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NMPUMEYHAHUA

OCHOBHbIE TMAPABJIMMECKUE CXEMbI I

1 OCHOBHbIe rmgpaBrnnyecKkmne cxembil
1.1 CwmecwuTtenb
CmecuTenb MOXHO paccMaTtpuBaTh Kak CBA3YHOLLIEE 3BEHO MEXAY
OTONUTENbHBIM KOTINIOM U CUCTEMOWN TennocHabxeHus. Ero
dYHKUMSA - NPMMELLMBATL K NOCTYNatoLen 13 KoTna B NOAAoLLYHO
NNHUIO ropsiven Boge 6onee nnn MmeHee XonoaHy BoAy M3
obpaTHOM NIMHWUK - 40 TeX Nop, NokKa B NogaroLwen nMHum He byaet
AOCTUrHyTa TemnepaTtypa, Heobxoammasa ans nogaepkaHus
TemnepaTypbl B MOMELLEHNN HA NOCTOSAHHOM YPOBHE.
Tak Kak TemnepaTypa Hapy>XHOro Bo3gyxa NnocTOsIHHO MEeHsIeTCs,
OIS NOCTOSAHCTBA TemMnepaTtypbl B MOMELLEHMM TeMNepaTypa B
nogaroLwen NMHUN — a 3HA4YNT U NONOXEHNE CMECUTENS - Takke
AOJTKHbI MOCTOSAHHO MEHSTLCS.
MpenmyLiecTBa cMecuTens:
Ob6ecneyeHune pasnuyHbix TeMnepaTypHbix TpeboBaHu Anga
PasriMyHbIX KOHTYPOB CUCTEMbI TENNOCHAOXEHNS
Ob6ecneyeHune notpebutenen OT KOTEMNBHOW C HE CKOMb3SALLMM
pexXnmMom paboTbl
Peannsaunsa cneumanbHbIX CXeM 3aLUUTbI KOTMOB

1.1.1 TpexxoamoBble cMecUTenu

TpexxogoBble cMecuTeNn MMeT 3 NPUCOEANHEHUS U MOTYT
MCNonb3oBaTbCsA MO0 ANA CMeLleHNs ABYX NOTOKOB BOAbI C
pasnMyHbIMM TemMnepaTtypamm (perynmupoBaHme cmecu), nmdo ans
pacnpegeneHns 2 noTOKOB BoAbl (perynupoBaHune pacxoga). Ha
puUCyHKe nokasaHbl oba BapuaHTa:

s

= =
PezynuposaHue cmecu PezynuposaHue pacxoda
(npaeoe nodknroyeHue)
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3aTBop A (perynupyrowmm 3aTBop):
C ero noMoLLbIO HEro perynmpyeTca TennoBas MOLWHOCTb

Harpysku (BbIBOA, ANSA y4acTKka TpacChbl C NEPEMEHHBIM PaCXOA0M).
3aTBop B (6anMnacHbIn 3aTBOP):
Uepes Hero nponcxoauT noaroHka (BbiBoA 41151 4ONOMHUTENBHOMO

yyacTKa Tpacchl C NepeMeHHbIM PacxoaoMm).

3aTtBop C:

MpeacrtaBnseT cobown BbIBOA AN y4acTKa TpaccChl C MOCTOSHHbIM
pacxogom) ("cyMmapHbIn NOTOK").

PerynupOBaHMe cmMmecu

PerynupoBaHue
pacxopa

PacnonoxeHue
Hacoca

Hacoc Bo BTOPUYHOM
KOHTYype

Hacoc B nepBu4HOM
KOHTYype

[NocToAHHbIN
pacxog

KoHTyp Harpysku

KoHTyp KoTna

lMepemMeHHbIN
pacxop

KoHTyp koTna

KoHTyp Harpy3sku

TemnepaTypa B
KOHTYpe Harpysku

MnaBatowas (xopowasd
NMOAroHKa)

lMocTosAHHO BLICOKas
Temnepartypa (npu
XOrnogHow Boae -
NMOCTOSIHHO XONI04Hast)

MpumeHeHne

Mcnonb3yeTca BO BCeX
cucTemMax OTonneHus;
3KOHOMUYHbIN PEXNM

Mpw oTonneHun c
TennbIM NONOM C
NOAKMNIOYEHHbIM
6annacom.

baccelnHoBbIN
TennoobMeHHUK npu
BO3yxoHarpeBaTene ¢
Manown TopLeBoWn
NMOBEPXHOCTbIO U
pPa3HOCTbIO
Temneparyp

CornocmasrneHue peeyriupogaHus cMecu u peeyrnupogaHus pacxoda
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1.1.2 TennonsonauMoHHasA NneTns

REES

£
—
[—
/
.
YcmaHogka mpexxo008020 cMmecumersisi ¢ mernsiou301siyUOHHOU
nemneu

B obpatHoMm TpybonpoBoge KoTna JoMmkHa ObiTb
TEeNon3onaunMoHHasa netns rnybuHon ot 3 4o 6 guameTpos
Tpy6bl M AnnHon ot 8 oo 10 anameTpoB TpyObl. ITO NOMOXET NpU
3aKpPbITOM TPEXXOA0BOM CMECUTENEe NpeaoTBpaTUTb
HeXxenaTernbHbIN HarpeB HarpeBaTeNbHOro KOHTypa vyepes
PEeLMPKYNALNOHHYIO TpyOy.

[Mo-apyroMy aT0 HasbIBaeTCsa UUPKynsayus “mpyba e mpybe”.

1.1.3 PerynupoBaHue cmecu (OCHOBHasi cxema)
[Mpw perynnpoBaHMm CMecu B KOHTYpPE Harpyskm MEHAETCS He
pacxof BoAbl, @ TeMnepartypa BoAbl B NOAAKOLLEN NINHUMN.
MpenmyLiecTBa:
I'Ipe,qnocunka OKOHOMWUYHOIO " yCTOIZ‘-II/IBOFO perynmpoBaHund,
HanpumMep, aNeKTPoOHHOE perynmpoBaHue Temnepartypbl BOAbI
B NogaroLlen NIMHUM B 3aBUCMMOCTW OT NOrogbl.



NMPUMEYHAHUA OCHOBHbIE TMAPABJIMMECKUE CXEMbI 1

1.1.4 PerynupoBaHue pacxoaa (OCHOBHas cxema)
|_|pl/l perynmpoBaHnn pacxoaa B KOHTYypeE Harpy3km MeHAeTCA He
TeMmneparypa HOD,aBaeMOVI BOAbl, @ €e pacxoa.

MpenmyuwiecTsa:
MCTOYHMK NOCTOSAHHOIO TOKa NPOU3BOAUTENBHOCTL B
3S1IeKTPUYECKON Lenu KoTna
Tonbko obecneymBaoLLMn LMPKYNALUIO HACOC, Takke Toraa,
Korga MHOrOYMCIiEHHbIE HAarpy3kmn nepeknoyarTcs
napannenbHo

1.1.5 YeTblpexxoaoBble CMeCUTenu
qupreXXO,D,OBbIe BEHTUINMUN pa60Tar0T NPUHLUMNMNANbHO KakK
cmecutenu (perynupoBaHue Temneparypbl).

(1

[ =4 -

05-10m

OcHogHasi cxema 8KITIOYEHUS 4HembIpexxo008020 cMecumerisi

Ha pucyHke sicHO nokasaHo, YTO C MOMOLLIbIO CMECUTENS cucTemMa
OTOMNNEHMS TMApPaBMYECKN pasnenseTcs Ha ABa KOHTypa - KOHTYp
KOTNa M KOHTYp oTonneHus. Kak n B TpeXXo4oBOM CMECUTESNbHOM
BEHTUNE, B HEM CMeLUMBaeTCs ropsivyas Boga oT KoTna u bonee
XoriogHas obpaTHas Boga Ansi COBMECTHOM nogaym B cuctemy
oTonneHus. Tpebyemas TemnepaTypa perynmpyeTcs B
3aBMCUMOCTM OT TEMMNepaTypbl HAPY)XKHOIO BO3ayxa U
YCTaHOBIEHHOWN OTONUTENBbHOW XapaKTEPUCTUKN.
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N306paxxeHHasn Ha pucyHke Manasi no pa3mepy NMHUS
BblpaBHMBaHWS AAaBNEHUS NPU MAOTHO 3aKpbITOM
YEeTbIPEXXOQOBOM CMECUTENE U NPU OCTbIBAKOLLEM OTONMUTENBHOM
KOHTYpe npeaoTBpallaeT obpazoBaHMe NOHMKEHHOrO AaBMEHUS U
CBSI3aHHOE C HMM BCacbiBaHWe BO3ayXxa.

UTo6bl COBCTBEHHAsA LMPKYNALMSA B KOHTYpE KOTna npoucxoamna c
NOBbILLEHMEM TeMNepaTypbl 06paTHOM BOAbI, [OMKEH
NpUCyTCTBOBAaTb y4acTok nogbema Ha 0,8 - 1 M (0T nogkntoveHns
0BpaTHON NMHUK K KOTAY 40 NOAKIHYEHNS CMECUTENS K
nogaroLwen NMMHUKM KoTna).

[Mpn HegocTaTke MECTa MOXHO TakXke YBENUYUTb pasmep
CMeCUTENSA N HOMUHaIbHbLIA BHYTPEHHUI anameTp Tpyb KOHTypa
KoTna.

[MpenmyLLecTBa YeTbIpEXXO40BLIX CMECUTESEN:
B KOHType koTna Bceraa goctatovyHo 60bLIOn pacxon
B03MOXHOCTb B LLMPOKOM AManasoHe perynvposaTb
NoBbILLIEHME TeMnepaTypbl 06paTHON BOAbI— 3@ UCKITIOYEHNEM
drasbl nycka
YacTuyHble NOTOKM MNOMHOCTLIO OTAENEHbI APYr OT Apyra, 310
npegoTBpallaeT aHoMarsbHble LMPKYnauum
BecnpobnemHas ycraHoBKa B Ka4eCTBE UCMOSNHUTENBHOIO
3nemMeHTa HeJOCTaTOYHOro PerynnupoBaHns Npu Harpyske
pacnpegenuTenen AasneHMeM Hacoca

Linpkynsumsa B nepBMYHOM KOHTYpE U CBA3AHHOE C HeW
noBbILLEHME TeMnepaTypbl B 0bpaTHOM TpybonpoBoae KoTna
3aBUCUT OT:

[‘paBUTaALMOHHOM UMPKYISALUK B KOHTYpE KOTNa

BO34ENCTBUS NHXEKLUN U3 BTOPUYHOIO KOHTYpa, KOTOpoe

3aBUCUT, Npexae BCEero, OT NOSIOXKEHUs KnanaHa, ero opmbl 1

OT CKOPOCTM BOAbI.
BakHoe noBbIWeHne TeMmnepaTypbl 06paTHON BOAbI
He3Ha4YNTENBLHO MMEHHO Npu cnabon Harpyske. MNpun manom
OTBEPCTUN CMECUTENS U, COOTBETCTBEHHO, Marom pacxoae
obpaTHOM BOAbl B KOTENT HE3HAYUTENBHO U BO3OENCTBME
NHXekumn. Ha 6onee MoLwHbIX OTONUTENbHbIX CUCTEMAX
noBbILLEHME TeMnepaTypbl Bogbl B 06paTtHOM TpybonpoBoae
KOTNa npu nycke He MoXeT 6bITb 06ecneyeHo TONbKO C NOMOLLbIO
YeTbIPEXXO4OBbLIX CMECUTENEN.
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1.1.6 AnuTenbHOCTU UMNYNbCOB
Ha npumepe VRC calormatic MF

MonoseHde cMecuTena %
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90 [MPONODLA0HANEHO D e
FIE Py AMOE SiHK A |\
|

JAKPEIT

100
MonoxeHWe CMECHTENA %

Peaynupoequaﬂ xapakmepucmuKka KOHmypa cmecumersis

Ecnu genctsytowasa Temnepartypa B KOHTYpe cmecutens
oTnMyaeTcsa oT Temnepartypsbl, Tpebyemon perynsatopom, 6onbLue
yem Ha +/-0,5 K, TO cmMecuTesb ¢ NOMOLLbIO ABUraTens
ynpaBnaeTcs MMnyrnbcamu nepemMeHHon AnuTenbHOCTH
BkntoveHna (ED).

