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Betynnexue

[MaBHO 3agayelt HaLero BpeMeHu

SBNSAETCA 3alLnTa OKpYXKaloLLeil cpeabl 1
COKpalLLieHWe NCNoNb30BaHMS MCKOMaeMbIX
HEeBO30OHOBMSIEMbIX BUAOB SHEPTUN.

[Insi COBpEMEHHbIX CUCTEM OTOMMEHUS U
KOHAMLMOHMPOBAHWE NpefycMaTpuBaeTcs
06s13aTeNbHOE COKpaLLEHNE IMUCCUIA

BpeaHbIX BellecTs, ocobeHHo CO,. 310
BO3MOXHO OCYLUECTBUTb NyTEM 3HAYNTENbHOTO
COKpaLLEeHMs UCNONb30BaHMs MCKOMAeMbIX
BWAOB TONNMBA. Ho, B BUAY NOCTOSIHHOTO
pa3BUTUS MPOM3BOACTBEHHbIX 1 MyHULMMAMBHBIX
oTpacnei, eXerofiHblit pocT crnpoca Ha
1ckonaeMble BUAbI TONMMBA OyaeT COXpaHaTLCS
11, TeM caMbiM, MPOAOMKaTb BHOCUTb HEraTUBHbIN
BKNa/ B 3aLnTy OKpyxatoLer cpebl. LieHbl Ha
3TN 3HEProHocuUTenu byayT Takke NOCTOSHHO
pacTu. [103TOMy CeroaHs Hallen 0CHOBHON
3ajayelt ABNsSETCs NOBbILLIEHNE IHEPTETUYECKON
3hhEKTUBHOCTN YCTAHOBOK UCMOMb3YHOLNX
1cKOMaeMble BUAbI TONMMBA W YBENNYEHNE
noTeHUuana ucnonb30BaHus anbTepHaTUBHbIX
BUOB SHEPTUN.

CnoxXwBLuascs cuTyauus sactasnser
MOMNUTMKOB CTABUTb MaclUTaGHble 1
aMBULMO3HbIe LIenK Mo 3aLuTe OKpyXaloLen
cpeabl 1 pecypcochepexeHuto 1 cambiit
BOnbLLON CEKTOP peanu3aLm aTUX peLleHuil

- PbIHOK TennocHabxeHus. Takum oGpasom,
HeoBX0AMMO B MaKCUMAaIbHO KOPOTKMiA CPOK
MOAEPHU3NPOBATL MaKCUMasbHOE YMCTO
yCTapeBLLMX CUCTEM TenmnocHabxeHus. MoaTomy
3HEProaddeKTUBHbIE TEXHOMOTUN AOMKHbI ObITb
[OCTYMHbI.

KomnaHus Viessmann B cBoeil KOMMIEKCHOMN
nporpamme npeanaraet Bam Wupokuii cnekTp
9HeproaddekTUBHOro ob6opynoBaHus - ot
KOHZEHCALMOHHOM TEXHWKN ANns paboTbl HA
XMAKOM TOMNMBE W rase, KOTHOB ANs paboThl Ha
BuoTonnuee, 1O ren1oycTaHOBOK M TEMMOBbIX
HacocoB Ans nboro cnyyas NpUMeHeHNS.

TennoBble Hacockl 3a nocneaHue 10 net 3aHsnu
MPOYHYH0 MO3NLMIO B CUCTEMAX OTOMNEHNS

W ropsiyero BoflocHabxeHus. Mx o6bemHas
[ONsl B CErMEHTE PbIHKA TEMNOCHaBXeHNs!
HOBOTO CTPOUTENLCTBA CErOAHS NPUMEPHO
paBHa 06bEMY ra3oBbIX KOHAEHCALMOHHbIX
ycTaHoBoK. Ho 1 B MOAEpHU3aLMN CUCTEM
OTOMNMNEHNS TEMIOBbIE HACOCHI CETOAHS UrpatoT
BaXHY'0 posib. MpaBUIbHO CNPOEKTUPOBaHHbIE
W YCTaHOBIEHHbIE TENMOBbIE HACOChI

MOMOryT Ka oMy NoTpebuTento ans nooro
crnyyast HaliT ONTUMarbHOe peLleHue no
TENNoCcHabXeHMI0, CHU3NTbL N3AEPXKKN Ha
OTOMMNEHME 1 BHECTM CBOW BKNaf B OXpaHy
OKpy’XaroLLeil cpefbl.

Komnanus Viessmann oxuaaet B bnvxaiiuei
nepcnekTuBe elle 6onee mactabHoe
CNOoNb30BaHNe TENOBbLIX HACOCOB BO

Bcex cchepax oTonuTensHom otpaciu. C
O[IHOV CTOPOHbI, pa3BMTHE W NPUMEHEHMNE
MHHOBALMOHHbBIX KOHCTPYKTUBHbIX
MaTepuasnioB NO3BONNT PaCLUMPUTL Anana3oH
MOLLHOCTY TEMJIOBbIX HACOCOB 1 Chepy UX
NPUMEHEHMs!, HanpuUMep, Ha NPOMbILLIEHHbIX
11 MPON3BOACTBEHHbIX 0ObeKTax. A Takxe,
obecneyntb Gonee BbICOKYH KOMMNAKTHOCTb

11 MPON3BOANTENBHOCTb, YTO NO3BONSET C
YCNEXOM NPUMEHSTb TEMJIOBbIE HACOCHI 11 B
VHAMBWAYaNbHOM CTPOUTENLCTBE.

C opyrom CTOPOHbI, HaLWK PbIHOYHbIE MAPTHEPDI
1, B KOHEYHOM WTOrE, NOTPEOUTENM, AOKHDI
ObITb yBEPEHbI B BLICOKOI HAAEXHOCTH 1
3KkcnnyaTaunoHHON 6e30MacHOCTW TakmUX HOBbIX
1 eLLE HE 0YEHb LWIMPOKOPACTIPOCTPAHEHHBIX
CUCTEM TennocHabxeHns ¢ TENNOBLIMM
Hacocamu. f pafl, 4To Mbl MOXEM NMPEANOXNTH
noaaepkKy HalMM napTHepam 3TUM
BceoObemmoLwmmM "PykoBOACTBOM MO
NPOEKTMPOBaHMIO " CUCTEM TENNOCHabXeHus ¢
1CNONb30BaHNEM TEMIOBbIX HACOCOB .

I-p MapTuH BuccmanH
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BcTynneHue

12/6

[anHoe PyKOBOACTBO NO NPOEKTUPOBAHUIO COAEPKUT OCHOBHbIE MNONOXEHUA MO
NPOEKTNPOBAHUUIO, yCTAHOBKE N SKCNyaTalun TENOBbIX HACOCOB. PyKOBO,EI,CTBO MOXeT
TaKXe UCnoJyib3oBaTbCA Kak CnpaBo4yHOE UK yqe6Hoe nocobue, B TOM Yucre, Nnpuv NOAroToBKe

KOMMepYeCKnx npe,qnomeHMM.

Yka3aHus K NPUMEHeHuto

Mo cpaBHEHWHO C 0BbIYHBIMI YCTPOCTBAMN
OTONNEHUS - TENMOBbIE HACOChI NPEACTaBNAOT
c000i1 AOBOMNBHO CINOXHbIA KOMMIIEKCHBIN
NPOAYKT, NPUMEHEHNE KOTOPOro TpebyeT
npeaBapuTENbHOrO KOMNETEHTHOTO
NPOEKTMPOBaHUS 1 06yYeHus:, kak ans
napTHEPOB, NMPOAAIOLLMX U YCTaHABNMBAIOLNX
TENmoBble HACOCHI, TaK 1 ANS KOHEYHbIX
notpebuteneit. OCHOBHO (DYHKLIMOHANbHbIN
npUHLMN paboTbl TPaANLMOHHOMO OTOMKUTENBHOMO
koTna, paboTaloLLEro Ha XWAKOM TONNUBE UK
NPUPOAHOM rase, JOBOJIbHO Nerko NoHATh. A
npuHLMN paboTbl TeNnoBoro Hacoca TpebyeT
HEKOTOPOro 0BbSCHEHNS, TaK KaK TPYAHO
MOHSATb, K&K OTHOCUTESIbHO ,XONOHbIN"
NepBUYHBIA UCTOYHWK Tenna (Tenno 3emnu,
TPYHTOBOW BOLbI UMW BO3AYXA) MOXET AaTb
BbICOKOMOTEHLIMANbHYK) SHEPTUI0, NPUTOAHYIO
4ns otonneHus. Mo 3Ton npu4nHe, 0CHOBHOM
ynop B Hallem PyKoBOZCTBE MO NPOEKTUPOBAHNIO
Mbl ienaem Ha 06bsiCHEHNE (PYHKLMOHANBHOTO
npUHLMNa paboTbl 3TUX BbICOKOTEXHOMOMYHBIX
YCTaHOBOK.

Bce onpeaeneHns u unnoctpauuv faoT
MOHVMaHWE BCEX OCHOBHbIX MPUHLIMOB

paboTbl TennoBbIX HacocoB. OfgHako,

AaHHOe PYKOBOLCTBO SBMSETCS BBOAHLIM W
03HAKOMUTENbHbIM, 1 He NPETEHAYET Ha NOMHOTY
NpeAoCTaBNEeHNs MHOPMAaLK, OCHOBHas

4acTb KOTOPOW 3aKIoYeHa B TEXHUYECKNX
ONUCAHNSAX W MHCTPYKLMAX MO MPOEKTUPOBAHMIO W
aKcnmyaTalum.

Bbl MOXeTe Nony4nTh NOMNHYH NHGOPMAaLIMo

Yy HalLMX pervoHarnbHbIX NpeLcTaBUTenen,

Yy aBTOPK30BaHHbIX (PUPM-NapTHEpPOB, B
TEXHUYECKON JOKYMEHTaLIMK, a TakKe Ha
WHTEpPHET-CalTe.

Ccblinku, NpyBeaeHHbIe BO BCeX rmaBax
HaCTOSILLEro pykoBOACTBA, OTHOCATCS K
UH(hOpMaLMK, NPeA0CTaBNEHHOM NapTHEPaMK
komnaHuu Viessmann, BeaylLme COBMECTHbIE
pa3paboTki B chepe TennocHabKeHus
TENMOBbIMI HACOCAMMU.






A OcHoBbl NPUMEHEHNA TENNOBLIX HACOCOB

MoTeHUWan NPUPOAHOI SHEPrUK, KOTOPLI MOXET BbITb 3th(EKTUBHO Npeodpa3oBaH TennoBLIMM
Hacocamu B TENMO AN OTOMNMNEHUs - HeucHepnaem.

