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IIPETHCJIOBHE

3a Gosiee yeM CTOJIETHHA MepHoOJ, MPOLIEAIMA ¢ MOMEHTa CO3JaHus
CTpYAHRIX anmnapaToB, ROCTHCHYT 3HA4YUTEJbHBIH mnporpecc Kak B 06-
JIaCTH COBEpIUEHCTBOBAHMA KOHCTPYKUMH annapaTtoB, TaK H B paa-
paboTKe MeTOLOB HX pacueTa. KOHCTpYKTHBHOE yCOBepIIEHCTBOBaHHE
annaparoB NO3BOJHJIO YBEJHYHTbL 3a 3TOT NEPHOL HX KO3(DOhHIUEHT
nosesdoro aedcreust (KI1O) ¢ 5—8 mo 30—40 %. Ykasauunie 3Ha-
uyeHus couamepHMnl ¢ KITJ BUXPeBHIX H HEKOTOPHIX THIIOB LEHTPoGexK-
HHX HacocoB.

Oco6rifi UHTEpEC B CBA3H ¢ HeOOXONHMOCTHIO NOBHILEHHS 3(dek-
THBHOCTH H HHTeHCH(MKAUWH pa3JHYHBIX OTpacjefl HApORHOro Xo-
35HCTBa NPEACTABJAAIOT YHHBEpCaJbHEIE aBTOHOMHBIE GHICTpONEpeHa-
JlaXKHBaeMble YCTAHOBKH, B KOTOPBIX THADOCTPYyHHBIE annapaThl HC-
NoJIb3YIOTCA COBMECTHO C JIOMACTHBIMHM HAaCOCaMH. Takue YCTaHOBKH
NO3BOJISIIOT CYILECTBEHHO PACIIMPHTh (PYHKLIHOHAJNbHBIE BO3MOXHOCTH
cepuiiHoro HacocHoro ofopyjoBaHus. Ha ocHose coBmecTHOrO nmpume-
HEHUS JIOMACTHRIX M THAPDOCTPYHHBIX HAacOCOB MOXHO YBEJIHYHTb
B HECKOJbKO pa3 Hamop HJH [ojady, HONMYCTHMYIO BaKyyMMeTpH-
YECKYI0) BHICOTY BCAachiBaHHSl JIOMACTHRIX HAacocOB, [IepeKayHBaTb
STHMH HAcOCaMM THIPOCMECH H rashl, CO3JlaBaTb BaKyyM WJH TOJYy-
YaTh CXKATHIfl BO3LYX, OCYIIECTBJATH CMEIIEHHE MHAKHX, TBEPAHIX H
ra3oo6pasHeIX Cpel H MHOTHE JIpYrHe ONepamHH.

C npyroit CTOpPOHH, CO3JaHHe YKasaHHHIX YCTaHOBOK II03BOJISIET
Joctuup Gosbinx 3Hauenu#i KI1IL mo cpaexennio ¢ KIII ormensHO
pacIoJioxeHHoro crpyitHoro Hacoca. IToBwmimenue KI1JIL nocruraercs
3a cyeT TOro, 4To GOJBLIYI0 YacTb MNOJE3HOH paGoTH MO MepeKauke
JKHAKOCTH B KOMIIJIEKCHOH YCTaHOBKE COBEpILIaeT JIONacTHOH Hacoc,
a CTpYHHEIfl annapaT BHIIOJHSET JHIIb T TeXHOJNOTHYECKHEe (GYHKIHH,
KOTOpHIE HE MOXKET BBINOJHATH JONAacTHOH Hacoc (OCYIECTBJASET
caMoBcachlBaHHe, NTOAABJ/SET KABUTALMIO, lTepeKaunuBaeT rassl U T. I.).

HccnenoBanuio M pacueTy THAPOCTPYHHBIX annaparoB B Halle#
CTpaHe MOCBALIEH pSAJL OCHOBONOJAralmHX paGoT, BHITOJHEHHEIX
B MockOBCcKOM BHICHIEM TeXHHYeCKoM yumiaume M. H. d. Baymana
I0. K. Kupuaaosckum u JI. I'. INogsuazom, Bo BeecoraHoM TernyoTex-
HHueckoM HHcTHTyTe MM. . D. Iaepxunckoro E. fI. CokoJioBEIM H
H. M. 3unrepoM, B MOCKOBCKOM HH)XXEHEPHO-CTPOMUTEIHLHOM HHCTH-
tyre uM. B. B. Kyi6uimesa I1. H. KameneBniM. Matepuansl 3Tux
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HcelefioBaHUN OuMH ony6nukoBaHH Gonee 10—15 ner nasam [10,
23, 27, 65 ]. Kpome Toro, B nocjieAHNI NEpHOX TOJIBKO B Halllei cTpaHe
€XErofiH0 Ny6JHKYITCS RECATKH craTed M H306peTeHHii mo cTpyi-
HEIM annaparam. Y KasaHHble pa6oThl, a TaKxkKe CTaTbH U H306peTeHUs
He TOJBKO He HCYEPNBIBAIOT PaccCMaTpHBaeMoH B KHHUIe NpOGJIEMHI,
a CKopee MOoRYepKHBalT HeOOXOAHMOCTh ee JasbHellel pa3paGoTKH.
MoOXHO C onpele/ieHHOCTbIO CKa3aTb, YTO B Hay4HO-TEXHHYECKOH JiH-
Teparype, H3NaHHOA B Halllefi cTpaHe, BOMPOCH NPOEKTHPOBaHHA,
pacueTa H SKCIlyaTauHH MHOTOQYHKIHOHAJBHBIX YCTaHOBOK C THApO-
CTPYHHBIMH M JIONAacTHHIMH HacoCaMM He MOJIYYHJIH HEO6XOAHMOro
OCBeIeHHs .

[TosToMy OCHOBHOH 3ajauell KHUTHM SBJSETCH H3JOXKEHHe HHXKe-
HEepHBIX METOJLOB pacyeTa H KOHCTPYHPOBAHHS YKa3aHHHIX YCTaHOBOK.
Kunra coctout M3 AByx uacrefi. B nepBofl yactH paccmaTpHBaioTcs
BONIPOCH KOHCTPYHpPOBaHHS M pacueTa pabouHX M KaBHTAUMOHHBIX
XapaKTePUCTHK TEXHOJOTHYECKHX 3JIEMEHTOB KOMIUIEKCHHIX YCTaHO-
BOK: THAPOCTPYHHHIX HAcOCOB AJs KHakoctedr (ra. 1), njaa ruipo-
TPaHCIOPTHPOBAHHSA TBEPHBIX BemecTB (ra. 2), XKHAKOCTHO-Ta30BHIX
annaparoB (rJa. 3), JonacTHuIX HacocoB (rJ. 4). 31a yacTb KHHTH B T€O-
PETHYECKOM IlJIaHe OCHOBHIBAETCH Ha pe3yJIbTaTax paHee BEIOJHEHHBIX
¢yniamenTanbHHX HccaefoBanuit [10, 23, 65]. ABropom npoBezeno
ofGobluleHHe HMEIOMUXCH B JHUTEparype CBeJeHHHA MO pacueTy H KOH-
CTPYHPOBaHHI0, pa3pa6oransl 0606 EHHEIe paboune H KaBUTAUHOHHBIE
XapaKTepHUCTHKH THAPOCTPYHHBIX annapaToB. Bropas wacTb KHuUTH
NOCBSINEHa KOMIJIEKCHEIM MHOIOQYHKIHOHAJIBHEIM YCTaHOBKaMm C TH-
IAPOCTPYHHBIMH H JIONACTHHIMH HacocaMH. 3Jech NMpPHBEIEH HHXEHep-
HEIi MeTof pacuera paGounx H KaBHTAaMHOHHBIX XapaKTePHCTHK
ycTanoBoK (ri1. 5). B mocsnenyiomux (6—10) riaBax paccMmaTpuBaotes
NpHMHIHUN JNEeHCTBHS, METOAMKA pacyeTa M rpauKH OGOGIMEHHBIX Xa-
PaKTEpHCTHK KOHKPETHBIX YCTaHOBOK, NMpeNHa3HaueHHRIX AJjs obecre-
YeHHS CaMOBCACHIBAHHS M YBEJHUYEHHS BBICOTHl BCAaChIBAHHSA JIOMACT-
HHIX HacoCcOB, LIS NONbeMa KHIKOCTH ¢ O6oJbIIOH TJyGHHBI, AJIA
npeo6pa3oBaHUs XapaKTePHCTHK LEHTPOGEKHBIX HACOCOB, JJISl THAPO-
TPaHCIOPTHPOBAaHUS TBEPABIX BEIUECTB, a TaKXKe BaKYyMHHX, KOM-
NPECCOPHBIX M CMECHTEJbHHX YCTaHOBOK € XKHJAKOCTHO-ra3oBLIMH
. CTPYAHBIMH amnmnaparamH.

ITpuBeseHHble B KHHre rpadHKH TOKasblBalOT XapaKTEPHCTHKH
H 00JaCTh ONTHMAaJbLHOTO TPHMEHEHHS KOHKPETHbIX YCTaHOBOK,
a TaKxe MO3BOJIAIOT O6JEerYuTh HX pacueT. BoJbIIHHCTBO ONHCAHHBIX
B KHHMI® YCTaHOBOK M METOIBl HX pacueTa MOJY4HJH anpobamuio
B NpakTHKE pasjiMUHBIX OTpacieii HapOJHOIO XO03fHCTBA CTPaHHL.

ABrop BeIpaxaer riyGokyio npusHaresnHocte JI. M. TpyGHLb-
HO# 3a KpOMOTJIMBHIA TPYR NO MOATOTOBKE PYKOMHCH.



OCHOBHBIE YCJIOBHBIE OBO3HAYEHH A

a — OTHOWmeHHe NJAOTHOcTed, @ = (pr — Pw)/Px}
C — KaBWTanuOHHHA KO03(POHIHEHT GHLICTPOXOAHOCTH Ha-
coca;
C— ylleNbHAA TeNNOeMKOCTh;
D;, Dy, Dyyy — coOTBeTCTBEHHO AHAMETDP BXOZAa, AHAMeTp BHIXOAE
H SKBHBaNeHTHHA puaMerp paGouero xoJeca LEHTPO-
GexxHOro Hacoca;
de, dy — 2MaMeTD BBIXOZHOTO CEYEHHS coljla M RHAMETP Ka-
Meph cMemweHHst (FOPMOBHHBI) ruUApocTpyfiHoro am-
napara;,
d — ocHOBHOM reomeTpHueckHfi mapaMeTp rugpocTpyi-
HOro annapata ¢ UeHTPaJdbHBIM comioM, d= dp/de;
drp — nHameTp TpyGONpOBOXa;
dey — AMaMeTp cauBHOro TpyGoONpOBOAA BOXOBO3AYLIHOIO
32KeKTOpa;
di — cpeaHAs KPYNHOCTb TBepAWIX 4YacTHR HS {-r0 HH-
TepBaJa;
Eg, H — Becosoil Hanop;
Epy, — MaccoBuift nanop;
Ey — obbeMunit nanop (nasneHHe);
Gu — cpennuil MaccoBHIl pacxop BO3nyXa, NOACACHIBAEMOro
BOJIOBO3AYIIHBIM 9KEKTOPOM;
£ — ycKopenHe cBOGOAHOro Naieuus;
Hy — Hanop, cooTBeTcTBYIOMmMA aTMOCc(EDHOMY RABJIEHHIO;
Hgag — BakyyMMeTpHuecKasi BHICOTA2 BCACHIBAHHA,
Hge — reoMerpuyeckasg BHICOT2 BCACBIBAHH;

H2O% — nomycTuMasi BAKYYMMETpHUeCKas BHCOTa BCACHBAHHS;

HES™ — pomycTHMAA TeOMeTDHYeCKasd BHICOTA BCACHBANHS;

Hyar — ManoMeTpUuecKHA Hanop (BHICOTA HArHeTaWMs) Ha-
coca;
Hg, n — Hamop, COOTBETCTBYIOW{HY J@BACHHIO HACHILEHHBIX
NapoB KHLKOCTH;
Hp — nonesunift Hamop ruapocTpyfiHoro Hacoca;
Hp — pabounit Harop rufpocTpyHHOro Hacoca;
Hgy — Hamop, BHIDaXKEHHH B MeTpax cToJ6a rHAPOCMECH;
H¢. y — HOMHHaTbHAA BLICOTA CaMOBCACHIBAHHSA HAacOca;
Hy — TeopeTHueCKHil HANOp LEeHTPOGEXKHOrO Hacoca;
E—6espa3MepHuﬂ Hanop TrHAPOCTPyHAHOro amnapara;
hys hgy Bg, By — COOTBETCTBEHHO THADPABJHYECKHE COTIPOTHBJEHHS rop-
NOBHHB! (KaMepHl cMelueHHs), auddysopa, KoAbLeBOro
H LEHTPaJbHOro COMA THAPOCTPYHAHOrO anmapara;
{r. ¢y Iy — COOTBETCTBEHHO YJjeJbHbe THApPAaBIHYeCKHE COIPO-
TUBJEHUS TNPH ABHKEHUH B TPy6aX THAPOCMECH H
KHIKOCTH; .

K — 6eapasmepHu# reomerpudeckuft mapameTp THApO-
CTpyHHOro amlnapara, paBHH OTHOLIEHHMIO HJOL(ARel
KOMbUEBOro COmMna H LeHTpajbHOro comna, K =
= (&2 — a2yt

ky — nonpaBounbl ko3¢pdHUUEHT K o6beMHOMYy K03ddH-
ILHEHTY MOACOCa BOROBO3AYIIHOIO 3KEKTOpA, YYHTH-
BalOWU paBienyue HACHINEHHBIX I1apOB JKHAKOCTH,

by = 1 — pu ol pu;
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ky — nonpasouxuf Kos(pdHUHERT K o6beMHOMY KOSGhGH-
ILHEHTY TOACOCA BOXOBO3AYIIHOTO 3KEKTOPa, YUHTH-
Balowuf pasmmuy Temnepatyp paGouelt Boam Tp
H ToacachiBaeMoro BosfyXa Ty, kp = Ty/Tp;
kH, kg, ky — COOTBETCTBEHHO SMNHDHYECKHe TOMPABOYHbe KOSD-
dunuesTH Ang uamopa, pacxopa ¥ KIII npu mepe-
cueTe XapaKTePHCTHK UEHTPOGEKHBLIX HACOCOB B CAy-
yae paGoOTH HX HA BASKHX XKHAKOCTAX;
kg, Rgae — COOTBETCTBEHHO CEKYHAUBH H uacoBofi KOS(DHLHEHTH
HEPABHOMEDHOCTH NOTPeGNEHHA XKHAKOCTH B THHAPO-
cHcTeMax;
kp — KOHCTaHTa pPacTBOPHUMOCTH ra3oB;
£ — XapakTepHHH reoMeTpuueckufi pasmep;
Ly — obmuft yposeHb BHOpauuy;
Ly; — ofmnlt ypoBeHb 3BYKOBOrO AaBJIEHHS,
I, — ZAMHA KaMephl CMemeHHR (TOPJIOBHHB) THAPOCTPYH-
HOro anmnapara;
loy — AnuHA cBOSOAHOA CTPYH;
m — reoMeTpHuecKHX TnapaMetp ruppocrpyfiHoro anma-
para, m=d* = d3;d};
m; — MaccoBoe TDPOUEHTHOE COZiePIKAHHE TBEPAbIX BelleCTB
B THAPOCMECH H3 [-rO HHTepBaja N0 KPYUHOCTH di;
mp — ko3pdULHEnT pexHMA NOTpeGleHHA HAKOCTH HS
THAPOCHCTEMH;
N — MoutHoCTb;
Np — ruapaBnHYecKas MOINHOCTb Hacoca;

Nix, Np.e» Ne, Nyp, Ny — MoTepH MOIMHOCTH B 3JeMeHTax TI'HAPOCTPYHHOro
HAcota COOTBETCTBEHHO: HA BXOJe NOTOKA B KaMepy
CMellleHHS, TIPH CMEUIEHHH paBouero X TaCCHBHOTO
NOTOKOB, B paboueM conJie, Ha TPeHHE B Kamepe cMe-
IeHud, B AHpPy3sope;

Nagy — MOMHOCTE, 3aTpauHBaeMasi Ha paboTy TRApOCTpY#-
Horo Hacoca, Ngar = Npoa + Npors
Npox — MOIMHOCTE, NMONE3HO HCNOnb3yemas NpH paGore rH-
npocTpyAHOro Hacoca;
" Npop — OOlHe NOTEDH MOIIHOCTH NPH pa6oTe THAPOCTPYH-
Horo Hacocd, Npor— Npx+ Ny ¢+ Ng+ Nyp 4 N;
Ny — MomHocTb, TNoTpeGrsieMas UEHTPOGEMKUBIM HACOCOM
NpU nepeKauyke rHAPOCMECH C NJIOTHOCTHIO Peom:
fpx. fAg, ¢» fg, Mrp, My — OTHOLEHHE NoTepb MowHOCTH Nox, Np oo Moy Nxp,
Ny x MomnocTH Naar;
n — 4acToTa BpAIEHHS Hacoca;
Ny — YHeNbHaf 4acTOTa BPAMEHHS HAcOCa;
ns — xo3tbpUIHEHT GHICTPOXOAHOCTH HACOCa;
Rmax — MAKCUMANbHAST YACTOTA BpAIIEHUS HACOCA;
ny — yaCTOTa BKJIOYEHUS Hacoca B €IHHHIY BPEMEHH;
ny — YHCJO BKJAIOYeHHH Hacoca 3a MPpoMexyTOK BpeMenH AT
Rgyr — YHCAO BKJIIOYEHHA Hacoca 3a CYTKH,
P — LaBJIeHHe;
p — GespasMepHOe JaBJieHHe;
Pa — aTMocepHOe naBieHHeE;
ps —lapuHanbHOe JaBjeHHe BO3RYXa B NapOBO3AYLIHOX
CMeCH;
Px — RaBJenHe, TNPH KOTOPOM B JKHIKOCTH BOSHHKaeT Ka-
BHTALHUA;
Pa — AaBNeHHe HH3KOHaNoOpHOR (maccHsHoll) Cpein Yy TH-
npocrpyfiHoro anmapara;
Pr. @ — BaBJieHHe HACHIUEHHBIX TapOB XXHAKOCTH;
Pe — DaBJeHMe CMecH Cpel Ha BbIXoxe H3 ruapoctpyfinoro
annapara (naBjeHHe CKATHS);



Ppp — RaBnenne paGodeli (aKTHBHOH) JKHAKOCTH Ha BXOAe

B THIPOCTPYHHH annapar;
@ — mopada KHAKOCTH;

Qv — ofreMHag monauya KHAKOCTH;

Qm — MaccoBagl Tionaya MKHAKOCTH;

Qg — BecoBas Nojaya KHURKOCTH;

Qp. y — 0OBeMHAg Togaya BO3ZYXa CAMOBCACHBAIOIMM Haco-
COM IpPH HOMHHANbHOM BHICOTE CAMOBCACHBaHHA;

Quac — nonava LeHTPOGEKHOro Hacoca;

Quony — HOJNE3HAA Nojaua YCTAHOBKH;

Qy — obbemublfi pacxox (monaya) mepekauHBaeMON THAPO-
CTPYAHLIM annapaToM cpegH;

Qp — obvemubift pacxon (nopaua) paGoyek cpexsl wuepes
COMJIO TUAPOCTPYAHOrQ annapara;

Q¢ — cymmapuuii obbeMunifi pacxop (mopava) mnepexa4H-
BaeMOil ¥ paGoueff cpej Ha BHIXQOAe H3 T'HIPOCTpYH-
HOT'O anmapara; ’

Qp — o6beMHHIf pacxof NMOAcAcHBAaeMOll SIKEKTOPOM raso-
BO3ZymHOH cMecH;

Qg — pacxop XHAKOCTH, Npoxonsimedl yepes paGouee Kojeco
LUeHTPOGeKHOro Hacoca;

§ — GespaaMepHHIi mosesublf pacxop THAPOCTPYyHHOro
ammapata, § = 2 = Qu/Qp;

¢ — cpefHss 3a UHKJA TOJaua HAcOCa THAPONHEBMATHYe-
CKOH yCTaHOBKHY;

Qu — yTeuKa KHAKOCTH B LEHTPOGEKHOM Hacoce;

Ry — rasopag TocTosHMAs AJIS BO3RYXa;

Re — uucao Pefinosnnpaca;

r — xosbdunHent B dopmyne pas KIII ycranosok ¢ ra-
IPOCTDYAHBIM H UEHTPOGE)KHEIM HacOCAMH;
S — naomanp;

Sp, S¢ — COOTBETCTBEHHO NJIOMAAK TOMEPEMHOIO CeWeHHs Iop-
JoBHUB (KaMepbl CMemIeHHs)) H BHLIXOAHOrQ CeYeHus
paboyero comna THAPOCTpYHHOro anmapara;

8 — 30peKTHBHOCTE BOCCTaUOBNEeHHA XaBirenHs B Auddy-
3ope rApocTpyHHOro amnapara;

$my — OTHOIIEHHE MacCOBOrO pacXoia TBEPAOTO MaTepHana,
cofiepaKaIerocss B rHAPOCMEcH, K MaccoBOMY PacXony
KHAKOCTH;

Smg — OTHOIIEHHE MAaCCOBOTO PACXOAA TBEPAOrO BelecTBa,
conepaxamerocss B FHAPOCMecH, K MacCOBOMY pacxony
THADOCMECH;

Sy; — OTHOmEHHe ofbeMa TBepJOro MaTepHala, COAepKa-
WErocst B THAPOCMECH, K 00BeMY KHAKOCTH;

Sys — OTHOmEHHe o0bEMa TBepHOrO MaTepHana, cojepika-
merocsi B rHIPOCMECH, K O6beMy THIPOCMECH;

Ty, Ty — cooTBeTCTBEHHO aGCoNIOTHBIE TeMmmepaTyph paGouedd
XKHAKOCTH H CYXOTO BO3JyX2 Ha BCachHIBAHHHM BOJIO-
BO3/YIIHOrO 33KeKTOpa;

{ — npopomxuTefiILHOCT, paGoyero UHUKAa NPH TMOBTOPHO-
KPAaTKOBPEMEHHOM DexxKHMe paboThl;
lc. g — HONYCTHMAR NMPOJOMKHTENLHOCTh CAMOBCACHBAHHSA Ha-
coca;
!¢ mip — MHHHMaJbHOE BPEMs CAMOBCACHIBAHHS HAcOCa;
u — oObeMHHIR xoaqxpuunen'r moxcoca ruppocTpyfAHOro
Hacoca, 4 = Qu/Qp;
Uy — o6beMHBIN xostpqauuuem noacoca BOXOBO3AYIIHOrO
SIKEKTOPa, Uo= Qu/Qp;

Uy — 06BeMHBIA xoacpqmuneﬂ-r moxcoca THAPOCTPYAHOTO

Hacoca Mo xHEKolt ¢ase;
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Gy — of6pemAnfl  kO3(ipHIHERT moncoca THApocTpyAHOro
Hacoca TO TBeppoit ase;

Uy — o6beMHBIE KO3h}HUMEHT TOACOCA THAPOCTPYHAHOro
Hacoca, TPH KOTOPOM BO3HHKAET KaBHTALHUS;

u;"" — oObeMunllt K03hGHIHEHT mMOAcOca THAPOCTPyHAHOrO

Hacoca, NepeKayMBalOMero THAPOCMech, NPH KOTO-
pOM BOSHHKAeT KaBHTAIHA;

V — o6rem;

Vix, Vip — cOOTBETCTBEHHO O6BEM XXHAKOCTH H 06BeM TBEDROTO
MaTepHala B THADOCMECH, NepeKauHBaeMo#ft HacocoM;
¥ — CKOPOCTH KHIKOCTH;
— KPHTHYeCKass  CKOpPOCTb  JBHXKEHHA  CHAPOCMECH
B Tpybax;
Un, Ups Ug — CPeJHHE CKOPOCTH NOXCACHBAaEMOrO IOTOKA COOT-
BETCTBEHHO HAa BXOfie B KaMepy CMemeHHUs, Ha BHIXOfe
H3 paboyero comJa ¥ Ha BHIXORe H3 AK(dpysopa rumpo-
CTpYtHOro Hacoca;
W — nonHas yaenbHas MeXaHHYeCKas SHEpTUS KHAKOCTH;
2,, 23 — PacCTOSAHHE OT paCCMAaTPHBaeMOro ceveyus (/ uau 2)
NO JUHHH ReHCTBHA YCKOPEHHR CBOGOXHOTO NafeHBs
RO MVIOCKOCTH CPaBHEHHS,

Ox — KODPEKTHB KHHeTHYecKON SHepTrHH  (K0Sdpdmnment
KopHuoauca);

Oy — OTHOIIeHHe OGbeMAHX Ko03bpHIUHEHTOB MOACOCA T'h-
ApocTpYAHOrO Hacoca IO XHEKOX H TBeppo# (hasawm,
Qe == tyge/ U}

O — MaccoBhii Ko3apHUHEHRT Nomcoca THAPOCTpyhAHoOro
ammapara, dy = PaQu/(PpQp);

Op — OTHOLIeHHe CPEIXHHX CKOPOCTeHl NMaCCHBHOLO M aKTHB-
HOTO TIOTOKOB JXHAKOCTH Ha BXONE B Kamepy cMemeuus
THRPOCTPYHHOrO annapara,

B — Gespasmepmuft Hamop rumpocTpyfHOro Hacoca;
z — KOpPEeKTHB KOJMH4eCTBa ABHKeHHR (Kosdduument Byc-
CHHeCKa); .
— ToNMmMHA CTEHOK TPYyGw (comJa);
Ae — napkaBuTanuoHHbIE Hamop (KaBHTaHOMMHR 3amac);
Aey, Ae,, Ak — cootBeTcTBeHHO 0OBEMHBI, MaccOBHIY H  BecoBOX
HaIKaBHTAIIMOHUKA Hanmop (KaBHTAaLHOHHMEA 3amac);

Al — npoMeXyTOK BpeMeHH;

AT — npHpameHHe TemIepaTypyl;

{ — KoshHLUHENT MECTHOrO THAPABNHYECKOrO CONpPOTH-
BJICHHS;
'a— kosbdunuent nonesnoro gefiereua (KILO);
— THApaBJHYeCKass KPYNHOCTb 4aCTHIL TBepAOR ¢ask
THIPOCMECH;
% — YHCJO KaBUTALHH;
W — xosdpdHuHeuT pacxopa conna;
¥ — KHHeMaTHUeCKHf Ko3bPHIHEHT BASKOCTH KHAKOCTH;
p — NJIOTHOCTD;

Oxp — KpHTHueckHR Gespasmepublf Iepeflaj Hamopa Ha
BXOAe IIACCHBHOTO IIOTOKa B KaMepy CMelleHHS TIH-
ApocTpyfiHOoro Hacoca, MPH KOTOPOM BOSHHKaeT Ka-
BHTaLH;

T — TeMmIleparypa;

¢ — Ko3bdHIHEHT CKOPOCTH;

P1, Pa, Pa, P¢ — cooTBeTCTBeHHO Ko3ddHUMeHTH cKOpocTH pabouero
comia, KaMepH cmemenHf, AHpbysopa M BXOxa
B KaMepy CMeuleHusi THAPOCTPYHHOro ammapara;

@y — HOMHHa/JbHaf YIJIoBag CKOPOCTb BpallieHHA paGo-

wero Kodeca Hacoca.



BBEJNEHHE

Hacoc saBasiercss ruppomamuHoil, npeofpasyiomefi MOABOAMMYIO
K Hell BHEIUHIOIO SHEPTHI0 B MEXaHHUYECKYI0 SHEPrui0 KaneabHoil
WKHIKOCTH.

B Hacroduiee Bpemsi Bce Hacochl pasjessiioT Ha NUHAMHUECKHE H
ob6wvemunle (TOCT 17398—72). B ocHOBY Tako# KJacCH(pHKAIMH MO0~
JEeH MeXaHHM3M nepefaud BHEIIHEH 3HEPrHH K [epeKauuBaeMoin
XKHIKOCTH. B I M HaMH4YecKHX HacocaX 3HEprus nepejaercs sa
cuer NefiCTBHS MacCOBBIX (HHEPLHOHHBIX) CHJI MJIM CHJI KHIKOCTHOTO
TpeHHA, a B 06 €M H B X HacocaX — 3a CYeT CHJ JaBJEeHHS Ha
FIOBEPXHOCTb MHAKOCTH, T. €. BBITECHEHHS MXHUIKOCTH M3 ONpelelieH-
Horo o6nema.

K aunamMMyecKMM HacocaM OTHOCST, B YaCTHOCTH, TaKHe IIHPOKO
pacnpocTpaHeHHHE B Ppas/H4HBIX 061acTsiX TEXHHKH HacocHl, Kak
JonacTHhe (HeHTPOOeKHBIE, OCeBble), B KOTOPHIX Ha JKHUIKOCTb JeH-
CTBYIOT NPEHMYINECTBEHHO HHEPIHOHHBIE CHJIH, a TaKXe BHXPEBhHIE
H THIPOCTPYHHBIE HAcOCHl, T1€ SHEPTHSA nepejaercs XXHIKOCTH B OCHOB-
HOM 3a CUET MXMAKOCTHOTO TpPEHHS.

B psime ciiyuaeB K Kjaccy JONAcTHHEX HacOCOB KpoMe HEHTpoGex-
HHIX M OCEeBHIX OTHOCAT M BuXpeBwe Hacochl [82]. Taxko#f noxpxon
HMEeT BIIOJIHE 4eTKoe 060CHOBaHMe. Y BceX 3THX THIIOB HAacOCOB HANop
co3jaeTcs 3a cueT BpalieHHA JomacTHOro paGouero Koseca. Kpowme
TOro, HEHTPOOEIKHKIE, OCEBble H BUXPEBHIE HACOCH UMEIOT UASHTHUHEIE
pabouHe M KaBHTAUHOHHBIE XapaKTepUCTUKH. [losToMy B KHHrE BO
BCEX CJyyasX, KOI'Ja paccMaTpHBaeMuleé NOJOXKEHHS OTHOCATCA KO
BCEM YKa3aHHBIM THIIAM HAacOCOB, HEHTPOGEXKHBIE, OCEBHE U BUXPEBHE
Hacochl OOBeMHAIOTCA I0J Ha3BaHHEM JomacTHBH X. Ecan Xxe
paccMaTpHBaeMBie IOJOXKEHHS KacaloTcd MO OTAENbHOCTH TOJABKO
LEHTPOGeKHOTO, O0CeBOro MJH BHXpeBOro- Hacoca, To 3To OroBa-
puBaercs. .

IlenTpofexkHple HAacoCHl NPUMEHSIOT NPaKTHYECKH BO BCEX OT-
pacisix HapogHoro xoasiicrBa. OceBrleé HacOCH HUMEIOT NPeHMYyInecTBa
npu nepekauke GOJLIIKX pPaCXOLOB KHAKOCTH INPH OTHOCHTEJNBHO
HeGoablIMX Hanopax. BuxpeBrie Hacockl HCHOMB3YIOT B T€X cAyHasx,
rae TpeGyerca o6GecreyuTh MaJjible NOLAUH IIPH CPAaBHHTENBHO BHICOKHX
Hamopax, a TaKXe KOria HyXKHO ofecneyuTb caMOBcachlBaHHE HJIH
nepekauyKky XKHAKOCTEH, COAEPKAIMUX HEPacTBOPEHHbIE TIa3Hl.



O6nactp uCONL30BaHU S HaCOCOB OGBHEMHOrO THIIA OrPaHHUHBACTCA
B OCHOBHOM BHICOKHMH AaBJEHHSMHM H MAaJbIMH IOJayaMH.

K uucay npeumyinectB HanGoJee yacTo MPUMEHSEMEIX JIONACTHHIX
HAcocOB OTHOCATCH CJELYIOIHE: BO3MOMKHOCTb HENOCPEACTBEHHOTO
COEHHEHHS ¢ GLICTPOXONHBIMH IBHIATEJASMH BpalleHHs (3JeKTPOIBH-
ratesiiMi, NapoBOH W.M ras3oBoi TypOuHoH); Bricokuit KILI, noxo-
Asmui 1o 0,90 u Gosee 11 KPYNHBIX HACOCOB; OTHOCHTEJIBHO MaJble
ra6apuTHHE pasMepsl H Macca; BO3MOMKHOCTb OGECNEeYeHHS HpaKTH-
4yecKM paBHoMepHOro (6e3 nyJbcamHil) NOTOKa; MPOCTOTA OGCYXKH-
BaHHSA H Ip.

JlomacTHEIM HacocaM NPHCYIHM M HENOCTaTKH: OTCYTCTBHE AN
6OJILIUMHCTBA HACOCOB BO3MOXKHOCTH OCYIIECTBJIEHHS CaMOBCacHIBa-
HHS XKHUJKOCTH NPH Pacrlo/OKeHUH UX BHIlE YPOBHA B NPHEMHOM pe-
3epByape; OTpaHHYEHHE H3-3a BO3HHKHOBEHHS KaBHTAUHH LOMYyCTH-
MOH BaKyyMMETPHYECKON BHICOTH BCACHIBaHHS, OCOOGEHHO TPH nepe-
KauKe HarpeThiX M JIETKOKHIAIMX XKHIKOCTEH; HEBO3MOXHOCTb nepe-
KaukKH Ta30XKHIKOCTHEIX CMEceff M CYILIeCTBEHHRIE OrpaHUYEHHS IPH
nepexkauke ruapocMeceil, COAepIKalMX TBepAble MPHMECH; CYIIECTBEH-
Hoe cHmxenne KI1JI npn manpix nogauax u GOJMbIIMX HAMOpax, a TakkKe
IIpH TNepeKauke BA3KHX XHJAKOCTell; HEBOSMOXKHOCTb TNpPH peryJupo-
BaHHMHU YBEJNHUHTL HANoOp BHINE 3HAueHHs, HMEIOIEr0 MECTO NpH HyJe-
BOH Tmojauge,

3HauHTeLHOE pacrpocTpaHeHHe B Pa3MHYHRIX OTPaciAX TEXHHKH
MONYYHJIM THUAPOCTpYyMAHB e HacocH (anmapars) L.

IuopocTpyAHRIME HacOcaMM HasblBAalOT YCTPOHCTBa, NpenHas3Ha-
YeHHBE IJIS OCYIIECTBJEHHS TNpolecca B3aHMHOIO NepeMelHBaHUs
cTpyH paboueit (aKTHBHOH) KHAKOCTH C IOTOKOM NojcaceiBaemoii (mac-
CHBHOH) cpelbl M MOCJAENYIOUIEr0 MX COBMECTHOrO TPaHCIOpTHPOBa-
HHA. [laccuBHaA cpeja MOxKeT ObITb KWUAKOCTHIO, Ta30M HJIH THEPO-
CMEChIO, CONEpXKamed KpoMme XMIKOCTH TBepjpleé HJIH [a3’0006pasHhle
AucnepcHele npumecH. Takum 06pa3oM, BHEUIHAS 3HEPTHA K THAPO-
CTpYAHBIM Hacocam NOJABOAUTCA pabouell KUAKOCTBIO.

Ina ofecneuenus cMmeIlleHWs aKTHBHOH M TMACCHBHOH cpel H HX
FIOC/IEYIOLIEr0 COBMECTHOTO TPaHCIIOPTHPOBAHUS HEOGXOAMMO, YTOGHI
akTuBHasA (paboyast) KHAKOCTb MMeJa GoJjiee BHICOKOE NaBJICHHE Py,
ueM JaBJIeHHE p, HHM3KOHamopHo# (maccuBHOH) cpeasl. Cmech cpen
nocje annapaTa GyAeT MMeTb JaBJeHUE p,, KOTOpoe ABJsfeTCs Npo-
MEXYTOUHBIM MEXAY pp H Pg, T. €. Pa < Po < Pp-

lilupokoe pacrmpocTpaneHue THAPOCTPYAHBIX ammapartoB (Taba. 1)
06yCJIOBNICHO CJELYIOIMHMMH HX IPEMMYIIECTBAMH: BHICOKOH caMoO-
BCachIBAIOIIEH CMOCOGHOCTBIO M BO3MOXKHOCTBIO NMEPEKAYKH IKHIKO-
cTefl, rasoB, ra30oXHIKOCTHBHIX cMeceH, rujapocMecefl, colepxamux
TBEpAHIE NPHMECH, arpecCHBHEIX CpEJ; OTCYTCTBHEM NOJABHXKHBIX
ReTajiefl, MPOCTOTOH YCTPOHCTBA; MaibiMH raGapUTHHIMH pa3MepaMid

1 B nacrosmee BpeMs KpoMe TEPMHHA «TPHADOCTPYHMHA HACOC» YACTO HCIOJMb-
SYIOT TEepMHHB «rHAPOCTPYAHEIHA (CTpyHHHH) anmapars, «rHAPO3NEBATOP?, «THAPO-
9KEKTOP», (THAPOHHIKEKTOP® H T. U. (cM. Tabxa. 1),
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Tabauya 1

Knaccndpmxauus ruppocTpyAHHX annapato®B no HasHauenmio [65]

JHaBienue
Tan annapata TP pena 7| Wusxonsnopuon | cuecn mocne
cpeAn py Pe
Tuapocrpyfiunit  Ha- JKupkocts JlioGoe Jlio6oe
coc
Crpyfnbiit Hacoc aas Hucnepcubie » »
FPMAPOTPAHCTIOPTHPOBA- TBepable BellecTBa
Hus (CHIPO3NEBATOD) WIH HX CMeCh C
] JKHJKOCTBIO
InapocTpyfinbit  Bes- Ias (Bo3nyx) ArMocdeproe Menee
THASTOP 0,105 MIla
IuppocTpyfinbii sxek- » » Menbre artmo- | Armoctep-
TOp ceproro Hoe
TugpocTpyfiubifi  KOM- » » JlioGoe Bonee
npeccop 0,105 MIla

H Maccof, BOSMOXKHOCTHIO Pa3MeleHHsi B TPYAHOAOCTYNMHHX MeCTax;
HPOCTOTOH peryJupoBaHMs NOJaud M HANOpA.

appocTpyiiHEle HACOCH HMeET H CYlecTBeHHHEe HeNOCTaTKH,
K YHCJAY KOTOPHIX NpeXae Bcero OTHOCATCSA: OTCYTCTBHE aBTOHOMHOIO
npuBoja, HEOOXOAHMMOCTh HCIIONB30BaHHA ANA TNPHBOAA NOCTOPOH-
Hero HCTOUHHKa Hanopuo#t xuiakoctd; uuskuii KIII co6crBeHHO
rHAPOCTPYHHOrO Hacoca !, He NpeBbIUAKUIMA B JNYYLIHX KOHCTPYK-
nuax 3Havenus 0,35—0,4; Ge3BoaBpaTHEII c6poc GONBILOTO KOJH-
yecTBa XHAKOCTH, HCIONb3yeMoit B KauecTBe paGoueil (aKTHBHOM)
cpenmsl, u Ip.

MHorue H3 nepevyHCHeHHBHIX HEeJOCTaTKOB, NDHCYMHX OTAENIBLHO
YCTQHOBJICHHBIM JIOMACTHBIM HAM THAPOCTPYHHBIM Hacocam, MOTyT
6LITb yCTPaHeHsl NPH CO3[JaHHH M. HCINONb30BaHHH YCTaHOBOK, B KOTO-
PBIX LeHTPOGeXKHEBIE H THAPOCTPYHHBIE HACOCEI NPHMEHSIOT COBMECTHO.
Takune ycranoBk 00671a7a0T KOMIIEKCOM NOKa3aTesiel,, KOTOPHM
He o6JajaeT B OTAENbHOCTH T'MADOCTPYAHBIH HJHM IEHTPOGEXKHBIA
Hacoc. Ilpexpe Bcero 3TO OTHOCHTCA K PAacUIMPEHHIO BO3MOXKHOCTEH
CepHHBIX HEHTPOOEXKHBIX HACOCOB.

B uacTHOCTH, Ha OCHOBE COBMECTHOT'O MPHMEHEHHS HEHTPOGEeXKHBIX
H THIPOCTPYHHBIX HACOCOB MOTYT OBITH CO3JaHBEI YCTAHOBKH, NO3BO-
Jiumne IlOﬁHTbCH CNEAYIOUUX NPEUMYUIECTB.

H3MEHATb B LIHPOKOM JHanasoHe pafouyne XapaKTepHCTHKH HEeH-
TPOGEXKHLIX HacocoB (YBENHYHBAThL B HECKONLKO pa3 co3/aBaemblff
UMH Hanop HJH nonauy);

yBeHUYHBaTh A0 JECATKOB M JaKe COTEH METPOB rayOHHY, C KOTO-
poft MOXHO NOAHHMAaTb XXHIKOCTb HEHTPOOEXKHBIMH HacocaMH, pac-
NOJIOKEHHHMH BEILle pe3epByapa (HCTOYHHKA);

1 KIMO ycranoBok ¢ rEAPOCTPYRHHMH HacocaMR (anmapaTaMH) MOXeT OHTb
BHAYHTE/NbHO BHINLE,
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ApenoTBpauaTe KaBHTAamHIO B MEHTPOGEXKHHX Racocax, pabotaio-
MHUX NPH 3HAYHTE/bHBIX BaKyyMMETDHYECKHX BHICOTAaX BCachIBaHHA,
a TakXe npH pabore Ha HAarperhlX, NeperperhiX MM JerkOKHNAIHX
KHIKOCTAX;

NepeKaunBaTh THAPOCMECH C TBepAbIMH H (MAH) raszoo6pasHBEIMH
BKJIIOUCHUSAMH;

CO3/laBaTh BaKyyM H OTKauHBaTb rasbl (CTpy#HbIE BaKyyM-HacOChI),
CO3MaBaTh JaBjeHHe rasa (CTpyHHbIE KOMIDECCOpH);

OXnaxJAaTb HJH OYHIATe BO3AYX (ras) oT npumeced (CTpyihHbIe
YCTaHOBKM C JHCOEPTHPOBAHHOM CTpyell KHAKOCTH);

OCYUIECTBJIATE CMEIIMBAHHE M pacTBOpEHHE IKHAKHX, TBep-
AHX W ra3000pa3sHEIX cpel H BHINOJHATE MHOTHE Jpyrue
$yHKUHMH.