[ONnUTenbHOCTb BKOYEHUS (CUrHAI MO HanpsbKeHuo ans "oTkp."
nUnun "3akp.") 3aBUCUT OT paccornacoBaHus, T.e. OT Pa3HOCTU
MeXxay AeNCTBYIOLLEN U 3a4aHHOW TeMnepaTypoun B nogaroLlen
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NUHUK, a TaKkKe OT YyCTaBKK NpeaesioB NPonopLMOHansHOMo
perynuposaHus (P).

B 3aBopckown yctaBke npegenos P (12 K) cmecutens npu
paccornacoBaHum 12 K n 6onee oTkpblBaeTCAa UM 3aKpbiBaeTCA C
cooTHoweHneM BknoyeHns 100%.

Ecnn paccornacosaHue coctasnsieT, Hanpumep, 6 K, To npu Ton
Xe ycTaBke npenenos P cmecuTernb OTKpbIBAaETCA Unn
3aKpblBaeTCsl C COOTHOLLEHMEM BKNoYeHus 50%. MNpu
BblLLEHa3BaHHOM paccornacoBaHumn +/-0,5 K peyb nget o
MepPTBOW 30HE, B KOTOPOW CMecUTEesb, HECMOTPS Ha
paccornacoBaHue, He OTKPbIBAETCH N He 3aKpbiBAEeTCH.

Tak Kak nepvog NOBTOPEHUS UMMYJTbCOB MPOAOITKUTENBHOCTLIO
okono 20 cek. Bcerga nocTosiHEH, 3TO 3HAYUT, YTO CMECUTESb Ha
10 cek OTKpbIBaeTCA Unu 3aKkpbiBaeTcd, a octanbHble 10 cek.
Haxo4uTCs B UICXOLHOM COCTOSIHUM.

1.1.7 BbiObop pasamepoB cmecutenen
[varpamma nnaHMpoBaHUS CMECUTESS Ha CrnefyroLwen cTpaHuLe
ncnonb3yeTcs cneayrowmm obpasom:

Hanpumep: pagmatopsl 70/50, At = 20 K

OTbickMBalOT Ha guarpamme Tennoson notok Q (kBT).
[BuvratoTcs BepTUKanbHO BBEPX 40 TOYKU NepeceveHuns
COOTBETCTBYHOLLEN NUHMEN At. Ha BepTuKanbHOW Ocu crieBa
MOXHO npoYvecTb 06beMHbINM pacxod V (uTpbl/yac).

OT To4kM nepeceveHns c NMHNEN At oBUraroTCA Brnpaso Ao
pacTtposoro nongd (0,7 - 1,1 m/cek). 3aecb nonagatoT Ha
onpeneneHHyo NMHNI0 HOMUHANbHbIX BHYTPEHHUX ANaMeTPOB.
OTOT HOMWUHAIbHbBIN BHYTPEHHWUIA OWAMETP CMECUTENEN HYXXHO
BblGpaTb. B 0cobbix cnyyasax npu onpeaeneHnm HOMUHaNbHbIX
BHYTPEHHUX MaMeTpoB MOXHO JOXOOUTb 4O Npeaerios
ckopocTu 0,3 n cooTBETCTBEHHO 1,25 M/CEK.

OT 3TOM TOYKM NepeceyeHns ABuraroTcs BHU3. [lageHne
OaBneHns B CMecuTerne cYMTbiBaloT B Munnnbapax.
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Mpumep BbIOOpa pa3mMepoB CMecUTens.

O6bemHbIN pacxoa:

oot
c, -At| h

Q = TennoBasd MOLWHOCTb B KBT

Cw (yaenbHaga tennoemkoctb) = 1,163 Wh / kg*K

At = pa3HOCTb Temnepatyp B rpagycax KenbBuHa, kotopas
OOIKHa OeNCTBOBATb B YCTAHOBKE

Mpumep:
Tennosas mowHocTb Q = 60 kBT
At =20 K

Ob6beMHbIN pacxoa;:

Q 60 m3

m= = = _
1163-At  1163-20 h

N3 gnarpammbl:
Cwmecutenb DN 32 (HOMUHanbHbIM BHYTPpeHHUNn & NW 32) (1¥4 ™)
MapeHne gaBneHnsa 26 mbap

13
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1.2 CxeMbl 3aWNTbI KOTMOB
Llenb noBbiweHns TemnepaTypbl 06paTHON NMHUK KOTNa - 9TO
3aumTa KoTna oT Koppo3uu npu KoHgeHcaumm srnarn. OnacHoCTb
KOHAEHCauun ocCoBeHHO BENUKa B CNeayowmx cryyasnx:
[Mpn nycke yCTaHOBKM MUK MpW BHE3amnHbIX 60MbLINX 3anpocax
Ha Tenno, Kak, Hanpumep, Nocne nNpeaLwecTBOBaBLLEro
HOYHOIO NMOHWXEHNS
Mpn 6onblWMX rpynnax yCTaHOBOK € 60MNbLIMM coagepXXaHneM
BOAbI, K KOTOPbIM NPepbLIBUCTO NoAkntoyatTes 6onbline
rpynnbl noTpebutenen
T.€. B NpUHUMNE KaXabl pa3, Koraa B KOTer Bo3BpallaeTcs
BOJa CO CIMLLKOM HU3KOW TemnepaTtypon. Kpntnyeckas
TemnepaTypa NocTynaroLen B KOTen obpaTtHOM BOAbI 3aBUCUT OT
KOHCTPYKLMWN roperiku 1 KoTna.

=]
=

JaeineHye gosnyxa: 1,013 |0ap
OTH| BENakHOCTE Epagyx=a) 20 %

MpupogHe| ras: LL

N

a0 \\.

-

Touka pockel B °C

™

]

-
=

1.2 1.4 1.6 1.8 2.0 2.2
kKoaddumeHT M3beiTka BOsAYES A

Touka pocbl 8005IHO20 napa 2a3006pa3Hbix 0mMx0008 Mpu pasnuyHbIX
KoaghpuyueHmax usbbimka 8030yxa

C y4eTOM KOHCTPYKLMN BO3OYXOLYBKM N NONYYaOLWMXCS U3 3TOro
KO3hPMUMEHTOB n3bbITKa BO3AyXa, TOYKY POCbl MOXHO
YCTaHOBUTb C MOMOLLBIO Anarpammel. [1py 3ToM eLue He
YyYNTbIBAE€TCA KOHCTPYKLUMNA KOTNa.

MprmeyvaHune: KoahnUNEHT N30bITKa BO3ayXa Y OYTbEBON
ropenkn VKB coctasnseTt npumepHo 1,2, a y aTMmocepHomn
ropesnkn VK - 2,0.
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OCHOBHbIE TMAPABJIMMECKUE CXEMbI I

Ecnn yunTbiBaTh KOHCTPYKLMIO KOTNA, TO NoslyvaeTcs
AanbHenwas MUHUMU3aUnNsa TOYKU POCbl M MOXHO BbIBECTHU
cnegyoLwmnn KpuTepun:

OGLee TpeboBaHMe ana BcexX OObIYHbIX OTONUTENbHbIX
koTnoB Vaillant:

Ecnu TpebyeTcs noBbICUTL TeMnepaTtypy ob6paTHOU BoAbl, TO
HY)XHO NpeaycMOTpeTb MUHUMANbHYIO TeMmnepaTypy
obpaTtHon Boabl npumepHo 40 °C.

Mpwn OONroM HaxoXAeHUM NPy TeMnepaType HKe TOYKWN POChl
BO3HMKaloLLlasi Macca KOHOeHCaLMOHHOW Brarm MOXeT Bbl3blBaTb
KOPPO3VOHHbIE NOBPEXAEHUSA. DTO 3HAYUT, YTO KOTIbl, KOTOPbIE
3KCNNyaTUpYHTCS B TEPMUYECKN MHEPLIMOHHOW YCTaHOBKE,
[AOIMKHbI UMETb 3aLlUTy OT A0Nroro NpebblBaHNS HUXE TOYKM
pocbl.

Cuctemy otonneHus cnenyet o603HavYaTb Kak TepMUYECKU
MHEPLIMOHHYIO, eClfin coaepKaHue BoAbl B NOJTHOMN
OTONMUTENIbHOW CUCTEME MO OTHOLUEHUIO K
Npou3BOAUTENLHOCTU KOTNna 6onbLue, yem 15
nUTpoB/KKUnoBaTT

Ecnn cuctema Tepmumyeckn MHEPUMOHHA, TO TeMnepaTypy
nocTynaroLlen B KoTen obpaTtHon BoAbl HEOBXOAMMO NOBbILWATb.
Mpn Bcex cxemax peyb MAET O TOM, YTOObI MOTOK ropsiyemn
nuTaTenbHOW BOAbl KOTNA NOMHOCTLIO UMK YaCTUYHO HanNpaBUTb B
obpaTtHbI TpybonpoBoA Tak, YTobbl TEMNepaTypa NocTynaoLlen
B KOTen obpaTtHoM BoAbl bbina He HUXKe Tpebyemon.

Cnocobbl peanusaumm 3Toro peLLeHnst, a Takke nx
npevMmyLlecTBa U HegOCTaTKN NpeAcTaBneHbl aanee.

Mpu BbIOOpE M pacyeTe nogbema TemnepaTtypbl 06paTHOM
BOAbI HY)XKHO OOpaTUTbL BHUMaHME Ha TO, YTOObI He
npesbillanacb MakCMMaribHasi pa3HOCTb Temnepartyp.
MakcumanbHas pa3HOCTb TeMmrnepaTyp 3aBUCUT OT MaTepuana
Tensoo6MeHHUKa.

AnA 4yryHHbIX OTONUTENbHbLIX KOTNOB MakCUMarnbHas
pa3HoCTb TeMmnepaTyp coctaBnsieT okosno 30 K, ans
cTtanbHbIX — okoro 50 K.

15



NMPUMEYHAHUA OCHOBHbIE TMAPABJIMMECKUE CXEMbI 1

1.2.1 NoBbiWweHKe TeMnepaTtypbl o6paTHON BOAbI —
Y3en nogmewmBaHuA B KOTIe
(MoamMeluMBaOLWMK HAacoOC C rPaBUTaLUMOHHbIM
TOPMO30M U TEPMOCTaTOM)

lNosbiweHue memnepamypbi 0bpamHol 800kl C MOMOWbKO y3a
KomJsio08020 rnodmewusaHusi

Y3en KOTNnoBoro nogMelunBaHna npegHasHayveH ans
nogaepXxaHusa TemnepaTtypbl NocTynawLen B Kotesn obpaTHoON Ha
AOCTaTOYHO BbICOKOM YPOBHE, YTOObLI TeMnepaTypa NOBEPXHOCTH
KOTNa CO CTOPOHbI AbIMOBbIX ra30B Obina Bbille TOYKN POChl. Y3en
nogMeLLMBaHnsl COCTOUT M3 NOgMELLMBALOLLErO Hacoca,
rpaBUTaLMOHHOrO TOPMO3a U TepmocTara.

Y3en nogMeLluMBaHus BKIIOYaAETCA, ecnn Temnepartypa obpaTtHom
BOAbl ONYCKaeTCsa HUXe 3aaHHOM Ha TepMmocTare.