Tenno B BocnpusiTun 60MbLUMHCTBA NoAen a [0 3TOro Npeaena TennoBas 3HepPrus elle

onpeaensieTcs CKopee kak 4yBCTBO, YeM coxpaHsietcsi. C TennoBbIMM HacOCaMm Mbl

u3mepumas BenuumHa. Ml owyiiaem MOXeM 3PEKTUBHO UCMOMNB30BATb 3TO

TENMo COMHEYHOro AHS UNK Tenno HW3KOMOTEHLManbHoe Tensno.

oborpeBaemoro nomeLLeHns Ballero xunbs, B

NPOTUBOMOMOXHOCTb 3UMHEMY XONOLY CHapYyXHw. B 101 rnaBe 06bACHATCA OCHOBHbIE MPUHLMMbI
paboTbl TENMOBOrO HAacOCa M €ro OCHOBHbIE

Ho, ¢ ¢13n4ecKoi TOUKN 3pEHUS, 3TO HE COBCEM KOMMNOHEHTbI.

xonog. [oTomy YTo TOYKOI abCconoTHOro HyNs
NpUHATO cunTaTh Bennumnty (0 K = -273,15°C),
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A1 WcTtopusi pa3BuTMs TEMMOBbLIX HACOCOB

Tennosoi Hacoc Viessmann L-08

1981 ropa

-l
15 W)
fir=
B

Puc. A1-1  TMaposas mawwuHa

WcTopusi pasBuTUst TENNOBbIX HACOCOB

MCTOpMFI BO3HWMKHOBEHWA TENJTOBbIX HACOCOB 3HAYMTENIbHO CTapLue, YeM NPUHATO CHUTATD.
Bonee OBYXCOT NeT Hasaj ObInun 3anoxeHsbl nepBble OCHOBbI B MPOMU3BOACTBO X0J10QWUJTbHOIO
OGOpyﬂOBaHMH, NOCNYXMBLUIMM NPOTOTUNAMU COBPEMEHHbIX YCTAHOBOK.

Tenno ucnonb3yeTcs YeNOBEKOM Ha NPOTSHKEHUN
ThICAYNNETHIA, B NEPBYI0 OYepesb Xas oborpesa
KNMNLLA, NPUrOTOBNEHMUS MULLM UK ANS NNABKY
MeTarnnos.

Pa3BuTne TexHOMOrMi NPUBENO YENoBEYECTBO K
CO3/AaHWI0 NapoBOi MaLUWHbI B BOCEMHAALATOM
BEKe 1 C Tex Nop WHAYCTpuanuaaums obliecTsa
npuobpena orpoMHbIi MacliTab: Obina oTkpbITa
CNOCOBHOCTb TENMOBO SHEPriW COBEPLLATD
MexaHnyeckyto paboty. /1 ¢ Tex nop 1 no
CETOAHSALLHNA AEHb Halla NPOM3BOANTENBHOCTb,
MOBUNBHOCTb W KOMGOPT ONPEAENSIOTCS 3TUM
MPUHLMMOM.

MapoBas MalluHa ucnorb3oBarnack Ha
MPOTSKEHUM MHOTUX IECATUNETUA U BCKOpe
Bbina OTKpLITa eLLe 0aHa BO3MOXHOCTb

- UCMONb30BaHMS TENMOBOI 3HEPrAN ANS
MONyYeHNst SHEPTUN ANEKTPUYECKON.



OCHOBHbIe JOCTUXEHNS B 3TON 0O6nacTu
npuHagnexat Hukonacy JleoHapay Caaw KapHo,
KOTOpbIN N0 NpaBy CYNTAETCH OCHOBATENEM
TepmoanHamuku. OH onpeaenin OCHOBHbIE
NPUHLMNbLI paboThl NApOBOI MaLLMHBI 1
ycTaHoBUN 06paTUMOCTb M B3aUMOCBSI3aHHOCTb
BCEX NPOLIECCOB, NPOUCXOASLUMX Npu ee paboTe.

Mpu NpaBUNbHOM OPraHM3aLMi KOHCTPYKLNK
NapoBOoi MaLLUHBI M NPUNIOKEHIUS! ONpeaeneHHoM
MEeXaHNYECKOM SHEPTU MOXKHO He TOMbKO
BblpabartbiBaTh TENNO, HO 1 MOTMOLATh ero,
npakTuyecki 6e3 noGoYHOro BO3AENCTBUS Ha
npoLiecc TemnepaTypbl OKpyXatoLLei cpeasl.

MepBoe TEXHOMOTMYECKOE NPUMEHEHNE 3TOr0
npUHLMNa NpUHaANeXnT amepukaLy Akoby
lMepkuHey, cosgasLuiemy B 1835 roay nepayto
KOMMPECCOPHYI0 XONOAMMBHYHO MaLLUHY 1
3aperucTpupoBaBLLEMY Ha Hero naTeHT. [lo Hero
NoHWXaTb TeMNepaTypy yAaBanoch TObKO C
NOMOLLbI0 N3MEHEHWS AaBNEHUS.

YcTaHoBka lepkuHCOHa cogepkana yxe

Toraa Bce HeoOX0ANMbIE OCHOBHbIE 3NeMeHTbI
COBPEMEHHO XONoANIbHON MaLLWHbI UK
TENMOBOro Hacoca: KOMMNPECcop, ANEMEHTLI
MOrMOLEHUs U BblAeNeHns Tenna u
pacLlumpuTenbHoe ycTpoitcTBo. OH ucnonb3oBan
B ka4yecTBe paboyero Tena aup 1 emy yaanocb
nony4nTb TEMNEpaTypy paboyero Tena Huxe
TOYKW 3amep3anus. Mines nonyyuna csoe
fanbHellee pa3suTue B Tpygax [xoHa lopbe,
nonyuuslwum B 1851 rogy naTeHT Ha CBOK
XONoAUMbHYI0 MaLuHy 1 [xeiiMca XappucoHa,
KOTOPbI BNEPBble UCMOMb30Ban 3T0T adhekT

B NMPOMBILLMEHHOM NPOM3BOACTBE (3aMOpo3ka
npoaykToB nuTaHus). C OTKpbITUEM amMMUaka

B kayecTBe pabouen xuakoctn GepamHaHaom
Kappe B 1859 roay - B3pbiBOONacHbI 3dup 6bin
3aMeHeH W ycTaHoBKM cTanee bonee 6e3onacHbl
B 9KcnnyaTaumu. B nocnegree gecatunetume XIX
- Hayane XX Beka X0NnoAubHbIE MaLUMHbI CTanu
YCNeLLHO NPUMEHSTLCS B ObITY.

Yunbsm TomcoH KenbBuH yxe B 1852 rogy
yTBepkAan, YTo XONOAUNbHbIE MaLLMHBI MOTYT
C yCNEeXoM NpPUMEHATLCS AN 060rpeBa Xnnbs,
npuyem 3aTpatbl NEPBUYHON 3HEPTUM B AAHHOM
cnyyae MoryT 6biTb HUXE, YeM 3aTpaTbl Npu
CXUraHuy IpeBECHOro TONmnMBa Ui yrns.
OpHako, notpebosanocs ewe okono 100 ner,
4TOObI TENIOBbIE HACOCHI HAYAMNW LWKPOKO

Puc. A1-2 Hukonac JleoHapa
Capau KapHo

Puc. A1-3 XonoaunbHasa mawwuHa NuHpa 1877 roga

CNONb30BaTLCS B ObITOBOM NPUMEHEHUN.

lMepBbiit 6ymM B NPUMEHNN TENOBbLIX HACOCOB

B lfepManuu npomsoLLen nocne HeTAHOro
kpusuca B 1970 rogy. 3atem, npu cTabunusamum
LieH Ha HedTb B 80-ble rofbl, NPUMEHEHNE
TENMOBbIX HACOCOB HECKOMNbKO 3aMeAnMnmoCh.
CeropHsi, yxe 6onee 10 net Tennoskle HAcOCHI
MPOYHO BOLLNY B HaL 06uxog.
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A.2 ®usnyeckme oCHOBbI

dusmnyeckue npoteccol

Onsa COBpeMeHHOIZ NPaKTUKK OTOMUTENbHOM TEXHUKN HEOOXOAMMO HE TOMNbKO 3HaTb OCHOBHbIE
npasuna ee NpUMeHeHus, HoO U NOHNUMaTb CYLHOCTb CbM3VILIeCKI/1X npoueccos, nponcxogawmx

Mpu reHepauuu Tenna.

[insi NpaBUbHOTO MPOEKTUPOBaHMS,
Ge30nacHoro MoHTaxa 1 BBofia B 3KCnyaTaLuio,
Kak npaBuIo, J0CTaTo4HO cobnioaaTh

npaBuna, U3NoXeHHsle C NPeANMCaHUsX.
OpiHaKo, NoHMMaH!e U3NYECKNX NPOLECCOB,
npoTeKatoLLX npy Npeobpa3oBaHny 3Heprum B
TENnoBOM HAacoce, NOME3HO A4S ONTUMAaNbHOTO
NCNOMb30BaHWS BCEl CUCTEMbI OTOMNEHMS B
Lienom.

Tenno - 370 04Ha 13 hopM BHYTPEHHEN SHEepriu
MaTepuwarnoB, BepHee, TEPMOANHAMUYECKMX
NpoLieccoB, NPOTEKaIoOLLUX B HAX NPU U3MEHEHUM
X OCHOBHbIX CBOWCTB. /1 ecnu cylecTByeT
BO3MOXHOCTb NepeAaym aToi SHeprim K
Apyromy uanyeckomy Teny (4pyrom cucteme),
T0 (ha30BbIVi NEpPEX0 OCYLEeCTBANETCS BCeraa

B CTOpOHY Gonee HWU3KuX TemnepaTyp 1 aToT
npovecc HeobpaTum.

Tak, Hanpumep, HanoMHEHHBbIA KUMSTKOM

cocyn OyAeT ocTbiBaThb Ny 06bIYHON
OKpYXaloLLieit TemenpaType Bo3ayxa o Tex

nop noka Temenepatypa Bofbl He CpaBHSIETCS

C TeMnepaTypoil 3T0ro Bo3ayxa. Tennosble
Hacocbl paboTatoT He HapyLias 3Toro 6a3oBoro
NPUHLMNA, HO UCTIONb3YHOT HECKONBKO ApYrom
ahhekT. IHeprus, kKoTopasi NOAAETCs, NPUBOAUT
He TOMbKO K U3MEHEHWI0 TEMNEePaTypbI, HO 1
M3MEHEHII0 arperaTHoro COCTOSIHUS BeLLecTsa.

Hanpumep, ecrnv k kunswiemy cocyay
npogomXaTb NOABOAUTL SHEPTUI0 M3BHE, TO MPK
HOpMarbHOM AaBMeHuI TemnepaTypa Boabl
Gonblue He ByaeT NoBbILATLCS, @ HAYHETCS ee
ucnapexue.



A.21 CxuxeHue u ucnapenue

CxunxeHue n ucnapeHue - BOT ABa KN4eBbIX
npoLecca, KOTOpble NPOUCXOANT B TEMMOBOM
Hacoce. CxwuxeHune 0bosHavaeT Pa3oBbIit
nepexof OT ra30BOr0 arperaTHoOro COCTOSIHNSA
paboyero Tena B Xuakoe. AHanoruyeH obpaTHblit
nepexop - ncnapeHue - u3 Xnakoro COCToAHuA B
ra3oobpasHoe.

[ing ucnapeHns Kaxaomn KOHKPETHOM KUAKOCTH
Heo6X0ANUMO CBOE KONMYECTBO NOABOANMON
9HEPriY - Tak Ha3blBAEMOII AHEPrUM UCNapEHNs.
Temnepatypa camoro paboyero Tena B

[aHHOM Cnyyae npu NoCTOSHHOM AaBMEHNM He
M3MEHNTCS, TaK Kak MPOUCXOAMT HaCbILLEHNE
napamu Cpefbl OKPYXKeHus.