C zpyroifi CTOpOHEI, cO3[iaHHe YHHBEpCaJdbHBIX YCTaHOBOK C THIpoO-
CTPYHAHBIMH M JIONACTHBIMH HacOCaMH HO3BOJIfeT He TOJbKO HaHGonee
NOJMHO HCNOJNb30BATb TEXHOJOTHYECKHE NpeHMyLIecTBa CTpYHHBIX
HacoCOB B 44CTH HAJEXHOCTH, NPOCTOTHI H3rOTOBNEHHS M KOHCTPYK-
OMH, OGecneyeHHss CaMOBCAChIBaHHS, BO3MOXHOCTH  NEpeKaykH
KUIKHX, TBEDIBIX U ra3o00pa3HbIX CPeji, HO U JaeT BO3MOXKHOCTb YBe-
anuute KI1IL ycranosok no cpasHenuio ¢ KITIl cTpyiiHBIX HacocoB.
KI1JL ruapocTpy#HEIX HACOCOB MMEET ecTecTBeHHBI npenen, o6ycaoB-
JieHHbIfl HeH3GeXKHOCTbIO NOTepb NMpH CMEelIMBaHHH pabovero (akTHB-
HOro) ¥ nepekaynBaeMoro (nacCHBHOTO) NOTOKOB. [ToaTomMy noBelleHHE
KITI ycTaHOBOK ¢ LEHTPOGEKHBIMH M THAPOCTPYHHBLIMH HacoCaMH
MOXeT GbITb HOCTUIHYTO, ecnyu GOMbliyio yacTh paboThHl MO NepeKayke
KUAKOCTH (rujgpocmecH) G6yner cosepluaTh KEHTPOOEXKHBIH Hacoc,
nmeromnit Beicokui KITI. CrpyftHelft Hacoc Gymer BBINOJHATH JHIUb
Té TEXHOJOTHYeCKHe (GYHKIUH, KOTOpPHE He MOXKET OCYHIEeCTBHTb
LEeHTPOGEXKHBIN Hacoc (OCYIIECTBAATh CaMOBCacHIBAHHE, NOLABJSATDL
KaBHTAllHIO, NepeKayHBaTb a3kl HNH TBEPABIE BemECTBa).

OcHoBHHIE NOKa3aTenH HAcOoCOB H yCTaHOBOK. Bonbioe pasuo-
ofpasHe NnoKasaTeneidl H XapaKTepHCTHK HAcOCOB H YCTaHOBOK, NpH-
BOAMMBIX B TEXHHYECKOH JMTepaType, Nojyac NpUBOAHT K 3arpylue-
HUAM H HEOJHO3HAaYHOCTH NPH HX Hcnoab3oBaHuH. [loaromy uneneco-
06pa3HO paccMOTperb OCHOBHBIE IIOKA3aTeNH, XapaKTepHayloliHe pa-
GoTy HacocoB M ycTaHOBOK [86 ]: Texmomorxueckue, 3proHoMHUYecCKHe
H HaJeXHOCTHBIE.

OObIYHO pa3NHYAOT HOMUHAAbHbe NOKAa3aTeNH, NPH KOTOPHIX
nacoc (ycraHOBKa) JOJKEeH 3KCIJIYaTHPOBATbCA, H ONMUMAAbHOE,
COOTBETCTBYIOIHE MAaKCHMaJbHOMY 3KOHOMHYeCKOMYy 3¢dekry oT
HCNoNb30BaHUA Hacoca (ycraHoBkH). Iloi onTHManbHBIM pPEXHMOM
yalmle BCero NOHMMmaioT paGoTy B pexume makcumansuoro KITIL.
Bo MHOrMX ciyuyasX HOMHHaJbHBIA M ONTHMaNbHBI PEXHUMEI PaGOThl
HAacoCOB M YCTaHOBOK He COBNajaloT. IJT0 ofbsAcHsAeTcs HeoOXomaH-
MOCTbIO B peafbHblX (NPOM3BOACTBEHHBIX) YCNOBHAX 06ecneyHThb
Kako#-nH60 noKasaTeib paGoOTHl YCTAHOBKH, KOTOPHIH He cOBMajaer
Ha pa6oYHX XapaKTepHCTHKaX Hacoca (YCTaHOBKH) C peXXHMOM MaKCH-
Mmanabroro KIIM.
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PaccMOTpHM OCHOBHHE MOKa3aTesH HacocoB (YCTaHOBOK), moapo6-
Hee BCero — TeXHOJOTHYeCKHe.

K TexHONOrHYecKHM mNOKas3aTeJNdsM HacOCOB
(ycraHOBOK) MOXHO OTHecTH: nogauy Q, manop H, momHocts N;
BHA H napameTpel 3HepPreTHYeCKOro NHTAHHS NPHBOAA; XapaKTepH-
CTHKH NepeKauyHBaeMHX H NOTpe6GAseMHX cped (NJOTHOCTL P, TeM-
neparypy T, HaJu4He HJH OTCYTCTBHE B KHAKOCTH TBEDJBIX HJIH raszo-
0o6pasHBIX NpuMeceil); KaBHTALHOHHblE (aHTHKAaBHTALHMOHHLIE) CBOM-
C€TBa; XapaKTEPHCTHKH CaMOBCACBIBaHHS; KO3(MHIHEHTH MOJIE3HOTO
zeicreus (KTIH); maccy, raGapuTHble pasmMepbl HaCOCa HH YCTAHOBKH.

Modaua’ nacoca (ycmanosxu) — 3TO KOJHMYECTBO KHAKOCTH Q,
HepexkaunBaeMoil HacOCOM (ycrauosxou) B eAHHHLY BpeMeHH. Paznu-
vaT ofbemHylo nogauy Qy (M%/c), maccoByw noaauy Q, (xr/c) u
BecoByio nojauy Qg (H/c). Mexay 3THMH BeJIHUMHAMH CYLIECTBYET
clefyomwas 3aBHCHMOCTb:

Q = Qv = Qnlp = Qq/(0g): )
FAe p — MJOTHOCTb KHIKOCTH, Kr/m%; g—- YCKOpeHHe CBOGOAHOrO
nageHds, M/c?.

B xapakTepncTHkax HacocoB OGBIYHO anHﬂTO 3allaBaTb 06beM-
Hyto nojauy Qy = Q, T. €. 06beM KUAKOCTH, NOJE3HO HCNONL3YEMBIi
norpeGuresieM, NpH AaBJeHHH, H3MEDEHHOM Ha BHIXOAe H3 Hacoca l.
Jlns THAPOCTPYHHEIX HACOCOB KpOMe NoJe3Ho# (nacCHBHOH) mogauyd
JoJKeH ObITb 3ajaH pacXoi pabouelt (aKTHBHOM) XHAKOCTH 2,

Hanopom Hacoca Ha3bIBAIOT Pa3HOCTb YAGHbHBIX MeXaHHYeCKHX
3Hepruil 3 MHUAKOCTH HA BBIXOAE M3 Hacoca (ceueHHe 2) M Ha BXone
B Hero (ceuenue [). Pasnuvaior o6semnoiti Ey, maccosoil E,, U BecOBOH

= H nHanopn. Ecau BEIPa3suTb CKOPOCTH XHIKOCTH dYepes IO-
Aaqy Qv u nomagu BxomHoro S; M BHIXOAHOTO S, TpyGONpPOBOLOB,
TO Hanop Hacoca MOXHO BHIYHCJHTL NO NDHBENEHHBIM HHXKe (op-
Mysiam 4.

O6vemuntft Hanop ([x/m3; I1a), koTOpEIfi TaKKe HAa3HBAIOT faBJjie-
HHeM Hacoca,

0,9}
Ey =gt —pz) + (0 —p)+—5- (st —257)- @

1 JInst HecKHMaeMBIX XULKOCTet He HMEET 3HaYeHUsi, IPH KAKOM JABJEHHH H3Me-
peH o61>eMHuﬁ pacxon. Ilas rasoB naBieHHe HMeeT ONpejesiomlee 3HaYeHHe.

% Tlpu nepekauke CTpYHAHBIM amnapaToOM Ta3oB OOBheMHH Pacxofi oOGLYHO NpH-
BOJAT X AaBJEHHIO HAa BCACHBAHHH. B Heo6XomMMBIX ciyuasix 5TOT pacxof (nogauy)
rasa MOXHO MpHBECTH K HOPMAJbHHM aTMOC(EDPHEIM YCJIOBHSM.

3 Mosnnas ynesbHas MeXaHHUecKasi SHeprHs XHIKocTH W ckiamuiBaetcs u3
MeXaHHUeCKO#l SHePIHM € M YNeJbHOI'O Telnocofepxanus Atc (AT — npHpaterue
TEMUepaTyprl; ¢ — yneabHas TemnoeMKocTb). B GombiinucTse cayuaes pist THApO-
HACOCOB BTOPOH BeJUYMHOR MOXKHO NpeHeGpeyb, TAK KaK OHA Mana MO CPaBHEHHIO
c nePBoifl.

B kauectBe py, P NpA pacuetTax HacOCOB lesnecoo6pasHo NpHHHMATL aGcollioT-
HOe THAPOCTATHYECKOe JaB/ieHHe: py = pay - P, TIe pa— aTMochepHoe JaBiaeHue;
p — u3bnroyHoe (cBepxarMoctepHoe, MaHOMETpHYecKoe) JAaBaeHHe. 10 103BO-
JIsieT BO BCeX cJaY4yasX paGOTH HacocoB — Kak HPH MOANOPe (AaBJIEHHWH) HA HX Bca-
ChBaHHH, TaK H HpH BaKyyMe — ONEPHPOBaTh C MOJIOKHTEJLHLIMH BeJHYHHAMH.
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Maccoseit manop (Ix/kr; m2/c?)

Q2
=g (& —2) +(palos — puie) + 5~ (G — 25). @)
BecoBo#t uanop (Mx/ H; M CcTON6a IKHIKOCTH)

P2 21 Q% Oy 1%

Eo=H=(n—2)+— (S —2) 4 - (-2, @
3nech 2y, 2 — paccro;mue OT paccMaTpHBAEMOro CeyeHHs MO JIMHHH
AEACTBHS YCKODEHHS g N0 IJOCKOCTH CPaBHEHHA, M; pp, py — abco-
JIIOTHOe THIDOCTaTHYECKOoe JaBlieHHe B paccMaTpUBaeMOM CEueHHH,
[Ma; oy, Oy — KOpPpPEKTHB KHHETHYECKOH 3Hepruu (koapdHuHeHT
Kopuonuca) B paccMaTpUBaeMOM CeUYEHHH.

BecoBoii Hanop HMMeer CMBICA B YCJOBHAX ONpEJeNE€HHOro H Mo-
cTosiuHoro mnoas rpasuranud. OH yBeMHYMBAeTCs € yMeHbIICHHEM
YCKOpeHHsT CBOGOAHOro nafeHus, a B YCJOBUSIX HEBECOMOCTH CTa-
HOBHTCA paBHbIM GeckoHeuHocTH. IlosToMy BecoBoil Hanop, LIMPOKO
ucronb3yemuil B Hacrosuee Bpems (na Tepputopuu CCCP on Kose6-
JleTcsl 3a CYeT M3MEHEHHsl TPaBHTAIMOHHBIX cHa B mpenenax 0,35 %,
a B uesom Ha 3emne — B npegenax 0,6 %), Heynoben nas XapakTe-
PHUCTHK HACOCOB JIeTAaTeJbHBIX H KOCMHYECKHX OGBEKTOB.

B canyuae mecxkumaeMmoit xujakocta (p = const):

Qi
Ey=g0(&—2) + (7 — p2) +-—"—” -3 e

=g<zz—z1)+l(pz )+ (B —2) ()
Eo=H=(a—2)+ - (s p1)+%(sz——§%). (ta)

Ha npakThHke oueHb 4acTo A/l BHICOKOHANOPHBIX HAacoCOB CKO-
POCTHEIM HaNOPOM H 3HEpTHel NMOJOXKEHHS npenebperaioT BcieIcTBHE
HX MaJoCTH NO CPAaBHEHHIO €O CTaTHUECKHM JaBieHueM. [leACTBH-
TeJILHO, HCMNONb3YS BHpaxeHHe (4a), MOXKHO BHAETb, 4YTO DPH
(pe — p1)/(pg) = 20 M BenMuMHA 2, — 2; Haxe NN KPYyNHLIX Haco-
coB He npessinaeT 0,3—0,4 m, a npu paseHncrse S; ¥ S, cKOpOCTHOH
Hanop crpemuTcd K Hyno. OnHaKO N1 HH3KOHANOPHBIX HacocoB
BhIpaXkeHHe AAf Hamopa, NO-BHAHMOMY, Hafo NPHHHUMATb B NOJHOM
BHe B COOTBETCTBHH ¢ dopmynamu (2a)—(4a).

Moaesnan 2udpasauveckan mowrocms Ny . HJIET HA NOBbIIEHHE
YIENbHOH 3HEpPTHH MONe3HO HCMONb3yeMOfl KHAKOCTH U NpeiCcTaBaAseT
cofofi npousBeneHue nogaun (0GBEMHOM, MaccOBOA HJH BecOBOH)
Ha COOTBETCTBYIOUIHH Hamop, onpenensieMslfl no popmynam (2)—(4):

Ny = p:EQ. (5)

[loanas mowpocme nHacoca N pacxomyercss Ha NpHBENEHHE ero

B AeiicTBHe. OHa nNOABOAUTCS H3BHE B BHJe 3HEPTHH NPHBOAHOTO

ABHTaTeJd HJH C pacxonoM pabouefl KHMAKOCTH, HoJaBaeMoOH K CTPy#-
HOMY anmnapaTry HOJ OMNpefeJIEHHHM HamopoM.
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Kosgppuyuenm noaesnozo dedcmeus (KIIM) m macoca — oTHome-
HHe NOJe3HON TMAPaBAHYECKOH MOUIHOCTH N , K NOJHOH NOABOAM-
moit momHocTH N. O6BIMHO M BBIpaxKkaeTcs B NPOLEHTAX:

n=-"2nr 00 = L2 jqp, ©)

K mnokasarensiMm KaBHTAlMH OTHOCAT HAJAKaBHTAUMOHHEIA Hanop
(KaBUTALMOHHBIA 3anac) — U3OBITOK YIENbHOH 3HEPTHH KHAKOCTH
HaJ YIENbHOH 3HEprued (ympyrocTeio) ee HACHILEHHBIX 11apOB:

obvemnnid  naokasumayuonnsl Hanop (Ila)

Aey = (p — pu.n) + opv*2; _ )
maccosoil Hadxasumayuonnoatl nanop (M*/c%  JIx/Kr)
Aey,, = (p — pu.o)p + av?/2; 8
secoeoll nadxasumayuornoi Hanop (M; Jx/H)
Ak = (p — pn.o)/(pg) + av*/(2g), (9)

TA€ P, Py n — AABJEHHE XKHUAKOCTH H JaBJeHHe yIpyrocTH HaCBIUIEeH-
HBIX NapoB XHAKOcTH, [la; v — CKOpPOCTh XKHUIKOCTH.

Ias pasHbIX cTajuil pasBUTHS KABHTAUHH Pa3/HYAOT CeayIOlLIHe
HadKasumMayuoHHele Hanopel *:

nodasasouwull  Aeg,;, — 3HauYeHHe HAAKABHTALMOHHOrO Hamopa,
HpH KOTOPOM B HACOCe He NpOSABNSAETCHs HHKAKHX NPH3HAKOB KaBHTAa-
OHH; NMpH HCNHTAHHAX HACOCOB B KayecTBE BEJNHYHHBI Aey,, OOBIYHO
NPHHMMAIOT TAKOH HAJKaBHTALHOHHBIH Hanop, NpPH KOTOpOM HAayH-
HAeTcs TOBHIIEHHE YPOBHs BHOpAlLMH M 3BYKOBOro A4BJEHHA HA 4Ya-
crotax 1-10%—2-10* ['u, 4T0 BEI3BaHO NOABJEHHEM B XKHAKOCTH MeJb-
yafflliX NaporasoBbIX MNY3HIPLKOB;

9po3uonnbit (naporasosuiil) Ae, — 3HayeHHe HAJKABHTALHOHHOTO
Hanopa, NpH KOTOpOM OOHApYIKHMBAeTCsl 3PO3HOHHOe Bo3jeficTBHe
JKHAKOCTH HA NMPOTOYHYIO YacTh HACcOCa; HAYAJO 3PO3UM OGHAPYKHU-
Baercsi METOIOM JIAKOBBIX NOKPHITHH HAM NyTeM aHajgu3a BHOpoO-
3BYKOBBIX XapaKTePHCTHK;

napamempuueckull Ae, — 3HaYeHHEe HAJKABHTANHOHHOrO HAMNOPA,
NPH KOTODOM NOABJAITCA YyCTOHYMBHE KABHTAIMOHHLIE KAaBEPHLI;
NpY HCOBITAHUAX HACOCOB PEKOMEHAYeTCs B KauecTBe Aep NPHHHUMATH
BeJIMYMHY, NpH KOTOpo#l Hanop Hacoca ymeHbmaercs Ha 2 % mo
CpaBHEHHIO ¢ 6eckaBUTaLHOHHOM paGoTofi npH HeM3mMeHHOH (3afaHHOM)
nojaue;

cpoierotl Ae.,, — 3HaYeHHe HAJKABHTAIHOHHOTO Hanopa, NpH Ko-
topoM AE/d (Ae) = 0,5, rae AE — OTHOCHTeJIbHOE H3MEHEHHe Ha-
nopa Hacocd; d (Ae) — M3MeHeHHe HAJKABHTALHOHHOIO HAamopa;

npedesvroilt Ae;, — HauMeHblllee 3HAYeHHE HAJKABUTALHOHHOTO
Hanopa, NpH KOTOPOM ell¢ COXpaHseTcs KHHevaTHyeckoe nopobue
(nogo6He TeueRHH) B MOAGNLHOM H HCNBITHIBAEMOM (HATYPHOM) Ha-
cocax.

1 Mecro 3amepa HaJKABHTANHOHHOrO Hanopa JAJAs Ka)KAoro Hacoca AOJMKHO
8ajaBaThCs HJIH cHeNHaJBEHO OroBapHBATLCH.
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TlepeyncneHHHe KaBHTAlHOHHHE HOKA3aTeJH ABAAIOTCHA OOBEK-
THBHBIMH, OJHAKO MJIf HACOCOB BaXXHO 3HAThb Heobxodumwbul nadka-
eumayuonnsil Hanop Aey. droT napamerp HONKeH ObTb ofecreyeH
B npoliecce 3KCANy4TaUHH s Toro, 4yTolsl Hacoc padoTan Ges cyiie-
crBeHHOTO cHUKeHHs Hanopa H KII/I uau urobel Grhina orpanHyeHa
IIpHEeMJIEMBIMH NpENeNaMH CKOPOCTb KaBHUTALIMOHHOH 3pO3HH Aeraned
Hacoca JH60 Kakve-HHOyAb ApyrHe NOKasaTesH.

K nokasarensM camoBCachiBaHHSI OTHOCATCA CJCAYIOLIME.

Homunaavnas ewicoma camoscacvisanus Hg y — paccrosiHHe mno
BepTHKa/MH OT CBOGOZHOH NOBEPXHOCTH XKHMAKOCTH N0 BepXHeH TOUKH
o6nacTH BO3HHKHOBEHHS KAaBHTAUHOHHLIX SABJEHHH, NpPH KOTopofl
Hacoc ofecneynBaeT CaMOBCACHIBAHUE JKHIKOCTH ONpENeNeHHOro BHAA
H TNOCJelylollylo HOpMaabHyl0 pabory npu temneparype 20 °C
atmoceprom pasaenun (0,1013 MIla).

IToda4a 8030yxa npu HOMUHAALHOL ebicome camoscactibanus Qy y —
o6BbeMHBLIH pacxop (rnopada) Bo3jyxad, NPHBENEHHLIH K NABJEHHIO HA
BXOJle B HacOC NPH OTCYTCTBHH NPOTHBOAAB/EGHHS Ha BhIXOJe U3 Ha-
coca, atmocteprom Aasnenuu 0,1013 MIla u Temneparype Bosgyxa
20 °C. TlokasaTenb NIPHMEHHM TOJNbLKO JJsi HACOCOB CO CTaGHJBbHOM
BO BpeMeHH XapakTepHCTHKOH camoBcachiBaHHs. 3meHeHue nopaun
BO3QyXa NPH CAMOBCACBIBAHMM BO BpeMeHH (HecTaGHJBLHOCTh Xapak-
TEPUCTHKH) ONpeiensieTcss B OCHOBHOM HATPeBOM JKHAKOCTH, UTO Xa-
paKTepHO NJA PeHmHPKYJALHOHHBIX CHCTEM CAMOBCACHIBAHHA.

Munumanrvroe spems camoscacoisanust to my -— BPEMS, B TeUeHHe
KOTOpOro Hacoc, paGoTaloumuifi np¥ HOMHHANbHOH BHICOTE CaMoOBCa-
CRIBAHHA M OTCYTCTBHM NpPOTHBOAABJEHHA HAa BHXOJAe H HMeIOIIH
noAsBopsIHA TpyOOnpoBOA 3aJaHHBIX JAHAMeTpa M JUIMHEL, OcCylle-
CTBJIIET CaMOBCACEIBAHHE.

Honycmumasn npodorsxcumesrbHocmb camoscacei8anus to, o — Bpems,
B TeueHHEe KOTOPOrO AONYCKaeTcs pafoTa CaMOBCACHLIBAIOLIEro Hacoca
npH HOMMHANbHOH BBICOTE B pex<uMe camoBcackiBaHHs. [Ipu orcyr-
CTBHM DPEXHMHBIX OrpaHHYeHu# Bpems f, ;, OObIMHO NPHHHMAETCS
[86] paBHBIM BpemenH, B TeueHHe KOTOPOTo NOjaya BO3AYyXa YMEHb-
waercs ua 25 % (manpumep, BCIEACTBHE HAarpeBa XHAKOCTH Vs
PenHPKYNAHOHHBIX YCTAHOBOK H HACOCOB),

K sproHoMHyecKHM NDOKas3aTeasdM HAacocoB H
YCTAHOBOK OTHOCATCS CJENyIOlIHeE:

BHEWIHASL Yymedka ¢, T. €. PACXOL MHUIKOCTH, BHITEKAOWHHA H3
Hacoca B HAPYXKHYIO cpely (HampuMep, uepe3 CaJbHHUKH) NpH HOMH-
HajbHOM DeXHMe H OnpejeJeHHOM (3aZaHHOM) [aBJICHHM HA BXOAE;

yposenv 38yx068020 Oasrerusi Ly — o6mMH ypOBeHb 3BYKOBOTO
nasneHus B B npu noporosoM 3HaueHUH Ly o = 2-107° [la, uame-
PeHHOM Ha PacCTOSHHH | M OT HapyKHOro KOHTypa Hacoca (yCTAHOBKH)
B 3aJlaHHLIX TO4YKAX NpPH HOMHHAJNBHOM pexuMme paboThl Hacoca
(yCTaHOBKH);

yposenv eubpayuu L, — obumuii yposeHs BuGpanuu B B no
sdpexTHBHOMY (CpesHeKBaApaTHYeCKOMY) 3HAUeHHIO KoJjebGaTesbHOM
CKOPOCTH HJIM YCKOpEHHS, H3MEpeHHHIH Ha OMOpHO#l NOBepXHOCTH
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Hacoca (YCTaHOBKH) B HanpaBieHHH, NEepNeHAMKYAAPHOM K Hefl,
B TOYKax, rae BHOpamHs MaKCHMaJjbHa 1, -

Jlns HekoTOphIX HAcOCOB (YCTAHOBOK) NPHMEHSIIOT pAA C Il e-
LHANBHH X NapaMeTpDHUYECKHX NOoKasaTedel —
TaKUX KaK AONYCTHMAs NPONOJNKHTENbHOCTb paloThl NPH HyJ/eBof
nogave (NpH 3aKpbITOH HanmopHOfl 3aJBHIKKE) H T. 0.

[lpy BeiGope nmokasaTenefi HafleXHOCTH (uapa-
6oTKa Ha OTKa3, pecypc, BEPOSATHOCTb (e30TKasHOH paGoTH M T. IL)
HEOOXONMMO YCTAHOBHTb 3KCIJIyaTAllMOHHbIE HONYCKH Ha paGouHe
napamerpel, Tak Kak 4eM Oojbllleé [JONYyCK, TéM BBILE HAAKHOCTH
Hacoca.

llono6ue HacocoB. OnpenenuTb GOPMEI JBHIKEHHS KHIKOCTH B Ha-
€OCax TEOpeTHYECKHM MyTeM HAa COBPEMEHHOH CTaiHM Pas3BHTHS HAYKH
He Bceraa npeACTaB/isieTCs BO3MOXKHEIM. I1o3ToMy B npakTHKe mpo-
€KTHPOBAHHSA JIONACTHBIX M CTPYHHBIX HACOCOB BO MHOTHX CJy4Yasx
HCNONb3YIOT ONBITHBIE AaHHBe, Hayuno o6ocHoBaHHOe oGoGLIeHHe
Pe3yJIbTATOB 3KCNEPHMEHTOB MOMKHO BLINMOJHUTE C NMOMOLIBIO METOLO0B
TeOpHH NONCOHA. [l00o6nbimu HA3BIBAIOTCS SABJEHHA, Y KOTOPHX
BCe XapaKTepH3YIOIIHE UX BEJHYHHBI HaXONATCH Mexay coboil B mo-
CTOSIHHBIX COOTHOIIeHHsX. Takum ofpasoM, NpH NOJOGHH NOTOKOB
JKHAKOCTH B HACOCAX MO H3BECTHBIM XApaKTepHCTHKaM NOTOKA XUJKO-
CTH B OJHOM H3 HHX (MOJAE@IH) MOXKHO NOJYYHTb XapPAKTEPUCTHKH MO-
TOKA XHAKOCTH B Apyrom (HaTypHOM) Hacoce NpOCTHIM [1€PeCcYeToM.
Takoh nepexon amanorHyen mnepexody OT OHHOH CHCTEMBl eJHHHIL
¢usnyecKUX BENHYHH K ApYrof.

Ins obecrneyennss BO3MOXKHOCTH TAKOTO NEpexofia OT MONENLHOro
ofpasna K HaTypHOMY HeOGXOAHMMO cobiofleHHe reomMeTp U 4 e-
CKOro, KHHeMaTHUYE€CKOro H CHJAOBOTrO (THAPO-
JMHAMHYECKOr0) nopobus.

TI'eomempuuecxoe nodobue rpaHHI TMOTOKOB (IPOTOYHHX MojiocTel
HAcoCOB) — HEOGXONMMOe YCJIOBHe MojoGusi camHX HacocoB. [lpu
COG/MONEHHH 3TOr0 YCNOBHS BCe CXOACTBEHHHIE JHHeflHble pasmepsl
NPOTOYHOH YACTH CPABHHBAEMBIX HACOCOB JOJIKHH HAXOAHTbCH B NO-
CTOSSHHOM CooTHolleHHH. [eomerpuyeckoe mnojo6ue, Kpome TOrO,
BKJIIOY2eT NONOGHEe OTHOCHTEJbHBIX LIEPOXOBATOCTEH CTEHOK NpOTOY-
HON YaCTH HACOCOB, TOJMWIMH OOTEKaeMBIX NpodHied.

Kunemamuueckoe nodobue — ato nono6ue TpaeKTOpHUH NBHKEHHS
YaCTHI, XKHAKOCTH M DABEHCTBO CKOpOCTeHl B CXOACTBEHHBIX TOYKAaX
noroka (T.e. MAaHel CKOPOCTEH MOJEJBLHOIO H HATYPHOTO NOTOKOB
JOMKHH ObITh NOROGHLI).

Cunosoe (2udpodunamudeckoe) nodobue o3HauaeT nojHoe nopobue
[IOTOKOB M XapaKTePHU3Yercss PABEHCTBOM OTHOIIEHHH CHJ ONHHAKOBOi

! YpoBens BUGpaUHs MO CKOPOCTH ONMPEReNsercss MO OTHOUIEHHIO K HYJEBOMY
ypoBHIO, paBHOMY 5-1078 M/c B OKTABHHX moJOCaX YacTOT OT HOMHHAMLHOH 4a-
ctoTH Bpauenus 10 2800 I, a Mo yCKOPEHHIO — IO OTHOUIEHHIO K HYJEBOMY YD OBHIO,
paBtiomy 3. 1074 M/c? B OKTaBHHX [OJQGkk NSCTON RAF HOMEHAMEGN WaeSOTH Bpalle-
HHs jo 11200 I'm [86].
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¢dusnueckoft npupoisl, AEACTBYIOMIMX HA YACTHILI XKUIKOCTH HJH HA
IPaHHUIBl IOTOKA, B CXOACTBEHHBIX Toukax. CHyloBoe nopofue B Haco-
cax BO3MOJKHO TOJIbKO NPH KHHEMaTHueckoM nojpobuu. CuyoBoe nopo-
e HaANOpPHBIX YCTAHOBUBILMXCA IIOTOKOB TpeOyeT paBeHCTBA YMCEJ
Pefinonbaca Re.

XapakTepHCTHKH HAacoCOB, HCHOJBb3yeMbie B HPAKTHKE. PasmepHole
eudpagarudeckue XapakKmepucmuKy HacoCOB — 3TO B3aHMO3aBHCHMOCTH
OCHOBHBIX NapaMeTpOB HAcocoB (pacxona Q, Hanopa H, HafKaBHTalH-
oHHoro Hamnopa Ae, momHocTH N, a A1 HEHTPOGEKHBIX HACOCOB H
YaCTOTBL BPAIUEHHs 71) H 3aBHCHMOCTH 3THX NapamerpoB OT NJIOTHOCTH
JKHIKOCTH p, BA3KOCTH v. Ecniu Bce nmapamerpsl nepeMeHHsl, TO 0611yio
XapaKTePHCTHKY HeoOXOJAHMO CTPOHTb B MHOTOMEPHOM NIPOCTPaHCTBE.
Takyio XapakTepHCTHKY HEBO3MOXHO H300pas3HTb rpadHyeckH H
Jaxe TpyAHo cefe npeacTasuth. [losToMy npHxoanTcsi BBOAMTL ompe-
JleneHHble KOMILJIEKCHI, COCTABJIEHHLIE M3 YKAa3aHHBIX BEJMYHH, NPH-
HHMasi HEKOTOpbIE U3 HHUX INOCTOSTHHBIMH.

Jns nonacTHBIX HAaCOCOB HOPpMAAbHbE 2u0pasaudeckue xapaxme-
pucmurxy O6BIYHO CTPOST, NPUHHMAA: @, = var (HOMHHalbHas yrao-
Basg CKOpDOCTb BpauleHHd); Ae > Aey,, (6eckaBuTalMoHHas paboTa
Hacoca); v < Vgp (PAe Vpp, — NpelebHas BA3KOCTb, ONpefenseMas
H3 coorHoweHus Re > Rey,; Rey, — kputnyeckoe uucno Pei-
HOMbACE, NPH KOTOPOM HMEeT MECTO aBTOMOJEJbHBIH pEeXuM, T. €.
XapaKTepPHCTUKH HACOCOB He 3aBUCAT OT BS3KOCTH), P = Dconst-

HauGonbmu#i HHTEpEC 4N Pa3NHYHLIX BHAOB HAacOCOB NpPEACTAB-
JAI0T CJeAYIOLIME HOpMAasbHLIE XApPaKTePHCTHKU: HamopHas H =
= f(Q), momHoctHaas N = [ (Q), 3Hepreruueckas 1 = [ (Q).

Ecnu pexum paboThl Hacoca He MO3BOJISET BLINOAHUTb YKa3aHHBIE
BEIIIE YCJIOBHA, OOECHEYHBAIOMIME NONYYEHHE HOPMANBHBIX Xapak-
TePHCTUK (KOTJd yrjoBasi CKOPOCTb @y, HAAKaBUTALWOHHBIH HAMOP
Ae, BA3KOCTb vV WJH KOHUEHTPANHs H pa3Mepbl B3BELUIEHHBIX YACTUL
NpUBOAAT K TOMY, 4TO JJsi Hacoca B LeJIOM He COGMIONaeTcs IHHaMH-
Yeckoe nojobue), TO HUCNOJB3YIOT 4acmHble eudpasiudecKue xapaxme-
pucmuxu. OOGBMHO HA OZHOM rpaduke NPUBOAAT PAL HacTHBIX Xa-
PAKTepHCTHK ANfA HECKOJbKHX (HKCHPOBAHHBIX 3HaueHMHA mnapame-
TPOB, HAPYIHAOWIKMX YCJIOBUSA NMoA00HA. Tak, YacTHBHIE rUJpaBJIHYECKHE
xapakrepuctuk H, N, n = f (Ae) cTpoAT ans pAna GUKCHPOBAHHBIX
3HayeHUH HajkaBHTanuoHHOro Hanopa Ae. [Ipu sToM Ans Hepery-
JUDYEMOro Hacoca CTPOSAT HE MeHee TpeX YAaCTHhIX KaBHTALMOHHBHIX
XapaKTepUCTHK (NPH TpeX 3HaueHHsaX Ae), a AN peryJupyeMblx —
He MeHee TpeX NpPH KaXkIO0M (HKCHpPOBAHHOM MOJIOKEHHU peryJHpyto-
mHux opraxoB. O0uiee YKWCI0 NMOJNOXKEHHH perynupyoomero oprana fe-
pPYT He MeHee NATH.

YacTHas KaBHTALMOHHAS XapakTEePUCTHKA MNpeACTaB/iAeT coGo#
3aBHCHMOCTb HEOOXOAMMOr0O HAAKaBHTALMOHHOro Hamopa Ae, oT
nonaun @, T. e. Ae, = f (Q). B npakTHke YacTHYIO KaBHTALHOHHYIO
XapaKTepHCTHKY HHOrJa COBMEAT C HOPMAaNbHBIMH XapaKTepH-
eTukamu HacocoB H, N, n = [ (Q), 4To no3sonser oLeHUTh BAUAHUE Ae
na unsmenenne H, N, 1.
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Omunocumenvrvie xapakmepucmuxy — 3TO TakHe, B KOTOPHIX 3a
€IHHHIlY BEHYMHBl XapaKTepH3YEeMEIX napaMeTpoB NMPUHUMAIOT onpe-
HZE/NCHHBIE 3HAY€HUs STHX NApaMeTpoOB, HalNpHMep HAamop, pacxof,
momHocTe ¥ KI1II, cooTBeTcTBylOLIHE ONTHMANBLHOMY pexumy (pe-
KUMy MarcumanpHoro KIIMI).

Bespasmeprvie xapaxmepucmuxu BBIPAMKAIOT 3aBHCHMOCTH OJHOMN
6espasMepHOA KOMOHMHALMH napamerpoB Hacoca OT apyrod. DBes-
pasmepHele XapaKTepHCTHKH MOTYT ObITb paclpocTpaHeHbl HA BECh
GespasMepHblll (HOKOGHLIH) PAA HAacOCOB, XapaKTepH3yeMbIX, HANpPH-
Mep, reoMeTpHyeckuMm MacwiTaGHbiM ko3dhduumentom. C 3To#l TOUKH
3peHHs OHM oueHb ynoOHel. OfHAaKO NpH HCNONBL30BaHHH Ge3pasmep-
HBEIX XapaKTepHCTHK Heo0XOAMMO YYHTLIBATL BO3MOMXKHOCTB HApylie-
HHSl YC/IOBHHA KHHEMAaTHYECKOTO H AMHAMHYECKOTO NMOoAoGHsA, HanpuMep
BCJIENCTBHE BO3HHKHOBEHHS KABHTALHMM WM HU3-3a BJHAHHS BSI3KOCTH
H JApYyTHX (axTOpOB.



YACTb IHEPBAA

THIPOCTPYHHBIE H JOITACTHBIE
HACOCHI

Fnaea 1

CTPYAHbIE HACOCHI AJi1 OJAHOPOJHbLIX )KHAKOCTEH

1.1, Npuunun geficTBHA M KOHCTPYKUHH CTPYAHHEIX HacoCOB

IugpocrpyfiHeIM HAcOCOM HasbIBaeTCs AMHAMHYECKHA HacoC Tpe-
HUS, B KOTODOM NepekauHBaemasi (nmaccuBHas) cpefa (KHIAKOCTb, ras
MUK CMECh MHAKOCTH € Ta3oM HAM TBepIbIMH YacTHLaMH) nepeme-
IAeTcs BHEIUHMM nOTOKOM (crpyell) paGoued (AKTHBHOH) JKHAKOCTH.
SHeprus oT OJHOro NOTOKA XKHUAKOCTH K JpYyroMy NepefdeTcs CHJIAMH,
JeHCTBYIOLIUMH H4 mnOBepXHOCTH paGouedi CTpyH.

Cxembl CTPYHHBIX HACOCOB BecbMa pasHoobpasHel. Ha puc. 1.1
NpUBeJieHBl CXeMBl Haubo/ee H3BECTHBIX H PACNPOCTPAHEHHBIX KOH-
CTPYKUUMH HeperynupyeMblX rHAPOCTPYHHEIX HACOCOB, a Ha pHc. 1.2 —
THAPOCTPYHHBIX HACOCOB C peryJHpyeMbIMH reoMeTpH4YeCKHMH napa-
MeTpPaMH, NpHYeM DEryJHpOBaHUe NPOMU3BOAMTCA 33 CUET H3MEHEHHS
IJIoMaaH BBEIXOJHOTO ceueHHs pabouero (aKTHBHOTO) CONMJa MJIH MJO-
IM4]¥ [ONepeyHOro CeYeHHs Kamepnl CcMelleHHsd (ropJjosuubl)). He-
CMOTPSl H& pasHOO6pa3He KOHCTPYKUMH B GOMBIIMHCTBe CTPYHHBIX
HACOCOB MOXKHO BHIIENUTH CJefyloulie 3/leMeHThl: akTHBHOe (pafouee)
COIJIO, KaMmepy cMmelleHHs (ropnoBuHy), Auddy3op, BXOAHOH y4acTOK
TOPJIOBHHEI A/l NPONYCKA NAaCCHBHOIO NOTOKA, BbIMONHAEMBIN, KaK
npaBuJio, B BHJe KOHQy3opa. PaGouee KOHHUYECKOe COMJIO (HACAIOK)
B OCROBHOM YCTAHABJIHBAIOT COOCHO (10 LEHTPY) C KaMepoR CMellleHH
(puc. 1.1, a; 1.2), a Takke B BHIe KOJblla, PA3MEIIEHHOrO MO nepude-
puM Kamepul cMewenus (puc. 1.1, 6), nau komOuHEpoBanHo (puc. 1.1, 6).
B HEKOTOpHIX cyuasX NPHMEHAIOT MHOTOCONJOBBIE THAPOCTpYAHBIE
annapatel (pHc. 1.1, 2). [laockocTb cpesa akTHBHOro comsa (ComJ)
HOJIKHA MMM HAXOIMTHCH BO BXOJHOM CEUEHHH KaMEphl CMEINeHHS,
HnH ObITb BHIABHHYTAa H3 HEro NPOTHB TEUEHHS Ha HEKOTOpOoe pac-
cTosinHe (06blYHO He Gojiee yeM Ha OAMH—TpH kanubpa conna).

Ilpomecc cmemenus aKTHBHOH M NMAacCHBHON cpeX B THAPOCTPYH-
HBIX HACOCAX ¢ HEHTPaJbHOH CTpyedl MOXHO YCJAOBHO Da3JesHTb Ha
JBa yuacTKa. TeueHHEe XKHIKOCTH H4 Hada/JIbHOM Y4acTKe NPOHMCXOIHT
nojo6Ho pacnpoOCTpPaHERHIO 3aTomvieHHON TypOyaenTHol crpyu. Ha



rpaHunax 3aTomJieHHOft CcTpyH ofpasyercs OOWIHpHAS paclIHpsiO-
1HAsCsT 30HA CMelleHHst — TypOyJeHTHu norpaHuuyHuf c1ofi. Beren-
CTBHE€ BOBJIEUEHH S YACTHI XHUAKOCTH B IOrPAHHUYHEIA CJIOH pacTekaHue
CTPYH B KaMepe cMelleHus 6yneT NPOUCXONHThL HE B TOJIILE HEMOABU K-
HOH KHAKOCTH, @ B CIyTHOM IIOfcackiBaeMoM noroke. IIpu aToM yroa
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Puc. 1.1. CxeMmH HeperyJaupyeMblXx THAPOCTPYMHHBIX HaCOCOB:

a — C UEHTPANbHBLIM COILJIOM; 6 —c KOJBbUEBbLIM COMJIOM, 8 —

C UEHTPaJbHbIM H KOJIbUEBbLIM COMJaMH; Z—MHOI‘OCOH.HOBOﬁ;
1 — conno; 2 — kamepa cmewmeHnus;; 3§ — aupdysop; 4 — koudysop

pacmippeHus CTpyH 6yner TeM MeHblle, yeM O6oJblie CKOPOCTb NOA-
cacriBaeMoro (cmyTHoro) noroka. Kpome TtypGyJieHTHOro norpaHuy-
HOTO CJIOSl MMEETCs] YMeHBLIaolleecsl 110 Mepe yAaJeHus OT COIiIa AApo
CKOPOCTeH XHIKOCTH, HcTeKawoulefi us comsna. bnrarogaps toMy uto

5 4 7

Puc. 1.2. CxeMH HacoCOB C DeryJHpYyeMbIMH TIeOMeTPHYECKHMH [apaMeTpaMH:
@ — C peryJupyeMoll MIOWAaAbi0 BHIXOLHOTO CEYEHHH COMMA; 6 — C perysiupyemodt
MIOMAABIO MOMEPeYHOro ceueHHs KaMepn! cmewenHs [a. c. 390304 (CCCP)];

I — conno; 2— xamepa cMmemweHHs; 3 — pubdysop; 4 — KoHPY3Op; 5§ — «Hraa» Ansa pery-

JIHDOBAHHS TJIOIIAAH BLIXOZHOrO CEYEHHs CONJa; 6 — JONOJHHTEJNbLHAs NOJOCTb AJs H3IMe-

HEeHHs IJIOImafu INONePeYHOro CeYeHHs KaMephl CMeleHHsl; 7 — TPyGoNpoBOA AJIs NOAaYH
KHUAKOCTH B KaMepy 6

B NOTPAHMYHBIA CJIOA HENPEPLIBHO BOBIEKAIOTCA YACTHIB! M3 Mepeka-
YMBaeMOH cpennl, OO pacXo/ XKUAKOCTH B CTPYe IO Mepe yoaleHHst
OT Cpes3a comnJia BO3pacTaeT. B ompeneneHHOM CeYeHHH POCT IOrpaHHy-
HOTO CJIOfl IPEKPAlaeTCsl 32 CYET OPAHMYEHUsS] CTEHKAMH KaMepH cMe-
wenus. Hauunas or 3TOro ceyeHusi NpeKpallaeTcss BOBJEYEHHE HOBLIX
Macc nepemeraeMoil cpenbl B CTpyIo aKTuBHOH xuakoctH. Ho B sTom
CeYeHHH CKOPOCTb NO pajuyCy pacnpeie/ieHa elle He paBHOMEpHO.



