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JA.B. Kasnienko, acnipaur
1.O. Kosanbos, kauj. Texs. HavK, npod.
CyMCeKME gepxasuuil yaisepeuTer

P PYHTY BANHOA EHEPTETHYHHUX XAPAKTEPHCTHK
IOHERTPOBOIO HACOCHOI'O CTYIHHEHIO

SO Cmanimi posedeing. anails pebovnzo npoyecy dONEeHmPOEDZ0 HOCOCHOZ0
e, CRPORKIOGAN020 ¥ X001 D0CHONCEHHS MONCTUROCTTT NIOSUUMEHNS enep2o-
Cicnn emynemo nacocy ITHC 3a paxynox euxopucmanist KowOinosanozo 6ioye-
Hpeo-doienmposoco Apoyecy exnepeonepecayl. ORUCANo YUCEAbHUE eKCREePUMERN
W TTHENEHHIO. EREPTSMUATUX. RAPAMEMPIE KITbKOX 8aplannis OOyeHmposozo cmy-
Vi ind nposedeno Ix aneis.
pumiliosanui podomii npouec, HacocHuil CTYNIHE, J0LUEHTPORA JONaTeRa pe-
TR, [IPOTOMHA “MACTHIA, YHCALHHI eKCNIEPHMENT, CHEPIeTHYHI XapaKkTepu-
PR, EHEProcMEICTD

fipotrena i it 368'n30K 3 Haykosumu i mexuivuumu 3adauamu.

HiNBHIEHHA €HEPrOEMHOCTI CEPIHONO NPOMIKHOIO CTVICHIO HACO-
v¢ HHC 180-1900, Ges sminu HOIo MOHTAXKHO-rabapuTHUX PO3MIpPIB, MO-
FH JIOCATHY TH IUTAXOM Opradizaiii komGiHOBaHOTO NpoLEecy eHeprone-
prdl. Takwit eriocid supimerHs wei npobaemn nepenbauac HeoOxij-
Wi T IOABY Y CKITAT CTAHAAPTHOTO CTYMEHIO A0AATKOBOro pobovioro op-
Ly, SIKHA, 34 OEBHHX YMOB #oro poborwm, CTBOPIOBATHME [10]IATKOBHIH
TP, 1UQ CYMEPHO NPH3BEIEC 10 MIABMILEHHA HAIIOPY HACOCHOIO CTYylIe-
TN

Ha xadeapt npukiaanoi rizpoacpomexaniku CyMCBLKOrO JepiKaBHO-
|1 VHIBEPCHTETY 0CHLDKYETBCA BapiaHT Opramisamii KoMGiHOBAHOrO
iecy enepronepenai, Ha 6a3i CTBOPEHHA KOMBIHOBAHOIO BilEHTPO-
1 100eHTPOROI e crynexio Hacocy [IHC 180-1900. Takwii ctynine npen-
| RIAE CODOIO MOCHA0EHO PO3TALIOBAH] TA KOHCTPYKTHBHO 3'€/(HaHI ce-
Y BUIIEHTPORY Ta QOUEHTPOBY MPOTOYHI HacTHHU, TexXHONOrMHO 10-
CIITPOBA IONATEBA PEWITKA PO3TAIOBYCTHCSH HA 3BOPOTHII CTOPOHI OC-
HHHOTO NHCKY BLAUEHTPOBOTO pobouoro kosneca. Taka cxema oprauizamii
ovGIHOBAHOMO Npouecy enepronepenawl (puc. 1) 103B0OMsE v MEKAX Ce-
|M1IHOTO CTYDEHIO BIALCHTPOROIO GAraToCcTyeHeBOro Hacocy po3MicTHTH
(W IATKOBHA PODOTHIA Opran, He 3MIHIOIOUYH HOr0 OCLOBHX 1a PafiaibHUX
LIDAPUTIB,
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Puc. 1. TIporouna nactina koMBIHOBAHOrO HACOCHOIO CTYIIEHIO

