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Paszpabomana MemoouxKa, N03601A10U4 AL ONMUMUZUPOBAMD busanenmmyio
MOHOIHEP2eMUYECKYI0 CXeMy CUCeMbl OMONIeHUs C Menjlo8blM HACOCOM, UCHONb3YIOUWUM
ammocghepnvill 8030yX 8 Kauecmee HUZKONOMEHYUANbHO20 UCMOYHUKA meniomvl. B kauecmee
onmumusupylowjel QyHKyuyu npuHAmMa GeIUYUHA NPUBCOEHHLIX 3aMpam MmenioHACOCHOU CUCTEMbl
OMonieHus, 8 Kaiecmee ONMUMUIUPYIOWe20 (akmopa - memnepamypa OualeHmMHOCMU,
PACCUUMAaHHAsL 0115 KOHKPEMHOUMOOeTU MenioHACOCHOUYCMAaHo8Ku. Memoouxka no3eonsem nouyuums
Ppayuonavhsie Yciosus O NPOeKMUpOo8anus pacCmMampusaemol CUcmemsbl OMONLeHUs U PeHCUMO8
eé IKCNIyamayuy ¢ moyKuy 3peHus 6b100pa ONMUMAIbHO20 COOMHOUEHUSI MeNCO) eOUHOBPEMEHHBIMU
KanumanbHuIMU 3ampamamu Ha MenjioHACOCHYI0 YCIMAHOBKY U SKCHIYAMAYUOHHBIMU 3aMPamami 6
meyeHue paciemHno2o nepuood.

Pospobrena memoouka, wo 0036o1s€ onmumizyeamu 0i6aAIEHMHY MOHOEHEPSEMUYHY CXeM)

cucmemuy ONANIOBAHHA 3 MENIO8UM HACOCOM NOGIMpPs-600a. Y axocmi onmumizyiouoi @yukyii

NPUUHAMA  BeIUYUHA PIYHUX NPUBEOEHUX GUMpam, a ONMmuMisyryo2o Gakmopy nputiHama
memnepamypa 0i6aieHmHOCI, KA PO3PAx08aHa Osi KOXCHOI MOOeli MenjoHaACOCHOI YCMAaH08KU

3 0anux eéapianmis. Memoouxa 0036013€ ompumamu payioHanbHi yMoeu OJisl NPOEeKNy8aHHs 0aHOT

cucmemu ONAIOB8AKHS | peHcuMis ii excniyamayii 3 no2isioy eubopy OnMUMAaIbHO20 CNiBGIOHOUIEHHS
MidHC OOHOPA308UMU KANTMATLHUMU GUMPAMAMU HA MENTOHACOCHY YCMAHOBKY | eKCNLyamayiuHuMu
BUMPAMAMU NPOMALOM PO3PAXYHKOB020 NEPiody.
Beenenue

