o o

Hocniodxcerno podbomy nacoca 3 xKomoinoeanum
eiduenmpoeo-euxposum cmynenem. Ilobyodosani
eHepeemuuHi XapaKxmepucmuKu noxKasaniu, w0
Hacoc mae docmamnvo eucoxui nanip (H=12m)
ma Hu3vKy cnoscusany nomyscnicmo (N=0,27 kBm)
npu meeenuxiii nooaui piounu (Q=27 m>/006).
Topisnanvruil ananiz enepeemuunux xapaxmepuc-
MUK HACOCI6 NOKA3A6, W0 HANIP HACOCA 3 KOMOIHO-
8aHUM 6I0UEHMPOBO-BUXPOGUM CIMYNneHeM nepeeu-
wye nanip 068ox nacocie 6 2,5 paza

Kmouosi caosa: nacoc, 6iouenmpogo-6uxposuii
cmynenn, po6oye K01eCo, HANIPHA XAPAKMEPUCTU-
Ka, nomyxcHicmo, Hanip

= yu

Hccneodosana paboma nacoca ¢ xoméunupo-
6aHHOU  UeHMPOOEI’CHO-8UXPEBOT CMYNEHbIO.
Ilocmpoennvie anepeemuueckue xapaxmepucmurxu
noxasanu, ¥mo Hacoc umeem 00CMAMOUHO 6blCO-
xuii nanop (H=12m) u nuskyro nompeobnsemyro
Mmounocmv (N=0,27 kBm) npu neborvwoii nooa-
ue scuoxocmu (Q=27 m3/cym).Cpasnumenviolii
ananu3 IHepeeMuUUecKuUx Xapaxmepucmur Haco-
€06 nOKaA3as, ¥mo Hanop HACOCA C KOMOUHUPOBAH -
HOU UEeHMPOOEINCHO-6UXPEBOTl CMYNEHBIO NPeBbL-
waem nanop 08yx Hacocos 6 2,5 pasa

Kmouesvie cnosa: nacoc, uenmpooeicno-euxpe-
eas cmynenn, pabouee K01eCo, HANOPHASL XApaKme-

pucmuxa, mMowHoCms, Hanop
u] =,
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1. Beryn

2. AHaui3 JiTepaTypHUX JaHUX Ta IIOCTAHOBKA NPOOIeMU

Jlist HacocoOyIyBaHHS JAOCTATHBO TOCTPOI € MPO-
6sema cTBOpeHHS e(eKTUBHOIO HACOCHOTO 00 IHAHHS
IS CKJIAJHUX YMOB HMoro ekcrjyaraiiii B pi3HUX ce-
penosumiax. 3a ocranHi 10 pokis y cdepi Hacocobyuny-
BaHHS aKTUBHO BIIPOBA/KYIOTbCS HOBITHI TEXHOJOTIi,
HAIpaBJieH] HAa BUPilIEeHHs TPpoOJeM, [0 BUHUKAOTH B
i ramysi.

B nanwuit yac akTyasbHOIO € 3ajladya CTBOPEHHS Ha-
COCHOro 06JIa/IHAHHS, 3IaTHOTO MAKCUMAaJIbHO e(DEKTUBHO
[panioBaTy B IIMPOKUX Jlialla30HAX I10jia4y, HAIOPIB, 3
ypaxyBaHHIM 0COOJIMBOCTEll cepeloBUIIA, 1[0 epeKauy-
etbest. Ilig epexkTnBHO0 PO6OTOIO PO3YMIETHCS 34aTHICTD
Hacoca 3a6e3MeYuTH MaKCUMaJbHO MOKJIUBHUN pPiBEHD
KK/, Bucoky HaziiiHicTh po6OTH Ta MOKJIUBICTH CTIHKO
MpaIioBaTH 4K Ha OJHOPIJIHUX BUCOKOB'SI3KMX PifiMHAX,
Tak i Ha TijpocyMimnmax.

[l TpaHCIOPTYBAaHHS PiAMHU B CUCTEMaX BOJOIO-
cTayaHHs, y Xap4yoBiil MPOMUCTOBOCTI Ta HA(PTOBIN 1PO-
MUCJIOBOCTI M POKE 3aCTOCYBAHHS OTPUMAJIH BiIIIEHTPO-
BO-BHXPOBI HACOCH, KOHCTPYKTUBHOK OCOOIMBICTIO SIKUX
€ HasIBHICTH JBOX CTYMEHEH: BIiAIEHTPOBOI i BUXPOBOI.
BigenTpoBo-BUXpoOBi Hacocu BiJ[Pi3HAIOTHCS BUCOKUMU
eKCIIyaTallilfHUMU MOKa3HUKaMU, B SKUX B/[aJI0 BUKOPU-
CTaHi 1epeBaru BilIIEHTPOBUX I BUXPOBUX, ajie BOJHOYAC
BOHU MAaIOTh i psJi HeNOJiKiB (He3a/0BiJbHA eKCIIyaTa-
MifiHa HaJiMHICTh, IMiJBHUINEHA ITUTOMa METaJOEMHICTh
Hacoca, 3HaYHi 0ChOBI CUJIN).