[TostoMy Tpe6yercs HOMOJHHTENBHHII yYaCTOK CTaGH/IM3aLUM B Ka-
Mepe cMelleHus JAHHOH n0 6—10 ee nHameTpOB, HAa KOTOPOM MpOHC-
XOIHT jfajibHeHlIllee BEHIpABHUBAHHE INapaMeTPOB MOTOKA.

Ilocne BhipaBHMBaHHA NoJiell AaBJeHHH M CKOpOCTefi CMeLIaHHHH
noTok, obnajgaromui eme GoabuIof CKOPOCTHIO, ofaercst B fuddy30p,
rie INPOMCXOAUT npeoOpa3oBaHHe KHHEeTHUECKOH SHEpPrHM M[OTOKa
B IOTEHUHAJbHYIO 3SHEPrHi0 [NAaBJIEHHS.

[Toacoc maccuBHOrO noToka B cTpye paGoueil KHAKOCTH MPOHUC-
XOIMT, II0 COBPEMEHHBEIM BO33DEHHAM, B Pe3yJbTare B3aHMOLEHCTBHA
CHJI TypOYJIEHTHOI'O TPEHUS, BBHI3HIBAIOLIETO NOSIBJIEHHE BUXpel pa6o-
yefi (aKTHBHOH) M moACACHIBAeMOl (macCHBHO!) cpen BO BXOZHOM

2 L
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Puc. 1.3. CxeMnl acHMMeTpHYHHX CTPYHHBIX HAcocoB: @ — no a. ¢. 193930 (CCCP);
6 — no nart. 3650637 (CILA);

I— [~ VI— VI— nonepeynnie ceyeHHs

CeueHMH KaMmephl CMeIICHHsA, TAe YCTAHABIMBAaeTCs JaBjeHue p,
KOTOpOE HMXe HaBjJeHHA naccuBHOH cpenwl. CroXxeHHe BHUXDPEBOTO
H NOCTYNATEeJNBHOTO ABHUKEHHS MKHUAKOCTEH CO3[4eT, COIJIACHO Teo-
peme Kyrra—)KyKoBCKOro, moisemHyl0 CHJIY, MONEPEYHYIO IO OT-
HOILIIEHHI0 K HANPaB/JECHUIO NOCTYNATeJBHOTO ABHKeHus. [lpu atom
NPOHCXOLHUT NepeMellNBaHHe AKTHBHOTO M NACCHBHOTO TOTOKOB.

PasnuunbiMu aBTOpaMM npennoxKeH pPSI HOBBIX, OTJIMYHBIX OT
npefuyliiX KOHCTPYKUHHA CTpyHHHIX annaparos. Tak, Ha puc. 1.3
NpHUBEICHE KOHCTPYKUMH CTPYHHHIX HACOCOB, BLIMOJHEHHHIX B BHJE
Kosnena (moBopora) Ha Tpybonmposoze. [Ipw sToM akTuBHAsa cpexa,
KakK npaBujo, MOJAaeTcsl MO HAPYXKHOMY KOJeHy, a NacCHBHAs IOA- '
caceiBaeTcst mo BHyTpenHemy. Ha puc. 1.4 u306paxeHbH TPH KOH-
CTPYKIMH IIEJNEBHX CTPYHHHX Aannaparos,

Pabouas KXuAKocTb (puc. 1.4, a) nomaercs mo Tpy6e I H oTpa-
' 2KaeTcsl OT IVIACTHHH §, K KOTOPOH B 30HE MAKCHMAIbHOI'O MOHMKEHHUS
THADOCTATHYECKOTO [ABJEHHS INPUCOEIMHEH BCachBalOWMH mnarpy-
60K 4; cMech CDEl HM3JMBAaeTcsi B IIEAb MEXAY ILIaCTHHAMH 5 M 7
u uyepe3 KoXyX 3 M maTpy6ok 2 OTBOAMTCA K morpeGurenio. [lna-
CTHHH & M 7 yJNep>KHBAIOTCH Ha 3aJaHHOM DPACCTOSSHMH C IOMOLIbIO
KpenexHuXx 6oaToB 6.
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CrpyliHuift annapar, npejcTaBjJeHHuft Ha puc. 1.4, 6, ABasgerca
yCOBepIIIEHCTBOBAHHLIM ANNapaToM, M306paxkeHHhIM Ha puc. 1.4, a.
Pa6ouas crpya nocrynaer no tTpy6ke I B comao 8 u, OTpaxasch OT
NJacTHHH §, 06pasyeT CHMMETPHYHYIO KPYrOBYIO 30HY OTpaMeHHS.
BeachiBaomas IoJ0CTh B BHJE IPOTOYKH 9 HCIONB3YET BCIO 30HY I1O-
HUKEHHOTO JaBJeHHs, OOpasoBaHHylo HcTeKapouleli u3 comaa 8
crpyehi. IlaccuBHas cpela mojcachtBaeTcs no natpyoky 4, mpocsep-
neHHoMy B Kopmyce 10.

Il{esieBot cTpyiubIf annapar, NpHBeNEHHbA Ha pHuc. 1.4, 8, aHa-
JOrHYeH N0 KOHCTPYKUHMH annapary, u3o6paxeHHOMY Ha puc. 1.4, 6,

8
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Puc. 1.4. CxeMnl ImeneBbix cTPYHHEIX HACOCOB MO aBTOPCKHM cBHpeTenbcrBam CCCP:
a — a. c. 210663; 6 — a. c. 338687, ¢ — a. c. 901654

HO fIBJISieTCS PeryJaHpyeMBIM, TaK KaK OTpaKamomas mjIacTHHa §
ONMpaeTcs Ha 3J1aCTHYHYI0 AMapparmy 2, 3aKpellIeHHYIO BO {JaH-
nax I4. Orpaxawpmas miacTuHa § onHupaercs Takxe Ha wmrok I3
¢ npyxunoii. [TomocTs Han auadparmoit 12 coobuiena Tpy6kolr 11
€O BCACHIBAIOLIMM OTBEpCTHEM 4, NPOCBEpJIEHHBIM B KOpIyce Hacoca /0.
IIpy w3MeHEHHH JABNEHMN BCACHIBAHHS OTpaXamolas NaacTUHA §
MOXET I[epeMelarsCsl noj AeficTBHeM NPYXHUHBI M Auadparmer /2.

Cnenyer OTMEeTHTb, YTO CTPYHHBlE anmnapaThl, W306pa<eHHBIE HA
puc. 1.3 u 1.4, BHIIOMHEHH HA CTafuu H306peTaTENbCKHX pelleHuR
U pe3yJbTaTH HCCIENOBAHMA HX XapaKTepHCTHK HaM MNOoKa HeHus-
BecTHbl. [103TOMy B KHHIe B OCHOBHOM DacCMarpHBAIOTCS TPAafHIHOH-
Hble CTPYHHEIE HaCcOCHl, KOHCTPYKIHHM KOTODBIX H300paXKeHH Ha
puc. 1.1 u 1.2 (c HEHTPANBHBIM H KOJBLUEBHM COILIaMH).

Umetorcss u Apyrue npemyioXeHHUs IO KOHCTPYKUHAM CTPYHHBIX
annaparos. Tak, Ha puc. 1.5 H30o6paxkeHH crelHaNTbHBIE KOHCTPYK-
LMH CTPYMHBIX HACOCOB JUIS 3XKEKTHPOBAHHS TOHKOrO CJIOSl MJI4Balo-
mefl JKHAKOCTH C NMOBEPXHOCTH APYro#, Gojee TAXKENOH KHJAKOCTH,
a TakXe M1 NPHIOHHOTO 3KeKTHPOBAaHHA TOMJHMBA, HAalpHMep H3
6aKoB JieTaTeJbHOTrO anmnapara. '
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B nepsom us srux annapatoB (puc. 1.5, a) axkrusHasm cpepa 7
moxaercsi B pecuBep ! M, IPOXOAsA uepe3 KPyrosoe LiesieBoe ComIo 2,
9XKEKTHpyeT C IIOBEPXHOCTH CJIOH MIaBarollell XuukocTd 3, noxasas
cmech paBoueil M maccuBHOH cpen B au¢dysop 8 u nanee Ha c6poc no
Tpy6e 9. Pasmep KoJbLeBOH IENH A1 NACCHBHOTO NOTOKA 3 MOXKHO
pEryNupOBaTh NOMJABKOM 4, MepeMelaeMbiM C NOMOMHIbIO WTOKa 6,
HMEIOIIMM B HHXXHeH yacTu yroslieHue 5, a B BepxHeit — peanby 10.

Crpyfiublfi annapar, M300paKeHHBIH Ha pHC. 1.5, 6, otnnuaercs
OT OOGLIYHBIX CTPYHHBIX HAcOCOB JIHHIb KOHCTPYKLHEH BCachBaiouied
nojoctu. Ha ocHOBaHMH INpeXBapHTENbHO IPOBENEHHOIO aHaAu3a

)

Puc. 1.5. Cxembl CTpyRHHIX HAcOCOB JJjisi SKEKTHDOBAHHS KHAKOCTH: @ — JJs
9)KEKTHDOBAaHHS JIETKON KMAKOCTH C IIOBepXHOCTH Ooflee TSAKeNOR KHIKOCTH
a, c. 626252 (CCCP)]; 6 — At DPUIOHHOTO  SKEKTHDOBAHHS  KHAKOCTH
Ea. c. 282065 (CCCP)]; ¢ — pacnpeZXesenue JUHUA TOKa Y BCACKLIBAIOIIETO OTBEPCTHS

JUHHEA TOKa /3 MUAKOCTH y BCACHIBAIOLIETO OTBEPCTHS THAPOCTPYH-
Horo Hacoca (puc. 1.5, ) Moxer 6bITH NOCTPOEH CHENHaNbHO CIpodH-
JaupopaHublii 3kpaH 11 ¢ orBepcrusimu 12 (puc. 1.5, 6), obecneunsaio-
KA MaKCHMANbHYIO OTKauyKy KHMJKOCTH cO jpHa O6aka.

Ha puc. 1.6 usobpaxkene! cOMOKHpOBaHHbIE CTPyHHBIE HacOCHI,
IO3BOJIAIONME YBENMHYHTH IOHAYy OTKayuBaemol cpensl. Hacoc,
npuBeaeHHBIN Ha puc. 1.6, a, cobpan u3 npodunMUpoOBaHHBIX Tapeed,
ofpasyioliiX B MONEPEYHOM Ce4YeHHWH OOLIUHEIE CTPYHAHEIE HACOCHI,
umeonpe aunddysop I, kamepy cmewenus 2, koudysop 3. Paboune
conia 9 cobpaHul U3 MITAMIOBAHHBIX MJIH JIUTHIX jeTasel, 3aKpereH-
HbIX Ha TpyOe 4, moiBoxsumledl aKTHBHYIO KuUJAKOCTh. Jnsi opraxu-
3allHH NOTOKOB paGouefi (akTHBHOM) M moxicachiBaeMo# (maccuBHORM)
cpen no Tpy6am 4 u 8 yactb paboyux comnm 5 U Kamep CMelleHHS 6
saraymensl. [logcacwiBaeMast cpena NMOABOJUTCS CHH3y mo Tpybe §.
Koncrpykuus B nenom crsHyrta 6onramu 7. CTpyiiHeii Hacoc, usobpa-
JeHHHIX Ha pHc. 1.6, 6, aHaNOTHYeH NO KOHCTPYKIHH NpeALIAyLIEMY,
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OZHAKO Ajs ofecneyeHHs TEXHOJOTHYHOCTH COODKH H H3rOTOBJIEHHS
OCHOBHEIE JETaJH €ro BHIMOJHEHH NyTeM HAMOTKM NOJOCH II0 CIH-
panu ¢ nocjaenyromen csapkoi.

Heo6xoauM0 OTMeTHTb, 4YTO KOHCTPYKTHBHOE YCOBEpIIEHCTBOBA-
HHe THAPOCTPYHAHHIX HAcOCOB B ONpeje/eHHOX Mepe HAET 3a cuer
CO3JaHHA peryJupyeMbeX annaparoB. Y4YHTbIBas, 4YTO OTHOIIEHHE
IJIOWAAy MONEepPeyHOro CeueHHsi Kamephl cMelleHus (ropJIoBHHBI) S,
K TJIOLIAJH BEIXOZHOI'O CEYeHHs COmJa S, ABJAETCH OAHHM M3 OCHOB-
HBIX F€OMETPHUYECKHX KpUTepHeB Noa06Hs, olpeleasomUM THH THIPO-
CTpYHHOrO Hacocd W BHJ €ro THAPaBJMYECKHX XapaKTepHCTHK,

Puc. 1.6. CxeMH c6IOKMPOBAHHRIX CTPYHMEX IIeMeBHX HACOCOB: @ — No a. ¢. 180290
(CCCP); 6 — no a. c. 800434 (CCCP)

nofoGHO TOMY Kak Ko3hduiuueHT GLICTPOXOTHOCTH OMNpefleNsieT THO
JonacTHoro (ueHTpoGexHOro) Hacoca, ObIM NPEANPHHATH MHOTO-
YHC/IeHHble TONHTKH CKOHCTPYHPOBATH peryJHpyeMble CTpYHHbE
Hacocel. OnHO M3 HampaBjeHHH TaKHX Pa3paboTOK OXBaThIBaer CIIO-
COObI pery/IMpoBaHUs MJIOWA/K BBIXOLHOTO ceyeHHs comya. Konerpyk-
THBHBHE peIUeHHs 3JeCh pasfieNWINch. PSI aBTOPOB HCHOJb3YeT
NPUHIIMI HeNpepHIBHOTO DPEeryJHPOBAHHMA: 3a CYET BBEJEHHS GMIVIBI»
B comjo (cM., HanpuMep, puc. 1.2, a), nyTem ycTaHOBKH Ha BHXoJe
H3 cOMJIa 3JaCTMYHON MNOJOA BTYJKH, O6KHMaeMOofi NpH BpallleHHH
conna, u T. n. Jpyrue cnelnanucTsl NOLUIKM HO JHHHH AHCKDETHOTO
peryJMpoBaHMs, MNpejraras paAd KOHCTPYKUHH, MNO3BOJISAIOIHX
GBICTPO 3aMEHATH COIVIO OFHOTO KHaMeTpa COIVIOM APYTOro jHaMerpa.
Opnako cmeayer noMuuth (cM. n. 1.4), uro ecau ornowenne S,/S,
ABJISIETCS OCHOBHBIM KpUTEDHEM TIeOMETPHYECKOro MofaobHs THApO-
cTpyHHBIX HACOCOB, TO Bce OCTaJbHLIE JIHHeAHBe pa3Mephl annapara
HOKHE GHITb GyHKIHe#i oT 3Toro orTHowenus. Ilosromy uamenenue
OIHOTO TOJMBKO OTHOWleHHA S./S, He o6ecleuyHBaer ONTHMaJbLHON
paboTHl anmapara NpM 3aMeHe CONJa.

AnanoruyHoe nojoxkeHue BO3HHKAeT H NPH MOMHTKAaX H3MEHHTb
TOABKO NJOWafb DONEpPEeYHOro CeueHHs KaMepnl cMelleHHsA (cM.
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puc. 1.2, 6). IlosTomy npepnpHHHMAIOTCS NONBITKM CO3XaTh anna-
paTel, B KOTODHIX MOXHO 3aMEHHTh BCIO NPOTOYHYIO 4acTb. Ho Takue
KOHCTPYKIIHH, HECOMHEHHO, 6yAyT NPOUTPHIBATE B MaccoraGapuTHBIX
MOKa3aTeNnsX IO CPABHEHMIO C OOHLIYHBIMH CTPYHHLIMM annapaTaMH.

Hcnonb3oBanue 1ys pacuera cTpyHHEIX HacOCOB IeOMeTpPHYECKOro
nofo6us sABJsercs OOGOCHOBAHHBIM TOJLKO B TOM cJydae, KOTJA
CONpOTHBIEHHE OTAGNBLHBIX KOHCTDYKTHBHEIX 3/IEMEHTOB CTPYHHOro
Hacoca He 3aBHCHT OT HX abCOJIOTHBIX pa3MepoB, HAmopoB (HaBie-
Hu#t), pacxojoB, BSI3KOCTH, KaBHTauuu ! u T. m.

B kauecTBe KpuTepHs JMHAMHUECKOro MOAOOHSA MOXHO NPHHATb
unciao PefiHonbjaca, 3anuchiBaeMoe B cleflylounleM BHe:

Re = douy/v = d, V' 2 Apy/plv, (1.1)

rie d, — AuaMeTp BHIXOJHOrO CEYEHMs COIIA; Uy = 1/'2App/p —_
CKOPOCTb HCTeueHHs paGouell XKUIKOCTH H3 COIJIA NPH @, = 1; v—
KHHeMaTHYeCKHH KO3(dUIMEeHT BA3KOCTH, M?/c.

[Mpunsito cuurars, yro npH Re > 10° B runpocrpyfHHX Hacocax

co6/IoNaeTCsl aBTOMOJEIbHBIA PeXHM M BBeJeHHe NONpPaBOK Ha BA3-
KOCTb IIpH pacuere He Tpebyercs.
. Ha puc. 1.7 npusenena Homorpamma I/ ONpeneNeHHs YHUCAA
Pefinonpica B rufipocTpy#HBHIX Hacocax C LEHTPalbHBIM COIVIOM MJIfl
pasauuHbIX XKupkocrefi. Ha aToli Homorpamme 3HaueHue Re = 10°
oTMeueHO KaK KpuTHueckoe (Reyp).

Moxuo Hamucath M Apyroe BhIpaxeHHe fJs uucaa PefiHonmbAca,
ecJIM 3a XapaKTEepPHYIO CKOPOCTh NPHHATH CpelHee ee 3HAUEHHe B KOHIE
KaMephl CMEIIeHHS Ugr, a 32 XapaKTepHHN JUHEHHLIH pasmep — gHa-
MeTp KaMephl CMellleHHsI (FOPJIOBHHH) dip:

Re* = du,./v. (1.2)

B sroM ciyyae Re* 3aBHCHT OT pexxuma paGoThl TMAPOCTPYHHOTO
Hacoca, T.e. orT KosbpdHIHeHTa noxcoca. OTHoLleHHe CKOPOCTH
}UIAKOCTH B FOPJIOBUHE Uy, K CKOPOCTH XMJKOCTH Ha BHIXOJle H3 COMJIA
MOXHO 3alHcaTb B BHJE :

P Q. QW D So L (1.3)

rae Q. — cymMmapHBIfi pacXof XKHIAKOCTH, BEIXOAAIIEH U3 rHAPOCTDY A~

Horo Hacoca, Q. = Qp + Qu; Q, — pacxox paGouelt XHIKOCTH;

Q: — pacxon mopcackHBaeMoH MHAKOCTH; S, S, — COOTBETCTBEHHO

nJouajp NONepeyHoro CeYyeH s FOPJIOBHHH 2 i colsia Hacoca.
IIpeo6pasysa (1.3), mnoayuaem

Lar _ Qo+Q So _ N
o~ Bt 2= (1 tu)g (1.4)

! Bonpocw BAMSHMS KaBuTauMM GyAyT paccMOTpeHn B m. 1.4 ocofo.

% B coBpeMeHHHIX KOHCTPYKIHSAX PHAPOCTPYRHEIX HACOCOB OOLMHMO HCMOJBSYIOT
IHIHHAPHYECKYIO Kamepy cMmemenusi. [TIosTomy B gasbHefiiem, eciH 9T ¢ new HaJbHO
He OroBopeHo, Oy/leM CYHMTaTh Kamepy CMellleHHS HHJAHHApHYecKoH.
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Orcioza »
o =15 (1 +4) - (1.5)

rae u = Qu/Q, — kosdduuHeHT moxcoca.
[Moxcrapnss Beipaxenue (1.5) B (1.2), nosyyaem

d?
Re* =S (1+y) 2 =22 204w, (16)
HJAH HHaAYE
Re* =Re (1 + u)j—:. (1.7)

Heo6xonumo oTrmerutb, 4To cobmiogeHue Re* mnpu cTeHHOBHIX
WM HATYPHBIX HCIBITAHHAX THAPOCTPYHHBIX HACOCOB CONPSIXKEHO
¢ psaoM TpynHocrefi. [TosToMy B nepBoM NpUOGMHXKEHHH MOXHO CHa-

yajia onpefenuth Re no dopmyne (1.1), a yxe mnocne oKoHYaTelb-
HOTO pacuera BHUMCAHTL Re* mo dopmyne (1.7).

Kak orMeuaior aBTopel paborhl [53], B HEKOTOPHIX YC/JIOBHAX
XapaKTepHCTHKH THIPOCTPYHHBIX HACOCOB MOTYT 3aBHCETh OT LIEPO-
XOBaTOCTH MOBEPXHOCTH MX mpoTouHoi vactd. [1. H. Kamener [23]
Jaxe CTAaBUT B HENOCPEACTBEHHYIO 3aBHCHMOCTb OT Hee pacyeTHhle
BEJUYMHB A1 THIPOCTPYHHBIX HacocoB. OnHako, Kak I0Ka3aHO
B pabore [63], xoaduIMeHT TPeHUsT NPOTOYHOMN YACTH ONpesesercs
B OCHOBHOM BeJHYHHOH Re, a BIHSAHHMEM ILIEPOXOBATOCTH ee CTEHOK
B GONIBUIMHCTBE CJHYYaeB MOXHO npeHebpeus. Bosee Toro, moxno no-
Kasarh, YTo ucnonp3obanue B. I1. Pynuuxom [55] BrBogos IT. H. Ka-
meHeBa [23] o Tom, yTo Hamopsl FMAPOCTPYHHBIX HACOCOB B OGJACTH
ManHX KOo3(p(PHULUEHTOB HOJACOCA ¥ MOIYT GBbITh IIOBBILIEHB! 34 CYET
TIaTeNlbHOA 06paboTKH NOBepXHOCTeH MX IPOTOYHOH 4YacTH, IPHBO-
JMT NpH aHaJau3e napameTpoB npeo6pasoBaTenefi XapaKTEpHCTHK
LHeHTPOOEXHBIX HAcocoB (cM. . 8) K monyueHHi0 $HU3HYECKH HeBep-
HHX pesyanTaroB. Tak, no mamubiv B. I1. Pymuuka [55], KIIJ
cTpy#iHbIX Ipeo6pasoBaTesneli MOXer cTarb GoJplle eRMHMIE!, 4TO,
KOHEYHO, HEeBepHO.

Hcnonssys Homorpammy (puc. 1.7), MOXKHO BHAETb, YTO IPH me-
peKauke F'HAPOCTPYHHEIM HACOCOM BOJIBI BeIHUHHA Re NpH H3MEHEHHH
temnepatrypsl or 0 no 80 °C naxonurcs B npemenax ot 4-10% xo 107,
B TO BpeMs Kak 1Js 6o/ee BA3KHX JKHUAKOCTEH, TaKMX KaK KePOCHH,
Kupkocrs AMI-10 u np., BenrnumHa Re Oyner ymeHblIaTeCs 10
102—10°. D10 MOMKeT CYIIECTBEHHO YXY AIUHTL XapaKTEPHUCTHKHU T'HAPO-
CTpYHHBIX HAcoCOB, a NIpH pacuerax HOTpeGoBaTh BBEACHHA NONPABOK
Ha BSA3KOCTb XXHJIKOCTH.

Ananusupys Bripaxenue (1.7), MOXKHO BUJIETh, UTO 3HaYeHHe Re*
B KaMmepe cMellleHHs (ropJioBHHe) o6BIYHO OJH3KO K 3HayeHHI0O Re,
onpenensieMoMy no ¢opmyse (1.1). dro ob6pAcHAeTCA TeM, 4To, Kak
NOKAa3aHO HHXKe, NPHY MaJBIX 3HAUEHUNX OTHOUeHHs dp/d, Koapdu-
IHeHT Hojcoca ¥ OGHIYHO He NpeBHIIIaeT eAHHHIH; Mpu GOJbLIKMX
S8HaueHHsX 3Toro oTHoweHus (di/d, = 5~-10) Ko3(pdHIMEHT NOx-



coca Moxer cocraBasath 5—10. Tostomy BenmuuHa Re* B stom cay-
yae Takxe OnuM3Ka K 3HaueHHio Re, onpenensiemoMy no dopmyse
(1.1). Tonbko nns THAPOCTPYHHBIX HACOCOB C GOJMLLUIMM 3HAYEHHEM
d./d, npu npenencHHX (6OMbIIMX) 3HAYEHMSX IPOTHBOAABJIECHHS,
korpa u — 0, BernunHa Re* MoxeT ObITb NPHMEPHO Ha NOpPSIAOK
MeHbllle BeMHYUHH Reyp. B Tex cayuasx, korma uucao PeiiHoaszca
6/1M3KO K KPUTHYECKOMY 3HA4EHHIO Reyp MM HHMXKe ero (cM. puc. 1.7),
IIpH pacueTax MOXKeT MOoTpe6oBaThCsl BBeJeHHEe IIONPABKM HA BH3-
KOCTb HAKOCTH.

1.2. Pacuer H THAPaBJIHYECKHE XaPAKTEPHCTHKH
CTPYMHBIX HACOCOB JJs ORHOPONHEIX XKHAKOCTeH

Mertoap pacuera ruapocTpyHHBIX HacocoB. BrepBhle teopus rus-
pocTpyHHBEIX HacocoB Obl1a npepmoxena I'. Ileiitmepom ! B 1863 r.
[71]. OnHako B CBSI3U CO CNOXKHOCTBIO NMPOLECCOB, NPOHUCXOSLIMX
IIpH CMEIIEHHH [IOTOKOB, H B3aUMHOM nepegayeii SHeprun oT aKTHBHOTO
IIOTOKa K I1aCCHBHOMY JO HACTOSIILIEr0 BPeMEHH OTCYTCTByer obiuas
aHaMUTUYECKAs TEOpHS, IIO3BOJNSAIONIAS PACCUHTHIBATE T[HAPOCTPY H-
Hble Hacocel, He ofpamascy, K HUCIOJb30BAHHIO SMIHPHUYECKHUX BENH-
yuH. OrcyTcTBHe ofuielt TeOpHH TypOyJEeHTHOCTH, B YacTHOCTH, He
MO3BOJISET ONpeNeNTHTh JVIHHY, Ha KOTOPOH OCYILECTBJAsieTCsl MOJHOE
NepeMellHBaHHEe IIOTOKOB pabodefl M 3KEeKTHPYeMOH KHUAKOCTEH,
a TakXke 3HAYeHHs] KODPEKTHBOB KHHETHYECKOH 3HEPrHH oy (Ko3ad-
¢unuenr Kopuonuca) u KonmuecrBa IBHKeHHS Py , (kKosdoduument
byccuHecka) ans XapakTepHHX ceueHHH cTpy#fiHOro uacoca. s
pacyeTa THIPOCTPYHHEIX HAcoCOB K HACTOsIUEMY BpEMEHHM Npejto-
2KeHB! METO/Ibl, OCHOBAHHEIE HA CJIeAYIOIHX TEOPHAX: TEOPHH CMEIIEHH
IABYX IIOTOKOB; TEODHUH PacNpOCTPAaHEHUA CTPYH B Mmacce Nokosuefics
WJIH IBHXKYLIEHCA XHAKOCTH; MeXaHHKe Tel NepeMeHHOH Macchl.

Ananmus MeTomoB pacyeTa THAPOCTPYHHBIX HACOCOB INPHBENEH
B paforax [23, 65, 78]. HauGoabluee pacnpocTpaHeHHe B IpaKTHKe
NoJIY4HJH MeTOAB! pacueTa, paspaboranHnle B MBTY um. H. 3. Bay-
mana IO. JI. Kupusnosckum u JI. I'. Tlogsugsom [10, 53], 8 BTHU
M. @. 3. Izepxunckoro E. A. CokonoBrim u H. M. 3unrepom [65],
a rakxe Meront II. H. Kamenesa [23]. Merogx MBTY npenuasuauen
B OCHOBHOM JJIi pacyera THAPOCTPYHHHIX HacocoB, pafoTaloumuX Ha
OIHOPOAHBLIX HJIH Pa3HOPOMHEIX, HO OXHOMA3HBIX KUAKOCTAX. MeToxns!
BTH u I1. H. KaMeHeBa N03BOJSAIOT PACCUHTHIBATL TAKKE M CTPYHHBIE
annaparel, pa6orawcliie Ha pasHodasHHX XKHAKOCTAX. B HociaenHue
rogtl I'. H. Cu30BBIM npepToXeH MeTOA pacyera, OCHOBAHHHIA Ha
MexaHHKe Tesq nepeMeHHol Macchl [60, 61].

TlocpescTBoM BBejeHHsT SMIIHDHYECKHX COOTHOLIEHHH H Koaddu-
IHeHTOR B aHAJNHTHYECKHE YDaBHEHHA yJajoch JOCTaTOYHO XOpoLUo

! Mepsoe mpumenenme BopocTpyftHOro mMacoca mpumuchBalor JK. B. Benryps,
KoTOpHIt B 1859 r. mcmosb3oBan paspaborauuyio MM TpyOy (cyxkalomee ycTpo#tcTBO
BOZOMepOB) AJs ocymweuHs Goaor B CepepHot HranaHH (B6AHSH T. MoxeHm),



corjacoBaTb MexJy co6Gofi pe3yJbTaThl pacyeTa THAPOCTPYHHHIX
HacoCOB, MOJYUYeHHHE MO J060My M3 nepeyHcaeHHBX MeTomoB. [o-
3TOMY B HacTOdllee BpeMS MOSABHJIAChH BO3MOXKHOCTb IIPOHM3BECTH
HeKoTophle 0606IeHH A H NOCTPOUTh HeOOXOAMMEIE IS IIPAKTHYECKOH
pa6oTel pacyeTHhle rpadMKH M HOMOTPAMMEl HOPMAaJbHBIX M YaCTHBHIX
(c yueToM KaBHTALHH H BIHSAHHUA BSI3KOCTH KHIKOCTH) T'HApaBJIHye-
CKHX XapaKTepHCTHK CTPYHHHIX HAacocoB, a TaKkKe IPHCTYDNHTh
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Puc. 1.8. CxeMa pacnpefieniesdst aBieHHA H CKOPOCTeHl XHIKOCTH B NPOTOuHOR
4acTH THAPOCTPYMHOrO Hacoca C IEHTPadbHLIM COMJIOM

K CPABHHTEJIHHOMY HMCCIEIOBAHHMIO DaHee HEeH3yUYeHHBIX THIIOB I'MApO-
CTpYHHBIX HACOCOB, HAIPHMEP HACOCOB € KOJbLEBLIM paGOUHM COTLIOM
[62], xomblEBEIX HACOCOB C ABYXmoBepxHocTHOM crpyeit [43]. C npy-
roft CTOPOHH, Ha/JHYHe I'MADPABJHYECKHX, KABHTAUHOHHBIX H JPYTHX
XapaKTepHCTHK CTPYHHBIX HacOCOB MO3BOJsET paspaGoTaTb METOAB
pacuera W ONTHMH3alMKH KOMOMHMDOBAHHBIX YCTaHOBOK, B KOTODBIX
FHAPOCTpyHHbIE M APYyTHe HAcOChl NPUMEHSIOTCS COBMECTHO.
OcHOBB pacyeTa FHAPOCTPYAHBIX HAcoCoB, PaGOTAalOMX HAa ORHO-
ponubix xupkocTax ' (p = const). Cuauana npuBeseM pacyeTHmie
COOTHOLUGHHUS J/ISl THAPABJHYECKHX XapaKTEPUCTHK annaparoB C LeH-
TpaipHEM comtoM (puc. 1.8), a 3areM s annaparoB ¢ KOJMbLEBEM
comaom. Il o6IHOCTH BBEEM cleRyioulie ycJoBHbE 0603HAYEHHS
BeNMYMH, XapAKTeDH3YIOWHX THADPaBJIHIECKHE DPEXHMMbl THADOCTPYH-
HBHIX HacocoB. Hanopaum, faBjeHH M, CKOPOCTSIM H PaCX0[aM KHAKOCTH

! Pacyer rHApOCTPYHHBIX HAcOCcOB Jjis HeORHOPOAxhx paloueft M maccusHoft
mHugKocTell npuBege B N. 2.2,
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B THAPOCTpYHHBIX HacocaX OyjeM NpHCBaHBaTbh CJERYIONHe HHACKCHI:
Il — IEHTPaJbHOE COMNO; K — KOJbLEBOE COmo (BXOJ B Kamepy cme-
wenus) !; r — ropnoBuHa (Kkamepa cmemenus); & — auddysop. Ipu
3TOM BXOAHOE (N0 JBHKEHHIO TOTOKA XXHAKOCTH) CeYeHHe KaXJAoro
U3 3THX 3nemeHTOB o6Go3naunm LHppo# I, a BoixomHoe — 2. Ias
MPOMEXYTOUHBIX CEUEHMH 3THX 3JIEMEHTOB B Clyuae HE06XOXMMOCTH
npumeHuM GYKBH a, b, ¢ (xq, Xp, Xe) M T.J., €CIH TAKHX CEueHHiH
HECKOJbKO. YUHTHIBasi, YTO paGoyHil H MacCHBHBIA NOTOKH JXHAKOCTH
MOTYT JBHraThbCsi KaK Yepe3 LEHTpalpHoe, TaK M yepe3 KOJbLEBOe
comno, GyneM npucBauBaTh paGoueMy NOTOKY HHAEKC P, NacCCHBHOMY
(1oTOKy HH3KOro JaBJeHHs) — H, a cMellaHHoMy — ¢. Takum obpa-
30M, HaNpUMeEpP, Ppin OyHer o60sHa4aTh THADPOCTATHYECKOE JaBJeHHE
pabouero noroka (p) Bo BXoaHoM ceuenut (/) uenrpanpHoro conna ().

Ha puc. 1.8 npuBeseHE OCHOBHBIE BENHYHHbI, XapaKTepH3YIOUIHE

aGory THAPOCTPYHHOrO Hacoca ¢ UEHTPajdbHbIM paboYHM COMJIOM.

f'lpn 3TOM XapaKTepHbIMH (DacueTHbHIMH BXOAHBIM M BBIXOJHBIM)
CEUeHHSIMH SIBASIIOTCA: A/ paboyero NOTOKAa XKHAKOCTH, NPOXOAAIIEro
yepes LEHTpanbHOe colyo, — ¢ ¥ 24; AN MacCHBHOrO MOTOKA, NPO-
TeKaolero yepes KoJjbplieBoe comlo, — [k M 2¢; A CMeLIaHHOIO
noroka (B KOHLIE KaMepH CMellleHHs) — 22, a TaKXKe CeUeHHs B Hayane
u KoHue anddysopa — 10 u 2. [Torepy Hanopa (yrenbHoft 3HEpruH)
B LEHTPaJLHOM collie 06o3HaueHs! Ha pHc. 1.8 gepes Ay, B KosblEeBOM
comne — hy, B nudpdysope — hy.

I'nppaBanueckuii pexum paboTh cTpy#inoro Hacoca (puc. 1.8)
MOXKHO OXapaKTepH3oBaTh NpH p = const caenyomumMy napamMeTpamu:

1) pabouum nanopom (3aTpauHBaeMblM B T'HAPOCTPYHHOM Hacoce),
paBHbIM pPa3HOCTH YJAENbHHIX 3HepTHH paGouyero noToka Ha BXoJe
B Hacoc (ceuenue [y) M cMelIaHHOTO TOTOKAa Ha BHIXoJe H3 Hero (ce-
yenne 20): \ ,

v 0,

= Hy— Howw = (g8 58 — (232 + 522 1)

2) noaesubim Hanopom, cO3JaBAeMbIM THAPOCTPYHHBIM HacocoM,
paBHBIM Pa3HOCTH YAENbHBIX SHEpTHI CMellaHHOIo HOTOKa Ha BHIXOJE
H3 Hacoca (ceuenne 20) ¥ nacCHBHOIO NOTOKAa Ha BXOJE BO BCACHIBAIO-
wHit narpy6ok (ceuenne Ik):

2 2
Ha= Ho— Hyp= (22204 S ) (Pom y B ), 1)

3) pacxodom paboueldt scudxocmu

Qp =1Up 2uS2u =Up 2uﬂd§u/4; (1.10)
4) pacxodom naccusrodl scudxocmu (NONE3HBIM PACXOAOM)
Qs = vy oxSax = Uuox %‘ (dfr - dgu) (ll l)

1 Jlns KoNbUEBHX TFUAPOCTPYHHHX HACOCOB Yepes KOJBIEBOe COMIO HPOXONMT
pabounft (aKTHBHHMA) NOTOK, a Uepe3 UEHTPaJbHOE — IOKCACHBaeMHHA (TacCHBHHN)
notok. Hao6opoT, JJs aNnnaparToB ¢ HEHTPAJbHEIM CONMJIOM paGoyult MOTOK NOjaeTcA
B LeHTpajbHOe CONJO, a NACCHBHHIA BXONHT 4uepes KOJbIleBoe COMJIO.
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B page cnydaeB ypasHenus (1.8) u (1.9) Gyaem sanuchBarhb
B CJenyiomem BHJe:

Hp=H,— H,; Hy=H, — Hy. (1.8a); (1.9a)

Us ypasuennit (1.8)—(1.11) HemocpencTBeHHO BLITEKAET BHIPa-
xkenne mas KIIJ crpyiiHoro Hacoca, KOTOpHIl NMpEACTaBAsET COGOM
OTHOLIEHHE [0JIe3HOH MOLIHOCTH K 3aTpaveHHoOMH:

N = HyQu/(H,Qy). (1.12)

B anureparype [23, 55] B paje ciyyaeB HcHoab3YIOT ApYTHE BH-
paxenus pasi KIII crpyiiHbix HacocoB. B GoabuimucTBe ciydaeB
5TH BHIpaXeHHsi xapakTepusyior KIIJI ycraHoBox ¢ ruxpocrpyii-
HBIMH HacocaMH, @ HE€ CaMHX HacocoB. ITOT BONPOC PaccMOTPEH
B n. 1.3.

OpHHUM H3 OCHOBHEIX 3JIEMEHTOB CTpPYHHOro Hacoca SIBAfIETCs Ka-
Mepa cmelllenHs (ropjioBHHa), TAe B Ipollecce NepeMeIlHBaHHs TPOHC-
XOAuT Nepefadya SHEPTHH OT CTpYyH paGouefi (aKTHBHOMH) XKHIAKOCTH
K naccHBHOH (3xkeKTHpyemoii) cpese. B obmem cayyae miomanu mno-
nepeyHbX cedeHHH (MM AMaMeTpH) B HadajJe KaMmephl CMELIeHHA
(ceuenne /2 Ha puc. 1.8) ¥ B ee KoHue (ceuenue 22) MOryT GOHITH pas-
auunbiMi. OpHako B pesysstare uccneposanuit [70] ycrarosaeno,
uyto MakcumaapHe# KIIJL pocTHraercs nmpH HCHONB30BaHHH THAPO-
CTpYHHBIX HAcOCOB ¢ LUAMHIpHYECKOH KaMmepoR cmemleHHst (dy, =
"= dg) 1. Tlpm ucnosb3oBaHHH IHAMHIPHYECKOH KaMephl CMELIeHHS
npouecc nepeMellNBaHHs pabodedl H NMacCHBHOM XXHAKOCTEH H BH-
paBHHBaHHA cKopocTell XKHAKOCTH Mo JJHHE KaMephl CONPOBOXKAaeTcs
HEKOTOPHIM TOBBIIIEHHEM THAPOCTATHYECKOTO JABAEHHA — OT Puax =
= Ppen AO Poar (pHc. 1.8). JlanpHeiflllee NOBHINIEHHE AaBJECHHA H
CHHXKEHHE CKODOCTH XKHAKOCTH O 3HA4YEHMH, RONMYCTHMBIX LA 3KO-
HOMHYHOI'0 TPaHCNOPTHPOBAHHSA ee No Tpy6aM, NPoOHCXOAAT B AH(-
¢ysope. :

B ofmeM cayuae Afisi pacyeTra HOpPMaJbHHIX THApAaBJHYECKHX Xa-
pPaKTepHCTHK THAPOCTPYHHBIX HACOCOB HeoOXOJHMO ONpEAeaHTh Ccje-
IyIOIHEe BeJHYHHLL:

1) pacxomel paGouelt Q, u maccuBHo# (monesnol) Qu XHpKocTe
(pacxoa cmelaHHOM XHJKOCTH Ha BHIXOJe H3 THApOCTpYHHOrO Hacoca
Q = Qp + Qn); )

2) noasble Hanopsl (yAenbHbie sHepruH) paGoueii H,, naccHBHOM
Hy v ememanHoi H Xuaxocrell;

3) ABa OCHOBHHIX FeOMETpHYeCKHX MNapamerpa (pasmepa), Xapak-
TepH3YIOWHUX THAPOCTPYHHBIA Hacoc: IJIOMafb BHIXOJHOTO CEYEHHs
comna S, HAH ero gHaMerp d, = djg M IUIOIa#b TIONEPEYHOro cede-
HHSl TOPJIOBHHH S; HAH ee auHaMerp dy, = dg = d,. Cunuraercs,
YTO OcCTaJbHbIE FeoMeTpHYecKHe pa3Mephl NPOTOYHOH YacTH THAPO-

1 KaMepu CMelIeHHs ¢ YBeJHUEHHHM AHAMETPOM B HayaJbHOM CEYeRHH (KOHbY-
S8ODHHIM YYaCTKOM) HHOIJla NPHMEHSIOT AJS COSAAHHSA THIPOCTPYAHEIX HACOCOB C MO-
BHINEHHHIME AHTHKABHTANHOBYHME KauecTBaMH.



CTpYAHBIX HAacocOB HABASIOTCH H3BECTHHIMH (QYHKIHAMY . OTHOLUE-
HuA dp/ds.

