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OBOCHOBAHHUE KOHCTPYKIIUU TPOMBIBHOT'O TPAKTA BOJO3ABOPHOI'O
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TIpusooames nekomopovie pe3yabmamsvi NOUCKOBbIX UC-
Ce008anull ONpeoeieHtHbix 8 Xo00e PUIUUECKOM MOO0eruposa-
HUU KOHCMPYKYULl HUSKOHANOPHBIX 80003AOOPHBIX COOPYIHCe-
HUll U meopemu4eckuti aHanu3 ypasHenuil Koaudecmed 08uice-
HUsl 08YX(IA3HBIX NOMOKOB JHCUOKOCHU (800a-61EKOMbIE HAHO-
cbl), KOmOpwle NOCAVICUTU O0OOCHOBAHUEM PAYUOHATLHBIX
KOHCMPYKYUU U RApamempo8 npoMblEHbIX MPAKMOG.

Are some pesynomanmoi exploratory research identified
in the course of physical modeling of structures of low-
pressure water intake and theoretical analysis of the equations
of motion amount of two-phase fluid flows (water-carrying
pumps), which served as a substantiation of rational structures
and parameters of wash tracts.

PammonanbeHoe yCcTpOMCTBO MPOMBIBHOT'O TPaKTa Ha
HU3KOHATTOPHBIX B0J103200PHBIX COOPY)KEHUSIX,
9KCIUTyaTHPYEMBIX TIPH BBICOKUX IPOIIEHTaX Bogo3abopa
(mpu xo3hdurmentax Bogozabopa < > 0,6 ), sABiIAETCS
BaXXHBIM YCIIOBUEM OCYIIECTBJICHUS aKTHBHOM 3aIUTHI
BOJOIMPHUEMHBIX 3JIEMEHTOB OT HAHOCOB [1]. [IpoMbIBHBIE
TPaKThl, KaK IPaBWIO, YCTPAWBAIOTCS B Npeaenax
KOHIICBOTO y4YacTKa HAaHOCO3AIUTHBIX IIOPOTOB, TIIE
HAHOCHI TPAHCHOPTUPYIOTCS Ha cOPOC B HIDKHHUH Obed
BO103200PHOTO COOpYKEHUSI. 3aTBOpHI,
MepeKpHIBAlOIIe COPOCHOE OTBEPCTHE IPOMBIBHBIX
TPaKTOB (IIPOMBIBHHUKOB), BXOIAT B COCTAaB MOIIOPHBIX
CTBOPOB THAPOY3JIOB.

Panee b.M1. MenpHuKoBBIM [2] ObUTa 00OCHOBaHA
HEOOXOIMMOCTh TOHWXEHHUS HaBICHUS B NPHUAOHHON
YacTH MPOMBIBHOTO TpakTa JUIs MOBHIMICHUS 3 dekTus-
HOCTH cOpoca HaHOCOB. [Ipu 3TOM BO3MOXHOCTH ITOHH-
JKCHUS TaBJICHUS ONPECISUIACh YBEIIMYCHUEM CKOPOCTH
BOJHOTO TIOTOKa 3a CYET MECTHOTO yMECHBIICHUS
[ITyOMHBI OTHOCUTEIBHO PACUYCTHBIX TNTyOUH B BEPXHEM
obede coopyxeHns. C TENbI0 YBEIUYCHHUS PA3HOCTH
DIyOMH OBUIO  TMPEMIOKEHO YCTPOWCTBO IMPOMEKY-
TOYHBIX CTEHOK, KOTOpBIE C TIEJbI0 IOHIKCHHUS
JTABJICHUS BBIIBUTATINCH B CTOPOHY BEpXHETo Obeda ais
CO3/1aHUs TOTIOTHUTEIBHBIX COITPOTHBIICHHM.