JlocnizkeHHAM BiZIIEHTPOBO-BUXPOBUX HACOCIB 3a-
WMaJucs 1e 3 MSITAeCATUX POKiB MUHYJIOTO CTOJITTS i
nisnime. Haykosi po6oTu tux pokis [1, 2] sanumaorbes
(bynmamenTampHUMU, ajie He JA0THh TIOBHOTO aHAJI3Y JJIs
JIAHOTO TUITY HACOCIB, & JIMIIE OMUCYIOCH IX pOOOTY Ta KOH-
CTPYKIIiIO B I[iJIOMY.

IIposiani ceitosi kommanii (Wilo, Grundfos, Sprut ta
iHIII) JOKJAAA0Th MAKCUMYM 3YCHJIb /LIS BUTOTOBJIEHH S
HOBOI'O HACOCHOTO OO0JIa/(HAHHSI 3 IiBUIIEHOW HalilHi-
cTi0. Po3pobisiioThest HOBI BiflIEHTPOBO-BUXPOBI HACOCH
3 MiIBUIIIEHUM HAMopoM [3], BiZIIleHTPOBO-BUXPOBI HacoCH
JUIST TIepeKadyyBaHHs Ta30PiAMHHOI CyMillli, B SAKil 10my-
ctuMuii BMicT rasy B 1,5-2 pasu Ginbmunii, HixK ans Big-
IEHTPOBUX Hacocis [4]. [lani Hacocn MaloTh rapHi eKCILIy-
araliifii MoKasHMUKM, ajie Bi/[IIEHTPOBA 1 BUXPOBA YaCTUHU
Hacoca PO3TAIlOBaHI OKPEMO, IO POOUTH KOHCTPYKILIO
JOCUTH METATIOEMHOIO T4 3MEHINY€E 06JIaCTh 3aCTOCY BAHHSI.

Ha sxanp, BKkpaili MaJjio MaTEHTIB HAa HOBI KOHCTPYK-
1ii BiZIEHTPOBO-BUXPOBUX HacociB. CTymeHb BifAlleH-
TPOBO-BUXPOBOTO Hacoca [5] Ta morpyskHoro Hacoca [6]
MatoTh 1onibHi KoHcTpykuii. Ha mnepudepii Beayudoro
NIMCKY BCTAHOBJIEHI HA 30BHITIHI I TOBEPXHi TPHOXCTOPOH-
Hi KOMipku. Xo4a CTylleHb | Ma€ KOMOIHOBAHUIN BUTJISAL,
ajie HaMip Ha HOMiHAJBHIN Tona4yi HU3bkUit. Haykosi x
po6OTH, IPUCBAYEH] EKCIIEPUMEHTAIBHUM I TEOPETUUHIM
npobiemam, Hanpukiaan [3,7], He BUPIUIYIOTh MUTAHHS
BJIOCKOHAJIEHHsI I[bOT0O By HacociB. OcobanBo ycKiai-




HIOE POOOTY 3 YIOCKOHAJIEHHS BiJLIEHTPOBO-BUXPOBUX
HACOCiB Bi/ICYyTHICTb aHAJITUYHUX 3aJ€KHOCTEH, 1110 OIH-
CYIOTb XapaKTePUCTUKHU Bi/[IIEHTPOBO-BUXPOBUX HACOCIB.

SHauHUN iHTepec /A eKCILIyaTyIouuX opranisarii
MpeACTaBAAI0Th MoudiKalii, 1o 3MiHIOIOTh TipoaAnHa-
MiYHY B3a€MOJIiT0 TIOBEPXOHb €JIEMEHTiB IPOTOYHOI YaCTH-
HE i po6oyoro MoTOKy 6e3 3MiHM KOHCTPYKIIii Hacoca [7].
OcHOBOIO mifiBUIIeHHST e(DEKTUBHOCTI BiJIIIEHTPOBUX Ha-
COCIB € B/IOCKOHAJIEHHS TiIPOJIMHAMIYHUX SKOCTEH MPo-
TOYHOI YAaCTWHM, CIIPAMOBAaHe HAa 3HUKEHHS BTpaT IIpU
nepegadi MexaHiqHoi eHeprii po6oYOMy OTOKY. 3a3BHuaii
CTYTeHi HAcOCiB BUTOTOBISAIOTh MeTonoM JutTs [8]. Ta-
KO JIJIS BUTOTOBJICHHS CTYIEHIB 3aCTOCOBYETHCS HOBA
ILUIsT Taysi mopotkoBa TexHosoris. I[i metoan 3abesme-
YyIOTbh BUCOKY TOUHICTbh BUTOTOBJIEHHS CTYII€HIB, a Bi/110-
Bi/IHO BUCOKY TiZIPaBJiuHY IJIaZKiCTh TPOTIYHUX KaHATIB.