Takum o6pasoM, B pe3yJjbraTe pacuera THApOCTPYHHOro Hacoca
HeoGXoAMMO ONpEeJeNHTb, N0 KpaHHell Mepe, CeMb HEH3BECTHBIX
sennunn (Qp, Qu, Hy, Hy, He, dr, d;). Ina nx pacdera Moryt Guith
COCTaBJIEHH! ClAefylollHe YpaBHEHHS:

1) ypaBHenHe M3MEHEHMS KOJHYECTBa ABHXKeHHS (YpaBHeHHE HM-
nyJascoB) Mo JJIHHE KaMephl cMellleHHsi OT cedeHus e Ro cewenus Ze;

2) ypasnenne aas pabouero Hamopa (1.8) akrTuBHOro mnoToka;

3) ypasHenne pas mosaesHoro Hanopa (1.9) maccuBHoOro mnoroka.

KpoMe TOro, MOXHO 3anmHcarb ypaBHeHHe OajaHca pacXOROB.
Orciofa ciepyeT, 4TO YHCJI0 HEH3BECTHHIX B o6LIeM ciydYae Npephiliaer
YHC/IO YpaBHEHHH, OMHCHIBAIOMIMX Npollecchl, NpoOTEKaloWHe B THAPO-
cTpyRAHBIX HacocaX. JInsA 3aMbIKaHHS CHCTEMBl YpaBHEHHIl COKpaTHM
YHC/O0 HEH3BECTHHIX 3a cUeT BBeAeHHs Ge3pa3MEepHHIX KOMILIEKCOB,
xapaKTepHsylomux Hanop R, pacxon § B reomeTpHueckHe mapaMeTphl
THApOCTPYMHEIX HacocoB d.

e3pa3mepHEl Hanop A nmpuMeM B Buge [10] (cm. puc. 1.8)

rae H,, Hy — BennuuHH, omnpexeasembie No ypaBueHuam (1.8)

u (1.9).
IMoncranoska (1.8) u (1.9) B ypaBnenue (1.13) paer BeipaxkeHHe

_ Hoapg—Hyxaw _ He—Hy
h = Hpi—TFaw — Hy—Hy ' (1.14)
B kauecrBe GespasmepHOro pacxoja § ucrnoab3yeM KodbbHIHEHT
noAcoca u, paBHBIH OTHOIUEHHIO pacXoia MacCHBHOH XHAKocTH Qg
K pacxofly akTHBHoR Xxuakoctu Qp, T.e.

q=u=Qn/Qp~ (1'15)

OcHoBHoft reoMmeTpHuecKH@i NapaMerp THApocTpyHHoro Hacoca
C HEHTpaJbHbIM COIJIOM NpHMEM B BHJE

d = dy/d,, (1.16)

rae dp, d, — COOTBETCTBEHHO AHaMeTp UHJIHHAPHYECKOH TrOpPJOBHHEI
(kaMepHl CMeINEHHs)) H BEIXOAHOH AHaMerp paGouero comja, T. e.
de = din; dr = dyy = dy,.

[Mocne BBenenus GespasMmepHbIX napamerpoB A, § = u u d uucio
ypaBHeHHH OyneT paBHO YHCJY HEH3BECTHHIX.

Cnegyer NOMHHTB, YTO IJIS NOJAYYEHHs HOpPMaJbHBIX Ge3pa3mep-
HbIX THAPABJHYECKHX XapaKTEPHCTHK THAPOCTPYHHBIX HAcOCOB A =
= [ (u, d) 1oNXuH COOGNIONATLCS CAERYIOIHE YCIOBHS (OrpaHuYenHst):

a) ofecrneueHHe reoMeTpHYecKOro NMofoOHs MPOTOYHOHM 4YacTH TH-
ApPOCTPYHHBIX HAaCOCOB, HMEIOIIHX paBHHE 3HadeHus d;

6) OTCYTCTBHE KaBHTalHH; -

B) MOCTOSIHCTBO CKopocTell XXHAKocTH (cM. pHc. 1.8) B cedenusx
Iy, Ix (oTpensHo ans paGowero M WAacCHBHOrO Morokos) K 22 [mo
KpaliHell Mepe, ycpeaHeHHEe 3MopLl CKOPOCTEH MO ce4eHHIO, NpH KOTO-
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pOM KOPPEKTHBbl KMHETHYECKOH 3Hepruy oy (xosbouunent Kopho-
JAUCA) M KOJMUECTBA JBHKEHHS Bﬂ,nl (ko3pdunnent Byccunecka)
AIBISIOTCS M3BECTHBIMM BEJAMYHHAMH ']; MapaijeNbHOCT NOTOKOB
XHUAKOCTH HA BXOJe B HACOC;

T) LOJKHBI ObITh M3BECTHBI BHIpAXEHHS LJIS OlpeleieHHsi MoTepb
yAeNbHOH 3HeprHH (TMAPaBAMYECKOTO CONMPOTHBJEHHS) B Kamepe
cMemenys h,, B BHIXOAHOM CEYEHHH coma Ay, B KOJbLUEBOM COMJE iy
H B Iubdysope h, [norepn Hamopa onpepensiiorcs B Buge h =
= {v¥/(22)];

I) paBeHCTBO THJPOCTATHYECKOTO AABJEHHS B HadaJbHOM cede-
HUHM KaMepbl CMeLUeHUs Py, ANl AKTHBHOTO NMOTOKA ppix M THApPOCTa-
THYECKOTO JaBJEHHS MacCUBHOTO MOTOKA Pyix-

3anumeM ypaBHeHHE H3MeHEHHS YJeNbHOH SHepruH No AJHHE
NpoOTOYHOH YacTH TI'HAPOCTPYHHOTO Hacoca H ypaBHeHHE H3MEHEHHS
KOJMMYeCTBa NBMXKEHHMS IO IJMHE KaMephl CMeLIeHHS.

Hamenenne (nosbllleHHe) ruAPOCTATHYECKOTO JABJeHHS B IHJIHH-
ApHYECKOH Kamepe CMeIUEHHS OT Py = Ppen = Pusx KO Pear MOMKHO
NOJYYHTb H3 YpaBHEHHs H3MEHEHHs KOJHYecTBa JABHXKeHHs (TeopeMbl
HMIyJbcoB) 2

(puslr — P erZr) — by = Qcpv6 2r — (Qppvp 2 + Qupvy ax)- (1'17)

YnenbHbie sHepruy pabouero H MacCHBHOI'O NOTOKOB Ha IpaHHLAx
KamepH cmeileHHs (B ceueHHsX Je B 22) MOXKHO CBsi3aTh C YJEAbHOM
sHepruelf 3TMX MOTOKOB B ceueHuAX Ily (mas paGouero mortoka), Ik
(zns nmaccuBHOTrO MOTOKa) M 20 (AN CMEIIAHHOIO — CYMMAapHOro —
[OTOKa).

Hsmenenve ynenbHolt 3HepruH NOTOKOB 06yCJOBAEHO, C OXHOM
CTOPOHBl, OOMEHOM 3HEepruy Mexjay HUMH B [polecce CMelleHUs
B IOPJIOBHHE, a ¢ ApyTroH — norepsiMy 3Hepruu (Hanopa) Ipu npeojo-
JICHHH XHJAKOCTBIO THUADABJIHYECKOro CONpPOTHUBJACHHSA LUEHTDAaAbHOIoO
comia Ay, KOMbUEBOro comia (BXoAa B FOPJOBHHY) Ay, THADABIHYe-
CKOro CONpPOTHBJEHHsI MO JJIMHE Kamephl cMelleHHsi (TOpJOBHHBI) hAp
H conporuBjeHus Audxpysopa h;.

H3meHeHHe yZnenbHOH SHEPTHM XKHAKOCTH MEXJy cedeHHsMH [y
H 2y (I2) .

(Pp1n+v2plu)_h =£P_m_.+v%i (1 18)
og 2 8 pg % '

Hamenenne ypenbuoil SHepruu MKHAKOCTH MEXLY CeUeHHSMH IK
H 2k (I2)

v2 1« ) Vi 2k
LT i )—hx= P:gzx S (1.19)

1 Ha puc. 1.8 sHavenns ycpeXHeHHHX CKOpOCTeli NOKA3aHH Ha SMIOPaX CKODO-
CTefl INTPHXOBHMH JIHHHAMA. DTH 3HAUeHHs] HCHOJMb30BaHH B ypasHenusx (1.8) ¥
(1.9), mostomy Kosdprusent KoprosHca B STHX ypaBHeHHSX MPBHAT PABHHM efH-
HHIle.

? ByfeM cuHTaTh, 9TO B PaCUeTHHE YPaBHeRHS BXOAAT CPejHHe 1O CeUeHHIO
CKODOCTH JKHEKOCTH.
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Msmenenne yneqnHoHl SHEprHH CMellaHHOTO NOTOKa MEXZAY ceye-
HUAMH 22 u 20

2 2
(p:);r + v;g’zr)__hn=.%‘_+i;g2—n. (1-20)

[Morepn B xamepe cMemenns h, o6yCHOBNEHB paccestHHEM SHEPIHH
Npy BHXpeoOpasoBaHHH, CONPOBOXKJAILIEM MNepeaauyy 3HepruM OT
pabouero MoToka K acCHBHOMY, a TaKKe TpEHHEM Ha CTeHKaX KaMephl.

HopmasbHble rHApaBAHYECKHE Ge3pa3MepHble XapaKTePHCTHKH IHA-
poctpyitnbix Hacocos. [ToacTaHOBKa BeJIHYHH THAPABAMYECKHX COMpO-
THBAEHHH B ypaBHenHs (1.18)—(1.20) no3Boasier nonyuuts caenyiomee
ypaBHeHHe 6e3pa3MepHBIX XapaKTepHCTHK THAPOCTPYHHBIX HacocoB
€ UEHTPaJbHHIM COIJIOM [53?:

=G+ (e — (14 te)? (1 —mPa?
h= it —e—mrat 2

rae m = di/dz.

Hns pacuera HOpPMAIbHHIX THAPaBJIHYECKHX XapaKTEpHCTHK MO
ypasreruio (1.21) Heo6xomumo 3HaThb KOS(MHULMEHTH THApaBJIHYe-
CKHMX CONpOTHBJICHHH ! Ln, {x, {y ¥ §p. X MoxHO onpezenuts nyTem
ananu3a Gananca 3HeprMH B 3JeMEHTaX THAPOCTPYHHOFO Hacoca Ha
OCHOBAHHH SKCNEpHMEHTa HJIH NPHHATb 1O CNPABOYHBIM JAHHBIM.

B cBsA3H cO CIOXKHOCTBIO NMPOLECCOB, NPOHCXOAAMMX B KOHCTPYK-
THBHBIX 3/IEMEHTaX THAPOCTPYHHBIX HAaCOCOB, HX B3aHMHBLIM BAHMSHHEM
IpYr Ha Jpyra, 3aBHCHMOCTBIO THJADaBJHUYECKOTO CONPOTHUBJEHHS OT
pexuMa IBHKEHHMS XHAKOCTHEIX NMOTOKOB, OT Ko3(h(HULUHEHTa Noicoca
H MHOTHX APYTHX (paKTOPOB KOS(DHUHEHTH! CONPOTHBJAEHHS HE MOTYT
OLITh NPHHATH MOCTOSHHBLIMH BO BCEM AHaNas’oHe U3MEHEHHS pabouHx
flapameTpoB THAPOCTPYHHBIX HacocoB. Jasi NpHMEHsieMbIX B HACTOS-
ilee BpeMsi 'HADOCTPYHHBIX HACOCOB C LEHTPAJbHBIM COIVIOM KO3¢-
¢uLKenTH CcONpPOTHBJEHHS B IHanasoHe H3meHenus # or 0,2 jgo 5
MOXXHO OpHEHTHPOBOYHO NMPHHHMaTh chaepymomumu: & = 0,04---0,06;
{x = 0,06~+-0,10; & = 0,2--0,1 (66abluMe 3HAUEHHS OTHOCSTCH
K MeHbUIHM 3HaveHHsiM Koadduuuenta moiacoca H Haobopor); §y =
= 0,20-+-0,15.

B paGore [65] ypaBHeHue HOpManbHHX GespasMEpHHIX THApa-
BJIHYECKHX X2apaKTEPHCTHK THAPOCTPYHHBIX HACOCOB C LEHTPasbHEIM
CONJIOM, NONYyYEHHOE TaKXKe ¢ HCHOJb30BAHHEM TEOpeMbl HMITYJbCOB,
HMeeT cJefyIOmMHHA BHJ:

Aposn: _ Ape _ o0 % _ 1y _@e/d)ter
Appin ~ App 1 d; [2% + (2% P; ) — (do/dr)

—(2—%) _;22_ 1+ u)2] s (1.22)

! 3navenns KoshdHIHEHTOB FEAPABIHYECKHX CONPOTHBJEHKA { GyaeM OTHO-
CHTb K 3HaYeHHsM CPeHHX DO CeYeHHI0 CKOpPOCTedl JXKHAKOCTH B COOTBETCTBYIOUIUX
SJieMeHTaX THAPOCTPYAHBIX HACOCOB.
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rae Ap./Ap, — GespasmepHhiii nepenan aGcOMIOTHBIX THAPOCTATHYE-
CKHX JaBJeHHH, paccuHThiBaeMblii no ¢opmyne

Aps _ Ppc—Pu (1'23)

Apy Pp—Pn

3neco Ppy Pu, Pe — THADOCTATHYECKHE AABJEHHS B cedeHHsax Iy,
Ik, 20 (cM. puc. 1.8); @1, @4, @3, 4 — COOTBETCTBEHHO KO3(PGDHIMEHTHl
ckopocTu pabouero comna, Kamepbl cMellenHs, Auddysopa H BXoja
B Kamepy cMelleHHs (KOJbIIEBOro coIMJa).

Ha ocHoBaHMH BBINOJIHEHHBIX aBTopami KHHTH [65] skcnepumen-
TaAbHBIX HCCAENOBAaHMH pEKOMEHJyeTcs NpHHHMAaTh CJeAyloliHe
3HaueHHs Ko3(hdUUHEHTOB cKopocTH: @, = 0,95; @3 = 0,975; @3 =
= 0,90; ¢, = 0,925,

C yuerom suipaxkenuit (1.12) n (1.23) uipaxenue ans KITI ruxpo-
CTpYHAHOro Hacoca MoXeT OblTb 3allHCaHO B BHJE

— Qu pc—pa _ Apc/App
n= Qp Pp—ro 1 —Ape/Apy ° (1.122)

Asropn kuurn [65] ormeuwaior, uro ypaBrenue (1.22) paer Gnus-
KHE K 3KCIepUMEeHTalbHbM pesyasTarel npn d > 2. B o6nacru
d < 2 ypasreunne (1.22) paer 3asbliennble 3HaueHus Ap,/Ap, npu
OTHOCHTeNbHO GoJbINOM Ko3pdHuueHTe noicoca u. IlosTomy xapak-
TepHCTHKH TMAPOCTPYHHBIX HacocoB B jauanasoHe d < 2 peKoMeH-
Ayercsi pacCYHTHIBATL MO YTOYHEHHOMY YPaBHEHHIO, NpPHBEACHHOMY
B kuure [65]. Heo6xomuMocTh yTouneHHst o6ycJIOBJEHa BAHsHUEM
pacmupeHus paboueil cTpym, HcTekamwoweil u3 pabodero comna, Bbl-
HECEHHOT0 Ha ONpeNeeHHOe pacCTOSTHHE OT BXONa B KaMepy CMeIUeHHs
(cm. n. 1.5).

XapaktepHcTHKH Gesnuddy3opHsix ruapocTpyfinbix Hacocos. [nd-
¢y30p fABASETCS BaXKHBIM KOHCTDYKTHBHBIM 3/1EMEHTOM THApOCTpYii-
HOro Hacoca, N03BOJSIOUHMM He TOJbKO CHHU3UTh CKOPOCTb, HMEBILUYIO
MECTO B KOHEYHOM CeUEHHH KaMephl CMelleHHsi, A0 3HaueHus, Tpebye-
MOT'0 IJ1si SKOHOMHYHOI'0 TPaHCIOPTHPOBAHHA XHAKOCTH IIo TpyGonpo-
BOAaM, HO H MOBBICUTbL (BOCCTAHOBUTH) JaBJleHHE Ha BHIXOJE U3 CTPYH-
Horo Hacoca. OJHako B psilie cJyuaeB B NpaKTHKe NpUMeHsoT 6es-
AudbysopHEIE HACOCH, KOTOPHIE CYIECTBEHHO MPOIIE B KOHCTDYKTHB-
HOM OTHOILIEHHH, YeM T'HJPOCTpYHHEIE HacocH ¢ Auddy3opoM.

ITo cymectBy GesauddysopHblfi cTpy#nbIi Hacoc NpeacTaBAfieT
coboff LHAHHIADHYECKYIO TpyOy, BHNOJHAIOMYIO pOJb KaMephl
CMellleHHs,, B HayaALHOM CeYeHHH KOTOpoH YycTaHOBJEHO pabouee
coIto. : :

YpaBHeHHe pacXOIHO-HANOpHOM XapakrepHcTHKH Geanuddysop-
HBIX THIPOCTPYHHBIX HACOCOB € LEHTpPaJbHHIM CONJIOM MoXeT ObITh
NoJyyeHoO H3 XapaKTepHCTHKH CTpyHHOro Hacoca c Aaudpdysopom.
Tak, eciu B ypaBHeHHH (1.22) npHHATH 3HaueHHe Kod(pPHuUHeHTa
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ckopocTH anddysopa @; paBHEIM HYJIO, TO MOJYYHTCA ypaBHEHHe
Ge3nnddy30opHEIX HacocoB B caepylomeM Buae [65]:

Ape or — Apr — 2_& ____1_ (do/dy)® u? _
Bppix By VG [2%4_ (e, vz) T T— (/)

dg 3
—27‘-%—(1+u)], (1.24)

rae Ap, — nepenan AaBjeHMs, co3jaBaeMHIll GeagMdpdysopHbIM Ha-
cocoM MeXIy cedeHHsamH Iy u Ze,

Apr = Pcar — Puin- (1'25)

Crnenyer 3aMeTHTb, 9TO BenHuunbl A B ypasHennH (1.21) u Ap./Ap,

nmu Ap./Ap, B ypaBuenusx (1.22) nau (1.24) B ofwmem caywae or-
JAu4aiTcs ApYr OT Apyra:

_ Apo/Ap,—p (32— r)f,/Z)/App
1+p (v5/2 —oa/2)/ 80,

Bennuuna A MoXer 6uTh paBHa Ap,/Ap, TOABKO B ciyyae, eciy
U = Uy = Up, T.e. NPH paBeHCTBE cKopocTed B ceueHuax ly, Ik
1 20. Ho TaK Kak BeJIM4HHbI Uy, Uy H U, BBIGHpAIOTCA H3 yCIOBHSA obec-
TNeYeHHs] SKOHOMHYHOIO TPaHCIOPTHPOBAHUSA KHAKOCTEH MO Tpy6GaMm
M oO6b4HO He mnpeBnmalor 2—3 M/c, MaKCHMalbHBIE CKODPOCTHbIE
HanmopHl cocTaBAsiior He Gosnee 0,2—0,5 M BoA. cT., B To BpeMsi Kak
Bennunna Ap, npunumaercs He Menee 20—30 M Box. cT.

Eme Menplyio BeJHYHHY COCTaBASIOT pPa3HOCTH CKOPOCTHBIX
HanmopoB B YHCJHTeNe H 3HaMmeHatene cdopmyusl (1.26). O6buHO BTO-
pOii useH B YHCIIHTENE H 3HAaMeHaTe e He MpeBbllaeT 3HaueHus 5- 1073,
NOYTOMY HM B IlpeiesiaX HHXKeHEepHOH TOYHOCTH MOXHO NpeHe6peyb.
Torpa ypasuenne (1.26) mMoXxHo npu6GaHKEHHO 3anHcarb B BHIE

R & Ap/Ap, = 0,005 (1.27)

Tak kak Beanunna Ap,/Ap, Ajasi THAPOCTPYHHEIX HACOCOB OGHIYHO
uamensiercs or 0,7 mo 0,05, To morpeiiHocTs NpH HCNOJAb30BaHHH
BeNHUHHBl Ap./Ap,, paccuuTbiBaeMoOH mo TMAPOCTATHYECKHM JaBJle-
HHAM, TO cpaBHeHHIO ¢ GoJjee TouHol BenuunHoft A, onpexensemoft
C HCMOAb30BaHHEM YJENbHBIX SHEpPTHH XKHIKOCTH, He IpeBHINaer
B HauGosee HeGaaronpusaTHhX cayvasx 10 %. Opnako ecau pac-
CYHTHIBAIOTCHA CHENHalbHEIE BHAR HacocoB mnpu Apc./Ap, < 0,05,
TO BJAHSIHHE CKOPOCTHOTO Hamopa HeOoOXOAHMO YYHTHIBATDH.

B ocTanpHBIX cayuasxX, yUHTHIBAs NpuONHIKEHHBIH XapakTep pac-
yerHbix 3aBucumocTeft A = f (4, d) nau Ap./Ap, = f (u, d), Benn-
unil B u Ap./Ap, MOXHO cuHTaThb SKBHBAJICHTHHIMH H PaCCUHTHI-
BaTh HX MO THAPOCTaTHYECKHM [aBJEHHAM pPp, P U Py, 4TO B ollpe-
JEeJNeHHOH Mepe yINpollaeT pacyer.

Hrak, ypasnenus (1.21), (1.22) u (1.24) onuchiBaioT HOpMa/bHbIE
GespasMepHble THApABJHYECKHE XapaKTepHCTHKH T'HAPOCTPYHHBHIX Ha-
COCOB C LEHTpaJbHBIM COIJIOM.

(1.26)
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Cnenyer noguyepKHyTb, YTO KaXKAOMY 3HaYCHHIO FeOMETPHYECKOro
napaverpa d COOTBeTCTBYeT CBOsi XapakTepHcTHKa A = f (u) uam
Ap./Ap, = f (u). Jlns npakTHYECKOTO MCHOJb30BAHHS I'POMO3AKHX
ypasuenunit (1.21), (1.22) u (1.24) xeaaTenbHO TIHIpaBJIHYECKHE
XapaKTEpUCTHKH THADOCTPYHHBIX HacoCOB 3apaHee paccyHTaTb H
NpeAcTaBHTh B rpaduueckoM BHJAE.

OGo6meHHble XapaKTepHCTHKH JJSl pacyeTa CHApoOcTpyHHLIX Ha-
COCcOB C LUEHTpaJbHbIM comaoM. Kak NoKaskHIBaeT aHa/u3, HeGe3pas-
JIUYHO, B K3aKHX KOOpPAMHATAX CTPOHTb Oe3pasmepHble T'HApaBJIHYe-
CKHE X4paKTepHCTHKM THAPOCTPYHHBIX HAacOCOB.

h . ¥

Prc. 1.9. OGoSmenunie BOp-
MalbHBle THADaBAHYECKHE Xa-
pakTepHCTHKU R = f (#) ru-
0 npocTpyfiMbX HacocoB C ueH-
| TpaNlbHHM COIJIOM TO JaHHEIM
7 10. JI. Kupnanosckoro
e 70 JI. T. Ioxsra3a:

~— oruGaoman ONTH-
MBJALHHX DeXHMOB padoTH Ha-
.~ COCOB; ~~ « ~~ — TRAP8BJKYE-
M ’./ CKHe XapAKTeDHCTHKH Hacocod
B —— f0 npw HKCHpoBAHHOM 3HAYEHHH &

1 (1— 0,6; 2~ 1,0; 3— 1,5; 4—
1 .\/;\-!(\ 2.0 53,05 6~ 4.0 7 6.0

— 15); et c
ET N\ N 3aBRCHMOCTS

ol a \ \7 ‘\6 -~ 0 ONTHMANILHOFO 3HAYEHHA Eonr

0 ] 2 3 4 5 u or u

0.6

04

02

~
N

HaunGonblnee pacnpocTpaHeHHe B NPaKTHKE B HACTOAINEE BpeMA
monyumsa rpaduyeckasi 3aBHCHMOCTb, npeanoxeHHas Ji. I'. [lop-
BunzoM u 10. JI. Kupunnosckum [53] (puc. 1.9): mo ocu opaunar
OTJIOXeH Ge3pasmepHblit Hanop R, a o ocu abcuuce — Ge3pasmepHbI
pacxon u. B xauectBe reomeTpHYecKoro nmapamerpa B paGorax [10,
53] ucnons3osana BenuunHa R = (df — di)/di, npexacraBnsomasn
co6oli oTHoLIleHHE MJIoLIafH KOJAbLEBOro comia (ceuenue I« Ha puc. 1.8)
K nuollagH HUeHTpajabHoro comna (ceuenue Jy Ha puc. 1.8). Takum

obpasom,
k=(1 — 1d%/a. (1.28)

Ha puc. 1.10 npusenena sasucuMocts B or d = d,/d,.

IMpu paccmorpennn pHc. 1.9 BHANM, YTO KaXAOMYy 3HadeHHIO R
COOTBETCTBYET CBOSI XapakTepHcTHKa A = f (u) (3TM KpuBnle HaHe-
CeHbl IITPHXOBBIMH JHHHAMY). Ha Kaxao# H3 TakHX XapaKTepHCTHK
(npu & = const) MOXXHO HafiTH TOYKY, COOTBETCTBYIOMYIO MaKcHMaJb-
HoMmy 3Havenuio KII/I crpyfinoro nacoca. Ec/iH 5TH TOYKH COEAMHHTBL
MexJay cofoH, TO MosyYHM oru6alomyio KpPHBYIO B KOOpAMHATaX
h—u, oTBedalomyio onTHMaJbHBIM NapaMeTpaM TMAPOCTPYHHBIX Ha-
cocoB (cnyoluHas KpuBast Ha puc. 1.9). Orubaiomyio onTHMajdbHBIX
peXnMOB MOXHO HCNOJb30Barb A/1s BHOOpa pexxuma paGoThl T'HApoO-
CTpYHHBIX HacocoB ¢ MakcHMadbHEM KIIJI. Ha ToM ke pucynke
INTPUXNYHKTHPHOR JNHHUeH HaHeceHa KpHBas Rogy = f (1), rme

onr — ONTHMaJbHbIE 3HAaUeHHs BEJHYHHHI R, NpH KOTOPHIX obecre-
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ynBaercs paboTa THAPOCTpYHHOro Hacoca ¢ mMakcuMaanubiM KITI .
Paccmorpenne rpaduueckoft 3aBHCHMOCTH Ha puc. 1.9 mokasw-
BaeT, YTO HECMOTpsi Ha SICHBIA (u3HYecKMH CMBICA OHA HE COBCeM
yno6Ha NpH NpakTHYeCKHUX pacyerax, Tak Kak Kpusbie A = f ()
NpH pas3NHYHBIX 3HAYEHHsIX TeOMETPHUYECKoro napamerpa B nepece-
KaloTcs Mexay co6oll, uTo MOXKeT NPUBOAUTH K OoWHGKaM B pacuerax.
Kpowme Toro, nas Bbi6opa THIA CTPYHHOrO annapara HyKHa £1le OjHA
AMHESE — Rogy = f (w). Fm
Ilpexxne yem mepelith K paccMOTpeHHIO 4oy
Apyrux ¢opm rpadHuecKHX 3aBHCHMOCTEH, g4
OCT2HOBHMCSI Ha BO3MOXXHOCTH MDHMEHEHMS
METONOB pacueTa, TNpeJOXKEHHBIX pasaud- 3 -
HbBIMH aBTOpaMu [23, 27, 34, 65, 67, 78, 791, 4

Hcronb30BaB JAJsl CPDaBHEHHS pPe3YJbTaToB y
pacdera oru6ampmylo ONTHMANbHHIX DPEXH- 10 %
MOB THIPOCTpYHHBIX HACOCOB. 6 >

B ocHoBy pacuera cTpyHHBIX HacocoB
B PpAas3NHYHBIX JIHTepaTypHBIX HCTOYHHKAxX J
NONOXKeHbl OJMHAKOBHIE ypaBHeHHs. B cBa- 2
3 C Heo6XOJMMOCTbIO HCNOJbL30BAHHS J10- 4
NOMHHTENbHBIX 3MIHPHYECKHX YpaBHeHH#

H K03bOHIHEHTOB, ONHCHLIBAIOIIUX INOTEPH (6
Hanmopa B KOHCTPYKTHBHBIX 3JIEeMEHTax
CTPYHHBIX HaCOCOB, pe3yJbTaThl pacyera ux 043
XapaKTepHCTHK @O MeTOoAuKaM KOHKPeTHbix 0,2
aBTOpOB MOIYT HMETh ONpEAeNeHHHe pac- 7'
XxoxJeHusi. Kpome Toro, KOHCTPYKTHBHBIE ¢ 7 3 4 6 4
pA3MEpHl SNIEMEHTOB CTPYHHBIX aMNaparoB p,. | 1o Leoyerpuseckne
(a1MHa Kamepbl CMeLUEHUs, YrOA PAaCKpPBl  napamerpst k 1 m = d2/d2
THA AuQdysopa, pacCTOSIHHE OT COMJIA JO B 3a5MCHMOCTH OT OTHOMIE-
BXoJla B KaMepy cMeIleHHd H up.) B Mpak- uns d = dp/d,
THKE MOTYyT H3MeHATbCSA B JOCTATOUHO

IINpOKHX Tnpefenax. [lo 3rofi mnNpuuMHe pe3yJbTaTH pacyeTa H
SKCIIEpHMEHTa TaKXe MOTYT OTJHYaTbCA.

Ha pue. 1.11 B koopaunaraom none p = h = f (u) anBeueHbI
pesy/abTaThl pacdyeTa ONTHMaJbHEIX pPEXHMOB rnnpompyuamx Haco-
COB MO MeTOAMKaM DasjHYHHEIX aBTOpoB. B KauecTse OCHOBBI AJst
CpaBHEHHS CIVIOWIHBIMH JIHHHSMH HaHeceHH orubapoumye, BbIYHC/IEH-
Hble mo Meroauke MBTY [10): Bepxuss KpuBas COOTBETCTBYET aBTO-
MozenbHoMmy pexumy (Re > 10%), Korja BausiHHeM BA3KOCTH XHJIKO-
CTH MOXHO TNpeHe6peyb; HHIKHAS KpHBas COOTBETCTBYET 3HAYEHHIO
Re = 5-10%, xorga BS3KOCTb MMJKOCTH 3aMETHO BJHSET Ha paboTy
FHAPOCTPYHHOIO Hacoca.

Kaxk crnepyer us paccmorpenus puc. 1.11, pacdernnsle BeJHYHHH
no meronukam E. 1. Cokonoa, . A. Xnebuukosa, 5. 3. dpuamana,

= E NN

™

! BrepBue paccUHTHBaTh FHAPOCTPYAHBE HACOCH € HCHONb30BAHHeM OrHOa-
lomefl onTHMaAbHHX pexHmMoB npefnaoxua JI. . Tloxeuxs.
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10. JI. KupHAMOBCKOTO sieXKar B NpejgesaX BO3MOXKHOIO AHanasoHa
H3MepeHusi Ge3pasMEpHOro JaBJEHHS H MOIYT CUHTaTbCs pPaBHO-
3HAYHBIMH.

Pesysnbratel pacdera no Meromukam Ksprca m Ha, a takxke
A. H. CrenanoBa A2ioT 3aBHILEHHBE 3HaYeHHA §, OCOGEHHO B 06MaCTH
MalbX u.

Pacuern no meronuke I1. H. KameneBa nator gocToBepHbe pe3yJb-
TaTH JHUIUb NPH HCNOJb30BAHHH KOS((UIHEHTOB pacueTHLIX ypaBHe-
HHH, COOTBETCTBYIOWIMX LIEPOXOBATOCTH TOBEPXHOCTH NPOTOYHOM
gyacti R, = 320-+80 mxm. Ilpn pacuerax c¢ Hcnonb3oBaHHEM BeaH-
4yuH, coorBercTBYlomux R, = 80-+-10 MM u R, = 2,5+1,256 MkMm

P j o —{ A-=7
3 +-2 v -8
06 | o—J >-4
RV a4 <10
A\L o-5§ o -1
0% 7: v -6 x—12
< ]
<
N A 3o
02 \Ag\: 5
N S R
: ] —?_,l\:—sl? g.':':
0 H 2 ) 4 . b & 7 u

Puc. 1.11. 3asucumoctb GeapasMepHoro fasienHs P or koadduuuenta noacoca u
N0 XaHHHM DasIHYHHX aBTOPOB:

}— E. . Coxonos [6? ;  2—H. A. Xaebunxkos [79); 3 — B. 3. opuaman_[78); 4 —
10. JI. Kupuanoscku#t [27); 5§ — A. U. Crenanon [67); 6 — Kopuc H Ha [34); 7 — 12 —
In. H. Kaueuea 23] (nps pasamrgHOf WeEPOXOBATOCTR noaepxuoem npoTogHOR HacTH:
7~ R, =320+160 MxM; 8§— R, = 160+80 mxM; 9 — Rz = 8040 MkM; 10— Ry =

= 40 +20 MKM; 1] — R, = 20 410 MxM; 12 — Ro = 2,6 +1,26 Mxm)

MOAYYAl0TCSt CHABHO 3aBHILEHHEIE 3HaYeHHS P, ocoGeHHO mpu u — 0.
ITostomy npu Hcnosab3oBanuH Meroxuku I1. H. Kamenesa 3naueHue
pacdeTHHIX BEJHUYHH peKoMeHJyercss NpHHHMarb H3 TaGnun [23],
COOTBETCTBYIOIHX IIEPOXOBATOCTH NOBEPXHOCTH He BHIle R, =
= 160-+-80 MKM.

HanGonee paspaGoranHble H pacnpocTpaHEHHblE METONMKH
E. 5I. CokonoBa [65], a takxe JI. I'. TTogsuasa u 10. JI. Kupuaios-
CKOTO JaI0T NMOYTH ONHHAKOBBIE PE3yJIbTATHl H MOI'YT OAMHAKOBO YC-
MELHO HCNOJMb30BaThesl B MPAKTHYECKHX pacyerax !, XoTs ciexyer
MOAYEPKHYThb, YTO MOCJe BHIIONHEHUS pacdeToB JKeJaTeIbHO NMPoBO-
AMTb HCIOBITAHHS THAPOCTPYHHEIX HacOCOB.

BepHreMcs K Bompocy o BHIGOpE CHCTEMBI KOOpPAHHAT AJS MOCTpOe-
HHsA OO6OOmMEHHBIX HOpMadbHBIX THJApaBAHYECKHX XapaKTepHCTHK
CTpYAHHIX HACOCOB.

1 Meroanxa MBTY [10] naer Gonee BHcOKHMe 3HAaYeHMHs HANOpos B o6NACTH Ma-
Jéﬂx li H] COOTBeTCTBEHHO HecKOabKo O60abiume sHaweHuss KIII, uweM meToguka
TH [65].
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B pa6orax C. H. Kapam6uposa [25], koTophift B ocHOBY pacyera
CHAPOCTPYAHBIX HACOCOB TaKXKe INOJOXHJI YpaBHEHHs COXpaHEHH:
KOJIHYECTBa ABHIKEHHS MHUAKOCTH B KaMepe CMelleHHs M H3MEHEHHUS
yNeAnHON SHEPTHM NOTOKOB MO JJIHHE NPOTOYHOH HacTH Hacoca,
B KayecTBe KOOPAMHAT AJIs NMOCTPOEHHS OGOGLIEHHBIX XapaKTepHCTHK
(puc. 1.12) npuHATH cAeRyiOUMe BENHYHHEL Oy == Ungn/Upag — OT-
HOLIEHHEe CKOpOCTEH MKUAKOCTH COOTBETCTBEHHO MaCCHBHOrO M aKTHB-
HOro norokos; 1/m = di/d? — oTHolIeHHE MJOWAAH BHIXOAHOTO Ce-
YeHHA collia Sg K MJIomanu .

NoNepeyHoro CeYyeHHA Ka- i g ¢ 8 g &8
Mephl cmemenns S,. Ha t/m =005 u=
sToM rpadHKe HaHECEHHI M ‘0”’1”
TaKXke KpHBHE IJaf Ko3¢- V 7. 15
qamgl?zra noacoca u = 48 // ; %5
= Qu/Qp, 6e3pasmepHOro (
Hanopa h = Hy/(Hy + Hyp) v/4 (1]}.%
n KIIO ruzpocrpyfisoro 06 / 045
Hacoca 1) = — h). ’ 0.55
Cnepyer samerutb, 9TO a7
BeIUYHHH Cp; U U4 MOryT 09
6HTb BHpaX<GHH OJHA 49e- 0% ; - 11]
pes mpyrywo. Tak Kak / / 14
Qu = vgnt (d7 — d2)/4; / / 4 Z// 1.9
= 2 o A7),
Qp vpﬂdr/4v a z o= 2,5
To , 3 ,¢ 21 ol
u=Qu/Qp= 5,b
= Un2x (dlz‘ — d?:)/vp'zndzr = 0 0.2 0,4/0’0 77 z

=0y (l - df:/df- = :
= ap (1 — 1/m). Puec. 1.12. OGofmeHuble HOPMalibHHE THRPA-
BJIH9ECKHE XapaKTEePHCTHKH THAPOCTPYMHEIX
Hoarrouy OXHa M3 BE€- HaCOCOB C IeHTPAJBHBIM COMJNOM NO AaHHBIM

JUYHH — G HIH U — MO- C. H. KapauGuposa

*er Onith, BooOile rOBOpA,

HCKJIOYeHa TpH TOCTPOEHHH pacueTHHX OOOOmEHHLIX XapakTe-
DHCTHK, 4TO CYIIECTBEHHO YNPOCTHT HX HCMo/b3oBaHue. PaccMo-
Tpenne puc. 1.12 nokaswiBaer, 4TO BeTUUUHH A M 4, XapaKTepusyio-
Impe PacXojHO-HAMOPHYI0 XapAKTEPHUCTHKY FHAPOCTPYHHOro Hacoca,
He MMeEIOT Ha rpaduke cBoeH LIKa/ibl, YTO 3aTPYAHAET pacdersl, 0co-
6eHHO B OCHOBHOH 00s1acTH NpPUMEHEHHS HAacOCOB.

B pa6orax [37, 39] Geuto npeanoxeno oGoOIICHHbE XapaKTEpH-
CTHKH CTPOHTb B KoopAuHarax Apc/Ap, u di/d,. B ocmoBy ans
NOCTPOEHHUS GbLIH NMOMOMKEHE yDaBHEHH S, NONYUYEHHEIE E. d. Cokoino-
suiM ¥ H. M. 3urrepom [65]. CorsnacHo Hx HCCieNOBaHUAM, PyHKUHSA
u = f (Ap/Apy, di/de) AR rHAPOCTPYAHEIX HACOCOB MOXeT 6HITh
npexcrasneHa B BHAe ypasuerus (1.22).

O6o6ieHHHEe XapaKTePHCTHKH THAPOCTPYAHHX HACOCOB, NOCTPO-
enpbie HamH no ypasmenuio (1.22), mpexcrasnenn ha phc. 1.13.
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Puc. 1.13. O6o6mennbe HOpMatbHEe THAPABAHYeCKHe XaPaKTePHCTHKH TFHAPO-
CTPYHHEIX HACOCOB € LEHTPAJbHHIM COIJIOM, paCCUHTaHHHe MO  MeTOAMKe
E. . Coxkonosa H H. M. 3uurepa
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ITo ocu aGcuuce OTNOMEHH OTHOLUEHHS KUAMETPOB TFOPJOBUHH dy
H comsa d, (nuHefiHas WIKada), a MO OCH OpAMHAT — 6e3pasMepHast
BenuunHa Ap,/Apy, onpenensiemas no ypasuenuio (1.23) (norapudmu-
geckas LIKaja). ’lPoqxn, COOTBETCTBYIOLHE PaBHLIM 3HAYEHUAM KO3~
¢uuneHTa nNopcoca, coeAMHeHH KpuUBHMM u# = const. Haksouuas
IITpHUXOBasi JHHHUS, NepeceKamouas KPuBne u = const, coepuuser
TOYKH Ha 3THX KPHUBBIX, COOTBETCTBYIOLINE 3HAYEHHSIM MAKCHMalbHOIO
KosdduiMeHTa noacoca THAPOCTPYHHOrO Hacoca ¢ onpefeJeHHbIM
3HayeHMEM OTHOWeHHA di/d, npH 3ajamHoON BeauumuHe Ap,/Apy
(onTHManbHHA pexXuM paGoThl FHUAPOCTPYMHOro Hacoca ¢ 3aAaHHBIM
orHowenuem d./d;). Ha Tom Xe rpaduke HaHeceHH KpHBLIE
paBHHX 3uadennit KITI rugpocTpyiiHeIX HacocoB.

[NpennoxenHas cucreMa KOOPAMHAT HE TOJNLKO INO3BOJSET IO-
CTpodTh A5 JM060ro rHAPOCTPYHAHOro Hacoca (C 3ajaHHHM OTHOLIe-
nuem d,/d,) 3aBucumocTH Kospduumenta noicoca u u KIII n or
oTHouleHHus Ap./Ap,, HO M HMeeT sicHbIl ¢u3MyecKuii cmbica. M3 pac-
cmorpenus puc. 1.13, B yacTHocTH, MOTYT GhITh CAe/NaHBI CleRyiomHue
BHIBOABI, XapaKrepHaytouiie paboTy FHAPOCTpYHAHBIX HAEcOCOB.

1. OrnocurennHoe nasnenne Ap./Ap, = p, pasBuBaeMoe THApO-
CTPYHHBIM HaAcoCOM, yYMeHbIIaeTcsi MO MEpPe YBeJHYEHHS OTHOLLEHHS
OCHOBHBIX T€OMETPHYECKHX DPasMepoB dp/d,, T. €. HacOCH C OTHOCH-
TEJIbHO MaablM 3HaUYeHHEM OTHOWEHHs dp/d, HABJAAIOTCA BHICOKO-
HaNOpHLIMH. d

2. Bes o6nacth BO3MOXKHBIX DPEXHMOB . paGOTHl FUAPOCTPY AHBIX
HacocoB pasfeneHa KPHBOM ONTHMANbHBIX DEXHMOB Ha [BE 30HBI:
JdeByio (Mexaulyio HuXXe 3Toft KpHBOH) M NpaByio (Jexamyro Bbille
KpuBoi). B neBoft soHe xapakrepuctuka Ap./Ap, = f(u) BeceMma
KpyTasi, T. €. NpH H3MEHeHHH AaBneHus p = Ap,/Ap, B 10BOILHO
Go/bLIMX Npefenax OTHOCHTENbHBIA pacXol (Ko3hpuUUeHT noacoca u)
MeHseTCs He3HayuTeJbHO. B TO XKe BpeMs B NpaBofi 30He, Jexaliel
Bhillle KpHBOH ONTHMA/NBHHIX PEXKHMOB, BeChMa HE3HaYHTENLHOE H3Me-
HeHHe BeJNUYHHB Ap,/Ap, NpPHBOZNT K PE3KOMY H3MEHEHHIO KO3(-
¢uunenTa nogcoca 4, T.e. paGoTa THAPOCTpYHHOro Hacoca B 3TOR
30He SBJSETCs HEYCTOMUHBOM.