Ha puc. A.2.1-1 nokasaH npumep 3aTpaynBaemoit
3HEPrUN Ha HarpeB oaHoro nuTpa Boabl ¢ 0 °C
00 100 °C pasHoit 116 Bt*y. [ins Harpesa BoAbl
Ha 1 °C HeobXxoANMO 3aTpaTUTbL NPUMEPHO

1,16 Bt*u. Ecnu Temnepatypa Bogbl JocTUMa
100 °C npw HOpmMansHOM AaBneHnu, oHa
[0MKHA NONTHOCTLIO UcnapuTbes. [ns atoro
TpebyeTcs LONOMHUTENBHO 3aTPaTUTL SHEPTUID
paBHoW 627 B1*y, yto B 500 pa3 npesbllaeT
3Hepruto 3aTpaynsaemyto Ha Harpes 1 °C. 310
K€ KONMYECTBO SHEpPruM BbICBOOOXAAETCS Npy
obpaTHOM npoLecce KOHAEHcaLMN.

A.2.2 XonoaunbHbI KOHTYP

Ha puc. A.2.2-1 noka3saHbl YeTblpe CTagum
TUNUYHOTO LIMPKYNSALMOHHOTO NpoLiecca
(ha30BbIX NEPEXOSOB B TEMOBOM Hacoce
KOMMPECCHUOHHOTO TUNa.

Puc. A.2.1-1  CopepxaHue aHepruv napa

100

Tevmepemypa (°C)

B]

93]
Bru/kr

[l Touka samepaanus I3 nen
3 Touka kunenus ] Bona+nen
ﬂ Touka ucnapenus Bopa

Yro6bl HarpeTb 1 nUTp (kUnorpamm) BOAbI A0 TOYKN
KMNeHmst HeoBXOAMMO 3aTPaTUTL AHETPUI0 PABHOI
116 BT/u. Cnepytowme 627 BT/4 He0BXOAUMBI, 4TOBbI
NONHOCTbIO UCAPUTh BOAY (TOUKA HACILEHNS).

OCHOBHOW NPWHLMN TENMNOBOTO Hacoca
3aKMIYaeTCs B akKyMynmpoBaHum
HW3KOTEMMEPaTYPHOro Tenna npu UCnapeHnum n
AanbHewnLwen oTaa4N SHEPrv Npu NocneayioLLen
koHAeHcaLumn. DITOT npoLecc npomexoanT

©e3 n3meHeHUs TeMnepaTypbl, €CAW TONbKO
pabouee Teno He BygeT cxaTo MexaHn4eckw,

4YTO NPMBEAET K NOBbILIEHWIO TEMMEPATYPbI.

116 627
Bry/kr Bru/kr

2] Bona+nap
3 nap

YkasaHue

YacTo B TEXHMYECKON
nutepatype
CNONb3YTCS eANHULLbI
0003Ha4eHNs SHeprim

B Kunogxoynsx. B
HaLlemn KH1re Mol

Oynem ucnonb3oBath
obo3HayeHne BatT B yac.

10x=1Bt
3,6 KOx =1 BT1*y
3600 Kk = 1 kBt™y

Puc. A.2.2-1  ®yHKUMOHMPOBaHME TENMOBOrO Hacoca

= —

=NE

E»@»E
2 |

MpupoaHoe Tenno

Tenno otonnexus

n Vicnapvrent
E Komnpeccop
B KoHpeHcarop

n PaclumputenbHbIn
KnanaH

— KWAKOCTb

cxmmm 133

XnafareHT Npy HA3KMX TeMNepaTypax ucnapseTcs 1 nornoLyaeT Npu 3Tom Tenno. Cxatve NoBbILLAET TEMNepaTypy napa, a

nocneaytouas KoHaeHcaums nossonser BthEOﬁOAMTb HaKonneHHoe Tenno.
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A.2 ®dunsmnyeckue npoueccol

YkazaHus

TepmuH onpegenexus
cofepxaHus 3Heprum
B TEpMOAMHAMNYECKNX
cucTemax HasblBaeTcs
SHTanbNMen.

B kayecTBe npumepa npuBeaeHa
AvarpaMma AaBneHus/aHTanbnum
U3NYECKOro COCTOAHNSA
xnapareHTa R 407C, koTopblit
MCMOMb3yeTcs B BO3AYLIHO-
BO/SIHbIX TENMOBbIX HAacocax
Viessmann.

[ins nyyiero NOHUMaHus NpoLecca oxnaxaeHuns C YMEHbLUEHWEM KonnyecBsa Tenna, To 310
obpatumcs k auarpamme faBneHne/sHTansnms xonoaunbHas mawvHa. Ecnv npouecc
(Puc. A.2.2-2). Norapudmuyeckas ocb Y KOHAEHCaLuK - C BblAENEHNEM TENNOBON
obosHayaet gaenenue (Ma). 3Hepruu, To 3TO TENMOBO HacocC.

YCTpoNCTBa, yKasaHHble B 3TOM Tune
Avarpammbl OTAIMYATCS NO NPUHLMNY
ncnonb3oBaHMs (hasosBoro nepexoqa BeLecTsa.
Ecnu 3apeiicTBOBaH NpoLecc ncnapexms,

Puc. A.2.2-2  Jlorapudpmuyeckas gnarpamma AaBneHne/sHTanbnms

50
40 = | N\
0 70°C
60°C
20
4] CKuxeHue
—
[ “'
= 30°C
o -
< 10
=2 8_ 20°C ‘
a S
g E| 10°C
] 0 ‘ :g
S [fi¢
g |
10 A
2 : a UcnapeHune s
XKuakoctb -20°C
2
~30°C
Map
-40°C —_—
1
30 40 50 60 70 80 90 100 110 120 130 140 150

AHuTanbnus h (Bru/kr)

Bo Bpemsi paGoThbl TENMOBOrO Hacoca XaforeHT NPOXOAUT CrEAYOLME aTanbl (ha3oBOro NPeBpaLleHns:

H WcnapeHne

XnapareHT ucnapsietcs. Heobxoavmas Ans aTOro sHeprus (dHTanbnus ucnapexus) 6yaeT otgaBaTbes B
oKpyxatoLyto cpeay (Hanpumep, B aTMocdepy).

E-E coxatve

Komnpeccop nosbIlaeT ¢ MOMOLLbIO MEXaHUYECKO SHEPrUN CxaTus JaBneHue xnagareHTa, u
criefoBaTenbHo, TeMnepaTtypy. QHTanbnus (CoaepxaHue dHepruu ) Boapacrtaert.

B Cxuxenve

Xna/:lareHT B pe3ynbraTte CXaTusa CxXuxaetcsa (KOH[JEHCMpyETCﬂ) N oTAaeT NOrnoLweHHY 3Hepruo npu

ncnapeHun n NONyHYeHHy SHEPruio MeXaHU4YeCKoro cxartus.

H PaclupeHue

Xna,qareHT C NOMOLLbIO CrieunanbHOro 3KCNaH3MoHHONo KnanaHa paclmnpsaeTcs, BoO3Bpalwlasch B CBOe
nepBoHayarnbHoe COCTOsIHUE, C COOTBETCTBYIOLEN TemnepaTypoi U AaBneHneMm. XxnagareHT MoxeT 6biTb
MOBTOPHO NncnapeH u npouecc NoOBTOPEeH CHOBa.



A.2.3 KoachduuueHt npeobpazoBaHus

KoadppuumeHT npeobpasoBaHus - ato
OTHOCWTENbHOE YMCIO, NOKa3blBaKoLLEe
COOTHOLLEHNE 9PHEKTUBHOCTM K N3AEPKKAM.
Mo OTHOLLEHMIO K TEMOBbLIM HACOCaM - 3TO
03HauaeT: 3h(PEKTUBHOCTb, ITO NOMyYEHHAs
nyTem KoHAeHcaLum BbicBo6oAMBLLAsCS
BbICOKOTEMMEPATYPHAs SHEPTUS Tenna,
U3EPXKKM - 3TO HEOOXOAMMOCTb B NOABEAEHNN
[0MNONHUTENBHON 3HEPTN Ha CxkaTue. [ns
TENOBbIX HACOCOB 3TO OTHOLIEHWE HA3bIBAETCS
koathdhuumeHToM npeobpasosarns — COP

(= coefficent of performance, aHrnuiickoe
o6o3HayeHe koadhuumeHTa npeobpasoBaHms).

KoadpchuumeHT npeobpasoBaHus Ans TENNOBOrO
Hacoca onpefensieTcs ¢ NOMOLLb COOTHOLLEHNS
no p,h-guarpamme

h3 - h4

COP= ———MM
h3 - h2

COP KoahduumeHT npeobpasoBaHus

h2  3OHTanbnua B Hauane cxatus

h3  OHTanbnus B KOHUe cxaTus /
Havarne TennoBbIgeneHus

h4  OHTanbnus B KOHLE CKIKEHMS

[ins npumepa (kpacHasi MuHKS) Ha puc. A.2.2-2
KoadhuLMeHT NpeobpasoBaHns pacynTbIBAETCS Kak:

COP = Koadhdp.npeobpasosaHus
EAh2 = 114 Bruikr

EXh3 = 126 Bru/kr

A h4 =69 Brufkr

126 Br*u/kr — 69 BT*u/kr
126 BT*u/kr — 114 BT*u/kr

COP =

B 3TOM Np1Mepe TennoBoi HAacoc MMeeT
koadhcuLmeHT npeobpasosatus COP - 4,75.

KoadpcpmumeHT npeobpasosaqus ans
COBPEMEHHbIX TEMOBbIX HACOCOB NEXUT MEXLY
3HaveHuamn 3,5 n 5,5. Yucno 4 nokasbiBaer,
HanpumMep, 4To TENIOBOW HACOC OTAAET B YeTbIpe
pa3a 6onblue 3HEPrum, YeM NoaBeeHHas K HEMY
9Hepris anekTpudeckas.
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Puc. A.2.3-1  KNJ kak koachduuneHT npeobpasosanus

Tenno nepBuU4yHoro
UCTOYHUKA

[ononHuTtensHas
3neKTpUYEecKas MOLHOCTL

MowHocTb Ha
oTonneHue

TennoBasi MOLHOCTb B JaHHOM Crlyyae npeBbilLaeT
B 4 pasa MOLHOCTb NOJBEAEHHOI SNEKTPUYECKON
SHepruu.

KoachdunumeHT npeobpasoBaHus 34ech paBeH 4.

Yem MeHblUe pa3HuLa Mexay TeMnepaTypoil nogayy OTONUTENLHOTO
KOHTYpa W UCXOJHOI TeMNepaTypoil UICTOYHMKA Tenna, TeM Bbllle

koappuumeHT npeobpasoBaHus.

OcHoBHoe npasuno:

B CHuxaetca Temnepatypa nogaun Ha 1 K > koadhuLneHt

npeobpasoBaHns nosblwaeTcs Ha 2,5 %
B TemnepaTypa CTOYHMKA NoBbiwaeTcs Ha 1 K

- koahuLmeHT npeobpasoBanmns nosbiwaeTcs Ha 2,7 %

Puc. A.2.3-2  TemnepaTypHbIit nepenag u koaduLmueHT npeobpasoBanms

12

10

Yucno mowHocTn

0 10 20 30 40

TevneparypHb neperian, AT (K)

u Mpwu AT = 25 K uucno
MOLLHOCTN NpUMepHo 6

E Mpu AT = 50 K uucno
MolyHocTH 3,3



A.2 ®dunsmnyeckue npoueccol

Yka3zaHue

[ns pacyeta

Ce30HHOro akTtopa
NpPOU3BOAUTENBHOCTH
TENMOBOro Hacoca B TeYeHne
BCEro rofja Ha camnte
www.viessmann.com
[OCTYNEH KanbKynaTop.