Bce 6iabIn mupoKkoro 3actocyBaHHs HabyBaloTh Taki
criocobu miasumenusa KK/

— rigpodoOHI IOKPUTTS IPOTIYHOI YACTUHHU HACOCA,;

— BIIOPCKYBAHHA TIOBITPS B PiZIUHY Tiepell BXOIOM B
nHacoc [9];

— 3aCTOCYBAHHS BUIIPAMJIAYIB IOTOKY.

OnHak, y cdepi HacocoOyIyBaHHS HEJOCTATHBO J0CIi-
JUKEeHb 110 POOOTI KOMOIHOBAHUX BiIIEHTPOBO-BUXPOBUX
CTYIIEHIB, a 0COOJIUBO IOPIBHSIbHUX XaPAKTEPUCTHK 3 BiJl-
IEHTPOBUMH Ta BUXPOBUMU HACOCAMH, 1[0 MAIOTh TOAI0H]
reoMeTpUYHi po3Mipu.

3. Mera ta 3aja4i J0CHiI3KEHHS

[IpoBeneni nocaifskeHHS CTaBUJIN 32 METY OTPUMAHH S
TIOPiBHAJIBHUX €HEePreTHYHUX XapaKTepHCTUK Hacoca 3
KOMOIHOBAHUM Bi/IIIEHTPOBO-BUXPOBUM CTYIIEHEM 3 Bijl-
HEHTPOBUMU Ta BUXPOBUMHU HACOCAMH, IO MAIOTD MOAIOHI
TeOMEeTPUYHI PO3MipH.

19 nocdrHeHHd TOCTAaBJIEHOI MeTU BUPINIYyBaJIuCd
HACTYTHI 3a/1a4i:

— IIPOBEJIEHHS JOCJI/IKEHb HA €KCIIEPUMEHTAJIbHOMY
CTEeH/[i 10 BHU3HAYEHHIO eHEePreTUYHNX XapaKTepUCTHK
Hacoca, a came Hacoca 3 KOMOIHOBAHUM Bi/[IIEHTPOBO-BUY-
XPOBUM CTYIIEHEM, HACOCA 3 BUXPOBUM POGOUUM KOJIECOM,
Hacoca 3 BIIIEHTPOBUM POOOUUM KOJIECOM;

— NOPIBHSHHS BiAIEHTPOBO-BUXPOBOTO KOMOIHOBAHO-
TO CTYTEHS 3 BiZIIIEHTPOBUM Ta BUXPOBUM HacOCaMH.

4. Onmc ekcnepuMeHTaIbHOTO CTEHY i 3ac00iB
BUMipIOBaHHA

st BuB4YeHHst ocobiauBocTell poOOTH BiALEHTPO-
BO-BUXPOBUX HACOCIB CTBOPEHWH eKCIePUMEHTAJbHUI
CTEH[I, IO 03BOJISIE MPOBOJIUTU €HEPreTHYHi BUIPOOY-
BaHHS JJAHOTO TUIY HACOCHUX CTYIEHIB /IJIS BUBUYEHHS
BIINBY 9acTOTH 00epTaHHs Ta BSI3KOCTI PiANHU, 1O TTe-
peKauyeThest, Ha iX po6OUi XapaKTePUCTUKL.

[IpnanumoBa rigpaBaidyHa cxeMa eKCIIepUMeHTaJbHO-
ro cTeHjy mpejcrapiena ua puc. 1, B tabu. 1 mpusemgenuii
CKJIaJl CTEH/Y.

Crenji mpaIioe 3a 3aMKHYTOIO CXeMOIO I PKYJIIii po-
60uoi piguHu, 3a aKy B3sATa Boja. Pigunais 6aka b, misxom
BIIKPUBAHHS 3aCyBKHU 37, MOTpaNsge B MAMIpHUN Hacoc
H7. Bin npusHavyeHuil 1J1st 361bIIEHHST THCKY Ha BCMOKTY-
touiii s1iHil ocHOBHOrO Hacocy H2, juis 3anobiranHio KaBira-

uii. I3 Hacoca H2 piguHa nogaetbes B Mipauii 6ak BM, niis
BU3HAUeHHs BUTPATH piannu. /lami pignna motpamnise B oc-
HOBHUI 6ak b. B stkoCTi IPUBIIHOTO IBUTYHA B3SITUN €JIE€K-
TPOJABUTYH MOTYKHICTIO 4 KBT, 9acTora 06epranHs sSIKOTro
PEryJIoeTHCS 32 JJOIOMOT0I0 IEPeTBOPIOBAYa YaCTOTH.