3HAYUMOCTb HCTIOIB30BaHUS TETNIOHACOCHBIX YcTaHOBOK (THY) B kauecTBe TermioreHeparopon
B aBTOHOMHBIX CHCTEMaX )KMU3He00ecrieueHusI 00bEKTOB KHIIIUITHO-KOMMYHaIIbHOTO X03stcTBa (QKKX)
J0Ka3aHa UX IIUPOKOMACIITAOHBIM IPUMEHEHUEM B MUpe. J{eCSITKHM MUJUTMOHOB TEIUIOBBIX HACOCOB,
SKCIUTyaTUPYEMbIX B Pa3HbIX CTPaHaX B CUCTEMax OTOIUICHMS, KOHIWLIMOHUPOBAHUS, BEHTWISALIUU
U TOPSYEro BOAOCHAOKEHUS, MO3BOJSIOT SKOHOMHUTH JAEPHUIMTHOE W BCE BO3pACTAIOLIEE B IIEHE
OpraHMYECKOE TOILJTMBO, CHIDKATh 3arpsi3HEHUE OKPYXKAIOIICH Cpefbl, yaydllarh YCIOBHS pabOThHI
u ObiTa HaceneHus. [lpu mporHo3upyeMoM HCTOIIEHMM 3allacoB HCKONAeMOIo YITIEBOAOPOIHOIO
TOIUIMBA YK€ B 21 Beke, BHEPEHHUE TEIUIOHACOCHBIX TEXHOJIOTHI pacCMaTpUBAETCs KaK aJIbTEpHATUBA
TPaIUITMOHHOMY TeruiocHaOkeHno. CommacHO TporHo3aM MeXIyHapogHOTO DHEPreTHYECKOTO
Komutera, x 2020 romy no 75 % MHpOBBIX CHUCTEM OTOIUIEHHS OyAyT HCIOIB30BaTh MMEHHO
TEIUIOHACOCHBIM MPUHIUI F'€HEepalli KOMMYHAJIbHOM TEIUIOThl. YKpPaWHE, K COKAJICHHUIO, TOJIBKO
el MpeACTOUT OCBOEHHUE TEIUIOHACOCHBIX TEXHOJOTHH M, TaK KakK MOKa y HaC HET COOCTBEHHOIO
MIPOM3BOACTBA TEIJIOHACOCHOTO 000pYIOBaHHUs, OTBEUAOLIEro Mo 3(p¢GEeKTUBHOCTH U HAJEKHOCTU
COBPEMEHHBIM MHPOBBIM CTaHAApTaM, MPUXOJUTCS HUCIOJIb30BaTh B OTEUECTBEHHBIX MPOEKTaX
MOJIEJIH TEIJIOBBIX HACOCOB 3apyOeXHbIX (PUpPM, aKTUBHO MOSBISIFOIIMXCS HAa YKPAWHCKOM PBIHKE
B noclieqHue rofpl. OJHAKO BBICOKAsi CTOUMOCTh UMIIOPTHBIX TEIUIOBBIX HACOCOB SIBISIETCS OQHOM
W3 TPUYUH, CAECPKHUBAIOIINX WX IIMPOKOe BHeIpeHHe. [IoMUMO BBICOKOW CTOMMOCTH COOCTBEHHO
TEIUIOBOTO HACcOCa, CyMMapHbIe KanuTaloBiokeHus B THY cymiecTBeHHO 3aBUCAT OT BbIOpaHHOU
MOJICUCTEMBI 0TOOpa HU3KOMOTEHIUANBbHON TEIUIOTHl. [Ipy HCIoNb30BaHNU B Ka4eCTBE MCTOYHHKA
HU3KOIOTEHI[MAIbHON SHEPTUM TEIUIOTHI TPYHTA, HAIPUMED, JTOMOJHUTEIbHbBIE KAaUTaIO0BIOKEHUS
B YKa3aHHYIO IOJICUCTEMY MOTYT IpPEBBICUTh CTOMMOCTh camoro TeruioBoro Hacoca (TH), B To
BpeMs KaK IpPH HCIOIb30BAHUU TEIUIOTHI OKPYKAIOLIEro BO3AyXa OHM MHHHUMAalbHBL. OgHAKO
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peanu3oBaTth  COOJA3HUTENBHOE JKEJIaHWE MCMOJIb30BaTh  OOLIEAOCTYNHBIA M JELIEBBIM
aTMoc(epHBIii BO3AyX B KaueCTBE NCTOYHHMKA HU3KOMOTEHIMANbHOU TernoTsl st THY, He Bcerna
yaa€Tcs u3-3a TEXHUUECKUX 0COOCHHOCTEN pabOoThl BO3IYIIHBIX TEIJIOBBIX HAcOCOB. M3BecTHO, UTO
IpU CHIKEHHHM TEMIIepaTypbl HaApYy>KHOTO BO3[yXa, HMMEHHO TOrJa, KOrja HOJJIep:KaHHue
KOM(OPTHOTO MUKPOKJIMMATa B MOMENICHUU TPeOyeT MOBBIMICHUS TEIUIOBON HArpy3KH CHUCTEMBI
oToruieHus, 3G(HEeKTUBHOCTh MPeoOpa3OBaHUsl HPHEPTrUM B BO3AYLIHOM TEIUIOBOM HAcoce U €ro
TETIOMPOU3BOIUTENHLHOCTh MaaaroT [1]. LlenecooOpa3HbIM CUYUTAETCST UCTIOJIB30BAHUE BO3TYIITHBIX
TEIJIOBBIX HACOCOB B MOHOBAJIEHTHBIX CXEMAaX OTOIUIEHHUS AJIi PETMOHOB C TEIJIBIM U MSATKUM
kuMaroM (Hampumep, FHOxuoro G6epera Kpeima). Jlyist pernoHOB ¢ 6ojiee XOJOAHBIM KIMMaTOM
HEOOXOJUMO TMpPUMEHEHHEe OWMBAIGHTHBIX CXEM C TIIATENIbHBIM TEXHMKO-d)KOHOMUYECKUM
000CHOBAaHHEM paclpeieleHUs] OTOMUTENbHON TEIUIOBOM HArpy3ku MeEKIy TEIUIOBBIM HAacoCoM U
noBoquukoM. CreyeT 3aMeTUTh, YTO B PEKIaMHBIX MYOIHKAIUSAX TOCIEIHUX JIeT HUKHHUM
peJiesioM dKcITyartanuu Bo3aymHeix THY Ha o0orpeB Ha3pIBatoT TeMmneparypbl MuHyc 20 u gaxe
MUHYC 25 oC. [IpuBoasiTCSA Tak k€ HMHTEPECHBIE MCCIECIOBAHUSA O PAllMOHAIBHOCTU MPUMEHEHUS
HOBBIX MOJICJIE HU3KOTEMIIEPATYPHBIX BO3IYIIHBIX TETUIOBBIX HACOCOB JJIsi OTOIJICHUSI B CTpaHax
C XOJIOJIHBIM KJIUMatoM [2].