[ns Toro 4T06bI AATH 3HAYEHNSI

NPOM3BOANTENBHOCTY TENNOBOra Hacoca
onpezensemoe B noboit Touke paboyero
npovecca, HeobXxoAMMO BOCNONb30BaTLCA
6a3soBbimMi Hopmamu no DIN EN 14511,
Temnepatypa paboyeil Toukn NpUHUMaeTCs

3a OTHOLUEHWe TeMNnepaTypbl NEPBUYHOIO
“CcTOYHMKa Tenna (Bo3ayx A, paccon B, Boga W)

K Temnepatype BblaBaeMOoM TenoBbIM HACOCOM

B KOHTYp OTONNEHMUA.

Ons cneayowmnx TMNOB TENMOBbIX HACOCOB
npueeaeHbl paﬁoqwe TOYKNM:

Tun TemnepaTtypa TemnepaTtypa
VCTOYHMKA nopayn
Bospyx/Boga A2°C W 35°C
Paccon/soga B0°C W 35°C
Bopa/Boga W 10°C W 35°C

A ons Bo3gyxa (= B03ayX)
B nns paccona (= paccon)
W ons Boab! (= Boza)

B HopMme yuTeHa aHeprus komnpeccopa
TEMNMOBOr0 HACOCa, SHEPrUs Ha YCTPOMCTBO
yNpaBneHuns v aHeprusi, Heobxogumas ans
npeogoneHue nepenaga ruapasnnyeckoro
[aBNeHns B TennoobMeHHUKax.

A.2.4 Yucno yacoB rogoBoii HapadboTKM

KoathcpuumerT npeobpasosanns (COP) ectb
OTHOLLIEHE TENMNOBOIN SHEPTN K SNEKTPUYECKON
B kaxxgom Touke pabodero npouecca. logosoe
4MCNO COOTBETCTBEHHO DyaeT paBHbIM Yncny
paboTbl 3a rog.

KoathcuumeHT npeobpasoBaHn Ncnonb3yeTcs B
nepByto o4epeb ANs OLEHKN SPPEKTUBHOCTH
pabotbl Tennosoro Hacoca — COP npumennm
TONBKO 115 ONpeaeneHHoit Toukn paboyero
npovecca npu onpeAeneHHbIX BXOSHO/
BbIXOAHOI TeMnepaTypax.

[lns npaBunbHOro Nogbopa TennoBoro Hacoca
He0BX0MMMO OnpeaenuTL IPPEKTUBHOCTL
ero paboTbl Ha MPOTSKEHUN BCETO roaa. ITo
MO3BOSNT, B 3aBUCMMOCTM OT U3MEHSAEMON
Harpy3ku B Te4EHUM roaa, onpeaenuTs
HeobXoaNMOoe KoNn4ecTso Tpebyemoil
AMNEKTPUYECKOI BHEPTUN M 3aTPaThl Ha Hee.

Clofja BXoAAT TaKkxe NOCTOSHHbIE 3aTpaThl Ha
CUCTEMY YNpaBneHusl, LMPKYNALMOHHbIE HAacoChl
1 T.n. B pesynbTaTe BO3HMKAET YACIO YacoB
rofi0Bol HapaboTku f:

B umucno YacoB rogoBoI HapaboTkK

Qyp dHeprus Tenna nony4eHHas ot TENNOBOro
Hacoca B TeYeHun roga B KBT*y

W, anekTpudeckas aHepris, Tpebyemas ang
paboTbl TENMOBOrO HAacoca B TEYEeHUM rofa
B KBT*y

[ns npubnuanTensHOro NPOrHO3HOro pacyeta
npeanaraem BoCnonb3oBatbcs npasunamu VDI-
4650. [ins 6onee To4YHOro pacyeta HeobxoaMmo
pykosoacTeoBaTtbes DIN 18599.



A.3 [naBHblE KOMMOHEHTHI

[MaBHbIE KOMMOHEHTb

Xopou.lme CUCTEMbI OTOMNNEHUA C TENJTOBbIMW HACOCaMU XapaKTepuyrTca Sd)d)eKTMBHOCTblO
M HaOeXHOCTbIO B SKCNnyaTayun. [ns atoro HeobX0MMbl BbICOKOKA4YECTBEHHbIE KOMMOHEHTbI,
o6ecneqMBa+0ume 3TN TDGGOBGHMH OT Ha BCEeX 3Tanax reHepayunn tenna.

[TepBMYHBIN KOHTYP TEMNNOBOrO Hacoca COCTOUT
113 9NIEMEHTOB, Y4aCTBYIOLLMX B MOMYHYEHUN
Tenna 13 BHELLHEro UCTOYHMKA — Hanpumep
TennoobMeHHwKa, LMpKyNsALMOHHOrO Hacoca
paccona unv Bo3ayLIHOro BEHTUNATOPA, a

y BOZ0-BOASHOrO TENMOBOro Hacoca elye 1
MPOMEXYTO4HOr0 TENNOo0BMEHHMKa.

BTOpPUYHBI KOHTYP BKNtoYaeTs cebs
KOMMOHEHTbI, HeoOX0ANUMble Anst
npeobpa3oBaHuns SHEPriN U Nepefayn ee
notpebutento.
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A.3.1 Komnpeccop

Komnpeccop siBnsieTcs YacTblo TennoBoro
Hacoca, 13-3a Hero yCTpoicTBO M UMeeT
HasBaHWe ,Hacoc’ — OH BcacbiBaeT
ra3006pasHbIi X1agoreHT 1 CKUMaeT ero.

Bce Tnbl aHanornyHbIX KOMNPECCOPOB
npeaHa3HayeHbl TOMbKO AN CKATUS ra3oB 1
Obinm 6bl NOBPEXAEHBI, ecniv B napoobpasHoe
COCTOSIHME XN1afloreHTa nonanu Obl kannu Bnaru.
MoaTomy xnaforeHT cnerka neperpesaetcs,
npexae Yem OH nonazeT B KOMNPECCOp W 3TUM
MpOLIECCOM YNpaBnsieT 3KCNaH3MOHHbIN KnanaH
- BAXHbII KOMNOHEHT 3¢ppeKTUBHON paboThbl
TENIOBOrO Hacoca.

A.3.1.1 Tunbl KOMNpeccopoB

PeLwatoLmm npoueccom achhekTUBHOM KOMNpeccopbl ManoLymHbl, paboTatoT 6e3
paboTbl TENMOBOrO Hacoca SABNSAETCS NpoLiece BMOpaLWit, NO3TOMY HafeXHbl 1 He TpebytoT
cxaTus. B TennoBbIX HACOCaX Ha CErofHsLLHNN TEXHWU4eCKoro 06cnyxmBaHus.

AeHb Hanboree onTUManbHbIM 0Ka3anoch
NPUMEHEHNE CNnparbHbIX KOMNPECCOPOB
Scroll. CnvpanbHbI KOMNPECCOpP COCTOUT

113 iByX B3aMMOCBS3aHHbIX crivpane,
KoTOpble YNNoTHSI0T XxnagoreHT. CnupanbHble

Puc. A.3.1-1 Cnmpaanbm komnpeccop Scroll

CnuparbHblii KOMNPECCOp COCTOUT U3 ABYX
B3aMMOZAENCTBYIOLMX CIMPANEit- OAHON
CTaTWUYHOM, a AiPYroW NOABUKHOM.

lMopswxHas cnupans cosepLuaeT
IKCLiEHTPUYECKOE ABIKEHWE, OCYLLECTBNASA

@@
@@

0AHOBPEMEHHO TPH MpoLiecca:

B BcacbIBaeHwe (rony6oii cermeHT)
B ynnoTHeHwe (p1oneToBbI CErMeHT)
B HarHeTaHue (KpacHblii CErMeHT)

[  nenoaewkHas cnvpans
I nopswxHaa cnvpanb




A.3 MmaBHble KOMMNOHEHTbI

Puc. A.31-2 PerynupoBaHue MOLHOCTH A.31.2 PerynMpOBaHMe MOLLHOCTM

=

2 _ PerynuposaHue npou3BoauTeNbHOCTH

5 e koMnpeccopa CTaHOBUTbCS BCe bonee u

<] -7 n PacyetHas MowHocTb

S - e 6onee BaxHbIM. B 4yacTHOCTK, B BO3AYLLHO-

° - acyeTHasi Temnepar.

= - Y VeraskaTemnepa: BOASHbIX TEMOBLIX HAacocax ¢ 3abopom Tenna

Typbl oTonnehua 13 HapYXXHero BO3ayxa 310 perynumposaque

' Hanbonee BaxHo, Tak kak BO3HWKaOT bonbLune
i TEMNepaTypHble konebaHns OKpyxaloLero

i BO34yXa B Te4eHuu roga. Kpome Toro,

i HeobX0AMMO Y4ECTb TEHAEHLMIO MaKCUManbHON
Bl Hapyweian remneparypa (°C) 3| notpe6HOCTY B TENMe NpU MUHUMATNLHON
TEMNepaType OKpyxaloLLero Bo3ayxa.

OTOT MakcumanbHbIi nepenag Temnepartyp
OTpaxaeTcs B onpeaeneHnn koadduumerTa
npeobpasobanus COP. YTobbl MCKNIOUNTD
TaKTMPOBaHWeE B NEPEXOAHBIX PEXUMax

= = Heperynupyembii TeNnoBoi Hacoc —— TloTpe6HOCTL B Tenne
—— Perynupyembiit TennoBon Hacoc

PerynvlpOBaHme MOLLHOCTH
TennoBoro Hacoca ans

NPefoTBpaLLEHIS 4acTOro TeNnoBo! HaCOC aBTOMATUYECKN N3MeHseT
TaKTPOBaHWS AaBMeHue 1 TeMnepaTypy XnagorexTa.
Kpome TOro, CyLecTBYIOT pasfnyHble pOTOPHbIE
KOMMPECCOpbl, MOPLUHEBbIE UM BUHTOBbIE, PerynupoBaHne MOLLHOCTU MOXHO
KOTOpbIE UCMONb3YIOTCS B PA3NUYHbIX 061acTaX OCYLLECTBMATL PA3NNYHBIMIA TEXHOMNOMMYECKUMN
MPUMEHEHNS B PasHbIX AMANA30HAX MOLHOCTH. cnocobamu. MpuMeHsieMbiit Yalle BCEro Ha

npakTUKe MeTOof - PErynMpoBaHue MOLLHOCTH
Komrnpeccopa C NOMOLLb0 MHBEPTOPHOI
TEXHONOTMU — U3MEHEHIe NEPEMEHHOTO
HanpsxeHus (230 V ~) B NOCTOSIHHbII

TOK, KOTOpbIif NO3BONSIET PETYNMPOBaTH
MpOW3BOANTENBHOCTL KOMMpPECCOopa, M3MEHSIS

PerynupoBaHue MOLYHOCTM KOMMpeccopa
KnanaHoM U3MeHeHWsl faBneHuns

Ha aToit gnarpamme HarnsigHo 30% MoLHOCTB

NOKa3aHo yBenuyeHune
MOLLHOCTHK KOMNpeccopa | | |
C NoBbILIEHWEM Yucna ero -

obopoTos. 0 5 10 15 20 cek.

70% MOWHOCTb
Puc. A.3.1-3  PerynunpoBaHue MOLIHOCTM C MOMOLLbIO NHBEPTOPHOIO KOMApeccopa —

5 . IR

= Ho 5 10 15 20 cek.
8
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©
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E "{;’ 4acTOoTy BpalleHna cnupanu komnpeccopa.
[}
3 :s,r VHBepTEpHOE ynpaBneHne oveHb 3 dhekTUBHO

1 4 =
g NPKY YaCTUYHbIX Harpy3kax.
3
=

0 0

rasi BOSMOXHOCTb - 3TO perynmpoBaHue
10 20 30 40 50 60 70 80 90 100 ﬂpy perymip

MOLLHOCTM C MOMOLLbIO KNanaHa U3MeHeHNs
[JaBIIEHNS B KOMNPECCOPE.

