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BIIVIMB 3AKPYUYEHHS ITIOTOKY, IO NEPEKAYY€E€TbHCSI, HA EHEPTETUYHI
XAPAKTEPUCTHUKHU BUXPEKAMEPHUX HACOCIB

Ha OCHOBI MaTeMaTH4YHOrO MOJECIIOBAHHS CHEPreTUYHHMX XapaKTEPUCTUK BHUXPEKaMEPHHUX HACOCIB MPOBEINCHO JOCHIIKCHHS BIUIMBY CTYIICHS
3aKpyuYeHHsS MOTOKY, IIO IepeKauyeThes, Ha KoedilieHT KopucHOI il Hacocy. Otpumano, mo BigHocHuit KK 3poctae 3i 30UIbIICHHSIM CTYHCHS
3aKpydeHHs] TOTOKY, IO mMepekadyerbes. Lle miaTBepmKye momepeqHi MPHIYLICHHS PO 3MEHIICHHS BTPATH HA yaap y Mpoleci 3MillaHHs
B3a€EMOJIIFOYMX MTOTOKIB Ta 3MEHILCHHS BTPAaTH €HEPrii OCHOBHOT'O IIOTOKY Ha PO3KPYYEHHS IOTOKY, IO NEPEKAIy€EThCS.

Kiao4oBi cjoBa: BHXpEKaMEepHUI HAacoc, 3aKpy4eHHs IMOTOKY, BTpaTH Ha 3MilIaHHS, YHCEIBHUN PO3PAaXyHOK, CHEPreTHYHI IOKa3HHUKH,

MATEMAaTUYHE MOJCIIOBAHHA.

Beryn. Ha reii yac y 6araThOX CHUCTEMax pi3HHX
rajgy3eil IPOMHUCIOBOCTI HIMPOKE PO3MOBCIOJKEHHS
OTpHUMaJIM €KEKTOPH Ta CTPYMHHHI HACOCH Pi3HUX THUIIB.
Ili HacocM MarOTh BHCOKI ITOKA3HMKH HaJIHHOCTI Ta
JIOBIOBIYHOCTi, ~KOHCTPYKTHBHO TIPOCTI #H  MOXYTh
NpaloBaTH MNPAKTUYHO Ha OyIb-KOMY arperaTHoMy
CTaHi CKJIAIOBMX poOOYMX PpiAMH Ha BIOMIHY Bif
MUHAMIYHUX HArHITa4iB, EKCIUTyaTalliifHi SKOCTi SIKHX
oOMexeHi abo 3HKEHI NMpH poOOTi y HECTPHUSATINBUX
yMOBaxX eKcIutyararii (yIapHi HaBaHTa)XEHHS, BiOparris,
XiMiYHa arpecWBHICTH 1 BHCOKa TeMIIepaTypa piavH,
HasIBHICTh a0pa3vBHUX 4YacTOK Yy CEPe’OBHIIAX, SKi
nepekauytoth) [1]. OcobnuBy yBary MpHBEPTAIOTH
CTPYMHHHI HAacoCH B CHCTEMax TpyOONPOBiTHOTO
ITHEBMaTHYHOIO Ta TiJpPaBJIiYHOTO TPAHCIOPTIB, [e
HEeraTMBHUHA BIUIMB 3 OOKy poOOYMX CepeloBHII
NPU3BOJIUTE 70 INBWAKOTO 3HOIIYBAaHHS MEXaHIYHHX
pOOOYNX OpraHiB Ta yIIITbHEHb HACOCIB, B IKUX € PyXOMi
enemenTH [1-3]. 3 iHIIOT CTOPOHM CTPYMHHHI HACOCH TEX
MaroTh IEBHI HEIOIIKH TaKi K HocuTh Hu3bkuii KK/, 1o
nHe nepesuurye 30 % s npsimorounux Tta 10 % s
BHXPOBHX, BEIWKI IO3J0BXKHI PO3MIpH TPSIMOTOYHUX
CTPYMUHHHUX HAcociB [4-7].

TakuM YMHOM, YAOCKOHAJECHHS EHEePreTHYHUX
XapaKTEPUCTUK CTPYMUHHUX HArHITayiB € aKTyaJlbHUM
3aBJIaHHSIM, PIICHHSM SKOTO € TIOIIYK OUTHII e()eKTUBHIX
MPHUHIUITB TIepeadi eHeprii ¥ BiINOBITHUX TEXHIYHIX
pillleHb y KOHCTPYIOBaHHI CTPYMHMHHHMX HarHiTadiB st
nepeKkadyBaHHs OfHe- 1 0araToasHUX cepelOBHII, SKHMU
€, po3po0IteHi it mociimKeri B poOOTi CTPYMUHHI HACOCH 3
BUXPOBOIO  po0OOYOId  KaMepor, Ha3BaHI  HaMH,
BHXpEKaMEpHUMH Hacocamu [2, 8, 9].