B macrosmieit cratbe paccMmaTpuBaeTCs METOJWKA, TO3BOJISIIONIAST ONTUMH3UPOBATH
OMBAJIGHTHYI0 MOHOPHEPTEeTHYECKYI0 CXEMYy CHCTEMBbl OTOIUICHUS C BO3AYIIHBIM TEIJIOBBIM
HacocoM. B kadecTBe onTUMH3UpPYIOIMIEH (PYHKIMK TPHUHITA BEJIMYMHA TOJIOBBIX IPUBEIECHHBIX
3aTpaT, a B KaueCTBE ONTUMHU3UPYIOIIETro (hakTopa - TemrepaTypa OUBaIeHTHOCTH.

OcHoBHAA YACTh

PazpaboTranHas MeToJuKa IpoaHATU3UPOBaHA Ha TEIUIOHACOCHOW CHCTEME OTOTUICHHS
YCIIOBHOTO 00BEKTa, PACTIONOKEHHOTO B XaphbKOBCKOM PETHOHE C pacu€THOM TEIJIOBOW HArpy3KOi
Orp = 100 xBt. IIpu onpenenenun O, cornacHo naHHeiM CHull123-01-99* npunsrtel pacuerHas
TEMIIEpaTypa HapYKHOTO BO3/yXa paBHas fuyp = -23° C 1 koMdopTHas TeMnepaTypa B IOMELICHUH
th=18°C.

N3menenne TpeOyemMol TEIUIOBOM HAarpy3Kd B YCIOBHUSX IIEPEMEHHOW TEMIIepaTypbl
Hapy>XHOTO Bo3ayXa, (O = f(tys) U B 3aBUCUMOCTH OT BPEMEHU OTOIMTENIBHOTO ce30Ha, O = f(T)
MpECTaBIICHBI HA puUC. 1.

129,3

Tennoeana Harpyska
B penepHblx Toukax t, o

Tennoeas MolHocTb, KBT
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TEMNEPaTYPa HAPYWHOTS Bo3gyxa rpag C Mpogon¥uTeNBHOCTE OTONUTENBHOND CE30Ha,

Puc. 1. Tpebyemas TemioBast Harpy3Kka yCIOBHOTO OOBEKTa

Jns r. XapbKkoBa OTONUTENbHBIN CE30H HAUWHAETCS OT TEMIIepaTypbl HAPY>KHOTO BO3/1yXa
+8 °C u mnuTcs 10 pacu€THOM TeMIlepaTypbl HApPY>KHOTO BO3/lyXa, UTO corjacHo [3] cocTaBisieT
192 cytok. CymecTByIOT Apyrue METOAUKH OMNpPEAEICHUS MPOAOJIKUTEIBHOCTH OTOMUTEIBHOTO
nepuona [4], 9T0 MOXKET OBITh TEMOU OTAEIHLHOTO aHATH3A.
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CoriacHO aHOHCUPYEMBIM XapaKTEPUCTUKAM BO3IYIIHBIX TETUIOBBIX HACOCOB, MpEJIaraeMbIX
HAa YKPaWMHCKOM pBIHKE, TEIUIOHACOCHOE O0OpyAOBaHHWE TMOIOMpPAETCS C TapaHTHPOBAHHBIM
obecrieueHreM PACUYETHBIX MapaMeTPOB JI0 TEMIIEPATYPhl HAPYKHOTO BO3JIyXa MUHYC 5°C. [Ipu
TeMmreparypax Hmwke MuHyc 5 °C B cuUCTeMy BKJIIOYAeTCSd TOBOJYHMK TEIJIOTHI, HampuMep
AICKTPUYECKUN WJIM Ta30BBIM KOTEN, MOITHOCTH KOTOPOTO BBIOMPAETCS M3 YCJIOBHS MOKPBHITUS
MaKCHMaJbHOW TeIJIOBOM HArpy3kud Ha oObekTe. YacTo B IENAX CHIDKEHHUS KalmUTalbHBIX 3aTpat
MOIIIHOCTh JIOBOJYMKA TMOJOMPAETCS MEHBIIE MAKCUMAaJIbHOM, CMHUPUBIIMCH C TEM, 4YTO B
KpaTKOBPEMEHHBIE Yachl MUKOBBIX HATPY30K, TEMIEpaTypa B MOMEIIEHUU OyJIeT HECKOJIbKO HIKE
KOM(OPTHOI.

JlaHHbIE TIO TEXHUYECKUM XapaKTEPUCTUKAM TEIUIOBBIX HACOCOB OepyTcs M3 KaTaloroB
dupm-ipomsBoauteneir. Hanpumep, dupma Clivet (Utamus) [5] mpemnaraer MOIETbHBIA P
TEIUIOBBIX HACOCOB THIIA BO3AYyX-BOJAA, 3aBUCHUMOCTH TEIUIOBOM MOIIHOCTH KOTOPBIX OT
TeMIIepaTypbl HAPYKHOTO BO3/yXa, MPEJICTaBICHbI Ha puC. 2. 3/1eChb CHHU3Y BBEPX MPUBEICHBI
rpadUKy TETIONPOU3BOIUTEILHOCTH CIAEAYIONMX MOJeeil TermnoBbix HacocoB: WSAN-EE 122,
WSAN-EE 162, WSAN-EE 202, WSAN-EE 242 un WSAN-EE 282.