YacTora marHutHoro nons (u)

e (COP) — MowHocTb otonneHus (kBT)
ﬂpm OTKPbITUX MarHMTHOIO KrnanaHa koMmnpeccop

6ypeT paboTaTb Ha XOOCTOM XOfy.



A.3.1.3 lMpomexyTouHbIN BNPbICK Napa —
EVI (Enhanced Vapourized Injection)

B oTpacnu TennocHabxeHns yCTaHOBNEHbI
onpefeneHHble TeMnepaTypHble CTaHAapTbI,
obecneymBaroLLme eanHble npasuna
NPOEKTUPOBAHNS U pacyeTa CUCTEM OTONMEHNS
11 ropsiyero BogocHabxeHus. Ytobbl
YLOBMNETBOPUTB 3TV TPEBOBaHHSI, TENNOBLIOMY
Hacocy HeobXxoaMMOo NoaaepxMBaTh
onpenenexHyio pasHuLy TeMnepaTyp Mexay
MCTOYHMKOM Tenna u TeMnepaTypoil nogauu.
[lns 3T0r0 CRyXUT YCTPOICTBO PEryNMpOBaHUS,
OCHOBaHHOE Ha MPOMEXYTOYHbIM BMPbICKE Napa
HenocpesCcTBEHHO B KOMMPECCOP.

MakcumanbsHas Temnepatypa, KOoTopom MoryT
[0CTUraTh COBPEMEHHbIE XMaf0reHTbl B
npoLecce cxatus coctasnset okono 135 °C,
JanbHeiLlee ee NoBbILLEHUE MOXET NPUBECTH
K BbIXOZY W3 CTpOs Komnpeccopa. bnaropaps
NPOMEKYTOYHOMY BMpPbICKY Napa HanpsiMyio B
komnpeccop ,Enhanced Vapourized Injection*
(EVI), cxaTblii xnaforeH oxnaxaaetcs. 1o
NPOMCXOANT BO BTOPOWN TPETU MpoLiecca cxaTus
(cm. puc A.3.1-4 n puc. A.3.1-5).

CraHpapTHble peleHus 6e3 EVI nossonstot
pocTuratb Temnepatypsl 4o 60 K, ¢
npomexyToyHbiM BrpbickoM 80 K. EVI no3sonset

Puc. A.3.1-4  TlpomexyToyuHbIit Bpbick napa (EVI)

OneKTPOHHbI

Bnpbick (EVI)
- — ha <
— Q —
— - o —
H — - — | H
== ¥ ===
m—r—— x>
p— V72 =
- \\\\-,/// -
i 2] I
MpupoaHoe Tenno OTonnexue
n Vicnapuren n Tennoo6meHHMK e KWOAKOCTb
ﬂ Komnpeccop B Pacwwuput. knanax axmmm  [a3
B KoHpeHcarop n Pacwmput. knanaH

lMocne npouecca Cxuxenus (3) YacTb XNagoreHTa ¢ NOMOLLbIO MPOMEXYTOYHOTO
TennoobMeHHNKa (4) 1 SKCNAH3MOHHOTO pacLUMpUTENbHOro knanaxa (5) ncnonbayeTcs Ans
CO3/jaHVs Napa NS A0MNONHUTENBHOTO BNPbICKa HAaNpAMYH0 B KOMNPECcop (2). 3To npoucxoanT
B MOMEHT 3aBeplualoLLeii hasbl CxaTus, NpMMepHO BO BTOPOIt ee TpeTw. bnarogaps atomy
NPOVCXOAMT OXNaXAEHNE YNNOTHEHHOTO CXaTUEM XNafareHTa.

AOCTNYb TeMnepaTypbl noaaum go 65 °C npu
Bonee HW3KOV TEMNepaType UCTOYHMKA Tenna.
OT0 0COCOEHHO BaXHO NS BO3AYLLUHO-BOASHbBIX
TENMOBbIX HACOCOB.

Puc. A.31-5 Bnusnue npouecca EVI

Tennosoi Hacoc 6e3
MPOMEXYTOYHOTO BripbiCka
EVI (kpacHas nuHus) npu
MUHWUManbHOM Temnepatype

nctounnka —10 °C obecneynsaet
Temnepatypy NoAayu He Bbille
55 °C, TaK Kak npowecc cxaTus
3aBepLuaeTcs npu Temneparype
135°C.

Bnarogaps npomexyTouHoMy
Brpbicky napa (o1 3 8o 4;
rony6as nuHus) aasnexue
BO3MOXHO NOBbICUTb 6e3
neperpesa xnaforeHTa.
Bnaroaaps atomy MoxeT BbITb
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A.3 MmaBHble KOMMNOHEHTbI

Puc. A.3.2-1 TepmocTart. 3KCMaH3MOHHBbIN KnanaH
Das thermostatische Expansions-

ventil wird hydraulisch iiber ein 2]
Kapillarrohr geregelt. R |

<=

5

PacmputensHbii
n TepmocTat E KnanaH

A.3.2 JKcnaH3MOHHbIW KnanaH

OKCMaH3NOHHBIN (pacLUMpUTENbHbIN) KnanaH
npeAHasHayeH Ans CHWKEeHUs AaBeHuns

1 ha30BOr0 NpeBpaLLEHNs XNaLOoreHTa,

nocne nepeaayy ero BbICOKOTEMNEPATypPHON
9HEPTUM B KOHTYP CUCTEMbI OTOMMEHUS.

Takum 06pa3om, pacLUMpUTENbHbI Knanax
BO3BpaLLaeT X/TaJoreHT B NepBOHaYanbHoe
COCTOSIHME, KOrAa TOT CHOBA FOTOB BOCTPUHSATD
SHEPrYUI0 OKpyxatoLLeit cpedbl. JononHUTENbHO
pacLUMPUTENbHbIN KnanaH perynupyet
KONM4YeCTBO X/aforeHTa, rapaHTMpys ero NonHoe
ncnapexue B ucnaputene, npeaoTapallas
nonagaHue kanenb B KOMNPECCOP M 3alyuiLas
€ro OT NOMOMKM.

KonebaHus TemnepaTtypbl NEPBUYHOO
WCTOYHWKA TENMa 1 TENMOBOI Harpysku
AenaeT NpUMeHeHNe PacLIMpUTENBHOTO
KrnanaHa B COBPEMEHHbIX TEMMOBbIX HAacocax
HeobX0AUMbIM.

Puc. A.3.2-3 Paboyas Toyka

12

10

Meperpes (K)
o -]

I

—— O3neKTPOHHbIW PacLUMPUT. KnanaH

— TepMOCTaTVI"IeCKHﬁ pacwup. KnanaH

N
[EpEE R S

PacueTHas Touka

o

-20 -10 0 +10
Temnepatypa nctouHuka (°C)

Abb. A.3.2-2 Elektronisches Expansionsventil

TepmopaTumk Perynatop

H
n [aTtuuk o n P pUT. KnanaH

A.3.21 TepmocTtaTuyeckui
3KCMAH3MOHHBIN KnanaH

TepmocTaTMYECKUI 3KCMAH3WMOHHBIN KnanaH
SBNAETCS PErynupyoLLMM KnanaHoM ¢
3agatumkom no Temnepatype. OH usmepset
TemnepaTypy BO BCacCbIBaloLLei Maructpanu
koMnpeccopa v perynupyeT nogadyy xnagoreHTa
B UCMapuTEN.

A.3.2.2 OneKTPOHHbII 3KCNAH3NOHHbI
KnanaH

C NOMOLLbI ANEKTPOHHOO PACLUNPUTENBHOTO
KnanaHa nepes KOMnpeccopoM n3mepseTcs
kaKk faBrneHue Tak u Temneparypa.

Bnarogaps anektpuyeckomy cepsonpusogy
pacLMpuTENbHBINA KnanaH No3BONSeT O4eHb
ObICTPO 1 TOYHO PETYNNPOBATL PACcXOA
XnagoreHTa, 4To No3BONSET NOAAEPXKMBATL
TeMnepaTypy Ha NOCTOSHHOM YpOBHe (B
KenbBrHax) Bo BceM anana3soHe pabouyeii
MOLLHOCTM TENMOBOro Hacoca.

TepmocTaTnyeckmne paclumpuTenbHble KnanaHbl
perynupyT Temneparypy TONbKO B onpegeneHHon
TO4Ke paﬁoqero npouecca, Bbl3blBas B
OCTanbHbIX pa6oqu TOYKax neperpes.

OneKTPOHHbI pacLIMpUTENbHbIN KnanaH perynupyet
6bICTPO M TOYHO BO BCEM Anana3oHe paboyeit
MOLLHOCTM TEMMOBOro Hacoca.

TepmocTaTU4eCKN pacLUMpUTeNbHbIA KnanaH
OCYLLECTBASIET PETYNNPOBKY TOMBKO B PACYETHOM
TOYKe, B APYrMX TOUKAX HE UCKITIOYEH Neperpes.



A.3.3 Tennoo6MeHHUMK

B 370/t rnaBe ONUCLIBAKTCS OCHOBHbIE TUMbI
Tennoo6MeHHbIX anapaToB, NPUMEHSIEMbIX B
TennoBbIx Hacocax. KOHCTPYKTMBHbIE pasnunyms
CaMux TenmnoBLIX HACOCOB, KOTOpbIE ByayT 34ech
3aTpOHYThI, NogpobHo OyAyT paccmaTpuBaThCs
B rnase 4.

A.3.31 WUcnaputenb

B pacconbHo-BoasiHbIX M BOZO-

BOASHbIX TENMOBbIX HAacocax, kak

npaBuo, NPUMEHSIOTCA NNacTUHYaTble
TeNnnoobMeHHNKM, 0becrneynBaioLLme BbICOKYHO
NPOV3BOANTENBHOCTb NPU KOMNAKTHBIX
pa3smepax. OgHako, B OTAEMbHbIX Cry4asX,

Ansi BOLO-BOASIHbIX TENNOBbIX HACOCOB
NPUMEHSIIOTCS KoakcuarnbHble TENNO0BMEHHNKY.
OHY rapaHTUPYHOT BbICOKYI0 HAAEXHOCTb

1 ONUTENbHYHO 3KCTyaTaLuio Npy CUNbHO
3arpsi3HeHHoi Boge. [1ns MCnonb3oBaHust
Tenna, HanpuMep, CTOYHbIX BOLL, MPUMEHSIOTCS
creumanbHble KOHCTPYKLMU TENN00BMEHHMKOB.

BbICOKOI NPOKU3BOANTENBHOCTI NNACTUHYATHIM
TennooGMeHH!KaM Takxe NnomMoraoT 4oCTUraTh
YCTPOWCTBA pacnpeaeneHus, KoTopble
paBHOMEPHO pacnpeaensioT XfnagareHT no

NOBEPXHOCTU TennoobMeHHMKa, No3Bonss
n3beratb rMApoyAapos U oNTUManbHO UCNONb3yA
BCI0 Nones3Hyo nnowanb TennoobmeHa.