AHani3 ocraHHiX [gocaimkeHb 1 myOaikamiid.
BuxpoBa kamepa [103BOJsIE BHKOPHCTaTH OCHOBHI
mepeBard  CTPYMHHHOI — TexHikM  (HamidHicTh  Ta
JIOBrOBIYHICTh MPHUCTPOIB) Ta YTBOPEHHS BiIIIEHTPOBOT
cuii Ha niepudepii, Ta BakyyMmy B IIPHOCHOBIi 30H1 Teuil.
[MoenHaHHsA THMX TiAPOJWHAMIYHUX €(EKTiB, IO3BOJISIE
CTBOPIOBAaTH CTPYMHHHI IPHUCTPOi 3 BUXPOBOIO KAMEPOIO
3MillaHHs — BHXpekamepHi Hacocu [3,9-11]. V
BiIMIHHOCTI BiJ NPSMOTOYHHX CTPYMHHHHX HACOCIB,
BHXpEKaMepHi JO3BOJSIFOTH CTBOPUTH OUTBIIMH THUCK Ha
BUXOZI 3 arapara MpH HU3BKUX PIBHAX TUCKY >KUBICHHS
Ta 3HAYeHE 3HIKEHHS OCHhOBHMX po3MipiB. [lomimmuTu
GHEPreTUYHI XapaKTePUCTHUKH BUXPEKAMEPHUX HACOCIB
MOXKHA 3@  paxyHOK 30uIblleHHS  e(eKTUBHOCTI
nepeKayyBaHHsS BHACITIJIOK HONEPEIHBOTO MiJAKPYUYECHHS

HOTOKY, L0 TMEPEKaYyeThCs, M0 3MEHIIYE BTPATH Ha yaap
y Tmpoleci 3MillIaHHS B3a€EMOIOYMX TOTOKIB [5] Ta

3MCHIYE€ BTpaTu eHepri'l' OCHOBHOI'O  IIOTOKY  Ha
PO3KPYUYCHHA IIOTOKY, IO ICPEKAYYETHCA, IO, MOXKC
IPpUBECTU a0 O1/IbIIx JOCKOHaJINX CHEPIreTUYHUX

XapaKTepPUCTHK HACOCIB, HiXK HaBeeHi B poboTax [2, 8, 9].

Merta. Meroro pobOTH €  BIOCKOHAJCHHS
E€HEPreTUIHNX XapaKTePUCTUK BUXPEKaMEPHIX HACOCIB 3a
paxyHOK BCTaHOBJIEHHS BILIMBY MOTIePETHHOTO

3aKpy4eHHsS IOTOKY, IO IepeKauyyeTbCs, 1 3MEHIICHHS
BTpaT eHeprii y mporeci 3MiMIaHHA B3a€MOIIIOYNX
HOTOKIB.

PesynabTaTn mocaigxkeHs. BuxpexamepHHili Hacoc
[2, 8, 9] nparrroe B Takwmii crioci6 (cxema Hacoca HaBeIeHa
Ha puc. 1): OCHOBHUIA MOTIK 3 00'eMHOI0 BUTpaTO Qg i
THCKOM s TIOIAETHCS Yepe3 TaHT€HIIATbHUIN KaHall BXOIY
y BUXpPOBY Kamepy 3MilIaHHsi, JI¢ YyTBOPIOETHCS
00epTOBHIA TOTIK i3 NMPHOCHOBOIO OOJACTIO 3HIKEHOTO
TUCKYy ¥ HaIJIMIIKOBAM THCKOM Ha mepudepii. Y 1o
o0iacTe 4epe3 OCHhOBI KaHAIM B TOPIEBHX KPHUIIKAX
BUXpPOBOI ~ KaMepH  BCMOKTYIOTBCS  IIOTOKH, IO
nepeKavyoThes, 3 BUTpataMu Qjny i Qjnz, Ta THCKAMH Ping
1 Pinz BIAMOBIIHO.