[ 1 $ I8

TennoBas MOLWHOCTb, KBT

8 8 5 8 8 3

Puc.2. 3aBucumocts Temnonpoun3oauteabHoctd TH oT Temmepatypsl
Hapy>KHOT'O BO3/yXa:

B _ TeIUIoBasi MOIMHOCTh 00OBbeKkTa; ® — TH122; A — TH162;
v —TH 202; ¢ — TH242; 4— TH282

[IpencraBnennsie rpaducu Oy = fltys) U Or = f(tys) TO3BOJAIOT OMPENETUTH TEMIIEPATYPhI
OMBaJICHTHOCTH #; JUia paccMmarpuBaeMbix mojeneir TH u Bpemst pa®oThl TeruioBoro Hacoca u
JOBOJUMKA 3a OTONMUTENbHBbINM mnepuod. Ilon temmepaTypoil OMBajJeHTHOCTH B JIJaHHOM Cllydae
[I0/Ipa3yMeBacTCsl TeMIepaTypa HapyKHOI'O BO31yXa, IpU KOTOPOW TEIUIOBAas MOLIHOCTb
BBIOpaHHON Mojaenu TH cTaHOBUTCS HOCTATOYHOMW JJIA TMTOKPBITUS TPEOYEeMOM TETUIOBOM HArpy3KH
Ha o0bekr. Ha puc. 2 5T TemmepaTypsl 0003Hau€HBI C TOJCTPOYHBIM HHJIEKCOM,
COOTBETCTBYIOIIMM MOJICTH TEIUIOBOTO Hacoca (Hampumep #2s2 ).

3aBUCUMOCTH TEIJIOBOM HArpy3kd Ha OOBEKT (J; U TEIUIONPOU3BOIAUTEIBHOCTH TEIUIOBOTO
Hacoca (O pacCMaTpUBAEMbIX MOJENEH OT TeMIepaTypbl OKPY’KalOUIEH Cpelbl fy; B MHTEpBAJIEC
temmeparyp (-5++ 8° C), MOKHO onucarh CIEAYIOUMMH JUHEHHBIMU YPAaBHEHUSMU:

0. =-2,439¢  +43,902; (1)
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Q.10 =0,7698¢,, +29,43;

Ouer = 0,92791,, +39,172;

Q.00 =1,3744¢, +47,859; )
Orop =1,5764¢,, +58,913;

Oros, = 1,8864¢,, +67,258.

CoBMecCTHOE pelIeHHE ITUX YPABHEHUN MO3BOJISET aHAJIUTHUUYECKU OINPENEIUTh TEMIIEPATYPhl
OMBAJICHTHOCTHU. 3Hasl 3HAYCHMsI BEJIMUYUH TEIUIOBOW HArpy3KH Ul psAJa BbIOPaHHBIX TEMIIEPATyp
Hapy’>KHOTO BO3/AyXa (pemepHble TOYKHM) U, COTJacHO [3] BpeMs CTOSIHHUSA ITHUX TEMIIepaTyp B
TEYEHUE OTONUTEIBLHOIO MEPUO0/Ia, BBIPAKEHHS TEIUIOBBIX HAIPy30K MOIYT OBbITh IIPEICTABICHBI B
3aBUCUMOCTH OT BPEMEHM OTOIUTENIBHOIO IEPHUO/IA T, B Hacax:

0, =-1807910°C +6,627910"1+588023 3)

Q..1,,=5891410"1° -3222610"1+248697
0,1,=854291077 -1,266210°1+347755
0.00,= 932611077 ~15121071+388048 @
0,.,,=1244610°7" —8805210*1+498408
0,05,=1365610°7" -3253510*1+535083

N3 ypaBuenus (3) u ypaBHeHmil (4) ompenensercs Bpemsi paOOThI TEIJIOBOTO HAacoca U
JOBOJJYHMKA COOTBETCTBEHHO.

Haiinennele TemmepaTypsl OHMBAaJCHTHOCTH M COOTBETCTBYIOIIME BPEMEHHBIC WHTEPBAJIBI
paboThI JOBOAYMKA VISl aHATTU3UPYEMBIX JAHHBIX MPEICTaBICHBI B Ta0M. 1.

Tabnuna 1
Bpemennsbie nnTepBaibl paboThl JOBOAYMKA
Mapka THY Temmepatypa ?I/IBEU‘ICHTHOCTI/I [IponomkuTenbHOCTh PabOTHI
t,° C JoBoauMKa, AT;,d

Clivet WSAN-EE 122 4,51 3900
Clivet WSAN-EE 162 1,4 3322
Clivet WSAN-EE 202 -1,04 2720
Clivet WSAN-EE 242 -3,74 1834
Clivet WSAN-EFE 282 -5 1420