3. Makcumansustft KIII (n > 0,25) pasBuBaior ruapoctpyfHbie
Hacoch, y Kotopuix di/d, = 1,1=-3,5.

4. Kpusas onTUMa/bHBIX PEXKHMOB MOXKeT GbITh HCNIO/NbL30BAHA A5
BhI6Opa ruAPOCTPYMHHIX HacocoB (oTHoweHus d,/d;), HMelOUUX
MaKCUMaJbHBIA 1) (TaKHe HacoCH NPH 3aJaHHOM 3HaYeHHH U DPa3BH-
BalOT MaKCHMyM HaBjaeHusi p = Ap./Ap.).

OGo6leHHbIe XapaKTepUCTHKH, NpHBeneHHble Ha puc. 1.13, nosso-
JAI0T NPH 3a4aHHOM 3HaueHHH P = Ap,/Ap, He TOJAbKO BHIOpATh
runpocTpyAHbli Hacoc (oTHoweHne d,/d,), HUMeOMUHA MaKCHManbHbIH
KI1[, HO u HenocpencTBEHHO NOCTPOMTL JJIsi HEro TMAPAaBIHYECKYIO
xapakrepucTuky Apy/App, = f (u). Tlpn srom 3nauenns Ap./Ap,
M 4 a8 cTPYHHOrO Hacoca C BhIGDaHHLIM OTHolleHueM dp/d, Jexar
Ha NepeceyeHHH COOTBETCTBYIOLUIMX KPHBBIX # = const ¢ BepTHKalb-
o npsimo#t di/d, = var.



Pacuer ruppocTpyfiHbIX HAacocoB ¢ KoabHeBnM comaom. Tuapo-
CTpy#HBIE HacOCH C KOJbLUEBbIM comioM (puc. 1.14) npumensior
B OCHOBHOM B TeX CJy4asX, KOTAa NepeKaynBaeMblff MOTOK COpepXKHUT
TBepAble BKJ/IQOUEHHS.

OTHocHTe/NbHBI HAnop THAPOCTPYHHOIO HAcoca C KOJbLEBHIM
COMJIOM MOCJIE COOTBETCTBYIOLIUX Peo6pa30BaHU il YPaBHEHHH SHEPIUH
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Puc. 1.14. Cxema pacnpeneiiesds gaBiaeHHll M CKOPOCTeldl XXHIKOCTH B NPOTOYHOR
4aCTH FHAPOCTPYRHOIO HACOCA ¢ KOMBUEBHIM COMJIOM

¥ M3MEHEHHS KOJIMYecTBa ABHKeHHs Obln noaydern A. M. Ckopy6ko
[63] B caenyromem BHpe:

o M=ot te) (L —( + 0 (| —m)ia2
T (G0 —( F i (—mpd '

Kospduumentnt comporusaennst onpexeasiucs A. M. Ckopy6ko
3KCMepHMEHTaNbHHIM NyTem. Bce onbiThl npoBoxu/iHch B 06aacTu
KBaJpaTHYHOrO 3aKoHa conporusiaenuii. Kosdbouuuenr noreps Aas
KOJIbLIEBOro CoMnjla ONMpeNessiiCsi C Y4ETOM CONPOTHBJAEHHS paGoueh
Kamepsl B 11e/1oM (CM. 1. 1.5), XOTst OCHOBHAs AO/IS MOTEph MPHXOLUTCH
Ha KoJbleByio menb [63]. Bewio ycranosneno, uto mmpuna weau
KOJIbLIEBOrO COMJIa He BAMSET Ha KosbbHUHEeHT moTepb (x. B anana-
30HE H3MeHeHHs yucaa Pefinoasnca ! or 3-10* xo 6- 10* kKosdpuuuent

(1.29)

! B n. 1.1 nokasano, uro aas THAPOCTPYAHBIX HACOCOB ¢ LEHTPAJLHBIM CONJIOM
aBTOMONe/bHHI DeXHM HacTynaer npH Re > 108, ITo paunmM A. M. Cropy6ko,

B go:ixal‘xeaux CTPYAHBIX HacocaX ABTOMOJEJbLHHIA DexHM HaGmOfancs NpH Re >
= 3- 104
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notepb KOJbIEBOro comaa cocraBasn {, = 0,16+-0,20 (c ywerom
COMpOTHBJEHHsI pabodyell Kamephl), UYTO COOTBETCTBOBA/JO KO3hdu-
uueHty pacxoxa p = 0,92--0,93 (B omnblTax mapaMeTp m H3MeHSJACH
or 3,76 no 8,92). KosddullueHT conpoTHBJEHHS LEHTPAJLHOrO Mac-
CHBHOTO COMJIa MOXeT NpHHUMaTbcA paBHbM {y = 0,05-+-0,06.
BulIM Takke 3KCNepHMEHTaNbHO H3Y4YeHB! IapaMeTpbl KoJblLe-
BO# OrpaHMYeHHOM CTpYH B Kamepe cMeweHus npu m = 8; 10; 12,3;
18—25. AHanus pacnpeneneHHs OTHOCHTENIbHOTO CTATHYECKOro Has-

NeHUs B annapare Noxasal, 4TO HAa HA- @ ——
YaJbHOM YHaCTKE KaMepH CMelleHHs Aa- L =0 /
BJEHHE HE NONUHHSIETCH THAPOCTATHYE )
CKOMy 3aKOHy. Bruipasnupanme smiopn 8 1z
HaBJ€HHH 1O TONEPEYHOMY CEHEHHIO s /02
HauHHaeTcss Ha paccrosHuu (5=-6)d, u wll—FL2 7 /
3aKaHYMBAaeTCA B KOHLE KaMmephl cMelle- y ,;46,5 / /
Hus (=~ 10d;). BbipaBHuUBaHHe 3MIOPHI 17 /
cKopocTefl TNDOMCXONMT Ha PACCTOAHHH |0 /
(5-+-10) dp. 2T T4 m I Y y
OcHoBHast JjoJs NOTepb B KOJblle- / / /
BOM CTpPy#HOM Hacoce npuXoiuTca Ha 2 7 Vs
Kamepy cMeuleHus H AHdbdy3op, NMo3TOMy / / v
KII Takoro annapara 3aBHCHT OT Bbl- /, A
Gopa pauHOHAJLHBIX COOTHOWIEHHHA 3THX /&/// -
KOHCTDYKTHBHLIX 3/JeMEHTOB. Bnuio ye- féﬁ %
TAHOBJIEHO, YTO NJf KOJbUEBHX CcTpyH- 0L _F= Lo
HHX HacocoB, KaK M JIJA Hacocos 2 4 § 8 m

C UEHTPaIbHBIM COIJIOM, CYIIECTBYeT EHC- 1~15°- 3§BHCHMOCTI; KOM-
eavHas 3aBUCHMOCTh A = f (u) mnsa an- -r:;:cfpgr OT" l?g(’)?:;‘;;:zegm?o
napartos ¢ m = const. OT0 NO3BOMAET papamerpa m n KoshHIHEHTa
NOCTPOHUTDH 6e3pa3mep1—me pacXoiHO-Ha- mnopcoca u JJIs  KOABLEBOTO
NOpHLIE XapaKTePHCTHKH CTPYHAHBHIX Ha- cTpy#Horo sacoca
COCOB C KOJIbUEBLIM COIJIOM.

BeaeacTBHe CJOXKHOCTH MpPOLECCOB, NPOMCXONSAINMX B Kamepe
cMelleHus ¥ Aucbdy3ope, H HX CYIUIECTBEHHOrO B3aHMHOTO BJHMSHHSA
B  ypaBHeHHe THADaBANYECKHX Ge3pa3MepHbIX HOPMANbHLIX Xapak-
TEPHCTHK OblT BBEAEH KOMIJIEKCHHIA KosdduuueHt moreps P,. Ilocne
BBefieHUs 3TOro Kosbduuuenra ypasHerue (1.29) npunamMaer BuA

=M= tu— (14 (1—mu
b= T+t (—mpe (1.30)

3Hauenus P, Haifigensl sKkcnepHMeHTa bHbIM nyTeM. Ha puc. 1.15
npusefen rpaduk [631 pas onpenenenus Y, B 3aBHCHMOCTH OT M =
= S§;/8c = d¥/d} u u.

Ucnonbsysa nauHbie skcnepuMentoB, A. M. Ckopy6ko mocTpomi
saBucumoctd h = f (u) u n = f («), npusenennsie Ha puc. 1.16.

Y HU3KOHANOPHBIX KOJbLEBHX FHAPOCTPYRHBIX Hacocos (m > 7),
KOTOphie OObIYHO paBoTaloT Ha BCACHIBAHHE C JAdBJEHHEM, OIH3KUM
K arMocheproMy, H 6es nporusofasieHus (Ha BbOpoC), MOXKHO He
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ycTaHaBauBaTh Auddysop. s Takux HacocoB B KagectBe pabouyux
xapakTtepucTuk A. M. Ckopy6ko mnpejjsaraer HCHOJb30BaTh 3dBHCH-
MocTb BuAa 4 = [ (m):

u = 0,295m — 0,007m® — 0,04. (1.30a)
IMpu sToM aaMHy Kamephl CMelIeHHs peKOMeHAyeTcs NpHHHMATb

PaBHOM Tpem-ueTHIpeM ee AHaMeTpaM. 3Has pacxof paGouedt cpeant Qf
H OTHOLIEHHE m, a TaKXKe 3HauyeHHue

/i—-.\

2B u, ompexejasieMoe NO YDaBHEHHIO

« \ (1.30a), MoXHO HaliTH NOXCAachiBae-

A i Mui pacxon Qg no dopmynae Qg =

/ // wi 1 N = uQ,. CpaBHeHHe TNOKashIBaeT,

// - ~>J62 uTO NPH ONMHAKOBOM 3HaueHHH A

s A5 TN KI1 HacocoB ¢ UeHTpa/dbHbBIM

: /////ﬁ g COMJIOM HECKOJbKO GoJblle, YeM
BT CTpYHHBIX annapatoB ¢ KoJblle-

i \/\ i . BeiM coliiom. OnpHako cpaBHEHHE
O4k—t 74 01 KOJBbLEBHIX THAPOCTPYAHBIX Haco-
A COB H HA4cOCOB C LEHTpaJbHHM

L .COIIOM, NpeAHA3HAYEHHLIX AJs Te-

peKayKH 3arpsi3HeHHBIX XHAKOCTeR,
m=35 NoKaseIBaeT, YTO B CBf3H ¢ HeoO-
g  XONHMMOCTBIO YBEJNHMYEHHs NHaMeTpa

?\\ KaMephl CMelIeHHs Y THAPOCTpYi-

03

3 HBIX HACOCOB C IIEHTP aMbHBIM COMJIOM

:5\5\ \\ KOMbLEBLIE alllapaThl He YCTyNaioT

AN ﬁ\\\\ anmaparaM LUEHTpaJbHOTO  THMNA.
02 E,J\k\ Tak Xe Kak jJis annaparos LEH-

TPaJbHOTO THNA, C yBeJHYEHHEM M
KI1[ KoJbIEBbIX HACOCOB YMEHb-
maercsi. ONTHMaJbHBIMH  MOXHO
CYHTATh KOJbIEBblé HACOCH, HMe-
o1 jompe m = 3,5-+4,0.

0 0% 08 u Bansnne wmacmrabubix daxro-
Puc. 1.16. O6o6mennbe HOpMadbie pOB HA THAPABAHYECKHE XapaKTEpH-
THApaBAMuecKHe ~ XapaKTePHCTHKH  cpyyy cTpyliubiX Hacocos. ITpuHsATO
KOJAbLEBHX T'HIPOCTPYHHBLIX HACOCOB

1o nanusM A, M. Ckopy6Ko: cuuTtaTh, 4TO NPH pacuere Xapak-
— B — TEPUCTHK THAPOCTPYHHBLIX HAacocoB

HEOOXOAMMO BBOJMTb IONDABKY,
ecu yucno PeftHonbaca Re MeHbllle KpUTHYECKOrO 3HAYEHHA Reyp =
= 10°* (cm. n. 1.1). Ananus Buipaxennit (1.1), (1.2), (1.7), a Takxe
puc. 1.7 nokasblBaer, 4TO yMeHblIeHHe Re MOXeT NPOHUCXOAUTh He
TONbKO H3-33 BO3PaCTaHHs BA3KOCTH >KHAKOCTH. YMeHbllleHHeM Re
COMNpOBOXKAaeTcqd H yMeHblleHHe AuameTpa coivia do, a TakKXe pacno-
JnaraeMoro nepenajga paboyero ZxaBieHHs App, = pp — pu.

Ha puc. 1.17 B kauecrBe npumepa NOKa3aHa CTENEHb BAHAHUSA
uycna Pefinonnica, BuuMcaeHHoro no dopmyae (1.1), ma KITI
(puc. 1.17, a), ontumanbrue sHaweHHs Apg/Ap, (puc. 1.17, 6) u
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OCHOBHO? reomerpuuecknfi napamerp d./d;, COOTBETCTBYIOmHMA ONTH-
MalbHOMY peXXumy paGoThl FHApocTpyiiHoro Hacoca (puc. 1.17, 6).
M3 pucyHka BHAHO, 4TO NpH cHHUKeHHH Re ot 10° no 10* KIII ruapo-
CTPY#AHBIX HacocoB ymeHbwaercst ot 0,32 (npu u = 2) no 0,19. Ana-
JIOTHYHO YMEHbILUAIOTCS CO3aBaeMoe THIPOCTPYHHBIM Hacocom 6e3-
pasmepHoe nasaeHue Ap/Ap, (or 2

0,15 o 0,09) 1 3HaueHWe ONTHMAJb- 7

HOro orHomerus di/d, (or 2,7 no 2,3). 2
o1 A ———
1.3. KosdpunueHnr nonesHoro ' 1713 1%
AReficTBHS CTPYHHBIX HacOCOB 7 7 % 5 3
Hnsa soiyucnenuss KITI crpyfinbix 25’;@’{"
HacocoB o6bIYHO MNPOBOAAT pacdeT Oa- 250
JlaHCa MOUIHOCTH, 3aTpayeHHOR pabo- AW
yeil cTpye#t 030
pye#t, u noaesnoft (sddekrus- 420 AN
HOfl) MOWIHOCTH NOXCACHIBAEMOTO IO- NN alzl7
Toka [27]. . 10— e
MouiHocts, 3arpaumuBaemast B TH- 05 ;
KpoCTpY#iHOM Hacoce, MoXeT ObITh ”'; =
onpefe/neHa CaefyOUIUM BbipaKeHHEM: gg;
Noar = pgHQp. (1.31) g)/fz 12 3 % 5 ou
lNonesnass (3¢pekTHBHAs) Moul- 5~
HOCTb, NepefaHHas NepeKayHBaeMOMy 4 #
NOTOKY, COCTaBJSET 3 gﬁ uil
413]2]1
Nnon = N9° = ngan- (1-32) 3 I

Bananc sHepruu B ruppoctpyiiHom 0 1 Z 3 & 5 u

Hacoce MOXHO 3allucaTh Tak.
Puc. 1.17. 3aBucumocts ruzpa-

Naar = Npox + Z Nyors (133) Bauyeckoro KIII v, Gespa3mep-

tae N — cymma noteps omeprun o MU Drelp b ot
B 3JIEMEHTAaX TUIAPOCTPYAHOrO HACOCA. weckoro napametpa dp/de B rugpo-
Bananc MomHOCTH NO3BOMSIET Bhl- CTPYHAHBIX HAcOCaX € HeHTpalib-
SABHTb BJIMAHWE KaXJIOTO KOHCTPYK- HoM comiow ot Koapuilerta
TuBHOrO 3jemeHTa Ha KIII crpyi- Re: .
HOro Hacoca H BBIYHCJAUTL Ha OCHO- I— Re» 10% 2— Re = 10%:
BaHMM OMNBITHBIX JaHHBIX 3Hayenusi ~ 3~ Re =104 4— Re = 4.10!
KO3()QUIHEHTOB CONpPOTHUBJEHHSN, He-
ob6xoauMele A/ NOCTpoeHHss pabouux xapakrepucruk. [lorepei
SHEpTHH CONPOBOXKJIAIOTCA Ipouecchl, MNPOHCXOAAWIHE B Kamepe
cmelleHHs1 (BHXpeoOpasoBaHHe NpPH CMELIEHHH [OTOKOB, TPEHHE Ha
CTeHKax), B pa6oueM conuie (NIDH HCTEYEHHH, NPH CXKATHH NOTOKA
B KOHHYECKOH 4acTH), Ha BXOJe B Kamepy cmelleHHf W B auddysope.
C yuerom ckasanHoro, BhipaxeHue (1.33) Moxer OHTbL nepenxcaso
B Buzge

Noar =p@HuQu+ Nu. ¢ + Nop+ No+ Nax+ Ny (1.34)
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rie Np o — NMOTepH MOIIHOCTH NPH CMELIEHHH NOTOKOB B Kamepe
cmeltenns; No, — NOTEpH MOIHOCTH Ha TPEHHEe B KaMepe CMEIlleHHs;
N,z — NoTepH MOIIHOCTH Ha BXOje MAacCHBHOrO IOTOKa B Kamepy
cMemenns; N, — TNoTepH MOLIHOCTH B paboueM conae; N, — norepH
MolIHOCTH B puddysope.

PasgennB neBylo X npaByio wactH ypaBHeHHS (1.34) Ha Ngqn,

NOJTy4HM
' 1 =0+ ng ¢ + Azp -+ nc + Nex + s (1.35)
rae 1 — KI1J rugpocrpyfiHoro Hacoca.
Ha puc. 1.18 npusenen 3sanmcTBOBaHHbIA U3 pabotsl [53] rpadux
6anaHca MOIIHOCTH MJISi FHAPOCTPYHAHOrO Hacoca C LEHTPaTbHBIM

7 Ane 1 o - o
e i o @r‘%
0ol 21 7 7 [
o g,g‘ \— ’i 0'8
) A
" | 2 e ) B D o1 _
N 0.2] 2 7, ==
b & \..\\0 01 Q2u0 05 1 ud 1 2 u
'\‘\\\~"‘\‘
P— | e e —
a2 E—
[
[ 1) 10 15 20 K

Puc. 1.18. Ceoaumi#i rpadpux OGanaHca MOmMHOCTH THApO-
CTpYAHBIX HACOCOB C LEHTPANbLHHIM COMJIOM

comsom. OcHoBHOf rpapuK TNOCTPOEH B KOOpAMHATAX M = f (R),
rme k= d¥/d® — 1 s ONTHMaNLHOTO pexxuma paGoThl CTPYHHBIX
HACOCOB, HMMEIOMHX pAa3JHuHble 3HauYeHHs TeoMeTpHYecKoro napa-
merpa k. I'padukd, NpuBeneHHble Ha BHyTPeHHEM IoJe pHCYHKa,
focTpoeHH B KoopauHatax v = f (u) s THAPOCTPYHHBIX HACOCOB,
HMeIOmHUX 3HaueHHe reomeTpHuecKoro napamerpa k = 0,5; 3; 10.
Tunpocrpy#nbiit Hacoc ¢ k = 0,5 orHocHTcd, nO knaccubHKanuu
JI. T'. [lopsuasa u 10. JI. Kupuanosckoro [53], x BbICOKOHaNOpHLIM
pacocam (k < 2), ¢ k=3 —k cpeaHeHanopuaim (2 < k < 6),
¢ k= 10 — Kk Hu3KonanopHum (k& > 6).

U3 ananusa rpadukoB, NpuBeneHHHX HA pHc. 1.18, moxHO cpe-
JaTh CcJenyiomie BhIBOAHI.

1. Xapakrep sasucuMocTd 1 = [ (4) # pa3sMelleHHe MaKCHMyMa
KIT oTHocuTeNbHO KOS(PhHUHMEHTa MoAcoca # oOyc/OBJEeHbl MOTe-
DAMH Ha CMEIIeHHE INOTOKOB Ny ¢ X TNOTepsMH B Aupdysope 7.
C yBenuueHHeM Ko3hOhHIHEHTa mojcoca 4, a CAeNO0BaTelbHO, H pas-
HHIBI MEXAY CKOPOCTSIMH Uggy M Upon (CM. pHC. 1.8) ymenblIanorcs
NOTEPH OT CMELLIEHHS NOTOKOB fly, ¢, HO BO3PACTaIOT NOTEPH B audpdy-

sope ng.
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2. TNorepu B paGouem conne 7, ¥ Ha BXOAE B KAMEPY CMEIIEHHS gy
MOYTH HE 3aBHCAT OT THNA Hacoca (OT BeNHUHUHHL k). ;

3. Tlorepu Ha TpeHne B Kamepe CMEIIeHUS My, Gosee CYIECcTBEHHb
A5l BHICOKOHANOPHBIX HACOCOB, YTO OGYC/JOBAEHO MAJbIMH 3230paMU
MEXZy paboyelt cTpye#l H CTEHKaMH KaMepH CMeLleHHS H 6oJpIHIHMH
OTHOCHTE/NbHBIMH CKODOCTSIMH NOZACAcChIBAEMOH MKHIKOCTH.

4. Tlorepu Hanopa B Auddysope n,; HUMeOT GoJbluee 3HAYUCHHE
Y BHICOKOHATODHEIX HACOCOB, TaK Xe KaK U NOTepH Ha CMELIeHHe My, ¢.

5. KpuBas n = [ (1) HMeer MakCHMYM IpH 3HAUEHHSX TEOMETPH-
yeckoro napamerpa 2 < k < 4, 4To cooTBercTByer 3HauenusMm 1,7 <
< d/d, < 2,2 (310 noaTBepx)aaercs u 060GIMEHHBIME HOPMAIbHBIMH
THAPaBIMYECKUMH XapaKTEPHCTHKaMH, NpHUBENEHHBIMU HA pHuc. 1.13).

g) 9
1.0 7,70 IS
e = o e T R e e b_‘
0.5L—7 05 o R
/ e ——1__
/ . =
B
0 05 0 05 10 u

Puc. 1.19. I'papuxn Gananca MOMHOCTH KOJbIEBHIX
THAPOCTPY AHBIX HacocoB: @ — m = 3,76; 6 — m = 7,25

Bananc sHepruu B KoJbleBbIX FHAPOCTPY AHHX HAacOCaX BHINOJIHEH
A. M. Cropy6ko [63]. Ha prc. 1.19 npuBefeHH NosydeHHbE HM pa-
dukn GanaHca MOIHOCTH AJs ABYX KOJBbUEBBIX HAacocOB, HMEIOMIHX
pa3uble oTHomeHus m = S/S; (3,76 u 7,25). U3 rpadukos caenyer,
4To ¢ yBenuyeHHeM orHomeHus m KIIJ crpyfiHoro Hacoca ymeHb-
maercsi. Ananus 6ajaHCa MOIHOCTH NMOKa3aj, 9TO IO Mepe yBeiaude-
HUs Ko3pdHIMeHTa Noacoca B CTpyitHoM Hacoce ¢ m = 3,76, KOTOpHRt
HMeJ JHHY KaMephl CMellleHHsi, paBHYIO TPEM ee JHaMeTpaM, NOTepH
MouHocTH B Auddy3ope, rae nmpoposKaercs NpoLece cMelleHHs, pa-
cryt. B cTpyfiHoM Hacoce ¢ m = 7,25, korophift umen Gosee JTUHHYIO
Kamepy cMELIEHHs, MNpoUecC CMelleHHsT B OCHOBHOM 3aKaHYHBaercs
B HeM, MO3TOMy B TaKOM Hacoce npeo6jafaioT morepH B Kamepe cMe-
meHHss. OTO MNOATBEPXKAaeT BBIBOJ O CYIIECTBEHHOCTH B3aHMHOrO
BIAMAHHS KaMepsl cMemeHus u aucddysopa (cm. n. 1.2) u oGocHoBaH-
HOCTb BBeJ€HHS B ypaBHeHHE xapaKTepHCTHK (1.30) Koapdunnenra b,,
OTpaXKaiollero MNOTEDH 3SHEpPruM B Kamepe cmemeHus u Auddy-
3ope.

B neaom xe ruapocTpyfiHble Hacochl ¢ KOJMBLUEBBIM COIIOM HMEIOT
6onee Huskuft KI1/l, uem cTpyitHbe HAacOCH C HEHTpaJbHBLIM COIIOM.
IlpuMeHeHHe KO/bIEBBIX HACOCOB B OCHOBHOM OMNpAaBAaHO AJs fepe-
KauKu JKHUIKOCTell, coRep)Kaumux TBepAble IPHMECH. :

B pspe pabor [13, 23, 70] npennoxeHs! npyrue BHpaMeHus KI5
KTl ruppocTpyfHHIX HAacocOB. TH NpEeRIOXKEHHUs CBA3aHB C TEM,

49



9TO B paccMaTpHBaeMbIX BHie BripaxeHHAX Kia KIIJ mnose3HbM
CYHTa/NCA JHIIb Pacxoj, NOACACHIBAEMBIA FHAPOCTPYHAHLIM HAaCOCOM.
OnHako B pflie CAy4yaeB BCA XKHUAKOCTh Ha BLIXOJE M3 CTPYHHOTO
Hacoca Hclosb3yercs nojesHo. B kadectse npuMepa MOXXHO NPHBECTH
cayuail, onucanublft B KHure (131, rae Bona, saGupaemas U3 BepXHero

Puc.
naBnenuss Apo/Ap, u KIO 7 oT kosddu-
IMEHTa [0COCA U W OTHOUIGHHS OCHOBHHIX
reoMeTpHYeCKHX pasMepos dp/d. aas ruapo-
CTPYHHOTO HACOCa C WEHTDPAIbHLIM COMIOM:

1.20. 3aBucHMOCTh Ge3pa3mepHOro

]— 3 — 3aBHCHMOCTH Apc/App = f(u) nna
CTPY#HUBIX HACOCOB C OTHOLIeHHeM dr dc, pas-
HLIM coOTBeTcTBeHHO 1,41; 2,45; 3,32; 4 — oru-
Galomas KpuBas Apc/Ap max DPH 4 =10;
§ — oruGaomas ONTHMaJbHEIX DEXUMOB CTPYH.
HHIX HAaCOCOB B KOODAuHaTax Ap,/Ap, = | (u,
dy/de): 6 — oruGalomas KpHBas NpH Ap, /Ap =
™ "C [V

= 0; 7 — oruGaiomHe Apc/App = f(u) AaAs
ONTHMAaNAbHMX PEXHMOB PaGOTH CTPYAHHX Ha-

‘cocoB; 8— 10~ aaBucuMocTH W = [ (4) pAaA
CTpYHAHBIX HAcOCOB ¢ OTHOWeHHeM d./d,, Das-

HBIM CcOOTBeTcTBeMHO 1,41; 2,45; 3,32

6beda I'AC, nogaerca B pabo-
yee COIJIO Hacoca, KOTOpHIf
noxcacoblBaeT BOAY H3 HHX-
Hero 6bea U mopaeT cymmap-
HBIf pacxoX Ha oXJaxAeHHe
reHeparopoB. 31ech BECh pac-
XOA, NPOXOAALIUR Yepe3 Tu-
APOCTpYHHHIA Hacoc, sBAdA-
ercs nojesHbiM. lpyruM npu-
MEpPOM $BJISeTCH HCIOJbL30-
BaHHWe CTPy#HOro Hacoca AJs
TPaHCHOPTHPOBAHHSA CHIMTY4YHX
marepuanos [701, xoTopbie
MOr'yT NOCTYNaTh B HEro B Cy-
XOM BHZe, TAe pasbaBasioTca
BOJOH 1O HYKHOH KOHLEHTpa-
IMH U 3aTeM TpPaHCNOpPTHPY-
forcst no tpy6am. K ToMy xe
THIY OTHOCHTCH HCI0/Jb30Ba-
HHe THAPOCTPYHHBIX HAacocoB
B TaK HaskIBaeMoO# IABYXcCTpy #-
HO# HacocHo#t cranuuu [44].

Ha ocnoBanun ananoruu-
HHX paccyxkpenuit B. K. Tem-
HoB [70] npemnaoxun sanu-
catb Bolpaxenue aas KIIJ
CTpyAHOro Hacoca B cJeNyIo-
IEM BHAE:

TI* = (Nnac + rNau'r)/Nnom-n
' (1.36)

rieé Ngpae — MOWHOCTb, MO-
JydeHHass NAacCHBHHIM Mojca-
ChIBAEMBIM [IOTOKOM JKHJKO-
ctd; Nayr — OcTaTouHas Mom-
HOCTb AKTHBHOTO IIOTOKa Ha
BHIXONE M3 [HAPOCTPYHHOrO
Hacoca; Nypops — NOJAHAA 3a-

TPaueHHAs AKTHBHBLIM NOTOKOM MOINHOCTb; 7 — Ko3dpduuuent, 0 <
<r <1: r =1, eciH noNe3HO HCNOJb3yeTcsl BeChb AKTHBHBIA
notok, H r = 0, ecAu MNOJE3HO HCHO/AL3yeTcH TONALKO NAacCHBHLIA

MOTOK.
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IMocne BBenenns B Brpaxenue (1.36) amauenuft pacxonos H Aas-
JIEHHA OHO MoKeT OBITh 3alHcaHO ¢ yderoMm Bripaxkenus (1.12a) Tak

_ Apc/App - Apc/App
"]*—"l +f l—-—zpc/App —(u+r) l—Acpc/App ’ (1'37)

raoe n — sunauenve KIII, omnpepensiemoe mo Buipaxenuio (1.12a).
®dopmyna (1.37) XapaKTepu3yer KII[l xoHKpeTHOf yCTaHOBKH,
a He TOJBKO THAPOCTpYHHOro Hacoca.

3navenus KI1J rugpocTpyHHBEIX HACOCOB C LUEHTPAJbLHEIM COIIOM,
nonydensoie no Beipaxkenuio (1.12a), npusemennt ma puc. 1.13, a
THAPOCTPYAHLIX HAcOCOB C KOJbLUEBBIM COMJIoM — Ha puc. 1.16.

Puc. 1.20 uamocrpupyer saBucumocTb GespasmMepHOro AaBJeHHs
Ap./Ap, u KI1I n rugpocTpyHHEIX HACOCOB C LEHTPAJbHLIM COMJIOM
or KospdunueHTa Moacoca 4 M reoMerpHyecKoro mapamerpa dp/dg.
M3 pucynka BuAHO, yro Gespa3aMepHHIH HANOp, pasBUBaeMuIl CHAPO-
CTPYAHBIM HAacocoM, YBENHYHBAeTCS C YMeEHbUIEHHEM OTHOIICHHUS
dp/d,. B TO e BpeMsi HM3KOHAMOpHBIE HACOCH MO3BOJSIOT AOCTHYb
Gonpielt momaur (ko3dpHuMenTa mopcoca u), OAHAKO AN TAKMX Ha-
cocoB HeOoNbIHe H3MeHeHHst Apo/Ap, TMPHBOAAT K 3HAYHTEJbHBIM
KoJle6aHHSM pacXofa MoAcachiBaeMoHl MKHJKOCTH, B TO BpeMs Kak
BLICOKOHANOPHEIE HACOCHI HMEIOT J[OCTaTOYHO KPYTyio Xapakrepu-
cTury Ape/Ap, = f (u) u Moryr ofecneuuts CTaGHALHYIO MOAAUY
npH Konebanusax Apc/Ap,.

IMpencraBnenneie Ha puc. 1.20 saBucumoctH Ap./Ap, = f (4,
d/ds) u m = [ (4, dp/d;) mocTpoenb ¢ HcroNb30BaHHEM OGOGIEHHBIX
XapaKTepPUCTHK THADPOCTPYHHEIX HAcOCOB C IEHTPAJbHBIM COIJIOM,
npUBefeHHBIX Ha puc. 1.13.

B nureparypHBIX MCTOYHMKAaX HHOrAa yKasmBaloT, uto Ha KIIIL
THAPOCTPYHAHBIX HAaCOCOB BJIHsET MOANOP HJIH paspexeHHe Ha Bca-
cuBanud [7]. Opuako c’gaaﬂeﬂne KIT1[ wnacocoB Hajo NpPOBOZUTH
NpH paBHHIX 3HaueHusiXx A unum Ap./Ap,, a Takxe di/d,. B cayuae
paBeHcTBa 3HayeHH# Ap./Ap, (uium R) npu pasHHIX LaBJeHHsX Ha
BCACHIBAHHM TMAPOCTPYHHHIE Hacockl HMelT ofunakosbit KII,
32 MCKJ/IOYEHHEM TaKMX YCJoBHMH, KOrpa NMpH NajeHHH NaBJeHHs Ha
BCaChIBAHMM MOXKET BO3HUKHYTb KapUTauus. Biusnue KaBuranuu
Ha XapaKTEepHCTHKH THAPOCTPYHHBIX HACOCOB paccMOTpeHo B m. 1.4,

1.4. KaBHMTauHOHHLIE XapaKTEPHCTHKH CTPYAHBIX HacCOCOB

Kapuranuell Ha3LIBaioT BO3HHKHOBEHHE B KaNeJbHOR KHMIKOCTH
nonocteit (KaBepH) UMM OTAENbHBIX NY3bIPLKOB, 3aNOJHEHHBIX NTap aMH
H (unu) rasaMu, BHIAENUBLUIMMHUCS K3 XKHAKOCTH B T€X cjaydasix, KOrja
a6coNioTHOe JaBJieHHe B Hell ymaJer HUKe HEKOTOPOTO KPHUTHYECKOro
3HayeHHs!, PaBHOTO Py. OOBIYHO B peajbHLIX YCTAHOBKAX 3HAUEHHE Dy
COOTBETCTBYeT [HaBJE€HHI0 napooO6pa3oBaHHUs MJAM JAaBJEHHIO HacH-
IEeHHs! JJIsi PacTBOPEHHBEIX B JKMJIKOCTH rasoB. [losiBiieHue KaBuTa-
HHOHHBLIX KaBePH B CTPYHHBIX Hacocax OOBIYHO CBSI3aHO C MOHHXKEHHeM
JaBJIeHHs] BCJEACTBHE BO3HHKHOBEHHS SHAYHTENhHBIX I0 BeJHUHHE
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MECTHHIX CKopocTefl MXHIKOCTH. UYHCThie MXHIKOCTH TEOpEeTHYECKH
MOTYT BbIEpPIKHBATh 3HAUMTEJNbHHIE pacTATHBAIOMME HaNpsKEHHs
(orpunarennuble pasneHus). OJHAKO BCJAENCTBHE INPHCYTCTBHS B
JKHJKOCTAX IpUMecefl HepacCTBOPEHHHIX ra3oB JaBje€HHe, IPH KOTOPOM
NpPOHUCXONUT KaBUTAlMs, OObIYHO GMM3KO K IABJEHHIO HachlleHHLIX
napoB HJH Jaxe npepuimaer ero. CoriacHo COBpeMeHHBIM BO33pe-
HHSIM, KaBHTAlIlHOHHblE Pa3pPhbIBH CIVIOIIHOCTH XKHIKOCTH NPOHCXOIAT
HE HA YPOBHE MOJEKYJsPHBIX CHJ, KOU'Aa AJsi pa3phiBa XKMAKocTeR
Tpebyerca pacraruBaioimee ycuaue nopsaka 10° MIla; »xuakocTs
pa3phiBaeTcsl MO JOCTATOYHO KPYIHHIM 3apofuliiaM (assl T'a3oBHX
npumecefi. Kpome Toro, ycranoBieHo, 4To Ny3BIpbKH-3apoJbllIH,
HaxoJsimuecss B XKHIKOCTH, BO MHOTHX CJIy4YasiX HE HMEIOT cdepuye-
CKOH (OpMBI, XOTs OBl Mo NMpHYMHE AEHCTBUS IpaBHTAUHOHHBIX CHJ
HJI¥ BJIHAHHS TPaHHL NPOTOYHOTO TpakTa. Bce 3ro mossoaser cyu-
Tarb, YT0 KABHTALHOHHHIA pPa3phiB CIVIOIIHOCTH B THAPOCTPYHHBIX
Hacocax BO3HHKaeT IIpH JaBJ€HHH NapooOpa3oBaHUsl KHIKOCTH,
COOTBETCTBYIOLIEM €e TeMmIeparype, a AAs KUIKOCTeH, coiepiKallMx
rasbl, — NpH [aBJIEHHM HACBIIEHHS.

BosHuKkHOBeHHE KaBUTAUHMH H3MEHseT THAPOJHHAMHYECKHEe XapaK-
TEPHCTHKH THApocTpy#ubX HacocoB. O6pasyouuecs B XXHIKOCTH Na-
POBBHIE HJIHM ra3oBble NMy3HIphKH GYAYT 3aNOJMHATH YacThb NOIEpPEYHOTO
ceyeHHs] KaMepHl CMELIEHHs, YTO YMEHbIIaeT COOTBETCTBEHHO 00beM
nopcaceiBaeMoli xujakocrd. OOGBYHO B THAPOCTPYHHBIX Hacocax Ka-
BHTALlHOHHBIE fIBJEHMS! BO3HHKAIOT Ha TpaHuUaXx pasjena CTpy#
aKTHBHOHA M mojcacelBaeMol XuIKOcTeHf, H TOJNbKO B pEIKHX CJlydasax
Ny3blpbKH 3amloNHSIOT Bce ceueHHe Kkamepnl cMemreHHs. [lostomy
B THAPOCTPYHAHEIX HAacOCaX B MeHbIIeH CTENeHH NPHXOAUTCS ONacarbes
KaBHTalHOHHOTO pa3pyllleHHs MPOTOYHOrO TPAKTa, 9eM B JIOMACTHHIX
Hacocax.

Kak mns pacuera, Tak H Ans SKCIyaTallHH BaXXHO ONpPENENHTb
yCJI0BHs, IPH KOTOPHIX B pe3yJ/inTaTe KaBUTAlHM CHUXKaeTcs Nojada
HIH yMeHblllaeTcs MOJE3HBbIl Hamop, cO3faBaeMblfi THAPOCTPYHHBIM
HacocoM. ITockonbKy B THAPOCTPYHHOM Hacoce MOTOK HMeeT moneped-
HBI CHBMI, YCJOBHMS BO3HHKHOBEHHS KaBHTAUMH OIpENE/HTh He-
npocto. B Hacrosimee BpeMs HeT JOCTATOYHO MOJHBIX CBeJEHHH O
CBSI3H MEXAY MHHAMAJIbHBIMM MECTHHIMH JaBJIEHHSIMH B CJIOe NepeMe-
IIMBAHHS Ha TpaHHIle AKTHBHOTO U NMAaCCHBHOIO NMOTOKOB U OCHOBHLIMH
napaMerpaMH B cTpy#iHoM Hacoce. Kamurauus B cTpyilHOM Hacoce
MOXKeT HayaTbCsl KaK B pe3yJibTaTe YBEJHYEHHsS] CKOPOCTH aKTHBHON
cTpyH (mpM yBenHdyeHHH paboyero AaBJI€HHs), TAK H NPH CHHXEHHH
JaBJIEHHs Ha BCaCHIBAHMH, a TakXke mpu pocre ko3bduiueHra MOA-
coca 4, NMPOUCXOJsEM NPH CHHXKEHHH NPOTHBOLABJIEHHS p. Ha Bhl-
Xoje M3 rujgpocTpy#iHoro Hacoca.

KaBuranus BosHHkaer o6bIyHO BOJIM3H BXOJIHOTO CEYEHHS! KaMephl
CMEIlUEeHHUs], KOTJa JAAaBJIeHHe TaM JOCTUTraeT KpHTHYECKOro 3HaYeHHs
Px. Ecau mosHbi Hamop Ha BcachlBaHHH THAPOCTPYHAHOro Hacoca
C LeHTpaibHEIM colioM B ceueHuu Ik (cM. pHc. 1.8) cocrasnser
Hgpyy = Hy, TO [AA ceueHHsl, B KOTOPOM BO3SHHKAeT KaBHTalUHf
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(6ymeMm cuumraTb 3TO ceuenue OaM3KHM K 2K), MOMHO 3amHcaTb

Hy = pu/(pg) + (1 + Lox + Lo u) U 2/ (28), (1.38)

rae {g;x — norepu NpH BXOAe NaCCHBHOTO NIOTOKA B KaMepy CMelIeHHs;
C:.n — morepH 3a cyer TypOyJeHTHHX myJabcauufi Ha TrpaHule
aKTHBHOTO M MaCCHBHOTO NOTOKOB.