Jlns onpeneneHus AIUHBI TPOMEKYTOUHBIX CTCHOK
peKoMeHI0Bajach 3aBUCUMOCTS [2]:

ho=(1,0+1,2)Hp, (1)

rne Hp - pacdernas rioyOnHa BOABI B BEpXHeM Obede
BO0J103200PHOT0 COOPY>KEHHSI.

Ha ocHoBaHMM pe3yJbTAaTOB MOWCKOBBIX HCCIIENO-
BaHWH KOHCTPYKIWI IPOMBIBHBIX TPAaKTOB [3] Hamu ObI-
JIO OTPEJIENICHO, YTO TaKOH CIOCOO MOBBIMICHUS TPaHC-
MOPTUPYIOLIEH CITOCOOHOCTH BOAHOTO ITOTOKA CHHMXKACT
MIPOITYCKHYIO CIIOCOOHOCTH PEYHOTO MPOJIETa THAPOY3Ia
Y HAHOCO3AIIUTHOTO MOpora. JTo TpeOyeT YBEeIUUCHUS
IIAPUHBI BOZOCIHBHOTO ()POHTA COOPYKEHUS, UTO IPHU-
BOJIUT K YZOPOKaHUIO CTPOUTEINLCTBA.
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YuuThiBasg 3TO, HaMH, HapaJUICIbHO pa3padoTKaM
M0 HAHOCO3AIIMTHBIM MOpOTaM, paccMaTpUBAIHCDH
pa3nu9Hble COCOOBI TOBBIMICHHUS TPAHCIOPTUPYIOMIEH
CHOCOOHOCTH TOTOKa BOJBI, HA y4YacTKE INPOMBIBHOTO

TpakTa, 0€3 TIOHWKEHHUS WPOMYCKHOW CIIOCOOHOCTH
JNIEMEHTOB  COOpYKeHHs. B dYacTHOCTH, IyTeM
YCTPOWCTBA  JIOTIONHUTENBHBIX CTEHOK H  OBIKOB

MeHbIMX pasmepoB [1, 3], a Takke ¢ MpUMEHEHHEM
YCOBEpPIIEHCTBOBAHHBIX KOHCTPYKIIHIL 3aTBOPOB [4].

B kauecTBe 0AHOrO U3 BapUAHTOB, B XOJE€ MOUCKO-
BBIX MOJIEJIBHBIX MCCJICJOBaHUM, OBUIO MPEII0KEHO YC-
TPONCTBO TOPU30HTATIBHOIO KO3bIPbKa HA HIDKHEN KpOM-
K€ 3aTBOpa IPOMBIBHOTO TpakTa. OTO MO3BOJIMIO CO3-
JIaTh TIOHMKEHHUE JAaBJICHUS B IPUIOHHOM clIo€ AByX(da3z-
HOTO TIOTOKA C YCKOPEHHEM O00BEMOB BOJBI MOJ TOpH-
30HTaIBHBIM KO3BIPEKOM [4].

Hwmwxe mpuBeneHa pacueTHass cxeMa CBOOOAHOTO
HCTEUEHHS KHUIKOCTH U3 IO/ TOPU30HTAILHOTO KO3bIPh-
Ka, Pa3MEIIEHHOr0 Ha HIDKHEH KPOMKE 3aTBOpa IIPOMBIB-
HOTO TpakTa (pUCYHOK 1).

CocraBnss ypaBHeHue bepaymnnu qis ceuennii I-1 u
II-II (cxxaroe cedyeHre) OTHOCUTENBHO OCH cpaBHeHUs (-
0 (cM. pucyHOK 1) mosry4uM ypaBHEHHE BHAA!
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Puc. 1. PacueTHas cxeMa ropu30HTaIBHOIO KO3BIPHKA,
YCTPOEHHOI'0 Ha HI)KHEH KPOMKE IIIOCKOI0 3aTBOpa
IIPOMBIBHOTO TpakTa: 1 - BepxHHi Obed) coopyxeHus; 2 -
HAHOCO3aILUTHBIA IOPOT; 3 - IPOMBIBHOM TPaKT, 4 - IJIOCKUHA
3aTBOP POMBIBHOT'O OTBEPCTHUS; 5 - TOPU30HTAIILHBIN
KO3bIpeK; O - 0TBOJAIIEE PyCTIO0; 7 - JOHHAsI BCTaBKa C
00paTHBIM YKJIOHOM TTOBEPXHOCTH.