AHanu3 nokaseiBaeT, uyTo TeronpousBoaurensHocts TH Clivet WSAN-EE 282 nocratouHa
JUIS TIOKPBITUSL TpeOyeMOH TElIOBOH Harpy3kd Ha OOBEKT B JHMara3oHe TeMIlepaTyp HapyKHOIO
BO3ayXxa oT -5 10 + 8°C. Bpems paboTsl oBo14MKa TpU 3TOM cocTtaBisieT 1420 yacos unu 30,8 %
oronurenbHOro nepuona. Cienyer 3aMeTuTb, YTO IPU BBIOOpE MOAENEH HM3KOTEMIEpaTypHbIX
TEIIOBBIX HacocoB ZubaDan dupmel Mitsubishi Electric, nosSBUBIINXCS HA €BPONEHCKOM PHIHKE B
MpomwioM roay [2], ¢ ycroiunBoi paboTol 10 TeMreparyp Hapy>XKHOro Bo3ayxa munyc 15 °C
(puc. 3), ymeHbI1aeT BpeMsi pabOThl JOBOJYMKA [0 CXEME MOCIIEI0BATEIbHOIO BKIIOUEHHS 10 254
yacoB WM 5,5 % BpemeHH oTonuTenbHoro nepuona. OcranabHbie 94,5 % BpeMeHU OTONMMTEIBLHOTO
ce30Ha Tpedyemast Ui KOM(POPTHOr0O MUKPOKIMMATA TEIJI0Basi Harpy3kKa MOKPBIBAETCS TEIUIOBBIM
HAacocoM.

B xatanmorax ¢upMm-npousBoAuTeNel TEIUIOBBIX HACOCOB TaKXe IPEACTABJICHbI JAHHBIE O

3aBUCHUMOCTH 3HEPIroONOTPeOIeHUsI TEIJIOBOIO HAcOCa OT TEMIIEpPATypbl HAPYKHOI'O BO3AyXa
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cTaThe JUId YIPOIICHUS aHaluW3a 3aTpaThl Ha BSHEPronorpebiIeHue

BCIIOMOTaTeJIbHOTO 000pYAOBaHUs, HalpUMeEp, HACOCOB U BEHTWISTOPOB HE YUUTHIBAIHCH, T. K.

NMPUHHUMAINCH OJJUHAKOBBIM

15-

Tennonpon3BoanTENbLHOCTL, KBT

AJI1 BCCX aHAJIM3UPYCMBbBIX CXCM.

ZUBADAN PUHZ-HRP125

./5 !
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TemniepaTypa Hapy»Horo Boaayxa, ‘C

Puc. 3. TeHJ’IOHPOI/ISBOI[I/ITeJ'IbHOCTB HU3KOTCMIICPATYPHBIX TCTIJIOBBIX HACOCOB

ZubaDan bupviel Mitsubishi Electric

AHHpOKCI/IMaHI/Ief/'I KaTaJIOKHBIX JAaHHBIX IIOJIYYCHBI 3aBUCHUMOCTU IJId HOTp€6HHeMOﬁ
BBI6paHHLIMI/I TCIIJIOBBIMH HACOCaMM BHCKTpI/IHCCKOﬁ MOIIHOCTH B KkBT:

N, =1,7154 10751 — 7,6849 -10 " 1+ 9,2645;

e = 2,3403 -107°1* —4,3872 .10 71 +12,2151;

o = 6,3778 10717 =1,028 - 107" 1 +15,7174; (5)
o = 5,7162 -107°1% —1,2182 -10 1 +19,7020;

N
N
N
N e =2,6777 10717 +2,4589 -10 "1+ 21,8969 .

3aBucumoctH (5) ynoOHbI mpu pacuerax ¢ dexruBHocty padore TH. Hanpumep, cpenumii
k03 umeHT npeoOpa3oBaHMs TEIJIOBOTO HAcoca 3a INPOMEKYTOK BpPEMEHH pPabOTHI Ti-T;

oIpezesnsiercs: Kak

72
J.QTHd’[

SCop=H—— (6)
I N, dr

7l

B npaiic-miucrax ¢upmer Clivet mpuBOIUTCS TAKKe TaHHBIE O CTOMMOCTH Kakaon moxenu TH mis
paccMaTpuBaeMoro psijia MomHocTel (B Tabnuie 2 croumocth TH npuBenena no ganasiM Ha 2009

ronu).
Tabnuna 2
Croumocts TH npusenena no nanusiM Ha 2009 rop
Mapka TH Croumocth TH Cyyyi, TpH
Clivet WSAN-EE 122 99328
Clivet WSAN-EE 162 124528
Clivet WSAN-EE 202 136320
Clivet WSAN-EE 242 146960
Clivet WSAN-EE 282 154536
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[lepeuncrnenHple BbIlE JaHHBIE SBISIOTCS HMCXOJHBIMU JUISl aHAUM3a HUXKE MPUBEIECHHBIX

CXEM CUCTEMbI OTOIICHHUS.
buBajieHTHas1 aJibTepHATHUBHAS cXeMa

buBanenTHass anbTepHATHUBHAs CXeMa MOJPa3yMEBAET, YTO OTOIUICHHE IMPU MOMOIIU
TEIUIOBOTO Hacoca TMPOMCXOAMUT 0 TEMIIepaTypbl HAapy>KHOTO BO3JlyXa pPaBHOM TeMIiepaType
OMBAJICHTHOCTH, 3aT€M TEIUIOBOM HACOC OTKIIIOYAETCS W HauuWHaeT pabortarh JoBoquuk. Cxema
M3BECTHA TaKXKe KaK cxema I10CJIeIOBaTeIbHOTO BKIIOUYEHUS JOBOAYMKA [6]. B kauecTBe mOBOIUMKA
B HACTOSIIEM aHalu3e BBIOpPAH AJIEKTPUUYECKUM TeruioBoi KkoTén «TuTaH» oTe4ecTBEHHOTO
Mpou3BoACTBE, MOITHOCTHIO 105 kBT 1 ctoumoctsio 9150 rpH [7].

