH 3HAYCHUS, KaK U TUIOMIA/Ib
COJTHEYHBIX KOJIJIEKTOPOB, MaJ0 PeaTn3yeMsbl, T.K.
Tpebyemoe s 3Toro KommdecTBo @OM (Makcu-
MaJlbHasi MOIIHOCTh CPEIU PacCMOTPEHHBIX MO-
nyneilt cocraBuia 665 BT, COOTBETCTBEHHO, Tpe-
oyercs ycranoBuTh 1200-1900 ®OM), omHako,
€CITH, KaK M BHIIIIE, COCPEIOTOYNTHCS Ha YacTU4-
HOM IIOKPBITUU HArpy3Kd, TO, Hampumep, s
20% KOJMYECTBO MOJYJICH, KOTOpPhIe HEOOXOIH-
MO YCTaHOBHTH, cocTaBUT 240-380, uro yxke
BITOJIHE BO3MOYHO.

OTnenbHBIM BOTIPOCOM TIPH UCIOIB30BAaHUH
(hOTORNEKTPHYECKUX MOJYJIeH ocTaeTcs aKKyMy-
JTUPOBaHUE TEHEPUPYEMOW UMH JJIEKTPOIHEPTHUH.
JlokanpHOE aKKyMYJIHpOBaHHE C TPUMEHEHHEM
JNEKTPOXUMHUIECKIX aKKyMYJISITOPOB MPHU TPeOy-
€MBIX MOIIHOCTSX MOJYYHUTCS OYEHb OPOTHM, U
c/IeJlaeT BCIO YCTAaHOBKY HepeHTalOenbHoW. EnuH-
CTBEHHBIN pa3yMHBII BbIXOJ — B3aUMOJECICTBHE C
CeThlo, TpeOyloliee IOMHUMO  TEXHHYECKHX
CPEICTB COMPSDKEHUS eMI€ M HaUYhs COOTBET-
CTBYIOIIMX HOPMATUBHBIX aKTOB, PErJIAMEHTHDPY-
IONIMX Tepeady TeHepUpyeMOH JIOKaTbHBIM 00b-
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€KTOM DJIEKTPOSHEPIUU B ceTh (B TOM 4YHCIIE Ha
BpeMsi), OCOOCHHO €CIIi TeHepamus OyIeT ocy-
IIECTBIIATECS B T€UEHHE Bcero roja. Hempss cka-
3aTh, YTO JAOMOJHHUTENbHAS TeHEPALHs 3a CUeT He-
CTaOMIIbHOM BO BPEMEHHU COJIHEYHOM SHEPIHU IS
CeTH OJHO3HAYHO TIOJE3HA, OIHAKO COOTBET-
CTBYIOIL[IE HOPMAaTHBHBIE aKThl UMEIOTCS BO MHO-
THX TOCYIapCTBax.

Takum o00pa3oM, TPUMEHEHHE COJHEYHBIX
KOJIJIEKTOPOB BMECTE C TETJIOBBIMHA HACOCAMH ISt
OTOIUICHHSI MHOTOKBAaPTHUPHBIX JIOMOB B YCIIOBHSIX
MonoBBl TEXHUYECKH M SKOHOMHYECKH Hellesie-
coobpa3Ho. B 1o ke Bpems (oTodNeKTpHIecKast
TeHEepalysi MOMKET COKPAaTHTh 3JIEKTPUUECKYIO
Harpy3Ky B YacTH BHEPIUH, 3aTpauylBacMoOil Ha
MIPYBOJI TEIUIOBOTO Hacoca. Vcronb3oBaHne KOM-
OounmnpoBanHeix PV/T cucreM, no-BuauMOMYy, TaKk
JKE€ HeleNecoo0pa3Ho, KaK U COHEYHBIX KOJIIeK-
TOPOB, MOCKOJIBKY OHH CTOJIb JK€ CJIOKHBI B MOH-
TaXke U 0OCITyKUBAHHH.

3AKIIOYEHUE.

1. OO6ocHOBaH BBIOOp MapaMeTPOB TEPMO-
JUHAMHYECKOTO IHWKJA U1 TEIJIOBOTO HAacoca,
MpeTHA3HAYeHHOTO JJIsI OTOIUICHHS 3aHUs C Ka-
YCCTBCHHBIM, KOJIMYCCTBCHHBIM M Ka4CCTBCHHO-
KOJIMYECTBEHHBIM 3aKOHAMH YIIPABIICHUSI.

2. YCTaHOBJIEHO, 4YTO JJI CTAOMIM3ALMHU
TEMIIEpaTypbl Ha BBIXOJE BTOPOH CTYIEHH ra3o-
OXJIAIUTCIIA  «BO3AYX-XJIaAarcHT» HCII0JIb30Ba-
Hue [IU-TITM]] perynsaropa sBASETCS OCTATOY-
HBbIM.

3. TlpumeHeHHE COITHEYHBIX KOJUIEKTOPOB
BMECTE C TEIUIOBBIMH HACOCAMH [UIS OTOIICHHS
MHOTOKBapTHUPHBIX JIOMOB B YCIOBHUSX MOJITIOBEI
TEXHUYECKU U 3KOHOMHUYECKU HEIENIeCO00pa3HoO.
B 10 *e Bpems (oTo3neKTpHUecKas TeHeparus
MOJKET COKpATHTh DJEKTPHUYECKYI0 HArpy3Ky B
YacTU DHEPTUH, 3aTpauuBaeMON Ha MPUBOJ TeIl-
JIOBOro Hacoca. Mcrnonb3oBaHre KOMOMHUPOBAH-
HeIX PV/T cucreM, mo-BuguMoMy, Tak ke Helle-
Jecoo0pa3HO, KaKk M COJHEYHBIX KOJUIEKTOPOB,
MIOCKOJIBKY OHHU CTOJIb K€ CJIOXHBI B MOHTaXXE U
00CITyKNBaHHH.
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