BHKOPUCTOBYIOUM Takuil KOMBIHOBAHUIT CTYITIHL B AKOCT] SMIHHHX
NPOTOMHUX YACTHH J10 DararocTyneHeBux nacocis cepii LIHC 180, moskna
AOCATHYTH TIIBUIICHHA €HEPrOEMHOCTI ICHYHOYMX HACOCHWX ATPEraTip.
[Ipy mpoekTyBanHi Ta BHTOTOBICHHI HOBHX OaraToCTYNEHEBHX HACOCIH,
BUKOPUCTAHHS KOMOIHOBAHOTO CTYNEHIO MIABHOICHOI EHEPrOCMHOCTI
AACTh 3MOTY JLOCATHYTH HEOOXIJIHMX MapamMeTpie 10 Hamopy 3a J0NoMO-
FOI) MECHILOI KUIBKOCTI CTYIEHIB, Y NOPIBHAHHI 3 ICHYFOUMM I KOHCTPYKILi=
AMH TAKMX HACOCIB.

[TinBaieHHA HATIPHOCTT OKPEMOIO CTYNEHIO T4 HACOCY B LLIOMY €
AKTYalIbHOIO NPoDIIeMOI0 Y rauty3i Oy Iy BaHHA HAcOCHOrD 00I1alRasHg JUIT
3dBOJIHEHHSA HADTOBUX TUIacTB [6].

Aranis oocnioncens i nyoaikarii.

PoBounii npouece BIANCHTPOROrO JIOTIATEBOIO CTVIIEHIO J106pe Bi-
AOMHA, JCTANBHO MOCHJDKEHME Ta JAOCHTHL PYHTOBHO onHcaHdil v Ga-
rareox npausx [1, 2, 3, 4, 5.

3naynmii OCBLA eKCIUyATaUll BIAIIGHTPOBOID BacOCHOTO 0D.1a/HaH-
HiA, 30KpeMa Yy rajiys3l BHAOOVTKY Ha(TH, HpH3BIB /10 BUEUKHCHHA KiNbKOX
HAIPAMIB BHPILIEHHA HAHOWBI akTyansHux npobuem, Tak, Haapuknan,
U DIMBHINCHHA eeKTUBHOCTI BHKOpHCTAHHA Hacocis Tuiry LIHC 180,
SIKI JOCHTH MacTO EKCIUIYATYIOTBCA Y PEXMUMAX CYTTEBOIO HelOHARAHTA-
KECHHS, IO B CBOKW YEPTY BHKIHKAHO 0CODIHBOCTAME yMOB HadroBuHIO-
OyBannd, HayxkoruaMu « BHIIAH» 3anponoHoBaHO BUKOPHCTANHHA 3MIH-
HUX MPOTOYHIX 4YacTUH. Takui cnocid o3BoMse, OPH HEe3HAYHHX BHTPA-
Tax, HA 3MEHILICHOMY peHMMI MO ToJaYl HACOCY, JIOCATHYTH HEODNIAHOI0
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HNOpY Ta BIuore (y NOpiBHAHHI 3 BHKOPUCTAHHAM HA [|bOMY peAMMI
UHAAPTHOL MpoTIMHOl wacTHHu Hacocy LIHC 180-1900) koedimienty ko-
procnot i [7].

/101 BUIMITUTH, 110 TaKHH criocld JoCATHEeHHS CTaJoro 3Ha4deHHs
HATIOPY Ta OOTHMATBHOIO KKJI, ITPH 3 3MEHIUCHLH BJIBIYI (101241 HACOCHOTO
| UVTIEHED HE € MUIBHILCHHAM 00 eHepToEMHOCTI.

30ubweHys Hanopy crynento nacoca [[HC, Des sminm itoro mon-

lHo-1a0apuTHUX PO3MIPIB, MOYKHA JIOCATHYTH 3a JIONOMOTOI0 BUKOPH-
| UHEA NOABOCHOTO psiiy Jonated Ha Buxoal 3 poGouoro koaeca. llei
nocth noTpebye MIHIMAIBHUX BUTPAT Ta € JIOCHTE IPOCTHM Y peam3saliii,
HpOTE, 3@ HOTO JIONOMOroK BAAECTLCA JOCATHYTH JIABHILEHHS HAMOPY
' ryneHo adue Ha 3.,.5% [8].