AnbTepHaTUBHASI CXeMa MPOCTa JUIsl aHAIN3a, OJJHAKO HE CUMTAETCS CaMOM SKOHOMHYECKHU
paloHaIbHOM JUIsl TEIJIOHACOCHOW CHUCTEMBI OTOIUIEHUS, T.K. KOI(PPHUIMEHT BpEMEHHU
WCIIOJIb30BAaHUS TEIJIOHACOCHOM YCTAaHOBKHM MPH MOCJIEA0BATEIbHOM BKIIIOUEHHH [TOBOJYMKA HE
BbicOkni. Kak Obuto mokaszaHo Beimie, Kaxaomy TH u3 paccMarpuBaeMoro MOJEIBHOTO psijia
COOTBETCTBYET ONpECIICHHAs TeMIlepaTypa OMBAJICHTHOCTM W BpEMEHHas KOOpAMHATA, TIpHU
KOTOPOH MTPOUCXOAMT MEPEX0]1 ¢ pabOTHI TOBOAYMKA Ha padOTy TEIJIOBOTO HACOCA U HA0OOPOT.

Od4eBHIHO, YTO KOIMYECTBA TEIJIOTHI, BBIpabaThIBaEMble TEIUIOBHIM HACOCOM U
JIOBOJYMKOM 32 OTONMUTEIbHBIA MEPHOI ISl Kaxaou moaenu TH, yucieHHO paBHBI IJIOMIAAN MO/
KpUBOH Tpebyemoil TemaoBoil Harpy3ku (. = f(t) (puc.l) u 3aBUCAT OT TeMIeEpaTyphl
OMBAJICHTHOCTH

o= TQTdr (6)

T
07 = [0

Ti (7)

3mech Tp, T, M T, , COOTBETCTBEHHO, BpEMs Hayajga OTOMHMTENLHOrO CEe30Ha, BpEMs
COOTBETCTBYIOILEE TEMIIEPATYPE OMBAJIEHTHOCTH M PACYETHON TEMIIEPATYypE HAPYKHOTO BO3.yXa

JUISL OTOTIMTENIBHOTO CE30HA.
Jlnst ynpolieHust pacueToB MPUHUMAEM, YTO BHYTPEHHHH KIIJ SJIEKTPUYECKOTO KOTJIa paBeH
100 %. Toraa KOJIMYECTBO TEIJIOTHI HAa MOKPHITHE TPeOyeMOW TEIUIOBOI HAarpy3KH NMpUXOAsIeecs

Ha JIOMIO JNeKTpuueckoro nosomuuka (D)) O paBHsAeTcs KOMMYECTBY dJIEKTPOSHEPIUM HM

norpebnsemoii N .

KonudecTBOo anekTposHeprun, TpeOyeMol Ha TOKPBHITHE 3aJlaHHON TEIUIOBOM Harpy3Ku
TCIIJIOBBIM HAaCOCOM HJIA Ka)I(l[Oﬁ nu3 BbI6paHHBIX MOI[GJIGP'I MOXHO BBIYHCIIMTh, HCXOAd U3
MIPEACTABISIEMBIX (DUPMON-TIPOU3BOIUTENIEM TEXHUIECKUX XapakTepucTtuk TH

]\—]TH _ J‘NTHdT (8)

o

Takass MeToJIMKa MO3BOJISIET MPH OINpPENeIeHUH SKCIUTyaTallMOHHBIX 3aTpaT aBTOMATUYECKU
YUUTHIBaTh W3MEHEHHE KO3((UIMEHT NpeoOpa3oBaHMs TEIJIOBOTO HAacoca 3a aHAIM3HPYEMBIH
BPEMEHHOU MEPUOI.