B srom ypaBHeHHH BTOpOH wieH OTpa)KaeT NOTepH SHEPTHH, NpPO-
NOpPUHOHAJIbHEIE CKOPOCTHOMY Halopy MacCHBHOrO (MOACACHIBAEMOTO)
noroka. Takum oOpa3oM, BTopoft uieH npefcTasisier coGoff morepH
yAeNbHOH SHEprHH NAacCHBHBIM IIOTOKOM Ha y4YacTKe OT CeYeHHs IK
Jo ceuenus 2. O6osHauum ero yepes AHy. Torpa, ecau oGo3HaduTh
Unax UEpE3 Uy, HMEEM

AHg = (1 4 Lox + Er. ) v3/(29). (1.39)

INpennonoxum, 4To NpH KHHEMaTHYECKH MOROGHHEIX peXuMax (T. e.
npu kosdpouuuenre mnopcoca u = const) Ans cTpyHHBHIX HAacOCOB,
NOAOGHEIX B reOMeTPHYECKOM OTHOLUEHHH, GyleM MMEThb

Ahy, = AH,/(Hy + H,) = const. (1.40)

Bhipa3suM BeJHUHHY Uy Yepe3d Ko3hduIHeHT MoACOCa # U OCHOBHOH
reoMeTpHyecku#i mapamerp Hacoca dp/d,. YuuThBas, 4TO

Un axt Qu Se - Qn d‘z:

T T S-S G TG &
NONYUHM
Ua/Up = u/[(dr/de)® — 1]. (1.41)
Tornpa
vn/(2g) = vpu*/{2¢ [(dy/de)’ — 1T} (1.42)

CKOpoCTb aKTHBHOTO NOTOKA Ha BHIXOJE H3 pab0oyero comna Upgy =
= Up MOXHO BHIYHCAHTb N0 OCBIYHOH (popMyJie T'HAPaBJIHKH

Up =@ 1/2g (Ho + Hp), (1.43)
rge ¢, — KoabduuueHt ckopoctH paboyero comia,
Orciona .
vp/(28) = @i (Hy -+ Hp). (1.44)
Torza ckopocTHBIfi mamop nacCHBHOTO TnoToka Uh/(2g) Gyrer
Un/(20) = @au® (Hu -+ Hp)/(d/de— 1), (1.45)
U3 Buipaxenuii (1.39), (1.40) u (1.45) moxHO mMOMyuYHTH
Ahy = (1 + Cax + Er. o) Q2u°/(d/d; — 1) (1.46)

O6o3nauum GespasmepHut nepenas Ah,, cooTBeTcTBYIOMHMA
BO3HHKHOBEHHIO KaBHTAIMH, Yepe3 Oyp; Toraa (1.46) mpumer Bup

Oxp = [(! 4 Cox + Cr.n) @3] &?/(dR/de — 1% (1.47)
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Beanuuny, crosmylo B KBajgpaTHBIX CKOGKaxX, 0603HauMM uepes
% — yucao kaButauuu [54): % = (1 + Lox + & n) 92. YcTaHOBIEHO
[54], uro BeaMuMHa ® B pasAMUHLIX YCJIOBHAX H3MEHSETCA BecbMa
HesHaunteabHo (1,3 <% < 1,4) u cocrasaser B cpemwem 1,35.

Torga
Oyp = nu?/(d}/di — 1) (1.48)

OueBHIHO, YTO BENHYHHY Oyp = AHy/(Hy + H;) moxHo mnpen-
CTaBHTb B CleELyloleM BHIE:

- PR—Pr __ ul

O = oy " (E 1) (1.49)
rme py — a6coJiloTHOe faBieHue B ceweHuu Jx (cM. puc. 1.8); px —
a6coJIoTHOE JaBjeHHe, IpH KOTOPOM BO3HHKAeT KaBHTalLHUs (B mepBoM
NpuGIHXKEHHH €ero MOXHO MNPHHSITb DaBHHIM JaBJeHHIO HACHILEH-
HEIX NapOB XHAKOCTH Ha TpaHHIEe aKTHBHOIO H MaCCHBHOTO IOTO-
KOB); pp — MONHOe alCOMIOTHOe JaBlieHHe B cedeHHH [y (cM.
puc. 1.8).

s npakTHYECKHX NPHNOMEHHHA BaXHO 3HaTh, NPH KAKOM MHHH-
ManbHOM KoxpduuMenTe nmojcoca u B crpyiiHOoM Hacoce BO3HHKaeT Ka-
Butanus. ITostomy Boipasum u3 (1.49) sHauenue sToro KosdduHeHTa,
0603HAYUB €ro KaK iUy (KABMTALUHOHHOE):

— d?‘/dg—l Pr — Px
w222 V P (1.50)

Sto ypaBHeHHe MOXHO NpeACTaBHTb B caenyloieM, Gosee y 106HOM
JJ1si pacyeToB BHJE:

_ dydi—1 1
e £ V(Pp ~ pu)/(Pr — Px) — 1

Hcnonnsys ypasnenne (1.51), MOXHO onpejleiHTh OrpaHHYEHHS,
Hak/aajpiBaeMble KaBuTanuell Ha kosdxpuLUeHT noxcoca 4 B CTPYHHLIX
HacocaxX, HMeIOHX 3aJaHHOe 3HauyeHHe I'eOMEeTPHYECKOro mapamerpa
dy/d, n paGoraiomwux Nnpy ONpefe/eHHOM COYeTaHHH AaBJIEHHH Py, Pu
Ha JKHIKOCTH, HMelolleff KpHTHUECKOe IO KaBHTaUMM JaBJje-
HHE py.

E. fI. Cokono u H. M. 3unrep Takke moJyuujau ypaBHEeHHe A5
KaBUTAllMOHHOTO Ko3h¢dHIHeHTa Nofcoca u, [65]. OrnuuurenpHoft
0COGEHHOCTBIO 3TOTO BhlpaXKeHHs! SIBJASIETCS] TO, YTO B HEM OTCYTCTBYET
YHCJIO KaBHTAUHM %X, KOTOPOE, XOTs U H3MeHseTcs B HeGOJMbIIMX Hpe-
Ienax, BCe )K€ 3aBHCHT OT KOHCTPYKUHH TMAPOCTPY#AHOro Hacoca H,
COracHO JaHHBIM, NpHBEJEHHEIM B crarbe [24], B psge cnyuaeB
MOXKEeT MPHHUMATh H OTJIHYHBIE OT YKa3aHHHIX Bhillle 3HaYeHHs (B cpel-
HeM or 0,8 510 2,12 u paxe Gosee). Bmecro uncna KaBMTALlMM B ypaB-
HeHHe, NpHBeneHHoe B pabore [65], BXoaut orHolleHe KoddbduHeHTa
CKOpPOCTH TIOTOKA Ha BXOXE B KaMepy CMeIleHHs Qg K KO3PODHLUHEHTY
CKOPOCTH NOTOKa B paGoueM comje @;. 310 ypaBHeHHe IOJAYYEHO
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aBTOpaMH KHHIH A/t OXHODOAHBIX paGoyeft H maccHBHOMH Xuukocrel
B CJefyIolleM BHAE:

9 (S 1 _ _
= 1 ( % V 1+ (o — pu)/(Pp — Pr) ) V (Pa — x)/(Pp — Px) -
(1.52)

Ilocne necnoxunx npeobpasopanuft ypaeHerwe (1.52) MoxwHo
NPeACTaBHTh B HECKOJIbKO HHOM BHJE:

d: 1
e =2 — —\ %
P < V1+ 1
(Pp — Px)/(Pr — Pu) — 1

1
V (Pp — Px)/(Px — Px) — 1
Ilpu snawenuu (p, — pu)/(pg — px) > 10 mnonxopennoe Bbipa-
XeHHe B 3HAMEHATeJIe BTOPOTo WIeHa, CTOSINero B KpyriblX CKOGKax,
MOJKHO NpPHHATH PaBHHIM efuHHIE. B srom cnyuae ypasuenue (1.53)
NpHMeT BHJ

(1.53)

dpjde — 1 1
PPV (pp— Pu) (P — ) — |

N3 cpaBuenusn ypasuenuist (1.51) u (1.54) oueBmaHo, uTo OHH
GynyT sKkBuBaneHTHH [B o6nactu (pp, — pu)/(px — px) = Px > 10],
ecnu V' x = @y/Qq, uau % = (9,/p,)%. IIpuuumas, cornacHo peKomeH-
nanusm pabotn [61], ¢; = 0,95 u @, = 0,925, monyuum x = 1,06,
YTO MEHbIllE PEKOMEHJOBAaHHOTO paHee 3HaueHMs % = 1,35,

Kak nokaseiBaeT cpaBHenHe pesy/LTaToB pacyeTa U SKCIEpHMEHTa,
ypaBuenue (1.52) maer Gosiee TouHble pe3y.bTaTh, YEM ypPaBHEHHE
(1.51), ocoGenno B obnactu, rae px < 10.

Ha puc. 1.21 npuBenens nocTpoennbie HaMu no ypasnenuio (1.53)
KaBHTAlMOHHBIE XAPaKTePUCTHRU Uy = f (d/d., Py ). PakTHueckuit
Ko3hbhuLHeHT noAcoca THAPOCTPYHHOTO HAacoca # JOJXKEH ObiTh
MEHbIlIe KaBHTAaUHOHHOTO KO3(pHIHEHTa Mofcoca MAH (B Npepene)
pasen emy. Ecau crpyfiHmii Hacoc paGoraer mpH HeH3SMEHHBIX AaB-
JeHus X paboyeh (p,) ¥ maccHBHOH (py) KUAKOCTEH, TO IPA CHUMKEHUH
NPOTHBOJABJIEHUS P KOIpbHUIMEHT noacoca 4 GyNeT yBeNMyHBATHLCS
AMWb KO T€X MOp, NOKa HE JOCTHTHET 3HaYeHHs, PABHOTO Uy, T. €.
A0 MOMEHTa BO3HHKHOBEHMS KaBUTAlMH.

KaBHTauHOHHBEIE  XapaKTePUCTHKM  THAPOCTPYHHBIX  HACOCOB
(puc. 1.21) MoxHO COBMeCTHTb ¢ paGOuUMM THIPABJIHYECKHMH XapaK-
TEPUCTHKaMH. Takue coBMelleHHBIE XapaKTePUCTHKM INpHBEJEHH Ha
puc. 1.22. Tlo ocu abcuuce OTN0XKEHb! 3HAYEHHS! OCHOBHOTO [EOMET PHU-
YeCKOro napamerpa cTpyHHHIX nacocos d,/d,, a mo ocH opaunar —
Gespasmepuntfi nepenag nasnenus p = Apc/Ap, lem. popmyay (1.23) 1.
Ha rpaduke oryoxeHb JIMHMK paBHBIX KO3QHIMEHTOB MOACOCA U,
paccuMTaHHHIX N0 ypaBHeHH!o (1.22), a B BUJIe HAKNOHHBIX NPAMBIX —
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JMHHH DaBHBIX 3HaYeHHH OTHOWeERHA Py = (Pp — Pu)/(Px — py),
KOTOpble OrpaHHYMBAiOT 06/MacTh BO3MOXKHBIX 3HAYEHHH KoshbuuMen-
ta noacoca u. KaBuTauuu He BO3HHKAeT H pacCyeTHbI# Ko3dduLHeHT
Moficoca, HaffeHHBLIA NpH 3ajaHHBIX 3HAYEHHAX P W dp/d;, Moxer

0p5 6.4
u=01 o4
0.4 HA 03
09 0.2
03T T,—mﬂ’"‘ﬂ
S W \
0,2: \‘.\' x
- " A \
- \ K _
o @% G
- ) 19
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o 16
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10 15 20 25 30 35 40 d.-d,

Puc. 1.22. CoBmemenHrle pa6ouHe H KaBHTAMOHHBIE Xa-
PAKTEDHCTHKH THAPOCTPYHHEIX HacocoB ¢ LEHTPa/bHbIM
conaoM

GLITH peanH30BaH, €CJM pacueTHas TOUKa, Jexallasi Ha NepeceueHHH
JUHUA P H di/dg, pacnonoXKeHa cnpaBa OT JIHHHH C P aCYETHHIM 3Hadue-
HueM Ge3pa3MepHOro JAaBJACHHS Py.

Heo6xonumo oTMerHuTh, 4To Gosee TOYHbIE pe3yJ/bTaTh MO pacuery
HOpMa/bHHX THAPABIHYECKHX XapaKTEDHCTHK MOXHO NOJYYHTb MpH
HcToAb30BaHuH pHc. 1.13, a 9acTHEIX KaBHTAUHOHHBIX XapakrepH-
ctuk — puc. 1.21. Tlosromy coBmelllennbe XapakTepHcTHKH (pHc. 1.22)
CJeLyeT NpPUMEHATb JHIb s NPEABAPHUTENbHLIX OLEHOK.
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Ha puc. 1.23 u 1.24 npuBeneHs HopMa/ibHule THAPABIHYECKHE Xa-
pakrepucTuku p = f (u) u xapakrepuctuku KIII n = f (4) mns
THIPOCTPYHHBIX HAacCOCOB C pas3iMYHBIMH 3HAYEHHSIMH OTHOIUEHHS
dy/d,, paccunTaHHele ¢ Hcnoab3oBaHueM puc. 1.13. Tam ke wrpuxo-
BBIMH JIHHUSIMH HaHeCeHbl YacTHble KaBHTAUHOHHLIE XapaKTEPHCTHKH,
paccydTaHHBIE C MOMOIUbI0 pHc. 1.2] ¥ cooTBeTcTBYIOUHE PA3JUYHBIM

g) }7) 8
T 7 T
021-A Kﬂ.m 02 ".‘"Zi'" 02 max
23 | gey | ss8 |8
0 05 10 u 0 1 2 3 u 0 1 2.3 4u
= P 7
1
N
] I\\
T
107" =k 10" = T =—
iy : = H— S i —
1 1 1 | AN
rrrmn )
-2 NSNS o = IQQ! \\ : LIQ Ql
10 | S [ 10 Z_Q Sy S ,0‘2 %&h ~ \
1 =~ : 4 N X
E[i = "< i :,"< “‘
s [l — 1= X
1
1077 107 107 |
0 05 10 u 0 f 2 3 u g 1 2 3 4 u

Puc. 1.23. Bespasmepnble paGouyne P = f(¢) H KaBHTalHOHHEI®

Px = [ (4) xapakrepucTuky, a Takxke xapakrepuctuku KIIIO n = f (u)

JJIST THAPOCTPYHHBIX HACOCOB C HEHTPAIbHHIM comioM: a — dp/de = 1,8;
6 — d/de = 3,0; 6 — dp/de= 4,0

3HAYEeHHSIM KaBHTAIHOHHOro Ge3pasMepHOro AaBJeHHs Py = (pp —
— pu)/(pa — px). W3 paccmoTpenus puc. 1.23 1 1.24 MoxHO cpenaTh
cJefyioliue BLEIBOMBL:

1) mauGonbluee oTHOCHTENbHOE AaBleHHE (NIpH HYJIEBOH NOJE3HOH
nojaue) pasBUBAIOT HACOCH C OTHOCHTEJNLHO MEHLUIIHMH 3HAY€HH-
amu dp/d,; :

2) 1m0 Mepe yBenuueHHs OTHOIeHHs dp/d, YMeHblIaeTcs He TOMbKO
co3jaBaeMoe THIPOCTPYHHBLIM HacocoM OespasmepHOe JaBlieHHe p,
HO M 3HaueHme MakcumananHoro KIIJ;

3) MakcuMaJbHBIH KoahdHIHMEHNT MOACOCA # HMMEIoT HacoChl ¢
GO/LIIMMH  3HAYEHMAMH OTHOUeHHus dp/d,;

4) Kasurauuu B Gosbllelf mMepe MOJBEPXKEHH HACOCHI, HMeEOLIHE
MeHbllIie 3HayeHHs OTHolleHHs dp/d.. Tak, cTpy#HBIA Hacoc, UMelO-
muit di/d, = 1,8 (puc. 1.23, a), npu py, = 20 MoxKeT pa3BUTH JIHUIb
Koadduuuent nopcoca u = 0,5, B To Bpems Kak cTpy#nsIii Hacoc,
umetomu#t do/d, = 5, npu Py = 20 Moxer paborarn Ge3 kKaBHTaUHH
¢ KosthdunmenTom moicoca # < 5,5.



Cnemyer OTMeTHTb, YTO KDHTHYECKOe JaBlieHHe p, (maBieHue
napoo6pasoBaHHs) 3aBHCHT OT TeMneparyp paGodero T, H NacCHBHOIO
Ty NMOTOKOB H Ko3(pdHuHeHTa mofcoca u. Ilpu oxuHaxoBoii TemnoeM-

a) g)
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Puc. 1.24. Bespasmepunie paGoude p = f(z) H KaBHTALHOH-

Hble Py = [ (1) XapaKTeDHCTHKH, a TaKXKe XaPaKTePHCTHKH

KIO m = f (¢) A9 THAPOCTPYAHEIX HACOCOB € LEHTPaNbHHM

coniom: g — d,-/gc = 5,0; 6 — dpy/de= 7,0; 6 ~ dp/d,= 8,6;
e — dplde= 10,2 :

KOCTH B3aHMOJEHCTBYIOIMX MHAKOCTEHA TemmepaTypa CMEIIaHHOrO

NOTOKAa, MO KOTOPOR caelyerT BHIOHpATh SHAYEHHE P, MOXKeT GHiThb
BhluHCNeHa 1o ¢dopmyae

To=—B1tE | (1.55)
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1.5. OcnoBbHl MPOEKTHPOBAHKS THAPOCTPYAHBIX HACOCOB

O6Gmue nonoxenns. [Ipy NpOEKTHPOBAHHH THAPOCTPYHAHOrO Hacoca
BakHO HE TOJIbKO TOYHO PACCYMTATh €ro MHApaBJIHYECKHE XapaKTepH-
CTHKH, HO M NPaBUJILHO Ha3HAYHTb OCHOBHBLIE reOMeTpHYECKHe (pOpPMbI
u pa3mepnl. Jlis Toro yro6hl pacyeTHble XapaKTEDPHCTHKH COBIalasH
¢ peficTBUTE/IbHBIMH, reoMeTpuHyecKHe (OPMBEI M pasMephl OTHAel]b-
HHIX 9acTell Hacoca JOJNXKHBHI yNOBJETBOPSTh ONpejeNeHHbM TpeGo-
BaHHSAM. '

B pesysbrare HCHONL30BAHHS DAaCYETHBIX YpaBHEHMH MJM HOp-
ManbHBIX H YacTHHIX (KaBHTalMOHHLIX) XapaKTePHCTHK ONpeneisercs
JAMIb OCHOBHOM reoMeTpHYeCcKHR mnapameTp TMAPOCTpYHHBIX HAcCO-
COB — OTHOLIEHME MJolIafefi WIM IHaMETPOB KaMephl CMeLIeHHs H
comna. [ns peanusauuu Heo6XoXHMbIX TpeGOBaHMH K THApOCTpY#-
HbIM HacocaM N0 pacxojaM M AaBjeHHsM Tpebyercs paccuuTaTb KOH-
CTPYKTHBHBIE pa3Mephl paodero comia, BXOAHOTO ydacTKa KaMephl
cMelleHHs, caMoli KaMepHl cMelleHHs W Auddysopa. Muoraa mo yc-
JIOBH SIM p a3MellleHH st IPU XOAHUTCS YMEHbIIaTh PacYeTHYIO AJIHHY THAPO-
cTpyiiHoro Hacoca, YTO MOXKeT, HalpHMep, AOCTHIraTbcsi 3aMeHOH OX-
Horo GoJILIIOro Hacoca HeCKOJbKMMH HacOCaMH MEHbLIHX Pa3MepoB;
3aMeHo#t OXHOTO COMJIa HECKOMbKUMHU; IPHMEHEHHEM CIIelHaNbHbIX BH-
noB JHddpy30poB, NO3BOJASIOUWHX COKPAaTHTb HX NJHHY; NPHMEHEHHEM
BMECTO T'MAPOCTDPYHHOTO Hacoca C LEHTPaJbHhIM COIVIOM CTpYHHOrO
Hacoca ¢ KOJbIEBBIM COINIOM H T. I

Cnenyer MoIYepKHyTb, YTO pacyeThl MO NpHBEJEHHBIM BhiLEe (HOp-
MyJiaM ¥ rpadukaM NMO3BOJISIOT NMONYYHTh JHIIL YCPENHEHHBIE XapaK-
TEPUCTHKM CTPYHAHBIX HacOCOB, KOTOpDHE MOTYT ObITb CYIIECTBEHHO
YTOYHEHbl B Mpoliecce NOBOJOYHHIX HCIBITAHHH Ha MOJAENbHBIX HJH
HaTypHHIX of6pasuax. Hampumep, npHHATO CYHTATh, YTO MAaKCHMalb-
Hoe snaueHHe KITJl ruapocTpy#HBIX HAcCOCOB C HEHTPaNbHbIM COIIOM
He npesniaer 30—32 %, B TO XXe BpeMs B JHTEpaType HMEIoTCs CBe-
Jenus o Tom [34, 43], yTo 3a cyer mpaBHJILHOIO NPOEKTHPOBAHHS
H THIATEJILHOTO M3TOTOBJNEHHR yAaercs ypenuuutb ux KIIIL no 40 %
H Iaxe Gonee,

B nocnenuue rofpl NOSIBHJIOCH HEMAaJO HHTEPECHBIX NpeNIOKEHUA
N0 yJyylleHHI0 KOHCTPYKLHH 3JE€MEHTOB CTPYMHBIX HacocoB. Tak,
I'' E. MyckeBH4Y NpelJIOXKHN H HCNBHTAN THAPOCTPYHHEIH HAacoC
¢ AByxnosepXHocTHo# cTpye#t [43] (puc. 1.25), korophiil, Mo AaHHEIM
aBTopa, NMoKasaJ IpH HCILITAaHHAX Kpl'lﬂ Gosee 40 % . B 3rom Hacoce
KOJMBLEBOE CONJIO YCTaHOBJEHO TakuM oO6pasoM, YTO Ha BHIXOAE U3
Hero pabouasi CTPYsl HMEET JABE AaKTHBHLIE IIOBEPXHOCTH (Hapy»KHYIO
¥ BHYTpPEHHIOW), YBJIEKaIOIHe 3KEKTHPYeMyIo (IaCCHBHYIO) XKHIKOCTb.
I0. M. Epmakoe [16] mpegnoxun HOBYI0 KOHCTpYKIHIO pabGouero
comJa (HacanKa), KOpIyc KOTOpOro BHIIOJHEH U3 ABYX Yy4acTKOB TPyOhl,
NONYyYUBLIMX TNOCTE OGXKATHA OBaJbHOE CeYyeHHe. Y4acTKH passep-
HyTH OAMH OTHOCHTENbHO Apyroro Bjosb ocH Ha yron 90°. Ilo nak-
HbiM aBTopa [16], Tako#t Hacagok 3a cueT 3aKpy4HBaHUA CTPYH SABJIS-
erca Gosee 3pdeKTHBHEIM, YeM TPagHLHOHHO MpHMEHsIOLIHeCS B Ha-



cTosiee BpeMsi KOHHYECKHE CXOJAAIIHECs HacajkH. H. J1. 3anrep
[19] o6parun BHEMaHHe Ha HEOGXOLMMOCTH TmareapHoi 06paGoTku
BHeILHEro KOHTypa paGoyero comjia, KOTOphIf COCTaBJIsSeT 4acTb MpO-
TOUHOTO TPaKTa MOACACHIBAEMOTO NoToKa. Ilosromy STOT KOHTYp AOI-
JeH ofecneunBarh THAPOAMHAMHUECKH IUIaBHBIA TNepexop moaca-
CHIBAEMOTO MOTOKA BO BXOJHOM yuyacTKe Kamephl cMeluenus. B paGorax
A. A. Kykesna [31] npuBesiensl pesysbTaThl SKCHEpHMEHTaNbHEIX
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Puc. 1.25. CxeMa pacfipefefienus AaBienHf W cKopocTell XHJIKOCTH B MPOTOYHOM
yacTH  THAPOCTPYHiMOrO macoca ¢  JBYXNOBepXxHOCTHOR  paGoued  cTpyed
[a. e. 165109 (CCCP)]

MCCAEROBAaHHH BJAMSHUS HECOOCHOCTH PaCHONOMKEHHS LEHTPaJbHOro
pa6ouero comn/ia M Kamephl CMELICHHs Ha THApaBJHYECKHE XapaKTepH-
crukd ¥ KITH rugpocTpyiineix HacocoB. [lokasaHo, Yo NIpH OTKJIO-
HEHHH OCH COILIa OT OCH KaMepH cmelneHuss Ha Beanuuny 0,05—0,2
AMaMeTpa Kamephl CMelIeHHsi, YTO BIIOJIHE BOSMOXHO B CTPYHHBIX Ha-
cocax Hebonbwux pasmepos, KIII cTpyiHoro Hacoca MOXer yMeHb-
muthess Ha 20—50 %. K anajoruynbiM pesyJsbTaTaMm MPHBOAMT, IO
nanHeiM . A. Tleryxoso#t [51], Tak nHasbiBaeMblit «caoyB» MOTOKa NpH
GOKOBOM paCloOJIONEHHH BcachiBalolnero narpy6ka THAPOCTPYHHOTO
Hacoca.

I'mapocTpy#inble anmaparel, KaK H3BeCTHO, HMeOT Gojee HH3KHH
KI1[l, mexenu ueHTpoGexHuie Hacochi. IllnpokoMy HpHMEHEHHIO
B MpakTHKe OHM 06s13aHH NpexJe BCero HajexHOCTH paGoTH H npo-
cToTe ycrpoficrBa. UTo6b! NOMHOCTLIO peaNH30BaTh 3TH NpeHMYilecTBa,
uenecoobpasHo ofecneyupare paboTy annapaToB B ONTHMaJbHOM
pexnme H NpaBUJLHO NMOAGHpaTb HX pasMepn (rum). OnHako eciH
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JonacTHHE HacoCH OOHYHO BHIOHpaIOT, HMes HX pabouHe XapaKTepH-
CTHKH, TO KaXJblfi THAPOCTPYMHHBLIH Hacoc, 3a MaJjbiM HCKJIOYeHHEeM
[65, 81], KOHCTpPYKTOp BbIHYXKJEH DPaCCUMTHIBATL HHAHBHAYAJbHO.
Tak Kak aHaJIHTHYeCKHe METOAR pacyera BeCbMa CJOXHBI, a TpapHKH
(xapakKTepHCTHKH) JUIs pacyera CTpYHHBIX HacOCOB TOJbKO HauyHHAIOT
nosBasthest [25, 37], To B mpakTHKe yacto anmaparhl HJAH BOBCE
He mnoxpbupaiorcsi (IpHMEHSIOT HMeIOmHfics NOJA pYKOH CTpyHHLIH
Hacoc — THApO3/eBaTop), Hau moxbupawTrcs KpaiiHe NpHOIHKeHHO.
Sro savacTyio NpUBOZMT K rpy6eiM oumnOkaM. Ilostomy cosnaercs
MHeHHe o Manoit 3pdeKTHBHOCTH CTPyHHBIX HacocoB. [lpusenennnie
B KHHIe MarepHaJkl MNO3BOJSAIOT CO3Jarb JOCTATOYHO HaJeXHYIO
OCHOBY AJisl pacyera M Mop6opa MHAPOCTPY HHBIX HACOCOB H yCTaHOBOK
"¢ TAKHMH HacOCaMH.

Huxe npuBeneHsl pacyeTHHE COOTHOIUEHHS AJAs BhIGOpa pasMepoB
OCHOBHBIX KOHCTPYKTHBHEIX SJIEMEHTOB THAPOCTPYHAHHIX HAECOCOB ¢
HEHTpaJbHHM CONJOM H KOJbLUEBHIX CTPYHAHBIX HaCcCOCOB.

Pacuer XOHCTPYKTHBHLIX PasMepoB B8JEMEHTOB THAPOCTPYHAHBIX
HacocoB ¢ nenrpaabHbiM comioM. C o m a0 ruppocTpyfiHOro Hacoca
PacCYHTHIBAIOT H3 YCJIOBHS ofecneyeHHs MHHHMaJAbHEIX NOTepb Hanopa
NpH HCTEYEeHHH M3 Hero paoueit CTpyH.

PaHee npHMeHsAHCh TaK Ha3LBaeMble KOHOUOGAbHbBIE HAaCajKH
(conaa), BHyTpeHHsIs MOBEPXHOCTb KOTOPHIX BBINOJHAJAch Mo dopme
HCTekawled U3 HuX crpyd. Takue Hacaaknm cnoco6Hel ofecrneuHThb
MCKJIIOUHTEJIBHO BHICOKHME 3HaueHus Kkosdduuuenta pacxopa (cko-
pocti ') — mopsznka 0,994. Onnako Be/elcTBHE CHIOXKHOCTH O4epTa-
HUl KOHOWAAJbHBHIX HAacafKOB M TPYIHOCTH HX H3TOTOBJEHHS OHH
B mnociaenyoomieM OHLIH MOYTH MNOJHOCTbIO 3aMEHEHHl KOHMUUECKUMU
CX00AUUMUCS COTLIAMH ¢ HeGOJIBIUIMM HMJIMHAPUYECKHM YYacTKOM Ha
BbixoJe. ¥YToJ KOHYCHOCTH 3THX HAacaJKOB MPHHUMAIOT OKoJo 13—
14°, a gHHY UUJAHHAPUYECKOTO ydacTka Ha Beixope He Goaee (0,7--
~+0,8)d;. Connio Tako#i ¢opMmul obecrneynBaer Ko3(h(HIHEHT pacxona
p = 0,93+0,97. IlpennprHuManich NONBITKH NPHMEHEHRHS HacajKoB
C pasJHYHbIMH GopMaMH BhIXOAHOrO orBepcTHs |78 ): weinoipexcmpyi-
Hod, 36e30006pasrol, Korsyesod u T. . OHaKO B NpOBeJeHHLIX ONBITaX
9TH HacaJKH He NaqH KaKHX-AHOO CYIIEeCTBEHHbIX MPEHMYIIEeCTB fepex
OGHIYHBIMH  KOHHYECKHMH.

Hacanok ¢ eunmosoim O8udsieruem scudoxkocmu, TNpenjoKeHHbIHR
I0. M. EpmakoBeim [16], mosBossier, MO ero MHeHHIO, YBeJHYHTDb
koahduLIKeHT NMoAcoca cTpyiHoro Hacoca Ha 26—30 % . B nacrosiiee
BpeMs O CHCTEMaTHYecKHX SKCIepHMEHTaX cO CTPYHHBIMH HacOCaMH,
OCHAIlleHHBIMH TaKHM COIJIOM, HaM HeH3BECTHO.

Ipr usBecrHoM pacYeTHOM pacxoje paGouefi xuaxocthH Qp,
nepenage AaBienHsi B Hacagke Ap, H KoshduuHeHTe CKOpocTH pasdo-

! B cBaau c TeM, 4TO B NPHMEHAOMAXCA B HACTOHIIEE BPeMd COMMAX CKATHe
CTPYH MOYTH OTCYTCTBYeT, Koshduiuent pacxoma U H Ko3bdHUHEHT CKOPOCTH @
MOT'YT OWTb NpPHHATH DPaBHHIMH ADPYr APYrY.



Y€ero COmJia ¢, AHAaMeTp BHIXOJHOTO LUHJAHHJPHYECKOTO Yy4YacTka coma
MOXHO paccyuTaTb No ¢opmyJe

do = {4Qp/[m@y (2 Apy/p)1}72. (1.56)

Benynuuny @, npu npejBapHTeNbHBIX pacuerTax B CPEJIHEM MOXKHO
npuenMars pasHo#t 0,95.

Pasmepnl n dopMy KaMepH CMeWeHHSs H AHGODY-
30 p a OnperelsioT C yYeToM CJeAyoWHX (aKkTopoB:

1) Bo BxonHom ceueHuu Je Kamepel cmemenus (cMm. puc. 1.8)
IOJMKHO TMOAAEPIKHBATHCSA NMOCTOSHHOE MO CEUEHHIO CTaTHYEeCKoe NaB-
JIEHHE Puox = szn;

2) B BHIXOZHOM ceyeHMH 22 Kamephl cmelleHHs (cum. puc. 1.8)
CTaTHYeCKOE JaBJeHHe JOMKHO ObITh BOCCTAHOBJEHO [0 BEIHYHHBI Peop;

3) pasmepn u dopma auddysopa AOMKHH obecleyrBaTh MaKCH-
MaJbHO BO3MOXKHOE BOCCTaHOBJIEHHE CTaTHYECKOro JaBJIEeHHS.

Hcnonbays ypaBHEHHsl XapaKTE€PHCTHK THIAPOCTPYHHHIX HacOCOB
¢ mupdysopom (1.22) m Gespuddysopunx Hacoco (1.24), MoxHO
OlIEHHTh 3HayeHHe NH(PPy30opa B BOCCTAHOBJEHHH CTAaTHUECKOTO HaB-
JIEHHS Ha BHIXOJ€ H3 THAPOCTpYiiHoro Hacoca. ITo ganubM pabotnt [65],
BbIpaXX€HHE I/Tsl ONpeleNeH s JOCTHKHUMOIO OTHOCHTEILHOTO fepenaza
naBnents Ape/Ap, NpH ONTHManbHOM pexHMe pabOTH THAPOCTDY H-
HOro Hacoca ¢ auddysopom MoxKer ObIThH NpeACTaBIEHO B CenyIoLleM
BHJIE:

Apc L. S— ‘P%‘P% (1 57)
Bppig — (2—93) (14 u)* — (29, — 1/9) yu?’ ’

a pas Oeagnddy3opHBIX HacocoB — B BHAE

Apcar _ ies 58
Bppm 2O F & — Qo — Do (1.58)
B stux ypaBHenusx y = /(1 — di/d}).

W3 ypaBuennii (1.57) u (1.58) MOXHO MONYYUTHL BRIpaXKeHHe JJis
OTHOWIEHHsI NOCTHXMMBIX HepenanoB faBieHHs B Oesnudxhy3opHBIX
CTpYHHBEIX HAacocax K ROCTHXHMOMY Iiepenagy B Hacocax ¢ guddy-
30p aMu:

Ape or — (2—9%) (1 + )’ — (29, — 1/9}) yu? (1 59)
Ape an 2(1+u)* — Qo — /@) g~ )
Kaxk nokasaso B kHure [65 ], MakcumanbHoe 3Hayenue A pgar/A posy,
paBHoe npumepHo 0,7, uMeer MecTo NpH HYJeBOM KoaddHuLHeHTe ox-
coca u. C yBennuenuem u 6e3nubdy3opHBIl Hacoc He Mo3BoaseT 3¢-
(eKTHBHO BOCCTAHOBHUTL Iepenaj AaBJAeHHS, H NMPH AOCTaTOYHO 6oJb-
IUHX « OTHOWEHHE Apgo/Apes; cocrapaser auun 0,35—0,4.
Takum ofpasom, Npu OAHHAKOBEIX Ko3(pHUMeHTaX nojcoca H
OJMHaKOBOM JaBJieHHH pabouel XKUAKOCTH NMPH UCIONb3OBAHUH THAPO-
CTPYHHBIX HacoCOB C ONTHMaAbHLEIM OTHOLIEHHEM IJoliajel ceueHH i
KaMmephl cMelleHHsl M pa6ouero conna 6e3puddysopHblil Hacoc cosgaer
JlaBJeHHe IPHMEpPHO B iBa pa3a MeHblle, uyeM cTpyHHHH Hacoc ¢ aud-
dysopom. OnHako B psijie ciyyaeB NpHMeHeHHE TaKHX HacOCOB ONpaB-
JaHo npocTroToli HX YCTpoO#CTBa.

63



S¢dbeKTHBHOCTL BOCCTAHOBJEHHSA AaBAeHHS B puddysope B 3nauu-
TeNBHOH CTENEHH 3aBHCHT OT ero KOHCTpyKuuH. IlpuBeneHHkule Bhille
ypaBHEHHsl OTHOCATCS K CAy4alo HCNOAB30OBaHHSA NPOCTEHLIero KOHH-
geckoro dugpysopa ¢ nocmoannem yerom packpoimus 8—10°, koropuilt
NoAy4YHJa B HacToslillee Bpems HaHOGoJbllee pacHpocTpaHeHHEe H3-3a
NPOCTOTH H3TOTOBJEHHS.

BoccranasinBaeMblfi Niepenap IaBi€HHs MOXHO YBEJHYHTh Ha
10—15 %, ecau npumenutb Ougysop ¢ nepemenHoim no Orure yzrom
packpelmus.

I1. H. Kamenes [23] npemnoxun puddysop, cocTosimui us Tpex
y4acTKOB pa3sHoll KOHYCHOCTH. I'paHHUYHBIe AHAMeTphl STHX yYaCTKOB
dars Ay xa» Ay xp H dpy NPHHUMAIOT HCXOAS H3 TOTO, YTOOHI ‘HA KaXKJOM
yvactge (dpxe — dors dyap — duxas dag — dyap) CpeaHue MO ce-
YeHHIO CKOPOCTH NOTOKA CHHXKAMKCE Ha 1/?3 ofmei pasgocTH cKopocTedt
B Kamepe cMelLleHHs M Ha BHixone 3 auddysopa. Ilpu stom pamna
nepBoro y4acrka auddysopa npunuMaercs paBHo#t [} = 28,5 (dyxo —
— dy), Broporo — ly = 14,3 (dyxp — dyxa), @ TpeTHEIO — I3 =
= 14,4 (dgy — dy ) (cM. puc. 1.28). B atux BBIpaMeHHAX dyxq,
dy xp — EHAMETPHl MPOMEXYTOYHHIX IPaHUYHEIX ceveHHHt auddysopa,
a dyp H dgy — AMAMETPHl KOHIEBHIX CEYeHHH KaMepel CMelleHHs H
aHpdy3sopa (cm. pue. 1.8).

Ecnu nuddysop cocTont H3 oaHoro ydacTka NOCTOSHHOH KOHYC-
HoctH (8—10°), To ero HJIHHY MOXHO ONpELEJHTH NO BHIpaXKEHHIO
(6+-7) (dag — du).

Kamepy cmetuenus B Bacrosiliee BpeMs B OCHOBHOM NPHHHMAIOT
yurundpuseckoll (dyy = dy). ODHaKO He BO Bcex ciiyyasix B LHIHHADH-
geckoll Kamepe cMelleHH s MOT'YT ObITh CO3JaHH ONITHMANbHBIE YCJAOBHS
s MOJyYeHHs MaKcHMaslbHOTO pacueTHoro kosdipHilmeHTa Moxcoca
u. B 3THX caywasx pekoMeHAyeTcs NPHMEHSATh KOKU4eCKYH Kamepy
CMEWERURA.

OrHoweHne auaMeTpoB di, U dg MOXKHO ONpPENENHTb IO CNEny-
jomelt Gopmyie, NOAYYEeHHOH HaMH C HCIOAL30BAHHEM MarepHaJoB
kuuru [61]: )

-g-::— = -l-‘:_-’_; (1 +u VT ApApy), (1.60)
rge s — addeKkTHBHOCTh BOCCTAHOBJEHHs AaBiecHHs B Auddysope
B ONTHMaNLHOM peXuMe; ¥ — KOIpODHUIHEHT NOACOCa THAPOCTPY HHOTO
Hacoca B ONTHMa/lbHOM pexume; Ap,, Ap, — nepenajin jAaBieHus,
cosfaBaeMblfi THAPOCTPYHHBIM HACOCOM H BOCCTaHaBAHBaeMbift B mu(-
¢ysope COOTBETCTBEHHO.

Ons puddysopa, BHNOJIHEHHOTO H3 TPEX Y4YacTKOB ¢ PasJHYHOR
KOHYCHOCTbIO, MOXHO npuHHHMaTe § = 0,86-+-0,62 npu usmeHeHuH
RaBJEHHS pooy 0T 0,15 no 7 MIa (66splune 3HaueHHs COOTBETCTBYIOT
MEHbIIHUM JaBJEHHSM Pggn), @ A5 KOHHYecKoOro aAHddysopa c mocTosH-
HO# KOHYCHOCTBIO H YIJIOM packpuTHst 8—10° B omTHMalbHOM pexume
MoxXHO npuHumarb s = 0,65+0,70 (66nbumie 3HaueHHs OTHOCATCA
K MeHbleMy yray KoHycHoctu). Ilepemax App MOXHO ONpeAe/nHTb,
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3nas Beanunny Ap,/Ap, (puc. 1.26) u Bennuuny Ap./Ap,, nafizennyio
INs ONTHMaNbHOTO peXHMa paboTH THAPOCTPYHHOrO Hacoca.

Ecnu 3Havenue oTHOIWERU S d1./dy,. HE OTHIMYAETCH OT eIUHULE GoJlee
gem Ha 10 %, TO Kamepy cMellleHus cJefyer HpHHUMATb LUMAHHIDH-
yeckoll. B nporuBHOM ciyuae, sHas d;, u oTHomeHHe dy/dy., MOXHO
BLIYHC/HTb BENHUUHY dgp.

OnruMansHOe paccTOsTHHE OT BBIXOJAHOIO CeyeHHs paboyero comnaa
(24) no BxomHoro ceueHMsi KaMmepnl cmemieHus (Je) onpenpensierca H3
yCJIOBHSI, YTO IIPH pacyerHOM 3HayeHHd Ko3hdulueHTa mnoacoca u
(nst pexkuma MakcumanbHoro KIT) muomass KOHEYHOTO CeveHHs

IA 0'05 /AP gd er /e bor /e

0.08 ==#—F ~] { P e
0,06 | -
—

0.02/ L~

0 1 J u 0 04 08 12 16 20 24 28u
Puc. 1.26. 3aBHCHMOCTD OTHOCH- Puc. 1.27. 3aBHCHMOCTb OTHOCHTEJb-
TebHOro  fepenana JjaBiaeHHs HOTO nHaMeTpa cTpyH do/de (1) H ee
Apy/Apy, BoccTanaBanBaeMoro B OTHOCHTeIbHOM JJIHHBEL lor/dg (2) of
Augpy3ope, oT kosdPpHuHenTa Ko3a(pdHullHenTa NoOjJCOCa ¥ AJIS THIPO-
moxcoca # AAR THAPOCTPYAHBIX CTPYHAHEIX HECOCOB C IEHTPAJNBHLIM
HacoCcoB C LEHTPAIbLHBHIM COIJIOM COMIOM

cBOGOJIHOM CTpYH, BHIXOAsimlefi H3 coMya, paBHa MJIOIMafH BXOJHOTO
ceuenus (/2) kamepnt cMelleHus. Ilpu 3TOM HeO6XOAMMO BHIYHCIHTH
MHHY cBoGomHO# cTpyH lcr M ee puamerp doy Ha pacCTOSHHH [or
OT BBIXOJHOTO ceyeHus pabouero comia. B cooTBeTcTBHH ¢ peKOMeHa-
uusamMu [65] Beauunny [, onmpemesnsior B 3aBHCHMOCTH OT 3HAYeHHs
ko3b¢dHIlHeHTa NoAcoca B ONTHMAJBHOM pEXHMe no caeayoutum ¢op-
MyJam: ,
npu 4 < 0,5

lo. = 3,12d, (/0,083 - 0,76u — 0,29); (1.61)
npu 4 > 0,5
' lor = 1,434, (0,37 + u). (1.62)

COOTBETCTBEHHO AHaMETP CTPYH dqr Ha BXOJle B KaMepy CMelIeHH 5
T. €. HA PacCTOAHHU [gy OT ceueHHs 2y, BBHIYUCASIOT MO (GOpMyJam:

npu 4 < 0,5
der = 3,4d, v 0,083 + 0,76u; (1.63)

dor = 1,55d,(1 + ). (1.64)

Ha puc. 1.27 npusenennt rpaduku lo./d, = f (@) ¥ doi/de = [ (u),
noctpoennsie no ¢opmynam (1.63) u (1.64).