Y

R _/ 1
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Puc. 1. Cxema rigpaeniyHa npuHuunosa
€KCNepUMEeHTasIbHOrO CTEHAY

Tabnunus 1
Cknap ekcrneprUMeHTalbHOro CTeHAy
[Tosnavenns Hassa KismpkicTn

1,4 Jlinii 3B’13Ky 3
2,3 —//— 2

5 —//— 2

b bak ocnoBHmMit 1
31, 32 3acyBka 2
H1 Hacoc mignipuunit 1
H2 Hacoc excriepumenTaibHmii 1
E/l Enexrpomsuryn 1
gs [TeperBopioBau yacToTH 1
M1, M2 Mamnowmetp 2
bM bBak mipnnit 1
K1l Kpan nraposwuit 1

CreHi /103BOJISIE TIPOBOAMTU MapaMeTPU4Hi BUIIPO-
6yBaHHs TPOTOYHWX YACTHH HACOCIB B Jiamasomi mo-
nau 0...200 M3 /106 i nanopis g0 50 m. o ocHoBHOTO 06141~
HaHHSA CTEHAY BXOAATH: TONOBHUI 6ak MicTkicTio 0,22 MP;
eKCIepUMeHTAaIbHUI HacoC MOTY KHIicTIO 4 KBT 3 perynbo-
BaHOI0 4acToTo ob6epranus 10 6000 06/xB; gomoMiKHMiT
nacoc; 6ak Mipuuii mictkictio 0,09 M3 a1a o6'emuoro cro-
co0y BUMIPIOBaHHS BUTPATH PIAWHK; BUMIpIOBaJbHa ala-
parypa i ImyJibT ylpaBJiHHs, a TAKOXK, cucTeMa Tpyoorpo-
BOJIIB i3 3aIipHO-PETYJII0I0Y0I0 apMaTypoio. PerymioBanHs
1ojlavyi eKCIepuMeHTaJbHOTO HAacoca 3/iMCHIOETHCS 3acy-
BKOIO Ha HAmipHOMY TPyGOnpoBoii. BusHadeHHs CHOKU-
BaHOI IOTY/KHOCTI Ta PeryaioBaHHs YacTOTH ObepTaHHA
3IMICHIOETBCS 32 JIOTIOMOTOI0 YacCTOTHOTO IE€PETBOPIOBA-
ya. /lonoMizkHMIT HACOC BCTAHOBJIEHUH TTOCJIi/IOBHO TIepej
eKCIePUMEHTAJIbHUM HAacOCOM. BiH cTBOpIOE 1071aTKOBHIT
MiATIp Ha BXO/Ii IIHOTO HACOCA 3 METOIO YCYHEHHS KaBiTaii
B IOCJIIKYBaHUX CTYTIEHAX IPU BUCOKIH 4acToTi ob6epTan-
1 iforo poropa. ExcnepnMenTtasnbia ycTaHOBKa J03BOJISIE
[HPOBOAUTH BUIIPOOYBAHHS OJHO- i YOTUPUCTYMIHUACTUX
36ipoK, BUOPAHUX J1J1s1 BUBYEHHSI HACOCHUX CTYTIEHIB.

BumipoBasibia anaparypa 3abesredye MOKIMBICTH
3HATTS €HEPreTUYHUX XapPaKTePUCTUK JO0CJiKYyBaHOTO
CTyHeHs BifmoBiiHO /10 icHytounx BuMor [14]. [lo ckiany
KOMIIJIEKTY BUMIPIOBAJIbHUX IIPUJIAJIB BXO/ISATH:

— MaHOMETp NPYXUHHUN Kaacy TouynocTi 0,4 3 mexero
puMipioBanHs 0-2,5 MIla nis BUMIpIOBaHHSI TUCKY Y
BXiZIHOMY n1aTPyOKY EKCIIEPUMEHTAJbHOIO HACOCA,;



— 3pa3KoBUH NMPYKUHHUH MaHOMETP KJacy TOYHOCTI
0,4 3 mesxero BumipioBanusga 0—6 MIla ging BumipoBanHs
THUCKY B HallipHiil JIiHII eKcIlepUMEeHTaJIbHOI0 HAacoca;

— cekyHgomip mexaniunuit COC np-26-2-010 3 Mexero
BuMipioBanus 60 XB 711 BAMIPIOBAHHS Yyacy 3allOBHEHH S
MipHOTO OaKa.