Hopgn 31 crnpobavin NPUHIMITORO] 3MIHY €HEPreTHIHIX NapaMeTpis
CIVIICHIO Y MEFKAX TAaK 33aHOT poBOY0I 30HM, ICHYIOTE Psijl CIIOCODIB 010~
HS TAKMX IPODJIEM SK ICHYBAHHA «3aNaaryol» HalpHOI Xapakrepu-
LKA B 30HL MATMX BUTPAT [9] Ta masseHHs KOHCTPY KITHBHOT MILHOCTI,

CJIHOYACHHM HOKPALIEHHAM PIBHOMIPHOCT! IOTOKY Ha BUXOI 3 pobo4o-
ro keneca [10].
Yo uinessasanl cnocobM 3MIHH XapakTePUCTHK ICHYIOYHX BITIICH-
POBHX HECOCHHX CTYNEHIB BKa3yHOTh Ha JIOCHTh rAuMOOKKI PIBEHh BHB-
HCHHA JAH0T TpohneMaTHKEN,

Cnocid nijiBMiLenHs eHeproeMHuocT! cryneunio Hacocy tany 1HC
HUEXOM opraHianl KoMOIHOBAHOIO HPOLECY SHEPronepeaadl, a came,
HULLE HPOBO-10UEHTPOBOTO, € NPUHUMIIOBO HOBHM T4 Y MPAaKTHII HACO-
CODY Y BAHHA HE 3YCTPIYAETLCH.

Can BLAMITHIN, 1O ICHYIOTH NEBHI PEKOMEH/IAlii H10/10 HeIoIIb-
HOCTT BUKOPHCTAHHA JIOLEHTPOBOT JIONAaTeBOl PEIIITKH Yy HACOCHOMY pe-
KUMIL, 110 3YMORIEHO OCODAMBOCTAME IOUEHTPOBOTO NPOLECY CHEProne-
pesadi [ 11]. Asie BoHH BKa3ylOTh, Nepin 3a Bee, Ha MOPIBHAHHSA ePeKTHR-
HOCT] BHKOPHCTAHHA BLIUEHTPOBOIO Ta AOLEHTPOBOIO HACOCHUX CTYIe-
I,

Pe3podKy 1d €KCOCPUMEHTAIBHI JAOCILKEHHA KOMOIHOBAHOIO BiJI-
HEUTPOBO-JOLEHTPOBOIO CTYNEHK onncano v npausax [12, 13, 14]. Auanis
PCSVALTATIA (IPOBENSHUX BUNpOOyBaHb IMOKA3aB, (10 JIOCHTHYTH MIJIBH-
lCHHA HampyocT crynento Hacocy tuny LHC, mumsxom opramsami
LOMBIHORAHOTD  npopEcy  eHepromepejadi, a caMe, BIAUECHTPOBO-
OUEHTPOBOID, HA JAHOMY €Talll J0C/IKeHHS el npobiaemH, He BIaJIo-
ci, Haenaky, eKCnepuMeHTIbHUM IUIAXOM BHABICHO AEAKE 3HMIKEHHS
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3ArATBHOIO HAMopy KOMOIHOBAHOTO CTYNEHIO, T4 CYTTEBE MIABHINCH
CTIORUBAHOI TIOTYHHOCTI,

Haragaemo, mo nMpuHLUANOBY MOMXIMBICTE CTROPEHHS HAIOPY I
LICHTPOBOIO NIOMATEBOIO PEILLITKOK AOBENeHo ¥ npanax [15, 16, 17].

I{i obcTaBuHKM BKa3ylOTh HA Te, WO ICHYIOTH CYTTCBI BiIMIHHOCT
MIZ TCOPETHYHO CIPOEKTOBAHAMM Ta PEANbHO ICHYIOUMMM (IAPaMETPaM
NOTOKY Yy JOUSHTPOBIM 4acTiHHI KOMDIHOBAHOTO CTYNEHIO, (OCTIIKEHOI
y nomnepeiHix nyomikamsx.

Hocmanoska 3aedanua.

Jana pobota ¢ npojioBkeHHAM MyOmKaiii Ha TeMy po3pobicH KoM
OIHOBAHOIO BIICHTPORO-IOIEHTPOROrQ cTyrieno Hacocy [[HC. Mero
POOOTH € BUZHAYEHHA CHEPreTHHHAX NAPaMETPIB IOUEHTPOBONO L1y NEHIO
AOCHPKEHHA OTOKY Y HOro npoTouniil yacTuni Ta GOpMYBAHHS PeKoMe
HAQIUIH 1010 BUTOTORNEHHA HOUEHTPOBOI YacTHii KoMbIHOBaHOTrO pobho
qoro xoseca.