(p, Q)in

(p, Q)in2

Puc. 1 — BuxpekamepHuii Hacoc

Cymim, 1o yTBOpUThCS B  Kamepi, depes
TaHTeHLIAIbHUA KaHal BUXOAY HAIXOIUTh HA BHXiJ 3
Hacoca 3 00'eMHOIO BUTPATO Qe ¥ THCKOM Pe. Buximumii
3 Hacoca IMOTIK MOJA€ThCS B TEXHOJOTIYHUHA TPyOOmIpoBig
abo ckumaeTeess B armocdepy (mpu BakyymyBaHHI
3aMKHYTHX OOCSITIB).

Ilo6 3MeHIIMTH BTpPAaTH eHeprii Ha yaap mpu
3MIlIyBaHHI OCHOBHOTO Ta MOTOKY, LIO NEPEKAYyeTHCS
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peaii3oBaHe IMONEPEAHE 3aKPYUSHHS MOTOKY B OCHOBHX
KaHaJiax, SIK MOKa3aHe CTpiIKaMu Ha puc. 1. 3MeHIIeHHs
BTpaT eHeprii BinOyBaeTbCcs BHACHIJOK 3MEHIICHHS
BIJIHOIIICHHS LIBUAKOCTEH TOTOKY [5], 1110 mepekauyeTbes,
IIPY NOTPAIUISIHHI Y BUXPOBY KaMmepy, i poO04oro moToKy,
1110 00epTaeThcsl HABKOJIO Bici BUXPOBOT KAMEPH, OCKIJIbKH
OCHOBHOIO  OCOONHMBICTIO CTPYMHHHHX amapariB €
BHPIBHIOBaHHS HIBHIKOCTEH MOTOKIB, IO 3MIIIYIOTHCS, a
el mpouec NPUBOIAMTH IO BTPAaTH HA ynap, TOOTO 10O
BrpaTH (mucunanii) YacTHHM Ipane3[aTHOi eHepril
morokis [5, 10].

3aKkpy4eHHs! MMOTOKY, L0 NEePEKaYyeThCs, MOMKIUBO
CTBOPHTH 3a JJOTIOMOTO0 3aBUXproBadviB (puc. 2).

Puc. 2 — 3aBuxproBaui:
a — JIONIATHUH, 6 — IUIMHHUHN, 6 — 13 TAHT€HLIAJIbBHUM
naTpyOKOM; & — 3aBUTKOBHH; O, J# — TOPIIEBI JIOTIATHI

3a MiCHCM po3TalryBaHHA SaBPIXpIOBa‘{i MOXJIUBO
pOS,HiJ'[I/ITI/I Ha anapaTtyd 3 TOPUCBUM 3aBUXPIHOBAYCM Ta 3

3aBUXPIOBAYE€M,  pO3TAIIOBAaHMM Ha  IMJIIHIPUYHINA
MOBEpXHI  KaHaly. 3aBHXpIOBadi  MOXYTh  OyTH
JIOIIATHUMH, IITHHHAMH, 3aBUTKOBUMH,
TaHT€HIIAILHUMHI 3 OJTHUM abo KIJIBKOMa

narpyOkamu [12]. B maniii po6GOTi 3aKpydeHHs MTOTOKY
MOJICIIIOBANIOCST  0e3 ypaxyBaHHsS KOHKPETHOTO —THITY
3aBHXpIOBaya, CTYIMiHb 3aKpy4€HHsS aHali3yBaBcsi 3a
grciaoM PoccOi, sike mponopiiiHe BiJHOMICHHIO KITbKOCTI
pPyXy 1O MOMEHTY KUIBKOCTI pyXy PpiOUHH, IO
obepraethes [1, 12, 13]. [Ins BUXPOBHX Kamep YHCIO
Poccbi Ta crymiHp oOepTaHHS pPIIMHM BH3HAYAIOTH
BIJHOIICHHSIM PafialbHOI IO TaHTCHLIaJbHOI CKJIAIOBOI
MIBUAKOCTI O  IMIIHAPUYHOI TIOBEPXHI  KaMEpH.
3aramoMm, s 00EpPTOBUX IMOTOKIB CTYIIHB 3aKPYYCHHS
MOJKHa BH3HAYUTH JBOMa CIOCOOAMH: BiTHOUICHHSIM
TaHreHI[AIBbHOT MIBUIKOCTI 10 pamianbHOl (CripaabHUi
pyX) abo BiZHOIIECHHSAM TAHTEHIIAIBHOI MIBHIKOCTI MO
ocsoBOi (rBuHTOBHI pyx) [12,13]. Tlpu mocmimkeHHi
BIUIMBY  3aKpy4YeHHS TOTOKY Ha  XapaKTepHCTHKH
BUXPEKaMEPHUX HACOCIB Kpallle MiIXOAUTh B SKOCTI
KPHUTEpII0 TOPIBHAHHSI OChOBa LIBHJKICTh, BHACIIIOK
TOro, IO BOHA 3aJEXKHUTHh BiJ MEpenaay THUCKIB Mix
KaMepol Ta OChOBHUM KaHAJIOM, TOMY € TIPaKTH4HO
HE3MIHHOIO, Ta HE 3aJISKUTD BiJl 3aKpyUYCHHSI.