16
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Mpon3BoAMTENBHOCTL NOAMELLMBAIOLLIENO Hacoca
paccunTbiBaeTCs B 3aBUCUMOCTM OT TOrO, YTO TpebyeTcs Ans
npeaycMOTPEHHOrO OTONUTENbHOMO KOTMa - MUHUMarbHbIN
06beMHbI NOTOK MW MUHMMAanbHas TemnepaTtypa obpaTHOM
BOAbI.

Mpumep:

Ha npumepe VK 60-2 E n VKB 150, npon3BoanTensHOCTb (M, )

Beimischpumpe paccuuntbiBaeTcs.

a) TeopeTu4yeckum pacyeTt NO KPUTEPUID MUHUMANbLHOIO
o6bemMHoro notoka VK 60-2 E (4yryHHbIX KoTen) - 60 kBT:

m =2 m, = 608\%)\” ~1720K9
Cy - At 1163 .30K
kg-K

VKB 150 (TennoobmMeHHuK 13 ctanu, 0bMeHHUK CKPbITOM TENNOTHI
N3 HepXxaBetoLLen ctanu):

.9 i, =0 25809
Cy - At 1163 .50K
kg-K

b) TeopeTuyeckum pacyeTt No KPUTEPUO MUHMMANTbHOWN
TeMnepaTtypbl NocTynarLuien B Koten obpaTtHon BoAbl:

Ycnosue:

MpnmepHO 66% Bcero He06Xo0AMMOro NOTOKa B KOHTYpE
oTonneHus, onpegenaet 06beMHbIN NOTOK ANS
nogmeLuMBatoLLero Hacoca (m,, ).

KoTenbHas yctaHoBKa JOIDKHa 3KCNyaTMpoBaTbCs Npu nepenage
TemnepaTtypbl At=20K.
Harpyska VK 60-2 E coctasnsieTt 60 kBT:

m, =r-0,66
=9 o6, = 608\%)\’\/ -0,66:1700%9
Cy - At 1163 . 20K
kg-K

17
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Harpyska VKB 150 coctasnsieT 150 kBT::

M =—9 066 m, = 150\2/?]0\’\/ 10,66 ~ 6450'%9
Cy - At 1163——— - 20K
kg-K

Pestome pesynbtaTtoB (B kunorpamm / h):

Kputepun VK 60 E VKB 150
MuHMManbHbIM 06beMHbIN NoToKk | B 1720 2 580
MwuHuManbHasa Temnepatypa B 1700 6 450
obpaTtHon Boabl

CpaBHeHne 06 bEMHbBIX NOTOKOB Y3510B NoAMELLMBaHUS 060mxX
KOTNOB (4yryH / cTanb) ¢ y4eToM 060UMX KpUTepmnes NpuBOaUT K
3aKnYeHno, YTo NogMeLLnBaroLLmMi Hacoc npu kotne VK
crniegyeT paccymTbiBaTb NO KPUTEPUKO MUHMMANbHOrO 06 bEMHOro
noToka, a koten VKB - no Kputepunio MMHUManbHOM TemnepaTypbl
obpaTtHon Boapb!.

OpHako, noBblLWeHe TeMnepaTypbl 06paTHON BOAbI C NOMOLLIO
y3na nogmeLlumBaHusi, o0cCoOOeHHO nNpu nycke, crneayeT oueHNBaTb
KaK KpuTu4eckoe.

OTO NosICHAETCA cneaywmmM NpUMMeEpPOM:

Op1EHTUPOBOYHBIN pacyeT OTHOLLEHNSA MAaCCOBbIX NOTOKOB
(o6bemHOro NoToka NoAMeLLNBaoLLEro y3na K 06 beMHOMY
MOTOKY KOHTYpa Harpysku) npu nycke oTonUTeNbHOM CUCTEMBI.

Pac4yeTHble Temnepatypa Bogbl U3 KOTNa tik =75°C
JaHHbIE: Temn. obpaTHOM BOAbl B KOTEN tk =55°C
Temn. nogayn B NMNHUIO OTONMEHUSA ty, =70°C
Temn. obpaTHON BOAbI U3 NINHUK t =50°C
I’hv _ (tv B tr)'(trK B tr) (McTounmkm: X. Pooc, MNigpaenvka BOASHOrO
m B (th _tr).(th _trK) oTonneHus)

m, (70-50)-(55-50)
m (75-50)-(75-55)

18
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OTO 3HAYUT, YTO Yepes y3en NnogMeLLMBaHus OSMKHO NPOXoauTb
okono 20% o06beMHOro NoToka OTONMUTENbHOMO KOHTYpa. 3TO
3HayeHue He criegyeT oueHMBaTh Kak Kputndeckoe. OgHako ecnu
NMYyCK CUCTEMbI OTOMNSIEHUS MPOUCXOANT NOCHe NOSIHOro
BbIKIMIOYEHNSA 1 NPWY BbICOKOW OTONUTENBbHOW Harpyske, To
TemnepaTypy obpaTHOM BOAbl U3 CUCTEMbI OTOMNIEHUS cneayeT
npuHATb He 50°C, a Ha ypoBHe TemMnepaTypbl B nomeLleHun 20°C.
Kpome Toro Tpebyetca cobntogaTb ele cnegyowme napameTpsbl:

tik> 40 °C (3agaHHaga Temnepatypa 4n4 yana nogMeLlnBaHus)
twk <t-+ 30 K (419 4yryHHoro kotna)

Mpwn t, = 20 °C OpUEHTUPOBOYHbIN pacyeT NPUBOAUT K
cnegyouiemMy pesynbrary:

M, _(50-20)-(40-20)
m  (50-20)-(50-40)

PaccuntbiBaTbh NogMeLINBaOLWNN HACOC Ha 3TY BbICOKYHO
BennumHy (2,0 X 06 beMHbIN NOTOK KOHTYpa Harpy3kun) He
paunoHanbHO. [ToMMMo BCero npoyero aTo npmseno 6ol K
3Ha4YUTENbHOMY MOBbLILIEHWIO NOTPEONeHns NoToKa B
OTONUTENBbHOW CUCTEME.

Ecnu cpaBHUTbL NPUHATOE YyCNOBME C pacyeToM
nogmMeLwnBalroLWero Hacoca

rhV

m
(npumepHO 66% HEeO06XO0AMMOro NONMHOro 06 bLEMHOro NOTOKa
OTONUTENIbHOW CUCTEeMbI onpeaenseT 06 bLEeMHbIN NOTOK ANA
HUX NOAMEeLUMBaKOLLEero Hacoca), OH He obecneynBaeT
HaAeXHOoro NOBbIWeHUs TemnepaTtypbl o6paTHOM BoAbl ANA
BCeX 3KCniyaTauMoOHHbIX PEXUMOB.

=0,66
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[1ByXno3MuUMOHHOE OrpaHuYeHne nepeknioyeHmem Hacoca, XoTs
[AOCTaTOMHO NPOCTO, HEQOPOro W, Kak NPaBuo, NOAXOAUT ANns
pexuma nNpoaorkuTenbHom paboTbl, O4HAKO, HY)KHO 06paTUTb
BHMMaHWe Ha criefytoLme MOMEHTDI:

CunbHble konebaHna TemnepaTtypbl U NPEPLIBUCTLIE HArpy3Kku
B KOHType noTpebutenen n B KOHType koTna. Jlyywne
pesynbTaTtbl MPUHOCUT HENPEPbLIBHOE perynupoBaHue.

[Mpn nycke cuctemsl, "nogmMmeLLusaemMon Boabl" He XxBaTaeT Ans
HarpeBa 60MbLIOro NoToka oGpaTHOM BOAbI, Tak YTO Aofroe
BpeMS He yaaeTcsa AOCTUYb He0BX04MMOro MMHUMYMa
TemnepaTypbl obpaTHOM BoAbl. Ha aTon dhase AomkHbl ObiTb
NPUHATBLI MEpPbI, NPENATCTBYOWME TOMY, YTOObI BCA obpaTHas
BOJa M3 OTOMUTENbHbIX FPYNnn cpa3y CHOBa MnocTynana B KoTen.

Pe3lome:
Mpn ncnonb3oBaHUM NOAMELLNBAKOLLENO Y3Ma K KOTESTbHON
YyCTaHOBKe NpeabsaBATCA crnegyowme TpeboBaHus:

B koTne gormkHa NoCTosHHO NoaAepXmnBaTbCsl BblCOKas
TemnepaTtypa.

KoTen Henb3a NofHOCTBIO BbIKNOYaTh B dase NoHWXKEHUS.
MapannenbHo ¢ paboTon UMPKYNALNOHHBLIX HACOCOB
OTOMUTENBHOM CUCTEMbI NOCTOSIHHO AOJKEH paboTaTtb
noaMeLLMBaOLLNI HACOC - 4O TeX NOop, NOKa Npu JOCTUXKEHUN
40°C ero He BbIkM4YUT TepmocTart. [pu Temnepartype
obpaTtHon Boabl Hxe 40°C nogMeLUnBatoLLNN HACOC He
BbIKMO4aeTcsa U paboTtaeT NOCTOSAHHO.

C TOuYKM 3peHnA aBTOMaTU4eCKoro perynmpoBsaHusa npocrtoe
BCTpanBaHue nogmMmewnBarouwiero ysmna B Co4eTaHum c
HU3KoTeMnepaTtypHbIMAN KOTIaMu, paGOTaI-OI.I.WIMVI B
CKOIb3slleM pexume, He peKoMmeHayeTCA.

20
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1.2.2 Perynupyemoe noBbIlleHNEe TeMnepaTypbl
obGpaTtHOM BOAbI

0 . -

s s e s | £
© o o o o i

Pezaynupyemoe nosbiweHue memrepamypbl 0bpamHol 800kl

Ha pucyHke nokasaHo perynuposaHue Temnepatypbl
nocTynatoLien B Kotern obpaTHOM BOAbl C MOMOLLIO OTAENbHOMO
TPEXXOO0BOro CMECUTENS, KOTOPbIM HEMPEPBLIBHO ynpasnsaeT
perynaTtop. Becb NoTok Bogbl naeT K rpynnam notpebutenen
TONbKO TOrAda, Korga AoCTUrHyTa MMHUManbHO Heobxoanmas
TemnepaTypa noctynarLlen B koten obpaTtHom Boabl. [1epBUYHO
perynupyeTcsi TONbKO KOHTYp KoTna 6e3 yyeta cucTeMbl
OTONNEHUS.

O6BbeMHbIN NOTOK KOTIa U TeMnepaTypa NocTynatwLLen B KoTen
obpaTHom BoAbl MOXHO TOYHO perynupoBaTb. B ycTaHoBKax ¢
HECKONbKMMUW KOTNaMn Takas perynmpoBka MOXeT NpOn3BOANTLCS
ANSA Kaxgoro otaenbHoro KoTna.
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1.2.3 Perynupyemoe noBbilleHne obpaTHON BOAbI C
LeHTpanbHoe ycTtpouctBo Vaillant VRC-CM

Perynupyemoe nosblilieHne TemnepaTypbl 0bpaTHOW BOAbI, €CNK
He TpebyeTcsa HMKaKou NynbT ynpaBneHusi, MoXeT bbiTb
obecneyeHo ¢ NOMOLLbIO LieHTpanbHoro yctponctaa Vaillant VRC-
CM.

PyHKUMA:

Mpn xonogHOM Nycke KOTeNbHOW YCTaHOBKU K CUCTEME OTOMNSNEHUS
nogkntovaetcs cmecutenb. Koten paboTtaeT B Manom uukne o
Tex nop, Noka Temnepartypa obpatHomn Bogbl He aocTurHeT 40°C.
[Mpy gocTmxeHun aTon TemnepaTypbl B YCTAHOBKY NOCbInaeTcs
ropsvasi Boga nytem nocTerneHHoro 3akpbiTus noameLlnBaHna
obpaTHOW BOAbI, @ B KOHTYP KOTMa NoAMeLLMBaeTcs XonoaHas
BOAA M3 cucTeMbl oTonneHusa. Takum obpasom nytem
nogMeLLBaHUs XOSTIO4HOW BOAbl U3 OTOMUTENBHOIO KOHTYpa B
KOHTYp KOTNa BeCb 06beM BOAbl B YCTAHOBKE NOCTEMNEHHO
HarpeBaeTcs 00 3agaHHOM TemnepaTypbl. [1pyn JOCTUXEHUU
yCTaBKuM No Temnepartype obpaTHon BoAbl MUHUMYM B 40°C,
perynupyowmin dnemMeHT OTKpbIBAeTCH MOMHOCTLIO.