Bukaaoenns mamepiany ma pesyibmanii.

[Tporoura wacTuRa AOUEHTPOBOID CTYNEHID CKIAIEACTBCA 3 TPLO?
CJICMEHTIR. HANPABJIAYOr0 anapary, A0UeHTPOBOT PEMITKH Ta BIAEIHONO
anapary, KokeH 3 SKUX CYyTTEBO BILIMBAC Ha Horo KiHuenl rnapamerpu. Ha
JAHOMY eTarl JOCIIAEHHA BU3HAYCHO NapaMeTpH NOTOKY Y ME&Kax Ha-
MPAaBIAOUOro anapary koMoiHosanoro crynemio |[18] ta copviosano pe
KOMEHIA1T LWOJ0 ITPOCKTYBAHHA reoMeTpii HOro FBOPOTHIX JI0NaTeH.

BiAMITHMO, WO TIPUPICT HATIOPY BIAOYBAETLCA CAME V JOLSHTPORIif
YACTUHI CTYHEHIO (poTopiif). YV xomM JoCHnKeHHs HEOONI IO BIrHAMKTH
ONTHMATBHY hopMy Ta rycTotTy nonareil JOUSHTPOBOI PEIIITKH, i TaKOA
pealibHi HAPAMETPH KOMIIOHEHT IIBHIKOCTI HA BUXOJ 5 Hei.

Pobounii npouec 10UeHTPOBOT HACOCHOT PElITKH MOMKHA OINHSATH 3a
JOMOMOTO0 OCHOBHOTO PIBHAHHA [IAPOMAIINH, NOZHAYUBLLE [IAPAMETPH .
BXOJ/Y Ta BUXOY 3 Hel Hgexkcamu 11 1a 12 BianosHoO;

Vo=V Wi-Wi UZ-U]
H:r= 2 RESFIRAS § 12 4 12 L
2g 2g 2g
PiBHauna (1) Takoik MOAHA 3a1THCATH Y HACTVITHOMY BUITISI
y 3
i
Hy = (R Viaw = RV (2)
g

Bpaxoytoun 0coOIHBOCTI AOUEHTPOBOIO [IPOLECY HEPEKIUY BAHHA

PLAMHHW, 3a3HAYUMO, O Tperiii uned pisasngg (1) =apsin Gyae
B eMHUM. [Tpy nboMy, mod JOCSrHYTH MaKCHMAILHOIO TEOPSTHIHON

(1

== e s
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ooy IOUEMTPOBOrO CTyneHa HeodxIIHO 1ed cyma nepumx JAsox. 4ie-
o s aEg Oysia skomora OUIbIIoK @ 3HaUeHHA TPETHOI0 — MIHIMAIDL-
sl

JAnnIIeMO BMpa LA BENWIHHHM CKJIATTOBOI HANOPY y NEPEHOC HOMY

ra 2
By = L”, Ui, (3)
' 28 28 2g

G anamisy pisHAnHs (3) 6auuMo, 10 BETHMMHA BIJ EMHOTO 3HAHCHHHA

Oy JOUEHTPOBOT peuniTKE (PAKTHUHO 3aN¢KHTL B PISHALL Pamilycls

foonse il ta sXxol B Hel, Ockinekn R 5 < Ry, 10 s 3a0eznedeHHs. Mak-

UL IBHOTO TEOPETUMHOTO HATIOPY JIOLEHTPOBOIO CTYNEHIO, NPH 1HILKX

GHHIEN YMOBAX, CA1] BUCOTY J0IEHTPOROT penniTky BuOMpaTn skomora
L 1T D,

2md iImp2 b
W R, —m R (0 " .
l- Il (R" R')
=i
12 0

a=R, — R
R, - Ry| > min. (%)

dle omyn cnocib sabesneveHHs MAKCUMAIBHOTO TEOPETHHONO Ha-
LOPY IDHEHTPOBOTO CTYMEHIO BUILIMBAE 13 apamizy piBHanHs (2). Hass-
T AOJATHOTO 3HAYEHHS OKPYIKHOI CKiaao0soi abeomoTHol IBHIIKOCTI
LY H2 BNOJIL Y HOUEHTPOBY PEIUITKY Vi SMEHIIYE (i TCOpPeTHIHHH
ponip. da ymosn V=0, pisaadus (2) 3anuiiemMo:

1 ;
H, = E RV (5)

e nepenBavae BICYTHICTS UMPKYASIIT IMBHAKOCTI NOTOKY Ha BXOA
WOLZETPORY PELITKY, 110 3abesneyy eTbed 0codANBOI0 (HOPMOK) 3BOPOT-
o IDNATER HANPARIAKYOro anapaty koMO6iHoBanoro cryneHio [ 18],

Adtanis piengandg (5) nokasye, 1o 31 30UILIIEHHAM paalycy BHIXOY
eHTPOBOL periTkn R, Ta msuakocti Vg, 301b0IyeTsed i TeopeTuy-
won panip. el BucHOBOK, a TAKOXK NONepeHii (Npo BUCOTY PELLITKH),
JOPAY TR TIEBHI PEKOMEHRJIaNI] 00 NPOSKTYBAHHA Ta BHIOTOBJICHHA
HICHTPOBOTO HACOCHOI'O CTY [IEHIO.

3 ypaxyBaHHAM BMILEHABSICHHN PEKOMEHIALIH Ta TEXHOIO0ITHHOI
CHIUTBHOCT] BHIOTOBACHHS, Y AOCTLAHOMY 3pa3sKy KOMOIHOBAHOIO Bil/ilie-
JIDOBO-IOUEHTPOBOTO CTYNEHK) NPUIHATO Takl 3HAYEHHA BXIZAHONO Ta
WHNIHOTO padiyels BignorigHo: Ry = 119 mm, Ry = 144 M.

BHIHAYS HHA AHATITHYHAM HUISXoM (GopMu PODOUMX OPraHiB JOIEH-
POBOCO CTYyneH:0, Aka O 3abc3neynia MaKCUMAaIbHE 3HAYEHHA OKPY AHOI
Cn1ag0s0] abcomoTHOD (BMAKOCTI HA BHXOJ 13 penntkn Viay, HE npu-

e R e e e 4 e P S e S e A i R S S
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3BCITO J10 OMIKYBAHMX pe3yibTaTis [14].

Ha aanomy ertam nochikensis, 3 METOK PO3PANYHKY MapaMeTpin
MOTOKY Y AOUCHTPOBIH PenmiTill, TPUAHATO PILICHHA MPOBECTH WG ThH I
CKCOEPUMEHT.  BpaxoBylO4uM OCODNMBOCTI  POSPAXYHKOBOTO MOV
ANSYS CFX. BU3HauYeHHs NapaMeTpiB NOTOKY I0LEHTPOBOID CryNeH
BUPILICHO NPOBECTH OKPEMO ;11 HOro eneMenTiR.

Meroauka | NOPANOK HPOBEACHHA YHCENLHOTO CKCHEPUMEHTY 10!
BU3HAYCHHIO 1TapaMeTpiB JOIEHTPOBOTO PODOYOrc KONECa He BiJIpIZHIA-
CA BII ommcanwx y pobori [18].

Pospaxyikosa citka (puc. 2) Gyiia cTBOpeHa Vv KOMITOHEHTI MO~
rpaMHOro Komrmjiekcy ANSYS yHIBEPCUTETCHKOI BEPCI 1 HApaxoByBald
1389 muic. npusmMatranmux Komipok. JUis HANEKHOro onucy FMOrpaHHYHIK
LIapiB NOOAN3Y TBEPAMX CTIHOK LYCTHHY CITKH OYI10 30 LibLIe HO.

Puc. 2. Po3paxynkopa ciTka 10CHBKYBaHOTO 00 €My PlLauHm

Bemuura sMinnoi Y+ sHaxogunacs B meskax Bt 10 mo 100 omu-
HAL, WO BIANOBIZAC PEKOMEHIALIAM, NPUBEIEHUM B MOCIGHHKY KO-
puctyBaua | 19].