B B0O3AYLLIHO-BOASHbIX TEMMOBbIX HAacoCaX
NPUMEHSKOTCS NaMenbHbIe TeNNo0BMEHHNKM.
70 CBA3aHO C TEM, YTO MEPBUYHbBIE NOBEPXHOCTH
TennooGmeHa, HaxoaALLMECs Ha CTOPOHE
BO34yXa, OMKHbI BbITb Goree pasBuTbl, Yem
BTOPUYHbIE MOBEPXHOCTH, 0BpaLLieHHbIE K BOE
(paccony) n3-3a pasHuLibl B KO3 DULMEHTE
Tennonepeaayun aTux cpeq.

lMpn TemnepaTypax OKpyxaroLLero Bo3ayxa,
Onu3kNX K TOYKe 3amep3aHust BOASHbIX Napos,
HaxoJALMXCS B HEM, TaMenbHbIE MOBEPXHOCTM
TennoobMeHHNKa HaunHaoT 0bmep3aaTsb.
CoBpeMeHHbIE TEMOBbIE HACOCHI MOTYT B
aBTOMATN4YECKOM pexnmMe obecneunBaTb
perynsipHoe nx pa3amMopaxuBaHue, 0AHaKo, Yem
MeHbLUe JOMOMHUTENBHO AHEPTV TEMOBOV
HaCcoC TPaTUT Ha JONOMNHUTENbHbIE PYHKLMY,
TeM achekTnBHEE OH paboTaerT.

A.3.3.2 CxuxeHue

Takxe, B NpOLIECCe CKKEHNS KOHCTPYKTUBHO
MCNonb3yrTCA NNacTnH4yaTble Teﬂﬂ006MeHHI/IKI/I,
kak 0b6ecneynBaioLLme BbICOKYIO
NPOn3BOAUTENBHOCTD.
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Puc. A.3.3-1 Wcnaputensb ¢ pacnpeaeneHuem v 6e3

C pacnpepgenuTernbHbIM YCTPOWCTBOM

Be3 pacnpefenuTenbHOro ycrpomcTea

Tepmorpaduyeckne CHUIMKI HarnsgHO NOKa3bIBAKT pacnpeseneHne Tenna s TENN006MEHHOM annapate 6e3 pacnpefenutenbHoro yCTpOIZCTBa (CJ'IEBa), Korga

XnagareHT HepaBHOMEPHO NOKPbIBAET NOBEPXHOCTb TennoobmeHa n c pacnpenenutenbHbIM yCTpOI?ICTBOM (cnpaBa).




A.3 MmaBHble KOMMNOHEHTbI

BospgywHo-BoaAsHO TeNnoBow
Hacoc
Vitocal 350-A

Puc. A.3.3-3  BcacbiBatowuit TennoobMeHHMK

- -
p— = 4] pr—
p— 5] p—
0| — prm— ;|
- - @ -
2]
MpupopaHoe Tenno OtonneHue
n Vicnapvrens n Tennoo6MeHHUK e KUAKOCTH
H Komnpeccop - : . — iz
n KoHgercatop Knanas

Puc. A.3.3-4 Otbop ropsuyeit ra3oBoit asbl

MpupogHoe Tenno

n Wcnapurens
E Komnpeccop
B MpoMexXyTouHbI oTGOP

nKuuermop

B Pacwmputentheii
KnanaH

t

= = =&
:»@»ﬁ»x

Cuctema oTonnenus

XupkocTb
las

A.3.3.3 BcacbiBawoLmit Tenf1006MeHHUK

YnpasneHue pacLunpuTenbHbIM KnanaHom
rapaHTMpyeT HarpeB xnagareHTa o
Heobxoaumoro napoobpasHOro COCTOSHNA nepes
BXOZOM B KOMNPEeCcop. AT0 0COBEHHO akTyansHoO
Ans paboyem XMAKOCTM, COCTOSILLEN 13 CMECH
XNafareHToB C pasfnyHsIMM TeMNepaTypamm
kuneHus. OTCYTCTBUE Kanemb XULKOCTY B
napoBoii (hase No3BonsieT 3bexaTb NONOMKM
komnpeccopa.

A.3.3.4 YacTnuHbin oTOOp Napa

/lHoraa Ha npakTuKe NPUMEHSIOT YaCTUYHbIN
oTb0p Napa nepea CKWKEHNeM XagareHTa,
4TOBbI NONY4NTH BONee BbICOKKE
TemnepaTypHble NokasaTenu TennoHoCcUTeNs
KOHTYpa CUCTEMbI rOPSIYEr0 BOAOCHAGKEHNS.
KonnyecTtBo aHepruu, kak npaeuno, oTbupaemon
ANs 3TUX HYX[ cocTaBnsieT okono 10 npoLeHToB
oT obwero konnyecTtsa sHepruun. OcTaBLueecs
KONMWUYECTBO SHEPrUM NepefaeTcs 3aTeM Ha
NPOM3BOACTBO Tenna B KOHTYPE OTOMMEHUS.

B tennosbIx Hacocax Viessmann Takasi
TEXHONOrUs HE Hallfa CBOero NpUMeHeHus, kak
He BCerga ynoBneTBopsioLLas TpeboBaHMAM
notpebuTens npu pe3koil nepemMeHe Harpysku
ropsiyero BogoCHabXeHNS 1 NOCTOSHHOM
Harpy3ke OTONNEHNS.



A.3.4 XnapareHT

XnapareHT npefHasHadveH Ang BOCNPUATUS
NepBUYHO SHEPTUM OT NPUPOAHOTO
MCTOYHMKA Tenna (BO3ayXx, rpyHT Ui BoAa),
npeobpa3oBaHum ero (McnapeHue) 1 nepegayn
BTOPUYHOMY TEMOHOCUTENIO (CKUKEHME),
LMPKYNMPYIOLLEM B KOHTYpe oTonmneHus. Mpu
9TOM BO BCEX TOYKax paboyero npowecca ato
O[HO 1 TO e paboyee Terno.

Mo3aToMy XragareHT NpUMEHsIEMbIit B TENMOBbIX
Hacocax AOMKEH UMETb CPa3y HECKOMbKO
MCKNIOYUTENbHBIX CBOMCTB: OH 10MKEH 0BnafaTth
BO3MOXHO B0mnee HU3KOI TOUKON KUMEHMS,
HebonbLWMM 06bEMOM Napa 1 BbICOKOH,
OTHOCUTENBHO NEPBOHAYANLHOT0 06beMa,
XONOAONPOU3BOAUTENBHOCTBIO. Kpome Toro, oH
JOIXEH BbITb HEATPaNeH K KOHCTPYKLIMOHHBIM
MaTepuanam TennoBoro Hacoca, bbiTb

OrHe-1 B3pbIBOGE30NaCHbIM, a Takke UMeTb
MUHUMAIbHY0 TOKCUYHOCTb 1 BbICOKYH
3KONOTMYHYI0 COCTaBMSHOLLYIO MO OTHOLLEHNIO K
o30HoBomy croto (ODP = Ozone deplation poten-
tial) u "napnukoBomy acppekty" (GWP = Global
warming potential).

O1nm TpeboBaHMaM Hanbonee BCero
YAOBNETBOPSIOT YACTUYHO ranoreHupyoLyne
cropoyrnepoaHble cmecy (H-FKW), kotopele

11 MCNONb3yTCS B 6OMbLUMHCTBE CNyYaeB B
TENNOBbIX Hacocax. Hapsiy ¢ MCKyCTBEHHbLIMN
(CMHTETMYECKUMM) XTTaLlareHTaMm B OTAEMbHbIX
Cnyyasix UCMonb3yTCSA U CTECTBEHHbIE, Takue
kak CO,, nponaH unu byTaH. H, TaK kak ABa
NnocrnefHuX BeLecTBa SBNSIOTCS B3pbIBYATLIMY,
npw paboTe ¢ Humu Heobxoammo cobniopaTb
ocobble Mepbl 6e30MacHOCTY.

lMepeyeHb xnagareHToB onpeaeneH B HEMeLKOM
crangapte DIN 8960. OHu HaunHatoTCS ©

He kaxablii xnagareHT unm cMech
XnajareHTa noaxoauT NOA TOT UMK UHOW
TWUN TENNOBOTO Hacoca.

OpraHu4eckuit XnagareHT neHTagnoopoaTaH:
Pl

H-C-C-F
F F

Monekyna coctouT 13 aByx atomoB yrnepoaa (C),
opHoro atoma oAbl (H) v nsitn atomoB dotopa (F).
Obuwas dopmyna - C,HF; (R-125).

Byksbl R (refrigerant), a Ludpbl nogpasymesatot
CBS131 XMMUYECKOTO B3aMOAENCTBMS (CM. puC.
A3.4-2).

Bce xnapareHTbl, Ha3BaH1s KOTOPbIX

nocne 6ykBbl R HaunHawTCS ¢ Lmdpbl 4
npescTaBnsioT coboit cMeck pasnuyHbIX
XNafareHToB, He BXOASLYMX B BbILLEONUCAHYI0
CTPYKTYpPY. 3TN CMeCK OTNnYatTcs 0cobeHHO
BbICOKMMU XapaKTEPUCTUKaMM 1 IKOMOTUYHON
©e30MacHOCTbI0 MO OTHOLLEHMIO K OKpYXatoLLelt
cpene. Beibop xnapareHTa 3aBucut ot
YCINOBWIA 3KCMyaTaL|y TENOBOrO Hacoca
TpeboBaHMAM NpeabABNAEMbIM K UCTOUHNKY
MepBMYHOTO Tenna 1 cucteme TeNNocHabxeHus.

Puc. A.3.4-2 Tabnuua xnagareHtoB Viessmann

XnapgareHTt

Tun PactBop

TennoBble Hacockbl

PacconbHo/
BoasHon

Bopgo/
BoasHon

BospgywwHo/
BoasHon

50% R-32 (CH,F,, OudnioopoaTaH)
50% R-125(C,HF;, MeHTadnioopoataH)
25% R-125

R-407C 23% R-32

52% R-134a (CF,CH,F, Tetpadioopo)
100 % CF;CH,F, TetpadntoopoataH

R-410A

R-134a

X

X

X
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A.4 TloTeHuman nepBUYHbLIX UCTOYHWUKOB

nOTeHLI,VIaJ'I nepBUYHbIX NICTOYHUKOB

B Bo3ayXxe, rpyHTE WM BOAE COAEPXKNTCS TENNO, HAKOMNEHHOE UMK OT
COMHEYHO 3Heprun. ATo NPUPOJHOE TEMIIO - SKOMOrUYECKU YNCTAs SHEprus,
KOTOPYH MOXHO MCMOMb30BaTh C NOMOLLBIO TEMNOBbIX HACOCOB.

Tennosble HAcoCkl, kak MPaBUIO, B KAYECTBE
NEPBUYHOTO UCTOYHUKA TEMNMa MCMONb3yioT
NPUPOAHYIO 3HEPTUI0 TPYHTA, BOAbI UMK BO3MyXa.
OpiHaKo, OHU Takxe MOryT UCMONb30BaTh U
nioBoe yxoasiliee TEXHONOrYeckoe Tensno.

B atux rnaeax Bbl HaliaeTe onucaHne pasnuyHbix
NepBUYHbIX MCTOYHUKOB Tensa 1 TUNOB TeNNOoBbIX
HaCOCOB AN KaXA0ro U3 HUX.



A.41 WcToyHuMK Tenna - rpyHT

BepxHuit cnoit 3eMHO NOBEPXHOCTU ,FPYHT*
SBNSAETCS CTABUNBHBIM MCTOYHUKOM TENna:
Temnepartypa Ha rnybuHe Tpex MeTpoB
OTHOCWTENbHO NOCTOSIHHA W NIEXWT B Anana3oHe
ot 7°Cpo13°C.