OTUM NepekntoYeHnemM npeaoTepaLLaeTcs NoOHWXeHne
TemnepaTypbl B KOTI1e H/UXEe TOYKN pOChbl B pesynbraTte
NOCTYNSEHNSA B HErO CAULIKOM 60MbLIOro KONMYecTBa XONOAHOM
BOAbl, YTO B KOHLIE KOHLIOB MOXET NPUBECTU K NOBPEXAEHNAM
KoTna.

PerynupoBka ycTpouctea
VRC-CM npuHuununansHo 6e3 Tarimepa
Pexum akcnnyatauumn — nepekrioyaTternb B MOMoXeHUN
"OHEBHOWN pexum"
Py4kn HacTponku ansg “OHeBHOr0 U HOYHOIO peXxmma“ Ha
NPOMEXYTOYHOM MONOXEHUU
Pyuyka ycTaHOBKM OTOMUTESbHBIX KPUBLIX YCTaHaBNMBaETCA Ha
oTonuTenbHyto Kpueyto Il (TemnepaTypa o6paTHON BOAbI
okono 40°C)

Mexgy knemmamm 19 1 20 BMeCTO AaTymKa HapyXHOW
TemnepaTypbl 3aXXnmaeTcsa NocTosiHHbIN pe3ucTop (ET Ne 25 26
84; npn 0°C 1600 om).
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1.2.4 Perynupyemoe noBbIlWIeHNe TeMmnepaTypbl
obpaTHOM BOoAbI C NOMOLWbIO perynsatopa MF u
rmapasnuyeckoro pasgenuTtens Kak
anbTepHaTUBbLI ANA YCTAHOBOK C HECKONbKUMU

(N

L

KOTnamMmu

B Y

koTen 2
OAHG-
CTYNEeHY.

lNosbiweHue memnepamypbl 06pamHol 800b! C MOMOWbLIO peaynsamopa
MF u eudpasnuyeckoeao pasdenumerns

OnucaHue ycTaHOBKM:
ABa TennoBbIX reHepaTopa
PerynupoBaHue HarpeBaHus ¢ nomoubio komnnekra VRC
calormatic MF B 3aBucumocTu ot norogbl. TpebyeTcs 3agatb
COOTBETCTBYIOLUUI rnapaBnnyecknin nnaH, yCTaHOBUTb
MUHUMASbHYIO TeMNepaTypy U akTUBUPOBATL MOBbILLEHNE
TemnepaTypbl obpaTHOM BOAbI.
[MoBbiWeHWe TemnepaTypbl 06paTHON BOAbI C MOMOLLLIO
rmapaBnMyeCcKoro pasgenuTtens
2 KOHTYpa cMecuTenemn B Ka4ecTBe CUCTEMbI OTOMNSIEHUS

MpuMep NNaHUPOBKM NOAAH KaK rmapaBnuyecknn nnad 5 B
MHOrodyHkunoHaneHoMm perynarope VRC calormatic MF n
HabupaeTca yepes gucnnen. ATOT BUA YCTAaHOBOK NPUroAeH Ans
YCTaHOBOK C 60nblUMM cogepxaHnem Boabl (Hanpumep,
nepeknioyaemble rpaBUTaLMOHHbIE CUCTEMbI OTOMNSIEHNUS) U ANS
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YCTaHOBOK, KOTOPbIe 3KCMNNyaTUPYHTCA C HA3KOTEMMNEpaTypPHbIMA
cYcTeMamu OTOMMEHUNA, HanpumMep, ¢ TennbiM nosiom. [ng
MOBbILLEHWS TeMnepaTypbl 06paTHOW BOAbI KaXKAbIN KOTenN
obopyayeTcsi HACOCOM KOTENbHOro KOHTypa. CMecuTenu KoHTypa
oTonneHnsa ynpaesnsaTca perynatopom MF Takum obpasom, 4To B
B (pase pasorpeBa YyCTaHOBKM (M3 XONOLHOIO COCTOSHUSA) KOTb
HarpeBalTCs CHavasna B MasioM KOHType Yyepes rmapaBnndeckun
pasgenuTenb 40 YCTaHOBMEHHOW TeMnepaTypbl 06paTHON BOAbI.

Tonbko nocne 3Toro CMecUTENn NOCTENEHHO OTKPLIBAKOT NIUHUM
nogayv B OTONUTENbHYO cucteMy. Takum 06pas3omM KOTENbHbIN
KOHTYp perynupyeTcsi B 3aBUCUMOCTM TeMnepaTypbl
nocTynatoLLlen B kKoTen oGpaTHON BOAbI M OT TeMnepaTyp KOHTypa
otonneHns. O6GbEMHbIV NOTOK N TemMnepaTtypa obpaTHOM BOAbI B
KOHTYpe KOTrna, 06 beMHbIN NOTOK YCTAHOBKU U TemnepaTypbl B
KOHTYpe OTOMMeHMUs MOXHO TOYHO perynmpoBartb.
M'MapaBnnyeckasn pasBsiska Mexay KOTnamMmn OCyLLEeCTBASIETCS C
MOMOLLIbIO ABYX HACOCOB C rpaBUTaLNOHHBIMU TOPMO3aMMU.
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KoTen 1+ (KT taxBeikn.

HoE e 3a8aHH0E SHIHEHKE

M = MK+ 2 K

Ha4ano

¥

Hacoc cmeckHTeneHo i
KOHTYRa Brn.

L 3

Yepes 1 MUH. MaMERMTE
TEMMOSDATYEY NOLIHK

MK

CrMECHTENE
HaYMHAET
pEboTaTE

¥

¥

PagHO N1 HOBOE 3aAaHHOE

komen 142 (KT max) Brn.
Hacoc koHTYPa koTna Brn.

sHEYEHME LE
= ¥
SAJEAHHORY SHAYEHMKD Mk MEpE0e 3aL8HHDE SHaYEHME
Mo Tennoeol kpueok 7 | Het e tlel s Sl
M = bl 2 K
Sel bt
¥ ¥
" Bpema oxugaHma - 30 cex.
¥ L 3
Mpoeepika 1
MNoBBICKNECE MM ME Ha 2 K K Mposepka 2

BOCTHMYTA NK MKWH. TEMNERAT

OGRETHOM NEHI Kk
npeeblleHa Ha 1-4 K7

MPEEBLIWEHS MK MIKH. TEMM.
0BPaTHOM MHAM Ha 4 K 7

HeT HeT
Da HeT
HeT Oa
it A&

B,OeMeHHaFI rniocriedogamesibHOCMb M08bILIEHUS memriepamypbl

obpamHou 800kI
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1.2.5 TMoBbIweHne TeMnepaTypbl 06paTHON BOAbI C MOMOLLLIO Y3na
KOTNOBOro NoAMelUNBaHUA — 2 OTONUTENbHBLIX KOHTYpa C
ynpasneHuem cmecutenen n komnnekrom VRC calormatic MF

. N
DD MakcumanbHbIN
TepmocTar

m [atumk Temnepatypbl 06paTHOM BOAbI

[a3oebiti omonumersibHbIU komer VK ...-2 ¢ komrinekmom VRC
calormatic MF, nosbsiweHuem memnepamypbl obpamHou 800bl, 2
KOHmMypamu omorisieHus u yrnpasrneHuem cmecumerneu
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OnucaHue ycTaHOBKMU:

[Mpumep NNaHNpOBKM XpaHWUTCS B MHOroyHKUMOHansHom perynsatope VRC

calormatic MF kak ,rmgpaBnuyeckuii nnaH 6“ n BoibupaeTcs Yepes gucnnen.

3710T BUA YCTaHOBOK npurogeH and ycCtaHoBOK C 6onbLWnm coaepXxaHunem Boabl

(Hanpwmep, nepekrn4vyaemble rpaBUTaulMOHHbIE CUCTEMbI OTOI'IJ'leHI/IFI) n ana

YCTaHOBOK, KOTOPbIE 3KCMITyaTUPYIOTCS C HU3KOTEMMEPATYPHbLIMU CUCTEMaMU

oTonneHunda, Hanpumep, ¢ TensibiM NoJsioM. MakcumanbHbIn TepMOCTaT CInyXxuTt

TOJIbKO KaK TepMoperne Ongd BKIoYeHUA 1 BbIKIIOYeHUA noaMmelumsarowero

Hacoca. PerynvpoBaHue Temnepatypbl MOCTynatoLein B kKoten o6paTHoii Boapbl

npon3BoaAnNTCA C NOMOLLbIO peryndatopa MF B co4eTaHuu C gaT4nkom

TeMnepatypbl O6paTHOI7I BOAbl B KOHTYp€e KOT/ia N CMeCUTENIAMN B KOHTYpE

oTonnexus. Ecnv npyn HopmManbHOM OTONUTENIBHOM peXume TemrepaTypa

obpaTHON BOAbI ONyCKaeTCs HXKEe MUHUMAanNbHOW TeMnepaTypbl KOTNa,

HanpumMmep, nNpun BKN4YeHUN OONONMHUTENbHbBIX pagnuaTtopoB Ui npu o4eHb

HU3KUX yCTaBKax OTOMNUTENIbHOIo KOHTYypa, TO NpOn3BOANTCA NMPUHyaAUTENbHOE

BKITHOYEHUE KOTJIOB Ha MakCuUMarlibHYyH TeMnepartypy B Te4eHUe OrnMTesibHOro

BpEMEHN. [anbHenwasn perynmnpoBska 40 HOPpMalibHOro ypoBHA Npon3BOoOUTCA B

KOHTypax cmecuTenei. To AeNCTBUTENBHO TaKKe U AN rmapaBnM4eckoro

nnaHa 5 ¢ 3agecTBOBaHHbIM NOBbILLIEHMEM TEMMEPaTypbl 06paTHOW BOAbI.

3afaHHas TemnepaTypa KoTna cuMTaeTcsa noaxoasilen Ans HopmarnsHoro

oTonsfieHna ToNbKO Torga, Korga remneparypa 06paTHOVI BOAbl Bbille, YeM

yctaBka +4 K

Ecnu TeMneparypa O6paTHOIZ BOAbl B YCTaHOBKE Bbllle, 4eM YCTaHOBJIEHHAA B

TepMocTaTe ycTaBka, Hacoc Gaiinaca BbIKo4YaeTcs.

MpucyTcTBytowas B perynatope MF "norvka Hacoca", Hanpumep, pyHKLMSA

OTKINKYEHUA npn OTCYTCTBMKX 3anpoca Ha Tenso, Takxke Il:l.eIZCTBeHHa.

