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BBepeHue

CoBpeMeHHas XK13Hb HeMbicniMMa 6e3 HacocoB. I ekTMBHO 1 Be3onacHo
015 OKpYy>KatoLLen cpefbl HACOChl MepeMeLLatoT Ntobble XXMAKOCTU — ropsaumne
M XONOOHbIE, YACTble U C 3arpsisHeHMaMn — obecnevmnBast KOMGOpPTHbIE YCNOBUS

XKU3HN Ka>KOOMY HeJ10BEKY.

B cuctemax xxunsHeobecneveHusa 3gaHnmn
NCMNoNb3yeTCs MHOXECTBO HacocoB. OHM
BbIMOMHSAOT caMble pa3HoobpasHblie hyHKUUN.
Havnbonee M3BeCTHbIV U3 HUX — LUPKYNSALUMOH-
HbI HAcoC ANA cucTeM oTonneHus. Noatomy
MMeHHO OH bydeT NpegMeTOM Hallero obcy>x-
OeHMs Ha 6nmdKanwmx cTpaHuuax.

MOMMMO LMPKYNSLMOHHbBIX HACOCOB B CUCTEMAX

pPa3HOro Ha3Ha4YeHUs NCNOJMb3YOTCA:

* HAaCOCHble YCTAHOBKM 419 MOBbILLEHNS
fasneHus, HeobxoguMble 4Ng Nogavn BOAbl
B 3[aHWe NpM HeJ0CTaTOYHOM AaBMNeHUn
B CMCTEMe rOpoACKOro BOOOCHabXXeHUs;

* Hacocbl Ans cuctem IBC, obecneunsatowme
nopayy rops4yer Boabl B ntoboe Bpems B nobon
KpaH;

* HAacoCbl 4719 0OTBOAA M [PEHaXKa CTOYHbIX
N TPA3HbIX BOA;

* Hacocbl 418 GOHTAaHOB U aKBapUyMOB;

* HAacoCbl 415 NPOTUBOMOXAPHOTO NPUMEHEHNS;

* HAaCOCbl A1 XONTOAHOWN BOAbI Y CUCTEM OXJ1aXK-
aeHuns;

* HACOCHble YCTAaHOBKMW, NCMOMb3YtoLLMe JOXKA e~
BYIO BOAY A9 TyaneToBs, CTUPAbHbIX MaLUWH,
ybopKu nnun nonmea;

* MHOTVe fpyrue.

Mpu BbIBOpe HAacOCOB cneayeT yUNTbIBaTh, UTO
Pa3NUUYHbIE XXMOKOCTU MMEIOT pa3Hble BA3KOCTU
(HanpuMep, HeOUULLIEHHbIE CTOUHbIE BOAbI UM
BOOHO-TNMKoOneBble cmecu). Kpome Toro, Heo6-
XOAMMO BbINOAHATL Tpe60BaHNS PervoHanbHbIX
CTaHAapToB M HOPMATMBOB, ONpedensaoLMe
BbI6OP TOFO MMM MHOFO Hacoca U TEXHONOTMM
(Hanpumep, B3pblBO3alLUMTa, CTaHAAPT NNTbEBOA
BOObI).
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Llenbto HacToswen bpoLtopbl aBnseTcs 06bsac-
HeHne OCHOB Bblbopa 1 paboTbl HACOCOB NMLAM,
npoxoasaLwmmM npogeccnoHanbHyto NOAroToOBKY
WNn nepenoaroTosky. Micnonb3osBaHne NpocTbIX,
MOHATHbBIX OMMCAHWI, UMMOCTPALUIA U NpUMe-
pOB NMO3BONSAET 3alI0XKUTb AOCTAaTOYHYO 6a3y
3HaHWW ONg NPUMEHEHNS Ha NpakTuke. bnaro-
0apsi NonyYeHHOM MHOpMaumm NpaBubHbIN
BbIOOp M 3KCMyaTaLmns HAaCOCOB CTAHOBSTCS
06bIYHbIM LeNOM.

B paspene [posepbTe Bawim 3HaHMA MOXKHO
NpoBEepPUTb CBOW 3HAaHUSA MaTepuana, Bbibpas
13 Npeano>KeHHbIX BAPUAHTOB MpaBuIibHble
OTBETbl Ha BOMPOCHI.






McTopna HaCOCHOM TEXHUKN

BopgocHab>keHue

C He3anamATHbIX BPEMEH MOAN UCKANW Cno-
cobbl nogbema XxugkocTen, ocobeHHo BoAabl,
Ha BbICOTY. 3T0 6bIN10 HeOOX0AMMO ANd NonMBa
nonew v HanonHeHNs HOPTUPUKALNOHHbBIX
pPBOB, OKPY>KaBLUNX rOPOAa Y 3aMKM.

MpocTenwnm MHCTPYMeHT Ang 3abopa soabl —
pyKa Yenoseka, mpu4em OBe pyKu nyyiue, 4yem
ofHal

Mo3ToMy Hawwm n3obpeTaTenbHble NpeaKu
6bICTPO 40ragannch NPUKPENUTb MMHSHbIE
cocypAbl K ycTporcTBy ans 3abopa Bofbl.

370 6bIN NepBbIN War K n306peTeHnto KOBLLA.
HeckonbKo Takmx KoBLUen 6bINn NpUKPeneHbl
K Lenu unu konecy. [ins BpaLwieHns Takoro
YyCTPOWCTBA M NOA4beMa BOAbl UCMOJIb30Banach
MYCKY/bHas CUna NtoJen Nnm >XMBOTHbIX.

Mpv apxeonorn4ecknx packonkax Takme KoB-
LLIOBble KOHBeNepbl, coenaHHble MPUMEPHO

B 1000 I. A0 H. 3., 6bInM HanpeHsl B ErvnTe

n Kutae. MNpusegeHHas HUXKe UNnoCcTpaums
MoKa3blBaeT PeKOHCTPYMPOBaHHYO MOAenb
KMTANCKOro Boo4epnaTeNibHOro Koneca.

970 Koneco 060pyA0BaHO NPUKPENSIEHHbIMU
FMUHSAHBIMY TOPLUKAMM, U3 KOTOPbIX NPU [OCTU-
>KeHWM BepXHel TOYKM BblIMBaeTCs paHee
HabpaHHasa BHM3Y BOAA.

KuTaitckoe BoAo4epnartesnibHoe KoJjieco

HanpasneHnue nomoka
—_—

OpurvHanbHoe yCcoBepLLUEHCTBOBaHME OaHHOTO
ycTpowcTBa 6b110 coenaHo B 1724 r. xkakobom
Neononbnom (1674—1727), KoTopbii npucoean-
HWI K Konecy n3orHyTble Tpy6bl. [py noBopoTe
Koneca Boaa ABuranach K ero ocu. TeveHue
BOLbl B peke, B CBOK o4epenb, CIY>KMUO NPpUBO-
OOM N5 3Ton nogbeMHom ycTaHoBKK. Ocoboro
BHUMaHWS B 3TON KOHCTPYKLUMM 3acny>KuBana
¢opma Tpy6. OHa Nopa3nTeNIbHO HarnoMKHana
¢opmy nonacTer coBpeMeHHbIX LLeHTPO6eXXHbIX
Hacocos.
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BopsiHoe koneco [>xako6a Jleononbpga

Apxumen, (287—212 rr. 40 H. 3.), BENMKNI yHeHbIN
OpeBHOCTH, n306pen BUHTOBOE BOOOMNOABEMHOE
YCTPOMCTBO, MO3>Ke Ha3BaHHOE B ero YecTb.

3TO YCTPOMCTBO MOAHMMANIO BOAY C MOMOLLbIO
BpaLLatoLLLerocs BHYTpY TpyObl BUHTA,

HO HEKOTOpOE KOJIMYEeCTBO BOAbI BCErAa cTekano
obpaTHo, T. K. B Te BpeMeHa 3 heKTUBHbIe
YyNNoTHeHUs 6binn HeM3BeCTHbI. B pe3ynbTaTe,
6bina BbiBEAEHA 3aBUCMMOCTb MEXAY HaKIIOHOM
BMHTa 1 nogadvei. Mpu paboTte Mo>xHO b6bIno
BbIOpaTh Mexxay 60nbwnM 06 eMOM NOgHUMAe-
MOV BOLObl U 60JbLLEN BbICOTOM Nogbema.

Yem 6onblue HaKNOH BUHTA, TeM HonbLUe BbICOTA
nogayv nNpu yMeHbLLEHUN NPON3BOLAMUTENBHOCTMU.

ApxumepnoB BUHT

[puBooHoe
ycmpoticmso

lodvbem BOObI

Mpwv 3TOM NpUHUMN paboTbl MexaHn3ma bbin
OYeHb MOXOXK Ha TOT, MO KOTOpomy paboTatoT
coBpeMeHHble LieHTpobeXKHble HacoCbl. Xapak-
TepUCTMKa HacoCa MMeeT aHANOrMYHYI0 3aBUCU-
MOCTb Me>Xay Hanopom un nopaven. N3 nctopun-
YEeCKMX MUCTOYHMKOB Mbl 3HAaeM, YTO Takme
BMHTOBbIE HAaCOChl paboTanu Npu yrnax HaknoHa
0T 37° B0 45°. OHM obecneymBanu nogbem BOObl
Ha BbICOTY OT 2 40 6 M Y UMENU MAaKCUMaIbHYIO
nogavy oKoso 10 m3/4.

Cm. 2nasy “Paboyue koneca”,



MCTOPUSA HACOCHOM TEXHUKMU

OTBegeHne CTOYHbIX BOL,

XoTa BogocHabxkeHue Bcerga 6b1510 ocobeHHOo
Ba>KHO B XKM3HW YenoBeka, 3P eKTnBHbIe CUC-
TeMbl OTBEOEHUNS CTOYHbIX BO NOSIBUNUCH
0Y€eHb NM03QHO — CJIMLLIKOM NMO3AHO, eCNN CKa-
3aTb TOYHEE.

Be3pfe, B mepeBHsX, mocenkax U ropopax, 3Kc-
KpPeMEeHTbI, Tpsi3b M KaHanM3auMoHHble OTXOL4bI
3arpsi3HAIM yNuLbl, NPOXOAbI U OpYyrue oTKpbI-
Thle NPOCTPaHCTBaA.

MoMUMO y>KacHOro 3anaxa, 370 Bbi3bIBano
BCMbIWKM 6one3Hen u anuoeMun. Bogoembl
3arpsA3HANMCh, a NOA3eMHbIe BOAbI CTAHOBUIUCH
HEenpurogHbIMU AN NMUTbS.

MepBas kaHann3aums 6bina NoCTpoeHa roe-To
Me>XAy 3000 1 2000 T. 00 H. 3. [Nog [Asopuom
MwnHoc B KHoccoce (KpVIT) 6b111 0OHapy>XeHbI
KUPMWYHbIE KaHamnbl U TeppakoToBble TpyObl,
cny>kusline gns cbopa v oTBoAa [0XKAEBON
BO[bl, BOAbI 3 BaHHbIX U TyaneToB. PUMnsHe
CTPOMNN KaHANM3aumm Ha v nog ynuuamm —
camas 6onbliaa n Hanbonee n3BecTHas

13 HUX — ropopackas "Knoaka Makcuma®, yactu
KOTOpOW Nnopa3nTeNibHbIM 06pa3omM coxpaHun-
N1Cb 00 Hawmx gHen. Boga us Hee noctynana
B peky Tubp (B ropone KenbH B FepmaHun

[0 CMX MOP COXPAHUITOCh HECKOSBbKO NoA3emM-
HbIX TYHHenew, BbINOMHABLUMX POSb KaHaNn-
3aUKmM BO BpeMeHa pUMNSH).

MocKOoIbKyY 3a MpoLlefLve ¢ TeX MOp ThiCA4n
net ocoboro nporpecca B 3To# obnacTu He 6bino
LOCTUTHYTO, HEOUNLLEHHbIE CTOYHbIE BOAbI
cHbpacbiBanuCh B peKu, KaHasbl, 03epa 1 Mops
BMJIOTb 0,0 AeBATHagLaToro seka. Miugyctpua-
N13aumns 1 pocT ropofoB NpuBenu K Heobxoom-
MOCTW CPOYHOTO peLLeHus npobiemsl
3(ppeKTMBHOro 0TBEOEHNS CTOUHBIX BOS,.

MepBasi B FepMaHuM cMcTeMa OTBeAeHNs KaHa-
NM3aUMNOHHBIX U CTOYHbIX BOA ObiNia NnocTpoeHa
B Fambypre B 1856 T.

Ho ewle B 9o-e roabl MHOr1e ObITOBble KaHANN-
3auuun lepmaHum npegcTasnsnm cobom centm-
YecKue Mbl M peHaXKHble KaHaBbl. [lo3gHee
NOSIBUMMCb 3aKOHOAaTeNbHbIE aKTbl U Permo-
HanbHble TpeboBaHMs 0 HeobxogMMoCTM Nog-
COeAUHEHNS TAKUX CUCTEM K 0OLLLeCTBEHHOM
KaHanu3auMoHHOM CeTu.

CerogHst KaHaNM3aLUMOHHbIE CUCTEMbI MOYTH
BCEX OOMOB COE€ONHEHbI HANPAMYHO C FOpO,EI,CKOVI
KaHanm3saumen. Tam, roe 370 HEBO3MOXKHO,
MCNoNb3yrTCA YCTAaHOBKKU O14 BOOOOTBeOeHNA
M HaMopHble CUCTEMbI BOOOOTBELEHUA.

MpOMbILLTIEHHbIE U ObITOBbIE CTOYHbIE BOLObI
0TBOASTCS Yepe3 ONIMHHbIe KaHaNM3aLUMOHHble
CUCTEMBI, OTCTOMHWKM, OHUCTHbBIE COOPY>XKEHMUS
1 BOOOOCBETNIMTESbHbIE pe3epByapbl, MPOXOas
61ONOTMYECKYIO UITU XUMUYECKYH OUMCTKY.
Mocne 0bpaboTky Bofda BO3BpaLLaeTcs

B €CTECTBEHHbIE BOLOEMbI.

Mpu oTBEAEHUN CTOYHBIX BOA UCMOMb3YHOTCA
CaMble Pa3nnYHbie HACOChl Y HACOCHbIE CUCTEMBI.
BoT Heckonbko NpumMepos:

+ YCTaHOBKM AN BOA0OTBEAEHNS;

« NOrPY>KHbI€ HACOChI;

« WaxTHble Hacockl (c ycTponcTeaMu
01151 U3MeNbYeHus);

« APEeHa>KHbIe HAaCOChl;

« MeLanku, u ap.

BO3MOXKHbI TEXHUYECKME N3MEHEHUS



OTtonneHue

Cuctembl oTonneHus “runokaycrt”

B FepmaHum 6binn HangeHbl TakMe pennKThbl,
KaK CUCTEMbl OTOMNJEHUS "TMNoKayCcT" ApeBHUX
pumnsH. OHy NpefcTaBnsanu cobow paHHIO
opMmy cuctem nogorpesa nona. M 1 rops4mnit
BO3[yX OT OTKPbITOrO OHA NOCTYNanu no KaHa-
nam yepes crneuunanbHble Kamepbl Nog non,
TakuM 06pa3om, OCyLLeCTBAS €ro MOAOrpes.
3aTeM rasbl BbIBOOWNCL HAPY>XKY MO KaHanam

B CTEeHax.

B nocnepytoLmne Beka B 3aMKax 1 KpernocTax
ObIMOXObl HAaf, OTKPbITbIMW OYaramu NPoBOAMN -
NUCb He CTPOro BepTUKanbHO BBepx. lopsaune
TOMOYHbIE ra3bl MPOXOAMMN MO BUTKAM AbIMOXO-
[0B BAOMb BCEX XKMUIbIX MOMELLLeHNI — 3TO
6b111a 04 HA 13 NepBbIX POPM LIEHTPaNbHOTo
otonnexus. Ewe ogHum nsobpeternnem 6b110
pasgenieHne CUCTeMbl 3a CHeT YCTPOMCTBa

B norpebax TennoBbix Kamep U3 KamHs. OroHb
Harpesan BO34yX, KOTOPbI 3aTeM HanpasBAsnCcs
MPSMO B XKWUIble MOMELLeHUNS.

MapoBas cucTema oTonneHus

MapoBas cuctema otonneHns bbina Nnob6oUHbIM
NPOAYKTOM MapoOBOro ABMraTens, LUMPOKO
MCMNONb30BaBLLErocs BO BTOPON NOSIOBUHE
BOCEMHapuaToro Beka. OCTaTouHbIN Nap,

He NpeBpaTUBLUNINCS B KOHOEHCAT B MapOBOM
ABuraTene, HanpaBAaaca B NOMelLLeHns

W XKNIble KOMHATbI Yepe3 TennoobMeHHNUKMN.
Torga ke NosiBMIAch MAes NCnonb3oBaTb OCTa-
TOYHYIO 3HEPT U0 NapOBON CUCTEMbI OTOMNSIEHNS
ANs npvBefeHns B oeicTene TypouHbI.

HacocHas a3byka WILO

MCTOPUSA HACOCHOM TEXHUKMU

Cuctema oTonneHus "runokayct” BpemeH Pumckoi Umnepum

OmonumerbHbIl KAHAN B CMeHe

HapysxcHas cmeHa — [<—BHympeHHsis cmeHa

<+—[lon

Onopsi nona
Kanan ons
yoaneHus wnaka

KoHBeKTUBHas cMcTeMa OTOMJIEHUSA

CnepyoLmm 3TanoM 3BOIOLNUN CTaNn KOHBEK-
TMBHble CUCTeMbl OToMeHns. OnbIT NoKasbiBan,
4yTO ANs obecneveHss KOMHATHOM TeMnepa-
Typbl 20 °C BOCTAaTOYHO HAarpeTb BOAY BCEro

00 90 °C, uTo HMXKe ee TOYUKK KuneHus. Fopayas
BOAa NoJHMManacb BBepx no Tpybam 60nbLLoro
pvameTpa. Mocne otaaun yacTv Tenna (oxnaxk-
[eHuns), Boaa Bo3Bpallanach 06paTHo B KOTeS
non AenCcTBUEM CUIbI TAXKECTU.

Ir-———-

KoHBekmusHas cucmema
omonJsieHusi ¢ KOMaoM,
pacwupumenbHbiM 6aKoM
u paduamopamu



MCTOPUSA HACOCHOM TEXHUKMH

Mpsimoli mpy6onposod Ty, = 9o °C

coomsemcmsyem G = 9,46 H

2000

CxeMa KOHBEKTUBHOMW CUCTEMbI OTOMJIEHUS

i

O6pamHbiti mpy6onposod Tg = 70 °C
coomsemcmsyem G = 9,58 H

[B1>KeHWe BOObl BBEPX, @ 3aTeM BHM3 OCy-
LLeCTBNSETCS 33 CHET Pa3HOCTU MIIOTHOCTEN
Tennow 1 oCThiBLUEN BOAbI.

B Hauane gBaguaToro Beka Afs Toro, YTobbl
YCKOPWTb NPOrpeB TakKUX CUCTEM OTOMIIEHNS,
CO3[aNM Tak Ha3blBaeMble "yCKOPUTENN LIMPKY -
NAUMKU" C YyCTAHOBKOM UX B TPY6OMpoBOAbI
CUCTEM OTOMMEHMUS.

3neKTpPOOBUraTeNn TeX BpeMEH He MOrnn
MCMONb30BaTbCS B KA4eCTBE MPMBOOOB,
MOCKOJIbKY OHU UMEeNIY POTOPbI C OTKPbITbIMU
TOKOCBbEMHMKaMU. DTO MOTJI0 NMPUBECTU

K BO3HWKHOBEHMIO KPYTHbIX aBapuii B cucTemMax,
paboTaBLuX Ha BoAe.

beschleuniger

Finfachstor Sintou

Wilhelm Opléiinder, Dortmund
* APPARATEBAU

MepBblit UMPKYNALNOHHBIN Hacoc

Tak 6b1n0, Noka Wweabckun nHxeHep NoTTNO6
baykHexT He n306pen 3aKpbITbIN UK "3aKancy-
NIMPOBAHHBIN" 3NEKTPOABUraTeNb, NOCe Yero
CTasio BO3MOXXHbIM MCMOMIb30BaTb €70 B yCKO-
putene unpkynauun. Ero gpyr, Bectdanbckui
nH>xxeHep Bunerensm Onnenpgep, paspabotan
KOHCTPYKLMIO TAaKOr0 yCKOPUTENSA MU MOMy4unn
Ha Hee NaTeHT B1929T.

#u der Patemschriie 540 139
KL.36c Gr.4

Dipl.-Jng. Wilhelm Oplinder in Dortmund

Aus einem Propeller
einer Warmwasserheizungsanlage

in der Leitung

Patentiert im

Reichs vom 13. ber 1929 ab

Koneco Hacoca B popme nponensnepa bbino
yCTaHOBIEHO B n3rnbe Tpy6bl. OHO NpMBOAU-
NoCb B ABUXKEHUWE YNOTHSIEMbIM BanoM, KOTO-
pbiiA, B CBOO OYepe/b, BpaLLancs ABUraTenem.

OpHako, Toraa eLie HAKTO He UCMOoJb30Ban
TEPMUH Hacoc Ans Takoro yckoputens. Tonbko
Mo3>Ke 3TOT TEPMUH Havyann NPUMEHATbL B TaKOM
KoHTekcTe. CBA3aHO 3TO C TEM, YTO, KaK Mbl y>Ke
ybennnuce, Hacochbl acCOLMMPOBANUCH

€ NogBEMOM BOABbI.

Takue yCKOpUTENU UMPKYNSLMMW BbIMYyCKANnch
MPUMEPHO [0 1955 T., U UX UCMOSIb30BaHMe
MO3BOIMNO CHU3UTbL TeMMepaTypy Harpesa
BOAbI 0715 OTOMNMEHMS.

CerofHs NPMMEHSAIOTCS CaMble pa3Hble CUCTEMbI
oToMneHns, Hanbonee COBPeMeHHbIe 13 KOTO-
pbix paboTatoT gaxke npu ee 6onee HA3KMX
TemnepaTypax Boabl. be3 cepaua cnuctemsl
OTOMNMNEHNS — LUMPKYISALMOHHOIO Hacoca —
NpYMeHeHVe OTONMUTENbHbIX CUCTEM TaKoro
TMNa HEBO3MOXXHO.

MepBbIti YupKyAYUOHHBIL HACOC,

modernb 1929 2., mun HP DN 67/0,25 kBm

BO3MOXKHbI TEXHUYECKME U3MEHEHUS



MCTOPUS HACOCHOM TEXHUKMH

JBONIOLUSA CUCTEMbI OTOMNIEHUS

__ 2009 Wilo-Geniax — [leLleHTpan13oBaHa HacoCHas cucTeMa
PeBoniouns B TeXHONOIMMU OTOMNINEHUSA

21-1 Bek
__ 2001 Wilo-Stratos
MepBbii BbICOKO3(hheKTUBHBIN Hacoc & -

(S

__ 1988 Wilo Star-E
MepBblit NONHOCTBIO 3M1EeKTPOHHBIN
TEennoBoM LIUPKYNSALMUOHHDbIN Hacoc

__ 1956 MepBbiii LUPKYNSLMOHHbIN Hacoc
C MOKpPbIM POTOPOM

Moporpes nona

BopsHoe LvpkynsunoHHoe OpHoTpybHas cucTema oTonneHus
oTonneHve

Harpes noTonka/cten

JMnoxa Hay4YHO-TeXHNYeCcKomn
pesontoumu, 20-1 Bek

HByxTpybHoe Cnctema
oTonnexHne TuxenbMaHHa

__ 1929 YcKopuTenb LUpKynaumm
Bunbrenoma Onnenpepa

___BopgsHoe KOHBeKTMBHOE OTOMNNEHME

MapoBas cuctema oTonseHms

—|: [TeyHoe oTONNEHME

OTonneHne ¢ NOMOLLbO

| LbIMOBbIX KaHasoB
Bo3ayLuHas cuctema oborpesa

[MpoMbILIeHHaa pesontouns,
19-11 Bek

CpenHeBekoBbe B 15-m Beke

Pumckas mnepus,
npumepHo 00 465T. H. 3.

— PyMckue cucTembl oTonneHuns “runokayct”

B Hayane 6bin OroHb

HacocHas a3byka WILO 11



HanopHble CUCTEMDI

OTKpbITag cnctema
BOOOCHabxXeHns

OTKpbITas cuctema BoQocHab>xeHus PncyHok cnesa nokasbliBaeT 3/IeMEHTbI HACOC-
HOWM CUCTEMBI, NOOaoLLLEN XKUOKOCTb U3 HUXK-
Hero pesepByapa B pe3epByap, PaCMONO>XXeHHbIN
BbllLIe, T. €. HACOC NepemMeLLaeT BOOY U3 HUXK-
Hero pesepByapa Ha Tpebyemyto BbICOTY.

3pecb HEAOCTaTOYHO NPOCTO PaccYMUTaTh NPo-
Bepxhulipesepsyap  13B0OMUTENbHOCTb HACOCA 4NN TE0A,E3U4ECKON
gi:’i‘:gf::::mawﬂ Z‘;’}’/‘;‘;’;’;gsoo BbICOTbI HarHeTaHuMs, MOTOMY YTO B MOCeAHEM

KpaHe, Hanpumep, B AyLUe Ha CAMOM BEPXHEM

3TaXke roCTUHMLbI, BCe PaBHO J0JI>KeH ObITb
obecneyeH 4OCTaTOUHbIN Hanop BoAbl. [ToTepu
Ha TpeHwue 0 CTeHKM TpybonpoBoAa B HAMOPHOM
Hacoc TpybonpoBoae Tak>Ke QOMKHbl ObITb yUYTEHbI.

Bxod v

Hanop Hacoca = reofesvyeckas BbicoTa

Huscnui pesepayap HarHeTaHus + OMHAMUYECKOe OaBIeHNE +

notepwu B Tpybonposopae

HacocHas cucmema

05 nodaul 800! Ha avicomy OToenbHble y4acTKU Tpy60npoBoaa [OJXKHbI
MEepeKpbIBaTLCA C MOMOLLbIO 3aMopHON apMa-
Typbl 47151 OCYLLECTBIIEHWS HEOBXO[MMOTO
PEMOHTa. ITO 0COBEHHO aKTyaslbHO AJ1st HACO-
COB, MOCKOJIbKY B MPOTUBHOM Clly4ae npuaercs
CiMBaTh 60/bLIOE KONMMYECTBO BOAbI U3 HAMop-
HbIx TpybonpoBoaoB nepen 3aMeHom nnu
PEMOHTOM Hacoca.