e p1 ¥ P2 - JaBJICHHC HA CBOOOJHON IMOBEPX-
HOCTH >KMIKOCTH,

P - IVIOTHOCTHU KHUJIKOCTH;

g - YCKOpeHHe CBOOOTHOTO T1aICHHS,

Xi, ¥ o - KOIPPHUIIMEHTHI, YIUTHIBAIOIINC HEPAB-
HOMEpPHOE paclpe/ieIecHne CKOPOCTEH MOTOKa B CEUCHH-
sx I-I u II-II cooTBeTCTBEHHO;

& - BEIUYMHA OTKPBHITHS 3aTBOpPA MPOMBIBHOTO
TPaKTa;
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€ - KOOQPUITMESHT CKATUSA CTPYH MOTOKA TIPH UCTe-
TeHUU JKUAKOCTHU U3 MOJ TOPU30HTANBHOIO KO3BIPHKA;

hw - norepu snepruu.

B pesynbrate npeoOpa3oBaHus ypaBHEHHS (2) Mo-
XeT OBbITh MoJtydeHa (opMya ajIst orpeesIeHus] CKopoc-
TU B C)KaTOM CEUEHUU:

1
v, _@J(zg(np- ea- hw)+a1V12), 3)

Bun dopmynsr (3) maeT BO3MOXKHOCTH IpeIBapHU-
TENBHOTO OIpEJENICHHs] MapaMeTPOB TOPU3OHTAIBLHOIO
KO3BIpbKa C y4€TOM HPOAOJIBHBIX CKOPOCTEH JBUKEHUS
IIOTOKa B IUPKYIALNOHHOM BaJbIle, TPAHCIOPTHPYIO-
IIeM HaHOCHI BIOJIb HAHOCO3AITUTHOTO TTOPOTa.

B xone moxmenwpoBaHUS HaMU OBLIO 0OOCHOBaHO
MIpUMEHEHHE HOBOTO KOHCTPYKTHBHOTO 3JIEMEHTA Ha JTHE
MIPOMBIBHUKA IT0JT TOPH30HTAIBHBIM KO3BIPEKOM B BHIIE
JTOHHOW BCTAaBKH C OOpPATHBIM YKJIOHOM ITOBEPXHOCTH.
Takas nonHas BcraBka 7 (cM. puCyHOK 1) obecneunBaeT
OoJbllice MCKPUBIICHHE CTPYH, UCTEKAIOUINX HM3-TIOJ KO-

3bIpbKa. IIpHM CONPHUKOCHOBEHUHW CTPYyH C HUXKHEH
MOBEPXHOCTBIO  KO3bIpbKa  yBesnuuBaercsi dpQexT
KOHMYeCKoro  Hacajgka.  IloHmkeHue — naBieHUsA

CIOCOOCTBYET TOBBINICHUIO TPAH3UTHBIX CKOPOCTEH
IIOTOKa W YBEIMYEHHIO O0BEMa TpPaHCIOpTa HAaHOCOB
yepe3  NOpoMbiBHOM  Tpakr. Ilpu  stoM  jmms
TOPU30OHTAIIBHOTO  KO3bIpbKa C JOHHOW BCTaBKOU
ypaBHEeHHE (3) MOKHO 3aIHCaTh B CICIYIONIEM BHIIE:

1 2(p1 -
V2 —\/Zg(Hp- ea- hy,)- “11/12"‘% ,

Ja1
: )

PesynbraThl 1a00paTOPHBIX HCCIIEIOBAHUM YCTPO-
CTBa TOPU30HTAILHOTO KO3bIPhKa Ha 3aTBOPE B IPOMBIB-
HOM TpakKTe IOJITBEPANIN MOBBIIIEHUE TPAHCIIOPTHPYIO-
med crocoOHOCTH O0O0BEMOB BOJBL, COpAachIBAaGMBIX B
HIDKHHH Obed coopyxeHus [4].