Bocnpusitue Tenna rpyHTa nponcxoauT ¢
MOMOLLbK) FOPU3OHTAMBHIO W BEPTUKATBHO-
NpONoXeHoro TennoobmeHHuka (konnektopa/
30HAA), HaxoasLLerocs Heaganeko ot
oborpeBaemoro 3aHus. Tenno ¢ NOMoLLbio
TENnoHoCUTENs (paccona) nocTynaet 13
rpyHTa B Tennosoit Hacoc. 0603HaveHne
paccomnbHO-BOASHON 03HAYaET, YTO B NEPBUYHOM
KOHTYpE (FPYHTE) HAXOAMUTCS TEMNOHOCUTENb
(paccon), a BO BTOPUYHOM KOHTYpE (cucteme
OTOMMEHMS 3AaHMS) - BoAa. MepBIUYHbIil KOHTYp
BOCMPUHUMAET TENMO rPyHTa NPUBHECEHHOE
TyAa COMHEYHON paguaLmeit, LOxXaem um
TanbIMy1 BOLaMM.

A.41.1 TpyHTOBbLIN KONNEKTOp

KoHTyp rpyHTOBOrO KONnekTopa pacnonaraercs
Ha rny6uHe ot 1,2 1o 1,5 M. 3aeck Temnepartypa
B TEYEHMM rofla ye A0CTAaTOYHO NOCTOSHHA.
[anbHeiwee yrnybneHne npuBoauT k
MOBbILIEHWIO CTPOUTENBHBIX PACXOA0B W
OnpaBAaHo st PErMOHOB ¢ 6onee XonoaHbIM
KnumaTom 1 6onee NpoLONMKNUTENbHLIM 3UMHUM
nepuogoM.

Kax/bIli KOHTYp rPYHTOBOrO KOMNeKkTopa AOMKeH
ObITb paBeH N0 ANMHE COCEAHNUM KOHTYpaMm,
4T06bl HE CO3AaBaTb MMAPaBINYECKOro
nepenaja AasneHui no koHTypam. Cneayert
Takxe n3berab NPOTSKEHHOCTM OTAENBHOTO
koHTypa bonee, yem 100 MeTPOB, Tak kak
rApaBnuYeckoe CONpoTuBNeHne Tpyo
NPUBEAET K MOBbILIEHNIO pacxoaa SHeprm
LMPKYNALMOHHbIX HacocoB. TpyOku konnekTopa
pacnonaratTcs B rpyHTe Nog Hebomnbwmm
yrnom, 4tobbl n3bexaTb 3aB03aYLUNBAHMS U
cobuparoTcs Ha KonnekTopHble rpebeHku, oTkyaa
TENNOHOCUTEMb NOCTYNaEeT B TEMOBO HACOC 1
nepegaeT akkyMynupoBaHHOe Tenno.

PaboTa TennoBoro Hacoca MOXeT Bbl3blBaTb
He3Ha4yuTenbHoe 06mep3aHMe pr60K
IPYHTOBOrO KONNEKTopa, 04HaKO 3TO HMKax

Puc. A.41-1 TogoBoe pacnpefeneHue Temneparypbl

Tiefe (m)

\
Mait Honﬁpbj
{ q/
. I
15 V
0 5 10 15 20

Temnepatypa (°C)

He CKa3blBaeTCs Ha KU3HEAEATENbHOCTMU 1
pereHepaluv rpyHTa. OfHako, cnefyet usberatb
nocaakv HaJ KONnekTopamm 4epeBbes ¢
pa3BUTON KOPHEBOW CUCTEMON (B TOM YUCTiE U
AN 3aLLMTbl CAMUX KONNEKTOPOB).

Puc. A.41-2  [pyHTOBBbI KONNEKTOP

MnacTukoBble TPyObl 3EMNSIHOTO KONNeKkTopa yknaablBatoTes Ha rmybuHe ot 1,2 o 1,5 m.
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A.4 TloTeHuman nepBUYHbIX UCTOYHMKOB

Puc. A.41-3  cToYHWK Tenna - rpyHTOBbIN KONMNEKTOP

[~ @)

Puc. A.4.1-4 TennooTgaya pasnuyHbIX rPyHTOB

©

I
A}

n [pYHTOBbIN KONMEKTOP
3 Hacoc paccontHoro kontypa
H PacconbHo-BoasHOM TennoHacoc

IpyHT Tennootaava

Cyxas, necyaHas no4sa 10-15 B/m2
Bnaxxas, necyaHasi noysa 15-20 B1/m2
Cyxas, rmmH1cTas noysa 20-25 Bt/m?
BnaxHas, rmuHucTas noysa 25-30 B1/m?
HacblleHHas rpyHTOBbIMI BOgaMu Noysa 30-35B1/m2

OpveHTpoBoYHas
TENNooTAaYa PasnnyHbIX
TUNOB rPyHTa

Mnowaau 3emnu, HaxoasLnecs Haa
NPONOXEHHLIMU TPYHTOBLIMU KONNEKTOPaMu
OO0JXHbI, N0 BO3MOXHOCTW, UMETb MUHUMAIbHYIO
3aCTPOIiKY W 3aTeHEHWE, YTOObI MOMHOLEHHO
pereHnpupoBaTb B Te4eHMUe TENIOro BpeMeHu
rofa. ConHeyHoe n3nyyeHune 1 ocagku AOMKHbI
obecneynBaTh NOSHYI0 PereHepaLyio rpyHTa,
4T0GbI K HAaYasy OTONUTENbHOTO Nepuoaa oH Gbin
rOTOB OTAABaTb HAKOMMEHHOE Tenso.

[lnsi npoknazky rpyHTOBbIX KONEKTOPOB
Heobxoaumo npoBeaeHe GornbLioro o6bema
3eMnsHbIX paboT. [ins HOBOro CTPOUTENbCTBA
370, KaK NpaBurio, He BreyeT 3a coboit GonbLuKX
[OMNONHUTENbHbIX 3aTpaT, OfJHAKO, ECIN Peyb
UIeT 0 MoJepHU3aLUN CUCTEMbI OTOMEHNS!

YK€ CYLLECTBYIOLLETO 06bekTa, U3AEPKKM
BO3paCTalT MHOTOKPaTHO. M BO MHOMX Cryyasx
OT TaKOoro YCTPOICTBa NPOKNaAKA KOMNNEKTOPOB
NPUXOAUTCS 0TKA3bIBATHCS.

[MoneaHbIit TENNOCHEM CUNBHO 3aBUCUT OT
TENNO(U3NYECKUX CBONCTB FPYHTA, COMHEYHOTO
U3NyYEHNS M KNMUMATUYECKOM 30HbI, B KOTOPOIA
pacnonoxeH o6bekT. B Ly 3HaYnTensHoi
CTEMNEHY NMOME3HbIN TENNOCHEM 3aBUCHT 1

OT KONNYECTBA BNAroCOAEPX)aHuUs rpyHTa.
Haunbonee achdekTUBHLIMYM B 3TOM OTHOLLIEHNN
SBNATCS HACLILLEHHbIE BNAroi NoTHbIE NOYBbI,
Hanpumep, rMUHUCTLIE.

TennooTaya pasnuyHbIX CBOMCTB rPYHTa NEXNUT
B npeaenax ot 10 go 35 Br/m2.



A.41.2 TpyHTOBbII 30HA

B 10 Bpems, kak npoknagka 1 MeTpa rpyHToBOro
KOnneKTopa nexalyero ropu3oHTanbHo
Tpebyet bonbLIoro 06bema 3eMNAHbIX

paboT, NpUMeHeHe BEpPTUKANBbHOTO 30HAA
OCYLLECTBNSETCS C NOMOLLb0 6YpOBbIX
YCTAHOBOK 11 3aHUMaET ropasfio MeHblue
BpeMeHW. BaxHyto ponb 3aeck urpaet
pacnonoxeHne CKBaXmH U X rnybuHa.
M03TOMY MOHTaX rPYHTOBbIX 30HAO0B [OMKHbI
NPOBOAUTL CMeLmanu3poBaHHbIe KOMMNaHuy ¢
KOMMETEHTHLIMK cneyuanucTamu. Kpome Toro,
C HUMU 3aKMOYAETCS JOrOBOP Ha rapaHTUiHOE
11 nocnerapaHTuitHoe 06CnyXnBaHne CKBaXmH.
OnTumanbHbIM SBASETCS NPeaioXeHne
MOHTaXa CKBaXWHbI "nof Kno4" oT ogHoi
KOMMaHuu, KOTopabl BbIMOMHSET pacyeT
NpOEeKTa, MOHTaX, W JanbHelliee TEXHUYeCcKoe
obcnyxuBaHue.

CoBpeMeHHble 3aKOHoAaTeNbHbIE HOPMbI 1
npasuna TpebytoT B 6OMbLLMHCTBE CNyYaes
COTNacoBaHuit ¢ MECTHBLIMM BaCTAMU U
nomnyyYeHus paspeLLeHns Ha NpaBo NPoBeaeHNs
OypoBbix pabor.

30HA 3aknafbiBaeTCcs B NpoBYpeHHYI0 CKBaXUHY,
KOTOPas NOTOM 3aMofHAETCA CrielnanbHbIM
TeNnonpoBOASILAM PACTBOPOM.

[Ins npaBunbHOTO NPOEKTMPOBaHUS W nofbdopa
TENMoBbIX HACOCOB 6OMbLLIOE 3HaYeHne
“rpaeT TOYHOe ONpeAeneHmne coctasa

noyBbl Ha Beeil rnybuHe BypeHns ckBaXuHb,
Hanuune ropyHTOBbIX BOA, HACHILEHHOCTb
IMM MOYBEHHbIX CIOEB, @ TaKXe BO3MOXHOCTb
nonagaxus 30HA0B B pycrna noA3eMHbIX pek. B
CcpefHeM, MPY HopMarbHbIX TAPOre0Ae3NyecknX
YCNoBUAX, ANS YKPYNHEHHOTO OnpefeneHns
MOLLHOCTY CKBaXMHbI ANS pacyeTa NpUHUMaeTcs
3HayeHve 50 BaTT Ha MeTp (cornacHo

VDI 4640). Ecnu 30HA HaxoauUTCS B NOYBE
BbICOKOrOBIarocogepxaHus, To 370 3HaYeHne
MOXET BbITb HECKOMbKO BbILLE.

BypoBuku ¢ 60MbLUNM OMBITOM Yy3Xe 3HatT
NPUMEPHbIV COCTaB MOYBbI B TOM UMW MHOM
mecTe 6ypenns. K Tomy xe, npu 6ypeHuu, oHm
aHanuaupytT coCTaB NopoA no Beeil rybnHe
CKBaXMHbI, U CBOEBPEMEHHO NPEA0CTaBNAIOT
KepHbl Nopog, YTobbl nonyynTs 6onee ToYHbIE
pesynbTaThl NPOEKTUPOBAHU.

rpyHTOBbIVI KONNEeKTop COCTOUT, KaK npaBuno, 13
OJHOW nnn ABYyX nap niacTUKOBbIX pr6, nepsble
113 KOTOPbIX CyXaT NofakoLLen MarucTpansto, a

m 34/21

Puc. A.41-5 TpyHTOBbIE 30HAbI

[ HIl ]

4]
©
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n 3oHA

B3 Pacnpepenutens

EJ Hacoc pacconbHoro koutypa
] Tennoeoii Hacoc

Puc. A41-6 BypeHne ckBaxuH

BypeHue npoucxoanT B Tpex
hasax: bypeHue, 3aknagka
30H/0B, 3aNorHeHue
cnewmanbHbIM pacTBOPOM

Puc. A.41-7 Tunbl 6ypos

B 3aBucumocTy oT TMNa nopoabl n I'J'Iy6I/IHbI CKBaXWHbI UCNONb3YHTCA pasnnuyHble BUAbI ﬁypOB.