(OHeprocbeperatowlan dyHkuus E)

Y3en nogmewumBaHua B obpaTtHon nuHum gna VK/VKM:

Pasmep kotna VK 60-2E VK 96-2E VK 120-2E
VK 72-2E VK 108-2E VK 132-2E
VK 84-2E VK 144-2 E

VK 156-2 E

Hacoc UPS 25-40 UPS 25-60 UPS 32-55

Pexxum paboTbl VK 60-2E VK 96-2E

Hacoca: 1 ctyneHb VK 72-2E

Pexxum paboTbl VK 84-2E VK 108-2E BCce 4 pasmepa

Hacoca: 2 cTyneHb

Homep 3akasa 009 732 009 733 009 734

27




NMPUMEYHAHUA

28

OCHOBHbIE TMAOPABJIMMECKUE CXEMbI I

OTa BO3MOXXHOCTb NOBbILLEHNSA TeMMepaTypbl 06paTHOM BoAbI
npeacTaBnsaeT cobon npnuemnemMmyto No pacxogam 1 no MOHTaxy
anbTepHaTMBY AN OOHOKOTENbHbIX YCTAHOBOK C YCTPONCTBOM
VRC calormatic MF. YcnoBnem siBRsieTCA TO, YTO B KOHTYpax
OTOMMEHUS peyb MAET UCKNIYMTENBHO O NOArpynnax cMecuTenen
(MakcmmanbHO 2). 3aTeM KOHTYp KOTna perynupyeTcs B
3aBUCMMOCTM OT TEMMepaTypbl NOCTyNaroLen B Koten obpaTHom
BOAbl M OT TeMnepaTyp KOHTypa oTonneHuns. MNpu 3ToM MOXHO
TOYHO perynupoBaTb 06BEMHbIN NOTOK U TemnepaTypy obpaTHOM
BOAbl B KOHTYpE KOTNa, 00 bEMHbIA NOTOK YCTAHOBKU U
Temnepatypbl B KOHType oTonneHus. CTapble yCTaHOBKM Nerko
yBS3bIBAKOTCS NO rMApaBrivke, Npn 3TOM MOXHO MPOAOIKaTh
NCNONb30BaTb CTapble KOHTYPblI CMecuTenen.

Pa3Bs3kv rmapaBnMyeckumMmn pasgenutensmm He TpebytoTcs.
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1.3 LUMpPKYNALNOHHBLIA HACOC CUCTEMbI OTONJIEHUS
CerogHsi ncnonb3oBaHWe LUPKYNALUOHHOIO Hacoca B CUCTEME
OTOMNMEeHNA cTarn camo cobor pasyMeroLnMcs ABNEHNEM, TaK Xe
KaK 1 TO, YTO €ro XxapakTepuctmkamm aBnsa0TCA:

HesHauntenoHoe noTpebneHne aHeprum

BeclwuyMHoCTb

Honruii cpok cnyxoébl

OTtcyTcTBMNE HEOBXOOMMOCTUN 0BCNY>KUBAHNS

PerynupyemocTtb

HeBbicokas ueHa

OpHako ons yooBneTBOPEHNSA 3TUX OXUAAHUA LMPKYNALMOHHbIN
HacoC CMCTEMbI OTOMSEHUs NPeabsaBASET K CUCTEME
onpegeneHHble TpeboBaHMs, KOTOpble AOMKHbI ObiTb YYTEHbI YXKe
Ha 3Tane NPOeKTUPOBaHWS YCTAHOBKM.

BaxxHbiM TpeboBaHMEM Npu pacyeTe Hacoca siBMNseTcs
rmgpasnunyeckoe cornacoBaHue. Ecnu ato TpeboBaHne He ByaeT
BbIMOSIHEHO, TO A0 BbiX04a Hacoca M3 CTpPos 4eno, MOXeT ObiTb, U
He JOMAET, HO NOSABATCA NPOBMeMbl, KOTOPbIE MOFYT NPUBECTU K
peknamauusam. 3T0 MOXET 06epHYTbLCA HE4OCTaTOYHbIM UK
N30bITOYHbIM TENMNOCHabXeHneM notTpebutenen, LWyMoBbIMU
Harpy3kamu 1 noBbILLIEHHbIM NOTPEBNEHNEM IHEPTUN.

OcobeHHO YyacTo B NEPBOM Cyyae — Npu HeAOCTaTOYHOM
TennocHab)XeHun - Hacoc 3aMeHSAT Ha bonee MOLLHbIN, B
pesynbTaTe Yyero nuwb ycyrybnatTcs apyrme npobnemei.
CeroaHsi Bce 6onblue genatTcs NonNbITKA YCTPaHATb 3TH
TPYAHOCTU C NOMOLLBIO perynmpyemoro Hacoca. K 3aknio4deHumto o
TOM, YTO XKenaeMbin pedynbTaT TakuMm nNyTem yaaeTcs NonyynTb
Aarneko He Bcerga, 4acto NpuxogsT TONbKO Toraa, Koraa yxe
caenaHbl bonbLUNEe KanuTanoBOXEHUS.

Mcnonb3oBaHme perynupyemoro Hacoca UMeEeT CMbICIT TOSbKO B
TOM Criyyae, ecnv BbINOSIHEHbI CneayoLwme yCroBus:
yCTaHOBIEeH NoAXOASALWNN HacoC
yCTaHOBKa UMeEeT rmapaBfiMyeckoe cornacoBaHue
perynmpoBaHne COOTBETCTBYET TUMY CUCTEMbI U Cnocoby
aKcnnyaTauuu 3gaHus
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Ecnn B nepBbIx paguatopax "CBUCTUT", a B KOHLE YCTaHOBKM
Tenna HeT, TO 3Ty NpobnemMy He peLunT H1 BCTaBHOM GOk
peryrnvpoBaHns, HU APYron Hacoc, a TONbKO rMapaBnnyeckoe
cornacosaHue cetn TpybonpoBoaoB:

MNeperpeBaemMble NOTPEOUTENMN AOMKHbI ObITb

3a4poccenmpoBaHbl, YTObbI faxe nocneaHui paguaTop nosnyyan
HeobXxoaMMbI pacxon BOAbI.
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1.3.1 PacyeTHasi unm HOMUHanNbHas
npon3BoAUTENbHOCTb M

,D,J'IFI pacyeTa HeO6XOLI,VIMOI'0 00BbEMHOro NOTOKa CUCTEMBI

oTonneHna aoJnKkHa ObITb M3BEeCTHA HOMWHaNbHaa oTonNuTenbHasa

Harpyaska.

Ecnn He NnpuHMMaTb BO BHMMaHWe BNUsIHUE TemnepaTypbl Cpeabl,
TO Mony4aeTcs crneayouee ypaBHEHNE YMCNOBbIX 3HAYEHUN:

m= _Q [m3/h]
c,, ‘At

an/I pac4yeTe npon3BoanTeribHOCTU NCXOOAT U3 OD,HOBpeMeHHOIZ
Harpy3km Bcex paanaTtopos.

1.3.2 Pac4eTHbIX UNU HOMUHanNbHbLIKX Hanop H

[na HacocoB BO BCEM MUpe NPUHATO yKasbiBaTb Hanop H [M], Tak
KaK 3Ta BernvyuHa sBnsieTca Hesasucumou om riniomHocmu (?).
MNpu TemnepaTypax u nepenagax gaBrneHusl, 0OblYHbIX 45
CMCTEM OTOMSIEHMS, HANOP MOXHO YMNPOLLEHHO NPEACTaBUTL Kak:

H
Ap = —[bar
p 10[ ]

Ap =10000-H [Pa]

[Mpwn nonHoOW Harpyske yCTaHOBKM HACOC NPy HOMUHANBHOWN
Npon3BoOAMTENBHOCTU JOMKeH BbITb cnocobeH co3aaTth nepenaj
AaBrneHnn, AOCTaTOYHbIN ANs TOro, YToObl gaxe noTpebuTens,
Haxo4sALWMNCA B CAMOM HEBbLIFOAHOM MOSIOXEHMU, cHabxancs
0OBbEMHbBIM MNOTOKOM, COOTBETCTBYIOLLUM CBOEN pacyeTHOM
NPOV3BOAMTENbHOCTH.

Taknm 06pa3omM, HOMUHAMNbHbLIN HAnop NPM HOMUHaNbHOM
NpoOM3BOAMTENBHOCTU CrneayeT U3 nepenaga AaBneHnin, KOTopbIn
nony4aroT n3 pacyeta cet TpybonpoBoaoB., T.e. CYyMMbI
CONPOTUBNEHNI TPEHUS TPYObI M OTAEMBbHBLIX CONMPOTUBNEHNI B
CaMOW HEBbIrOAHbIX MecTax.

Ye npv NpoeKTUpoBaHNM ceTn TPyGoNpoBOAOB NPOEKTUPOBLLMK
MMeeT BO3MOXXHOCTU NpeaoTBpaLLeHUst MHOMMX Npobrem,
KOTOpbIE MOIYT BO3HUKHYTb MO3XKe NpW 3KCnnyaTaumMm yCTaHOBKMU,
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HanpumMep, WYyMbl 1 CIIULLKOM BbICOKME NPON3BOACTBEHHbIE
pacxobl. B kOHType cucTeMbl OTOMNMEHUS, Kak ABYXTpyOHas
cucTema BbINOSHEHHbIN, KnamnaH TepMocTaTa ycTaHaBnnBaeT
rpaHMYHbIE YCIOBMSA ANs pacyeTa ceTu TpyOonpoBOAOB M Hacoca.
[loBONbHO YacTo BnusiHMe AnameTpa Tpyb Ha ruapaBnuyeckoe
COMNPOTUBIIEHNE HEAOOLEHMBAETCS.

Cnepyet Bcerga uMeThb B BUAY:
Mpun BbIOOpE ceTn TpybonNpoBOAOB Ha OAMH pa3Mmep bonblue,
COMpPOTUBIEHNE YMeHbLUAEeTCA NMULLb Ha OAHY YeTBepTb.

1.3.3 XapakTepuctmka yctaHOBOK Hp

B TeueHne oTonMTENbHOrO CE30Ha CUCTEMA OTOMNSIEHUS UMeEeT
6eckoHeYHO MHOro pabounx pexxumoB. Kaxgomy 13 aTux
PEXMMOB COOTBETCTBYET ONpeaerieHHas XxapakTepucTmka
YyCTaHOBKM, KOTOPYH e4Ba /i MOXXHO YCTaHOBUTb TEOPETUYECKN.
OcHoBon BbIboOpa Hacoca sIBNSIETCA COCTOSAHNE NOSTHOW Harpy3ku,
T.€. Ta XapaKkTepucTumka yCTaHOBKM, KOTOpas onpeaensercs
obenmn BenmunHamm m u H.

0,25

T T T T .
0,5 1 15 m

Xapakmepucmuka ycmarosku H, (m)
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Mpu pasnnyHbix ceTsax TpybonpoBoaoB nonyyatoTcsa napabonbl ¢
pasnnU4yHoOn KPYTU3HOWN.

CocTosiHMe YaCTUYHOWM Harpysku B CUCTEMAXxX OTOMNNEHUS
AocTuraeTcs, kak npasuno, ApoccenvpoBaHUeEM KranaHoB
TepmocTara. [1pn aTomM conpoTuBneHWe B KranaHe TepmocraTa
BO3pacTaeT, 1 KpuBas CTaHOBUTCS Kpy4e. [pu Hyneson
NPOM3BOAUTENBHOCTM XapaKkTepucTuka npunobpetaeT Bug,
BEPTUKaNbHOW NMHUK, NOCKOISIbKY COMPOTUBMEHUE CTAHOBUTCH
6eckoHe4YHO 6oMbLUMM.

H
KnanaHe! |
3aKPEITE
. Krnanadel
| OTKREITE
Hi
] [ [ [ I-: [ [ .

MameHeHuUe xapakmepucmuKu yCmaHo8KU

TeopeTnyeckasn n oencTBUTENbHAs XapakTepPUCTMKa YCTaHOBKN B
BGonbWMHCTBE cnyyaeB otnunyatoTes. OQHOM 13 NPUYUH 3TOro
MOXeT ObITb N3MeHeHne pa3Boaok Tpyo.

Onpegenutb dhakTuyeckoe CONpoTUBIEHME B MMEIOLLENCS CETU
Tpy60onpoBO4OB MOXHO TOMBbKO OAHUM CMOCOB0M — C NOMOLLbIO
N3MepuUTENbLHOrro Hacoca.