Juis  mopamemoro  aHamizy o0epeMo B SIKOCTI
napameTpa, M0 XapaKTepu3ye 3aKpy4YeHHS IOTOKY,
napameTp TBHHTOBOTO PyXy pianHH, SIKAI
PO3paxoByeThCs 32 HOPMYIIOO:

Yo,
W,
ne Uy — TadredmjianpHa IIBUAKICTE
NEPEKAYYETHCS,

Wy — 0ChOBa IIBUIKICTD.

Ha puc. 3. mpexacraBieHa po3paxyHKOBa MOJICIhb
BHXPEKaMEPHOTO HACOCY, KU BKIIIOYAE B ceOE BUXPOBY
KaMepy 3MIlIaHHS, TaHTCHI[iabHI KaHauM BXOIy Ta
BUXOJy, OChOBI KaHAJIW BCMOKTYBaHHS CEpEOBHINA, IO
MepeKavyeThCsl.

K:

MOTOKY, IO

' O)II"I‘]

Puc. 3—-Cxema HpOTO'{HOi HaCTUHU BUXPEKAMEPHOTI'0 HACOCY

J1st  BU3HAUEHHA EHEPreTMYHUX XapaKTEPUCTUK
BUXpEKaMEpHHUX HAcOCiB OyB 3pOOJECHUH YHCEeNbHHUN
eKCIIEpUMEHT Ha OCHOBI pimens piBHsAHb Hap’e-Crokca,
ocepeJHEHUX 3a PelHONBACOM Ui HECTHUCIHMBOI PiIUHH,
OTPUMAHHUX 3 BHKOPUCTAHHIM Y3arallbHEHOI TinoTe3u
Bycinecka, mo 3B's3ye Hampyru PeitHompaca 3
ocepeHEHUMH TlapameTpamu 1motoky [14, 15]. B skocti
pobounX CepemoBHUIN, M0 [EPEeKadyeThCs, Ta, SKe
nmepekadyoTs, Oymo oOpano Boxmy. g 3aMHKaHHS
MaTeMaTU4YHOI MOJIeINI /IO PIBHSHB PYXY JOJAHE PIBHSIHHSI
Hepo3puBHOCTI. [l po3paxyHKy Tedii Oyna mpuifHATa
momubikoBana gBourapoBa SST  «K—w» Momenb
TypOyJIeHTHOCTI ~HepeHocy Hanpyr MeHTepa, 11O
3pYIIYIOTh, sIKa BPaXOBY€E OCOOIHMBOCTI Tedii O TBEpIANX
CTIHOK 1 B 30BHINIHEOMY TIOTOIi, Ta MPHBOAUTH JO
3aOBUTFHIX  PE3YNBTATIiB  PO3PAXyHKY OOMEKEHHX
cTiHKamMu 1O0TOKIB [9, 16]. MaremMaTiuHe MOIEIIOBAHHS
MPOBOIMWIIOCS B TporpamMHOMy Komrurekci OpenFOAM
(OpenCFD Ltd) mpu HaCTymHHMX 3HAYEHHSX TPAHHYHUX
YMOB: Ha BCIX 'PAHUISIX PO3PAXyHKOBOT 00J1ACTi PUIHHSATI
<OKOPCTKI» TpaHUYHI YMOBH: Ha TBEpJii CTIiHII — yMOBa

NPWINIAHHS  PiIAMHU V‘ =0, y BXigHOMy NepeTuHi
b

KaHalty JKHUBJICHHA 3aaaBaIoCsa 3HA4YCHHA TUCKY

rajJbMyBaHHS p|b = p,, Y BUXIIHUX KaHaJlax — PiBHICTh

HYJIO THUCKY p|b =0. Ilpu 3aBoaHHI I'paHUYHHX YMOB

OCBOBHX BXOJIiB BUXPOBOi KAMEPH BPaxOByBaJOCs T€, IO
B 3aKPYYCHOMY ITOTOIli THCK PO3MOIUISIETHCS 33 paJiycoM
ctpymeHs. Tomy Oyna 30imbIIeHa po3paxyHKOBa 001acTh
1 3a7aHi TpaHWYHI YMOBH BUXOXIYy Ha HOBIH TpaHWIN, 1e
THUCK MPaKTHYHO IOPIBHIOE HYJIO 1 HE 3MIHIOETHCS 3a
pamiycom [1, 8, 9].