Kpome TOro, Ha HW>KHEM ¥ BEpXHeM pe3epBya-
pax [OMKHbI 6bITb YCTaHOBMEHbI MOMIABKOBbIE
KnanaHbl U gpyrue opraHbl ynpasneHuns

BO n3bexxaHue nepenuaa.

B nononHeHwue, B onpefeneHHOM MecTe Hamnop-
Horo Tpy6onpoBoa MOXKHO YCTaHOBUTb pene
faBneHus, KoTopoe ByfeT BbIKMOYaTh Hacoc
[ — rmocsie 3aKpbITWS BCEX KPaHOB, KOTAA BOAA

om omonumesbHoU He pacxooyeTcs.
Hazpy3ku” Ha c. 35

Cm. enasy “PeeynuposaHue
napamempos Hacoca

12 BO3MOXKHbI TEXHUYECKME N3MEHEHUS



3aMKHyTaa cuctema
OTOMJIEHUS

Ha pucyHke cnpaBa cxemaTu4yeckun nokasaHa
cncTtema oTonneHusa.

CncTema oTonneHUs aBNgeTCs 3aMKHYTOWN
CUCTEMOMN.

YT106bI 661110 NpOLLE MOHATb NPUHLUMM PaboThbl
TaKoW cMCTeMbl, MPeACcTaBbTe, YTO BCA BOAaA

B HEW NPOCTO NepemMeLLaeTcs Unm uMpkynupyet
no 3aMkHyTOMYy Tpybonposoay.

CrcTeMy OTONNEHUS MOXKHO pa3fennTb

Ha cneqytoLlme 3eMeHTbl:

 TEMOBOW reHepaTop;

+ cMCTeMa Tensionepepayu v Tennopacnpe-
nenexHus;

* paclwMpuUTEeNbHbIN MeMbpaHHbIN 6ak;

« noTpebuTtenu Tenna;

* KOHTPOJIbHO-NU3MepUTeNbHas annapaTypa;

* NpefoXpaHUTeNbHbIN KnanaH.

B HalleM cnyyae TenoBble reHepatopsl npea-
cTaBnatoT cobon KoTnbl, paboTatoLme Ha rase,
MasyTe Unv TBepAOM TOMMMBE, @ TaKXKe Npo-
TOYHble BofoHarpesaTenu. K HUM Takxe
OTHOCSITCA 3NEKTPUYECKMe HaKOMUTEeNbHble
BOLOHArpeBaTeNn C LLeHTpasibHbIM HarpesoMm
BOAbI, CTAHLMWN LLEHTPANN30BaHHOIo TeNNo-
CHab>XeHUs 1 TennoBble HACOChI.

CucTema Tennonepepayum u Tennopacnpepene-
HVS BKNtOYaeT Tpybonposofbl, pacnpenenm-
TenbHble U HAKOMUTENbHble CTaHLMU U, KOHEYHO,
LIMPKYNALUMOHHBIN Hacoc. Hanop Hacoca
CUCTEMbl OTOMMIEHNS crefyeT paccymTbIBaTh
TOJNbKO Mo 06LLemMy CONPOTUBIIEHIO CUCTEMBI.
BbicoTa 34aHuUA B paccMoTpeHue He bepeTcs,
MOCKOSbKY BO[a, KOTOPYtO HACOC HarHeTaeT

B NpsiMo TpybonpoBof, BO3BpaLLLAETCs K HEMY
13 obpaTtHoro Tpybonposopaa.

PacwmpuTenbHbIn MembpaHHbI 6ak obecneymn-
BaeT KOMMEeHCALMIO MEHSIOLLLErocs B 3aBUCK -
MoCTK OT paboueit TemnepaTypbl 06bema BOAbI
B CMUCTEMe OTOMMNEeHNS, OAHOBPEMEHHO NoA -
[Oep>XnBas NOCTOSHHOE faBNeHue.

HacocHas a3byka WILO

HAMOPHbLIE CUCTEMBI

3aMKHyTa$| cuctema otonsieHusa

% YoaneHue
B030yxa
Benmurb
Mpsamodi Mompe6bumenu menna
mpy60onpoBoo
e ‘ Hacoc O6pamkbiii
H mpy6onpoBod
=k

PacwupumernbHbit
MemOpaHHbILl 6ak

[MoTpebuTenn Tenna — 370 NOBEPXHOCTU Harpe-
Ba, Pacrnono>xeHHble B 060rpeBaemMbIx NomeLLe-
HUsX (pagnaTopbl, KOHBEKTOPbI, OTOMUTEMbHbIE
naHesnu v T. 4.). Tennoeas aHeprvs nepetekaer
13 To4vek c bonee BbICOKOW TeMnepaTypon

B TOYKM c Honee HU3KOM TemnepaTypon —

M YeM BbllLe Pa3HOCTb TEMMepaTyp, TEM UHTEH-
CMBHee TensoBoM NOTOK. JTa Tennonepenaya
OCYLLLeCTBSETCA MOCPEACTBOM TPEX Pa3HbIX
pr3nyeckmx NpoLeccos:

* TEMNONPOBOOHOCTH;

* KOHBEKUMY;

* U3NyYeHus.

B Hawwm AHW HW OHY TEXHUYECKYHO 3adady
HEBO3MOXXHO peLlnTb 6e3 XopoLuen CUCTeMbI
ynpasneHus. Takum obpasom, coBepLLEHHO
eCTeCTBEHHO, YTO BNTOKM ynpaBieHns BXOAAT

B COCTaB KaXKA0¥ cMcTeMbl oTonneHus. Hanbo-
nee NpoCTbIMU U3 HUX SBASIOTCS TEpMOCTATH-
Yyeckue paauaTopHble KNanaHsl, NoMoratoLue
noAnep>KMBaTh MOCTOSIHHYIO KOMHATHYO
TemnepaTypy. CoBpeMeHHble TeMnoBble KOTbl,
CMeCcUTenu u, KOHeYHO, HaCcOChbl OCHaLLAtOTCS
COBpPeMeHHbIMW MeXaHU4eCKUMU, 3neKTpruyec-
KMUMU 1 37TEKTPOHHBIMW YCTPONCTBaAMM
ynpasneHus.

LupKynsyuoHHas cucmema
Ha npumepe cucmembl
omonneHus

lMpumevanue:

Bbicoma 30aHus

npu pacyeme Hanopa Hacoca
He y4umbiBaemcsi, NOCKOJIbKy
B0OA, KOMOPYH HACOC
HazHemaem B npsmoul
mpy6onposod,
BO3BPALWAEMCS K HEMY U3
o06pamHozo mpy6bonposooa.

Cm. enasy

“IMpumepHsbiti pacyem
napamempos Hacoca

015 cmaHOapmHeIX cucmem
omonsieHUs1” Ha c. 41






Booa kKak cpeaCcTBO TPAHCMOPTUPOBKU

B cMcTemax BOOSIHOro OTOMSIEHUS BOAA UCMONb3YyeTcs 4Ns nepeaayvn Tenna ot ero

reHepatopa kK noTpebuTtento.

Hanbonee Ba>xHbIMW CBOMICTBAMW BOMbl

ABNAKTCA:

« TEMMOEMKOCTb;

* U3MeHeHMe obbema npu Harpese
N NPY OXNaXKOEHUN;

*+ XapaKTepUCTUKM KUMEeHUS MPU U3MEHEHMUM
BHELLUHEro gaseHus;

« KaBUTaLuS.

PaccMoTpuM gaHHble hu3MYecKme CBOMCTBA
BO[bI.

YoenbHas TENNOEMKOCTb

Ba>kHbIM cBOMCTBOM Mtob60Oro TennoHocuTens
ABNAETCS ero Ten10emMKocTb. Ecnv BbipasuTb
ee Yyepes Maccy U pa3HOCTb TeMnepaTyp Tenso-
HOCWUTENSs, TO MONYYMUTCA YAenbHas Tenao-
eMKOCTb.

OHa obo3HauaeTcs OYKBOM C M UMeeT pasmep-
HOCTb K[ /(kr « K)

YOenbHas TeNI0eMKoCTb — 3TO KONIMYeCTBO
Tenna, KoTopoe Heo6x0AMMO Nepeaath 1 Kr
BellecTBa (Hanpumep, BOAbl), HTOBbI HarpeThb
ero Ha1°C. W HaobopoT, BewecTBo oTOaeT
TaKoe >Ke KOMWYECTBO SHEPTUM NPU OXMaxK-
OeHun.

CpepHee 3HayeHWe yaoenbHOM TeNN0eMKOCTH
BOAbl B AnanasoHe mexay o °“Cn1oo °C
cocTaBnsieT:

¢ = 4,19 K /(kr * K) unm ¢ =1,16 Bru/(kr « K)

KonnyecTso nornowaemMoro unu BbigenseMoro
Tenna Q, Bbipa>keHHoe B K nnu kX, 3asucut
OT Maccbl M, BbIPa>XEHHOW B KT, yOeNbHOMN
TenI0eMKOCTHU C M pa3HOCTU TemnepaTyp A,
Bblpa>xeHHOM B K.

HacocHas a3byka WILO

B cuctemax otonneHms Ay — 310 pasHocTb
TeMmrnepaTyp B NpsiMoM 1 o6paTHoM Tpybonpo-
Bofde. [MonyyeHHas hopmyna:

V = 06beM Boabl B M3
p =MnoTHocTb B Kr/M3

Macca m — 370 06bem BoAb! V, BbIpa>KeHHbIN

B M3, YMHOXKEHHbI Ha MAIOTHOCTb p BOADI,
BbIPAXKEHHYIO B Kr/M3. Takum 06pazom, dop-
MYJTy MOXKHO NpeacTaBuUTh B CliefyoLlemM Buae:

Q=V'[)'C(1(}V—ﬁk)

I3BECTHO, YTO MNIOTHOCTb BOAbI MEHAETCS

B 3aBMCUMMOCTM OT ee TemnepaTtypbl. OgHakKo,
4YTOObI YyNPOCTUTb pacyeTbl, MCMONb3YyeTCs

p =1kr/om3 B amanasoHe ot 4 °C 0o 9o °C.
dun3nyeckne TepMmuHbl "3Heprus”, "pabota”
M "KONMMYecTBO Tenna" 3KBUBANIEHTHbI.

Cnepytolas hopmyna ncrnosb3yeTcs Ans npe-
obpasoBaHus [>KOyne B Apyrue pasMepHoOCTy:

1>k =1Hm =1BTcnnni1 MOx = 0,278 KBT4

lMpumevaHue:

Y0enbHasi mennoemMkocms —
Mo konu4yecmBo menna,
komopoe Heobxo0uMo
nepedame 1 ke Bewecmaa
(Hanpumep Bodb1), 4mMo6bi
Hazpems e2o Ha 1 °C.

M Haobopom, Beuwjecmso
omoaem makoe e
KOJIU4ecmBo 3Hepauu

npu oxnaxcdeHuu.

Y = mema

p=po



BOAA KAK CPEACTBO TPAHCNMOPTUPOBKMHU

N3meHeHue o6 bema BOObI
npu Hazpese/oxnaxdeHuu.
Camas 6osbwasi NJIOMHOCMb
npu 4 °C: puex = 1000 k2/M’°

BoosiHoli ky6 o6bemom 1000 cm’
npu 4 °C umeem maccy 1000 2

10 CM

Koeda BoOa Haepesaemcs unu
oxnaxdaemcs, ee N1I0MHOCMb
yMeHbwaemcs, m. e. B0Oa
cmaHoBumcs nea4e, a ee 06bem
yBesu4uBaemcs.
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YBenuyeHune 1 yMeHbLLeHne obbema

Bce npvpoaHble MaTepuanbl paclumpaoTcs Npu
HarpeBaHWM N CKMMAKTCSA NPY OXNAXKAEHUN.
EOVHCTBEHHBIM UCKITFOYEHNEM U3 3TOTO Npa-
BMIa ABMSeTCS BoAa. ITO YHUKANbHOE ee CBOM-
CTBO Ha3blBaeTCs aHOMarnumemn Boabl.

Bopa numeeT HanbonbLLyo NNOTHOCTL Npu +4 °C,
npv koTtopon 1 oM = 1 numeeT maccy 1 Kr.

N3meHeHue o6bema BoAbl

[mn]

=
=3
o
i
s

O6beM 1T BoAbl

1,0012

1,0008

v

1,0004

|~

1,0000 ~

0 2 4 6 8 10 12 14 16 18 20 T[c]

Ecnv Boga HarpeBaeTcs Mnn oxnaxkpgaeTcs
OTHOCUTESIbHO 3TOM TOYKM, ee 06beM yBenu-
YMBaeTCS, YTO O3HAYaeT yMeHbLUEHMeE NNoT-
HOCTK, T. e. BOAa CTAaHOBUTCA Nerye.

JT0 MOXXHO O0THYeTNMBO Habn[aTh Ha NpuMepe
pe3epByapa C TOYKOW nepenuaa.

B pesepBsyape HaxoauTcs posHo 1000 cm3Boabl
c Temnepatypow +4 °C. MNpwu HarpeBaHun BOObI
HEKOTOpOe KONMMYeCTBO BblNbeTCs U3 pe3ep-
Byapa B MePHY0 eMKOCTb. Ecnu HarpeTb Bogy
00 90 °C, B MepHYI0 eMKOCTb BblfTIbeTCS POBHO
35,95 cm3 yto cooTBeTCTBYET 34,7 T.

Macca 1000 cm’BoObI
npu 90 °C = 965,32

90 °C

Konu4yecmso
BblnuBweticss BOObI
35,95 cm’= 34,7 2

Bopa Tak>ke paclumpseTcs npu ee oxnaXxKgeHnn
HuxXKe +4 °C. bnarogaps 3Ton aHOManuu Boabl

Y peK 1 03ep 3MMON 3amep3aeT UMEHHO BEPXHUN
cnow. o Tom >XXe Npu4mHe nepd nnasaeT

Ha NOBEPXHOCTU 1 BECEHHEE COJHLLE MOXKET ero
pacTonuTb. IToro 6bl He Nponcxoauno, ecnu bl
nepd 6bin TAXKenee BoAbl M ONYCKancsa Ha AHO.

OpQHako, Takoe CBOMCTBO PacLUMPSATLCS MOXKET
6bITb ONacHbIM. Hanpumep, aBTOMO6UIIbHbIE
OBUraTenun n BoAsHble HACOChl MOTYT JIOMNHYTh,
eC/iv Bofa B HUX 3aMep3HeT. Bo nsbexkarue
3TOro B BoAy [06aBnsOTCS Npucagku, npensT-
CTBYIOLLME €€ 3aMep3aHuto. B cuctemax oton-
JIEHMS HYaCTO UCMOMb3YOTCS FMKOMN; COOTHO-
LeHMe BOAbI M TMIMKONS CM. B cneundukaumnm
npou3BoguUTENS.

BO3MOXKHbI TEXHUYECKME U3MEHEHUS



BOAA KAK CPEACTBO TPAHCMOPTUPOBKMU

XapakTepnCTUKN KNNEHUS BOAbI

Ecnv Bogy HarpeBaTb B OTKPbITOM eMKOCTH, OHA M3MeHeHuWe arperaTHOro COCTOSHUSA
3akunuT npu Temnepatype 100 °C. Ecnu nsme- Npy NOBbILIEHNMU TeMNepaTypbl
pATb TeMnepaTypy KUNALLen BoAbl, OKaXKeTcs,
YTO OHa OCTaeTcs paBHoOM 100 °C noka He ucna-
puTCs nocnefHaa kanns. Takum obpasom,
NOCTOSIHHOe noTpebneHune Tenna Ncnonb3yeTcs l
0N NOMHOTO UCNapeHns BOAbl, T. €. U3SMeHeHns  ~ [~~~ ~~~
ee arperaTHOro COCTOSHUA. ITa IHEPrus Takxe
Ha3blBaeTCs TaTEHTHOM (CKpb|T0|7|) TEennoTomn.
Ecnu nopgaya Tenna npofgonykaeTcs, TeMne-
paTypa obpa3oBaBLUerocs napa CHoBa HayHeT macpooe |

noOHUMAaTbCA. epo.imesiou | }Mu@KOCmb
merso }chuOKocmb 1Mu0KOCmb lu nap

T[C°]

Ckpbimasi (nameHmHas) mennoma

nap

OnwucaHHbIN Npouecc NpuBedeH Npy AaBneHnn Noaeon Tenna
BO3A4yXa 101,3 Kla y NOBEPXHOCTY BOAbI.

Mpun nto60oM Apyrom [aBrneHnn Bo34yxa ToUKa

KUneHus BoObl caBuraeTcs ot 100 °C.

Ecnv 661 Mbl NOBTOPUN ONMUCAHHBIN 3KCNEpU-
MEHT Ha BbICOTe 3000 M — Hanpumep, Ha Llyr-
LUINUTLIe, CAMOW BbICOKOW BepLUMHe FepMaHun —
Mbl 6bl 06HapPY>KKnK, YTO BOAa TaM 3akunaeT
y>e npu go °C. [p1UYMHOM TaKoro noBegeHums
SBNSETCSA NOHM>KeHWe aTMOCepHOro [aBfeHns
C BbICOTOWN.

YeMm HM>Ke [aBfieHVe Ha MOBEPXHOCTM BOAbI,
TeM Huxe byoeT TemMnepaTypa KUMeHus.

M HaobopoT, TemnepaTypa kunenus byger
BblLLE NPV MOBbILLIEHUN OaBNeHNS Ha NOBEPX-
HOCTW BOAbI. DTO CBOMCTBO MCNOJb3yeTCs,
Hanpumep, B CKOpOBapKax.

lpacdvk cnpaBa NokasblBaeT 3aBUCUMOCTb TemnepaTypa KMneHusi BoAbl Kak hyHKUUS
TemnepaTypbl KUMEHUS BOAbI OT AABMIEHMS. naBneHus

<150 | —
[aBneHne B cUCTEMAX OTOMSIEHMS HamMepeHHO 2 L —]

MoBblLLIaeTcs. ITO MOMOraeT NpegoTBPaTUTh "
obpasoBaHmMe Ny3bIpbKOB rasa B KpUTUHYECKUX
pabounx pexxnmax, a TakxKe npefoTepallaet
ronagaHve Hapy>kXHOro BO3Ayxa B CUCTEMY.

100

ol

0 1,013 2 3 4 5 6  [100kna]

nasneHue

HacocHas a3byka WILO 17



BOAA KAK CPEACTBO TPAHCNMOPTUPOBKMHU

PaCLumpeHme BOObI NP HarpeBaHn n 3allnuTa OT n36bITOYHOro OaBNeHns

CrcTeMbl BOOSHOTO oTonneHns paboTatoT npu
TemnepaTypax oAbl 40 90 °C. O6bbI4HO cucTeMa
3anonHsieTca Bogon npu TemnepaTtype 15 °C,
KOTOpas 3aTeM pacLuMpseTcs Npu HarpeBaHuu.
Henb3a gonycTuTb, 4To6bI 3TO yBENNYEHNE
06bemMa NpuBesno K BO3HMKHOBEHWIO N306bITOY-
HOro [aBMeHNS U NepenunBy XXUAKOCTH.

Cucrtema oTonneHus co BCTPOEHHbIM NpeAoXpaHUTEJIbHbIM KjlanaHOM

Mpsmoli
mpy6onpoBoo

YoaneHue
i BO30yXa
Benmunb
Mompe6umenu menna
]
34,79
1000 M’
=1/
O6pamHbIti
mpy6onpoBod
PacwupumerbHbili
MeM6paHHbIl 6ak

lMpumeyaHue:

lMpu BO3HUKHOBEeHUU
u36bImo4Ho20 OaBreHus
npedoxpanumenbHblli kKnanax
0on1%ceH omKpbIBambcs

u cmpasnuBame AUWHUl
o6Bbem BOObI.
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Korpa otonneHune oTKNo4aeTcs B NeTHUIA
nepuof, o6bem BoAbl BO3BPaLLaeTCa K NepBo-
HavaslbHOMY 3HaveHuto. Takum obpasom, ons
obecneyvenuns 6ecnpensaTCTBEHHOrO paclunpe-
HWS BOAbl HEOOXOAMMO YCTaHOBUTL JOCTaTOYHO
6onblion 6ak. CTapble cMCTEMbl OTONNEHUS
MUMenun OTKPbITble pacluMpuUTenbHble 6aku.

OHwv BCcerpga pacnonaranucb Bbille CaMoro BbICO-
Koro yyacTtka Tpybonposopa. [Mpuv nosbiweHnm
TemnepaTypbl B CUCTEME, YTO MPUBOAUNMO

K pacLUMpeHUo BOObI, YypOBEHb B Bake Takke
noBsblwanca. Mpu CHUXKeHUM TemnepaTypbl OH,
COOTBETCTBEHHO, MOHMXKACS.

CoBpeMeHHble CUCTEMbI OTOMSIEHUS UCMOSb3Y -
0T MeMbpaHHble paclunpuTenbHblie 6akn (MPB).

Mp¥ NOBbILLIEHNW [ABMEHNS B CUCTEME HESb35
AonyckaTb yBeNnYeHns AasneHus B Tpybonpo-
BOOAX MU APYrUX 3NeMeHTax CUCTeMbI BbllLe
npenenbHOro 3HaveHus. Moatomy obs3aTenb-
HbIM YCJTOBMEM A1 KaXKA0M CUCTEMbI OTOMMe-
HWS ABNSeTCA Hanu4une NpefoxXpaHnUTEeNnbHOro
KnanaHa.

Mpv NOBbILLEHNN OaBMEeHNS CBEPX HOPMbI Npe-
OOXPaHUTENbHbIN KNanaH [oMKeH OTKPbIBAaTbCA
W CTPaBAMBATb MULWHUI 06beM BOObI, KOTOPbIN
He MOXKeT BMEeCTUTb pacLUMpUTENbHbIN Hak.

Tem He MeHee, B TLLATENbHO CNPOEKTUPOBAHHOM
1 0bCny>KMBaemMow cucTeme Takoe KpUTUYECKOe
COCTOSIHME HMKOT[,a He [OMKHO BO3HMKATb.

Bce 3TM paccy>KoeHus He yUUTbIBAKOT TOT hakT,
YTO LMPKYNSLMOHHbIN Hacoc eLle 6ofbLue
yBeNMyvBaeT faBlieHne B cUCTEME.

B3anMocCBA3b MeXXOy MaKCMManbHOM TeMnepa-
TypoW BoAbl, BbI6paHHbIM HACOCOM, Ppa3MepoM
pacwmpuTensHoro 6aka n gasneHnem cpabaTbl-
BaHWUS NpefoXpPaHMNTeNbHOTo KnanaHa JosmxHa
6bITb yCTaHOBIEHA CaMbIM TLLATENbHbIM
obpaszom. CnyyaiHbii BbIOOp 3nemMeHTOB
CUCTeMbl — [a>Ke Ha OCHOBAHWMN UX CTOU-
MOCTW — B 4AHHOM CJly4ae HermpuemMmnem.

MembpaHHbIN pacwmpuTenbHbI 6ak nocTaBnsa -
eTCs 3aMoNIHeHHbIM a30TOM. HayanbHoe gas-
NeHve B paclumpuTenbHoM MeMbpaHHoM bake
[OJKHO ObITb OTPErynMpoBaHO B 3aBUCMMOCTH
OT CMCTeMbl oToMneHns. PaclumpsatoLascs soga
M3 CUCTEMbl OTOMJIeHMs MOCTynaeT B 6aK 1
CKMMaEeT ra3oByto kKamepy Yepe3 guadgparmy.
[a3bl MOTyT CKMMaTbCH, @ XKUOKOCTU — HeT.

KoMneHcauns nsmeHeHns ob6bema sBogbl
B CMCTEMe OTOMeHns:

(1) Oo 3anonHeHus
CUCTEeMbl BOOOM

HauanbHoe faBnexme
MPE 1,0/1,5 6ap

(2) Cuctema 3anonHeHa
X0nogHou Bogon

3anac BoObI BXOgHOE
naenexune MPB +o,5 6ap

(3) Cuctema npu makc.
TemnepaType Boabl

Kosn-Bo BoObI = 3anac BoOb!
+ pacwupeHue

BO3MOXKHbI TEXHUYECKME U3MEHEHUS



[laBrneHuve

Onpepenexue faBneHus

[laBneHne — 3T0 cTaTUYeCcKoe OaBleHne XX -
KOoCTelt 1 ra3oB, U3MepeHHoe B cocyaax, Tpy6o-
NpoBOAax OTHOCUTENbHO aTMOCHEepHOro
pasnenus (Ma, mbap, 6ap).

CraTtuyeckoe gaBrieHue

CtaTnyeckoe gaBneHne — 3TO OaBneHue
HernoaBUXKHOM XXMUOKOCTW.

CTaTnyeckoe faBrieHNe = YpOBEHb BbllLe
COOTBETCTBYHOLLEN TOUKN U3MEPEHMNS +
HavyanbHOe OgaBneHune B paclwmputenoHom bake.

IOuHaMmunueckoe gaBneHue
OnHaMunueckoe gaBneHme — 370 AaBeHUe
LOBUXKYLLErocsi MoToKa >XMOKOCTU.

JaBneHue HarHeTaHUsa Hacoca
JT0 OaBMiEHME Ha BbIXO4e LeHTPOBEXKHOro
Hacoca Bo Bpems ero paboTbl.

KaButauus

KaBuTaumns — 3to obpa3oBaHue Ny3bIpbKOB rasa
B pe3yJsibTaTe NosiBMNeHUs I0KabHOro AaBreHns
HW>Xe [aBneHns napoobpa3oBaHns nepekayn-
BaeMOW XKMOKOCTM Ha Bxode paboyero koneca.
3T0 NPUBOAMUT K CHUXKEHUIO MPON3BOAUTENb-
HOCTW (Hanopa) 1 KMAQ v BbI3biBaeT LWYMbl U pa3-
pyLleHWe maTepuana BHyTpeHHUX getanemn
Hacoca.