Ha Hebonblmnx yctaHoBKax (HM3KkOTEMMNEpPATYpPHbIE YCTAaHOBKU
MOLLIHOCTbIO 0 60 KBT, Hanpumep, B 0300pOBUTENBHbIX
yuypexneHusix), UCNosib3yeTcs U3MepUTESbHbIN HAacoc ¢
YCTaHOBMEHHbIM Ha HEM MaHOMETPOM Nepenaga AasneHun. Ha
N3MEepPUTENbHOM HAaCOCe CYMTbIBAETCS Pa3HOCTb AaBMEHUI N NO
pacyeTHou Tabnuue, NocTaBnseMon Npon3BoaMTENEM Hacoca,
onpegenseTca Tpebyembln Hacoc.
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1.3.4 XapaKkTepuctmyeckas KpmBasi Hacoca

Hanop n n0Tpe6nﬂema;| MOLLHOCTb UMPKYJNALMOHHbIX HACOCOB B
cnctemMax otonneHund O6yCJ'IOBJ'IeHbI npon3BoaAnNTESIbHOCTbIO U
4acTOTOW BpaLLEHUS.

H [T~

PacueTHan
ofnacTe

m

Xapakmepucmuyveckasi Kpusasi UUPKYISUUOHHO20 Hacoca

B TOYKe Mopt HACOC MMeeT onTuMarbHy addeKTUBHOCTL. B
Bonee HOBbIX JOKYMEHTaX pacyeTHbIN Anana3oH Hacoca
NoAHNMAETCS 3a CYET CUIbHOMO BbITArMBAHUSA XapakTEPUCTUKN.
dopma xapaKkTepuUCTUKM LIMPKYNALMOHHOIO Hacoca 3aBUCUT OT
TOro, AnNs Kakom TOYKN 3PIEKTUBHOCTM HAcoC paccyuTaH. [pu
CpaBHEHWNN HECKOSbKUX HACOCOB AJS151 OANHAKOBbIX YCITOBUM
aKcnnyartaumm, Heobxoanmo obpaTUTb BHUMaHME Ha To, YTOObI Yy
HMX BbIN 04MHAKOBbINM pabounin AuanasoH. Bonpoc o "kpyTon" unu
"NSIOCKON" XapakTepucTnke obbIYHO HE CTaBUTCS, MOCKONbKY
dOpPMbl XapakTepUCTUK paccMaTpmMBaEMbIX HACOCOB OTNINYAOTCA
OYeHb He3HaunTesnbHO. [pun BbIbOpe Hacoca HOMUHAaMbHbIN
BHYTPEHHUI AnameTp NOAKMNYaeMbIX K HEMy TpyGonpoBOAOB He
AOJDKEH UMETb peLlatoLLero 3Ha4yeHus.
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1.3.5 Pabo4asn To4ka

Paboyas To4ka yCTaHOBKW BCErga NexuT B TOUKE nepeceveHuns
MeXay XapakTepucTn4ecKkon KpMBOW Hacoca U AeNCTBYOLLEN B
AaHHbIN MOMEHT XapaKTepUCTUKON YCTaHOBOK. Ecnu yactoTta
BpaLleHNsa Hacoca HeM3MeHHa, TO Npu 3aKpbiBaHUM KnanaHoB
paboyas Touka CMeLLaeTCcsa No XxapakTepPUCTUYECKON KPUBOM
BNeBo (M3 To4kM A B TOUKY D), Npy NOMHOCTBLIO 3aKPbIThIX
KrnanaHax oHa gocturaeT Touku E. Ecnu knanaHbl cHoBa
OTKpbIBalOTCS, paboyasi Touka cMmellaeTcs Brnpaeo.

Ecnun Bce knanaHbl OTKPbITLI, TO CHOBa yCTaHaBNMBaeTCA
pacyeTHasi To4Ka.

PacyeTHas To4ka OMmKHa HaxoOMTCs HECKOMbKO NpaBee TOYKK
onTUMarnbHOM 3PEKTUBHOCTU. DTO AACT rapaHTUo TOro, YTO
Hacoc, Nno KpamHen Mmepe anusogudeckn, byaget pabortaTb C
MaKCMManbHOM 3(PPEeKTUBHOCTLIO. Taknm obpa3om MOXHO
ONTUMMN3NPOBATL NCNOSIb30BaHWe noTpebnsemon ns cetu
3IIEKTPO3IHEPIUN U CHU3UTb NPOU3BOACTBEHHbIE PacXoabl.

m

Pabouasi moyka Ha xapakmepucmuke cemu mpybornposodos u
Xapakmepucmu4eckol Kpueol Hacoca
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1.3.6 NpaBunbHbIK BLIGOP Hacoca

YcTaHoBMB pa60l-|y+o TO4KY, HaWTW B KaTanore HaCoCoOB TOYHO
NoaAXOAALLNN OYEHDb MaJioBEPOATHO.

B coMmHuTenbHOM crniy4yae Bcerga crnenyet BbioMpatb
ONMXKanLMK NO XapaKTepPUCTUKAM HAacoOC MeHbLUen
MOLLHOCTM.

Mpumep:
[na yctaHoBKM npegnaratoTcs ABa Hacoca. Hacoc A npwu

OTKPbITbIX BEHTUIISX B 3TON YyCTAHOBKE yCTaHaBNMBaeT 06 bEMHbIN

noTok Ha 10% 6onbLe, Yem TpebyeTcs. Hacoc B npu Takmnx xe
yCcrnoBusix gaeTt o6beMHbIN NOoTok Ha 10% meHbLue Tpebyemoro.
Ha cnegyowiem rpadumke nokasaHa xapakrepuctmka

Tennonepenaydun, Kotopad rnoAaCHAET CBA3b MeXAyY

TENnoNPoOn3BOANTENBHOCTLIO U 06 BEMHBLIM MOTOKOM Npu
NOCTOAHHOM TemMnepaType B nogarLen JIMHUN, HO NepeMEHHOMN
pasHuLe Temneparyp.

-

Q

TemmoBas MOIIHOCTE

lMponsBoanTENbHOCTD

Xapakmepucmuka mennonepedadu, cucmema 90°C / 70°C,
Temnepamypa e nomew,eHuu 20 °C

m
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Ha rpadvke BugHoO, YTo Npu N3MEHEHUN NPON3BOANTENBHOCTM Ha
+/-10 % oTAaya TenoBOM MOLLIHOCTU M3MEHSAETCA NULLb Ha +/-
2%. N3-3a norpeLlwHOCTEN N pe3epBnpOBaHUs Npu pacyeTe
OTONUTENBbHOW Harpy3ku, pacyeTte cetu TpybonpoBoaoB 1
naHMPOBaHUN HarpeBaTenbHbIX MOBEPXHOCTEN 3TO OTKIIOHEHNE
CTaHOBUTCS NpakTU4eckn HezaMmeTHbIM. Kpome Toro, ctonb
He3Ha4YMTENbHOE CHMKEHME TEeNooTAa4YM MOXHO ferko
KOMMEeHCMpoBaTb MMHUMASTbHbIM NOBLILLEHWEM TEMMepaTypbl B
nogarowen nNuHUN.,

[axe npu BABOE MEHbLUEN NPON3BOAUTENBHOCTU TENooTAava
paguartopa coctasngaeT 80%.

Takum obpasom, coBepLUEHHO A0NYCTUMO BblGupaTtb
LMPKYISLUNOHHBIA HACOC HECKONBbKO MEHbLLEN MOLLHOCTW. [pun
OLHOM NKLLb YCIOBMMK: CETb TPYOONPOBOAOB AOMKHA ObIThb
rmapasnuyecku cbanaHcupoBaHa.

Takon BbIGOp gaeT uenbin pag npenMyLLecTB:
CHwxeHne KanuTanoBnoXeHUn 1 3aTpaT 3NeKTPo3Heprnm
Bonee HU3KMIN ypoBeHb LLIyMa Hacoca
OTcyTCcTBME WYMOB, KOTOPbIE MPY CIAIULLKOM MOLLHOM Hacoce
MOrniv Obl BO3HUKHYTb, OCOBEHHO B KrnanaHax TepMmocTaTa
pagnaTopoB, U3-3a Ype3MEPHOW CKOPOCTM NOTOKA.

37



NMPUMEYHAHUA

38

OCHOBHbIE TMAOPABJIMMECKUE CXEMbI I

1.3.7 Hacoc ¢ 3aneKTpOHHbIM peryrimpoBaHMem
|_|pVI yCTaHOBKE HacOCa B cuctemax oTonreHuaA Tpe6yeTc9|
co6mop,eH|/|e MHOIMX 3aKOHHbIX HOPM:

TpeGoBaHue npegnMcaHus NO cuctemam oTonneHus § 7, abs.
4 01 22.3.1994 r:

MoLuHOCTb HacocoB, obecneunBaroLLNX LMPKYSLMIO B CUCTEMAX
LeHTpanbHOro OTONIeHUs, AOIMKHA NoadMpaTbCa N0 TEXHUYECKUM
npasunam. LInpkynaumnoHHble Hacochl, yCTaHOBMNEHHbIE nocne 1
saHBap4a 1996 r., npu mowHocTM KoTna B 50 KBT 1 Bblle SOMKHbI
ObITb 060PYAOBaHbI UM CKOHCTPYUPOBaHbI Taknm 06pasom,
4yTObbl NOTPEbnsemMas anekTpuyeckas MOLLHOCTb aBTOMaTUYECKN
npucnocabnmeanack kK 06yCnoBneHHOM aKcnnyaTaLMoOHHbIMM
TpeboBaHNAMN NPON3BOANTENBHOCTM MUHUMYM Ha 3 CTYMNEHSIX,
€Cnn 3TOMy He NpoTMBopeYaT TpeboBaHWS MO TEXHUKE
6e3onacHOCTU TEMMOBOW YCTaHOBKMW.

Tpe6oBaHusa VOB (lMonoxeHne o noapaaHO-CTPOUTENbHbIX
paboTax):
2 cywecTBeHHbIX nyHkTa u3 VOB, yacTtb C - DIN 18 380:
[Mpn MeHsoLWmMXCA YyCNoBMAX 3KCNnyaTaumm AOMKHO BbITb
obecneyeHo gocTaToOYHOE pacnpegeneHve pacxona Boabl B
ceTn TpybonpoBoaOB.
[lonycTuMble YPOBHM LWyMa He OOMKHbI NPeBbIaThCS.

Mo 3TUM NpuYMHaM, a Takxke C Lienbio 9KOHOMUM SHEPropecypCoB,
crieayeT ycTaHaBnMBaTh LIMPKYNALMOHHbIE HACOCHI,
perynupyemble B 3aBUCMMOCTM OT Nepenana AaBreHus.

KommeHTapui:

[Mpn ymMeHbLUeHNNn 06bEMHOro NOToKa NoTepu B CETU
Tpy6onpoBoaOB COKpaLLaTCAa B KBagpaTHOM 3aBucMmocTi. Mpu
3TOM rMgpaBriMyeckme NoTepu yMeHbLLATCs, a nepenag
AaBrieHn Ha KnanaHax TepmocTaTta pesko Bo3pacTtaeT. OgHako
BO nsbexaHne npobnem c Wymom nepenag gaBneHnn Ha KnanaHe
TepMocTaTa He JOJSKeH npesbiwartb 1,5 - 2 m.
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Pe3ynbTupytoLme xapakTepucTmkn yCTaHOBOK BbIrMSASAT TakK:

H “%

4 Hknanana
4H WCTAHOE KK

4H Tpy e
YoTaHOE KM

LH
-k,

HES,

S

U3smeHeHue nepenada dasnieHul Ha KnarnaHe mepmocmama - cripasea
0b6BbEMHbIU MOMOK MeHbLWe, YeM crieea

MomMOYb B 3TOM CUTYaLMN MOXKET HACOC C 3NIEKTPOHHbIM
perynmpoBaHnem B 3aBMCMMOCTU OT nepenaga AaBrneHumn.
PerynupoBaHue B 3aBUCMMOCTW OT Nepenaga AasreHumn — 3710,
noxanywn, Hambonee 4acTo UCNosnb3yemMblin cnocob
perynmpoBaHnsa 4YacToTbl BpalleHus. Ycrnosuem 6esynpeydHom
PEryrimpoBOYHON XapakTePUCTUKN ABMASETCH TO, YTO NPU 3aKpbITUX
noTpebutenen o6 bLEMHbIV NOTOK B PEFYSIMPYEMOM KOHTYpe
AOIMKEH YyMeHbLiaTbes. [TyTeM n3ameHeHnst YacToTbl BpaLleHus
Harnop onyckaeTcs 40 Tex nop, noka B TOYKe 3aMmepa CHOBa He
yCTaHOBUTCA Tpebyembin nepenas AaBneHun. Takon
3KCnslyaTauMOHHbIA PEXUM Ha3biBaeTCH “MOCTOAHHOE
perynvpoBaHue gaBreHnsa”.