PO3paxyHOK MOTOKY pijIiHK Y KaHanax JOCIIIGEY BAaHOTO poboydoro
koJieca OYJIO BUKOHAHO 3a JOMOMOTOK TIPOTpaM Horo [TpoayKTy ANSYS
CFX. Muuemuaﬁﬂn MPOBOJIMIOCA JUTS BOAM HE PO3PAXY -]HDHIH ol
180 '/rox. Ta uacTori DﬁE]}Td}IHH pobouoro xoneca 3000 xu™, Taxum vi-
HOM, OYJI0 JOCHIKEHO KUIBKA BAPIAHTIE JA0UEHTPOBOL TOMATEROT PEtiTKI
3 NOCTYHOBHM BH3HAYEHHAM (X EHEPTETHYHUX XAPAKTEPUCTHK.

-
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Puc. 3. Kaprasa Teqil y MBKIONMATCBHX
KAHILTAX JOUSHTPOBOTO CTYNEo papianty |

Hayxosi ppawi JonHTV

Haitnepiuuit 3
RAPIAHTIB — OIHMCAHMN ¥
pobori [14]. Ha puc. 3
300pameHo KapTuHy Teull
Yy MBEJIONATEBHX Kajazax
JIOLEHTPOBOIO  podOHOro
koseca Bapianty 1. Horo
EHEPreTHYHl [apaMeTpH
FREJEHO  JI0  3aralibHol
nopieHAAbHol  Tabsimil
JOLICHTPOBIX  CTYINEHIB
(rabnanua 1).

Otpumani  ix  3Ha-
YEHHA 3arajioM IMigTBep-
TIKYI0Th pesvabTaTH
NpoBeAeHOI0  (PI3UHHOrO
EKCNEepPHMEHTY '1a [0BO-

Ch HEOLUTBHICTS BUKOPHCTAHHA TAKO! (JOPMH JOUECHTPOBOI PEllTKH
0 CTROPEHHT KOMOIHOBAHOIO BIUIEHTPOEO JOUEHTPOBOI0 HACOCHOTO

VLY TIEHED,

HacTvini J0CpEe HHS TPOBOAMIKMCS VIS JIEKLILKOX BaplaHTiB BH-
| OHAHHA JIOUSHTPOBOT PeliTKN. [X BUIMIsA/ T4 KAPTHHH Teuil B Mixk Jora-
CHMX Kananax 300paxeno ma puc. 4 - puc. 6 BIANOBLAHO. EHepreTntiHi
paMerp ACUEHTPOBUX pemiTok Bapiantis 2, 3 ta 4 3se/1eHo 10 Tabiau-
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Pruc. 4. Kapruna Tew v MUEAOMATEBHX KAHALAX AOUESHTPOBOID

CTYIEHH) BAPIAHTY 2
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Puc. 5. Kapruna tevli y MUKIONATCBUX KAHANAX AOUSHTPOROTD
CTYNEeHW) RapianTy 3
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Puc. 6. KapriHa teqii y MEAIONATEBUX KaHanax J0UCHTPOROTO
CTYTIEHIO BapianTy 4




N T3-T920 Hayxosi npaui JonHTY

comua 1L Hopisasiasia Tabunust apaMerpis A0UEHTPOBHK CTYIIEHIB

_Bapawr 1| Bapiawr2 | Bapiamr3 | Bapiamrd |
BXI4 | BHXIJ | BXin | BHXIZ | BXin BUXIA | BXIA | BHXIA
\ mic| 267 | 391 | 13 [ 329 | 10,6 | 294 | 6,1 | 253
Wowe| 187 | 475 | 328 | 561 | 353 | 76 | 399 | 114
| wic| 45,5 | 37,1 | 455 | 37,1 | 455 | 37,1 | 45,5