A.4 TloTeHuman nepBUYHbIX UCTOYHMKOB

BTOPbIE - 0BPATHOI MarucTPanbio, COeAMHEHHbIX pebtiaemsolexenteilenbellErdsonden

BHW3Y CKBaXMHbI CNeLnarnbHbIM MOHTaXHbIM
TemnepaTtypHbIi TeCT Or0MOBKOM.
(TRT):
OnpepeneHHoe
KONMYECTBO 3HEprum
nepepaercs
rPYHTOBOMY 30HAY M
Ha BbIXOZle CKBaXWHbI
B TEYEHWUN HECKOMbBKNX
[Hei n3mepsercs
Temneparypa. Takoi
TECT JaeT BO3MOXHOCTb
Bonee TO4HO pacuuTaTh
MOLLHOCTb BCEM
CKBaXMHbI B LiENOM.

Puc. A.4.1-9 [pon3BOANTENBHOCTb FPYHTOBbIX 30HAOB

BoamoxHas
cneundunyeckas Tennootaava
Npov3BOANTENBHOCTb Bug
OBOWHbIX U-30HO0B
ykasaHa no VDI 4640 061ye 3HaYeHus
Mnoxo# rpyHT (CynecyaHble cmecu) 20 B1/m
HopmanbHbIN FPpYHT, cKanbHble MOPOAbLI NN HACLILWEHHbIA TPYHTOBLIMMU 50 B1/m
BoAaMu
[noTHbIE ropHblE MOPOAbI C BLICOKOW TEnnooTgavemn 70 Bt/m

OTAenbHbIe TUNbI nopon

lpaBui, necok, cyxomn <20 Bt/m

[paBuin, necok, BNaxHbIn 55-65 B1/m
CyrnunHoK, rmuHa, BnaxHble 30-40 Bt/m
M3BecTHsIK 45-60 B1/m
MecyaHunk 55-65 BT1/m
Kucnble marmatuTbl (Hanpumep, rpaHuT) 55-70 B1/m

OcHOBHbIE MarmaTuTbl (HanpvmMep, 6asansT) 35-55B1/m




A.4.2 UcToyHuK Tenna - Boga

Bopga Takxe ABNSeTcs XOpoLnNM UCTOYHUKOM
NepBUYHOro Tenna Ans TENNoBOro Hacoca.
[axe B xonogHble 3UMHUe MecsLbl
TemnepaTtypa rpyHTOBOW BOLbl OCTaeTCs
NOCTOSIHHOW 1 NexuT B npegenax ot 7 °C go

12 °C. Yt06bI Ncnonb3oBaTh rPyHTOBbLIE BOADI,
11X BbIKaYMBaIOT 13 "BEPXHEN" CKBAXWHbI,
HanpaBnsT B TENN00OMEHHUK BOAO-BOASHOIO
TENIOBOr0 HAcoca 1 3aTeM OXNaXAEHHY0 BOAY

cbpacbiBaroT B "HUKHIOK" CKBAXMHY.

[MoBEPXHOCTHbIE IPYHTOBbIE€ BOAbI TaKXe MOryT
3hheKTUBHO NCMONB30BATLCS B Ka4ecTBe
NnepBMYHOro UCTOYHMKa Tenna, ogHako,
cnenyet NOMHUTb, YTO UX Temnepartypa CUINbHO
konebneTcs B 3aBUCUMOCTY OT BpeMeHun roga.

KayecTBo BOAbl OMKHO COOTBETCTBOBATb
Tp660BaHVIﬂM Nnpou3BoOANTENA TEMNOBbIX
HaCOCOB, TaK kaK BbICOKOI(PEKTUBHbIE
nnacTuHYaTble TennoobMeHHNKN TENNOBbIX

HacoCOB O4€Hb YyBCTBUTENbHbI K KAYECTBY BOAbI.

YT100bI M36€XaThb NONOMKM TENNOOOMEHHNKA,
kaK MpaBusIo, PEKOMEHLYIOT UCMONb30BaTh
NPOMEXYTOYHblE TENNO0OMEHHUKN. B 3TOM
Ka4yecTBe X0poLLUo cebsi 3apeKoMeH0Banm
TENNooBGMEHHIKI 13 HepXKaBetoLLen cTanu,
nepegatoLyne Tenmno OT rpyHTOBON BOAbI

A.4.3 UcTouHuK Tenna - oKpyxaroLmii
BO34yX

HapyxHblit BO3ayX, kak UCTOYHUMK Tenna, Tpebyet
camblX HEDOMbLUNX N3TEPXKEK NPU NPUMEHEHWN.
Bo3ayx sacacbiBaeTcs BEHTUNATOPOM,
OXNaxzjaeTcs B ucnaputene TennoBoro Hacoca
1 BblbpackiBaeTcst 06paTHO B OKpyxatoLee
NPOCTPaHCTBO.

[lo TemnepaTypbl OKpyXatoLLero Bosayxa
pasHoit —20 °C coBpemeHHble BO3AYLIHO-
BOASHbIE TENNOBbIE HACOChI MOTYT 0becneunTb
TennocHabxeHne nomeLeHns. OgHako,

npu 6onee HU3KWX TeMnepaTypax Takon
TENMOBOI HAacoc He MoXeT obecneynTb Tennom
NoMeLLeH1e B MOHOBANIEHTHOM PEXnME 1
TpebyeTcs [ONONHUTENbBHbIV TENNOreHepaTop.

Puc. A.4.2-1

4
o o
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MePBIUYHOTO KOHTYPA K PACCOmy BHYTPEHHErO
KOHTYpa TennoBoro Hacoca. Tem cambiM,
TEeNoBO! HACOC OKA3bIBAETCS HAEXKHO
3aLLMLIEHHBIM.

BO3HMKHOBEHME [ONOMHUTENBHOTO
rMAPaBNMYECKOrO KOHTYpa TpeGyeT HeKOTOpOro
YBENUYEHNS NPON3BOANUTENBHOCTU HACOCOB,
0HaKO MOLLHOCTb TennoBoro Hacoca u COP
CHVXXAKOTCS HE3HAYMTENBHO, YTO COCTaBNSET
ML HECKOMBKO MPOLIEHTOB.

Puc. A.4.3-1

n MpuTOoYHBLIN KaHan
H BbITAXHON KaHan
B Bo3aywHo-BoAAHOM TENoBoMi Hacoc

McTounuk Tenna - rPyHTOBAdA BOAa MexXay CKBaXuHamu

©

[ Hil ]

n CkBaxuHa obpaTHas

E CkBaxMHa npsmas

B MpomeXyTOUHbIN TENNIO06MEHHUK

n LIMpKynALMOHHBI Hacoc
B Bopo-BoasHOM TeNOBO HACOC

WcTouHMK Tenna - HapyXHblil BO3JyX (BHYTPEHHSIS yCTaHOBKa)

—

[ ]

*g,

Tak kak Tenno0BMEHHUKI BO3AYLIHO-BOASHbIX
TeNmnoBbIX HAacocoB obecneynBatoT HONbLLON
pacxof Bo3ayxa (3000 fo 4 500 m3/u),
Heobxo4MMO NpeayCMOTPETb NPaBUILHOE
pacnonoxeHue Bo3ayxo3abopHukoB Ans
CO30aH1s KOM(OPTHBIX YCNIOBUI NPOXMBAHMS.

| I

36/23




A.4 TloTeHuman nepBUYHbIX UCTOYHMKOB

Abb. A.4.4-1 [locTynHOCTb M 3 EKTUBHOCTb

AddekTUBHOCTL

<

Puc. A.4.5-1 WcTOYHMK Tenna - CTOYHbIE BOAbI

©

El Kanan crounbix BOA

[ HIl -|

E CrouHble BoAb!

n Tennoo6MeHHMK

n LinpkHacoc

H Bopo-BoasHOMN Tensoo6MeHHNK

Puc. A.4.5-2 TennooOMEHHMK CTOYHbIX BOA

R o

.
" - L

CToyHble BOAbI MOryT

ABNATLCA NCTOYHUKOM
BbICOKONOTEHUMWanNbHOro Tenna c
MUHUManbHbIMU U3[AEpXKaMu.

A.4.4 loctynHOCTb U 3h(hEKTUBHOCTD —
OLieHKa NepBUYHbIX UCTOYHUKOB
Tenna

Ha puc. A.4.4-1 nokasaHo OTHOLLEHME
AOCTYNHOCTM TOTO UIN UHOTO NEPBUYHOTO
MCTOYHMKA Tenna ANs TennoBbIX HACOCOB

1 ero adpdektnsHocTM. O4eBMAHO, 4TO

camas Bbicokas 3(h(heKTUBHOCTb Y BOAO-
BOASHOTO TEMIOBOrO HAacoca, K TOMY Xe,
MOCTOSIHCTBO TEMMNEPATYpbl FPYHTOBOW BOAbI Ha
NpOTshXeHUM rofa 06ecneynBaloT ero BbICOKYHO
Npou3BOANTENBHOCTb. HapyXHbIi BO3ayX

KaK UCTOYHWK Tenna AeiCTBUTENBHO UMeeT
HeorpaHU4eHHOe NPUMEHEHIe, HO 3HaYNTENbHOE
konebaHve TemnepaTypbl HAPYXHOrO BO3ayXa
CHXaeT 9PPEKTUBHOCTb MPUMEHEHMS TaKUX
TUNOB TEMN0BbIX HACOCOB.

A.4.5 WUcToyHMK Tenna - CTOYHbIE BOAbI

Kpowme Tenna HapyxHoro Bo3ayxa, 3emmnu

Unu BOAbl - TENNOBbIE HACOChI MOTYT
3(h(EKTUBHO UCMONb30BATL TENMO CTOYHbIX
1N TEXHONOMNYECKIX BOA, a TaKxe Tenno
YXOASLLEero Bo3ayxa C BEHTUNALMEN NOMeLLeHuR,
korga BTOPUYHOE Tenno uenonb3yeTcs ans
noJorpeBa ropsyeil Boab! Uy NPUTOYHOro
Hapy>HOro Bo3ayxa. Tenno CTOYHbIX BO,

C YCNEXOM PeKynepupyeTcs, HO A1s 3TOr0
HeobX0AMMO NpesyCMOTPETb CUCTEMY C
NPOMEXKYTOYHbLIM TENNOOOMEHHUKOM M3 CTanu
BbICOKOM KOPPO3MOHHON CTOMKOCTY.



A.4.6 Abcopbepbl CONHEYHbIX
KONNEeKTopoB

B kayecTBe NepBMYHOrO UCTOYHMKA Tenna
TakXe C yCnexoMm MOXET UCMOnb30BaThCs
COMHeYHas pagnaums, akkyMynupoBaHHas B
COMHEYHbIX KOMNEKTOPaX 1N HENpPO3payHbIX
HEeOCTEeKIEHHbIX CONHeYHbIx abcopbepax.

Tak, 3Heprus ConHevHoN paanayum,
3aKnioyeHHas B ConHeYHbix abcopbepax,
1CNONb3yeTcs ANs KOHTYpa ucnapuTens
TENNoBOro Hacoca. OHaKo, NeprUos CON