C menpio onpeneneHus (HakTopoB, OMPEIESIISIONINX
TPAHCHIOPTHPYIOUIYIO CIIOCOOHOCTH ITOTOKA, HAMH OBIIO
pPacCMOTPEHO ypaBHEHHUE MPUPAIICHHS KOJIMYEeCTBA JIBU-
JKEHUsI Il MacChl BYX(a3HOro MoToKa MHUAKOCTH (BO-
Jla - BJIEKOMbIe HaHOCHI). [Ipu 3TOM ObLTa MCTIOIB30BaHA
pacdeTHasi cxema, NpUBe/IeHHAs! HA PUCYHKE 2.

I i

Puc. 2. PacueTHas cxema MpOMBIBHOTO TPAaKTa BOA03a00PHOTO
COOPYKEeHHUS 000PyI0BaHHOTO HAHOCO3ALIUTHBIM IOporom: 1 -
BepXHUH Obed; 2 - HAHOCO3AIUTHEIN ITOPOT; 3 - TPOMBIBHOK
TPaxKT; 4 - OTBOJIAIIIEE PYCIIO.
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IIpuMeHNUM K OTCEKY ABMXKYIIETOCS MOTOKA JBYX-
(hazHOM KUIKOCTH, orpaHndeHHOMY cedeHusmu I-1 u I1-
II, TeopeMy 00 M3MCHEHHWU KOJMYECTBA IBIDKCHUS [S].
IIpu 3TOM KOJIMYECTBO ABHXKCHUS IBYX(A3HOrO MOTOKA
JKUAKOCTH, MPOTEKAIOLIETO Yepe3 >KUBOE CEUEHUE IIO-
manaeio (w + wy) (TIe co - mIomans, COOTBETCTBYOMIAs
JIBHYKCHUIO OCHOBHOTO TIOTOKA BOJBI; aH - IUIOIIAb Ce-
YEeHHs, COOTBETCTBYIOIIAsl IBMKCHUIO HAHOCOB), OyaeT
paBHO:

jp{:tdm}: * I(fjrr = ﬂ:(”udw:r]”w = P"II"Z"”I Ll T2 P}u"‘"}: Oy 5 (5)
o o,

TAC p U pH - TNIOTHOCTHh BOJbI U BJICKOMBIX HAHOCOB
COOTBETCTBCHHO,

o’ 1 X" -k03(pPUIHUCHTHI KOTHYECTBA ABIKCHHS [5];

V U VH - CKOPOCTHU ABUKCHHSA BOABI U BJICKOMBIX Ha-
HOCOB COOTBCTCTBCHHO.

BripaxkeHue mnpupamieHus KOJIUYECTBa JBUKCHHS
MacChl IOTOKa, cOpachiBaéMOro 4Yepe3 MPOMBIBHOMN
TpakT, 3akitoueHHoro mexay cedeHusmu [-1 u 1I-II B
eANHUIly BpeMeHH dt, OTHOCHTENIHHO HAINPaBICHUIO
IBIDKCHUS, COBIANAIOIIEM B IEPBOM NPHOIIKCHUH C
TOPH30HTATBFHBIM JTHOM HPOMBIBHOTO TpaKTa MPHUMET
BUJ:

i " ' woa
4Ky = pa:v%mz + (pn' = P}iz""ﬁz“’nz _Pa]ﬁzml W T ,ﬂ}ﬂ; Vi s (6)