M3-3a cxnonbiBaHUs Ny3bIpbKOB BO3AyXa

B 0bnacTtax c 6onee BbICOKMM OaBNEHUEM
(HanpuMep, Ha Bbixoae paboyero Koneca) MuK-
POCKOMMYECKME B3PbIBbI BbI3bIBAIOT CKaYKM
LaBNeHWs, KOTOpble MOTYT MOBPEAUTb UMK
paspyLnTb r’MOPABIMYECKYO CMCTeMY. MepBbiM
MPU3HAKOM 3TOr0 CYXKUT LYM B paboyem
KOIlece 1 ero 3posus.

Ba>kHbIM NapameTpoMm LeHTpobe>kHOro Hacoca
aensetcs NPSH (BbicoTa cTon6a >KMOKoCTV Hag
BCacbIBatoWMMm naTpybkom Hacoca). OH onpege-
nseT MMHUManNbHOE JaBfeHne Ha BXode Hacoca,
Tpebyemoe gaHHbIM TUMOM Hacoca ang paboTol
6e3 KaBUTaLWUK, T. €. OONONHUTENBHOE OaBne-
Hue, Heobxoaumoe Ons NpenoTBpaLLeHUs
NoSIB/IEHNS NMY3bIPbKOB.

HacocHas a3byka WILO

BOAA KAK CPEACTBO TPAHCMOPTUPOBKMU

nepenan naBrieHus

[asnexue, pa3BuBaemoe LlEHTpOﬁe)KHbIM Haco-
CoM Oond npeofoneHunsa obuero conpoTuBneHnA
cuctembl. OHO n3mMepgeTca Mexxay BXxogom

M BbIXOOOM LleHTpO6e>KHOFO Hacoca.

Pabouee naBneHue
[aBneHue, umetoLLieecs B cucteMe npu paboTte
Hacoca.

Oonyctumoe pa6ouee naBneHue
MakcrManbHoe 3Ha4yeHue paboyero oaBnexHus,
LLOMYCKAaeMoro 13 ycnoBuin 6esonacHocTu
paboTbl HacOCa U CUCTEMBI.

Ha 3HauyeHne NPSH BnuatoT Tnn paboyero
KoJieca 1 4acToTa BpalleHns Hacoca. BHelwlHUMM
hakTOpamm, BNMAIOLLMMW Ha AaHHbIN NapaMmeTp,
ABNAlOTCA TeMnepaTypa >XMAKOCTH, aTMocdep-
HOe JaBrieHue.

MNpepoTBpalleHne KaBUTaLmumu

YT106bI M36€XKaTb KaBUTALMN, XKMOKOCTb
LOJIXKHA MOCTYNaTh Ha BXo LLeHTpo6eXxxHoro
Hacoca npu onpeaeneHHON MUHUManbHON
BbICOTE BCACbIBaHMS, KOTOPas 3aBUCUT OT
TemnepaTypbl M aTMOC(epHOro AaBneHums.

Opyrumm cnocobamu npeaoTBpaLLeHus

KaBUTaLMM SBASIOTCS:

« MoBbILEHMe CTaTUHECKOro AaBlIeHUs

« MoHWKeHMe TemnepaTypbl XKMAKOCTH
(cHuxxeHve paBnenns napoobpasosaHna PD)

« BbI6Op Hacoca C MeHbLIMM 3Ha4eHneM
MOCTOAHHOTO FMAPOCTaTUYECKOrO Hanopa
(MMHUManbHas BbicoTa BcacbiBaHms, NPSH)






KOHCTpYKUUM LLeHTPOOEe>XXHbIX HACOCOB

B cuctemax BogocHab>keHus, oTonNeHns, BeHTUNALNM U KOHOULNOHMPOBAHUS
BO34yXa, LEHTPOOE>XXHble HACOChI MPUMEHSATCA NOBCeMECTHO. OHU pa3nnyaroTCs
No TUNY KOHCTPYKUUM 1 cnocoby npeobpa3oBaHns 3HeEpruu.

CamoBcacbliBatoLme n HOPMaJibHOBCACbIBAKOLLME HACOCHI

CUYMTAETCH, YTO CAMOBCACHIBAIOLLMI HACOC CNO-
cobeH yaanaTb BO3AYX U3 BCACbIBAOLLEN TUHUN.
TeopeTuyeckas MakcmMmarbHasl BbiICOTa BCacbiBa-
HUS BOObl COCTABMAET 10,33 M M 3aBUCUT OT [aB-
neHwns Bo3ayxa (Hopm. gasneHune = 101,3 kMa).

Mo TEXHNYECKUM NPUUMHAM MaKCUManbHas
BbICOTA BCACbIBaHMS! g, KOTOPYHO MOXHO
[OOCTWYb, COCTaBNSET 7—8 M. ITO 3Ha4YeHne
YUUTbIBAET HE TONbKO Pa3HOCTb BbICOT MeXay
CaMOW HMXKHEeN TouKol (BOAHOM NOBEPXHOCTbIO)
1 BCACbIBAIOLLMM OTBEPCTMEM HACOCa, HO TakxKe
1 NOTEpM Ha NPeofdoneHne CONPoTUBNEHMS B
Tpybax, Hacoce U CoeAUHEHNSIX.

Mpw pacyeTe HacoCa y4TUTE, YTO 3HAYEHME
BbICOTbI BCAaCbIBaHMs h LOMKHO BbITb BKIOYEHO
B pacyeTHbIN Hanop Co 3HakOM MUHYC.

NvHNS BcacbiBaHMA O0JIXKHA UMETb Kak MUHU-
MYM TaKOW >Ke yCMNOBHbI MPOXOM, YTO M BCaCbl-
BatoLL,ee OTBEPCTME HAcoca, Unu, No BO3MOXKHO-
cTn, 6onbLue. JIMHUS 00>KHA ObITb KaK MOXKHO
Kopoue.

[NUHHbIE IMHUK BCACbIBaHMSA CO30at0T MOBbI-
LLeHHOE COMPOTUBIIEHNE TPEHWMIO, YTO KpanHe
OTpULATENbHO BAUSIET HA BbICOTY BCAChIBAHUSI.

BcacbiBatoLas nnMHMA JomkHa O6biTb pacnono-
>KeHa Tak, 4Tobbl OHa BCerga umena HakJroH
BBEPX MO HanpaBlieHWto K Hacocy. Ecnu nuHuns
npepcTasnseT cobon WnaHr, NpegnoyYTUTENBHO
MCMONb30BaTh CNMPabHble LUMAHIU, MOCKOMbKY
OHV MIMEetOT MOBbILLIEHHYH MPOYHOCTb U MeHbLLe
nopBsep>xeHbl yTevykaM. Ob6sa3aTenbHo cobnto-
[anTe Mepbl N0 NPeAOTBPALLEHWNIO YTEYEK,
MHaye MOryT BO3HWUKHYTb HEMOMAAKM Y MOJTOMKM
B Hacoce.

B pe>xnme BcacbiBaHUS peKOMeHAyeTCs Bcerga
yCTaHaBNnvBaTb 06paTHbIV KnanaH, 4Tobbl npea-
OTBPaTWUTb OMOPO>XKHEHME HAcoCa U BCaCbIBa-
toLert nuHmm. OBpaTHbIN KNnanaH ¢ punbTpom
TaK>Ke 3aLMLLaeT HACOC M PacMonoXKeHHble
HWXKE CUCTEMBI OT KPYMHbIX 3arpS3HEHNI, TAKUX
KaK NUCTbS, BETKWN, KAMHW 1 Hacekomble. Ecnu
NCNonb30BaTb 06paTHbIV KNanaH HEBO3MOXKHO,
Ha BCACbIBAIOLLMX NIMHUSX Meped HACOCOM
(BcackiBaoWwmMm 0TBEPCTMEM Hacoca) cneayeT
YCTaHOBUTb OTCEYHON KNanaH/3acnoHKy.

HacocHas a3byka WILO

BbicoTa BcacbiBaHUs Hacoca hg

MuHuManbHbIl ypoBeHb BOObI

Pacnono>xeHue BcacblBalowWwen NTMHUMU

npasusibHO

W

BcacbiBaHue

HenpasusibHO

OmceyHoli knanav,/
3acnoHka

ObpamsHbIti
knanad

HOpMaﬂbHOBCHCbIBaFOLLI,I/Il;I HdCOC HE MOXXET
yOanaTb BO3AYyX U3 JIMHUU BCACbIBaAHUA.

YcmaHoBka ¢ 06pamHbIm
KGNaHOM Ui OmceYHbIM
K/IGNaHoM/3acioHKol

Mpu1 MCNoNb30BaHWM HOPMaribHOBCAChIBAKOLLLETO
Hacoca, HacoC U NUHUS BCACbIBaHWs OOJIXKHbI
6bITb BCerga 3anosiHeHbl X)KMOKOCTbHO.

Ecnu B Hacoc nonagaeT BO3AyX B pe3ynbraTte
YyTEUKU, Hanpumep, Yepes calbHUKOBOE
YNIOTHEHWE 3aMOPHOro KnanaHa unu Yepes
He3aKpbIBLUNCS 0OpaTHbLIN KNanaH Ha NUHUK
BCaCbIBaHUS, HACOC W JIMHWIO BCACbIBaHWS Heob-
X0OMMO CHOBa HamnoJIHATb BOLOM.
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KOHCTPYKLUMWN LEHTPOBEXHbIX HACOCOB
PaboTa LeHTpobeXXHbIX HACOCOB

Hacocbl He06X0ANMbI NS NepeMeLLeHNs XN -
Pa3pes Hacoca c MOKpPbIM pOTOPOM KOCTEN M NpeofoneHns ConpoTUBAEHNS MOTOKY

CO CTOpOHbI TpyBoMpoBoAHbIX cUCTEM. B criyyae

HACOCHbIX CUCTEM C Pa3fINYHBIMUN YPOBHAMM
XKMAKOCTEN Ctofa TakxKe BKII4aeTcs Npeono-

Kopnyc Hacoca
NleHne pa3HoCTMU reogesnyecknx BbiCoT.

Bbrnarofaps cBoeit KOHCTPYKLUW 1 MCNOMNb3ye-
MOMYy cnocoby npeobpa3oBaHNs SHEPTUN,
LeHTpobe>kHble HacoCbl MpeacTaBnstoT cobon
rmapasnuyeckue gsuratenu.

TpexmepHoe
paboyee koneco

[suratenb NpMBOAMT BO BPaLLleHMe Ban Hacoca
C YCTaHOBNEHHbIM Ha Hem pabo4nm Konecom.
Bopa, nocTtynatowaa B paboyee Koneco B oce-
BOM HamnpaBleHUn Yepes BCacblBatoLLee OTBEPC-
Tve 1 BXo4HoM naTpybok, nepemellaeTtcs

C NOMOLLbIO flonacTen paboyero Koneca B pagu-
anbHOM HanpasneHuu. LleHTpobexxHble cunbl,
OeNCcTBYIOLLME Ha KaXKAYH0 H4acTuLy >KMAKOCTH,
CNocobCTBYIOT MOBbILLIEHNIO CKOPOCTU 1 faBrne-
HWS MPY NPOXO>KA,EHUN BOObI Yepes fonacTu.

Mocne Toro Kak Bofa NpoxoauT paboyee
KOIeco, OHa cobupaeTcs B CNMUPanibHOM KOXYXe.
CKOpOCTb NOTOKA HECKOMbKO 3amenseTcs
6naromaps KOHCTPYKUMM KoXKyXa. [pn 3Tom
Hamnop yBenvumBaeTcs 3a cyeT npeobpazosaHus
3HEpruu.

JKudkocmb nocmynaem
B paboyee koneco

U BbIXOQUM U3 He2o

no nuHUU.

Hacoc cocTonT 13 cneaytoLmx OCHOBHbIX
KOMMOHEHTOB:

* KOpPMyC Hacoca;

* MOTOP;

 paboyee Koneco.

Pabouuve koneca

Tunbl pabounx Konec Paboune koneca MoryT 6bITb pa3HbIX TUMOB,
a Tak)Ke OTKPbITbIE U 3aKPbITbIE.

Paboune Konieca 60MbLIMHCTBA COBPEMEHHbIX
HaCoOCOB UMEIOT TPEXMEPHYHO KOHCTPYKLMIO,

. - - - - . _  06benuHSIoLLYH0 NPeMMYLLIECTBA OCEBOIO U
paguansbHoro Kofec.

PaduansbHoe TpexmepHoe HuazoHansbHoe Ocesoe
paduansHoe
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KN Hacoca

KNA noboro mexaHvsma npepcrtasnset cobom
OTHOLLIEHWE ero NoJIe3HOM MOLLHOCTH K MoTpeb-
nsemMom. ITo oTHoLeHMe 0603HavaeTcs rpe-
ueckon bykeon m (37a).

MocKonNbKy He CYLLLeCTBYeT TaKoro NOHATUA Kak
"NpuBOf, He MetoLWmM NoTepb”, M BCerpa
meHbLie 1(100 %). [Ans uMpKyNSLUMOHHOTO
Hacoca cucTembl oTonneHusa obmmn KMna
onpepenseTcs 3HadeHrem KM moTtopa my,
(3neKTpUHECKOro U MexaH14eckoro)

n KMA Hacoca mp. NMponsseneHne aTux OByx
3HaveHun npeactasngaet cobov obwmin KMNA myq.

MNtot = MM * Mp

KM HacocoB pasHbIX TUMOB U pa3MepoB MOTyT
OTNINYATbLCS B OYEHDb LUMPOKOM AManasoHe.
ins HacocoB ¢ MOKpbIM poTopoM KM Mo
paBeH 0T 5 % [0 54 % (BbicOKO3DPeKTUBHbIE
HaCcoCbl); AMS HACOCOB C CYXMM POTOPOM Mot
paseH oT 30 % [0 8o %.

[axke B npefenax xapakTepUCTUKN Hacoca Teky-
wun KMO B TOT UMM MIHOM MOMEHT BpEMEeHMU
MEHSETCS OT HYN1S [0 MaKCMMaJIbHOTO 3HaYeHMs.

Ecnun Hacoc paboTaeT npu 3aKpbITOM KnanaHe,
co3[aeTcsl BbICOKOE flaBreHne, HoO BOAa He
nepemetyaeTtcd, noatomMy KM Hacoca B aToT
MOMEHT paBHseTCs HyNt0. To XXe camoe cnpa-
BeOIMBO Npu OTKPbITOM Tpybe. HecmoTps Ha
60nbLLOe KONNMYECTBO MepeKavMBaemMon BOabl,
OasrieHne He co3paetca, a 3HaunT KM paBHsa-
eTCs HYJHo.

XapakTepucTuKa Hacoca

Hanop H [m]

Mopaua Q [m3/u]

Cambin 6onbion 06wmmn KN4 umpkynsumMoHHOro
Hacoca CMCTeMbl OTOMMEHNS JOCTUraeTcs

B CpeHeN 4acTu XapaKTepMUCTUKM Hacoca.

B kaTanorax npon3BoguTenen HacCoCoOB 3Ta
onTuUManbHas paboyas xapakTepmncTnka ykasaHa
OTOeNnbHO AN KaXk[a0ro Hacoca.

HacocHas a3byka WILO

KOHCTPYKUWUWN LUEHTPOBEXHbBIX HACOCOB

Hacoc Hukorga He paboTaeT Mpy MOCTOSHHON
nopade. [oaTomy, npu pacyeTe HaCOCHOM
cucTembl, ybeouTtech, 4To paboyas Tovka Hacoca
HaxoguTCs B CpedHen TpeTu XxapakTepUCTUKN
Hacoca 60MbLUYH YaCTb OTOMUTENBHOMO Ce30Ha.
JTo rapaHTupyeT paboTy Hacoca npu oNnTUManb-
Hom KA.

KN/ Hacoca onpepenseTcs no cneqyoLLen
topmyne:

Q-H-p
np =
367+ P,
np = KM/ Hacoca
Q[m3M] =nNopaua
H [m] = Hanop
P, [kBT] = MowHocTb Hacoca
367 = [OCTOSAHHbIV KO3 PULUMEHT

p [kr/M3] = MnoTHoCTL xMAKOCTY
KM Hacoca 3aBUCUT OT ero KOHCTPYKLNK.

B cnepytowmx Tabnuuax nokasaHbl 3HaYeHMS
KN B 3aBUCMMOCTUN OT MOLLHOCTU BbIBPaHHOTO
MOTOpa M KOHCTPYKLMM Hacoca (C MOKpbIM
POTOPOM/C CyXV M pOTOpPOM).

KMA craHaapTHbIX HACOCOB C MOKPbIM

poTopom (opUeHTUPOBOUHbIE 3HaUeHus)

Hacocbi ¢
MOTOPOM MOLHOCTbIO Py MNtot
no 100 Bt npmén. 5 % — npubn. 25 %

KrMJA Hacocos ¢ cyxum poTopoMm
(opueHTHpOBOUHBIE 3HaUEHUS)

Hacocbl ¢
MOTOPOM MOLHOCTbIO Py MNtot
0o 1,5 kBt npun6n. 30 % — npubn. 65 %
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KOHCTPYKUMU LULEHTPOBEXHbIX HACOCOB

Cm. enasy “Xapakmepucmuku
Hacocos”, c. 31

B3aumocssizb MexcOy

Hanopom Hacoca
u epagpukom mouwsHocmu P1

Cm. enasy “beccmyneH4yamoe
peaynupoBaHue 4acmomsi
BpauwjeHusi” Ha c. 36

24

MoTpebneHne aHeprnmn LEHTPOOEXXHbIMM HACOCAMM

Kak Bbl y>xe noHsnu n3 npefbiayLiero pasgena,
MOTOpP NPUBOAMWT BO BpalleHne Ban Hacoca,

Ha KOTOPOM yCTaHOBMeHo paboyee Koneco.

B Hacoce co3paeTcs NoBbIlLEHHOE faBNeHne

M KMOKOCTb NepemelLaeTcs Yepes Hero, 4To
ABNAeTCA pe3ynbTaToM NpeobpasoBaHns 3neKk-
TPUYECKOW 3HEPTUM B TMOPaBANYECKYO. JHep-
rns, HeobxogMmas MOTOPY, Ha3blBaeTCs
notpebnsemont sHepruen P, Hacoca.

BbixofHble XapaKTepUCTUKN HaCOCOB
BbIXO[HbIe XapaKTePUCTUNKM LLIeHTPOBEeIKHbIX
HaCOCOB NpMBedeHbl Ha rpacuKe: BepTyKanbHas
0Cb, OpAMHaTa, 03Ha4YaeT NoTpebnaemMyo aHep-
ruio P, Hacoca B BaTTax [BT]. lopusoHTansHas
ocCb unu abcumcca nokasbiBaeT nogavy Q Hacoca
B KybBUUeckux meTpax B uac [m3/u]. (370 Takxe
cnpaBeanvBo ANs XapakTepucTUKM Hacoca,
KoTopyto Mbl 06cyamm nossxe.) B katanorax
XapaKTepUCTUKM Hanopa U MOLLHOCTY YacTo

06 beAMHATCS AN HAarNAAHOM eMOHCTpaLum
B3aMMOCBSI3N.

XapakTtepuctuku Wilo-TOP-S

B
1 2 3 Rl

[m/c]
15 2 Rp1Y/s

o
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-

Wilo-TOP-S 25/5
Wilo-TOP-S 30/5
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6 [m3/4]

BbixofHasi xapakTepucTuKa 4eMOHCTpUpyeT
CllefytoLLyt0 B3aUMOCBS3b: MOTOp noTpebnseT
MWHUMYM 3HEPTUM NpU HU3KOW nopave.

Mpu yBenuyeHun nogayum notpebreHue aHeprum
TaKXXe yBenM4unBaeTcs.

BnusHue 4acToTbl BpalleHUs MOTopa

Mpu M3MeHeHUM YacTOTbl BPaLLLeHUs Hacoca

Y HEM3MEHHbBIX OCTasbHbIX YCITOBUSX CUCTEMDI
noTpebneHune aHeprumn P n3meHseTcs nponop-
LIMOHAIbHO 3HAYEHMIO HacTOThbl n B Ky6e.

Py ni\3

P2 n,

Ha 0CHOBaHWMM [aHHbIX CO06PAXKEHNIA, U3MEHSIS!
4acTOTY BPALLLEHUs HACOCa MOXKHO aAanTUpo-
BaTb HacocC K TpebyemMolt TeNNoBOW Harpy3ke
noTpebuTens. Mpu yBennyeHUN 4acToTbl Bpa-
LLeHWs B iBa pa3a, Nogava yBennymnBaeTcs B TOM
>Ke nponopuun. Hanop Bo3pacTaeT B YeTbipe
pa3a. Mo3tomy, aHeprus, noTpebnsemas npueo-
LLOM, NMOMy4YaeTcs YMHOXKEHWEM NPUMEPHO Ha
BOCEMb. [1pU CHUXKEHUM YACTOThI, Mo4ava, Harnop
B TpybonpoBoge u noTpebrieHne aHeprum
YMEHbLLATCS B TOW >Ke NPonopLum.

MocTosiHHag YyacToTa BpalleHuUs,
o6ycnoBneHHas KOHCTPYKLUMeWn
OTNNYNTENbHOM XapaKTEPUCTUKOM LeHTpobex-
HOro Hacoca ABNSeTCs TO, YTO HAMop 3aBUCUT

OT MCMOJTb3yEMOro MOTOPA M €ro YacToThbl
BpaLLeHmsa. Hacockl ¢ 4acToToM N > 1500 06/MUH
Ha3bIBatoTCSA ObICTPOXOOHBIMU HACOCAMMK, a Te,

y KOTOpPbIX 4aCTOTa N < 1500 06/MU1H Ha3bIBalOTCS
TUXOXOOHbIMW.

MoTopbl TUXOXOHbIX HACOCOB MMetoT 6onee
CIIO>KHYIO KOHCTPYKLMIO, @ 3Ha4MT, oHu 6onee
poporue. OQHaKo B ciy4asx, Korga ucrnonb3o-
BaHMe TUXOXOAHOro Hacoca BO3MOXKHO UK
Oa>ke HE06X0OAMMO M3-3a XapaKTepUcTuK
KOHTYpa OoTonneHns, npumeHeHne bbicTpo-
XO[HOr0 HacoCa MOXKET MPUBECTM K Heonpas-
AaHHO BbICOKOMY noTpebneHnto aHeprum. Takum
06pa3om, BbICOKas LileHa TMXOXO4HOro Hacoca
KOMMEeHCUPYeTCS CYLLLeCTBEHHOM 3KOHOMMEN
3Hepruu, notpebnsemon NnpuBogoM. ITO CNo-
cobcTByeT 6bICTPOI OKYNaeMoCTH NEPBOHA-
YanbHbIX BMOXEHWN.

Ob6ecrneynBas KOHTPONIMPYEMOE CHUXKEHME
4acTOTbl BPALLEHWS MPU CHUXKEHUW OTONUTENb-
HOW Harpysku, ycTponcTeo beccTyneH4aToro
perynnpoBaHunsa 4acToTbl BPaLLEeHMs cnocobcT-
BYEeT 3HAa4YMNTENIbHOW 3KOHOMWUW CPEACTB.

BO3MOXKHbI TEXHUYECKME N3MEHEHUS



Hacocbl ¢ MOKPbIM pOTOpPOM

YCTaHOBKa Hacoca ¢ MOKPbIM POTOPOM Ha Mpsi-
Myto 1M obpaTHyto nuHuio obecneymBaeT
6bICTPOE U UHTEHCUBHOE NepeMeLLeHne BoAbl.
B pe3ynbTaTe, NosBASETCS BO3SMOXHOCTb UC—
nonb30BaTb TPY6OMNPOBOAbI C MEHBLLUM Ceve-
HWeM. DTO MPUBOOMT K CHMXKEHUIO 3aTpaT Ha
CUCTEMY OTOMMEHUS. ITO TaKXKe 03HavaeT, YTo
B IMHUSIX CUCTEMbI Terepb 6yOeT CyLLeCcTBEHHO
MeHbLLee KoNn4yecTo Boabl. CucTema otonne-
HWS MOXKeT bbiCTpee pearnpoBaTh Ha KonebaHus
TemnepaTypbl M nerye nogaaeTcs perynmpoBske.

Oco6eHHOCTH

OTnnumTenbHom ocobeHHOCTbIO paboyero
Koneca LLeHTpobe>KHOro Hacoca ABnseTcs pagn-
anbHoe nepemeLleHne Boabl. Ban, npusogswmi
BO BpalyeHve paboyee Koneco, M3rotTaBnmnBa-
eTCs U3 Hep>KaBetoLwen cTanu; NogLWNMHUKN
Bana caenaHbl U3 CreYeHHOro yrepoancToro
UNu KepaMmyeckoro matepuana. Potop moTtopa,
YyCTaHOBMEHHBIN Ha Bany, BpalLlaeTcs B BOAe.
Bopoa cmasbiBaeT MOALWMMHUKM M OXNaXkgaeT
MoTop.

Haxopawmica nog Hanps>KeHWem cTaTtop
MOTOPa OKPY>KeH pa3fennTenbHbIM CTakaHOM.
OH coenaH U3 HeMarHUTHOW Hep>KaBetoLLen
CTanu UNK yrnepogHoro BOMOKHa U UMeeT
TONWMHY cteHkn ot 0,1 0o 0,3 mm.

[ns cneunanbHbIX MPUMEHEHUI, Hanpumep,

B CMCTeMax BOOOCHAb>XKeHNs, MCNonb3ytoTcs
MOTOPbI HACOCOB C (YUKCUPOBAHHOWM YaCTOTOM
BpaLleHuns.

EC/iM HacoC € MOKPbIM POTOPOM MCMOMb3yeTcs,
Hanpumep, B TENIOBOM KOHTYpE, a 3Ha4uT npeg-
Ha3Ha4eH No4aBaTh TEMOBYIO IHEPTUIO

K pagumartopy, OH [OSI>KEH NOACTPanBaThes

non MeHSIOLLYOCS TEMMOBYH Harpy3Ky 34aHusl.
TepmocTaTUYecKre pagmaTopHble KfanaHbl,
yCTaHOBMEHHble Nepes NOBEPXHOCTAMM Harpesa,
onpenensoT MHTEHCMBHOCTb MOAAUM Hacoca.