H

Hepery tHpyempb Hacos:

MNacToAHHOS A3E NeHHE

MponopUrgdHaNE Ho
LELLE

Higy m
PasnuyHble pexuMbl KCryamauuu (peaynuposaHusi nepenada
daerieHus) 3MeKMPOHHO20 Hacoca
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OKOHOMMWYHOCTb perynimpoBaHusi YacToThl BpaLleHUs B
3Ha4YUTENbHOM Mepe 3aBUCUT OT TOro, HACKOSbKO YacTO Hacoc
paboTaeT Ha H13KNX obopoTax. bonee HM3KMe YacToThbl BpaLEeHUS
9KOHOMAT 3NIEKTPUYECKYIO SHEPTUIO, 3@ KOTOPYHO HYXXHO NNaTuUTb.
Pexnm "nponopunoHansHoe gaBneHne"” BnonHe npubnumxkaercs K
XapakTepucTuke yctaHoBKU. [lyTem noHmxkeHnsa Hanopa npu
MOHMXXEHHbIX 0O bEMHbIX MOTOKAX 3TOT PEXMM MOXET NPUBECTYU K
AanbHerLwen 9KOHOMUM PUHAHCOB U PeLLNTb NPobnems! Wyma.

OnacHocTb HeAOCTaTOYHOro TeNNoCcHabXeHns noTpedbuTenen npu
3TOM HeBenuka. [pu BABOEe MeHbLUEM Nepenaje AaBneHns eLle
npoxoguT npumepHo 70% obbemHoro noTtoka. [Ana paguatopa
repMaHCcKoro npomsblilwneHHoro ctaHgapta DIN aTo cooTBeTCTBYET
TennonponssoauTesrisHOCTU okosio 90%.

Pe3rome:
MpenmyLecTBaMmy LMPKYNALMOHHOIO Hacoca C 3NEeKTPOHHbBIM
perynupoBaHneM sIBNSAOTCS:
ABTOMaTMYeckasi NoAroHka NponM3BOANTENBHOCTM
BecwymHoe TennocHabxeHne
CHwxeHne aHepronoTpebneHus

OrpaHuyeHns NpUMeHeHUs:
Bonee BbICOKME KanMTanoBNOXeHNs
Mpw pac4eTHON BbiCOTE Nodayun MeHee 1 M MUHUMarbHbIA
perynmpyembiii Hanop CrMLWKOM BbICOK, MOCKObKY
MUHMMarnbHas perynupyemMas BbicoTa nogauv - 1 m
CnvwwKom BblCOKME TeMNepaTypbl OKpYKatoLLeln cpeabl He
[AONYCTUMbI, TaK Kak Ansi aNeKTPoHWKN TpebyeTcst oxnaxaeHue
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1.4 bannacHbI KnanaH nepenaaa AaBneHus

[MocKonbKy Mexay XxapakTepuCcTUKon cetn TpyobonpoBOaOB U
XapakTepucTn4ecKom KpMBOM Hacoca CyLLLeCTBYeT CBA3b, MOHSATHO,
YTO NP KaXXgoM ApoccennpoBaHMn B YCTAaHOBKE BO3HUKAIOT
3HauuTenbHblIe KonebaHus gaBlieHna n 00BbEMHOro NoTokKa.
Perynmpyrou.me KianaHbl paanaTopoB - 3TO perynAatTopbl
KOJIN4ecCTB, T.€. Npn N3SMEHEHNN NOJTIOXKEHUA LLUTOKA KilanaHa
pa6oqaﬂ TOYKa HaCcoCa COABUTraeTCd No XapakTepucTtuke.

B pesynbTtarte yero:
Hanop Hacoca NOCTOSIHHO 3aBUCUT OT PerynmpoBaHns u
ApoccenvpoBaHua KnanaHa u MOXeT NMPUHMMATh CINLLKOM
BbICOKME 3HAYEeHUS
B ycTaHOBKe MOryT BO3HMKaTb HagoeaNMBbIE LYMbl OT MOTOKa
Ecnu notpebyeTca MUHMManNbHbI 06 beMHbIN NOTOK
0BOpOTHOW BOAbI, FApaHTUPOBATb €ro HEBO3MOXHO
Mpn cnabon Harpy3ke TemnepaTypa Boabl B 06paTHOM
Tpybonposoge KoTna MOXeT cnagaTb CIIULWKOM CUIbHO
(BO3MOXHa HU3KOTEMMNepaTypHas KOppo3usl)

C uenbto UCKNIYEHNST 3TUX ONACHOCTEN YCTaHaBNMBAKOT
HeCcKombko BannacHbIX KnanaHoB, KOTOPbIE MPU MNPEBbILLEHNN
onpeaeneHHoro nepenaga gaBneHnin oTKpbiBaoT bannac mexay
nogarowen n odbpaTHOM NIMHNAMM.

HanbHenwune ykasaHus:
PerynupoBka 6avinacHoro knanaHa npon3BoAUTCA B
COOTBETCTBUU C NOTEPAMU AaBrneHns B yctaHoBke. Ecnn
drakTUyeckoe ConpoTUBIIEHNE YCTaHOBKE HEU3BECTHO, TO BCe
perynupyroLwme BeHTUNN pagmaTopoB (Unv 3anopHble
3aBWXKWN B NOAAOLLEN 1 0OpaTHON NMHUK) CrieayeT 3aKpbITh,
a KnanaH oTperynupoBaTtb Takum obpasom, 4YToObl MMEHHO B
9TOT MOMEHT OH OTKpbIBasCcs.
BannacHbi knanaH - He "naHauesa” ansa owndoYHo
paccyYnTaHHbIX yCTaHOBOK. OH He A0SMKEH CMY>XUTb, Hanpumep,
Ans “apoccennpoBaHna® pasHOCTU AaBlEeHUN Mexay
OLMBOYHOM M PaKTUYECKON XapakTepUCTUKOM
TpybonpoBogHOM ceTw.

41



NMPUMEYAHUA OCHOBHbIE TMAOPABJIMMECKUE CXEMbI

HepocTtatkom, ogHako, SBASETCA TO, YTO AaXe B pexnme
YaCTUYHOW Harpys3kuM HacOC HarHeTaeT n3nuHe 60nbLLION
00BbEMHbIN NOTOK; M3-3a 3TOr0 BO3HMKAET HeXenaTenbHbIN
nepepacxog aneKkTpoaHeprun. NMoaTomy nyyilee pelleHne — 3To
YCTaHOBUTb HACOC C perynmpyemMon 4actoTon BpaLleHns u
oTKasaTbCs OT BannacHoro peryrmpoBaHus.
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OTKPbITbIN / 3AKPbITbIU PACNPEQENUTENb 2

2 OTKpbITbIX / 3aKpbITbIA pacnpeagenuTenb

2.1 OTKpbITbIN (0e3HaNOpPHLIN) pacnpepenuTesb
CyTb 9TOM CXEMbI - B TOM, YTO B KOHTYpE KOT/a YCTaHOBIEH
BTOpOW (MoAKavMBaloLLMin) HacocC, a Mexay pacnpegenutenem
noaarLLen NMHUK 1 KONNEeKTopomM obpaTHoOM NnHUK - Gannac.

> >

PezynuposaHue nodmewiugaHuem ¢ noMowbro nodkadusaruiezo
Hacoca (besHarnopHbIl pacnpedenumerb)

[Mepenan naBneHun B pacnpenenurene HesaBucnumMo oT
NONOXXEHMSA KnanaHoB MOXHO CYMTaTb OME€Hb HE3HAYUTENbHbIM,
TaK YTO B3aMMHOE rmapaBfiMyeckoe BIANSHWE rpyrn Harpyskm
NpaKkTU4eCKn UCKMYEeHO. [03TOMY TaKyto CXeMy HasblBalOT Takke
©e3HanopHbIM pacnpegenuTenem.

OTO 3HAYUT, YTO Y OTBETBIIEHMS AN KaXKAOW OTONUTENTbHON
rpynnbl UMEETCs 4OCTAaTOYHOE KONMMYECTBO BOAbI, MOCKOSbKY B
pacnpegenuTtene NoCTOSHHO LMPKYNMpyeT KOTnoBas BoAa.

Tak Kak KoTrnoBasi Boga nepegaetcd rpynnam Harpysku
npakTudeckn 6e3 nepenaga AaBneHus, 4Ns KaK4oW rpynnbl
AOIMKEH ObITb NPefyCMOTPEH OTAENbHbIV LIMPKYNALMNOHHDBIN
Hacoc, KOTOpbLIW A0MKEH nNpeofoneBaThb NOTEPU AaBEHNSA TOMBbKO
B CBOEM KOHTYpE HarpyskMu.
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OTKPbITbIN / 3AKPbITbIU PACNPEQENUTENb 2

2.1.1 YKa3aHusA nNo NpoOeKTUpPOBaHUIO U BbIOOPY
napamMmeTpoB nepenyckHOW JINMHUKU

Bavinac mexay pacnpegenureneM n KONmnekTopoM A0SMKeH BbITb

paccyuTaH C 3anacom.

PasHocTb gaBneHun mexay pacrnpegenurenem nogatwoLlen nmHum

N KONNEeKTopom obpaTHOM NUHUN OOSMKHA COCTaBNATb He bornee

2000 lNa. CkopocTb BOAbI B KOPOTKO3AMKHYTOM y4acTKe LOSMKHA

BbITb N0 BO3MOXHOCTK He BGoree 0,6 M/cek.

3anopHas 3agBWXKa B NepenycKHOW JIMHUMU

B 06bI14HOM COCTOSIHUM 3aBMKKa B KOPOTKO3aMKHYTOM y4acTke
OTKpbITa. Ecnv Xe nogatowmimn Hacoc BApPYr BbINAET U3 CTPOS, TO
Npwv 3aKpbITON 3a4BUXKE C MOMOLLbIO TOSTbKO rPynnoBbIX HACOCOB
MOXHO ByaeT nogaepxmeaTb "paboTy B aBapumMHOM pexnme”. 3To
3Ha4UT, YTO B pacnpegenuTensHon cTaHumMm 6e3 nogatoLero
Hacoca rpynnoBble HAacOoChl AOMKHbI NpeoaonesaTh eLle n notTepu
JaBneHnsa B KOHTYpe KoTna.

Bbi60op napameTpoB nogaroLero Hacoca

MNapameTpbl NogatoLwero Hacoca BbIGMpaloTCA B COOTBETCTBUN C
AaBrieHneM B KOHType KoTna. [pon3soanTenbHOCTb
paccyUTbIBAaETCA Kak CyMMa BCEX NMOTOKOB BOAbI B rpynnax
notpebutenen nntc 3anac 5-10%, 4Tobbl rapaHTUpOBaTb
Hagnexallyo UMpKynauuio oT pacnpegenntensa Ao Konnekropa
npv NOMHOW Harpy3ke Bcex NoTpebuTenbCKkux rpynn.