[posopa naneHeHumme npeoGpazoBaHid, MONYHHM
. YpaBHCHHE:

\ . g i'y
AK 4 = pasQvy + payOv —(p,, — pdivina,p = (0, = Pl viirom ()

Yuurtuieas jomymenus [60],  ypasnenue (6)

npyBeeM K BHOY:
4Ky = pa Oy =w) +(p, = pa Gy =vin )+ (8)
rae G — pacxoj HaHocoB B NPOMEIBHOM TPAKTS,
lianee MOPHHUMAaN PABEHCTBO. ;m' Ofv,—w)=R-5
ypasuerne (8) npencTasumM B BHIE
ARy = Jﬂg“r_lmlml - ﬁgh:rmzwl + [PH - {]}I IG{U.'rl =Vut)s ()
Paspenus mpasyio M NEBYH0 YACTh YPABHEHNHA (8)
Ha NPOHIBEOEHHE pg TIONYHHM!

AK ( n —P) A (""J.'_ ~Vy J
4 =hﬂrnr]““l _hlpmﬁml + & a2G 2 : ' (10)
PE ) p g

CornacHo pacuewimi«‘l cxemsl (cM. pHeyHok 2)
By o+ Jxdg, -
hrgmt=%='g‘_2“&t

; = Inb,, (b, — WHPHHA NPOMBIBHOTO TPAKTa, COLAC-

}
J;erz ;'-2i , @ ay = Fr]bnp H

HO BRINOJHEHHOTO AHANH3A CYLIECTBYIOILMX KOHCTPYK-
uuit BOA03ADOpHEIX COOPYWEHHH, NMPHHHUMAETCA NOC-
ToRHHOI 10 Beeli NHHe, T.¢. npu3maTHueckolt dopmsl),
¢ yuetom 3toro ypasHenue (10) npumeT Bul
4Ky [:hi +Jx’r{lx]2 b ili _.‘_'mr:
np

B 8 g6 —twl | (1)
PE 2

p g
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- IMIOTHOCTH HAcTHIL HAHOCOR, cOpackIBACMBIX Ye-

Mocne npeoGpazosanma nomyym: pe3 NPOMBIBHOMA TpakT;
AKy U 3l + (I xly 2 s (3, - p) " (2 Vi) 5 - PA3HOCTH CKOpOCTEl MDIGHEHHA BICKOMBIX HAHO-
__-F.E 3 rp o (12) COB N0 ATHHE NPOMBIBHOTO TPAKTR,

YuuTIBAA OTH  (hAKTOpBI, ONpefensouNe TPAHC-
NOPTHPYIOLIYHO ¢nocolHOCTL MOTOKA, HAMH GLUID npen-
J0#eH0 YeTpolicTBO HA fiNe NPOMBIBHOTO TPAKTA JA0H-

Hi ypaptienns (12) nomyumm  dopmyay ans
OMPEaCcNeHA pACK0AA HAHOCOR;
"].": h ,I'I,l'hjxlf“ +J "IﬂxJ

R B 24Ky = pibl U Xl + TU) HOMl BCTaBXM C nﬁpn'ru:!.m YEIOHOM NOBEPXHOCTH, NpH-
;= T - = ! BEACHHOM Ha pueyHye 3.
@ Lrd = 2l 20 (P = V3 = Vi) L
P e I 1 3
_ (13) i 3 e
lpencrasnennsiii sia ypasuenns (13) ans onpe- \
ACTCHUA PACXOAA RICKOMBIX HRHOCOB, MPOXOAALLIK NO B ey o, S N T
NPOMBIBHOMY TPAKTY, QACT BOIMOMHOCTH CHENAThH Bbl- - : m _¢f3 e
HOA, YTO TpPAHCMOPTHpYHOWaA cnocobHOCTE BOOHOrD Hof == o
NOTOKQ YBCAHUHBASTCA NPH POCTe IHAYECHIH HIMEHEHHS i ,, P . %_]‘ il
KOMTHYECTBR ABICKEHHA, H YMCHBINASTCH BCAENCTBHC R i - R
POCTa CHeYIOLGTX ZHateHHil: 1 ul® .
- WHPHHB H TAyOHHEL MOTOKZ B NPOMBIBHOM o