Kopnyc Hacoca

PasdenumenbHslli
cmakaH

TpexmepHoe

O6bmomka

HacocHas a3byka WILO

KOHCTPYKLUUMH

LEHTPOBEXHbIX HACOCOB

HacocHas cuctema otonneHus

YoaneHue
l’j a B030yxa
Benmurb
[psmoli Mompe6umenu menna
mpy6onpoBo0d
R Hacoc
. O6p%meuJ 5
mpy6onposo
=00 pyoonp

PacwupumernbHsiti
MeM6paHHbIl 6ak

[ns Toro, 4To6bl yMeHbWHTb NOTpebrieHne
3M1eKTPO3HEPrun, Heo6xoaMMO, 4TOObI MOTOPSI
HaCoCOB C MOKPbIM POTOPOM MOCTOSIHHO MEHSIN
4acTOTy BpaLLEeHNs. HacToTy BPaLLEHUSI MOXKHO
MeHSITb BPYUYHYIO C MOMOLLIbIO MepeKntoyaTenen.
Bo3MO>KHa Tak>Ke opraHn3aLuus cucTembl aBTo-
MaTUKW MyTem yCTaHOBKM KOMMYTaLVIOHHON
annapaTypbl M YCTPONCTB YNpaBreHuns, KOTopble
6ynyT cpabaTbiBaTb B 3aBUCHMOCTUN OT BPEMEHH,
Pa3HOCTM OaBREHNI NN TeMnepaTypbl.

C 1988 r. cyLecTBYtOT KOHCTPYKLMM CO BCTPOEH-
HbIMW 3N1EKTPOHHbIMK yCTpONCTBamMm, obecne-
ymBaroLMMK beccTyneHyaToe perynmposaHme
4acTOTbl BPALLEHUS.

Hacocbl ¢ MOKpbIM POTOPOM, B 3aBUCMMOCTH

OT pa3mMepa n TpebyemMor BbIXOGHOW MOLLLHOCTH
Hacoca, paboTatoT ot ceTn 1230 B~ nnn 3 400 B
TpexdgasHoro Toka.

Hacocbl ¢ MOKpPbIM POTOPOM OTNIMYaAOTCA
ManowymHou paboTon n, bnarogaps csoen
KOHCTPYKUMW, He UMetOT YNTOTHEHWI Bana.

KoHCTpyKLMS COBPEMEHHOTO MOKOMEHUA HAaCO-
COB C MOKPbIM POTOPOM OCHOBAHa Ha MOAYJb-
HOM MpuHumMne. B 3aBucumocTy oT pasmepa

1 TpebyemMon BbIXOAHOM MOLLHOCTM Hacoca,
MOAYNM KOMMOHYIOTCS B Pa3nunyHble KOHPUry-
pauuu. Taknum o6pasom, nobon peMoHT, KOTO-
pbI MOXKeT NoTpeboBaTbCs, MOXHO OCYLLeCT-
BUTb C MEHbLUMMM TPyA03aTpaTaMu, NpocTo
3aMeHVB feTalb Ha 3anacHylo.

Ba>kHbIM Ka4eCTBOM 3TOr0 TUMa HAaCOCOB SBNS-
eTCs UX CMOCOBHOCTL CAMOCTOATENLHO yOanaTh
BO34YX BO BPEMS Hanagku.

lpeumyujecmsa: meHblwee
ceyeHue mpy6onposoda,
MeHbuee KOJIu4ecmBso BoObl,
6onee bbicmpas peakyus

Ha konebaHus
memnepamypel, MeHbuiue

pacxo0bl Ha yCMaHoBKy

[MepBbIti NOMHOCMbIO 31eKMPOHHBIL
HACoc CMOKpPbIM pOMOpoM

€O BCMPOEeHHbIM ycmpoLicmBom
6eccmyneH4amozo pe2ynupoBaHus
4acmomel BpaujeHus

BbicokoaghekmuBHbIl Hacoc
Wilo Stratos -

nepBbIl B MUpe HaCoC ¢ MOKPbIM
pomopom mak e 0115
KOHOUYUOHUPOBAHUS U
X0100UNIbHbIX CUCMeM

Bbicoko3gpekmuBHbIl Hacoc
Wilo Stratos PICO -

00 90% 3KoHOMUU 3Hepauu

no cpaBHeHUto ¢ Hepezynupyembim
HACOCOM cucmemsbl omonseHus
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KOHCTPYKUMU LULEHTPOBEXHbIX HACOCOB
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Cnoco6bl MOHTaXa

Hacocbl ¢ MOKpbIM POTOPOM MOCTABNAOTCA

c pe3b60BbIMM COEOUHEHNSIMU C YCITOBHBIM
npoxopnom 0o R1 /4. Hacocbl 60nbLuero pasmepa
UMeLoT hraHLeBble COefUHEHUS. TN Hacochbl
MOTYT MOHTMpOBaTbCS B TpybonpoBoa ropu-
30HTaNbHO WUV BEPTMKaNbHO 6€3 Coopy>XeHus
yHOameHTa.

Kak 6b1510 yNmoMSHYTO paHblle, CMa3Ka NoaLwmmn-
HWKOB TakOro Hacoca ocyLlecTBnseTcs paboyen
XKMAKOCTbH. OHa Tak>Ke CNY>KUT oxnaxkgaroLen
XKUOKOCTbIO ANs 31eKTpoMoTopa. [ostomy
Yyepes pa3fenuTenbHbl CTakaH JOKHA
NMOCTOSIHHO LUMPKYMMPOBATh XXUAKOCTb.

Ban Hacoca MOKpOro poTopa [oMKeH Bcerga
pacrnonaraTbCsi FOPU30HTanbHo. MoHTax

C Banom, yCTaHOBJIEHHbIM BEPTUKANbHO,
NpPUBOOMUT K HEYCTONYMBOM paboTe cncTeMbI
W, Kak crnencTsue, bbICTPOMY BbIXO4y Hacoca
U3 CTpoOS.

MoppobHyto MHopMaLmMio 0 cnocobax MOHTaxa
CM. B UHCTPYKLMM MO MOHTA>XKy W 3KCNyaTauuun.

Cnoco6bl MOHTa>)ka HACOCOB C MOKPbIM
poTtopom (HenonHbIN NnepeyeHsb)

HE,D,OI'chTVIMbIe cnocobbl YCTaHOBKMU

JonycTmo 6e3 orpaH1yeHnin s HACOCOB
¢ 6eccTyneH4aTbiM perynmpoBaHMem YacToTbl

BpawieHunsa

G 18

HonycTumo 6e3 orpaHnyeHnit 4ns Hacocos
c 1,3 unu 4 ckopocTamu

—
) ’
=

BO3MOXKHbI TEXHUYECKME N3MEHEHUS



Hacocbl C cyxnum poTOpoMm

Ocob6eHHOCTH

Hacocbl € cyxnM poTOpoM UCMONb3YHOTCA ANd
noJayn XXmnaKocTen ¢ 60bLINMM HaNnopom.
TNyylwe Bcero oHM nogxoQsaT AN nogayu

OXNAXKOAIOLLEN XKNOKOCTU U arpeccuBHbIX cpen.

B 0T/IMUME OT HACOCOB C MOKPbIM POTOPOM,
B 3TMX HAacOCaXx XXMOKOCTb HE CONnpuMKacaeTcs
C MOTOpPOM.

ELie OAHMM NX OTINYMEM OT HACOCOB C MOKPbIM
pOTOPOM sIBNSieTCS CNOCO6 U30NAUMM
Kopnyca/sana Hacoca. 3To gocTuraeTcs

C MOMOLLbIO CaNbHUKOBOTO UM CKONb3SALLEro
TOpLUEBOro ynnoTHeHun (CTY).

B cTaH@apTHbIX Hacocax ¢ CyXMm poTOpPOMm
06bI4HO Mcnonb3ytoTcs TpexdasHblie MOTOPbI
C MOCTOSIHHOM YacToOTOM BpaLleHuns. Kak npa-
BWJ10, OHW PErynupyroTCa Yepes BHELLHIO
3NEKTPOHHYIO CMCTEMY YNPABNEHUSA 4acTOTON
BpaweHns. CerogHs Hacocbl C CyXMM pOTOPOM
BbIMYCKAKTCA CO BCTPOEHHbBIM 3/1EKTPOHHbIM
610KOM ynpaBneHns 4acTOTON BpaLLeHus,
KoTopbI 6narogaps COBpeMeHHON TEXHONOrUK
MO>KeT YCTaHaBIMBATHCS M HA MOTOPbI

€ 60MbLIOW BbIXOQHON MOLLHOCTbHO.

O6wmn KN HacocoB € Cyxnm poTOpPOM CyLLecT-

BEHHO BbILLE, YEM Y HACOCOB C MOKPbIM POTOPOM.

Hacocbl ¢ CYXM pOTOpPOM noapasfnenarnTca
Ha TPU OCHOBHbIX TUMNA:

In-line Hacocbl

Hacocbl, y KOTOpbIX BCACbIBAOLLMIA U HAMOPHbIN
naTpybKn HaxoOsATCcs Ha OQHON OCU U UMEIDT
OOWHAKOBbIN YCNOBHbIN MPOX0[4, Ha3bIBAKOTCS
in-line Hacocamu. In-line Hacocbkl ocHawatoTCA
CTaHOAPTHbIMY hNaHLEBbIMM 31EKTPOMOTO-
pamu ¢ BO34YLUHbIM OXNaXKEHVEM.

TakoW TUM HAacoCcoB cuMTaeTcs Hambonee noa-
X0OSLMUM ONS CUCTEM 3[aHMIA, TpebyroLwmnx
60/bLLION BbIXOAHOW MOLLHOCTWU. ITU HacoChl
YyCTaHaBNMBAOTCSA HEMOCPEACTBEHHO HA
Tpybonposoga. Mpu 3Tom Tpybonposod 3akpen-
NAEeTCA KPOHLITENHAMM MM HACOC YCTaHaBNM-
BaeTCs Ha DyHOAMEHT MU OTOENbHbIN
KPOHLUTENH.

HacocHas a3byka WILO

KOHCTPYKUWUWN LUEHTPOBEXHbBIX HACOCOB

KoHcTpykuus in-line Hacoca ¢ cyxum poTopom

bno4Hble Hacochbl

BnoyHble HacoCbl IBASOTCS HU3KOHANOPHbBIMMU
LeHTPOOEe>XXHbIMU HaCOCaMuM MOCTOSHHOWM
YaCTOTbl BpaLLLeHNs CO CTAaHAAPTHBIM 3/1eKTPO-
MOTOPOM BO3AYLUHOrO oxnaxkaeHus. XKngkocTb
nocTynaeT B HACOC B OCEBOM HanpasreHuu,

a BbIXOOMWT B pafguanbHOM. KpoHLWTeNHbI nnm
Onopbl 4719 MOTOPA BXOASAT B CTaHOAPTHYHO
KOMMJIeKTaLmMo HacoCoB.

KOHCOMbHbIE HAacoChl

[aHHble LeHTpobeXXHble HACOChl UMEKT OCEBOM
BXO[, U paguanbHbIi BbIXOM XKXUOKOCTU U3
Hacoca. Hacoc 1 MOTOp MMEKT caMOCTOSITeNb-
Hble y37bl KpenneHns. No3aToMy OHW ycTaHaBIM-
BalOTCA HAa yHOAMEHTHOM NnuTe.

B 3aBMCMMOCTHM OT XXMAKOCTU 1 paboumx ycno-
BWI, OHN MOTYT ocHawatbca CTY unu canbHn-
KOBbIM YMAOTHEHMEM. Y CNOBHbIN MPOX0A, TaKnX
HacoCcoB onpefenseTcs HaNOpPHbIM NAaTpyOKOM.
BcacbiBatowmit natpybok nmeeT 6onbLuni
YCIIOBHBIN NPOXOA,

Benmunsmop

CmandapmHbil MOmMop

lpopesb

Ckonb3sujee mopyesoe
yniomHeHue

Pabouee koneco
latika

Kopnyc Hacoca

Cm. 2nasy “YnnomHeHue
Bana”, c. 28
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KOHCTPYKUWUWN UEHTPOBEXHbBIX HACOCOB

lMpumeyaHue:

CTY nodsepiceHbl U3HOCY.
Paboma Hacoca "Ha cyxyro"

He donycmuma u moxcem
npusecmu k paspyuweHuro CTY.

28

YnnoTtHeHue Bana

Kak Bbl y>xe noHsnu us npefbigyLiero pasgena,
Ban MoXeT 6bITb repMeTU3npoBaH (B cTaHaapT-
HOWM KOMMNEeKTaunm Uinmn B Ka4ecTse onuum,

B CJTy4ae C KOHCOJbHbIMU Hacocamu) oT aTMO-
cepbl c nomowbto CTY nnu canbHUKOBbLIM
ynnoTHeHneM. Hvxke NpUBOANTCA onncaHne
3TUX OBYX TUMOB YMIOTHEHWUN.

CTY Hacoca ¢ CyXxum poTopom

HenooBucHoe Bpawaroujeecss  Pe3uHoBbill MpyxcuHa

KOJIbUO KONbUYO cunbpoH

Ckonb3sLime TopLeBble yNNOTHEHNS

OCHOBOW KOHCTPYKLIMM CKOJb3ALLLEr0 TOPLEBOro
YMNNOTHEHWUA ABNAOTCA ABa KOJbLa C TWaTesbHO
OTMNONMPOBAHHbLIMU MOBEPXHOCTAMU. OHU MpU-
>KMMAOTCA OpYr K APYry C MOMOLLbIO NPY>KWHbI
n paboTtatot BmecTe. CTY saBnatoTca [uHaMn-
YECKUMU YMTOTHEHUAMMN U UCMONb3YIOTCA

ONs repMeTr3aLmm BpaLlatoLerocs B XXnaKocTu
Bana npu BbICOKMX pabounx gaBneHunsx.

CTY coCTOUT U3 ABYX OTNONNPOBaHHbIX N3HOCO-
CTONKMX Konew (HanpuMep, CUNMKOHOBBIX UAN
rpacuTOBbIX), KOTOPbIE MPMXKATbI APYT K APYry
oceBbIMU crnamu. OgHO KonbLo (AMHaMnyec-
Koe) BpallaeTcs BMecTe C BanoM, B TO Bpems Kak
[pyroe KonbLo (cTaTuyeckoe) HeMoaBUXKHO
3aKpenneHo B Kopryce.

Me>xdy NoBepXHOCTSMM CKOMbXXeHUs 06pasy-
eTcs TOHKas NieHKa BoAbl, CNy>Kallas CMa3koin
M CPenCTBOM OXNaXK4eHus.

B 3aBMcumMOCTM OT pexkxuma paboTbl Hacoca
BO3MO>XHO HECKOJIbKO TUMOB TPEHUS conpsra-
€MbIX NMOBEPXHOCTEN: CMELLaHHOe TpeHue,
rPaHNYHOE TPEHWE NN CYXO€e TPEHUE, MPUYEM
nocneaHee (MpovcxopsLiee Npu oTCyTCTBUM
CMa3blBaloOLLEN MIEeHKM) BbI3blBaeT HeMef -
NeHHOoe pa3pyLueHue noBepxHocTel. Cpok
cny>k6bl 3aBUCUT OT pabounx ycnoBumn, Takmx
KakK cocTas 1 TemnepaTypa paboyei >XMaKOCTH.

CanbHUKOBbIE YNNIOTHEHWNS

B KauecTBe maTepmnanos ANs CarlbHUKOB
NCMONb3YHOT BbICOKOKAYECTBEHHYHO MPSXKY

N3 CMHTETUYECKMX BONTOKOH, Hanpumep Kevlar®
nnun Twaron®, PTFE, nps>Ky U3 nopucToro rpa-
hunTa, NPSXKY U3 CUHTETUYECKUX MUHEPaTbHbIX
BOJTOKOH, @ Tak>Ke HaTypalibHble BONIOKHA, Takne
KaK MeHbKa, BaTa unu pamu. Matepuan gns
CaNbHMKOB BbIMyCKaeTCS B BUAE HATEN UK
CNpeccoBaHHbIX MOTKOB, B CYXOM BMAE NN

CO CreumranbHOM NPONUTKOM B 3aBUCUMOCTH

OT Ha3HayeHus. Ecnn matepuan npmuobpeTaetcs
B BUOE HUTEWN, CHavana Heobxogmmo chopmn-
poBaTh KOMbLO M NpnAaTh eMy hopMmy. 3aTeM,
KOMbLO canbHUKa obopaynBaeTcs BOKPYr Bana
Hacoca M NoaTArMBaeTCsa C MOMOLLbH 06>KMMHOWN
BTYIKMN.

BO3MOXKHbI TEXHUYECKME N3MEHEHUS



Tunbl MOHTaXKa

JonycTumble cnocobbl MOHTa>ka

* In-line Hacocbl NpegHa3HayYeHbl 48 rTOPU30H-
TanbHOW N BEPTUKaNbHOM YCTAaHOBKW HEMo-
CpeAcTBeHHO Ha Tpybonposoge.

« [N oeMoHTa>ka MOTopa, 3NeMEHTOB Hacoca
HeobXx0aMMO OCTaBUTb [OCTAaTOYHOE NPOCT-
paHcTBO.

« Mpu nopcoepnmHeHnn Tpy60NpoBOAOB
Ha HAacoC He OOJKHbI NepefaBaTbcs Hanps-
>KeHUs 1 Bec TpybonpoBoaoB, a Hacoc cnepyeT
YCTaHOBUTb Ha ONopbl (€CIM OHM ecTb).

HeponycTumble cnocobbl MOHTaXa

+ MOHTaX, NPy KOTOPOM MOTOP Y KJIeMMHasi
Kopobka HanpasfeHbl BHU3, He [OMNYyCKaeTcs.

« Ecnu MoLHOCTb MOTOpa NpeBbILIaeT onpepe-
JIEHHBI YPOBEHb, Nepea MOHTaXOM Hacoca
B FOPU30HTalIbHOM MOJIOXEHUW criegyeT
NMPOKOHCYNbTUPOBATLCS C MPOU3BOAUTENEM.

BbicOKOHaMopHble
LeHTpobe>XKHble Hacochl

ITW HacoCbl 0ObIYHO ABNAOTCA
MHOTrOCTYyMNeH4YaTbIMW.

MHTEHCMBHOCTb MOQAYM HACOCA 3aBUCUT OT
pa3smepa paboyero Koseca v 4pyrux pakTopos.

Hanop B B BbICOKOHAMOPHbIX LLHTPOGEXKHBIX Hacocax |

LOCTUraeTcs NPUMeHEHNEM HeCKOMbKUX
pabounx Konec, ycTaHOBEHHbIX
nocneposaTenbHo. KnHeTuyeckas aHeprus -
npeobpasyeTcs B faBrieHNe 4acTUYHO B paboyem,
a YaCTUYHO B BbINPSIMASIOLLEM annapare.

bnaropaps BO3MO>XXHOCTWN BapbnpoBaHUs

YMCMIOM CTYMNeHen BbICOKOHAMOPHbIE LIeHTPO6eXxXHble

HaCoCbl pa3BmBaOT 6onee BbicOKoe
f[asJyieHne No CpaBHEHUKO C HU3KOHANOPHbIMU
OOHOCTYMNeHYaTbiMU LlEHTp06E)KHbIMM
Hacocamu.

HekoTopble Hacocbl UmetoT 00 20 cTyneHen.
Takunm o6pa3om, oHM MoryT obecneumnsaTb
Hanop A0 250 m. MoyTKn BCe BbICOKOHAMNOpPHbIe
LeHTpobe>KHble HacoCbl, KOTOPbIe Mbl
onvcanu, NpMHaaaexxaT K CeMencTBY HacOCOB
C CyXvMM poTOpoM. TeM He MeHee, B nocliefHee
BpPeMS MPOM3BOAMUTENN C YCMEXOM OCHALLAOT
MX MOTOPaMM C MOKPbIM POTOPOM.

HacocHas a3byka WILO

KOHCTPYKUWUUN LUEHTPOBEXHbLIX HACOCOB

Ocobble ykazaHuns gns 6104HbIX HACOCOB

» BroYHbIe HacOChbl [OMKHbI YCTaHABNNBATLCA
Ha COOTBeTCTBYHOLME DYHOAMEHTbI UK
KPOHLUTENHbI.

* YcTaHoBKa 6104YHOro Hacoca, npu KoTopon
MOTOP 1 KNIeMMHas Kopobka HanpasneHbl
BHU3, He gonyckaeTcs. Bce gpyrune cnocobbl
MOHTa>Ka CHMUTAOTCSA AOMYCTUMBIMU.

MonpobHyto nHpopmaumio o cnocobax ycTa-
HOBKM CM. B MUHCTPYKLMM MO MOHTAXY 1 3KC-
nayaTauum.

Paspe3 BbICOKOHANopHoro
LI,EHTPOGG)KHOTO Hacoca

Pabouue koneca

e )

Wilo-MultivertMVIS
Mpumep BbICOKOHANOPHO20
yeHmpobexHo20 Hacoca

C MOKPbIM pOMopom

XapaKTepMCTMKM BbICOKOHaNnopHoro
LIEHTPOGG)KHOTO Hacoca
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€ MOKPbIM pOMopom
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XapaKTepucTukm

XapaKTepuUCTUKM HAaCOCOB

MoBblweHMe 0aBeHUs HACOCOM HA3bIBAETCS
Hamopom.

OnpepneneHue NOHATUSA Hanopa

Mopa Hanopom Hacoca (H) noHnmaeTcs yoenbHas
MexaHu4yeckas paboTa, nepefgaBaemMasi HACOCOM
nepekaunBaeMom XXUOKOCTH.

E = mMexaHnueckas sHeprus [Hem]
G = Bec nepeka4nBaemon xmakocTtu [H]

Mpw 3TOM Hanop, co3aBaeMblii HACOCOM,

1 pacxoq nepekadnBaeMon xxunakocTtv (nogava)
3aBUCAT OpYyr OT Apyra. 3Ta 3aBUCMMOCTb 0TO6-
pakaeTcs rpadMyuecku B BUAE XapaKTepUCTUKM
Hacoca.

BepTukanbHas ocb (0Cb opAnHaT) oTpaxkaeT
Hanop Hacoca (H), BbipaxkeHHblit B MeTpax [Mm].
BO3MOXKHbI Tak>Ke Apyrne MacuTabbl WwKanbl
Hanopa. Mpu 3TOM OeNCTBUTENbHbI CleaytoLme
COOTHOLLEHUS:

10 M B.CT. =16ap =100 ooo Na =100 Kkla

Ha ropusoHTanbHoit ocu (ock abcumcc) HaHeceHa
WwKana noga4u Hacoca (Q), BbIpaXKeHHOM B Ky -
6omeTpax B uyac [M3/u]. BosmoxkHbI Takke apyrue
MacLTabbl WKanbl nogaqu, Hanpumep [n/c].

dopma xapakTepucTUKM NokasbiBaeT cneny-
toLLMe BUObI 3aBUCUMOCTU: IHEPTUS 3N1EKTPO-
npveopa (c yuetom obuiero KM/) npeobpasy-
eTcs B Hacoce B Takne hopmMbl ruapaBnnyeckomn
3HEepruu, Kak gaBneHne 1 ckopocTb. Ecnm Hacoc
paboTaeT nNpu 3aKpbITOM KNanaHe, oH co3paeT
MaKCUManbHoe fgasneHuve. B aTom cnyyae roso-
pAT 0 Hanope Hacoca H, npu Hynesow nopaye.
Korpa knanaH HayvMHaeT MeLJIeHHO OTKpbI-
BaTbCS, NepekaynBaemas cpefa npuxoguT

B OBM>KEHME. 33 CHeT 3TOro YacCTb IHEPrun
npvBofa npeobpasyeTcs B KNHETUYECKYHO
3HEepruto XXnpgkoctu. Mognep>xaHue NnepBoHa-
YanbHOro AaBMNeHUs CTAHOBUTCS HEBO3MOXKHbIM.
XapakTepucTuka Hacoca npuobpeTaeT hopmy
napatoLen KpuBon. TeopeTUyeckn XxapakTepm-
CTMKa Hacoca nepeceKkaeTCs C OCbIO NOAAYM.
Torpa Boda obnamaeT TONbKO KUHETUYECKOM
3Hepruemn, To eCcTb JaBJIEHME Y>Ke He co3JaeTcs.
OpHako, Tak Kak B cucteme Tpybonposonos
BCerga umeeT MeCTO BHYTPeHHee COMpOTMBIe-
HWe, B peanbHOCTU XapakTepPUCTUKM HaCOCOB
06pbIBalOTCA 0O TOro, Kak byaeT 4OCTUTHYTa
oCb nogavn.

HacocHas a3byka WILO

XapaKTepucTUKKN HacOoCOB

Hanop npu HyneBo#i nogave

Hanop H [m]

XapaKTePMCTM Ka Hacoca

Teop.pexum

Mopaua Q [m3/u]

dopmMa xapaKTepUCTUK Hacoca

Ha cnepytolem prcyHKe nokasaHa pasnnyHas
KPYTU3Ha XapakTepUCTHK Hacoca, KoTopas
MOXKeT 3aBUCETb, B HaCTHOCTU, OT YACTOTbI
BpaLleHuns MoTopa.