5. Pe3ysibTaTi eKcriepuMeHTaNbHUX JOCTiZKeHb POGOTH
Hacoca 3 BillIeHTPOBO-BHXPOBUM CTYIIEHEM Ta MOPiBHSIHHSI
3 Bi/IIIEHTPOBHM Ta BUXPOBHM HaCOCaMH

3a TexHiYHMIT 00’'€KT JOCHIAKEHHA B3ATA BiAEHTPO-
BO-BUXPOBa IPOTOYHA YaCTUHA. BubpaHuili TexHiuHwMii
00’EKT JOCIIIPKEHHS 110 CBOEMY KOHCTPYKTUBHOMY BUKO-
HAHHIO BIJHOCUTBHCS 10 MaJOPO3MIPHOrO TUIY POGOUNX
CTYTEeHIB IUHAMIYHUX HACOCIB.

BinnenTpoBo-BuxpoBuit cTyniub (puc. 2), SKuii, ma-
0’ Ti JK caMi BJACTUBOCTI, IO 1 TPAAUIIITHI BiAIIEHTPO-
BO-BUXPOBI HACcOCH, 3HAYHOIO Mipoio Mmo3baBieHnii iXHix
OCHOBHUX HeJOJiKiB (He3aJ0BiibHA eKCITyaTalliiiHa Ha-
NifiHicTh; 3HAUHi 0cboBi cuan) [10, 11].

Bkaszana cTyIeHb 110 CBOEMY KOHCTPYKTUBHOMY BUKO-
HAHHIO BIIHOCUTHCS /[0 MAJOPO3MIPHOTO THILY POGOYMX
OpraHiB IMHAMIUHNX HacociB. /JlaHa cTyleHb Ma€ 0/1HOJIO-
narese BiflleHTPoBe pobode KoJeco, 1o 3abesnedecHe 10-
NATKOBUMM BUXPOBUMU KaHAJAMU, 9Ki BAKOHYIOTH (DY HK-
110 BUXPOBOTO POBOUYOro KoJieca 3aKPUTOTO THILY, IO
PO3TAIIOBaHI 3 POTUJIEKHOTO OOKY OCHOBHUX KaHAJIB.
Kosken BuxpoBuii KaHaa € BUGIPKOIO 3 YBITHYTUM JTHOM,
BUKOHAHOIO 110 Ay3i. J{yra nasi mepexoanTs Ha CTOPOHI, IO
B3a€MOJII€ 3 IOTOKOM, B IIPSIMOJIiHIiTHY 1i0unHYy. Po6oue
KOJIeCO OJ[HOJIONIaTeBe, BUKOHAHE 3 MOEAHAHHAM KiJblie-
BUX Ta pajliaJIbHUX KaHAJIB.

B cryueni noeanyerbes aa pobouunx npoiecu (Bij-
[EHTPOBUI Ta BUXPOBUIT), TOMY I[I0 CTYIIEHb MOKHA PO3-
[AAfaT AK IO€JHAHHA TPbOX HACOCIB: BiJLIEHTPOBOIO
HAacoca 3 OHOJIOTATEBUM POOOYUM KOJIECOM Ta JBOX BHU-
XpoBuX HacociB 3akpuroro tuny [1,12,13]. IIpu ubomy
BUXPOBi HACOCH IPAIOIOTh B TapajieJJbHOMY PEXHUMI, a
Bi/IIIEHTPOBUI 3 BAXPOBUMHU — B TIOCJi[OBHOMY.

Bunpobysanus nposomuaucst [14,15] Ha uyactorax
obepranns 1000...3000 06/x8. (3 kpokom 1000 06/xB.).

3a pesyJsbTaraMu [POBEIEHUX MOCJIKeHb Oyau 1o-
Oyn0BaHi eHepreTuYHi XxapakTepuctuku (puc. 3).

[lepiioyeproBuii anasiz OTPUMAHUX XaPAKTEPUCTHK,
sIKi 300paskeHi B rpadiunomy Buai 3aiesxkHocTsasmu H=£(Q),
N=f(Q), n=f{(Q), mokazaB HasgBHICTb KPyTO Maaaf0q0TO Xa-
pakTepy 3MiHU HAIIIPHOI KPUBOI TA CIIOKMBAHOI MOTYKHOCTI.

J171s1 TOpiBHAHHS eHePreTHYHNX XapaKTePUCTHK HACO-
ca 3pYYHUM € BUKOPHUCTAHHSI BiJIHOIIEHHS O€3PO3MIPHUX
koedinieHTis Haopy, noxaui, norysxuocti ra KK/ no 6e3-
po3MipHUX Koedilli€HTiB X MapaMeTPiB B OMTUMATbHI I
TouIli, a came B Toulli Mmakcumanabuoro KK/ mpu nepeka

YyyBaHHi HACOCOM BOJIM: l,—,—,—.
Vo @ Ly My
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e g — TUPHUCKOpeHHs BinmbHoro mazminns, 9,81 wm/c%

Uy — KOJIOBA MIBU/AKICTH po6OYOTo KoJeca.