Ecnu B pesyapTare pacyera nosydaercsi, 4to der < dy, TO pac-
CTOsIHHE MeXJly BBIXOJAHEIM ceYeHHeM pPaGo4ero comaa H BXONHBIM
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CeyeHHeM KaMephl CMEIEHHs NpPHHUMAOT PaBHEM [or. Ipu
sTom Gosee GaM3Kass YCTAaHOBKA COMJA, YeM HA PAacCTOSHHH ler,
HECYLIECTBEHHO BJHseT Ha paboTy CTpy#HOTO Hacoca, TakK Kak
KOHEUHOE CeYyeHHE CTPyH HOJHOCTBIO BIHCBIBA€TCSA B- KaMmepy
cmemtennsn. Opnako Takoe npuOaukeHHe COlTa K Kamepe cMelle-
HHs [OpUBOAMT K YyMeHblieHWio pabouelt MIHMHBL Moc/aenHed, Tak

+ 0” dy &y dy d,axa uxs dyy
&, ) / ‘A
e = e
b | (690 L 2 7

Puc. 1.28. CooTHOIIEHHST MEeXIY KOHCTPYKTUBHBIMH Da3-
MepaMH THAPOCTPYHHKIX HACOCOB C HEHTPaJIbLHHIM COTVIOM
no pexoMengauusaM II. H. Kamenesa

KaK KOHeYHoe ceueHHe CBOGOXHOM CTPYH (IO MPHKOCHOBEHHs K CTEH-
KaM KaMephl cMellieHHs1) cMelnaercs K guddysopy. ¥ nanenne xe colua
OT KaMephl CMEIEHHs] MOXKET CYIIECTBEHHO yXyAWHTh paboty cTpy#-
HOro Hacoca. B 3ToM ciydae CTpys He BIHCBIBA€TCs BO BXOJLHOe ceye-
HHE KaMephl CMellleH|s. BOSHUKaloL e IPOTHBOTOKH XKHAKOCTH Oy Ry T
NPUBOAUTH K AONONHUTENbHHIM MOTEPAM SHEPTUH.

(08094, : .
* ap a; =45 dz,- mz= 475 d

dc dyr d’ﬂ 24

4, ~ . X A
— 1

oy =415 | b | bo(6:10)dy| (6 7)(dzs-dig

Puc. 1.29. CooTHOlIeHHSI MeJy KOHCTDYKTHBHLIMU

pasMepaMH THAPOCTPYHHEIX HacOCOB C IEHTPANBbHBIM

comioM 1o pexoMeHpanusm E. . Cokoinosa H
H. M. 3unrepa

Ecan B pesyanrtarte pacuera nodydaercs, 4TO dey > dy, TO pac-
CTOSTHHEe OT cOMa A0 TOPJIOBHHBI yBEJIHYMBAIOT Ha BEJIHUYHHY [,
KOTOpYI0 OmpejesioT no gopmyae

Iir = (der — dir)/2. (1.65)

Jnuny HuMHHApHYECKOH Kamephl CMENIEHHs pEeKOMeHIyeTcs NpH-
H¥MaTb PaBHOM

L, = (6--10) d.. (1.66)

CooTHOLIEHHS! MeXJy KOHCTPYKTHBHBIMH pa3MepaMH THAPOCTpPY -
HbIX HAacoCOB, CKOHCTPYHPOBaHHHX no pekomenpauusm II. H. Ka-
menesa [23], npusenenn Ha puc. 1.28, a no pekomennaunsm E. . Co-
konosa u H. M. 3unrepa — ma puc. 1.29 [65].
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Oco6eHHOCTH pacueTa KOHCTPYKTHBHBIX PA3MEPOB THAPOCTPYAHBIX
HAacoCOB C KOJMbLUEBHIM CONJIOM. PaGoTH, MOCBAIlEHHHE CTPYHHLIM Ha-
cocaM C KoJplieBbIM pabouum ComIoM, HeMHorouucienunl. HauGosee
n0Ap 00Hble HCCIENOBAHUS TAKHX HacocoB BhNosHeHH A. M. Ckopy6ko
[63]. PesysbTarhl 31X pa6oT NOJMOKEHH B OCHOBY NIPUBOIMMBIX HUXE
pEeKoMeHJali#l 10 NPOEKTHPOBAHHIO CTPYHHBIX HACOCOB C KOJblEBbIM
COILJIOM.

Inst runpocTpyHHBIX HAacOCOB € KoJbleBhM comioM (puc. 1.30)
OCHOBHBIM COOTHOLUEHHEM TeOMeTPHYECKHX pa3MepoB, OmpejesisieMbM

fu / 2 3

|
f

ot
K

TITIIY 7

UV 22z
=

l 2u:2%

Puc. 1.30. CxeMa rugpocTpy#AHOro Hacoca € KOMBIEBHIM CONJIOM M IHJAHH-
JpHuecKoll KaMepoll CMellleHKS:

1 — paGovas kamepa ¢ KOJLUEBHM COMJOM; 2 — NEHTPaALHOE (MACCHBHOE) COMIIO;
3 — KaMmepa cMellieHHS (ropjopHHa); 4 — Auddysop

OpH THAPABJIMYECKOM pacyere, SBASETCH OTHOUEHHE NJOAKH MOo-
MEpPEYHOro CeyeHHsi TOPJIOBHHBI (KaMephbl CMELIeHHs]) C JIHAMETPOM
dy = d,x K MIIOmAaZH KOJBUEBOTO paboyero comjia, HMEIOMEro Ha-
pyXHublii fuamerp dp M BHYTpeHHHH dyy + 28, rpe 8 — tommuna
CTEHOK WEHTpajsbHOro comna. Takum o6pa3oM, OCHOBHON reoMeTpH-
YecKH# mapamerp CTPyAHOrO HAacoCca C KOJABLEBRIM CONJIOM MOXKET
OBITL 3aNlUCaH B BHJAE
4,
m= . 1.67
dy — (doy + 26)° (1.67)
PaunonanpHeM siBjisieTcsi KoOibLeBoe CONJAO C BHY-
TPEHHHUM HHUJAMHAPHYECKHM CTepXHeM, ofpa-
30BaHHBIM LEHTPaJbHBIM (MaCCHBHBIM) COMJIOM H HapyHBIMH KOHHYe-
CKUMH OOpasyloOlMMH C YIVIOM KOHYCHOCTH oKoso 12°, Ha KoHue
Coma uMeeTcs HeGObINOH HUIHHAPHYECKHE yuacToK. Bxox B comno
HoJixkeH ObIThb IJIaBHO CKPYIVIEH.
Ha puc. 1.31 npexcraBienst gse KOHCTpYKuMH p a 604 i
KaMep — C8apHas U Aumas. )
Pacnpenenenne oceBbIX CKOPOCTEH B KOJbLEBBIX THAPOCTPYHHEIX
Hacocax (cM. puc. 1.14) aBToMoneNLHO OTHOCHTENBHO YKCAa PeliHoMb -
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ca Re, Haxogsmerocs B auanasone or 0,7-10* zo 1,05-10% Uncao
PefiHO/IBACA BBIUHCIANOCH € HUCTONL30BAHHEM B KayeCcTBe XapaKTep-
HOTO pasMepa LIHPHHBI KOJbLUEBOH IIEJIH.

Bblo yCTaHOBAEHO, YTO H3MEHEHHE IIMPHHBI KOJbUEBOH LIekH He
BINAET Ha Ko3pduiueHT notepb (kKosdbdHuHeHT pacxopa) pabouer

0 2 J )
4 7 2 3
= b, [
L 4l Lo G ) Y &,
4 4
g, q

»

Puc. 1.31, CxeMbt paGouuX KaMep KOJBLEBOTO THAPOCTPYHuoro
Hacoca: @ — CBapHas; 6 — JMTas;
1 — noaBon MaccHBHON MHUAKOCTH; 2 — LEHTDAJIBLHOE (raccHBHOE) CONJO;
3 — pasmeM JAJs TNPUCOeNHHEHHS KaMepbl CMelleHHs; 4 — MOXBOA pato-
gefl XHAKOCTH

kamepbl 1pH Re = (3-+-6)10%. Koadduunent norepb padoyelt Kamephl
B uenom cocTaBua 0,16—0,20, 4TO COOTBETCTBOBaAO KO3PHHUHEHTY
pacxona (ckopoctu) p = ¢ = 0,92+-0,93. Ins Ko/ibLeBOH WeNH
B OTIENbHOCTH CpelHee 3HaueHHe Ko3(pHLMEHTa NoTepb CYMECTBEHHO

v
S/ fb/dr
N
5 ~N
8 =
> /1 A
4 § /]
] d . / /
2 4 /
N 2 .
g 2 4 1./d. 0 4 & m
Puc. 1.32. XapakTtep pacmpe- Puc. 1.33. 3aBHCKMOCTb OMNTH-
JeJeHHs] OCeBHIX CKOpOCTeH U MaJbHOH OTHOCHTENBHOH IJIH-
no IJTHHE KaMepH CMelleHHS HH KaMephl cMemtenus [lp/dp
THAPOCTPYHHBIX HACOCOB: oT ornowenua m = Sy/Sg:
- — ¢ [EHTPAALHHIM ‘COI- — — ~ — PHADPOCTPY#iHHe Ha-
JIOM; — c KOJIbIIEBHIM COCBl ¢ UEHTDAJLHBIM COILIOM;

COILIOM

— KoJbUEBble CTPYHHLIE
HacoChl

He oTaHYantocs OT KoabbuleHTa MoTepb A KOHHUECKHX HACaJKOB
(0,08—0,12). ®opma pabouelt KaMepH NPaKTHYECKH HE BJIHSET Ha ee
CONpOTHBJIEHHE. YMEHbIIEHHe JUIHHBI LMJIWHIPUYECKOrO YYacTKa
paboyero coma HECYWECTBEHHO YMEHbLIAeT TpeHHe B KOJILLEBOH
LEMTH.
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OnTumansHOR 4715 KOJbLUEBEIX HACOCOB ABJIAETCA WL HJ H H I p H-
yeckass Kamepa cwmeueHHs KoHHueckas kamepa me
yJyullaeT THAPaBJIAYECKHX XapaKTepHCTHK. XapakTep paclpenene-
HHs OCeBBIX CKOpOCT€H B KaMepaX CMEIUeHHS CTPYHHBIX HacOCOB
¢ koJabueBeIM (cM. puc. 1.14) u nenrpanbubim (cM. puc. 1.8) connamu
pasnauyen (puc. 1.32). Ha nauanbHOM yuyacTke Kamephl cMellleHHs
CTPYHHOTO HacoCa ¢ KOJbUEeBBIM COIIOM NPOHCXOLUT BO3pacTaHHe,
a He majeHHe 0CeBoH CKOpocTH. BblpaBHHMBaHHe 3MIOPHI CKOpOCTEH
HaynpHaercsd Ha paccTosiHud (5-+6) d, U 3akaHuMBaercsi B KOHLE Ka-
Mephl cMettenis (&10d;). OnTumanbuas IUHA KaMephl CMElleHHs 3a-
BUCHT OoT Napamerpa m [cM. dopmyay (1.67)]1 u cocrasaser (2,7—
~~10,8) d; npu navenenuun m or 4 jgo 9. Ilpu m = 3,5+6 kamepa
CMEIIeHH S KOJbUEBEIX CTPYAHBEIX HACOCOB B NOJITOpA-/Ba pa3a Kopoue,
4yeM HacoCOB ¢ UEHTpanbHblM pabouum consom (puc. 1.33). Haa Ges-
Au(dY30pHEIX KOJbLUEBBIX CTPYHHBIX HAacOCOB AJHHA KaMepHl CMelle-
Husi Moxer OwTb OpuHsTa paBHOH (3—4) d;.

Iuddysop KoAblieBBIX CTPYHAHBIX HACOCOB MOXKET GbITh BEINOJHEH
¢ 6OJbIINM YIJIOM KOHYCHOCTH (no 16°) Mo cpaBHeHHIo ¢ THAPOCTPY -
HBIMH HacocaMH ¢ HeHTpanbHeIM comiom (8—10°). dro obbscusercs
TeM, 4TO Npodunb ckopocrell (cM. puc. 1.14) — moBHIUIEHHEIE 3Haye-
HHSl y CTEHOK M YMEHbIIEHHble B LEHTpEe — IMPEeNnsTCTBYeT Hayamy
OTpHIBA NOTOKa B Aupbysope.

B psine ciryvaes ruzpocTpyfiHBIA HACOC ¢ KOJNBLUEBBIM CONJIOM MOXKET
OuITh BBIMIOJIHEH B NOJITOpa-ABa pasa Kopoye, 9eM CTPYHHBIA Hacoc
C LEHTpaNbHBLIM COIJIOM.

Jnuny runpoctpyfiHOro Hacoca MOXHO YMEHbHIMTL H 3a cYer
npHMeHeHus MHorocTpy#HEIX comn [47]. Tornma ee onpepensiior He-
XOisl M3 CJERYIOmHX coolpaxeHHH.

KoHcTpyKTHBHBIE pasMepEl NpH 3aMeHe ONHOCOMJIOBOrO THIPO-
CTpYH#HOro Hacoca MHOTOCOTJIOBLIM ONpeAesioT, NpHHUMasA paBHBIMH
MJOIafy NOBEPXHOCTEH CMEeUIHBaHHs paboyero M NOACaCHIBAE€MOro
norokos. C yyeroM STOro YCJOBHS 3alHIIEM '

ndopnly, = ndlp, (1.68)

rae dep, N, lin — COOTBETCTBEHHO AHAMETP OJNHOT'O M3 COMJI, YHCJO
COMM H JJUHA KaMepbl CMELIEHHS MHOTOCOIJIOBOrO Hacoca; dy, [ —
AMaMeTp comJjia W JJIMHA KaMephl CMeIeHHs OJHOCOIJIOBOTO Hacoca.

Tak kak cymma miomage#ft comn MHOTOCOIUIOBOTO THAPOCTPYH-
HOTO Hacoca JOMKHA OHTh paBHA NJIOWIAAM COIJIA OJHOCOMJIOBOIO

Hacoca, TO
dy =de./V 1. (1.69)

[Moncrasnss Bupaxenne (1.69) B ypasuenne (1.68), monyunm
bn=0L1V7. (1.70)

TakuM o6pasoM, RIHHA MHOTOCOMJIOBOTO T'HADOCTpYRHOro Hacoca
B V1 pas MeHbmle JMHHHE OJHOCOMJIOBOTO HAcCOCA.
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I'nasa 2

CTPYUHBIE HACOCbI
s TUAPOTPAHCIIOPTUPOBAHHUSA

2.1. OcHOBBl HaMOPHOrO TPAHCMOPTHPOBAHUSA TUApPOcMeced NO Tpydbam

HanopHbIM rufpaBiuyecKiuM TPaHCIOPTHPOBAaHHEM HA3BIBAIOT NIPO-
necc mepekaukd mno Tpybam ruppocmeced, obpasoBaHHBIX paboueft
XKUAKoH cpenolt (06bMHO BOXOH) M H3MeJbUYEHHBLIMH TBEPILIMH He-
pacTBOpUMBIMH MarepuanamH (TPYHTOM, TFOPHBIMH IODOJAAMH, IO-
JIE3HbIMH HCKONaeMbIMH, OTXOLAaMH TEXHOJOTHYeCKHX IPOH3BOJCTB.

I'ugpaBnuyecKnil TpaHCHOPT UIMPOKO MCHNOJB3YIOT Ha BHEIIHHX
H BEYTPEHHHX KOMMYHHKAUHU X pPas/HYHBIX IPOMBIIITEHHBIX NpeLIpH -
THH, B CTPOHTENBCTBE, TONMMHBOXOOLIBAIOLLEH NPOMBILIEHHOCTH NpH
zo6blue yras, Topda u T. n. OCHOBHbIE 3afayH, KOTOpble NPHXOLHTCH
pelars NpHd [POEKTHPOBAHUH THAPOTPAHCIOPTHBIX CHCTEM!

1) BolGOp ¥ pacuer HacocHOTO (THAPO3JEBaTOpHOro) oGopyloBa-
HuA gias 3abopa H TpPaHCIOPTHPOBAHHS THIPOCMECH;

2) pacuer Tpy6ONpOBOAOB, IO KOTOPLIM TPAHCIIOPTHPYIOTCH CMECH
(onpenenenne mMoTepb Hamopa, BEIGOP TEXHOJNOTHYECKH U IKOHOMHYe-
CKH Ilesecoo0pasHBIX CKOpocTeH, MO3BOJSIOWIUX NPEefOTBParHTh Bhi-
najeHde B OCafOK TBEpPIbIX BEIIeCcTB);

3) noxbop HaubGosee IenecoobpasHOM 1Jis1 pacyeTHHIX YCJIOBUH
KOHUEHTpauuH TBepAoH (asbl B THAPOCMECH.

K omHoMy #3 BHEOB HAacoCHOro oGOpYLOBaHHS, NPHMEHSEMOTO
B CHCTeMax HalNOPHOTO THAPOTPAHCIOPTHPOBAHHUA, OTHOCSATCS CTPYH-
HBI€ Hacochl (ruapossnesaTopbl). [Ipexne yem DpHBECTH OCHOBBI pac-
4yeTa W IHApaBJHuecKHe XapaKTepHCTHKH CTPYHHBIX HAcOCOB, NpHME-
HSIEMBIX I/l THAPOTPaHCIOPTHPOBAHHsS, HEOOXOLMMO KpaTKo pac-
CMOTpeTh CBOHCTBa rufpocMeceil, 0cOOEHHOCTH MepeKauykH MO Tpy-
6aM ¥ BCACBIBAHHS HX HaCOCaMH.

Bunbl ruppocmeceit., B KauectBe NpH3HAKOB, ONpeNeNsIOUIMX BHJ
runpocmecesf, OObIMHO NPHHHMAKOT pasMep YacTHL TBepHOH ¢assl,
IPaHyJ/JIOMETPHYECKHH COCTAB, KOHLEHTpaLHio, a Tak¥ke IJOTHOCThb
TBepioit ¢asnl [15, 35].

Pasmep wactuu TBeppgoH ¢ asb onpegensier
YCJIOBHSA HX THAPOIHHAMHUECKOTO B3aUMOAEACTBH S C IOTOKOM HecyIlel
xujkoetd. [lo mpemMyniecTBEHHOMY COAEPXKAHHIO ONpPENeNEHHOTO
KJacca YaCTHIl BBIAEMSIIOT CJefyiolliye BUApl rugpocmecedt [15, 351:

KO2A0UOHbIe, COflepIKallie YyacTHUbl pasMepamu A0 | MKM;

cmpykmyprole (2u0po3oau), COLepKAallHe TBepble YaCTHILL pa3Me-
pamu ot 1 1o 50 MKM, mosyuaemble AucHeprupoBaHHeM (/s YacTHIL
CTPYKTYPHBIX XHAKOCTe#l THAPOAMHAMHYECKOE B3aHMOLEHCTBHE OomNpe-
HeNsieTCsl B OCHOBHOM CHJaMH Bsi3KocTH — 3akoHoM Crokca 1);

! N cTpYKTYpHBIX rHApOcMecel, CHJBHO HACHIMEHHHIX TBEPAbIMH YacTHIAMHE
THMA [JIMHBI, MeJa U T. X., XapaKTepHbl Npoliecchl, Nopo6HHe fedopMamHsIM TBEPAOro
Tesa. PaccMoTpeHHe TaKHX cMecell BEIXOJMT 3a paMKM uHacTosmell Tembl. JlaHHHe No
CTPYKTYDHHIM cMeCAM NpHBeJeHH B JKTepaType (cM., Hanpumep, [35]).
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monkoducnepcrole — ¢ wacTHllamH pasmepamu oT 50 xo 150 mkwm,
nosyyaeMble yalle BCEro H3MeMbYeHHEeM (N1 TOHKOIUCIIEPCHLIX THAPO-
cMecedl — cycneH3uil — B3auMOXEHICTBHE YaCTHL M XKHIKOCTH olipe-
AeNsieTCsl 3aBHCHMOCTBIO THAPABIHYECKOrO COIPOTHBJAEHHSA OT BS3-
KOCTH XKHIKOCTH; 3TO CONPOTHBJIEHHE TeM 6oJbllie, YeM Mejbye Ya-
CTHIBI);

epyboducnepcrvle — ¢ vacTHlamud pasmepamu ot 0,1—0,15 mm
go 1,5—2 mwm;

HeoOHOpoOHble epyboducnepcrbie — ¢ 4acTUllaMH pasmepamu Gosee
1,6—2 MM (B3sauMopeiHicTBHE NMOTOKa € YacTHLIAMH JIEXKHT B O6JacTH
KBaJpaTHYHHX CONPOTHBJIEHHH); ‘

noauducnepcHble — ¢ 4YacTHUAMHM PasJHYHOH KDPYITHOCTH.

C nosuuui rujApPOAVHAMHKHM B CTPYKTYPHBIX THApOCMECHX NPH
HachIIEHHH XKHIKOCTH TBepIbIMH BemecTBaMH 6osee 35 % BciexcTBHe
MaJIbIX pasMepoB 4acTHI M OGONbINOH MX KOHUEHTPAUHUH OCHOBHYIO
poJib B ABHXKEHHH CMECH Hrpaer TBepaas dasa.

B To xe BpeMst B pasimHUYHBIX FHAPOCMECHX NPH KOHUEHTPALHH X0
25—35 % mo o6bveMy OCHOBHasi poJib B TepeHoce TBEPAOTo KOMIIO-
HeHTa [IPHHAIEXKHT KHUAKOCTH. [Ipollecchl B HHX HOCAT THAPOAHHAMH-
yecKHH xapakrep, 00YCNOBJEHHBIH CKOPOCTSIMH U JaBJEHHSMH BHYTPH
JKHIKOCTH U Ha 'PaHHIlaX CONPHKOCHOBEHHS XXHAKOCTH C NOBEP XHOCTbIO
Tpy60onpoBONOB.

[lepekauka cTPYKTYPHBIX XHJAKOCTEH ¢ NOMOIUbIO THAPOCTPYHHBIX
HacocoB B GOJBIIMHCTBE c/ayuaeB Hellejecoo6pasHa, TaK KaxK 3HAYH-
TelbHasl BSI3KOCTh TaKUX ruapocmecedl cymectBeHHO cHMxKaer KI1JI
CTPYHHLIX annaparos, INO3TOMY B JadbHeHlleM CTPYKTYpHbIE
JKHIKOCTH B KHHIe He paccMarpHBaloTCH.

F'pamynomeTpHdYeckHH cocTaB TBepAOH
¢ a 3 B rugpocMecedl MOXHO NPHUOJIMMKEHHO OXapaKTepH30BaTh CPex-
HeapudMernyeckol (cpepHeB3BemieHHOM) KpymHocTbio 4Yactun [15]:.

{=n
Y dimy
dow = dymy +domy + ... +dnmy — =1 (2 1)
cp m+mg+ ... +my, i=n ’ *
12 ™
=1

rae d; — cpeaHss KPYNHOCTb YacTHIL H3 {-To MHTepBana; m; — Mac-
COBO€ IIPOLEHTHOE CONEpPXKaHME YacTHL {-r0 MHTepBaJa.

Onmnoft M3 BakHEHIMX XapakTEPUCTHK THApocMecel - ABJseTcH
KOHUEHTpPauusd (KOHCHCTEHUHS ! Wiy HachilleHHe XKHAKOCTH
TBepAHMHU BelecTBaMmH).. Heo6XoxuMo 3aMeTHTb, YTO THIPOCMEChH
CYLIECTBYET TONLKO B ABHMIKEHHH, I103TOMY MOJMKHO Pas/M4aTb MTHO-
BEHHYIO H CDEJHIOI0 KOHUEHTPAllHH TBEPIbX BemEecTB B HEKOTOPOM
BbiZIeJIeHHOM o6BbeMe NOTOKa THAPOCMECH.

1 Panee B JHTepaType NO FHAPOTPAHCIOPTY H THAPOMEXAHH3AIHH KOHUEHTpA-
IHIO Ha3LIBaJH KOHcHcTeHUMeld. B paGorte A. I1. IOduna {85, c. 186—189] npHsenenn
paasnHuHble (OPMBl BHIPAMEHHS KOHUEHTPAUHMH (KOHCHCTEHIHH) rHapocmecell H HX
B3&HMO3aBHCHMOCTH.
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Konuenrpauus TBepioll $askl B HAPOCMECH ONPERENSLTCST OTHO-
pieHeM 06BEMHOTO HITH MACCOBOTO Pacxosa TBEp Joro MaTepHana K pac-
XOAy KHAKOCTH (BOXBI) HJIH THAPOCMECH.

Maccosyro  KoHyenmpayurw THAPOCMECH S, MOXHO BHPAasHTb
B caexyroweM Buae [151]:

= B e

| St = T = ra =y p:“; 2-8)
aHa/IOTUYHO 00BEMHAA KOHYeHmMpayus THAPOCMECH Sy:

s =y = e @4

Svs = Ve :'TVm = p;;"__p:" ) (25)

3zmech Smy, Sma — OTHOLIEHHE MACCH CyXOTO TBEPIOr'O BELIECTBA Miy
B equpule ofbeMa THAPOCMECH, NpoTeKalolled 3a eIMHHIY BPEMEHH
yepe3 MoOMepeyHoe cedeHHe TPYyOONpoBOxa, COOTBETCTBEHHO K Macce
JKUAKOCTH My, B 3TOM Xe o6beMe THAPOCMECH H K Macce eAHHHUB 06b-
€Ma THADOCMECH My + My; Syy, Sys — OTHOLIEHHE o0bema TBepAoro
BeuiecTBa B NJIOTHOM Tene (6e3 mnop) V., 3ak/ioueHHoro B oObeme
THJPOCMECH, NPOTeKAlollell 3a €IMHHIY BpeMeHH uepes IONepeyHoe
ceyeHHe TpPyOOINpPOBOAA, COOTBETCTBEHHO K OOBEMY KHIKOCTH V4
B rugpocmect H Kk ob6bemy ruapocMecH (Vi + Vi); Pr. ¢ P Pr —
COOTBETCTBEHHO IJIOTHOCTH THAPOCMECH, XHAKOCTH H TBEpIOro Tejaa.

[Ipu pacuere ruAPOTPAHCNOPTHHIX CHCTEM, PabOTAOWIMX HA BOAE
(p,x = const), BaxXHO 3HATb 3aBUCUMOCTb IJN OTHOCTH THAD O-
CMecCH @ ¢ OT MacCoBOH S, UJIH OOBLEMHOHN Sy KOHUEHTPAUHUH H OT
NVIOTHOCTH TBepROf cocTaBjsAomEed Q..

Ha puc. 2.1 npusejena 3aBuCHMOCTb NIOTHOCTH THAPOCMECH Pr ¢
OT MacCOBOM KOHLEHTPAalUMH S,,; H IUVIOTHOCTH TBepROH ¢asel P,
nocrpoenHas no ¢opmyse (2.2). Ecnun 3agana o6beMHas KOHUEHTpa-
LHS Sy;, TO AAs1 ONpemeneHHsl TJOTHOCTH THAPOCMECH Qp , MOXHO
HCII0JILb30BATh 3aBHCUMOCTL Sy; OT Sy B COOTBETCTBHH ¢ (popMyJsiamH
(2.2) u (2.4). U3 sTHX BhIpaXXEHHH MOXHO BbIBECTH, UTO

p
Pk

BLIYHC/IUB S,,;, MOXHO BOCIIOJIL30BaTbCSl AJIsi pacuera MJIOTHOCTH
THApOCMecH P, ., TIpaduKoM, npeicTaBieHHbIM Ha puc. 2.1.

Pacuer napaMeTpos ABHXEHHA TCHapocMmeceli. Pexumbl JBHXeHHS.
Jss pacuera rHAPOTPaHCMOPTHEIX TPYGONPOBOAHBIX CHCTEM HeOOXO-
VMO 3HAaTh BO3MOXKHbIE CKOPOCTH IBUMKEHUs rHapocMecedl o Tpy6am
H HUMeTb BO3MOXHOCTh OIpefeNTh THAPAaBIHYECKUE CONPOTHBJEHHS
NpH nepekavke pasHbIX rMApocMeced, IMEIOIUX Pas/in4Hble KOHLeHTpa-
Iy H nyiotHocTH. OcHOBOH IJ1S pacuera TeueHHus THApocMeced B TPy-
6ax B HacToslIlee BpeMsl CJAYKaT NOJYSMIHPHUYECKUE U SMINPUYECKHE
3aBUCHMOCTH, MNOJY4eHHble PasiuMyHblMM aBTopamu [15, 35, 85].
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YcaoBus - ycTaHOBHBLIETOCS JABHKEHHs! THApocMecedi mo Tpy6o-
NpOBOIAM MOMHO OXapaKTepH30BaThb OTJHMYHEM HJIH COOTBETCTBHEM
¢akTHUECKOH CKOPOCTH NOTOKA U KPHTHYECKOMY 3HA4EHHIO CKO-
POCTH Ugp.

[MonaTHe KPHUTHYECKOH CKOPOCTH THAPOCMECH Uy, PasIHYHO AJIs
rOPH30HTaJAbHBIX H BepTHKAJbHBIX TpyGonposopos. B rop u 30 H-
TanbHBX TPYOax NOL KpUmMmu4eckold CKOpocmor0 NOHUMAKOT
TY MHHUMaJbHYK CKOPOCTh JBHMXKEHUs THAPOCMECH, NPH KOTODPOH
BO3MOXKHO B JAHHBIX YCJOBHAX TPaHCNOPTHPOBaHME TBEPALIX Be-
IIECTB NMOJHOCTbIO BO B3BEIIEHHOM COCTOSIHHM €3 ocefaHHs HX Ha
JHO Tpy6u. B BepTHKaapHBIX TpybGax B Kauecrse

Pre PT=Z’577M3 / ’/ /
1.10 > /¥4 i
Sy CTTTIn
1,08 4 17 3
/ 5. 11, /o,=2,!5T/M A
1,06 A 5 1 51 3
Lindd 1,J 32’ /;
1,04 / 1 i
/ 13 Z QG
1,02 /4 ‘ —z 4
1,00 : 1.4

0 004 008 -012 016 62 02 03 0405 S'l

mA

Puc. 2.1. 3aBHCHMOCTb NJIOTHOCTH THAPOCMECH Q. ¢
OT MaccoBOA KOHIIEHTDALHH Sp; M NJOTHOCTH TBep-
no#t daswl pp

Kkpumuseckoll ckopocmu NPHUHATO NPHHHMATh CKOPOCTb CBOGOAHOTO
MajeHusl YacTHU TBepAoH (asbl B HENOABHXHON XUAKOCTH. ITY CKO-
pOCTb OGBIYHO Ha3LIBAKOT 2udpagaudecKoll KpynHocmes.

1. Cnayana paccMOTPUM 3aKOHOMEDHOCTH JBMIKEHHS HAPOCMeCeH
B ropusoHTanbHbXx Tpy6ax [I5 35]

J 2 monkoducnepcHolx eudpocmecet OCHOBHBIM PeXHMOM TPaHCIOP-
TUpOBaHHUS SIBJIsieTCS TYpOYyAEHTHBIA pexxuM. B oTsnune oT ABHKEHHA
ONHOPOXHBIX MAJIOBSA3KAX KUIAKOCTEH (TAKHX, KaK BOAA), HA IBHKEHHE
II0TOKa TOHKOIMCNEPCHOM THAPOCMECH BJIHSET MHEPLUs TBEpAbIX Ha-
crun. OnHako BCJIEACTBHE MAJOCTH pa3Mepa TBepAbIX YacTHL B TOHKO-
JUCTIEPCHBIX THADOCMECAX OHHM y4YacTBYIOT B IyJbCallMOHHBIX NpO-
neccax. [TosToMy B LeJIOM THIPOCMECH MOXHO IpEACTaBUTL B BHIE
(HUKTHBHON OJHOPOXHON MHIKOCTH C IJIOTHOCTBIO Pr ¢, HO 31€CH,
B OTJIHYHME OT HCTHHHO OJHOPOZHOM KHIKOCTH, TE€YEHHE IPOHCXOAHT
C JOTIOJHUTENLHBIMH 3aTpPaTaMH SHEPTUH, KOTOpbie NMPHOIHM3HTENBHO
NpOTOPLHOHANBHb PA3HHIE MIOTHOCTEH THIPOCMECH Pp ¢ H HHCTOH
MUIAKOCTH Py, 8 TAKKE 06BEMHON KOHUEHTPAUMH TBEPABIX BEIIECTB Syg

[cu. dopmyay (2.5)].
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Pacuernasi ¢opMmyna NJsi ONpEjeneHHs YAETbHOTO THApaBIHUE-
GKOrO CONPOTHB/EHHS TNPH JIBUKEHUH TOHKOAMCIIEPCHHIX THAPOCME-
ceit umeer caeaywowui Bux [35]:

bro = i (1 400 BB 5, C@6)

rie ip, ¢ iw — YHIENbHBIE NOTEPH HANopa AJsl THAPOCMECH H IS YH-
CTOH JMHMIKOCTH, BBIPAXEHHHIE B MeTpaX cToj6a YHCTOH MXHIKOCTH;
Co — 3MIUpHUeCKHH KO3(PHLHEHT, 3aBUCALMA OT COAEPIKAHUA TOH-
KX (ppakUH# B TI'HAPOCMECH.

I rugpocmeceff ¢ comepkaHHeM TBepABIX ¢pakLuil pasmepamu
menpue 0,07 MM B KoanyecTBe He Gonee 5—6 % M A5t AMCIEPrHPOBaH-
HBIX THApocMecedl NpH oObEMHOH KOHIEHTPAUMH Sy; MEHbIIE KPHTH-
YeCKOH KO3PMHUIHEHT €y MOXHO NPHHHMATh NPHONH3UTENLHO PAaBHBIM
enuuune (o ganueiv paboter [15], on uamensiercs B npenenax 0,85—
1,15). Tlpu 3ToM 3HayeHHe KPUTHYECKOTO (NMPEENbHOIO) HAChILEHHS
NOTOKAa THAPOCMECH TBepibIMH YacTHUaMHM OOGbLIYHO CBSISLIBAIOT C OT-
HOIIEHHEM NONOJHHUTENLHBIX 3aTpaT SHeprHH (IO CpaBHEHHIO C OZHO-
PORHOM XMAKOCTHIO) Ha TPAHCIIOPTHPOBAHHE T'MAPOCMECH, BEI3BAHHBIX
BJIMSIHMEM TBEpIbIX YacTHl, K o6liuM 3aTparaM sHepruu. Ms dopmynsl
(2.6) MOXHO NONY4YHTb, YTO 3TO OTHOUIEHHE COCTaBJsIEeT

[xColSya/lim (1 =+ Co@Sys)] = Coasys (1 + coasys),

rae @ = (pr — Pu)/ P

U3 paccmorpenus nonyueHHo# GOpMyJIbl BAIHO, UTO AOTOJHHUTEINb-
Hble 3aTpaThl SHEPTHH A KaxKAOro BHIA THAPOCMECH SIBJISIOTCH
NOCTOSIHHOH BEMHYMHOH, OHH HE 3aBUCAT OT THIPABJIMYECKHUX Xapak-
TEPUCTHK TNOTOKAa, a ONPEReNsIoTCA PH3NKO-MEXAHUYECKHMH CBOMCT-
BaMH ruupocMecH. [losToMy Ans TOHKOAHMCHEPCHBIX TMApocMecel mno-
HATHE KPHUTHUECKOH CKOPOCTH, H/IH MaKCHMaJbHOTO HACHIEHHS,
B THIPOJMHAMUYECKOM CMBICJe YTpauyHBaeT cBoe 3Hauenwe. s
_TaKHX THEPOCMECEH BMECTO KPHTHUYECKOH CKODOCTH BBOIAT IOHSTHE
epanu4Hoti cxopocmu vy, [351.

- Iloxm rpaHuynofi CKOpOCTLIO TeueHHS TOHKOJHCHEPCHOH CMecH
B FOPH30HTANLHBIX TPYOax NOHUMAIOT TY MUHHMAJbHYI0 CKOPOCTb Upp,
HUXKe KOTOpOH MOXeT BOSHHKHYThL BA3KOIJIACTHYECKOe TeYeHHe THAPO-
CMECH HJIM NPOH30HTH OTJIOXKEHHE PLIXJIOro c/l0osl TBepAoH ¢a3bl Ha
ane TpyOul. BesqnunHa v, npakTHYeCKH HE 3aBHCHT OT KOHLEHTpalHH
TBepaO# . hasnl W onpenensiercss no ¢opmyne [35] :

Up = By V agd,y, 2.7
rae £, = 1=+-1,5 — xosdppunnent, yuurusawoy i cBoAcTBa H qucrepc-
HOCTb TBEPIHIX YaCTHL; § — yCKOpeHHe CBOGOAHOro ManeHHs; drp —
nuamerp TpyGompoBoZa.

Takum o06pa3oM, B OT/IMYHE OT YHCTHIX XKHAKOCTEH, AJIST KOTOPbIX
XapaxkTepHbl Kak JaMHHapHble (IpH MalblX CKOPOCTHX), TaK H Typ-
Oy/IEHTHBIE DEXHMBI TEYeHHs, TOHKOZHCNEPCHbIE T'MADPOCMECH [epe-
MEINAloTCA YCTORYHBLIM MOTOKOM TOJMBKO IPH CKOPOCTSAX BHIINE Upp.
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ITpu ckopocTax v > vy, B Tpy6ax nporekaer o6LYHLIA TypO6yMeHTHbIA
NOTOK, KOTOPBI# MOJKET TPaHCHOPTUPOBATh FHAPOCMECh MPH HACHILIe-
HUM €ro TBEepALIMH YacTHIlaMH IO KOHUEHTpalMH sy; = 0,2--0,25,

Ilpa v < U, NPOUCXOANT H3MEHEHHE XapaKTepa ABHKEHHS THAPO-
cMecH ¥ NPUOAMIKEHHE €ro K CTPYKTYPHBIM NOTOKaM, s KOTOPBIX
KO3(hHLHEHT ¢, BO3pacTaeT B 3aBUCHMOCTH OT CKOPOCTH IO 3HaYeHHH
1,8—5,8 [35]. Ananus Bulpaxennit (2.6) u (2.7) nokaskiaer, 4TO
yEenbHBIC IIOTEpH Hamnopa ip ., NPH NepeKauyke TOHKOZHUCIEPCHOM
rHapocMecH ¢ 00beMHOM KOHUeHTpaunuel sy, = 0,2+-0,25 npu nJot-
HOCTH TBepfo# ¢asbl P, = 2,6 Bo3pacTaioT 10 CPABHEHHIO C yhelb-
HbBIMH NOTepsIMH Hamnopa Ans Bozsl B 1,3—1,5 pasa. Ilpu stom 3ma-
YeHHsl TPaHHYHBIX CKOpOCTed Uy, ANs Tpy6 muamerpom 0,2—1,0 M
nexar B npegenax 2,5—6 wlc.

[Ipu ckopocTn nBHKeHHS ruapocmecd v > 1,50, ynenoHble THA-
paB/HyYecKHe NOTEPH HANopa MOXKHO NPUOHHKEHHO BLIYUCAATH IO
dopmyne i ¢ = luPr. o/Pw- IIPH TAKHUX CKOPOCTAX YAENbHBIE I10-
TepH Hallopa HMEIOT 3HAYUTENbHYI0 BEJHYUHY.

CiienyeT OTMETHTh, YTO ABUXKEHUE THjapocMmecell B METaNJIHYECKUX
Tpybax BciencTBHe abpaswBHOrO AEHACTBHA TBEPALIX YACTHIL, HPHBOIUT
K ULTH(oBaHHIO cTeHoK Tpy6 B Teuenue 100—200 u paborsl. [Tosromy
IpM pacyeTe IHIAPABIHYECKHX CONPOTHBIAEHHH MOXKHO HCIIONbL30BATh
$opMy Bl ANA THAPABAMYECKH TAaixux Tpy6. B 6onbmuacTBE Chry-
yaeB pacyeTHl MO 3THM ¢opMynaM jpawT 3anac 10 25 %. 1o obbscHA-
eTcA YyMEHblUeHHeM IIepoX0BaTOCTH ULTH(OBAHHEIX THAPOCMECHIO
TPYO 10 CPaBHEHHIO C LIEPOXOBATOCTHIO KHOBLIX» TPYyD, 3amaBaemot
o6biyHO NpH pacuere. BoJiee noapoGHEIE CBeieHHs 110 TPaHCHOPTHPO-
BaHHIO TOHKOJHUCNEPCHBIX THAPOCMecell B Tpy6ax npuseneHs B paborax
[15, 35].

I pu dsudcenuu epyboducnepcrsix cmecedd TBep Able YacCTHLBI BHOCAT
B IIOTOK CTPYKTypHble MameHenHs. YUacTuuel TBepmoft ¢ascl H3-3a
HX 3HAYUTENLHOH MHEPLHOHHOCTH APOGHAT BUXpEBhIe MacCH H YMeHb-
IZK0T HHTEHCHBHOCTh TYPOYJMEHTHOCTH, HO BMeECTe C TeM OHH
caMd Bo30YK[ai0T BUXPH B De3yJsTaTe CONPHKOCHOBEHHS C HUIXKHEH
CTEHKOH TpyObl H NOCHENYIOLEro BOBJEYEHUS] IOTOKOM 2KHIKOCTH
B ABHXXEHHMe. B TakoM MOTOKe 4acTh 3HEePrHH 3arpauyuBaeTcs Ha NOJ-
IepxKaHHe NOCTYNAaTeNbHOr0 ABHKEHUS TBepAnX yacTHu. s rpy6o-
BUCIIEPCHEIX THJpOCMeceil XapaKTepHO CYIiecTBEeHHOE OTJIMYHE KpH-
BBIX I, o (U) OT TaKoBbIX W1 4HcTOH xuaxocTu (Bognl). Ha puc. 2.2
CXEMATHYHO NOKa3aHa 3aBHCHMOCTb YJEJbHHIX I[OTeph HAMOpPa i, ¢
OT CKOPOCTH JBHXKEHHS rpyCoiucnepcHoll THppocMecH B TOPH30H-
TaleHBIX TpyGax (kpusbie 2—4) [85]. IIns cpaBHeHHS Tam e HaHe-
CeHa 3aBHCHMOCTE Y/EJbHLIX NMOTEPh HAmopa iy OT CKOPOCTH U AAA
YuCTON XKHAKocTH Ge3 TBepuuiX npumeced (xpusbie I). Kpuseie 1—4
HOCTPOEHHl B INIPEATIONOKEHHH, YTO IJIOTHOCTH HAaXOAsATCH B COOTHO-
IEeHHH P < Py < P3 < Pg.