Hanop H [m]

KpyTas
(npum. 2900 06/mMun)

nonoras (npum. 1450 06/munH)

Mopaua Q [m3/u]

Mpn 3TOM KpyTU3Ha XapakTepUCTUKn
N cMmeLleHre paboYen TOUKN BINSET TakKe
Ha M3MeHeHWe Nofaym 1 Hanopa:
s nonoras Kpusas
— 6onbluee U3MEHEHWE NOaA4YN
NPy He3Ha4YUTEeNbHOM U3MEHEHMM Hanopa
* KpyTast Kpusas
— 6onblLUOe U3MEHEHME Nnoaayun
Npu 3HaYNMTENbHOM U3MEHEHUN Hanopa

Hanop H [m]

Mopaua Q [m3/u]

PasnuyHas kpymusHa

npu udeHmMu4YHOM Kopnyce
u paboyem Kosece Hacocos
(Hanpumep, B 3a8ucumocmu
om4Yacmomsl BpaweHus
momopa)

Paznu4yHoe usmeHeHue
nodayu u dasneHus
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XAPAKTEPUCTUKHU
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XapakTepucTmuKa CUCTEMbI

TpeHue, MMetoLLiee MecTo B Tpy6ONpoBoaHON
ceTu, BedeT K NoTepe AaBfeHNs nepekaynBa-
eMOW XXMOKOCTYM No Bcel AnvHe. Kpome 37010,
noTepst A4aBMeHVs 3aBUCMT OT TeMnepaTypbl 1
BSI3KOCTM NepeKaunBaeMow >XMBKoCTU, CKOpo-
CTV NOTOKA, CBOMCTB apMaTypbl U arperaTos,

a TakXKe COMpOTUBIEeHUS, 06yCIOBNEHHOTO
AVamMeTpOM, OJIMHOM 1 LepoX0BaTOCTbIO
cTeHOK Tpyb. MoTeps AaBneHns oTobpaxaeTcs
Ha rpacuke B BUO,E XapaKTEPUCTUKM CUCTEMBI.
[ins aToro ncnonb3yeTcs TOT Xe rpaguk, 4To
W AN XapaKTepuUCcTUKK Hacoca.

XapaKTepMCTMKa CUCTEMDI

H,

Q Q.

0 1 2 3 4 Q [m3M]

tDopma XapPaKTePUCTUKKN NOKa3bIBaeT creny-
rowne 3aBUCMMOCTU:

MPUYNHON T PaBINYECKOro CONPOTUBIIEHNS,
MMetoLLLero MecTo B Tpy6onpoBogHowm ceTu,
ABNSeTCS TPeHWe BOAbl O CTEHKN TPYD, TpeHue
YyacTuL BOAbl APYr 0 APYra, a TaKXKe U3MeHeHue
HanpaBfieHMs MOTOKA B (DaCOHHbIX deTansx
apmaTypbl. [py U3MeHeHWM No[aun, Hanpumep,
NPV OTKPbIBAaHUN 1 3aKPbIBaHUW TEPMOCTATU-
YeCKMX BEHTWUIIeN, U3MeHAEeTCS TakKe CKOPOCTb
noToKa W, TEM CamblIM, COMPOTMBIEHME. Tak Kak
ceyeHue Tpyb MO>XKHO paccMaTpmUBaTb Kak No-
Laab >XMBOro CeYeHMs NOTOKa, CONPOTUBIEHNE
n3MeHseTca KBagpaTuyHo. Moatomy rpaduk
6ynet nmeTb hopmy napabonbl.

3Ty CBA3b MO>XXHO NpencTaBuThb B BUAe cneny-
HOLero ypaBHeHnA:

Hi Q1\?
H> Q,
BbiBogbl

Ecnv nogaya B TpybonpoBogHOM ceTn
yMeHblUaeTcs B ABa pasa, TO Hanop nagaer

Ha Tpu YyeTBepTu. Ecnu, HanpoTwKe, Nogaya
yBenu4yMBaeTCs B A4Ba pa3a, TO HaMmop noBbIlla-
eTcs B YeTblpe pasa.

B KayecTBe MpuMepa MOXHO B35Tb UCTeYeHne
BObl M3 OTAENbHOro BOLONPOBOAHOIO KpaHa.
MNpuv HayanbHOM daBneHun 2 6apa, 4To COOTBET-
CTBYeT Hanopy Hacoca MpUM. 20 M, BOAa
BbiTekaeT 13 KpaHa DN 1/2 c pacxogom 2 m3/u.
YTobbl yBENMUNTL NOJAYyY B [Ba pa3a, Heob-
XOAMMO MOBbICUTb HAaYaNlbHOE AaBneHune Ha
Bxofe c 2 go 8 6ap.

3aBUCUMOCTDb pacxopna npwu pasninyHomMm
Ha4daJllbHOM OaBJieHUU Ha BXoge

HasneHue Ha BxoOe 8 6ap
Modaya 4 m3/4

[lasneHue Ha BxoOe 2 6ap
Modaua 2 m3/4

" 7"

BO3MOXKHbI TEXHUYECKME N3MEHEHUS



Pabouasa Touka

Touka, B KOTOPOW NepecekatTCst XxapakTepmc-
TUKMW Hacoca 1 CUCTeMbl, sBnsieTcs paboyeit
TOYKOWM CUCTEMbI U Hacoca.

3TO0 0O3HA4aeT, YTO B ITOM TOUKE MMEET MecTo
paBHOBECUE MeXXAyY NOJIe3HON MOLLHOCTbIO
Hacoca v MOLLHOCTbIO, MoTpebnsemoi Tpy6o-
MPOBOAHOW CeTbto. Hanop Hacoca Bcerfa paseH
COMPOTUBNEHUIO cMCTEMBI. OT 3TOro 3aBUCUT
Tak>ke nofava, kotopas MoxkeT 6bITb obecne-
YyeHa HacoCoM.

Mpu 3TOM cnegyeT MMeTb B BUAY, YTO Nofaya
He O0JI>)KHA ObITb HV>XKe ONpefeneHHOro MUHN-
MasibHOTrO 3HaYeHus. B NpoTUBHOM cllyyae 3T0
MO>KET BbI3BaThb C/IMLLKOM CUITbHOE MOBbILLEHNE
TemnepaTypbl B HACOCHOW Kamepe U, Kak creg-
CTBUe, NOBpPexKAeHNe Hacoca. Bo nsbexkaHue
3TOro cyiefyeT HeyKOCHUTeNbHO cobntoaaTh
WHCTPYKUMK NponssoamTens. Paboyas Touka
3a npegenamun XapakTepuCcTUKN Hacoca MOXKET
BbI3BaTb MOBPEXXLOEHNE MOTOPA.

Mo mepe M3MeHeHWs Nofaym B npouecce paboThbl
Hacoca Tak>XKe NOCTOSIHHO cMeLaeTcs paboyas
Touka. HanTum onTmanbHyto pacyeTHyto pabo-
YYH0 TOYKY B COOTBETCTBMM C MAaKCUMANbHbIMN
3KcnnyaTauMoHHbIMK TpeboBaHUSIMY BXOOUT

B 33[0a4M NPOEKTUPOBLUMKA. Taknmn TpeboBa-
HUSMM 9BAFIOTCS: AN LUPKYNALNOHHBIX HAaco-
COB CUCTEM OTOMMEeHNs — noTpebneHune Tenna
30aHueM, 019 YCTaHOBOK MOBbILLEHWS Hanopa —
NMUKOBbIV pacxopn ONns Bcex MecT Bogopasbopa.

Bce ocTanbHble paboune TOUKM HAXoAaTCA
cneBa OT A4aHHOM pacyeTHOM paboyen TOUKM.

Ha cnepgytowwmx OByX pUCyHKax MokasaHo
BMUSHME U3MEHEHUS TMOPOANHAMUNYECKOTO
COMpOTMBIIEHUS Ha CMeLLeHne paboyen TOUKM.

CmelleHne paboyelt TOUKM NO HanpaBreHuo
BIEBO OT PACYETHOIO MOMOXKEHUS Hen36e>KHO
BbI3bIBAET yBENMYeHMe Hanopa Hacoca.

B pe3ynbTaTe 3TOro BO3HMKaeT LWWYM B KNanaHax.

PerynupoBaHue Hanopa 1 noda4yn B COOTBET-
CTBMM C NOTPEBHOCTHIO MOXKET NPOU3BOANUTHCS
NpUMEHEeHMEeM HaCcOCOB C YacTOTHbIM Npeobpa-
30Bartenem. Mpy 3TOM CyLLECTBEHHO COKpaLLa-
FOTCS IKCMNYaTaLNOHHbIE PACXOabI.

HacocHas a3byka WILO

XAPAKTEPUCTUKMHU

U3meHsowasca paboyas Touka

Hanop H [m]

Hanop H [m]

Xapakmepucmuka Hacoca

Touka nepeceyeHust =
—
paboyas moyka

Xapakmepucmuka
cucmemb!

Mopaua Q [m3/u]

Xapakmepucmuka Hacoca

’
<— Toy4yka nepece4yeHus =
HOBas paboyas moyka

Hosas kpusas
cucmembi
(60n1ee kpymas)

Mopaua Q [m3/4]

omkpbimel 06a
mepmocmamuyeckux BeHmuns

LA
LA
i

OMKPbLIM MOsIbKO 00UH
mepmocm. BeHMusb

[l
(A
B
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PerynmupoBaHMe napamMmeTpoB Hacoca B
3aBMCMMOCTM OT OTOMUTESNIbHOW Harpy3Kku

B HawweMm KnnmMaTmnyeckom nosce HabnogaroTCa 3Ha4YMTeNbHbIE KonebaHns
TeMnepaTypbl HAPY>KHOro Bo3ayxa. JleTom cTonbmk TepmMomMeTpa NOgHUMaeTCs

0o Temnepatypbl nitoc 20 °C — 30 °C, a 3umom nagaet 0o MuHyc 15 °C — 30 °C n gaxke
Hu>xe. OQHaKo Takue KonebaHnsa coBepLUEeHHO Henpuemsembl ONnsg TeMmnepaTypbl
BO34YyXa B XKUMbIx nomeLteHmsax. CHayana 6bis1 oroHb, KOTOpbIM 06orpesanu neLlepsbi.
MNo3gHee 6b1M M306peTeHbl CUCTEMbI OTOMSIEHWUS, ONMMUCAHHbIE B MTEPBON YaCcTU

HacTosiLen GpoLtopbl.

Ce30HHble U3MEHEHUS
TemnepaTypbl

Ha pucyHke cnpaBa nokasaHa obnacTb, 3aWTpu-
XOBaHHasi BEPTUKabHbIMU IMHUSIMU, KOTOPast
COBepLUEeHHO YeTKO NoKa3bIBaeT, KaK B 3aBU-
CUMOCTU OT Ce30HHbIX KonebaHnin TemnepaTypbl
Hapy>KHOro BO3[yxa U3MeHsIeTCst NOTPebHOCTb
B TEMJIOBON IHEPTUN.

B Te BpemeHa, Korga Bce camble pacnpocTpa-
HeHHble BUAbI TONMBa (OpoBa, yronb v gaxke
Macro Ha 3ape pasBUTUS CUCTEM OTOMNEHMS)
CTOWMM OYeHb [eLleBo, a TakXe Korfa oTo-
nneHve cybcnamMpoBanocb rocynapcTeomM

(B 6bIBLIEN [[P), 6bINO BCE PaBHO, CKONLKO
TpaTuTb Ha oTonneHue. B kparHem cnyyae
MOXHO 6bI10 MPOCTO OTKPbITb OKHO. Takow
cnocob perynmpoBaHus TemnepaTypbl B momMe-
LLIEHUM MOXKHO B LLUYTKY Ha3BaTb "OBYXMNO3ULM-
OHHbBIM PerynmpoBaHnem": "0OKHO OTKPbITO/OKHO
3aKpbITO".

MepBbln HePTAHOWM KPU3NC, NPOM30LLIe[LLINIA
B 1973 I., MOKa3an Heobxo4MMOCTb IKOHOMHOTO
MCMONb30BaHNS IHEPropecypCos.

C Tex nop ocoboe 3HayeHme npnobpen Bonpoc
XopoLuen Tennonsonsaunm 3gaHun. MNosasnanncs
HOBble TEXHOMNOMMM B CTPOUTENbCTBE, MOCTO-
SHHO U3MEHANNCb 3aKoHoAaTenbHble TpeboBa-
Hus. PazymeeTcs, napannenbHo ¢ 3TUM COBep-
LLIeHCTBOBANACh M OTONUTENbHASA TEXHUKA.
CHayvana LWMpoKoe pacnpocTpaHeHne NoAy4nnn
TepMocCTaTMyeckne BEHTUN, NO3BONAOLWME
WMHOMBUOYANbHO PerynmpoBaTb TeMnepaTypy

B MOMELLEHNN.

HacocHas a3byka WILO

TemnepaTypa Hapy>KHOro Bo3fyxa
B 3aBUCMMOCTM OT BPEMEHM roga

N
v

Hapy>Has Temnepatypa [C°]

-10

-15 N /

T T T T T T T T T T ;
Wionb Asr CeHT OkT Hos6 [ek B ®es Mapt Anp Mait MioHb Mionb
Mecsau

OQHaKo Ha NPaKTKKe 3TO 03HAYaNo orpaHNYeHmne
nopavu ropsve BoAbl, YTO BbI3bIBANO NOBbILLE-
HWe OaBfieHns B Hacocax ¢ PUKCMPOBaHHOM
4acToToN BpaLleHus (BOONb XapakTepUCTUKK
Hacoca) u, Kak C/ieiCTBUE, BO3HUKHOBEHME
LWYyMOB B KNnanaHax. Torga 6binun nsobpeTteHbl
nepenyckHble KnanaHbl, NpefHa3HavYeHHble

ans cépoca n3bbITOYHOro OaBneHus.

3awmpuxosaHHas obnacme
2pagpuxa 0603Hayaem 30Hy,
Komopas nokaswisaem
nompebHocmb B mensoBoli
3Hepauu B 3aBUcUMocmu
0m ce30HHbIX konebaHuti
memnepamypei.

Cm. 2nasy "Pabo4as moyka”
Hac. 33.
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PEFYJIUPOBAHUE MAPAMETPOB HACOCA B 3ABUCUMOCTU OT OTOMNUTENbHOU HATPY3KHU

Hacoc ¢ mokpbim pomopom
Wilo-TOP-S ¢

hepeksiro4HaemMmbimu

cmyneHsmMu Yacmomal
BpaweHus

36

lNepeknto4vyeHne YacToThl
BpalleHus Hacoca

Mpou3BoanNTeNM HaCOCOB NpeanaralT HacoChl

C MOKPbIM POTOPOM C pyUHbIM PerynupoBaH/em
4acToTbl BpaLleHus. Kak yxxe 6biio ckazaHo

B NpeablayLWmMX pa3fgenax, no Mepe yMeHbLeHUs
4aCcTOTbl BPaALLEHWA YMEHbLIAETCA M 06BEMHbIN
pacxop (nogava) — B 3aBUCMMOCTYM OT MPONYCK-
HOM CNOCOBHOCTM TEPMOCTATUHECKNX W Perynin-
pyIOLMX KNanaHoB. bnarogaps Takum CBoCTBaM
LUMPKYNSLMOHHbIN HACOC MOXKHO NEPEKMUNTb
Ha MEHbLLYI0 YacTOTy BpaLLleHUs, KOrAa Hy>KHO
YMEHbLUNTb TeMnepaTypy B MOMeLLeHuu,

1N HaobopoT.

Xapaktepuctuku Wllo-TOP-S

v
0 0,5 1 15 2 2,5 3 3,5 [m/c]

Wilo-TOP-S 40/10
3~400B-DN40

/1]

!
N
N

-

H[m]

N
/3
N

)& /'
/4

/
L
/

1,
;
%

3 »
: N _—
/
1
//__/__///
0
0 2 4 6 8 10 12 14 16 18 [m3A]
0 1 2 3 4 5 [n/c]
0 10 20 30 40 50 60 70[ran./mnn.]
600 Q

MaKC-

T~ MUH-

0 2 4 6 8 10 12 1 16 18 3]

YT06bI YaCTOTY BpaLLEHNS MOTOPOB MOXKHO
6bIN10 U3MEHSATD, B UX KOHCTPYKLMM NCMONb30Ba-
JINCb MHOTOCEKLMOHHbIe 06MOTKHM. ECnin Yepes
Tpy60npoBOAbl CUCTEMbI OTOMMNEHUS MPOXOANT
HebonbLLIOEe KONN4eCTBO BOAbI, TO CONPOTUBNE-
HWe BHYTpUY TPyb HM3KOe, MO3TOMY HacoC MOXeT
paboTaTb B pe>XXMmMe MUHUManbHOM YacToTbl
BpaLLeHns. OQHOBPEMEHHO 3HAaYNTENbHO
yMeHbLUaeTcq noTpebreHne aneKTpu4eckon
MOLLHOCTM.

Me>xgy Tem 6b1no paspaboTaHo 6onbLLOe KONN-

4ecTBO NpMOOPOB yNpaBneHns, NnpegHa3HaYeH-

HbIX N5 NnaBHoro 6eccTyneH4aToro perynmpo-

BaHWS LMPKYNSLMOHHBIMU HACOCAMM CUCTEM

oTonneHus. 3Tn Nnpubopbl ynpaBneHns

M3MEHSIIOT YacTOTY BpaLLeHNs aBTOMaTUYECKHU

B 3aBMCMMOCTM OT CrefdytoLmMx napameTpos:

* BpeMeH#,

* TemnepaTypbl BOAbI,

* nepenapa faBnexHus,

* OPYrUX hakTOPOB, BUSAIOLLMX Ha paboTy
cucTeMbl.

BeccTyneH4yaToe perynupoBaHue
4aCcTOTbl BpaLLeHMs

B0o3MO>KHOCTb HeccTyneH4aToro perynnpoBaHus
4YacTOTbl BPALLEHUS HACOCOB C CYXUM POTOPOM,
OCHAaLLeHHbIX MOTOPamMmn 60MbLIOM MOLLHOCTH,

B 3aBUCMMOCTU OT OTOMUTENBHOM HAarpy3Ku
nosiBUNach eLlie B NepBOI NOIOBMHE 80-X FOA,0B.
[ns 3ToM uenu Ncnonb3oBannCh 3NeKTPOHHbIE
npeobpasoBaTenu 4acToTbl.

[ng NOHUMaHNUSA 3TOM TEXHOIOTUN MOXKHO
BCMOMHUWTbL O TOM, YTO B OObIYHOWN 3M1EKTPOCETH
nepemMeHHbIN TOK MMeeT 4acToTy 50 L.

C nponopunoHanbHOM YacTOTOM BpaLlaeTcs
poTop B MOTOpe Hacoca.

C NOMOLLbIO 3NEKTPOHHbIX MPUBOPOB MOXKHO
MOBbILLIATL MW MOHVKAaTb YaCTOTY NepeMeHHOro
TOKa, T. €. HenpepbIBHO pPerynnpoBaTh 4acToTy,
Hanpumep, mexxagy 1oof’ymoru.

OpHako, B CBA3M C KOHCTPYKTUBHbBIMWU 0COBEH-
HOCTSIMM MOTOPOB, YaCTOTa TOKA B CMCTEMAX
OTOMMEeHNS He MOXET BbITb MeHee 20 'L Unn
40 % OT MaKCMMaNlbHON YacTOTbl BPaLLEeHMs.
Tak Kak MakcMMarnbHas Temnnonpov3BognTenb-
HOCTb PAaCCUYUTLIBAETCSA OJ151 CAMbIX XONTOAHbIX
AHeln, HeobxoANMMOCTb 3KCMNyaTaumMm MOTOPOB
C MaKCMManbHOM YacTOTOW BpaLLeHns MOXKeT
BO3HWKHYTb TOMbKO B UCKITFOYUTENbHbIX
cny4vasx.

BO3MOXKHbI TEXHUYECKME N3MEHEHUS



PEFYAUPOBAHUE MAPAMETPOB HACOCA B 3ABUCUMOCTU OT OTOMNUTENbHOW HATPY3KHU

Mone xapakTepucTuk Hacoca Wilo-Stratos

v
3 35 4 [m/c]

20 N1eT Ha3af npmxogunocb NCNoJ1b30BaTb
2 25

OTPOMHbIe TpaHcopmaTopHble 610KK, cernyac
npeobpa3oBaTen 4acTOTbl HACTONBKO Marbl, o o0s 1 1

4YTO Nerko MoryT MOMECTUTHCS B KNeMMHbIX " .

KOpobKax HeMoCpeaCcTBEHHO Ha KOpnyce W'Io'lsfg)o;?;ﬁ;lz
Hacoca, Hanpumep, Kak y Hacoca Wilo-Stratos.

<
X
©
N

BcTpoeHHasi cuctema 6eccTyneH4aToro perynm-
POBaHMS HaCTOTbl BPaLLLEeHNS rapaHTupyeT 6
nogaep>kaHvie yCTaHOBNIEHHOMO Hanopa
Ha MOCTOSIHHOM YPOBHE He3aBMCMMO OT TOrO,
Kakom gofmkHa 6biTb nogaya, onpegensemas
NMOro4HbIMU YCNOBUSMU U 0COBEHHOCTSIMMN
2

aKcnnayaTauuu.
[N
10 12 (WA

B 2001T. 6bI51 CAENAH eLle OOWUH war Bnepen
B NNaHe pa3BUTNA HACOCOB C MOKPbIM POTOPOM. 0
Cm. enasy "Hacocbl ¢ MOKpbIM

HPEVIMyLLI,ECTBO nocnegHero NOKONeHna aTnx
HaCoCOB, Ha3blBaeMbIX TaK>XXe BbICOKO3¢)¢)6‘K—

TUMBHbIMW HacOCaMK, COCTOUT B CYLLLECTBEHHOWN
3KOHOMMM 3M1eKTPO3Heprun bnarogaps HoBen-
e TexHonoruu ECM (MOTop ¢ 31eKTPOHHOI
CUCTEMOW CBA3K, NN MOTOP C MOCTOSHHbIM
MarHMTOM) B COYeTaHum ¢ Bbicokum KA.

Hlm]

7
>
>
Mutk, 7
— Beccmynenyamoe pe2ynupo-
BaHUe Yacmomel BpawjeHus y

BbICOKO3(phekmuBHbIX
Hacocos Wilo-Stratos

\

pomopom" Ha c. 25.

Cnocobbl perynmpoBaHunA
Mpw 3TOM crenyeT MPOBECTU pas3fnyme Mexay
cnocobamm perynMpoBaHus, Mpu KOTOPbIX HAacoc
perynvpyeTcst aBTOMaTU4ecku, U pabounmm
peXXrMaMu, MpuU KOTOPbIX HACOC HE perynupy-
€TCs1 aBTOMaTMYeCKM, @ HacTpamBaeTCs Ha
onpefenieHHyt pabouyto TOUKY C MOMOLLbHO

MpepcTaBneHHble Ha CeroOHALWHNIA AeHb
Ha pbIHKE HACOChl C 3NEKTPOHHbIM yNpaBneHnem

No3BONSOT BbIOGUPATb pa3nnyHble cnocobbl
perynupoBaHusa 1 paboune pe>xxmMbl C MOMOLLLbIO

3/1EKTPOHHOrO 6/10Ka ynpasneHus.
KOMaH[.
Huxke naH 0630p Hanbonee 4acTo Ucnonb3ye-

MbIX cnocoboB perynnpoBaHuns n paboumnx
pe>XMMoB Hacoca. bnarogaps BonoNHUTENbHbBIM

npubopam ynpaBneHus U perynmpoBaHus
MO>KHO 0bpabaTbiBaTb 1 MepefaBaTh TakXKe

Lenbl pag opyrov nHcdopmaumu.

HacocHas a3byka WILO
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PEFTYNUPOBAHWUE NAPAMETPOB HACOCA B 3ABUCUMOCTU OT OTOMUTENIbBHOW HATPY3KMH

Cnoco6bl perynMpoBaHus

llocmosiHHbIl nepenad
oasneHus: Ap-c

MepemeHHbIl nepenad
oasneHus: Ap-v

Nuakc.

Hanop H [m]

Haan.

Hsan. MUH.

Mopaua Q [m3/u]

Nyaxc.

Hanop H [m]

Ncontrol

Y2 Hiap,

Mopaua Q [m3/u]

=

T

[-5

2 Nmake.

]

T

Ap-cv
100 % |------=
75 %
HMVIH.
MepemeHHbIl/nocmosHHbI
nepenad 0asneHus Ap-cv
Mopaua Q [m3/]
=
T
(-5
=]
c
1]
T
Huaxe. non. Hanpaenexue
HnepeMA
Huun., OTp. HanpaBnexHue

Tuun.

Twaxe. Tcpen.

QMVIH. QMEKL

PezynupoBaHue nepenada

0aB/ieHUs om memnepamypsbi:

Ap-T

38

Mopaua Q [m3/]

Bo3mo>KHble cnoco6bl perynupoBaHus:

Ap—c — lNocTosHHbLIV Nepenag OasneHns
JNeKTPOHMKA NOJAep>XXMBaeT CO34aBaemMbin
HacocoMm nepenag [aBlieHns B Nnpeaenax gony-
CTMMOrO Anana3oHa Ha YpOBHE YCTAHOBJIEHHOTO
3a[,aHHOro 3HaYeHns nepenapa AasneHnsa Hqg Ao
OOCTMXKEHNS MaKCMMaNbHOM XapaKTePUCTUKMN.

Ap-v — lNepeMeHHbIV Nepenag AaBreHus
JNeKTPOHMKa BbINONHAET 3a0aHHOEe N3MEHEHNe
nepenaga 0aBlieHUs, KOTOpOe JOMKHO nogaep-
>KMBaTbCSl HACOCOM, HanpuMep, MMHeNHO B Ana-
nasoHe oT Hg 0 1/ Hs. 3agaHHOe 3HaveHmne
nepenana aasneHns (H) ymeHbluaetcs unu
YBENMYMBAETCA B 3aBUCMMOCTH OT noaaun (Q).

Ap-cv — MepeMeHHbIN/NOCTOSHHbIN Nepenan
OaBneHuns

Mpwn 3Tom cnocobe perynnpoBaHns 3NeKTpo-
HWKa NOAOep>KMBaeT CO34aBaeMblil HACOCOM
nepenag AaBrieHNs Ha YPOBHE YCTAHOBMNEHHOTO
3HayYeHUs Nepenana 4aBNeHNs 00 OOCTUMIXKEHUS
onpegneneHHoin nogauu (Hg 100 %). Mpw gans-
HeWLeM CHUXKEeHUM NoJaum 3NeKTPOHMKA
NVHENHO U3MeHseT nepenag AaBfeHns, KOTo-
pbIv OOMKEH NOALEeP>XKMBATbCS HACOCOM,

B AnanasoHe oT Hg 100 % g0 Hg 75 %.