IToncraBuB u3 (5) COOTBETCTBYIOLIME BbIpaxkeHUs g Ny, B (8) M NIpoOMHTErpHpoBaB
MOJlyYEHHBIE BBIPAKEHUS C Y4YeTOM JAHHBIX O 3HAYEHUSX BPEMEHHBIX KOOpAMHAT,
COOTBETCTBYIOIIUX TEMIIEpaType OMBAICHTHOCTH T; JJIS KaXIO0TO BapuaHTa (CM. Ta0I. 2), a Takke
MPUHUMAsA, YTO MPOJOHKUTEIBHOCTh OTOIMUTENBHOIO Ce30Ha Il XapbKOBCKOTO PEruoHa IO
MeTouKe [4] OT TeMieparypbl Hapy>KHOTo Bo3ayxa +8°C 1o pacuéTHOI TeMieparypbl MUHYC
23 °C paBHa T = 4608 4, MOXXHO ONpPEAEIUTh KOJUYECTBO DJIEKTPOIHEPTUHU, TpeOdyemoe s
pabotel TH. Pe3ynbTaTsl pacueToB npeacTaBieHbI B Ta0IUIE 4.
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Taomnuua 4
Pe3ynbTaThl pacyeToB KOJIMYECTBA DJICKTPOIHEPTUU

KonnuectBo a5ekTposHepruu, 3arpauennoe TH Ha
Mapka TH . T
MOKPBITHE OTONMUTENIbHOW Harpy3ku N = kBT1u
Clivet WSAN-EE 122 6010,329
Clivet WSAN-EE 162 15236,947
Clivet WSAN-EE 202 29653,705
Clivet WSAN-EE 242 55082,392
Clivet WSAN-EE 282 71649,702

HpI/IBeI[eHHBIC 3aTpaTthel 3a IEpHUOA OKCIITyaTalluh CHUCTEMBI OTOIIICHMA, HCUUCIISIEMBIA B
roaax, OHNpCACIANOTCA KaK

PZ, = (]V'“”I + ]VTH)saan +Cpy +Cyy 9)

3necs Cry u Cpyy INepBOHAuYalbHbIE KAlIUTAIbHBIC 3aTPaThl, BlIOKeHHbIE B THY
Sy — TapU(Q Ha IEKTPOIHEPruto, rpH/(KB1-1);
1 — YUCIIO OTONHUTEIBHBIX CE30HOB IKCIUTyaTallly B rOJ1axX.

—TH
Benuunna N onpezensieTcsa Kak

H — TH
N =0 /SCoP

Ha puc. 4 npencraBieHbl NPUBEICHHBIE 3aTpaThl 3a 12 JIETHUH MEPUOJ SKCILTyaTalluu
TEIJIOHACOCHOM cucTteMbl ¢ TerioBbIM HacocoMm Clivet WSAN-EE 122 u ¢ TEIUIOBBIM HAacOCOM
Clivet WSAN-EE 282 , a Takke BapHaHT KCIOJb30BaHUS B KAa4E€CTBE TEIUIOT€HEPATOpPa CUCTEMBbI
OTOIUJICHUS TOJIBKO 3JIEKTPUYECKOro KoTia. [IpuBeaeHHbie 3aTpaThl Al BAPHAHTOB UCIIOJIb30BAHUS
JPYTUX BBILIIE YIIOMSIHYTBIX TEIUIOBBIX HACOCOB HAXOAATCS MEXIYy KPUBBIMH JIJII MAKCUMAJIBHOM U
MUHUMATBHON MOIITHOCTEH U HE IMOKa3aHbI IJIsi OONbIIEH HATTISAHOCTH Trpaduka.

Puc. 4. 3aBUCUMOCTb IPUBEEHHBIX 3aTPAT CUCTEMBI OTOILUICHUS
3a 12 neTHuii nepuoj dKCIUTyaTauuu
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W3 rpaduka, mpeacTaBIeHHOTO Ha PHC. 4 cIeayeT, JIEKTpHYecKas CHCTeMa OTOIUICHHS IPH
MUHHMAJIbHBIX [I€PBOHAYAIBHBIX KalTUTAIBHBIX 3aTpaTax II0 MPHUBEICHHBIM 3aTpaTaM uepes 3 roja
U 4 Mecslia CTaHOBHUTCS MEHEE BBITOJHOW B HKCIUTyaTalluy MO CPAaBHEHUIO C CHCTEMOW OTOIUICHHS
[0 aJIbTepHAaTHBHOW cxeme ¢ TeIwloBbIM HacocoM Clivet WSAN-EE 282. 13 BapuaHToB ¢
Pa3IUYHBIME MOJENISIMH TEIUIOBBIX HACOCOB, MOKHO BHJETh, YTO CXEMa C CaMOW JenéBoi
Mozenbto Clivet WSAN-EE 122, >KOHOMMYECKHM BBIFOJHA IO TPUBEJCHHBIM 3aTpaTam II0
CPaBHEHHIO C CaMOH JOPOTOH TOJILKO MEPBBIE TOJITOPA TO/1a.