Mpn ycTaHoBKe noaaroLlero Hacoca HeoCTaTOYHOW MOLLHOCTU
oTAEeNbHbIE KOHTYPbl OTOMNMEHNSA MOTYT ObITb HEAOCTATOYHO
TennbIMU, NOCKONbKY LNPKYNALUNOHHbIE HACOChl CUCTEMBI
OTONJIEHUSA NMPU N3BECTHbIX YCIOBUAX BUAKOT APYr Ha Apyra.

KnanaH (Tpex- nnu 4yeTbipexxoaoBoOM CMecuTenb)
MNMageHvne gaBneHns B KnanaHe AOMKHO NpeogoneBaTbCs
rpynnamum Harpysku.

Bbi6op napameTpoB pacnpegenutens
Ha npaktuke napameTpbl pacnpegenurens o6bI4HO BbIGMpatoT no
KONMYeCTBY 1 pa3Mmepy OTBETBIEHUI U MO 00LEMY MOTOKY.
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Tennonpouss |kKBT|po Ao ao no no
OaAUTENbHOCTb 150 300 400 600 800
(npm At = 20 K)

MoTok n/4 |6500 {13000 [17000 |26 000 |35 000
HOuameTtp DN |100 125 150 175 200
Bannac mm |51/57 |70/76 |82/89 100/106 | 125/133

B oTHowWweHun NnpUMEeHeHnA He CyleCcTBYET NPakTU4eCKN HUKaKNUX

OrpaHquHMVI. TaKomy HEeOOCTaTKy, KaKk HEKOTOpPbIE

AONosHUTENbHbIE 3aTpaTbl HA YCTAHOBKY BTOPOro Hacoca u
Gavinaca, NPOTMBOCTOAT CreAyoLiMe NpenmyLLecTBa:

pynnbl NOTpebuTenen He BNUSAIOT APYr Ha apyra.
K Takomy pacnpegenutento MOXXHO NoaknoyaTh pasnnyHble
yCcTpoKrcTBa (HanpMmMmep, CMecuUTerbHbIE U
pacnpefenuTenbHble CXeMbI, FPYNMbl C NEPEKTIOYEHNEM
HacocoB 6e3 perynupytoLlero knanaHa, ganbHenwmne
pacnpenenuTeny, BEHTUNSUMOHHbIE YCTAaHOBKM U T.4.).
B pexxvme anutenbHOM aKkcnnyaTaumMm MeeTcst BO3MOXHOCTb
NOBbILEHNSI TeMNepaTypbl BoAbl B 06paTHOM Tpybonposoge.
B nyckoBOM pexume NoBblEHWE TeMNepaTypbl BOAbI B
obpaTtHoM TpybonpoBoge MoxeT obecneumBaTbCa 3a CHET

OrpaHUYeHns OTKPbITUSE CMecUTenen.

Ecnu yctaHoBKa BbInonHseTcs 6e3 6annaca mexay
pacnpegenuTeneM u KonmnekTopoMm, To pacnpeaenutenb
HaxoauTCs Noa AaBrNeHVeM.
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2.2 3akpbITbi¥ pacnpegenurtenb (pacnpeneneHue
6e3 noparoLwero Hacoca)
B naHHOM cnyyae peyb nget 06 06bIKHOBEHHOM rPYMNNOBOM
perynmpoBaHnn, Npyu KOTOPOM HECKOSTbKO NoTpebuTenen
nUTarTCs OT o4HOM TennoueHTpanu. Pacnpegenuntenes u
oOpaTHbI KONNEKTOP HaXo4ATCs B HENOCPEACTBEHHOM
COEOVNHEHMM C KOTESTbHON YCTAHOBKOW N NO3TOMY OOSKHbI BbITh
NPUoBLLEHLI YXXe NPU NPOEKTUPOBaHUM.

Heobxoanmbin a4nsa Kaxkgow rpynnbl UMPKYNAUWUOHBLIN HAacoC
COOTBETCTBEHHO JOMKEH npeoaonesaTb NOTEPU JaBMEHNS N B
KOHTYpe koTna. ToT e NOTOK BoAbl, KOTOpbIN TpebyeTcs
rpynne ans nogaep)kaHus TemnepaTypbl B NOAAKOLWEN NIMHUN,
CHOBa HarHeTaeTCs HACOCOM B KOHTYp KOTNa, rae KpomMe Hero B
COOTBETCTBYHOLLMX NPONOPLMAX TaKkKe LMPKYNUPYIOT NOTOKN U
Apyrux rpynn.
MrHoBeHHBbI NOTOK Yepes KoTen onpeaenseTcsa CyMMou
HeobXxo4MMbIX MOTOKOB BCEX rPYNM, T.e. Yepe3 KOHTYp KoTna
BCerga NpoxoauT Takoe KONMMYECTBO BOAbI, KOTopoe TpebyeTcsa
ANS OTAENbHbBIX OTONUTENBHbIX FPYNN B COOTBETCTBUN C UX
MrHOBEHHbLIM TensnonoTpedneHnem.
Kaxxgaa otonutenbHas rpynna nonyyaeT HeobxoaumbIn
pacxop BoAbl TOMNbKO TOrAaa, Korga AasBneHne Hacoca
NpeBOCXOAUT cnefyoLne conpoTUBNEHUS:
a) Ecnn paBneHne Hacoca paBHO MO BENUYNHE NOTEPSM
AaBrieHns B ceTn
b) Ecnu nepenag nasneHuin mexay pacnpegenurenem
noatoLlen NMHUN 1 0b6paTHLIM KONSIEKTOPOM MAIOC NOTEPU
AaBneHus B KoTre asnsetca (?).
OpHako nepenag AaBneHun rpynnbl UIAMEHSETCA NPU KaXXaoMm
apoccenvpoBaHun B ceTu (CMecuTernb, perynupyroLwme
TepMocTaTUYeCKMe KnanaHbl pagmMaTtopoB), Tak YTO - B CBA3M C
NOCTOSIHHLIMW KONebaHMs MM NOTOKAa B KOHTYpe KOTfa - BO3MOXHa
OMNacHOCTb B3aMMHOI0O r’MApPaBIMYeCKOro BAUAHUA OTAENbHbIX
CUCTEM perynupoBaHunga (Hanpumep, Npu BHE3anHbIX 60MbLWMX
n3MeHeHnsax Harpysku). [Npexage Bcero, noa yrpo3on HaxoanTcs
rpynna c cambimM cnabbiM HAaCOCOM.
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YKa3aHuA Onsa npoeKTMpoBaHUsA U Bblibopa pasmepoB

HenpasunbHas yupkynayusi npu HeeepHoMm 8blbope KnanaHa
Knanax A crieaka nnpuomkpbsim (8b16paH criuwkom 601bWo20 pasmepa)
Knana+ B nonHocmbio omkpbim (paccyuman rpasusibHo)

'pynna B co3gaeTt 6onee BbICOKMI Nepenag AaBneHnn mexay
pacnpegenutenem V n konnektopom S ("pacxoq gasneHuna”
yepes OTKPbLITLIV KranaH He3HauuTereH), Tak YTo N3 ToYku 1 (+)
Yyepes nogMeLUnBaroLLe-perynmpyroLwmm 3aTeop K Touke 3 (-)
yepes MOXeT obpa3oBaTbCst HEGONbLLIOW 0BPAaTHLIN MOTOK.
[octaTtoyHoe cHabXxeHwue rpynnbl A ropsiien nuTaTensHOM BOAON
13 KOTNna MoxeT BbITb CHOBa obecrneyeHo TOMNbKO Nocre Toro, Kak
cMecuTenb ByaeT yCTaHOBMEH B onpeAeneHHoe noroxeHue
(konebaHue B Nnpegenax cnabon Harpy3kn). B Touke 3 obpaTtHas
BOAa OT rpynnel B cmeluBaeTca ¢ BOAOMW B pacnpenenvrerne, Tak
4YTO CMeLUaHHasi Boga MOXeT BcacblBaTbCA HacocoMm B.
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K pacnpenennTeriio N0 BO3MOXHOCTU OOJTXKHbI ObITb
NOAKITHOYEHbI TONMIbKO OTONMUTEeNIbHbIEe rpynnbl, Npn4emM HacocCbl
He JOMMKHbl OblTb CAULLKOM MOLLHbLIMW.

HenpasunbHas UupKynsyusi npu O4eHb HEPaBHbIX OMONMUMebHbIX
epynnax (Hanpumep, paduamop u 800oHazpesamerib)

Kak noka3aHO Ha puCyHKe, HanpumMep, BKIHOYEeHE Hacoca
HarpeBa 6onnepa (rpynna 2) MOXeT Nerko HapyLmnTb
COOTHOLLIEHWNE OaBMEHU B pacnpeaenutene. 3To NpMBOANT K
TOMY, YTO NPU BKIMOYEHUN HAcoca yBENNYMBaETCS OOBbEMHbIN
MOTOK B MEPBUYHOM KOHTYpPE 1, COOTBETCTBEHHO, PA3HOCTb
AaBNEHUN B TOYKaX MOAKMNIOYEHNSA BCEX OTOMUTENbHbIX rpynn. B
pacnpegenutene nogatoLen NnMHMM gasneHne nagaet (Hacoc
,OTTSArMBaeT” Boay Ha rpynny), B o6paTHOM KONneKkrope AaBneHne
nogHnmaeTcs. KoHTpMepa: cMecuTenbHbI KnanaH He JOSKeH
ObITb crvKkom 6onbLIKM.

CKopocTb BOAbl Ha BbIXOAE U3 CMECUTENS HE [OMKHA ObITb
CNULLKOM BbICOKOMW.
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4. dDnsnyecKkue oCHOBbI

4.1.

YpoenbHaa TennoemMKocTb

YpaenbHasa TENSIOEMKOCTb NOKa3bIBAET, KAKOe KONMYECTBO
TennoTtbl TpebyeTcsa Ans NOBbILLEHUA TeMnepaTypbl 1 Kr

maTtepuana Ha 1 K. [Ins HarpeBa 1 kr Boabl Ha 1 K TpebyeTca
okono 1,163 BT u.

c c c c
MaTepuan kI | Wh  IMarepuan kJ Wh
kg-K kg-K kg-K kg-K
Cnupt 3,32 0,920 |[Cepebpo 0,14 0,065
BeToH 0,88 0,244 |KamHu 0,24 0,290
CBuHel, 0,13 0,036 |Cranb 1,05 0,132
Xeneso 2,10 0,580 |Bopga 4,20 1,163
YyryH 0,54 0,150 |BopasHoOM nap 2,00 0,560
npMMepHO Ao
150 °C
Xunpgkoe 1,89 0,520 |Bompa/rnukonb| 3,70 1,060
TonnuBo EL 60/40 (-19 °C)
Xunpgkoe 2,10 0,580 |Boma/rnukonb| 3,50 0,972
TOMNMBO S 50/50 (-29 °C)
Meab 0,39 0,107 | Kupnuum 1,05 0,290
NatyHb 0,38 0,106 |LwnHkK 0,39 0,107
PtyTb 0,14 0,038 |OnoBo 0,23 0,063

YOerbHbie mennoemMKocmu pasnuydHbiXx Mamepuarnos

49




NMPUMEYHAHUA

50

PUSNYECKUE OCHOBBDI

4.2. TennoBas MOLWHOCTb

Q=m-c-At
Q =mMoLHocCTb B BT
m =pacxog B kr/ 4

4.3. TepeBoa eanHuUL

1 kBT =860 kkan /4 =3 600 kox / 4
1 000 kkan /4 = 1,163 kBT
1 6ap =10 m BoOA. CT.
=100 kla
1 mbap =10 m™m BOA. CT.

MepeBoa DN B AOUMBI:
25,4 mm =1"

4.4. PacyeT cMelunBaHuUs BoAbl

t _n-l(tk +mNtW
) m,

My, My, Mg Macchbl Bogbl
tm, tw, t Temneparypbl

MHOekebl: m = cmecb
k = xonogHas
W = Tennas
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