Ap-T — PerynupoBaHue nepenaga gasneHus
OT TemnepaTypbl

Mpun 3TOM cnocobe perynmpoBaHns 31eKTpo-
HMKa M3MEHSIeT 3afjlaHHOe 3HaYeHne nepenaga
LaBJlIeHMs, KOTOPOE O0JKHO NoaaepXKMBaTbCs
HacoCoM, B 3aBMCUMOCTM OT U3MEPEHHOW
TemnepaTypbl cpefbl.

Ins atoro cnocoba perynnpoBaHns BO3MOXHb!
[Ba BapMaHTa HaCcTpoeK:

* perynvMpoBaHue B NoJIOXKUTeNIbHOM Hanpas-
neHuu.

Mo Mepe NoBbIlWeHNs TeMnepaTypbl nepekayn-
BaemMow cpefbl 3aJaHHOe 3Ha4YeHVe nepenaaa
[aBMieHNs NMHENHO yBeNnYnBaeTca B uana-
30He OoT Hy,,,,, B0 Hy,qc- DTOT BapuaHT nprme-
HAETCS, Hanpumep, B CTaHAAPTHbIX KOTNaxX

C NOCTOSAHHO U3MeHSIoLLeCa TemnepaTypon

B NpsiMmom Tpybonposofe.

perynmpoBaHue B OTPULATENIbHOM Hanpas-
neHuu.

Mo Mepe NoBbilWeHNs TeMnepaTypbl Nepekayn-
BaeMow cpefibl 3aaHHOe 3Ha4YeHve nepenana
[aBfIeHMA NIMHENHO yMeHbLIaeTCd B Anana-
30He OT Hy,,, 40 Hy,yy- ITOT BapmaHT Nprme-
HAeTCs, Hanpumep, B KOTNax, UCNONb3YOLWMUX
TENOTY CropaHuns, B KOTOPbIX AOMXHA Noa-
[ep>KMBaTbCA onpeaeneHHas MMHUMarbHas
TemnepaTypa Ha BbIXO[e C LieNbio JOCTUXKEHNS
MaKCMMaIbHO BbICOKOro Ko3ddurumeHTa
MCNoJib30BaHMA TennoHocmTens. Anga atoro
Hacoc gosi>keH ObITb 0683aTeNIbHO YCTaHOBMEH
Ha obpaTHOM TpybonpoBoae CUCTEMbI.

BO3MOXKHbI TEXHUYECKME N3MEHEHUS



PEFTYNUPOBAHWUE NAPAMETPOB HACOCA B 3ABUCUMOCTU OT OTOMUTENIbHOW HATPY3KMH

Bo3moXKHble paboune peXXumbi:

ABTOMaTMHeCKOGyMeHbmeHMeHaCTOTH
BpaileHus (asTonunor)

HoBble HacoCbl C MOKPbIM POTOPOM U1 3M1eKTPOH-
HOM CMCTEMON yNpaBneHus OCHaLLeHbl QYHKLM-
el aBTOMaTU4YeCKOro YMeHbLLEHUS 4acToTbl
BpatyeHus (asTonunot). Mpu CHUXXeHUN Temne-
paTypbl B NPAMOM TPpy60MpoBoae Hacoc
aBTOMaTMYECKM YMEHbLLIAET 4acTOTy BpalLeHUs
(pe>xxmm HM3Koit Harpy3ku). Takoit cnocob
perynuposaHns obecneqnBaeT CHUXKEHNE
3HepronoTpebneHns Hacoca [0 MUHUMANbHOTO
YPOBHS 1 B 60MbLUVHCTBE CMy4Yaes ABNSeTCA
ONTUMANbHbIM.

Mcnonb3oBaHue yHKLUM YMEHbLLEHUS
4acTOTbl BpaleHns (aBToNMI0T) BO3MOXKHO
TOMbKO NoCsie rMapaBnnyeckon 6anaHcMpoBKu
CUCTeMbI. B MpOTMBHOM Crly4Yae B MOpPO3HYHO
norogy 4acTu CUCTEMbI, HAXOOsLLMEeCS B 30HE
He[0CTaTOYHOro CHabXXeHNs, MOryT 3aMep3Hy Tb.

PyuHoe perynupoBaHue

JT0T paboumnii pe>xxum NpegycMoTpeH B Hacocax
C 3/IeKTPOHHOW CMCTEMOW ynpasrieHns onpepe-
NIeHHOM MOLLHOCTK. YacToTa BpaLleHns Hacoca
yCTaHaBMBAETCA HAa MOCTOSHHOM YPOBHe

B AManasoHe MeXay Ny U Nyaxe € MOMOLLbIO
3M1eKTPOHHOIo MOAYyNs Hacoca. [Mpu Bbibope
pe>kvnma "PyyHoe perynnpoBaHue” gyHKLUs
perynupoBaHusa nepenafa faBneHns Ha aneK-
TPOHHOM MOAyne feakTUBU3MpYyeTCs.

DDC (Mpsimoe undposoe ynpaenenve) u coean-
HeHne c ACY (ABTOMaTM3V]pOBaHHOI7| cucTemon
yrnpasneHus 3aaHus)

B 3Tnx paboumnx pexxumax 3agaHHoe 3Ha4yeHune
nepefaeTcs Ha ANEKTPOHHbIV MOAYIIb HAacoCa
yepes cooTBeTCTBYIOLWYO cnctemy ACY 3gaHusa.
3apaHHOe 3HaYeHne paccynTbIBaeTCs B AaHHOM
cMcTeMe NyTemM CpaBHEHUS 3a4aHHOTO U PakTm-
YeCKOro 3Ha4YeHW n nepefaeTcs B Buae
aHanorosoro curHana o — 10 B/o - 20 MA unu

2 — 10 B/4 — 20 MA nn60 undpoBoro curHana
(uHTepdenc PLR unu LON Hacoca).

HacocHas a3byka WILO

XapakTepucTuku ans paboumx pe>xumos

Hanop H [m]

Hanop H [m]

n [06/MuH]

Haan. MMH.

Mopaua Q [m3/u]

Nyakc, = NOCT.

Mopaua Q [m3/u]

15

[CUJ R ——

10

ulvl

Pabo4uli pexcum
"ABmomamudyeckoe
yMeHbUleHue 4acmombl
BpaweHus (asmonusom)

Pabouuli pexcum "Py4Hoe
ynpasneHue”

Paboyuli pexcum "DDC —
lpsimoe yugposoe
ynpassnieHue”
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[IpMepHbIN pacyeT NapamMeTpPOB HACOCA

ONA CTAHOAPTHBLIX CUCTEM OTOINJIEHUA

O6bem BOObI, I'IEpEKa“IVIBaEMbIVI HAaCOCOM CUCTEMDI OTOMJTIEHNA, 3aBUCUT

OoT noTpebneHusa Tenna 3gaHnMemM. HanpoTus, Hanop onpeaenseTcs rMAPaBAUYeCcKUM

COMPOTUBMIEHMEM, UMEKLLUM MecTo B Tpybonposogax. [py MOHTa>ke HOBOM
CUCTEMbl OTOMJIEHUS 3TV NapaMeTPbl JIEFKO MOXXHO PaccumMTaTh C MOMOLLbLO

KOMMbKOTEPHbIX MPOrpaMm, KOTOpble CEroaHAa HaxogdaTcd Ha O4UeHb BbICOKOM YPOBHE.

OpQHako Npv NpoBeOEeHNN PEMOHTA Y>Ke MMEIOLLUXCS CUCTEM OTOMEHUS Takme
pacyeTbl 06bI4YHO 3aTpyOHeHbI. [Ans nony4vyeHns He06Xo0oMMbIX OaHHbIX O nofaye
Hacoca MOXXHO NpPMBerHyTb K pa3fInYHbIM MPUMEPHbIM CXeMaM pacyeTa.

[Mopaya Hacoca

B cniyyae MOHTaXa B CUCTeME OTOMMeHUs!
HOBOTO LIMPKYSILLMOHHOTO Hacoca Nofaya
onpegenseTcs no cnenytollei popmyne:

Qn
Qpy=—— [M3M]
1,163 « AD

Qpy = nopavaHacoca B pacHeTHOM TOUKe
B [M3/u]

Qy = noTpebrieHue Tenna Ha oTanaMBaemMon
nnowanm B [kBT]

1,163 = yAenbH. Tennosas eMkocTb [BT*u/kr*K]

Ad = pacueTHasi pa3HOCTb TeMnepaTyp
B NpsAAMOM 1 06paTHOM Tpy6onposoaax
cuctembl otonnenus s [K], npu 3Tom 3a
OCHOBY MO>KHO NPUHATL 10 — 20 K Ans
CTaHOapTHbIX CUCTEM.

HacocHas a3byka WILO

Hanop Hacoca

YT106bI 06ECMeunTb 4OCTaBKY NepekavnsaemMon
>KNOKOCTU B NIOBYI0 TOUKY CUCTEMbI OTOMMNEHUS,
Hacoc [0M>KeH NpeodoneTb CyMMy BCeX rna-
paBMYECKUX CONPOTUBMEHNN. TaK Kak 06bI4HO
onpefennTb CXxemy NPOKNaAKM U YCIOBHbIN
npoxof Tpy6onpoBoAoB A0BOMbHO TPYAHO, AN
MPUMEPHOro pacyeTa Hanopa MOXKHO UCMOMNb-
30BaTb cliegytoLyto opmyny:

ReL-ZF
Hpy = ———— [wm]
10.000
R = noTepw Ha TpeHue B Tpy6ax [Ma/m]

TPy 3TOM MOXKHO MPUHSATbL 38 OCHOBY
3HaueHue 50 MNa/M — 150 Ma/m ans
CTaHAapTHbIX cMcTeM (B 3aBUCHMOCTM
OT rofia NOCTPONKM AOMa, B CTapbIx
[0Max B CBA3Y C MUCNONb30BaHMEM Tpy6
6onbluero AuameTpa NoTepy faBneHuns
meHbLue (50 Ma/m)).

L = gnuna [m] npamoro n o6paTtHoro
Tpy6onpoBoaos unu: (AnuHa noma +
LUIMpVHA 10Ma + BbICOTA A,OMa) X 2

ZF = ko3hhumUneHT Ang
(hacoHHbIX feTanen/apmatypbl  =1,3
TepmoCTaTUYeCKoOro BeHTUNs  =1,7

Mpu HANMYMKN BCEX ITUX KOHCTPYKTUB-
HbIX 3JTEMEHTOB MO>XHO MCMOJIb30BaTh
KO3 DULMEHT 2,2.

dacoHHble geTanu/apmatypa =13
TepmocTaTn4eCckui KknanaH =17
Cmecutens/

rPaBUTALMOHHbIA TOPMO3 =1,2

MpW HANUYMK BCEX 3TUX KOHCTPYKTUB-
HbIX 3/TeMEHTOB MO>KHO MUCMNOJb30BaThb
K03 puULMEHT 2,6.

10 000 = KO3 duLmeHT nepecyeTa (m) n (Ma)
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NPUMEPHbIN PACYET MAPAMETPOB HACOCA

MNpumep

Tennosow reHepaTop, YyCTaHOBMNEHHbIN B MHOMO-
KBapTMPHOM AOMe CTapov MOCTPOMKHM, UMeeT,
COrnacHo pacyeTam Unu AOKyMeHTauuu,
MOLLHOCTb 50 KBT.

Ons nepenaga Temnepatyp Ad = 20K
(Y psam. = 90 “C/Vggp. = 70 °C) nonyuaetca
cnegytoulee:

50 kBT
Qpy = =2,15 M3/

1,163+ 20K

Mpn Heobx0oMMOCTHN OTONNEHNS aHANOTUYHOTO
3[0aH1s NPV MeHbLLEM Nepenage TemnepaTyp
(Hanpumep, 10 K) UMPKYNALMOHHBIN Hacoc
pormkeH obecneynTb NepekavmBaHne ABONHOTO
06bEMHOr0 Pacxoaa, To eCTb 4,3 M3/ ¢ TeMm,
4T0ObI TENSIOBAS 3HEPTrUS, NPOM3BOMMAN
TennoreHepaTopoM, MOrna [OoCTaBNsATbCS

K noTpebuTtenam Tenna B He06xo04MMOM
KonuyecTse.

MoTepu oaBneHuns n3-3a TpeHus B Tpybonpo-
BOLE COCTAaBMAOT B HalweM npumepe 50 Ma/m,
obLasa anuHa npsmoro un obpatHoro Tpybonpo-
BOL,0B — 150 M, KO3(pMLMEHT — 2,2, TaK Kak
CMecuTesb M TPaBUTALMOHHbIN TOPMO3 OTCYTCT-
BYIOT. B pe3ynbTaTe nonyyaem Hanop (H):

50-150-2,2
HPU = = 1,65 M

10.000

M3 rnaebl "KOHCTPYKLMM LLeHTPO6E>XXHbIX Haco-
COB" HaM y>Ke M3BeCTHO O 3aBUCUMOCTMN KPUBOW
KMA ot nogaumn Hacoca. Ecnu kpueas KM
yunTbiBaeTCsA Npu Bbibope Hacoca, CTaHOBUTCS
OYeBMAHO, YTO CPeAHAA TPeTb XapaKTePUCTUKN
npencTasnseT cobon Hanbonee 6naronpUATHbIN
pacyeTHbIV Mana3oH € 3HepreTUYeCcKom TOYKK
3peHus. Y cuctem c nepeMeHHbIM 06 beMHbIM
pPacxofoM pacyeTHas TOYKa AOJIKHA fexxaTb

B MPaBOM TPeTU, Tak Kak paboyas ToUuKa LMpKy-
NAUMOHHOro Hacoca 4Nnsg CUCTemM OTOMNJEHUS
nepemMeLlaeTcs B CPeOHIOK TpeTb M OCTaeTcs
Tam 00 98 % oT obLero pabovero BpeMeHuU.

Mo Mepe yBenMYeHUs CONPOTUBEHNS, HaNpu-
Mep, NPV 3aKpbIBaHUM TEPMOCTATUYECKMX
BEHTWIIEN, XapaKTepUCTHNKa CUCTEMbI
cTaHoBUTCS bonee KpyTOW.

B pesynbTaTe pacyeTa napameTpos Hanopa (H)
1 nogaun (Q) B cOOTBETCTBMM C KaTanorom Ans
MPMMEpPHbIX pacyeToB Nony4aeTcs cnegyloLee:

Pa6ouas TouKa B nose xapaKTepucTUK Hacoca npu nepeMeHHOM

o6beMHOM pacxone

« O6nacme | (nesas mpems)
Ecnu pabo4ast moyka nexcum
B 3moti obnacmu, ciedyem
BbI6PamMb MeHbLWUL Hacoc.

« O6acms Il (cpedHss mpems)
Hacoc pabomaem
B ONMUMAnsHOM paboyem
duana3oHe 00 98 % om
obujezo paboyezo BpemeHU.

« O6acme Ill (npasas mpems)
Pezynupyembili Hacoc
pabomaem B Hebazonpusim-
HoM duana3zoHe mo ecmb 2 %
om obuwezo paboyezo
BpemeHu.
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NMPUMEPHBIA PACYET MAPAMETPOB HACOCA

Pe3ynbTaTbl NPUMeEpPHbIX pac4eToOB NapaMeTPOB Hacoca

HonycTum, cBefeHns 0 XxapakTepucTnkax
TpybonpoBoaHOM CeETU OTCYTCTBYIOT. B 3aTOM
cnyyae onpepenuTb NOTpebHOCTb 34aHNs

B TEMJIe MOXKHO TOSbKO MyTEM NPUMEPHbIX
pacyeToB. OQHAKO NpU 3TOM BO3HMKAeT BOMPOC
0 BO3MOXKHbIX MOCNeACTBUAX. Ha pucyHke
crnpaBa npefcTaBfieHa TUNWYHas XapakTepu-
CTUKa Tenonpon3BoaMTENbHOCTH ONs
KOMHaTHOTro pagunaTopa OTOmMNeHus.

Ha 3Tom rpadmke BMOHbI CegytoLive 3aBUCK-
MOCTU: Npy yMeHblueHnn noaaqm (Q) Ha 10 %
Tennonpon3BOANTENBHOCTb PaAMaTopa CHMXKa-
eTcA BCero Ha 2 %. To >ke camoe nponcxoguT
npwv ysenuuennn noga4n (Q) Ha 10 %. B atom
cny4yae oTgaya TeNMNOBOW 3HEPTrMM pagmMaTopomM
Tak>ke yBenmumnBaeTcs BCero Ha 2 %. [laxke npu
yABOEHUM NOAa4M TeNNOoNpoOn3BOANTENBHOCTb
MOBbILLIAETCS BCErO HAa Kaknx-To 12 %!

Pa6ouwnii rpacuk papuaTopa oTonneHus

> =10 %

TennonpoussoanTenbHocTh [%]

50 100

T.e. abconioTHO HeBepHbIM pewieHnem 6yneTr
Mcnonb3oBaTh Hacoc 6onblueit MOLWHOCTH,
YyeM 3170 Heo6XxoAMMO, TaK CKa3aThb,

ANA yBenuyeHus "3anaca npovyHocTun".

[a>ke ncnonb3oBaHue CyLLEeCTBEHHO MeHbLLEro
Nno MOLLHOCTM Hacoca MMeno 6bl CpaBHUTENBHO
MeHblUMe nocnencTems: npynopave 50 % papgn-
aTop OTOMNNEHNS MOXKET OT[,aBaTb B MOMELLEHME
npum. 83 % TennoBow aHepruu.

Mporpamma nogbopa HacocHoro obopynoBaHus

Bnaropaps nporpammam nogbopa HacocHoro
obopynosaHus, Hanpumep, Wilo-Select Mo>XXHO
Nosy4YnTb NOSHYO N 3P heKTMBHYH MOMOLLb
npu Bbibope Hacoca. dTU NporpaMmbl cogepiat
BCl0 HeobxoaMMYt0 MHGOPMaLMIO ANS peLleHns
Lesioro psiga 3agay — oT NPOCTbIX pacyeToB

L0 MPOEKTUPOBaHMUS CUCTEM C UCMOJIb30BAHUEM
HacocoB 1 pa3paboTKu COOTBETCTBYIOLLLEN
AOKYMeHTauum.

Mporpamma Wilo-Select npegHa3HayeHa

05 NNaHWPOBaHMS C MCMOMb30BaHNEM HacoC-
HOM TEeXHMKM (HacoCbl, CMCTEMbI C MCMONb30Ba-
HMEM HACOCOB U T. A.). C ee MOMOLLBIO MOXKHO
pelaTb cegyloLMe 3agayn, BO3HMKaoLWwme

B MpoLecce npakTnu4eckomn paboTbl:

* BbINOJIHEHWNE pPacyeToB

* NPOEKTUPOBaHNe

* MOWCK NPOQYKUMMK

» nonbop HacocoB

* COCTaBMeHMeE [OKYMeHTauum

+ onpepgeneHne 3aTpaT Ha 3/1eKTPO3HEPIUIO
“ amopTu3aumio

+ onpepfeneHne 3aTpaT 3a BeCb CPOK CNY>KObI

* 3KCMOPT AaHHbIx B Acrobat PDF, DXF, GAEB,
Datanorm, VDMA, VDI, CEF

+ aBTOMaTu4eckoe obHoBneHne Yepe3 NHTepHeT

HacocHas a3byka WILO

200
Mopaua Q [%]

Mpumep paboyezo epagpuxa
paduamopa omonsneHus
90/70 °C, memnepamypa

B nomeuwjeHuu 20 °C
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NPUMEPHbIN PACYET MAPAMETPOB HACOCA

CxeMaTu4yecKoe npefcTaBrneHue CUCTEMbl OTOMNIEHUS C TMAPABAUYeCcKOl 6anaHCMpoBKoOM

Bo30ywHbili pe3epByap
B camoll BbICOKOU moyke nuHuu

Knanax KFE

Tepmocmamuyeckuli >

seHmunb (TV) 3-1 amadxc

3anopHbIti knanaH Bo3moscHO Hedocmamoy4Hoe
cHabxeHue

3anopHas 3a0BuxCKa III

3nekmponpusod
G
Bo3spamHbiti 610k )
Pezynsimop nepenada
dasneHus (DV) Pt

Pezynupyembiti

. MepBbiti 3maic
YUPKYNAUUOHHBI( HACOC IR} P

Bo3mocHO u3bbimoyHoe

IpasumayuoHHbIi mopmos3 (SB) OasneHue
3-x000B0Ul cMecumerb r.i
®dunbmp

| — | —

PacuwupumenbHbit MeMOPaHHbI
6ak ¢ coeduHeHuem KV

u knanaHom KFE JluHus El.:l I:Z]

lMpedoxpaHumernbHbIl kKnanaH

LpeHaxc bv 1X/

m%%wmﬁﬁﬁithgg

Ap < 0,2 6ap DV1

Ap < 0,2 6ap

O6pamHbili
mpy6onpoBoo

O6s13amesibHbIM yCr0BUEM
3ppekmuBHol pabomsi

Hacoca sensgemcs

ZUGpGBﬂUHECKﬂﬂ

6anarHcuposka.
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mopaBnnyeckme cuctemMbl oT "A”

YT106bI 06ECMEUNTb ONTUMANbHOE pacnpepene-
HWe Tenna npu MakCMManbHO HA3KOM YPOBHe
LIYMa, He06X0AMMO BbINOMHUTL TMAPaBANYec—
Kyto 6anaHCcMpoBKy.

Kpome aToro, rugpasnuyeckas 6anaHcmpoBska
MOXKeT NpefoTBPaTUTbL N30bITOYHOE UK
HeJocTaTouYHoe CHab>keHre noTpebuTenen.

HomuHanbHas nogaya, npeaycMoTpeHHas ans
CHab>KeHUs 0TOEeNbHbIX BETBEW, peannsyeTcs

3a cYeT Hacoca, BCTPOeHHoOro B Tpy6onposog-
Hyto ceTb. OaHaKo noTpebutensm (Hanpumep
pagmaTtopam oTonsieHus) TpebyeTcs TONbKo
4acTb 3TOW MOLLHOCTU, KOTOPast 3aBUCKT

OT pa3mMepoB 1 MOLLHOCTM CaMoro noTpebuTtens,
a TaK>XKe MOMOXKEHNUS TEPMOCTAaTUHECKUX

W pPerynupyoLLux BEHTUEN.

YT06b1 06ecneyunTb KaXkgoro oTAenbHoro noTpe-
6buTena Heobxooumown nogayen, MOXKHO UCMNONb-
30BaTb perynaTopbl nepenana AaBneHus,
perynupyoLume BeHTUNN BeTBEN, TEPMOCTATH-
YeCKue v perynupytoLme BEHTUNN C NpeaBapu-
TeNbHO 3aAaHHbIM MONOXXEHNEM UMW Perynmpy-
emMble pe3bboBblie My Tbl 06paTHOrO
Tpybonposopa.

NPUMEPHbBIN PACYET NAPAMETPOB HACOCA

no “s"

Ha BEHTMNSX 1 perynsaTopax MOXKHO BbICTaBUTb
COOTBETCTBYHOLLME NOSIOXKEHUS Ans noTpebum-
Tenen B COOTBETCTBMM C YKa3aHUSIMU NMPOU3BO-
putens (pacueTHbI nepenag 4aBleHNa OT 40
[0 140 Mbap). Kpome 3Toro, cnegyeT npeay-
CMOTpeTb 3aLnUTy NnoTpebuTenen oT CULWKOM
BbICOKOTO Hanopa Hacoca. Hanpumep, Makcu-
MarbHbl1 HaMop Hacoca nepef TepMocTaTUyec-
KUMW BEHTUMSIMU He JOJIKEH NPEeBbILLIATb 2 M.

B cniyyae npeBbllLeHMs 3TOr0 3Ha4YeHUs B CBSA3U
€ 0cOOEHHOCTSAMU CUCTEMbI CllefyeT YCTaHOBUTH
Ha BOCXOASILLMX BETBSAX PerynsTopbl nepenaga
LaBlieHuUs], KOTopble 6yayT NoAOep>KMBaTh
Hamop B npefenax 4onycTMMoro.

PerynupoBaHue UMPKYNSALMOHHbIX HACOCOB

C 3NIEKTPOHHbIM YNpaBfeHnem

CoBpeMeHHble LMPKYNSLMOHHbIE HACOChI

C 3NEKTPOHHbIM PerysiMpoBaHMEM 4acToThbl
BpaLleHns npefnaratoT 04eHb MPOCTON cnocob
ycTaHoBneHns TpebyeMoro Hanopa B Mano-
M3BECTHOW CUCTEME:

+ Heo6x0QMMbIM YCIOBUEM SBNSAETCS TLLATE b=
Has 6anaHcMpoBKa BeTBel Tpybonposoaa
1 yOaneHue BO34yxa U3 cucTembl. Bee perynu-
pytoLLe BEHTUAM LOSKHbI 6biTb OTKPbIThI.

« Hanop ycTaHaBnmBaeTcs C MOMOLLbIO CReLy -
anbHOro perynaTopa co LWKanoi unm
6e3 (B 3aBMCMMOCTM OT NpousBOANTENS),
Pacnono>KeHHOro Ha aNeKTPoHHOM 6rioke
Hacoca. pu1 ycTaHOBKe Hanopa peKomeHay -
eTCH HaUYMHATb C CaMbIX HU3KMUX 3HAYeHWIA.
Kpome 3Toro, y camoro ganbHero Bo Bceit
cMcTeMe oTONNeHNs pagmaTtopa crnedyet
NOCTaBMUTb NOMOLLHMKA C pagnoTenedoHOM.

HacocHas a3byka WILO

+ Mocne nepBoro coobLLeHNs 0 TOM, YTO ropsiyas
BO[a He JOCTUraeT 3TOM OalibHeN TOYKH,
MO>XHO Ha4aTb MOCTEMNEHHO YBENUYMNBATb
Hanop Ha perynaTtope. [lpu aTtom cnegyet
NPUHMMATb BO BHUMAHME UHEPLMOHHOCTb
CUCTEMbI OTOMJIEHUS.

+ Kak Tonbko ropsi4as Boga HayHeT nocTynaTb
B CaMbl fanbHWA pagunaTop, npoLuecc perynm-
pOBaHMWs Hanopa 3aBepLLUeH.