Vi.we| 267 | 39 | 128 | 328 | 104 | 292 | 57 | 251
Yoonlel 25 | 31 [ 25 | 301 | 25 [ at | 25 | 31

v [ o125 | 503 | - .8
vl 110 | 62 .5 46
| L = 0,4 | {}J ] 0,77

AHTIZ OTPUMAHMX PE3YIILTATIB /1A€ 3MOTY BU3HAUMTH ONTHMAIBHHIT
1 POSITIAHYTHX BAPIAHT BHKOHAHHA JOUEHTPOBOI JONATEBOI PEILITKM, 1O
N HANBHLY MOKA3HUKKM MO HANOPY Ta KK/L Bisyanisauis noroky y mix
WHITREMX. KaHANAX. 103B05€ BUABHTH HA BUXO/Ll 3 HUX 30HYy BHXPOYIBO-
puns. e ABmme AMOBIPHO BUKJIMKAHE PI3KUM 301/1b1IEHHSAM HKHBOTD T1e-
[ IIHY ¥ 30HI TAK 3BAHOTO KOCOTO 3P13Y, Td NPHIBOANTL 110 3MEHIICHHS
LU TOEQIeKTHBHOCTI I011EHTPOROIO CTYTIEHIO,

Jlani Tadmuii 1 nokasyoTs, 1o MAKCHMANLHOT eHeproe)eKTHRHOCTI

HADCTATHRO BUCOKOM) 3HAYEHHN HANOPY AOUEHTPOBOIO CTYIEHIO BIAIO-
L0 IOCHTHYTH [PM BIZHOCHO MEHILIOMY 3HAYeHH] napamerpa V. lle#
KT BEAZYE HA 3aTANLUMH BIUIMB B 3MIHH I'COMETPIT JIOHEHTPOROL peri-

1 HA YO KOMITOHSHTH IUBHAKOCTI NOTOKY, 1O CYTTEBO YCKAAAHIOE aHAa-
CUTIHME UDIAX BM3HAYIEHHS ONTHMANbHHX TEOMETPHUHMX NApaMeTpIB
IEHTPOBOIO CTY NCHIO, AK1 O 3a0e3nedmin MaKCHMalsHy HOro eneproe-
[ THBHICTD 11PH MAKCHMANBHO MOMIIMBOMY 3HAYEHHI HALIOPY.

Y nogaasuiomy pocmasenHi jianoi npoGreMaTHKM 3ariiaHoBaHo
HPOBECTH NOIMHOACHIH AHAM3 MOIKITHBOCT] BIUIHBY HA NapamMerpu HoTo-
' 1 [OKpaleHHsa [OKAZHUKIB ¢HeprOe(eKTHBHOCTI JOUEHTPOBOIO Ha-
OCHORO CTYNECHIO.

Bucnosru ma nanpamox nooaisuux docnioycets.

Y XOml 1POBEAEHHS YHCENBHOTO EKCIIEPUMENHTY BIANOCH BH3HAYHTH
CUCPIETHYHI TAPAMETPH  KUTLKOX BAPIAHTIB JIONEHTPOROIO HACOCHOTO

VIIZHIO. 30Kpema, BapiaHT 4 32, {0BONBHAE YMOBI MAKCUMANBLHOI eHepro-
CperTHBHOCTL. OTpUMAHI pe3yibTaTh He JIMLIE [IATBEP/KYIOTH MOK/IH-
Wb Opradsanll KoMOIHOBAHOIO BLILUEHTPOBO-IOLEHTPOBONO MPOIECY
Seprougpenatl. a i BKasyloTh HA JOLLIBHICTE BHKOPUCTAHHA TAKOIO
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Criocoby NMIRHINEHAS CHEPTOEMHOCTI CTYITSHIO Hacocy Ty LHHC, sx no
BOT'O Ta NMEPCIISKTHBHOI D,

HMopansumii nanpaM TocipKeHs nepeatatac mornubicHe a9 HEHS
0c00IMBOCTEH JIOUEHTPOBOrG POBOYOro MPOLECY 3 TIOCTYNOEHM [TOKPA
LICHHAM PODOYMX XapaKTepHCTHK JIOLEHTPOBOIO 30KpEMa Ta KOl
OIHOBAHOTO HACOCHOTO CTYNEHIO B winomy. IlormbGnennil wianis »apaK
TEPHUX YMOB PODOTH KOMOIHOBAHONO HACOCHOTO CTYTIEHIO MA€ POSILADH:
TW 00MacTh HOTO BUKOPUCTAHHSA Ta MaCTh IMOTY BADITIHTH [POOIEMYU Ha:
cocoOyayBans.
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