[MoTyXHICTh CITKOBOI pO3OMBKH CKJIaNa MPHOIU3HO
5 MJIH. eJIeMeHTIiB I 3a0e3nedeHHs mapamerpa Y < 2.
Takoxx OyJI0 TPOBEACHO pPO3PaXyHOK i3 CITKOBOIO
po36uBkor0 Ha 20 MJIH. €JEeMEHTIB, Ta OTPHMAaHO, LIO
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pe3ynapTat 3a po3douBkamu B 5 Ta 20 MJIH. €JICMEHTIB

MPAaKTUIHO  HE  BIAPI3HAIOTHCSA, TOMY  TMOAAJIBIII
pPO3paxyHKH TPOBEACHO 13 po30MBKOIO y 5 MIH.
€JIEMEHTIB.

PesynpraTi  po3paxyHKy 3aJIe)KHOCTI BiJHOCHOTO
Koe(illieHTy KOpPHCHOI Mii BHXpeKaMEepHHX HacociB Bij
cTymeHs 3akpydeHHs mnotoky K Tmokazami Ha puc. 4.
KoedimienT xopucHOi mii po3paxoByBaBcs 3a HACTYITHOIO
bopmyIoro:

P (Ve2 —\/2)
Pe — Pin +

2
pten .
= = 'n:n/n ,
PQ ’

p (VSZ _ V 2
—p,+
Ps — Pe 5

n

Je 1M, — Koe(illieHT KOPUCHOI JHii BHUXPEKaMEpHOIO

Hacocy 0e3

nepeKavyeThesl.
Hdus anamizy 3miam KK]I Oymemo BukopucTatn

BigHocHy 3miny KKJ| y mnopiBHsHHI 3 Hacocom 0e3

HOHCpCI[HBO.I. 3aKPpYTKH  IIOTOKY, IO

MOTIEPETHBOT0 3aKPYUECHHS MTOTOKY: Aﬁ = T_] -1.

3 puc. 4. Bugno, mo BigHocHuit KKJ[ 3pocrae 3i
30UTBIICHHSAM  CTYICHsS  3aKpy4eHHS IOTOKY, IO
MePEeKaYyETHCS.
an

0,4

N,
.\

0,2 //
-
0.1 /'
//
0 __.-—-'/
0 0,2 04 0.6 0.8 4 K

Puc. 4 —3anexwnicts BinHOcHOI 3Mian KK/ BuxpekamepHux
HACOCIB BiJl CTYIEHs 3aKpyYeHHs OTOKY, IO NIePEeKaTy€eThCs

e miaTBep/Kye TMOMEpeaHi MPUIYIICHHS PO
3MEHIIEeHHS BTpaTH Ha yJaap Yy TMpoueci 3MilllaHHs
B3aEMOJIIFOUMX MOTOKIB [5] Ta 3MEHIIeHHsT BTpaTH eHeprii
OCHOBHOTO IIOTOKY Ha PO3KPYyYeHHS IMOTOKY, IO
MepeKavyeThesl, IO MPHUBENO [0 OLIBII JTOCKOHAIHX
CHEPreTHYHUX XapaKTePUCTHK HACOCIB, HIK HaBE/ICHI B
poborax. Tax BimHOCHE 3poctanHs KK]| BuxpekamepHUX
HACOCIB 13 3aKpyUYCHHSM MMOTOKY CKJano maibke 35 %.

3 puc. 5 BHAHO, IO TpH 30UIBIIEHHI 3aKpy4YeHHS

BXiZTHOTO MOTOKY 3MEHIIYETHCS cepenHii
BaKyyMMETPHYHHH THCK B KaMepi.
3 puc.6 BHIHO, MO TONEpPETHE 3aKpPyUEHHs