Cm. enasy "lMpakmu4eckuli
npumep” Hac. 42
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NPUMEPHbBIN PACYET NAPAMETPOB HACOCA

CncrtemMbl C HECKONBKUMM Hacocamu

Bo Bcex paHee paCCMOTPEHHbIX BapMaHTax peyb
LA 0 CUCTEME C OOHUM LLeHTPObeXXHbIM Haco-
coM. OfHaKOo Ha NPaKTKKe YacTo BO3HMKAOT
CMTyaumnn, B KOTOPbIX OAWNH OAVHAPHBINA Hacoc
MPOCTO He MOXKET YA,0BNETBOPUTb BCEM
npenbaBnsemMbiM K HeMy TpeboBaHNAM.

B Takux cnyyasx vcnonb3ytoT ABa u 6onee
HacoCOoB. B 3aBMCMMOCTM OT Ha3HaY€HUs HacoCbl
MOHTMPYHOTCS MO NOCNe0BaTENbHON UK
napannenbHoM cxeme.

OpHako, npexae Yem nepenTu K 06Cy>KOeHunto
oToeNbHbIX QYHKUMIA, CnedyeT yKa3aTb Ha OQHY
NPUHLUMMNUANbHYO, XOTS M 4aCcTo BCTPeYatoLLy -
toca ownbKy. Tak, abCoONOTHO HEBEPHO YTBEPXK-
LEeHMe, YTO, Kak NpPaBmIIo, 4BA O4MHAKOBbIX
Hacoca, paboTatoLyme no nocre[oBaTeNlbHON
cxeme, obecrneymBatoT ABONHOM Hanop, a ABa
O[MHAKOBbIX HAacoca, paboTaroLmx No napan-
NenbHOM CXeme, — OBOWHYO Mofayy.

XOoTs TeOpeTMYeCcKM 3T0 BO3MOXKHO, OfHAKO
NMpakTUYeCcKy efBa NN BbIMOMHMUMO B CBSI3U

€ 0CO6EHHOCTSIMM KOHCTPYKLMUU U hYHKLMO-
HUPOBAHUSA CUCTEM.

MocnepoBaTenbHoe BKIIOYEHUE HACOCOB

Mpun MOHTaXKe ABYX HaCOCOB MO NocnedoBa-
TenbHOM cxeme (Apyr 3a Apyrom) cyMmmpytoTcs
Hanopbl Np¥ 04MHaKoBoM Nogade. Mpu 3Tom
Hanop Npw HyneBoW noJayve OT ABYX HACOCOB
0[MHAKOBOW MOLLHOCTM Y BaVBaeTCS.

Ecnv B34Tb Opyryto KpamHow TOYKY, TO eCTb
TOYKY, MPW KOTOPOM No[aya ocyLLecTBAseTCcs
6e3HanopHoO, TO B HEN OBa HAacoca He MOryT
obecneynTb 60MbLUYIO NOAAYY, YEM OAUH HacocC.

XapaKTepuUCTUKU HaCcOCOB NMpK
nocnenoBaTenbHOM BKNIOYEHUU

2+Hp

Hanop H [m]

Ho

' Hi+ H;
Hi

Mopaua Q [m3/u]

B cBA3M c ocobeHHOCTSAMM perynmpoBaHna

B 60MbLUMX CMCTEMAX OTOMEHNS HAacTO UCMOSb-
3YHOTCA HECKOJIbKO HarpeBaTesibHbIX KOHTYPOB.
MHorpa YCTaHAaBNMBAKOTCA Oa>Ke HECKOJIbKO
KOTNOB.

Mpumep cMCTEMbI C HECKONTbKUMMU
HarpeBaTeNbHbIMU KOHTYpamMu

HWG

Komen 1

H
H

Hacocbl 4ng cuctembl nogorpesa BoAbl (wwa)
1 HarpesaTenbHbix KOHTypoB HC 11 HC 2 pabo-
TalT He3aBMCUMO Jpyr oT gpyra. Unpkynaum-
OHHble HacoCbl NpeAHa3Ha4YeHbl TONbKO ANs
NnpeofofieHNs BO3HMKAOLWMNX B CUCTEME CO-
npoTmBneHunn. Kaxxabii U3 3TUX Tpex HacoCoB
nopcnenoBaTenbHO MOOKIOYEH K LMPKYNSLUm-
OHHOMY Hacocy KoTna (KP). B 3apauv nocnep-
Hero BXo4uT NpeofoneHne CONPOTUBNEHNS,
BO3HMKAIOLLLEr0 y>Ke B KOHType KoTna.

Bce npefLwecTBytoLLMEe TeOpPeTUYECKME PACCY>K-
[.eHVs OCHOBaHbI Ha TOM, YTO HAaCOChl UMEIOT
0[MHaKOBYO MOLLHOCTb. O4HAKO, KaK 3TO BUOHO
U3 NpefCcTaBleHHON CXeMbl, HACOCbl MOTYT
MMeTb Pa3fnyHble MOLLHOCTHU.

TakoM BapMaHT MOHTa>ka MOXeT 6bITb Ype3Bbl-
YaWHO OoMnaceH B cryyae, eC/iv MOLLHOCTb
OoTOeNbHbIX HACOCOB He 6bina NpuHATa B pac-
cmoTpeHue. Mpy co3paHMM UMPKYNSLUMOHHBIM
HacCoCOM KOT/a C/IMLLKOM BbICOKOTO Hanopa
OOMVH UNW BCe pacnpenennTenbHble Hacochl
Mosny4atoT OrpOMHOe faBlieHne Ha BCacblBa-
toLlem naTpybke. B 3TOM criyyae OHM HauMHaOT
paboTaTb y>Ke He Kak HacoChbl, a Kak TYpOuHbI
(no npuHuMny reHepaTopa). B pesynbTaTe 3TOro
B TeYEHWe KOPOTKOro BpeMEeHMN BO3HUKAIOT
pa3nuyHble QYyHKLMOHAMbHbIE HApPYLUEHMUS

1 noBpexxaeHns Hacocos. (Mpobnema rng-
paBnMYecKom pa3Ba3KM B paMKax aHHOTO
06Cy>KaeHns He paccMaTpuBaeTcs..)

BO3MOXKHbI TEXHUYECKME N3MEHEHUS



NMPUMEPHBIN PACYET MAPAMETPOB HACOCA

XapaKTepuCTUKM HacOCOB NpU NapanienbHOM

MapannenbHoe BKIOYEHUE HACOCOB
Mpy1 MOHTaXxKe ABYX HaCOCOB MO NapasnnenbHomn BKAIOYEHUU
cxeMe (napanfiensHo Apyr Apyry) CcyMMmpyrTCs
nofayuu npu oguHakoBom Hanope. Mpu 3Tom

MaKcMMalsbHas nogaya oT AByX HaCOCOB OQMHa-

KOBOW MOLLHOCTH yOBanBaeTca.

Ho

Hanop H [m]

PaHee y>Ke yKa3blBanocb Ha TO, YTO 3Ta TOYKA
XapaKTEPUCTUKU HACOCa ABJIAETCA TEOPETU-
B pabome oba Hacoca

YeCKUM npepesibHbIM 3Ha4YeHNEM.

Ecnu B3aTb OPYryto KPanHIO TOUKY, TO €CTb

TOYKY, NPU KOTOPOW NoJa4a paBHa Hy o, TO

B HeM ABa napannenbHO pa60Tarou.u4x HacocCa 2-Qu lNapannensHoe BKOYeHUe

He MoryT obecneunTb 60MbLIMIA Hanop, Yem " Q . Mopaua Q [m3/]  dsyx Hacocos oduHakosot
Q+Q

MowHocmu

OfVH Hacoc.
Korpa notpebnexve TennoBom aHeprum 0ocTn-
raeT MakCcMmyma, Hacocsl | u Il HaumHatoT pabo-
TaTb MO NapannenbHomn cxeme. Heobxogumble
ANs 3T0ro Nnpmnbopbl ynpasneHns BCTPOEHbI

B CbeMHble MOLYNN NN 31EKTPOHHbIN 610K
C COOTBETCTBYOLWMMM NPUCNOCOBNEHNAMM.

Kaxxabii 3 oByx 06begMHEHHbIX B CABOEHHbIN
Hacoc 0OAMHAPHbIX HACOCOB MMEET HECKOJIbKO
CTyMeHeln nepeksItoYeHns, YTo 4aeT LUMPOKNIA
CNeKTp perynpoBaHus napameTpoB HAacCOCOB
B 3aBMCMMOCTM OT OTOMUTESNIbHOM HAarpy3KMu.

JTO OTpaXkaeT crefytoLlas xapakTepucTmka.
MyHKTUpHOM NuHMen o603HayYeHa xapakTepumc-
TMKa 0[4HOro 13 ABYX HAacocoB, paboTatoLero

B UHOVBMAYANbHOM PeXVME, 3 X)XKMPHOM YepHOMN
NuHMen — obLuas xapakTepncTnKa Hacocos,
paboTatoLunx B pexxmme OCHOBHOM/NMUKOBBIA.

XapakTtepuctuka Hacoca Wilo-Stratos D

v
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0 /_,_4 nooa4u cymmupyemcsi
5 10 15 20 25 [m3/u] 5
; I/l npu 00UHAKOBOM Hanope

40 50 60 70 80 90 [ran/munl]

Mpv oTKase 0OHOro M3 HaCoCoOB Noaava, Tem
He MeHee, NPoOoJIKaeT NoOAep>XKMBATLCA Ha

ypoBHe 6onee 50 %. B cooTBeTCTBUM C pa6OHMM Cm. 2nasy "lMocnedcmsus
rpaukKom pagmaTopa OTOMNMEeHNs 3TO O3Ha4YaeT npumepHbIX pac4emos

BCe Te >xe 83 % TennoBoM 3Heprun, KoTopble napamempos Hacoca” Ha ¢. 43

MO>KeT 0TAaBaTb paguaTtop.
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NPUMEPHbBIN PACYET NAPAMETPOB HACOCA

1 I

G

B pabome Hacoc | unu Hacoc Il
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Pe>XnM: OCHOBHO/pe3epBHbiit HacoChl
Ha3HayeHWe cCTEM OTOMMEHUS 3aKIo4aeTCs
B TOM, 4TO6bl 060TPETh XKMUIblE NOMELLEHNS

B XONI0HOE BpeMsi rofa. B ¢Bsi3un ¢ 3Tum
pekoMeHOyeTcs NpeayCMOTPeThb B KAXKO,0M
HarpeBaTenbHOM KOHTYpe Mo OAHOMY pe3epB-
HOMY HacoCy Ha clly4ai 0Tkasa OCHOBHOTO
Hacoca. B nepByto o4epenb 3T0 OTHOCUTCS

K MHOTOKBapTUPHbIM [OMaM, 60NbHMULAM

W APYTUM O6LLECTBEHHBIM YUPEXOEHUAM.

C opyrou CTOpPOHbI, UCMONb30BaHWe BTOPOro
Hacoca Bne4yeT 3a cobon — nomnmo Heobxoam-
MOW O0MONTHUTENbHOM apMaTypbl M NpMbopoB
ynpaBneHns — [OBOJIbHO CYLLeCTBEHHbIEe
pacxofbl HA cam MOHTaX. B kKayecTBe KOMMNpo-
Mucca Npon3BOLMTENM HACOCOB NpeanaratoT
COBOEHHbIe HACOCbI, Y KOTOPbIX ABa paboumnx
Koneca c NpMBOAHbIMM MOTOpPaMun 06 begnHeHbI
B OLHOM Kopnyce.

B pe3epBHOM pexkume 06a Hacoca (I v 1) pabo-
TaloT MO O4Yepenmn B COOTBETCTBUM C yCTaHOB-
neHHbIM rpacmkom (Hanpumep, no 24 4aca). B 1o

BpeMmsi, Kak 04UH Hacoc paboTaeT, opyroi cTouT.

MpK 3TOM OTTOK NepeKa4nBaemMom XXMAKOCTH
uepes HepaboTalOLLMI HAacOC MpeaoTBpaLlaeTcs
BCTPOEHHbIM MepeKoYalowMM KnanaHom
(BXOOUT B CEPUITHYIO KOMMAEKTALMIO).

Kak y>ke yka3blBanocb B Ha4yane JaHHOro
pa3fena, B cilydae 0TKasa 0[4HOro U3 AByx
HaCoCOB CMCTEMa aBTOMATUYECKM Nepeko-
YyaeTcs Ha paboTocnocobHbIN Hacoc.

Pe>XuM OCHOBHOM/MUKOBDII HACOChI

B cucTemax, ons KOTopbix XxapakTepHa bonbLuas
nogava, Hanpumep, B 60MbHMLAX C 20 30aHUAMM
1N OHOM KOTENbHOM, YaCTO UCMNOMb3YHTCS
HEeCKONbKO 0MHApPHbIX HACOCOB AN YaCTUUYHOM
HarpysKku.

B cnegytoLlem nprMepe MOLLHbIe HAacoChl

C MOKPbIM POTOPOM M BCTPOEHHbIM 311eKTPOH-
HbIM 6/TOKOM YNpaBfieHUs yCTaHOBMEHbI Napan-
nenbHO Apyr Apyry. B 3aBucumocT oT notpeb-
HOCTel Takas cMcTeMa NS NMUKOBbIX HAarpy30K
MOXXET COCTOSATb U3 ABYX 1 Bofiee HacOCOB

0 MHAKOBOW MOLLHOCTMH.

PaboTaroLas B CO4eTaHNM C AaTHNKOM CUTHAMNOB
cMcTeMa yrnpaBneHns nogaep>kusaeT nepenan
[aBNeHNs Hacoca Ha NOCTOSHHOM ypoBHe (Ap-c).

Mp¥ 3TOM COBEPLUEHHO HEBAXHO, Kakne 06beMbl
nepekaymBaemMon XXMOKOCTM NPOXOOsT vepes
TEPMOCTATUYECKME BEHTUIM HA paguaTopax
OTONMJIEHNS U KaKMe U3 YeTblpex Hacocos pabo-
TaloT B AaHHbIA MOMEHT BPEMEHM.

Ecnwv B Takoro poga cuctemMe BbINoHAETCS
rmgpasnuyeckas 6anaHcMpoBKa, 3TU CXEMbI
MCMNONb3YHTCA TakXKe 0115 aHanm3a cHabxKeHus
camMoWM JanbHen TOYKW C Lenbto ero HagJiexka-
wero obecneveHns. Npy 3TOM OaTUYNK CUTHANOB
yCTaHaB/IMBaeTCS B CaMOW NNoxo cHabxaeMoMn
Touke cucTembl. CUrHanbl ynpaBneHus, reHepu-
pyemble 4aT4MKOM curHanos (o uem rosoput
camo Ha3BaHMe gaTuMKa), nepeaarnTcs Ha 610K
ynpaBneHus, KOTOPbIN KOPPEKTUPYEeT UX B 3aBU-
CMMOCTM OT MHEPLUMOHHOCTU U OPYrMX XapakTe-
pucTuK cuctTemsl. MNocne atoro 6110k ynpasne-
HWS COOTBETCTBYOLLMM 06pa3om akTUBM3MpyeT
NoaKItoYeHHble HAacoCbl, HaNpuUMep, Yepes
BCTPOEHHYIO 3NIEKTPOHHYIO CXEMY.

BO3MOXKHbI TEXHUYECKME N3MEHEHUS



B HaweM npumepe ynpasneHue BCe CUCTEMOMN
ocyLecTBNseTCs cneqyoLmnm obpasom:
PerynupoBaHue Hacoca OCHOBHOW Harpysku, unu
OCHOBHOTO Hacoca Py CO BCTPOEHHbIM 3neK-
TPOHHbIM 6510KOM OcyLecTBRsieTcs beccTyneH-
4aTo B AManasoHe MexXxay MakCMManbHoOM

(n =100 %) ¥ MUHMMaNbLHOM YacTOTOMN Bpa-
weHus (n = 40 %) B 3aBUCUMOCTM OT CUrHaNa
natyvka nepenapa gasneduns DDG. B pesynb-
TaTe 3TOro nogadya Nnpu 4YacTUYHOWM Harpyske
niaBHO M3MeHseTca B AnanasoHe Qr, < =25 %.
Ecnv BO3HMKaeT HeOOXOOMMOCTb B YBENTMYEHNN
nopaum (Qr > 25 %), noaKMo4YaeTcsa Hacoc
MUKOBOW Harpy3sku (Tak»ke o BCTPOEHHbIM
3M1EeKTPOHHBIM 6/10KOM Pg,) € MaKc. 4acToToi
BpaLleHns. OCHOBHOM Hacoc Py npoponxaeT
6eccTyneH4aTo perynmpoBaTbCsi, YTO B CBOHO
oyepepdb BNMSeT Ha obLLyto nogady, kotopas
aHanorvyHbiM o6pa3om perynvpyeTcs B guana-
30He mexay 25 % 1 50 % B 3aBUCMMOCTHM OT
notpebHocTL.

ITOT NPOLLECC MOBTOPSAETCA NPU MOAKIOUEHNN
HaCcoCOB A8 YaCTUYHOW HarPy3KMN CO BCTPOEH-
HOW1 3N1eKTPOHMKOM P, 1 Pg, KaXapil pa3

C MaKC. 4acToTou BpalleHna. MakcumanbHas
noTpebHOCTb B Tenne Bcer 60/bHMLbI NOKPbiBa-
eTca Toraa, Koraa Bce YeTbipe Hacoca paboTatoT
C MaKCMMarnbHON MOLLHOCTbIO — B 3TOM Cly4ae
OHM obecneymBatoT Nofady nNpy NONHOM Harpys-
ke Vy. AHanornyHbIM 06pasom, Npu ymeHs-
WweHnn noTpebrieHns Tensia Hacocbl A
MUKOBbIX Harpy30K CO BCTPOEHHOM 3MeKTPO-
HWKOW Pg; — Ps, CHOBA OTKITIOMALOTCS.

HacocHas a3byka WILO

NPUMEPHbBIN PACYET NAPAMETPOB HACOCA

MHoroHacocHasi cuctema ¢ 6ecctyneH4aTbiM perynimpoBaHuem

WHOukamop nepenada 0asneHus
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Pacxon V [%]

Y106bI 4OCTMYL MAKCMMANbHOM PaBHOMEPHOCTH
B pacrpenenieHun paboyero BpemeHv Mexxay
BCEMU LUMPKYNSLMOHHBIMU HAacoCaMu, PyHKLMIO
perynMpyemMoro OCHOBHOIO Hacoca KaXkAbl AeHb
nooYepenHO BbIMOMHAIOT pa3nyHble HACOCHI.

OQHOro B3rnsaa Ha camblil HUXKHUIA rpacdmk
[,0CTaTO4HO, YTODObI MOHATb, Kakol 60NbLLION
3KOHOMMWW 3/1EKTPO3HEPTMM MOXKHO [,06UTbCS
B 3aBMCMMOCTW OT TUMNa Hacoca, B TOM Yncne
3a cyeT noTpebnsemMon MOLHOCTMW.

Ans 60MbLUMX CUCTEM HU3KME IKCMIyaTauMoH-
Hble pacxofbl B Te4EHWe MHOTUX J1eT ropasfo
Ba)kKHee, YeM HebonblUMe MHBECTULMOHHbIE 3a-
TpaTbl. YeTbipe HeH6OMbLUMX HAacOCa CO BCTPOEH-
HOW 3NEeKTPOHUKON U CUCTEMA YNPaBAeHUs MOryT
cTonTb 6onblUe, YeM oauH bonbLuon Hacoc 6e3
cucTembl ynpasneHuns. OgHako, ecnv B3sTb,
HanpuMmep, Nnepuog akcnnyaTaumm oavHON B
AecaTb f1eT, TO 3aTpaTbl Ha CUCTEMY ynpaBfieHns
M HAaCOCbl CO BCTPOEHHOM 31EKTPOHMKOW C NNX-
BOW OKYNSTCS 32 CHET CIKOHOMMEHHON 3M1eKTPO-
3Heprun. B kauecTse [ONOMHUTENBHOTO Npen-
MYLLLECTBA MOXHO Ha3BaTb ONTUMM3ALNIO
paboTbl BCEN CMCTEMbI B CO4ETAHUMU C HU3KUM
YPOBHEM LLYMa U BbICOKOW 3KOHOMUYHOCTbHO
6narogaps ynyyleHHoOMy cHab>XeHuWto noTpebun-
Tene. A 3TO MO>XKeT 03Ha4aTb AaXKe 3Ha4nTeNb-

HYH0 3KOHOMMUIO 3HEPTUw.
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3akJiroyeHume

HacocHas A3byka —copep>xut 6onbion ob6beM nHpopmaunm —
HauYMHas C paHHUX Pa3paboTOK U CaMbIX MPOCTbIX peLLleHnN

M 3aKaHUYMBAS CNIOXKHbIMU TEXHUYECKUMUM NPOOYKTaMU —

M Npu3BaHa gatb obLee NnpeacTaBfieHNe 0 TOM, r4e M Kak MOryT
M OOJN>KHbI NCMOMb30BATbHCH HACOCHI.

OHa HarNgagHO AeMOHCTPUPYET KOMMIEKCHbIE CBS3N,
BO3HMKatOLLMe B Npouecce 3KCnayaTalmm HacocoB, N 06 bsICHSET,
KaK MO>XHO ONTUMM3MPOBATb IKCMyaTauMIo C MOMOLLbLO
COBpPEMEHHbIX 3/TeKTPOHHbIX CPeACTB yYNpaBreHus.

Mo cpaBHEHWMIO CO BCEN CUCTEMOW OTOMJIEHNSA 30aHUS
LUPKYNALNOHHbBIA HACOC ABNAETCH OOHUM U3 CaMbIX MalleHbKUX
KOMMOHEHTOB CUCTEMbI C TOYKWN 3PEHUS Pa3MepPOB

M nepBOHa4YanbHon ctoumocTu. OQHAKO MMeHHO OH obecrneynBaeT
Hagnexkaliee YHKLUNOHMPOBAHME BCEX OCTAlNbHbIX KOMMNOHEHTOB.
Ecnn npoBecTn cpaBHeHWe, HarnpumMep, € YenoBevYeCcknm
OPraHM3mMoMm, TO MO>KHO O HO3HAaYHO CKa3aTb: HACOC —

3TO cepaue cuctembl!

BO3MO>KHbI TEXHUYECKME U3MEHEHNS



[lpoBepbTe BALLW 3HAHUS

Bbl MO>KeTe NpOBepPUTb CBOM 3HAHUSA, NOMyYeHHble 6narogaps
"HacocHom a3byke", c NOMOLLbIO creayroLero TecTa.

MCTOpMﬂ HAaCOCHOM TEXHUKN

Bornpocbl no Temam:

» BogpocHabxxeHune

» OTBeaeHne CTOYHbIX BOL
« OTonneHue

Bonpoc 1:
« Hacocbl 6bInM M3BECTHbI yXKe B ApeBHue
BpeMeHa (1)
« Hacocbl 6binv n306peTeHbl cneumnanbHo
L7151 CUCTEM OTOMMEeHMUs (2)
« Hacocbl MOTYT MCMONMb30BaTbCA TOMLKO
Ans nepeka4ynmBaHns Bofdbl (3)

Bonpoc 2:
« [lonacTHoe koneco nso6pen Apxumes (1)
« LleHTpobexHblit Hacoc m3obpenu B Kutae  (2)
* Yron HaknoHa apxvMMe[o0Ba BUHTA

onpepenseT nogavy (3)

Bonpoc 3:
« MepBble KaHaNW3aLUMOHHbIE KONNEKTOPbI
6bINM NOCTPOEHbI B 1856 T. (1)
+ Cloaca Maxima cyuiecTBoBana B [lpeBHeM
Pume (2)
« Bce cTOKM [O0MKHbI 6bITb OCHALLEHbI
YyCTaHOBKaMM BOO,0OTBEAEHNS (3)

Bonpoc 4:
« LleHTpanbHoe oTonneHne 6b110 M3BECTHO
y>Xe [peBHUM repMaHLam (1)
« MepBble CUCTEMbI HANOMbHOTO OTOMAEHNS
NOCTPOUNU APEBHNE PUMASHE (2)
« B17 Beke 4OMa OTanAMBanuch
C MOMOLLIbIO NapPOBbIX MaLLKH (3)

Bonpoc 5:
* B KOHBEKTMBHbIX CMCTEMAX OTOMMEHUS
MCNONb3YTCA TAXENbIE, MOLLHbIe Hacochbl (1)
» Paboyas TemnepaTtypa cMcTem NapoBoro
oTonneHns cocTaengeT ot 9o °C go 100 °C  (2)
+ H1u3koTemnepaTypHble CUCTEMbI OTOMNNEHMS
nosiBUNMCh ToNbKo 6narogaps
LMPKY NALMOHHBIM Hacocam (3)

HacocHas a3byka WILO

Bonpoc 6:
[1ns 4ero Mcnonb30BannCb HacoChl y>Ke COTHU
net Hasap?

« N9 Nogayv Bogbl (1)
« N9 CMCTEM NapoBOro OTOMNEHMS (2)
* 0N KOHBEKTUBHbIX CUCTEM OTOMAEHUS (3)
Bonpoc 7:

3anaTeHTOBaHHbIN B 1929 I. UMPKYIALUOHHbBINA

yckopuTenb 6bin:

* YCOBEPLUEHCTBOBAHHbIM BapMaHTOM LLUMPOKO
MNCNOMNb3yeMOro Hacoca Ans cucTem

oTonneHns (1)
* NepBbIM HACOCOM, BCTPanBaeMbiM

B TPY6OMNpPOBOA CUCTEMbI OTOMIEHNS (2)
Bonpoc 8:

C KaKOW 4aCTbo YENMOBEYECKOTO TENA MOXKHO
CPaBHUTb UMPKYMALMOHHbIE HACOChI A8 CUCTEM
oTonneHns?

« C pyKamu (1)
. Cccepauem (2)
« C TONOBOW (3)
Bonpoc 9:

YKaxkute npenmMmyuiecTsa UMPKYyNAUMOHHbIX
HacocoB

« HU3KME Pacxofbl Ha MOHTaX (1)
« yMeHbLLEeHMe 3KCMNyaTaLuMoHHbIX pacxonos (2)
« rnbKas cUCTema ynpasrieHust (3)

« BEpHbI BCe NpeablayLyme BbiCKasbiBaHus  (4)
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Booa Kak cpeCcTBO TPAHCMOPTUPOBKM

Bonpoc1:

Mpyn KakoM yCNOBWM BOAA HaUYMHaeT
pacwmpaTbea?