3a pesyJsbTaraMu IPOBEAEHUX HOCIIIsKeHb OYJIN OTpU-
Mani 6e3po3mMipHi koeditienT namopy (W), mogadi (@),
noryskHocTi (Ho) ta KK/[ (1) B Toulli MakcumasbHOTO
KK/ (tabs. 2) Ta nobypoBaHi mMOpiBHSJIbHI eHepreTUUHI
XapaKTepUucTuKH s yactor obepranus Big 1000 06/xB.
10 3000 06/xB. (puc. 4—6).

Tabnuus 2
OCHOBHI XapaKTepPUCTHKHK Hacoca 3 BifLEeHTPOBO-BUXPOBHUM
cTyneHem
n, 06,/xB Yo 9o Mo Mo
1000 1,95 0,0075 0,00012 0,12
2000 3,1 0,0081 0,00048 0,14
3000 5,86 0,0086 0,00119 0,16

Puc. 2. 3aranbHui Bug ctynexi: 1 — poboue Koneco; 2 — nepeaHs BUXPOBA CTyMNEHb;
3 — 3apiHA BUXpOBa CTyneHb; 4 — Kopnyc poboyoro Koneca
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Puc. 3. Poboui xapakTepucTUKM Hacoca 3 KOMBiIHOBaHMM BiflLLEHTPOBO-BUXPOBUM cTyneHeM npu n=3000 06 /xs, p=1000 kr/m3
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Puc. 4. MNopiBHANbHa HanipHa XxapakTepUCTUKa Hacoca 3 BiALEHTPOBO-BUXPOBUM CTYNEHEM:

1— 1000 06 /x8, 2 — 2000 06 /x8, 3 — 3000 06 /x8

Mipo 1.5

0 0.5 1 1.5 2
Plo0

Puc. 5. MNopiBHsNbHa XapaKTepUCTUKa NOTYXKHOCTEM Hacoca 3 BiALEHTPOBO-BUXPOBUM CTYNEHEM:

1— 1000 06 /x8, 2 — 2000 06 /x8, 3 — 3000 06 /xB
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Puc. 6. NopisHanbHa xapaktepuctuka KK/, Hacoca 3 BiaLEHTPOBO-BUXPOBUM CTYMNEHEM:
1— 1000 06 /x8, 2 — 2000 06 /x8, 3 — 3000 06 /x8



HactynauMm etanom /7 HOPIBHSHHS BiJl-

[IEHTPOBO-BUXPOBOTO KOMOIHOBAHOTO CTYIEHST
3 BiIIIEHTPOBUM Ta BUXPOBUM Hacocamu OyJiu

—

P

TTPOBeIeHI eKCITePUMEHTH.
B monepennboMy cTyIneHi MOEAHYETHCS
aBa pobOOYMX IIPOIECH, TIPU IBOMY BUXPOBI

HACOCH TIPAIIOIOTh B MapajiebHOMY PeKUMi,
a BIJILIEHTPOBUI 3 BUXPOBUMU — B TIOCJIIJIOB-

HOMY.

Tomy /i TOPiIBHSAHHS B IKOCT1 Bi/ILIEHTPO-
BOTO HAcOCa JOCJIKYBABCS MaaorabapuTHU i
BixnenTpoBuit Hacoc tuny «EILH», axuit mae
nozibHi reoMeTpuuHi po3Mipu pPobOYOro KO-
Jeca.

[TokasHUKHU [Jisi BUXPOBOTO Hacoca OyJiu
3HATI NMPHU eKCIePUMEHTI BUXPOBOTO Hacoca
«Novax».

3a pesysabraTaMu [POBEAEHUX JOCJI/KEHD OyJIH

/f./' \.
0 0.5 1 1.5 2
B KOMGiHOBaHMI BiALEHTPOBO-BUXPOBUIA CTYMEHD ¢lp0

@ BiLIEHTPOBUI Ta BUXPOBUI HAacOC

Puc. 9. MopisHsanbHuM aHanis xapaktepuctuk KK, nocnigkysaHoro Hacoca 3
KOMBIHOBaHUM BiLEHTPOBO-BUXPOBUM CTYMEHEM Ta BiJUEHTPOBUM i BUXPOBHUM
Hacocamu B Touli makcumanbHoro KK/

orpuMani 6e3po3mMipHi KoedimienTn Hamopy (Yo), mogadi

(@p), morysxkuocTi (Ho) Ta KK/ (1n9) B ToUIli MakcruMamb-
Horo KK /I (ta6u. 3) Ta 3pobsieHUil NOPIBHSIbHUI aHaIi3
POOOUMX XapaKTEPUCTHUK JOCIIIKYBAHOTO HACOCA 3 KOM-