BXIJTHOTO IOTOKY TPAaKTHYHO HE BIUIMBAE HA PO3IOALT
TaHTeHI[IAIbHOT CKJIaJ0BOi IIBUAKOCTEH Yy BHXpPOBIH
Kamepi. 3a pe3yJabTaTaMH PO3PaxyHKIB OTPUMAaHO, IO
3aKpy4eHHS TAaKOXX HE Ma€ iCTOTHOTO BIUIMBY Ha OCHOBY
CKJIaZIOBY IIBHJIKOCTI y BHXPOBiii Kamepi, 1 OCbOBa
MIBUIKICTE Y TOPNiI HACOCY 3QJIMIIAETHCS MOCTIHHOIO,
TOOTO  HE  3aleXHTh  BiA  3aKpydeHHA.  Tomy
OOTpYHTOBaHUM € BHOIp B SIKOCTI KPUTEPII0 MOPIBHSIHHS
XapaKTepUCTUK Ha OCHOBI uncia PoccOi came rBUHTOBOTO

pPyXy, 10 0a3yeTbcs Ha PO3paxyHKax y BiTHOIICHHI JO
OCBOBOT IIBUIKOCTI.

. Na

2000

1004 ﬁ
R,

N i S
o

o

-1004

g A
Ykea7

000
0.03 T.02 0,01 o 0.0% .02 M
Puc. 5 —Po3nonin TuCcKy B IIEHTpi BUXPOBOI KaMepH B
3aJIEXKHOCTI BiJl CTYIICHS 3aKPY4EHHS BX1THOTO IOTOKY

Wa, mi
i

2000

-3000

&

/

|

/
/
)

0,02 0,6t s} 4. 402 (]
Puc. 6 — Po3mnoin TaHreHIialbHUX MIBUIKOCTEH Teuil B LIEHTPI
BUXPOBOT KaMepH B 3aJIe)KHOCTI Bill CTYHCHS 3aKpyYeHHS
BXiJJHOTO TIOTOKY

AJnleKBaTHICTD MPECTABICHUX JIOCITIKEHb
TepeBipsuIacs pisHUMHU CIIOCO0aMH, 30KpeMa, Ha SKICHOMY
piBHI — 3IiCTaBICHHAM pPO3PaXyHKOBUX KapPTHH Tedii
KapTHHAM Tedii, OTpPUMaHUM €KCIIEPUMEHTAIBHO, a TAKOX
KUIbKICHUM — TOPIBHSHHSM PO3PaxyHKOBOTO PO3IMOJILITY

THUCKY  B3JOBX  pajiycy  BHXPOBOi  KaMmepu 3
eKCIIEPUMEHTATBHUMH JTAaHUMHU.

BucHoBkM:

1. Ha ocHOBI MareMaTM4HOrO MOJEJIIOBAHHSA

€HEepPreTHYHUX XapaKTePUCTHK BUXPEKaMEPHHUX HAcOCiB
MIPOBEJCHO IOCII/DKEHHS BIUIMBY CTYIEHS 3aKpy4deHHS
motoky, 1mo mnepekauyerbcsi Ha KKJ/I  Hacocy.
MaremaTiuuHe MOJIENIOBaHHS IPOBEAEHO 32 JO0TOMOTO0
pimenns piBHsEF Hap'e-CTokCy, ocepemHeHHX 3a
Pettnonpncom B mporpamMHOMy KoMIutekei OpenFoam.

2. Bignocumit KKJ| 3poctae 3i 30imblICHHAM
CTyNeHs 3aKpy4deHHS MOTOKy, W0 Iepekaudyerbcs. lLle
MiATBEPIPKYE IOIepeHi NPHUITYIIEHHS NPO 3MEHIICHHS
BTpPaTH Ha yaap y Mpoleci 3MIlIaHHS B3a€MOMIIOYHX
MOTOKIB Ta 3MEHILIEHHS BTPATH €HEPrii OCHOBHOTO TIOTOKY
Ha PO3KPYUYEHHS TIOTOKY, IO TTIePEKaqy€eThCS.

3. BukopucTaHHS  TIONEPEAHBOTO  3aKPyYCHHS
MOTOKY, IO TIepeKadyeThcss TPHBEIO 110  OLIbII
JIOCKOHAIIMX E€HEPreTHYHHUX XapaKTepHCTHK HacociB. Tak
BimHOCHe 3pocTtaHHs KKJ| BuXpekamepHHX HacociB i3
3aKpydYeHHIM MOTOKY CKJIalio Maibke 35 %0.

4. TlomepenHe 3aKpydYeHHS BXiIHOTO IIOTOKY
MPAaKTUYHO HE BIUIMBAE€ HA PO3IOJII TAHTEHINIATbHOI Ta
OCHOBOT CKJIAJIOBUX IIBUIKOCTEH Y BUXPOBIii Kamepi.
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