buBasienTHasi napaJjJiejibHasi cxema

B aT0i1 cxeme 10 TemnepaTypbl OMBaJIEHTHOCTH TpeOdyeMas TeIUIoBasl Harpy3Ka MOKpPhIBAETCS,
KaKk M aJlbTEPHATUBHOW CXEMe, TOJIbKO TEIJIOBBIM HacocoM. [Ipm TemmepaTypax Hapy»KHOTO
BO3/JlyXa HUKE TeMIlepaTypbl OMBAJICHTHOCTH mMapaienbHo padoTtatoT THY u s1eKTpoaoBOgUHK.
IIpnyém, 10 Mepe CHWXKEHUs TeMIlepaTypbl HApy»KHOIO BO3ayxXa, TemoBas Harpys3ka TH
CHIDKAeTCS B COOTBETCTBUM C €ro TEXHUYECKOM XapaKTepUCTHKOM, a Harpy3ka Ha
AJIEKTPOAOBOMYHMK BO3pacTaeT. Tak MpOMOJDKAETCS 0 TeMIepaTyp HapyKHOTO BO3/yxXa, IpH
KOTOPBIX 11e71eco00pa3Ho IKCILUTyaTHpOBaTh TEIIOBOM HAcOoC (Hampumep, MPUBEACHHBIE TEIIOBbIE
Hacockl Gpupmbl Clivet 1o Temneparyp munyc 10°C, TemnoBoii Hacoc 310l ke Gupmer WBAN 82-
302 no munyc 18°C Temnosele Hacockl (upmbl  Mitsubishi Electric no munyc 23°C). Huxe
TEMIIEpaTyp BO3MOMKHOM SKCILTyaTallMd TEIUIOBOTO HACOCA fmin = TpebyeMas TeIioBas Harpyska

MOKPBIBAETCS TOJIBKO JA0BOAYMKOM (puc. 5). Ilpu 3ToM KO3 (UIIMEHT UCTONIb30BaHUS TETJIOBOTO
HAacoca MOBBIIIAETCS.

=-23°C

TH
T T T. Ty T

p min |

Puc. 5. IlokpbITHE OTONNUTENBHON HArPYy3KHU IO CXEME NapaJIJIeIbHOTO BKIOYCHMUS
Hons  Tpebyemoll  TemynoBOW  HAarpy3k, IOKpbIBaeMasi TEIUIOBBIM  HACOCOM W

3JIEKTPOIOBOIUMKOM ONPEENAETCS 110 BBIIIE U3JI0KEHHONW METOIUKE
Pesynbrars! pacuetoB 3Hadenuii N u N'™' npejcrasiens! B Ta01. 5.
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FOI[OBBIe NPUBCACHHBIC 3aTPAThI J1JIA paCCManHBaeMOfI CXCMEI TPCACTABJICHBI HA JUArpaMme

puc. 6.

PZ,tpu

B40000

620000

600000

380000 -

aG0000

540000

520000

500000

Puc. 6. 3aBUCHMOCTb EpEMEHHON COCTABIISAIONIEH TO0BBIX IPUBEIECHHBIX 3aTpaT OT
3HAYEHUs] BPEMEHHON KOOPAWHATEI

3aki04enune

Anann3 3HayeHMH (YyHKIMM NPHUBEJEHHBIX 3aTpaT B JUala3oHe TEMIIEpaTyp HapyXKHOIO
BO3/yXa JUIsl IEpUOAA OTOIUIEHHS IO CXEME MOCIEN0BAaTEIbHOIO MOJKIIOYEHUS TEINIOBOTO HAcoca U
AIIEKTPOIOBOTYHKA [TOKA3AJI, YTO ONTHMAJIBHBIM SBJISICTCS BAPUAHT, C HANOOIJIee HU3KOH TeMIiepaTypon
OMBaJICHTHOCTH.

B ciryuae pa®oThl J0BoUKKA TEIUTOTHI napauienabHo ¢ THY 3HaueHus GpyHKIMM NpUBEIEHHBIX
3arpar UMEIOT 3HaYUTEIbHO 00Jiee HU3KME 3HAaYEHHUS 10 CPAaBHEHUIO C BAPUAHTOM MOCJIE10BAaTEILHOTO
MOJKITIOYEHHUS 32 CUET COKPALLEHUS TOTPEOICHHS AIIEKTPOIHEPT U TOBOAUMKOM TEIUIOTHI U TOKPBITHS
CYIIECTBEHHOW YacTH TeIUIOBOW Harpy3ku Ha oOwbekT THY, umetromieir Oonee Bbicokuit COP.
OnTumainbHblil Bapuant Beioopa THY onpeznensercs no temneparype OMBaJIeHTHOCTH, OTBEYAOILEH
MUHUMYMY TOJIOBBIX IIPUBEICHHBIX 3aTpar.
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SOME PARTICULARITIES OF DESIGNING AND MAINTENANCE
OF THE HEAT PUMPING TECNOLOGY
FOR HEAT AND COLD SUPPLY SYSTEMS

Part 2. A selection of the air source heat pumps for direct-heating system

N. B. CHIRKIN, Cand. Tech. Scie., Eu.V. SHERSTOV, M. A. KUZNETZOV
A. S. KLEPANDA, Cand. Tech. Scie., V. A. NESVITAJLO, Cand. Tech. Scie

A method to optimize of the bivalent mono energy operation chart of the heatingsystem has
been developed. When a system is operated as bivalent-parallel mode a second heat generator as-
sists the heat pumpfrom the bivalent point. A method allows to get rational terms for planning of the
examined system of heating and modes of its exploitation from point of choice of optimum correlation
between one-time capital costs of the heat pump instalation and operating costs during a calculation
period.

Ilocmynuna 6 peoaxyuro 08.11 2010 2.
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