GIHOBAHUM BiJIIEHTPOBO-BUXPOBUM CTYIIEHEM Ta Bijll€H-
TPOBUM i BUXPOBUM HAacOCAMHU B TOYI[I MaKCHUMaJbHOIO

Tabnunus 3
OCHOBHi XxapakTepuCTUKK B TouLi MakcuMmanbHoro KK
Besposmiphi KoeditieHTn y0 jO m0 ho
Hacoc 3 koMbGiHOBaHUM
Bi/IIIEHTPOBO-BUXPOBUM 2,44 0,07 0,01 0,16
CTyTIeHEM
Blauenrposuii Ta 301 | 590 | 1,42 | 012
BUXPOBUU HACOC

KK/ (puc. 7-9).
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@ BiJLIEHTPOBWI Ta BUXPOBUIA HACOC

Puc. 7. MNopiBHaNbHWI aHasi3 HaMipHUX XapaKTEPUCTUK AOC/IAXKYBAHOrO Hacoca 3
KOMBIHOBaHWM BifLLEHTPOBO-BUXPOBHUM CTYMEHEM Ta Bi[JLUEHTPOBUM i BAXPOBUM Hacocamu B
TouLli MakcumanbHoro KK/,

[lopiBHIOIOYN eHepreTHYHI
XapaKTePUCTUKHU POOOTH Hacoca
3 Bi/IIIEHTPOBO-BUXPOBUM CTY-
meHeM i BifITIEHTPOBOTO Ta BU-
XPOBOI0 HACOCA MOKHA 3pOOUTH
BHCHOBKH, 1[0 HA TIOPiBHSIBHIN
HaIipHill XapaKTepUuCTUIll BUJI-
HO, IIO HaIip Hacoca 3 KOMOIHO-
BAHUM Bi/[IIEHTPOBO-BUXPOBUM
CTyIleHEeM TIepeBHIIYE HaIip
JIBOX HACOCIB; 3 XaPaKTEPUCTUKHU
MMOTY>KHOCTEH BUIHO, IO Pi3HU-
I8 MIXK HOTYKHICTIO Hacoca 3
KOMOIHOBAHUM BiIIIEHTPOBO-BU-
XPOBUM CTYIIEHEM Ta BiIIIEHTPO-
BUM i BUXPOBUM HacocaMu He
snauna, a KK/I, na Bigminy Bizg
HaIopy Ta MOTY KHOCTI, MEHTITH.
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@ BiALEHTPOBUIN Ta BUXPOBWIA HACOC

Puc. 8. MNopiBHANbHWIM aHani3 XxapaKTepUCTUK NOTY>KHOCTeH AOCAILKYBaHOMo Hacoca 3
KOMBIHOBaHUM BifLLEHTPOBO-BUXPOBHUM CTYNEHEM Ta BiALLEHTPOBWUM i BUXPOBMM HacocamH B
Touui makcumanbHoro KK/

HEBEJINKUX 3HAYEHHSIX BUTPATU
piAnHMY, aje IpHu 1IIbOMY BiH Ma€
nuspkuit KK/I. Ilprnunaoio auss-
koro snavenng KK/ iiboro naco-
CY € HACTYTIHE:



— 3HAYHUU BILIMB 00’€MHUX BTPAT CTYIEHI Yepes Top-
11€Bi 3a30PM B IOPIBHAHHI 3 CAMOIO BUTPATOIO HACOCA;

— BIIMB IiIpaBJIYHUX BTPAT, K1 BAHUKAIOTb Y BUXPO-
BUX KaHaJaX MepeHboi Ta 3a/{HbOI BUXPOBUX CTYTIeHE;

— pobota BiIeHTPOBOro poboYoro Kojeca B PexuMi
HEJIOTPY3KHU.

3 XapaKTepUCTUKU MOKHa 3POOUTU BUCHOBOK, IO
J1st 301bIIeHHS HAaMipHOCTI B Alanasoni sutpat Big 0 10
38 M3/106 GibIn epeKTUBHUM € BUKOPHUCTAHHS HACOCA 3
KOMOGIHOBAHUM Bi/IIIEHTPOBO-BUXPOBUM CTYIIEHEM.