« NPV HarpeBaHuu Bbile 0 °C (1)
« NPV OXNAXKOEHNUN HxXKe 0 °C (2)

« NP HarpeBaHUm Unu oxnaxkaeHnn ot + 4 °C (3)

Bonpoc 2:

Kakue 13 criegytowmnx NoHATUIA 3KBUBANEHTHbI
npyr apyry?

« paboTa, MowHocTb M KM (1)
« paboTa, 3Heprvs 1 KONM4YecTBo Tenna (2)
« paboTa, cuna v sHeprus (3)
Bonpoc 3:

YTO NpOMCXOOMT C BOQOM NpY HarpeBaHumn?

« NJIOTHOCTb BOAbI yMeHbLUIAETCA (1)
« NAIOTHOCTb BOAbI yBENNUYMBAETCA (2)
« MNOTHOCTb OCTAETCSH NOCTOSAHHOW (3)
Bonpoc 4:

Y10 NponcxogmnT € TeMnepaTypon Boabl
MpU [OCTUXKEHUN TOYKMU KUMEHUN?

« IPOAOMKAET MNOBbILLATLCA (1)
+ OCTaHaBNMBAETCS HA TOUKE KUMeHUs (2)
* yMeHbLLaeTCs (3)
Bonpoc s5:

Kaknm 06pa3om MO>XHO nsberkaTb KaBuTaumm?

* UCnonb3oBaHMeM Hacoca ¢ 6onee HU3KUM
KaBUTaLMOHHbIM 3aMacom (1)

* MOHW>KEeHNEM CTaTUYEeCKOro AaBfeHuns (2)

« NOBbILWEHWeM faBneHus napoobpasosanus (3)

Bornpocbl no Temam:

- TennoemMKoCTb

* YBenuyeHue 1 ymeHblLleHne obbema
« [laBneHune

« KaButayms

Bonpoc 6:
OT 4ero 3aBMCUT KONMYECTBO TeMna nepeHo-
CMMOTO XMAKOCTbIO B CUCTEMAX OTOMNEHUA?

« OT TENNOEMKOCTM (1)
+ OT MacCbl NepeMeLLatoLLencs Boabl (2)
+ 0T pa3HOCTM TemnepaTyp B MPSMOM

1 o6paTHoM Tpybonposoaax (3)

+ OT BCeX TPEX BbllUeHa3BaHHbIX PakTopoB  (4)

Bonpoc 7:

Mpn KaknX yCNOBUAX KOHBEKTUBHbIE CUCTEMbI
oTonneHus paboTatoT nyye?

* MPU HU3KOM COMPOTMBIIEHUN

B Tpy6onpoBoaax (1)
« NPV BbICOKOM COMPOTUBIIEHNM

B Tpybonposoaax (2)
Bonpoc 8:

Kakyto hyHKLUMIO BbINOMHSET
npegoxXpaHUTENbHbIN KNanaH?
 CNY>XKUT ONS BEHTUNSALUN U yOaneHns

BO3[yXa W3 CUCTEMBI (1)
+ NpegoxpaHseT OT M36bITOYHOrO AaBNEeHNS
B CMCTEME (2)

* coBepLUeHHo becnoneseH
MPU MCMONb30BAHUM 3NEKTPOHHBIX HAcOCOB (3)

BO3MOXXHbI TEXHUYECKME N3MEHEHUS



NMPOBEPbLTE BALWIUN 3HAHUA

KOHCTPYKLUNM LLeHTPOBEXXHbIX HACOCOB

Bonpocbl no Temam:

« CaMO- 1 HOpMarbHOBCACbHIBAOLLME HACOChI
+ Hacocbl ¢ MOKPbIM pOTOPOM

* Hacocbl € cyxvm poTOpOM

Bonpoc 1:
Kakune 13 3Tux BbICKa3bIBaHUN B OTHOLLEHUN
BbICOTbI BCACbIBAHUS BEPHbI?

+ 3aBMCMT OT [AaBNeHMs BO3ayXa (1)
« TEOpPETUYECKM COCTABNAET 10,33 M (2)
« BAIMSIET Ha Hanop (3)
« BEpHbI BCe TP NpeabIayLmnx

BblCKa3blBaHUS (4)
Bonpoc 2:

Kakne 13 3Tux BbiCKa3biBaHMM B OTHOLLEHWUN

CaMOBCACbIBAOLLMX HACOCOB BEPHbI?

* OHM CNOCO6HbI yOanaTb BO3AYX U3
BCACbIBAOLLEN MTMHUWN TOMBKO NP

onpeaeneHHbIX yCroBmax (1)
« BCaCbIBalOLLAs IMHUS [OSKHA BbITh

MaKCMManbHO KOPOTKOA (2)
* OHW JOMKHbI ObITb 3aM0SIHEHbI BOJON

nepen BBOAOM B 3KCMyaTauuio (3)
« BEPHbI BCe NPUBEAeHHbIe BbllLe

BbICKa3blBaHUS (4)
Bonpoc 3:

Kakyto thyHKLMIO BbINOMNHAET BOAa, HAX0as -
LIasca B pa3aenuTeNbHOM CTakaHe HacocoB

C MOKPbIM POTOPOM:

« CAYXXWUT NS OXNaXKAeHna u cMasbieaHma (1)

« NOAAep>XXMBaeT Hanop (2)

¢ HE HeCeT HUKAKOM (yHKLMK (3)

Bonpoc 4:

Kakune npevMyLLecTBa UMET HaCOChl C MOKPbIM

poTopom?

« BbicOKMI KM/ (1)

« BbICOKasi TeMnepaTypa B HarpeBaTeNbHbIX
KOHTypax (2)

* ManoLUYMHbIN U UCKITHOHEHbl yTEUKM (3)

Bonpocs:

Kakoe MOHTa>kHOe NoJIo)KeHVe peKoMeHayeTCs
0715 HAacoca C CyXnM poTopom?
* C BEPTMKAamNbHbIM pacrnofio>KeHnem Bana (1)
+ C FOPM30HTanNbHbIM pacrnonoxeHvem Bana  (2)
* MOHTa>XHO€ MONo>XXeHne MoXKeT ObITb
No6bIM, 33 UCKITIOYEHNEM MONOXKEHUS
"MOTOPOM BHU3". (3)

HacocHas a3byka WILO

Bonpoc 6:
B Kakux cny4asx Mcnonb3yTCs HAaCOChl C CyXUM
poTOpoM?

« npu HebonbLION Noaaqe (1)
« npu 6onblUo Nnoaaye (2)
* Y Manom Harnope (3)
Bonpoc 7:

KMA Hacoca paseH:
* OTHOLUEHMIO MNOIe3HOM MOLLHOCTM
K MaKcMmanbHom noTpebnsemon

MOLLHOCTM (1)
« OTHOLIEHWE NOTPe6NAEMON MOLLHOCTH

K MOMe3HOM MOLLHOCTM (2)
+ OTHOLLIEHWMIO MOSe3HOM MOLLHOCTU

M NOTPe6NSemMon MOLHOCTM (3)
Bonpoc 8:

B Kakom YacTn xapakTepucTUKM HabnogaeTcs
MakcumanbHbi KN ueHTpobe>kHoro Hacoca?

« B IeBON TpeTy (1)
* B CpedHen TpeTm (2)
- B NpaBoi TpeTu (3)
Bonpoc 9:

Kakoe 13 3TnX BblCKa3bIBaHUN B OTHOLLEHNM
CKOﬂb3mﬂMXTOpHeBHXyHHOTHeHMﬂBepHO?
* BbIMOJTHEHbI N3 CUHTETUYECKNX BOJTOKOH

VAN NeHbKK (1)
« NPeACTaBNAOT CO60M NOOLUNMHUKM (2)
* NCMOMb3YHOTCA B HACOCAX C CYyXUM

pOTOpPOM (3)
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MPOBEPbTE BALWMW 3HAHUS
XapaKTepUCTUKN HACOCOB M CUCTEM

Bonpocbl no Temam:

+ XapaKTepmnCTUKM HacoCcoB

+ XapaKTepuCTUKM CUCTEMbI/XapaKTepucTMKM
TpybonpoBogHoM cetun

» Pabouas Touka

Bonpoc1: Bonpoc 5:
Kakoe 13 3TWX BblCKa3biBaHW B OTHOLLEHWM YTo cnemyeT yuMThIBaTb NpY pacyeTe Hanopa
3NeKTPUYEeCKON 3Hepruy NpuBoAa Hacoca LMPKYNALMOHHOIO Hacoca CUCTeMbl OTONNEeHUs?
BEpHO? « BbICOTY 3[1aHNS (1)
« npeobpasyeTcs B BbICOKOE [aABNIEHNE (1) -« conpoTueneHne Tpy60NpOBOAHON CETH (2)
+ npeobpasyeTca B NOBbILUEHNE AABNEHUS + 06a BbllLEeHa3BaHHbIX hakTopa (3)
1 CKOPOCTM (2)
+ nonyyaeTcs B pesynbTaTe npeobpasoBaHus Bonpoc 6:
rMAPaBIMYECKON 3HEprm (3)  YtocnemyeT yunTbiBaTb NPM pacHeTe nogauun
LMPKYNALMOHHOIO Hacoca CUCTEMbI OTONNEHUS?
Bonpoc 2: + CPeAHION TeMMepaTypy Hapy>KHOro
Kakue napameTpbl NpeACTaBASIOTCS Ha 0CAX BO3ayXa (1)
XapaKTepuCTHK Hacoca? « Tpebyemyio TemnepaTypy B nomeiieHnn  (2)
« BEPTMKanbHas 0Cb — Hanop, a ropu30oH- « Tpebyemoe noTpebnenune Tenna (3)
TanbHas — nogava (1)
« BepTUKanbHas oCb — Mofaya, a ropu3oH-
TanbHas — Hanop (2)
« BEPTMKanbHas 0Cb — 3HEprus, a ropu3oH-
TanbHas — cpeaa (3)
Bonpoc 3:

Yto OTpa>kaeT XapakKTepncTmka cucTeMbl?
* yBeJsindeHmne conpoTusIieHnsa

NpV yBENWUYEHUM Noaaum (1)
« yBENMUeHne Noaadm npu u3MeHeHnun

OaBreHuns (2)
« U3MEeHeHMe nogaym

NPV U3MEHEHUM CKOPOCTU BObI (3)
Bonpoc 4:

Kak n3meHsieTcs conpoTuBeHne TpeHus
B Tpybonposoge?

« IMHENHO NPU N3MEHEHMN N0AAYM (1)
- B KBa[|paTe NpW N3MEHeHUM NoaaYMn (2)
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PerynupoBaHue napamMeTpPOB HAacOCA B 3aBUCMMOCTU OT OTOMUTENbHOM Harpy3Ku

Bornpocbl no Temam:

+ Ce30HHble U3MEHEHUS TeMMepaTypbl

* PerynmpoBaHue 4acToTbl BpalleHUs Hacoca

- beccTyneH4aToe perynnpoBaHue 4acToThbl
BpaLLeHus

» Cnocobbl perynupoBaHums

Bonpoc 1:

Kak n3meHsieTcs OTONMUTENbHAs Harpyska
30aHuA?

« BCEraa HaxoamMTCA Ha OfIMHAKOBOM ypoBHe (1)
* U3MeHSeTCS B 3aBUCUMOCTH

OT BpeMeHW roaa (2)
« yBENM4MBaeTCA U3 rofa B rog (3)
Bonpoc 2:

Kak cnenyeT perynupoBaTb TemnepaTypy
NpW U3mMeHeHWn noTpebneHns Tenna?
+ C MOMOLLbIO TEpMOCTaTUYECKNX BeHTunen (1)
+ C MOMOLLbIO OKOH

("OKHO OTKPBITO/OKHO 3aKpPbITO") (2)
« NyTem perynupoBaHus aasneHus B cucteme (3)

Bonpoc 3:
[ns yero TpebyeTca M3MeHeHMe 4acToThl
BpaLleHuns Hacoca?

« ans obecnedveHns TpebyeMon noaaqm (1)
« ONS CHATUS HAarPy3KM C NepenycKHOro

KnanaHa (2)
« N1 KOPPEKTUPOBKM HEBEPHO

paccUMTaHHbIX MapameTpoB HAacoca (3)
Bonpoc 4:

Kak oCyLLecTBASETCS M3MEHEHMe YacToTbl
BpaLlleHns Hacoca?
« BCEraa B py4HOM pexxmume (1)
« BCErga B aBTOMaTUYeCKOM peXxume (2)
* B 3aBUCUMOCTM OT OCHaLLeHWs Nn6o

B PY4YHOM, NMBO B aBTOMaTUHECKOM

pexkume (3)

Bonpoc 5:

Kakoe v3 3TVX BblCKa3bIBaHW B OTHOLLIEHWM
6eccTyneH4yaToro perynmpoBaHus 4acToTbl
BpaLLleHWs BEPHO?

- aBnseTcs 6onee 3 heKTUBHBIM, HEM

cTyneH4aToe (1)
* ABnsieTcst MeHee 3 (heKTUBHbBIM, YEM
CTyrneHyaToe (2)

« [aeT TOT »Ke pe3ynbTaT, 4To 1 cTyneH4aTtoe (3)

HacocHas a3byka WILO

NMPOBEPbLTE BALWIUN 3HAHUA

Bonpoc 6:

YTO MO>XKHO perynmpoBaTh C MOMOLLbO
LIMPKYALMOHHBIX HACOCOB C 31eKTPOHHbIM
ynpasneHvem?

+ noTpebneHwve Tenna (1)
* CPOK CNYXObl (2)
« Hanop (3)
Bonpoc 7:

Kakoe 13 3TUX BbICKa3blBaHWI B OTHOLLEHUM
cnocoba perynmposaHus "Ap-c = NOCTOSHHbIN
nepenapg gaBneHns" BepHO?

* Mogaya yBenmMyMBaeTCs 3a CHeT MOCTOSHHOM

YacTOThl BPALLEHNS (1)
* 4aCTOTa BPaLLEHMSA U3MEHSeTCS B COOT—-

BETCTBUM C HEOBXOOMMOM Nofaveit (2)
« gaBneHue B pacluMpuTenbHoM bake

B 3aKpbITO CUCTEME BCEraa NoCTOSIHHO (3)
Bonpoc 8:

Kakoe 13 3TWX BbICKa3bIBaHWI B OTHOLLEHUM
pabouyero pexkvma "ABTOMATMUYECKOE CHUXKEHNE
4acToTbl BpaleHns (aBTonnnoT)" BepHo?
*3a0aeTCcs cneumnanbHbIM YacoBbIM
BbIKJIlOHYATENEM (1)
* 3aBUCWT OT TeMNEepaTypbl B NOMeELLEHUM (2)
« MO>KeT MCNOMb30BaTbCs TOMbKO B CUCTEMAX
OTOMMNEHNS, B KOTOPbIX BbiNa NpoBeaeHa
rmopasnnyeckas 6anaHcMpoBka (3)

Bonpoc 9:

Kakoe 13 3TUX BbICKa3bIBaHUN B OTHOLLEHUM

HOBelLLEeNn HacocHoW TexHonorun ECM

(BbICOKO3(h(hEKTUBHBIE HACOCHI) BEPHO?

* POTOP COCTOUT U3 MOCTOSAHHOTO MarHMTa (1)

* 3KOHOMUT 00 80 % 3KcnnyaTaUMOHHbIX
pPacxofoB Mo CPaBHEHUIO C 06bIYHBIMU
Hacocamu (2)

* BpalleHne poTopa obecneymBaeTcs 3a cHeT
3NeKTPOHHOM cucTeMbl cBs3u (npeobpazo-
BaTeslb YaCcTOTbl) (3)

* BbICKA3bIBaHWS 1—3 CBUO,ETENLCTBYIOT O TOM,
4YTO B HAaCTOsLLLEE BPEMS 3TO CaMbli
3KOHOMMUUHbIA HACOC C MOKPbIM poTopom  (4)
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lNpMepHbIN pacyeT NapameTpoOB HAcoca

e —

Bonpoc 1:

Yem onpepenseTcs BbI6Op LUPKYNSALMOHHOTO
Hacoca gns cUcTeMbl OTOMEHNSA?

* 33[aHHbIM YCMTOBHbIM NPOX0J0M

Tpy60onpoBoaoB (1)
* LeHOoM (2)
» Tpebyemow TeNNoBOM Harpy3Kon (3)
Bonpoc 2:

YTo NPpONCXOANT NPY yBENNYEHUN NO[AUN
Ha 100 %?
* Tennonpon3BoaNTENbHOCTb

yMeHbLLIAeTCs NpuMm. Ha 2 % (1)
* TENNONPOn3BOAUTENbHOCTb

yBenu4mMBaeTca Npum. Ha 12 % (2)
* TENJONpoM3BOANTENbHOCTb OCTAETCA

Ha Mpe>KHeM YpOBHe (3)
Bonpoc 3:

YTto cnenyet genatb B Clydae BO3SHUKHOBEHUSA
COMHeHM Npu Bbibope Hacoca Ans CMCTEMbI
oTonneHna?

+ BbI6PaTh HACOC MEHbLLEN MOLLHOCTH (1)
« BbIBpaTh HACOC 6ONbLLEN MOLLHOCTM (2)
« BbIBpaTh 6onee OeLweBbIi HacoC (3)
Bonpoc 4:

Mcxons U3 vero paccumTbiBaeTCs Hanop HacocoB
B CMCTEMaXx BOOOCHabXXeHnsa?

* UICXOOS U3 reofe3nyecKoi BbICOTbI (1)
+ UICXOOS U3 AMHAMUYECKOTO AaBneHus (2)
* UICXOAS U3 COMPOTUBNEHUS

B Tpybonposogax (3)
*« ICXOOS U3 CYMMbI BESTUUMH 1-3 (4)
Bonpoc 5:

Mcxonsa ns yero paccynTbIBa€TCA Hanop Hacocos
ONS CMCTeMbl OTOMeHnA?

« UCXOOS U3 reoae3nyeckom BbICOTbI (1)
« NCXOOS M3 OMHAMUYECKOrO AaBneHus (2)
* UICXOAS U3 COMPOTUBNEHUS

B Tpy6onpoBoaax (3)
*« ICXOOS U3 CYMMbI BENTUUMH 1—3 (4)

o
-
v

Bonpocbl no Temam:

- [Mopaya Hacoca

» Hanop Hacoca

« PacyeT napameTpoB Hacoca

» l'mppasnnyeckas 6anaHcmpoBska

Bonpoc 6:

[ns yero npoBoanTcs 6anaHCMpoOBKa CUCTEM
oTonneHns?

» 0Nns obecrneyeHnst ONTUMaNbHOTO

pacnpegeneHvs Tenna (1)
« NS CHUXKEHWSA YPOBHA LLYMa BO BpeMs!
paboTbl CUCTEMBI (2)

* 0N 3aWmTel noTpebutenen
OT HELOCTaTOYHOrO U U36bITOYHOTO

TennocHab>keHns (3)
« BEPHbI M Ba)KHbI BCe TPU NpeablayLine

BbICKa3blBaHWS (4)
Bonpoc 7:

Kak npaBMMNbHO OTPErynMpoBaTh 3NEKTPOHHbI
Hacoc, ecnu Tpebyemblt HaNnop Hen3BecTeH?
« IPUINAcUTb MOMOLLIHMKA (1)
* NOJIHOCTbO YAANUTL BO3AYX M NPOBECTH

rmapasnnueckyto 6anaHcMpoBKy cuctembl  (2)
*+ 3a01aTb Ha HACOCE MUHMMaIbHOE

3HaueHne Hanopa (3)
» 006uBaThCs, YTOObI CaMbll AanbHUN

papuaTop OTOMMEHUS nosyyan

[LOCTaTOUHYHO TEMNMOBYH 3HEPTUIO (4)
« perynmpoBaHue BbINOMHEHO NPaBUIbHO,
ecnu cobnogeHbl Bce YeTbipe YCnoBus (5)

BO3MOXKHbI TEXHUYECKME N3MEHEHUS



NMPOBEPbLTE BALWIUN 3HAHUA

CncrtemMbl C HECKONBKUMM Hacocamu

Bonpocbl no Temam:
+ MNocnepoBaTenbHOE BKJTOYEHWE HACOCOB
+ MapannenbHoe BKJIOYEHME HACOCOB
+ PaboTa B pe>xvMe MMKOBbIX Harpy3okK
NpU NCMONb30BaHNM HECKOJIbKMX HAaCOCOB

Bonpoc 1:

YTo NnponcxoamnT Npm Nocrne[oBaTenbHOM

BKIIIOYEHNN [OBYX HACOCOB?

* yABanBaeTCs Hanop

* yABanBaeTcs nopgava

* CyMMapHas xapakTepucTuKa 3aBucuT ot
BM[a XapaKTePUCTUK CUCTEMbI M HACOCOB

Bonpoc 2:

Kakasi onacHOCTb CyLLecTBYeT Mpu

nocnenoBaTenbHOM BKHOYEHMN HACOCOB?

+ paboTa Hacoca B peXkume reHepartopa

* B3aMIMHas HEMTPaNM3aums BbIXOQHOM
MOLLIHOCTM HacoCoB

* HE4OCTAaTOYHOE CHAabXKEeHNEe CUCTEMBI

Bonpoc 3:

YTo nponcxoguT Npy napannenbHOM

BKHOYEHUN OBYX HACOCOB?

* yABanBaeTCs Hanop

* yABanBaeTcs nopava

* CyMMapHas XxapakTepucTuka 3aBucuT
OT XapakTepUCTUK CUCTEMbI M HACOCOB

Bonpoc 4:

B Kakunx pe>xmMax BO3MO>KHa aKCnayaTaums
COBOEHHbIX HACOCOB?

* MpenMyLLeCcTBEHHO B Pe3ePBHOM peXknme
* MPeMMyLLeCTBEHHO B MMKOBOM peXXunme

* B pe3epBHOM 1 MMKOBOM peXXnmax

HacocHas a3byka WILO

(2)
(3)

(1)
(2)

(3)

(1)
(2)
(3)

WHOukamop nepenada dasneHus

Konmposnnep

Bonpoc 5:

YTto paeT pa3peneHue TpebyemMom BbIXOGHOWM
MOLLLHOCTM Ha HECKOJIbKO HacoCoB B 60MbLLNX
cmuctemax?

« YMeHbLLEeHMe 3KCMIyaTaUuMoHHbIX pacxonos (1)
* NpoafieHne cpoka cny6bl Hacocos (2)
* BepHbl 06a NpeObIAyLUMX BblCKa3blBaHWA (3)

Bonpoc 6:

Kak Ha3sbiBaeTcs cnocob perynuposaHus,

MpM KOTOPOM JaTUMK CUTHAOB YCTaHOBIEH

B CUCTEME Ha 3HAYUTENIbHOM YA aneHnm

oT 6roka ynpaBsneHusa?

« PETyIMPOBaHME MO LEHTPY TAXKECTU (1)
« CNIOXKHOE perynunpoBaHme (2)
« perynmpoBaHue no camon aansHen Touke  (3)

Bonpoc 7:

YTo cnedyeT yunTbIBaTh NPU NapannenbHom

BK/THOYEHUN HAacOCOoB Yepe3 6NOK yrnpaBneHns?

« HACOChl MOMXKHbI UMETb OANHAKOBYIO
MOLLHOCTb (1)

* 3TO [,O/IKHbI 6bITb TUXOXOAHbIE HACOChI (2)

+ 3TO OS>KHbI BbITb BbICTPOXOAHBIE Hacocbl  (3)
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EOVHMUBI U3MepeHUd
TONbKO 019 LeHTPoOeXXHbIX HACOCOB

®dusmnyeckas Cumeon PasmepHocTH BHecuctemHble | PekomeHp. MpumeuaHus

BeJIUYMHA euHULbI eqUHULbI

(Sistem International) | eauHuubI

[nuHa | M meTp KM, IM, CM M OCHOBHas eguHMLA
MM, MKM
06bem v m3 om3, cm3, mm3, Ky6.M, m3
nmtp (1n=1am3)  ky6.am, ..
Mopava Q m3/c M3/, n/c nfen
06beMHbIN pacxof, v m3/c
Bpewms t c cekyHaa C, MC, MKC, HC, ... c OCHOBHas eaMHMLA
MWH, Y, O
YacToTa BpaleHuns n 1/s 06/MuH (M=) 06/MuH (M=)
Macca m Kr KUNOTPaMM T, MT, MK, dyHT, Kr OCHOBHas eguHMLa
TOHHa, LeHTHep
(17=1000«r)
MNOTHOCTb p Kr/m3 kr/am3 kr/am3 TepMuH "yaenbHbIn Bec”
n Kr/m3 He JomkeH 6onblue
1CMoNb30BaThCA
Cuna F N HbIOTOH KkH, MH, MKH, ... Krc, TC, ... H 1krc=9,81H.
(=kr m/c?) Cuna THKecT — 370
npon3BeaeH1e Macchl m
1 ycKopeHus cBO60QHOMo
nageHns g
[asneHune P Ma nackanb 6ap krc/cmZ, atm.,  6ap latm.=0,9816ap
(= H/M2) (1 6ap = 10° Ma) M, MM BOA.CT., =9,81-10%Ma
MM pT. cT. (Topp), 1 MM pT.cT. = 1,333 M6ap
1 mm Bog.cT. = 0,098 mbap
JHeprus, w, J OoKOynb KX, BT*C, KBT*Y, ... Krcm, JTx 1 kXK 1lkrcm=9,81x
Pab6ora, Q (=Hwm 1kBT*y=3600 kX KKan,Kkan 1 kkan = 4,1868 k>
Konu4yecTBo Tenna = BT*c) en.Ten.
Hanop H M MeTp MFI. S. M
MoOLLHOCTb p BT BaTT MBT, KBT, Kre m/c, n.c. KBT 1krcm/c = 9,81 BT
(= x/c 1n.c.=736Bt
=Hwm/c)
Mepenag T K KenbBUH °C °K, rpagycsl, K OcHOBHasa eguHMLA

Temnepartyp
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