TpakTe, Pue. 3. Cxeus puameneninn AoHnoll BETanki B 0POMLIBEOM TPakTe

BOAEIAGOPHOMD CoDpyHeHIs:
- JUTHHEI TIPOM
A POMBIBHOTO TPakTa, 1 = sepxancil Gecdy 2 = BEHOCCIAWMTILIL NOpOr; 3 — npoMeEHON

TOEKT; 4 — 337200 NPOMBILHOTD TpRICTE; 5 — Ml Gued,

Beipwsan ypasnenHe HIMEHEHHA KONNYECTBA JBIDHEHHS OTHOCHTENLHO TONBKO BOSHOIG MOTOKA, COIMAFILCTD
ABWAEHHNE HAHOCHBIN MACC, C YUeTOM IefCTBHE P2aviimt Ry, 3amumes pa'Q{v2~1=f}=ﬁ—P1—RA—. [Ipn atom
ypabHenue (13) npumet suD

AKy _, (odxle+ ) Ry
oz 7 2 ' pg _ ARG —058 Jxl pef2in + Fxl )+ Ry
- (Pu =8} (Vg = Vi a“.l"p“ — PIfg ) . (14)
B g

3Hak (+) mepea BBIpaXXEHHEM peakIud RX CBHAETEIBCTBYET O MOJOXKUTEIHHOM BIIMSHHM JIOHHON BCTaBKHM Ha
YBEJIMYEHUE TPAHCIIOPTUPYIOLIEH CIIOCOOHOCTH TOTOKa B IPOMBIBHOM TpakTe, KOTOpas IPH YCKOPEHHH BOJHOIO
MIOTOKA BBI30BET OTHOCHUTEIBHOE YMEHBUICHHE YCKOPEHHs YaCTHIl BIEKOMBIX HAaHOCOB. B cBOIO odepelb yCKOpEeHHE
00BEMOB BOJBI, yBEIHUYHBAIOIIEEe M3MEHEHHE KomuuecTBa AswxeHUs AKd, B IIPOMBIBHOM TpakTe MpPU yCTPOHCTBE
JIOHHOW BCTaBKU MPEIOIPENENCHO YPaBHEHHEM HEPA3PBIBHOCTH BOJAHOTO MTOTOKA.

PesynbraThel IpeiBapUTENbHBIX SKCIIEPUMEHTANIBHBIX HCCIIEJOBAHUI TPOMBIBHBIX TPAKTOB C YCTPOMCTBOM JTOHHOMN
BCTAaBKH CBHJCTENICTBYIOT, YTO PAIIMOHANIBHAS €€ BBICOTA Hogern M3MEHSIETCSI B TIPEZIENIaX:

Bosen = (0,25 + 0,8 )Hp (15)

YCTpOﬁCTBO KO3BIPbKOB Ha HUXKHHX KPOMKAX IMOJOTHUII 3aTBOPOB MPOMBIBHBIX TPAKTOB WJIM JOHHBLIX BCTABOK
MO3BOJIUT COKPATUTH BEJINYUHY PACXOJ0B BOJAbI 3aTpauNBACMbIX Ha C6pOC HAHOCOB U3 BEPXHUX 6I>e(1)OB Bo,uo3a6opme
COOpy)KeHHfI B OTBOJSAIIME pYycClia. OT0 YIYHYIIUT SKCIITYAaTAlMOHHBIC XAPAKTCPUCTUKU BO,HO3a60pHBIX COOpy)KGHI/Iﬁ B
MECKCHHBIC IEPUOJbI OKCILTyaTalluU.
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