3a pesyJbraTaMu aHaJli3y MPOBEAECHUX BUIIPOOYBaHb
MO’KHA TIPUITH 10 BUCHOBKIB, 1[0 06JACTh 3aCTOCY BAHHS
HACOCIB 3 KOMOIHOBAHUM BiJIIIEHTPOBO-BUXPOBUM CTYyIIE-
HeM ZI0CTaTHbO oOMeskeHa. AJle Ha BIAMIHY Bij Tpaauiiii-
HUX BIiJIIIEHTPOBUX HACOCIB BJIACTUBICTb CAMOBCMOKTY-
BaHHS HACOCIB 3 KOMOGIHOBAHUM BiALIEHTPOBO-BUXPOBUM
CTyTIeHeM HaJIiJIsI€ iX mepeBaramMu 3a aHTUKABITAIliHHUMUI
nokasHukamu. ToMy iXHE BUKOPUCTAHHS € OiJIbII 10111JIb-
HUM B 30H1 HU3bKUX T110/1a4 i BUCOKUX HATIOPiB, B CHCTEMaX
CTBOPEHHS BUCOKOIO THCKY. TaKOX jlaHe KOHCTPYKTUBHE
BUKOHAHHS KOMOIHOBAHOTO CTYIEHIO Ja€ MOKJIUBICTH
3MEHINUTH METAJOEMHICTh KOHCTPYKIIii B TMOPIiBHSAHHI 3
KOMOIHAII€I0 IBOX HACOCIB.

[lane pocriskeH A 03BOJINJIO OTPUMATH HOBI XapaKTe-
PUCTHKU KOMOIHOBAHOTO Bi/IIEHTPOBO-BUXPOBOTO CTYIIECHS
Ta MOPIBHATH iX 3 XapaKTEePUCTHUKAMMU Bi/IIIECHTPOBOTO Ta
BUXPOBOTO HACOCIB, IO MalOTh MOAIOHI TeOMETPUYHI PO3-
MipH. 3a JI0NOMOTOIO0 IAHUX XaPAKTEPUCTHUK B MOJ[AJbIIOMY
MO3KJIMBE YZIOCKOHAJIEHH Bi/[IIEHTPOBO-BUXPOBUX HACOCIB.

Takok OTPUMAHUI PE3yJbTaT B HACTYNHUX POGOTAX
Oy/le BUKOPUCTAHUN [JI1 OTPUMAHHS aHAJTITUYHUX 3a-

JIEKHOCTEH, 10 OMUCYIOTh XapaKTePUCTUKHU BiJIlEHTPO-
BO-BUXPOBUX HACOCIB.

7. BucHOBKH

1. Ha ekcmepuMeHTaJbHOMY CTEH/i 110 BU3HAYEHHIO
€HEPreTUYHUX XapaKTePUCTUK Hacoca OyJiu IIPOBEJEH] [0-
CJIJIKEHHS BIALIEHTPOBO-BUXPOBOTO Hacoca 3 KOMOIHOBa-
HUM CTyIleHeM. 3a pe3yJbTaTaMu [HOCJiJIKeHHs oOy1oBa-
Hi ereprernuni xapakrepuctuku H=f(Q), N=f(Q), n=f(Q).
[lepmioueproBuii anaJis OTpUMaHNUX XapaKTEPUCTUK TTOKa-
3aB HasIBHICTDb KPYTO MAaIAl0U0T0 XapaKTepy 3MiHN HaIlipHOI
KPHUBOI Ta CITOKUBAHOI TIOTYKHOCTI.

Takosx nposezeHHi BUIIPOOYBaHHs Hacoca 3 BijleH-
TPOBUM POOOUUM KOJIECOM Ta HACOCA 3 BUXPOBUM POOOUNM
KOJIECOM, I1I0 MAIOTh TOAiOHI TeoMeTpryHi poaMipu. Jlami pe-
3yJIbTAaTH BUKOPUCTOBYBAJIUCS 1715 TIOPiBHSJIBHOTO aHAI3Y.

2.3a pesyabTaTaMW TPOBEACHUX MAOCTIIKEHD OyIH
orpuMani 6e3po3miphi koedimienTu Hanopy (Y), momgaqi
(99), moryzxnocti (o) Ta KK/ (np) B TOUII MakCUMaIbHOTO
KK/I ta 3pobsieruii opiBHsIbHMI aHai3 poOOYNX Xapak-
TEPUCTHK JOCJIIKYBaHOTO Hacoca 3 KOMOIHOBaHUM BijllleH-
TPOBO-BUXPOBUM CTYIIEHEM Ta BiJ[IIEHTPOBUM i BUXPOBUM
HacocaMu B Toulli Makcumanbaoro KK/I.

Harmip macoca 3 KOMGIHOBaHMM BiIIIEHTPOBO-BUXPOBUM
CTyIIeHEM MEepPEeBUILY€E HaIlip JBOX HACOCIB; 3 XapaKTepH-
CTUKH MOTYKHOCTEH BUJIHO, IO PI3HUII MiX MOTYKHICTIO
Hacoca 3 KOMOIHOBAHUM Bi/[IIEHTPOBO-BUXPOBUM CTYIIEHEM
Ta BiIIIEHTPOBUM i BUXPOBUM Hacocamu He 3nauHa, a KK/,
Ha BiZIMiHY Bifl HAITOPY Ta MOTYKHOCTi, MEHIITHIA.
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