O6nactn xpuTHYecKMX ckopocreii (puc. 2.2, 4) COOTBETCTBYIOT
MHHHMaJbHble YIENbHblE MOTEpH Hanopa i, .. M3 ¢u3nueckux co-
obpaxeHuii OYeBHAHO, YTO 4UeM GoJibIe MJIOTHOCTb THAPOCMECH Py ¢,
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TEM BhIIlIE AOJ/IXHO OBITH 3HaYeHHE KPUTHYECKONH CKOPOCTH, MpensrcT-
‘BYIOILeH BhINAneHHIO TBEPIHIX BEIIECTB B ocaioK. [103ToMy ¢ yBesaH-
YEeHHEM Pp, o MHHHMYM IIOTEPb HANopa iy, . Ha KPUBBIX 2—4 cMelaeTcs
BOpaBo (B CTOPOHY GO/bIIMX 3HAUeHME CKOpOCTed). YyacTKu a;b;
Ha KPHBHIX i, ¢ = [ (U) COOTBETCTBYIOT O6/IaCTH AOKPHTHUECKHX pe-
JKHMOB C YacTHYHEIM OTJIOXKEHHMEM ocajfika B Tpyfax; Ha yyacTKax KpH-
BLIX OT TOYKH b; IO TOYKH C; 3a CHUET BHIpaBHHBaHHs paclpeieneHus
TBePAbIX YaCTHL MO I[ONEPEYHOMY CEUEHHIO INOTOKa KpUBLe 2—4
npubnuxkaioTcss K KpuBo# I ans uucrofl xuakoctd. OAHAKO BIPaBo
OT TOYKH ¢; KpUBble 2—4 pns rujapocMecell HAYMHAIOT BHOBb OTXOLHTh
OT KPHBOH AJS YHCTOH MHAKOCTH.

a) 5)
i

Ly

bres

Ix

A !
0 Vaps Vap2z Vepa 4 0 Vept Vip2  Veps 4

Puc. 2.2. Xapaktep saBucMMOCTM yHeqbHEIX NOTepb Hanopa ip ¢ OT CKOPOCTH U

Npu ABHIKEHMH B TOPU3OHTAJILHLIX TPYOaX HHCTOH KHIKOCTH (KpuBble /) M THIpoO-

cMecH (kpHBble 2, 3, 4): @ — NOTEPH HAMODa BHIPAXEHH B MeTpaX croifa uHcToR
XKULKOCTH; 6 — [OTepH Hanopa BhIpaXKeHol B MeTpaxX cTonla THAPOCMecH

[Tpu nepexauke rpy6oauclepCHBIX MaTepHUaNoB yAeldbHble IOTEpU
Hanopa nmpH NPOYHX PaBHLIX YCJOBHSX MeHblle, YeM IpH Nepekauke
TOHKOAHCNIEPCHHIX THapocMecel. C yBeJIMuEHHEM CKOPOCTH 3Ta pas-
HHIa yBennyuBaercs. [Ipy yMeHbIIEHHH CKOPOCTH HHXKe KPHUTHYECKOH
yAesabHBIE IOTEPH HANOPA PACTYT BCIEACTBHE YBEHUEHHS KOJNHYECTBA
TBEPABIX BELIECTB, INEPEHOCHMBIX NMOTOKOM IO HUXHEH CTeHKe TPYOH.
Ecan v & 0,9, peXuM [BMIKEHHS THIPOCMECH CTaHOBHTCS He-
YCTOAYHBLIM, BO3HHMKAIOT HENOABUIKHBIE 30HLI OTJNOXKEHHMS OcajKa.
Usmepennsie 1151 31010 ciryyast yaeasHbIE NOTEPH HAMOpa AAIOT GOJL-
mwo# pas3bpoc nokasarenei.

¥YnenvHele noTepu Hanopa NpH NepeKayke rpyGonucnepeHbIX THi-
pocMeceil peKOMeHJyeTcsl olpenensiTh 1o caexyomell popmyne [35]:

, . 6 prami
Ir. ¢ = im + C1aSy2 7 'l/dcp, (28)
IpH 3TOM KPHTHYECKYIO CKOpPOCTh URp BBIYHCJASAIOT Tak. .
3 —_—
Vo = (6:5 = 7,5) Vdyp / a5v28/1 dop- 2.9)

3zech 8 — ruppasnHyecKas KPYIHOCTb 4acTHIL CO CPeXHHM PasMepoM
dop (rabm. 2.1); ¢, — sunupHueckufi KOSHUHEHT, KoTopulfi pe-
76



KOMEHAyercsl BHIGHpaTh B 3aBHCHMOCTH OT jHamerpa TpyGul d

dyp, MM . . . 25-50  63—100  105—I125  150—300  300—900

€1 e e e 3,0—2,6  2,5—1,6 1,56—0,6 0,4 0,3

[Ipu Boluucnenusx no dopmynam (2.8) u (2.9) suauennst d,p u
dep CHELYeT MPUHUMATL B M, 6 — B M/C, TOrAa BENHYHHA Uy, NOJY-
YHTCSI TaKXe B M/c.

OcHoBHOE BJHAHHE TBEPABIX YacCTHI[ HAa IBUKEHHE HEOOHOPOOHLLX
epyboducnepcroix eudpocmeceld (pasmepsl yacTHy Briue 1,5—2 mm)
NposABAseTC B CYLUIECTBEHHOM H3MEHEHHH TpeHus BOMH3H HMXHEH
cTeHKH TpyOul. TBepabie JacTHUB JBHKYTCS CKOJNbXKEHHEM H fepeka-
THIBAHHEM 110 CTEHKE C KPaTKOBPEMEHHbIM HaXOXIEHHEM BO B3BEIlEH-
HOM COCTOSIHMH B ToJmie notoka. TBepasle yacTHUB BOMHM3H AHA CO3-
AaoT Kak Obl MOABHXKHYIO LIepOXoBaTocTh. [IpH 3TOM yrioBaruie Heo6-
KaTaHHble YacTHIR cO3al0T GoJiblliee conpoTuBJenHe. Ha rpadukax,
OTPaXKalOMHUX 3aBHCUMOCTb YHeNbHLIX IOTeph Hamnopa iy , OT CKO-
POCTH IBHKEHHS THIAPOCMECH, KPHBHIE AJ1S1 HEOAHOPOAHHIX THApOCME-
cefl pacnonaralTcss 3HaUUTENLHO BHIIIE, YeM LIS BOAH. B oTauyue
OT KPHBHIX It ADYTHX BHJAOB FUApOcMeced, STH KPHBbIEe B AuanasoHe
H3MEeHEHHs1 cKopocTelt U = (1-+-2) vy, NPOXOAAT NPHMEPHO SKBHUAH-
CTAHTHO KPHBOH A/ BOAH (B TO BpeMs KaK aHAJIOTHYHLIE KPHBHIE AJs
TOHKOJAHCIEPCHLIX cMecel B 5TOM AHanasoHe U OTXOHAT, a Aas rpy6o-
IUCIIEPCHHIX cMecell nmpHOIMKAIOTCs K KPUBOH AMst BOJBI).

OG6nacTe KpUTHYECKUX CKOPOCTEH IJisi HEONHOPOXHBIX TpyGoxHc-
NEePCHLIX THApOocMecefl HMEET OueHbL Y3KHUHA puanasoH. [[BuiKeHHe co
CKOPOCTSIMH, HaxXOAAUIMMHUCS BOIU3H 3TOTO pHanas3oHa, HeycToHYHBO.
YMenbIneHHe CKOpOCTedl NMPHBOAUT K DPE3KOMY YBEJH4EHHIO COMpO-
THBJIEHUH H 3aKylopKe TPy6onmpoBozoB. ATo oOBsicHSETCS TeM, 4TO
pacnpenefeHHe KOHUEHTpalUHMH YacTHIl nO BHICOTe BecbMa HepaBHO-
MepHO. Bénbulast gacTe TBepARIX BellecTB NPH CKOpOCTsX v = (l—+
—+2) vy, HBUKETCS B HUXKHEH TpeTH cedeHus TpyO6wl. Ilpu sTom pac-
npenejeHye TBEPAHIX YacTHL MO BHICOTE MOTOKAa MaJjO 3aBHCHT OT

Tabruya 2.1
CunpaBanHueckas Kpynsocts 0 uacTum ¢ pasmepom dcp =0,1+30 MM
NpH MWIOTHOCTH TBepaol dasel p, = 2,65 T/m® u Temnepartype 15 °C

'l‘p:

deps MM 0, cMm/c dcp, MM 9, cM/c deps MM | 9 cm/c || deps MM | @, cm/c
0,10 0,59 0,50 5,24 1,5 16,44 6,0 32,90
0,12 0,85 0,60 6,37 1,75 17,80 7,0 356,50
0,14 1,33 0,70 7,48 2,0 19,00 8,0 38,00
0,15 1,52 0,80 8,60 2,5 21,25 9,0 40,30
0,20 1,90 0,90 9,74 3,0 23,25 10,0 42,50

- (3,30 3,00 1,0 10,84 4,0 26,85 20,0 60,20
0,40 4,12 1,2 13,08 5,0 30,00 30,0 73,60
IipaMeqanKe [HapapIHvyecKyio KpYMHOCTh TBepamx dYacTan 6’ npm nuor-
HOCTH TBepAoH dash pp > 2,65 T/M® MOXHO OnpeflenHTs no dopmyxe 6 = 6 (Pr— 1)/1,65.




ckopocTeft THIPOCMecH, B3ATHIX M3 NPaKTHYeCKH HHTEPEcHOrO Jualla-
30HAa UX HU3MEHEHHS. '

®opmMyaa ans onpeneseHns yAeNLHLIX NOTepb HaNopa NpH ABHKe-
HUH HEONHOPORHLIX IpYyOOZMCHEPCHRIX rHapocMecel MO JaHHBEIM pa-
6orel [35] umeer Bup

ir.c = im  CoQSyas (2.10)

TJe ¢g — SMNHpHYecKU#A KO3(hPHUHEHT, KOTOPLIH PEKOMEHAYeTCS NMpH-
Humath paBHbeM: 0,70—0,56 — masi  cBexxeApoGNEeHHBIX CKaMbHBIX
nopox; 0,55—0,46 — pnsi ApoG/eHHLIX TOPHBEIX MOPOX cpenHed Kpe-
noctu; 0,45—0,36 — p1s oGKaTaHHBIX TBEpJABIX YacTHI THIA rpa-
BUSl M MATKHX Apo6aeHHBIX ropHelx nopop; 0,35—0,20 — nas cnan-
ues M kpenkux yraet; 0,20--0,10 — g Markux yrne#i u anrpa-
IUTOB.

Kpurnueckyo cKOPOCTb ABHMXKEHHS] THAPOCMECH MOMKHO PaccyH-
Tatb mo  c¢opmysae [35]

Uip = (7 < 9) ¥V C20g5yadnpe @1

Hs dopmyxn (2.10) u (2.11) crepyer, 41O iy ¢ H Uy, HE 3aBHCAT
B JaHHOM cJyuae OT pasMepa TBepPALIX YacTHL. JTOT (HaKT NOATBEPK-
JieH SKCIepUMEHTaNbHO LA YacTHI[ KPYMHOCTbIO OT 2 po 50—60 MM
H naxe no 120 mm [35].

B nekoroprx patorax [28 ). npeanonaraercs, uto Ans 06/acTH CKo-
pocTell Bhllle KPHUTHUECKOH TMAPOCMECh MOXKHO CHYHTaThb OFHOPOAHOH
JKHAKOCTbIO ¢ Gosbinefl, yeM y 4HCTOH MKHAKOCTH, MAOTHOCThIO. [103-
TOMY TOT€PH Hanopa AJAs THAPOCMECH [, . MOXKHO BHIPasHTb 4Yepes
NOTepH Hanopa AMs XKUAKOCTH [, B CIAELYIOIEM BHje:

I ¢ = iPr. o/Pc- 2.12)

Eciu u3MepaTh yHenbHEE NOTEPH Hanopa AAs THAPOCMECH I
B MeTpax cTost6a rugpocMecH (GoJiee TskenoM, ueM paboyas JKHAKOCTD),
TO KpUBble 2—4 cMecTATCH BHU3 (3a cUeT JieJIeHUs! OPAMHAT i, o Ha Co-
OTBeTCTBYIOIIEe 3HaYeHHe MJIOTHOCTH THAPOCMECH) H B 06JacTH CKO-
pocteil BHIe KPHTHYECKOA conbioTcsi ¢ KpHBoH J pas 4ucrofd
xujakoctH (puc. 2.2, 6).

B ofmactH v > vy, MOXHO 3amHCaTh

Ly = ir, ¢Pe/Pr. c- (2.13)

Takum o6pasoM, A1 KaxAOH KOHIEHTPAUMUH TBepAbIX BellecTB
B THApOCMECH, XapakTepusyeMoli B JaHHOM cJydae cOOTBeTCTBYIome#H
NJIOTHOCTBI0, CYUIECTBYeT ONpele/eHHOEe 3HaueHHe KPUTHYecKoH CKO-
POCTH Uyp, BBILIE KOTOPO# yAeNbHbIE IOTEPU HANOpa IS THAPOCMECH,
BbIpaKeHHbIe B €AMHHIAX BLICOTH CTOJN6a TpaHCIOPTHPYEMOH THIpo-
CMeCH, YHCJIEHHO PaBHBI IOTepsIM Hamopa JJis YUCTOH paboyell XKHAKO-
CTH, BHIDaXEHHHIM B €NMHHIAX BHICOTH CToJ6a 3TOH XHAKOCTH 1.

1[1'Ioizo611aa 3aBHCHMOCTb CYINECTBYeT H NPH NepekayKke BOAH ¢ KPHCTAJLIaMH
asaa [18].
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Benvuuna v, Bo3pacTaer ¢ yBe/lHUYeHHEM KOHLEHTPAUMH TBEpIok
¢asel B rugpocMect (IJIOTHOCTH THIPOCMECH), HO CKOPOCTb paboueif
XKHIKOCTH, COjepiKalledcs B THAPOCMECH, OTHECEHHAd K IIOLLanH
nonepeyHoro ceyeHust TpyObl, HE3aBUCUMO OT CONEpPXKaHHSA TBepROH
¢asbl ocTaercst mocrosiHHOM [28].

Takum ofpasoM, n1s1 HeogHOopogHOH rpyGoaucnepcHOR THApPO-
CMECH TpY [BHIKEHHH €e B TOPH3OHTANbHHX Tpy0ax cO CKOPOCTSIMH
BLILIE KPUTHYECKON Yyje/nHbBIE NOTepHd Hanopa i, o IPUOIHIKEHHO
MOXKHO BBIYHCJATE TaK K€, KaK U151 YHCTOH XHIKOCTH, HO BLIDAXKaThb
B MeTpax cToa6a THAPOCMeCH C IIJIOTHOCTbIO, COOTBETCTBYIOWEH 3a-
JaHHOH KOHUEHTpauuMu TBepaod ¢aswl.

Ilpr pBuXeHHM II0 TOPH3OHTANLHBIM TPYGaM noAuduUCnepcHbLx
(pasHoppakyuonnsix) rugpocMece peXUMBL TEYEHHs 3aBHCAT OT
KOJIMIECTBEHHOTO CONEp XKAHM 5T OT AEJb HBIX KJIACCOB TBEP IbIX BELLecTB 1,
Hast sy, > 0,1 ycranosaeno [35], uto ecnu conepxanie Kakoro-
Jubo Kiacca TBEPAbIX YacTHI B TOHKOAHUCHEPCHHIX, IpyOORMCIepCHBIX
M4 HEONHOPOIHLIX TPYGONMCIEPCHBIX THAPOCMECSX MpeBhilaeT 50—
60 %, To xapakTep ABHKEHUS CMECH ONPENENSETCS] RaHHBIM KJacCOM
npumeceii. Tlpu stoM copepxkaHne B TOHKOQHCIIEPCHBIX I'MAPOCMECSX
GoJiee KPYIIHBIX YacTHI B KoauuecTBe Ao 10—15 % Mano ckasbiBaeTcs
Ha BeJMYHMHe THADPaBIMYECKHX CONPOTHBAEHHH M KPHTHYECKHX CKO-
pocteli. Ho ecnu B ruppocMmec ¢ KpYINHbIMH YacTHUAMH COREPKHTCS
6onee 20 % uwacTHL TOHKONUCHIEDPCHBIX BEINECTB, TO 3TO CYIECTBEHHO
BJIHSIET Ha THJIPAaBJHYECKOE COMPOTUBIEHHE.

Crnenyer oco60 OTMETHUTL, YTO AJs1 KOJHYECTBEHHOH OLIEHKH Iapa-
METPOB JIBMXKEHHMA TaKHX TrHjpocMecedl MOXHO INPHMEHUTh NPHHUHMI
HanoxeHusi (CYMMMpOBaHHSI) THADABAHYECKHX CONpPOTHBNEHMH, Xa-
PaKTepHBIX /15 OTAeJbHEIX KOMIIOHEHTOB, BXONSAIIUX B MOJHIHCIIEpC-
Hy1o cMech [15, 35]. @opmyabl nast onpenenenus iy, ¢ ¥ Uyp A4S TOJH-
IUCTIEPCHBIX THApOCMecedt npuBeneHsl B paborax [15, 35].

T. T. Konuasin [28] paccmorpena Bompoc 06 onpefefleHHH ONTH-
MalbHOTO 3HayeHHsT 0O0BbeMHOH KoOHHEHTpalluM TBephod ¢asel sy
LS CO3MaHK A SKOHOMHYECKH 11e1ecO00pas3HBIX PEeXHUMOB SKCILIY aTalUuH
THAPOCHCTEM MPU NepeKayke MHIPOCMECH 110 TOPHU3OHTaNb HEIM TpyOam.
YBeJIHYeHHE Sy HTpaeT ABOSIKYIO POJMb: C OXHOH CTOPOHLI, NIPH BO3pa-
CTAaHHM Sy YyMeHbInaercsi 0OBeM IepeKayuBaeMOH THIPOCMECH, HO,
C IPYyroil CTOpPOHBI, C YBEJIUYEHHEM Sy BO3pacTaeT 3HAYECHHE KPHTHUE-
CKOH CKODOCTH Uyp, @ CJI€JOBATEJIbHO, YBEJIMYHBAIOTCS 3aTPAaThl SHep-
T'MY Ha nepekauky ruapocmecu. OnTuMannHasi KOHIEHTpauus rujppo-
CMECH MNOJIy4Yaercsl NMyTeM HCCAeNOBaHHs (PYHKLHH yIENbHBIX 3arpat
Ha nepekauky rugpocmecu Ha MuHUMyM. Ilo panueim T. I'. Komuasn
[28], B cpenHeM MHHMMYM Y I€JIbLHBIX 3aTpaT COOTBETCTBYET OOBEMHOMH
KOHLEHTpalHH rugpocmecu Sy, = 0,26. Bommbee crymenue ruapo-
cmecéii cuuraercs aBropom paGortn [28] HeuemecooGpasHbiM, B TOM
YHCe M IO TeM CcOoOOpaKeHUsIM, YTO YBENHYHBAETCS BEPOSATHOCTb
3acopeHHst TpYOONpPOBOJOB.

1 Knacc TBepAHIX BemECTB ONPENENSAETCS HX KPYHHOCTHIO.



2. B cayuae ABHXEHHs pas3iHUHBIX THapocmecedl 1o BepTH -
KanbHBM H HaKJOHHBM BOCXOXSAWHUM TpY-
6 a M OCHOBHEIM PEXHMMOM ABHXKCHHS IJIsi BCEX THADOCMECEH, 3a Hc-
KJIOUEHHeM CTPYKTYpHBIX, fiBAsercsi TypOynentHaii [35]. Tak xe
KaK ¥ /i TOPH30HTANbLHLIX IIOTOKOB, CYIIECTBYET 30Ha KPHTHUECKUX
ckopocrefl. 3HayeHHe KPUTHYECKUX CKOPOCTEH BO3pacTaer ¢ yBejaHue-
HMeM KOHLEHTPaUHH, IJIOTHOCTH M KPYIHOCTH TBepabix wacTuiu. [Ipu
CKOPOCTAX U > Uyp AJA BCEX BHUAOB MAPOCMEcEH 3aBHCHMOCTL yAeTb-
HBEIX IOTepbh HAlopa OT CKOPOCTH ABHIKEHHS THAPOCMECH HMMEET BHJ,
aHaJOTHYHLIA 3aBUCUMOCTH AJs1 TOHKOIHCNEPCHBIX THAPOCMECEH.
Ha kpHTHuecKy CKOpOCTh BOCXOASIIMX NMOTOKOB OCHOBHOE BJIHSIHHE
OKa3bIBaeT rHipaBAMYecKas KpynHOCTb YacTHIL.

Jast BocXonAmMMX TMOTOKOB KPHTHYECKYIO CKOPOCTb, IPH KOTOpOH
norepH Hanopa O6yAZyT MHMHHMANbHBIMH, MOXHO BBIYHCIHTL MO ¢Op-

myae [35]
Ukp = 043 vV asy,gdnp- (2.14)
B sTom cnyuae norepu Hanopa
ir. o = in (1 + asy,). (2.15)

ITpu npoeKTHpOBaHMH F'HAPOTPAHCIIOPTHBIX CHCTEM PEKOMEHIYeTcs
[35] ¢ yuerom obecrneueHHs YCTOHYMBOCTH THAPABIMYECKHX PEXHMOB
MpHHHMAaTb CAEfYIOLIHE 3HAYEeHHs CKOPOCTeill TeYeHHs r'MIpOoCMecel:
st TOHKopucnepcHn X — v = (1,05-+1,1) vgp; Aast rpyGoaucnepe-
‘mbix — v = (1,1+1,15) vy, A nosmpucnepcHbix — v = (1,15
—+1,20) vy,.

PexuM TeueHusl B HaKJOHHBIX TpyGonpoBonax BEIOHPAIOT HCXOAS
U3 yria uX noabema. [Ipu yrorax noabema 1o 45° pacueTsl BeAyT TaK Xe,
KaK ajisi TOPH3OHTANbHBIX TpyOONpOBOAOB, a NpH Yrjax HOoAbeMa
Gonee 45—75° — Kak jnsi BepTUKaNbHBIX. a5t mpefoTBpalleHus 3a-
copeHHst Tpy6 ILOMKHO cOGMIORATLCS Cenyiollee COOTHOLIEHHE Me-
KAy AuameTpoM Tpy6onpoBoja drp M MaKCHMalbHBIM pasMepoM TBep-
IpiX YaCTHU duax: drp/dmax 2> 2,5-+-3.

Oco6eHnOCTH BcacbiBAHHA rHiapocMeced. ['HapocMecH B cHCTEMY
MOXHO II0faBaTh PasjMyYHbIMH crocobaMH. Ecnim HacocHel# arperar
HJM THApo3seBatop ! (cTpyfHbIfi Hacoc) pacnosoKeH HHKe OyHKepa
(npHeMHHUKa) rHApPOCMECH, TO ero NMpueMHbIf MaTpy6oK OGHIYHO NpH-
COeNMHSIOT K OTBEPCTHIO B KOHYCHOM ZHHuie OyHKepa. B 3tom cay-
yae THAPOCMECh IIOCTynaeT B Hacoc Noj XeAcTBHEM cOGCTBEHHOrO
Beca. [Ipouecc BcachiBanus Kak TakoBo#t orcyrcrsyer. I'. C. Illep-
6una [84] orMeuaer, YTO MO yCJIOBUSIM SKOHOMUYHOCTH TPAHCHODPTH-
pOBaHHs, HanpHMep, KYCKOBOTO YIVISI Mo TpyGaM MOXKHO HepeKayu-

'BaTb rMApOcMecH ¢ 06beMHOM KOoHuUeHTpauuei sy, = Vo/Vy = 0,56+
-+0,3, a no ycnoBusM 3a6opa TMAPOCMeCH H3 OYHKEpOB IIPH Tako#
KOHIEHTpallMH MPOHCXOJUT 3acopeHMe NpPHEMHBIX OTBepCTHH THApPO-

! B suteparype no ruaporpaucnopty {23, 70] mHPOKO HCMOML3YHOT TEpPMHH
STHIAPO3/IeBaTOp®, T03TOMY B HACTORIIEM Maparpade OH cOXpaHeH HapsAy ¢ TEDMHHOM
«CTPYHMHIE Hacocy.
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aneBaropa (Hacoca) B YC/IOBHSX 3aBafa HX TBEPJALIMH YacTHIAMH,
€cd He NPHHATH CHEUHANbHBIX M€ MO JO3HPOBAHHIO TBEPALIX Be-
IECTB ¢ MOMOUIBIO IHHEKOB HJH APYIHX MPHCNOCOGAEHHH, YCAOKHSIIO-
WUX paboTy YCTaHOBKH.

Ecsin npu pabore HCTOYHHK THAPOCMECH PaclONOXKEH HHXKE THAPO-
CTPYHHOrO Hacoca, TO JOJXHa ObiTh ofecleueHa MOZAYa TBEPJABIX
BEILeCTB K MecTy 3alopa rujpocmecd. IIpu 3alope rmapocmecH H3
MOABOAHLIX 3a60€B MNpPHEMHHK (COCYH) NPHXOJHTCH MepeMelarh
0 TOpHU30HTAJIH H N0 BEPTHKANH MO Mepe BLIGOPKH rpyHta. ['mmpo-
AHHaMUYeCKHH NPOLECC BCACHIBAHH S TBEP ALIX YACTHIL HENP ePHIBHEIM 110
TOKOM BKJII04aeT $asy yBA€YEHHs OTAeAbHBIX YAcTHH, €C/H B paHoHe
BCACHIBAIOUIETO OTBEPCTHS CKOPOCTH OYAYyT GOsblue THApaBIHYEcKOR
KpYIHOCTH YacTHL, H (asy MaccOBOro NBHKEHHS TBEPABIX YacCTHLL
¢ 00pasoBaHHEM BODOHKH BCACBIBaHHs, €C/HH CKOPOCTb JBHIKEHHS
JKHUAKOCTH MPEBBICHT THAPABAHYECKYIO KPYNHOCT: B TPH—ISATL pas.
OxnHako Nno yc/HOBHSIM BCachiBaHHsl HE YHaeTcs OOECHEeuHTh YCTOHYH-
BYi0 OOBLEMHYIO KOHLUEHTPauuio sy, Bume 0,2—0,1 [84].

Ilpu monBope u pacueTe HacocoB, NMpejHa3HAYeHHbIX M 3abopa
FHAPOCMECH H3 NOABOAHBIX 3a60eB, HYKHO MOMHHTH, YTO THEPOCMECH
o6nanaer Gojbllefi MJOTHOCTbIO, YEM YHCTast paoyast MHAKOCTb.
IMostomy H3 yc/n0BHI NpefOTBpaeHH sl KABUTALHH PACUeT NpefeILHO
JONMYCTHMON BHICOTHI BCAChIBAHHS HACOCOB HAJ0 BECTH C ydyeroM ¢ak-
THYeCKOH MJIOTHOCTH TufipocmecH. B knure [35] pekomenzoBamo cie-
ILylomee ypaBHeHHe s oOlpelefeHUs NpeneNbHOH JONMYyCTHMOH reo-
METPHYECKOH BLICOTHl BCACHIBAHHS LEHTPOGEXHLIX HACOCOB:

gon _ Pa—Pa, Pr.e _ Y Pro Pr.o_
Hae™ = apmg”—Eh p:« 2 pl:« H""( P l)’
(2.16)

TO€ Pa, Pa.nm — COOTBETCTBEHHO aTMocdepHoe faBjeHHE H JaBieHHE
HachIIEHHBHIX NapoB pa6odefl KHAKOCTH; YA — cyMMa MECTHBIX H
JHHEAHBIX [0TEPh Hanopa BO BcachlBaioumeM Tpy6onpoBone; Uy, —
CKOpOCTh KHIKOCTH BO BcachiBaiomeM Tpy6GompoBofe; Hyop — TaIy-
6yHAa NOTpYXKEHHS BCACBIBAIOUIETO OTBEPCTHS IMOJ YPOBEHb XHI-
KOCTH.

Bce useHsl B NpaBo#l 4acTH 3TOTO YpaBHEHHS, KpOME MOC/ELHEFO
Hyor (Pr. ¢/Px — 1), HMelOTCS B COOTBETCTBYIOLIHX YDPABHEHHAX I/
nepeKaykH 4HCTOH XHIAKOCTH (6e3 MHOXUTeNel Pp, o/Px). BBenenue
MoCefHero yjieHa B ypaBHeHHe 0oOYyC/IOBJIEHO PasHHIEH IIOTHOCTEH
PHIPOCMECH BO BeachiBawliell Tpy6e p,, o 4 THCTOH paGoueh KHIKOCTH
P, OKpYXamomel BcachBawmyio TpyOy. M3 sToro ypaBrenast BUJHO,
4T0 yeM GoJblie ray6HHA NOIPYXKeHHS BCACHBAIOWETO OTBEPCTHA H

9eM KOHIEHTPHPOBaHHee T'HAPOCMech (4eM 60MbLIe Py, o), TEM MEHbIIE
Gyner mpomycTumas BhIcOTa BcachiBaHHs Hae .

[Mpounmocrpupyem 3to ¢ nomouisio puc. 2.3. [To ocu opauHar or-
JIOKeH Hanop H, B He/1I0M COOTBETCTBYIOMHHE aTMochepHOMY HaBJEHHUIO.
B Buje HAaKJOHHHX KPHBHX NOKAa3aHH B3aBHCHMOCTH H, =
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= Huor (Pr. o/Px — 1), YKasbiBaollge CHHXKEHHE BBICOTH BCachlBa-
HHS 33 CYeT MOrPYKEHHS BCACHIBAIOUIErO OTBEPCTHS MOA YDPOBEHB.
PacyeTsl BBINONHEHBI AJST THAPOCMECH BOABI H mecka (Pr =
= 2,65 1/m®). BriuuTas M3 BeIMUHHBEI HANOpPa, COOTBETCTBYIOLIErO ar-
mocdepHoMy aaBaenuio (H = 10 M), BeIHYMHY HaNOpa, COOTBETCTBY-
IOIErc NABJIEHHIO HACHILEHHHX MapoB BOAbl (Hy. o), a Takxe HEOO-
XOLUMBIH HalKaBHTAUHOHHEIH Hanop Ak (cM. 0. 4.2), nonysnum mps-
My1o A, Ha mepeceyeHHH C KOTOpO# KPHBHX Hy MOXKHO HaliTH pabo-
4y10 TOUKY B BcaceiBaiouiero Tpy6onposoaa Inpd padore B yc/OBHSX,

5 COOTBETCTBYIOIHX TIJyGHHE MO-

= rpyxenust Hyo, H 00bEeMHOH KOH-

o ST & W Tpfr { UEHTpaUHH Syi. [Ipu sTom Hamop

— S-S S " 6 cooT-

TS e e BKJouaer B ceGs, B

8 - 7 » ///,/,/ \04 BETCTBHH C ypasHeHueM (2.16),

[ J5l) A,///,/,/' g4 caenyomue COCTaBJIS IOLIHE:

5 I / / /‘7/,//¢/// g4 Hi" — reoMeTPHYECKYIO BHICOTY

ﬁi VV 1 4 /2,7 4 BcachlBaHHUfA; NAP. o/Pw — CYMMY

7 ﬁE v ;‘7‘7/_-5—- IOTEPL Hanmopa BO BCACHIBAKOLIEM

‘it /E:// 15 tpySonposone; vécpr.c/(l?lgpx) —
X3 |t M

1 144 cKopocTHOH  Hamop. andauue

I// /://,/// 1 L34 mHOXHMTEne# pr o/px 0Oyciaos-

41174 T ;] JeHo HeoOXONUMOCTLIO IIE€pEeBOaa

//f’,_/ 7 =/: Hanopa, BHPaXX€HHOTO B Merpax

=1 nor cronba FHAPOCMECH, B METPH BO-

0 02 0.4 06 08 Sy msaxoro cronba. M3 paccmorpenust

Puc. 2.3. Tpaduk ans onpereseHus
JLOMYyCTHMOH BaKyyMMETPHUECKOH BHICO-

TH BcacHBaHHst HacocoB HAOR B 3aBu-

CHMOCTH OT IVIyOMHBI NMOTPYKeHHS BCa-
CHIBAIOIIEr0 OTBEPCTHS NOJA YpPOBeHb
KUAKOCTH Hpop (M), KaBHTanMOHHOrO
sanaca Ah (M) u wamopa Hy y, COOTBeT-
CTBYIOWIETO JaBJEHHIO HACHIIEHHHX I1a-
poB, npu paboTe Ha THAPOCMecH C 06beM-
HOB KommenTpamuell syq = Vol Vi

pHc. 2.3, B UAaCTHOCTH, MOXKHO
BHIETh, 4TO IPH Hy g=1 M H
Ah =4 M pomycTuMasi BakyyMmMe-
TpHYeCKast BBICOTA BCACHIBaHHS
nacoca Hpex = Hie' + Yh +
+ v%./(2g) npu ray6Gune morpy-
EeHHUS BCACHBAIOLIErO HAKOHEY-
HUKa NOX ypoBeHs Boinl 10 M H
KOHIIEHTPAIHH TBEPIbIX BEILECTB
sy1=0,2 cocrasasier oKosao 2,3 M.

B 10 xe BpeMs IIPH YBEJHYEHHH KOHUEHTpauuu sy; Jo 0,4

BesqnuuHa Hiax YMeHbIUMTCH W cocTaBuT npumepso 0,5 m. Ilpu Bca-
CHIBAHHH THAPOCMECEH CYUIECTBEHHO YBEJIHYHBAIOTCA H IIOTEDH Ha-
mopa 1o CpaBHEHHIO ¢ palOTOH HAacOCOB Ha BOJE.

Ycl0BHS BCACHIBAHHSA CHJALHO OTPaHHYMBAIOT KOHIEHTPALHMIO BCa-
chiBaeMOM THApOCMEcH NMpPH paGoTe H3 NoABOIHBIX 3aboes. Ecau He
NPUHATL HAJIEKAUHUX Mep, TO OpH OOJbIIMX 3arayCJeHHsX BCAChI-
BAIOUIEr0 HAKOHEYHHMKa HacocHl Oynyt paborars B YCJAOBHSX KaBH-
TalHH.

Aro orpaHdueHHe MOXKHO CHSTb [yTeM MPHMEHEHHS CTpYH-
Hbix GycTepOB Ha BcachIBAlOIEM TpyGompoBoje LUEHTPOGEXHOro Ha-
coca (cm. m. 9.1).
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2,2. XapakTepMCTHKH CTPYAHLIX HAacoCOB
JAA THAPOTPAHCHIOPTHPOBAHUS

Jas pacuera ¢Tpy#HEIX anmaparoB, HCHOAL3YEMBIX AIs CHAPO-
TPaHCIIOPTHPOBAHUSA TBEPJALIX BellecTB, NPUMEHHMBl ypaBHEHHSH, OT-
HOCsLyIecss K THAPOCTPYHHBIM HacocaM [J/sl OJHOPOJHHIX XKHUJAKOCTeH.
OpHako NpH BbIBOJE 3THX YDaBHEHHH KpoMe BJHSIHHS Ha TNpOHeECCH
IHCIIEPCHOIO COCTaBa NP HMeceH NPHXOAUTCS YUHTHIBATh, YTO paboyas,
HopcaceiBaeMast H CMellaHHbIe cpeibl OyAyT HMeTb pPasiHYHYIO MJIOT-
HocTe. HamnGosee nmonpoOHEE pe3yabTaThl HCCJAENOBAHHS CTPYHHHIX
HacocoB JHJAfl THADPOTPAHCIOPTHPOBAaHMS  MNpHBeLeHH B paboTax
E. d. Coxonosa, H. M. Sunrepa [65], JI. I'". [Togsunsa u 10. K. Ku-
puanosckoro [52], B. K. Temnosa [70], E. ®. Jloxkora [36],
H. C. Bonorckux [8], T. C. ILlepGuunt [84]. .

YpaBueHHE XapaKTepHCTHKH rugpo-
CTpPYHHOro Hacoca C UeHTpPAaAaJdbHHBM CONJAOM
(1.22) nas paccMaTpHBaeMOro caydasi ¢ y4eToM pasiu4Hs B IIOTHO-
cTAX paouero P, MOACACHIBAEMOTO Py H CMEIIAHHOIO P, [OTOKOB,
mo JaHHeM paGoThl [65], MoxHO 3amHcaTs B BHJAE

oy

Aps __ Apcom _ 213_ 2y — P
Apy = APp 1n = Q7 4 2(P2+(2(P2—1/q34) pn(l_dg/dli_) -

— @)L g ). @17

ITon o6neMHBIM KoadduiuenToM NoAcoca THAPOCTpYHHOrO Ha-
coca 4 B JaHHOM CJIyyae IOHHUMAIOT CYMMY JBYX 4acTHBIX Koahduuues-
TOB MOJCOCA ~— [0 TBEPAOMY T&IY Uy M IO XKHIKOCTH Uy, T. €.

U= Uy + ty, (2.18)
rue :
Uy = Qu/Qp; thx = Qu/Qp- (2.19); (2.20)

[lnorHocTH mopcackiBaemolt p; M CMEINAHHOH P, CPEN MOXHO BHI-
pasuTb 4Yepe3 MJAOTHOCTH XKHIKOH paGouedl cpeibl p, = Py H TBep-
JOro Teqa Qn.

Hns nojcacbiBaeMof cpemnl HMeeM 6afaHC Macchi

PxQx + PrQr = Palu- ' (2.21)

Iogenus Bce unens ypaBuenus (2.21) Ha Q, M yuHTHBas coOT-
HouteHusa (2.18)—(2.20), nonyuum

Prctlc + Pty = Py (U “I‘,ur)v : (2.22)

OTKYAa
Pr = P/ (U + Uy) + Pt/ (U + Us). (2.23)
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AHaNoOrHYHO MOXKHO NMOJYYHTL CAEAYIONIEe BRIp axKeHHE NS IOT-
HOCTH CMellaHHOH cpensl P!

= P (1 + )/(1 4~ b + 1) 4 Pothn/(1 + the + ). (2.24)

BBeJ.IEM caepyiomee o6o3HaueHHE:

Ol = Up/thy. (2.25)
Torga Buipaxenue (2.18) MOXHO HpegcTaBHTb B BHAE
U= uy (1+ am)- (226)

B ypaBHeHHe XapaKTEPHCTHK BXONAT OTHOLUEHHsS [JIOTHOCTEH
Pp/Pa = Pw/Pa B Pp/Po = Pw/Pe-

HajizeM wux 3HaueHus ¢ HCroJb30BaHHeM BhlpaxeHudt (2.23)
H (2.24):

Pp/Pa = (1 4 o) /(pr/ox + Olyse)s (2-27)
pp/pc = [1 + U, (1 + a)!()]/{l +u, [p'r/(Pm + am)]}’ (228)
O6o3nauast Pg/p = P, OKOHUATEALHO 3alHILEM

T tup (Vo)
Po/Pe = T i, (ot ) " (2.29)

TloacraBnss B ypaBHen#e (2.17) Bmecto u, pp/Pw, Pp/Pc MX 3Ha-
YeHHS M3 'YpaBHeHWH (2.18), (2.27) u (2.29), noay4yuM ypaBHEHHE
xapaKTepHch CTPYHHBIX HacOCOB AJS I‘H,[LpOTpaHCHopTa B Buje '

Ap 1+a /r
Apy = ¥ d2 {2¢2+(2%_1/¢3) r— 1—CdZ/d2 w2 (1l 4a,)? —

1+u (1 4og) R
— @) T 1+ (el | @30

ITpu nogcranoBKe B 3TO BHIpaKeHHE O, = 0 moNyusM ypaBHeHHE
XapakTepHCTHK CTPYHHBIX HACOCOB NPH CyXOH 3arpyske TBEpAOro
BeulecTBa (6e3 pas3baBieHHst KHAKOCTbIO) B FHAPOCTPYHHBIR Hacoc;

Ap a a3/
Aoy =V @ [2% (2¢2—1/¢3)—5T(T°_Tg/d—%)—ug—
1 fu, &
— @ —9) T 7 (1 +”T)2J' (2.31)

Ilpu pr = 1 # u, = u ypaBuenue (2.31) nepexogur B ypaBHeHue
(1.22) nas omHOpOAHBIX XKHAKOCTEH.

ABtopel kuuru [65] pekoMennyior npHHHMATEL A5 NpeJBapHUTE/b-
HBIX PacyeroB cJefylomue 3HadeH s KO3hPHIUHEHTOB CKOPOCTH B YpaB-
HEHHHM XapaKTePHCTHK CTPYHHBIX HACOCOR JJISl THApOTpaHcrmopra:

! 3pecs npuBenen BuBoj ypasrerus (2.30), Tak kak B kuure [65] B amanornu-
HOM YDa&BHEHHH HMEIOTCH OUIHOKM.
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¢, = 0,95; 9, = 0,875; @5 = 0,81; ¢, = 0,83. Sty BeqUUHHH TOJ-
JKHbl YTOYHATHLCS HA OCHOBE HCNBITAHHI CTPYHHBIX HAcOCOB Ha Ha-
TYPHBIX THAPOCMECHX.

Ha puc. 2.4 npusesenbl o6o6lleHHbie HOpMAa/bHLIE THIADABAUYE-
CKHE XapaKTepHCTHKH CTPYHHBIX HACOCOB AJsi THAPOTPAHCIOPTHPO-
BaHHA TBEPALIX BEUIECTB B KoopAuHarax p = Ap,/Ap, u dp/d,, anano-
THYHBIE XapaKTePHCTHKAaM CTPYHHBIX HAcoCOB JJs OXHOPORHBIX

9 9
3 P
0513 L1 L 0ok 111
0'#:(\()« \\ J07-= .0 0;4 AN \‘\ /0,=f,5
N R N
03— (RN 039y RN NN
0‘2 Q§ \ 0.2 “'/)‘\ N\
inw A\ ~ THEAS =~
1’ ll \Q/ g / i o : Iy .
o1 T/ /AT AN IR A4
A T 1 7 >r\“ o1 | VIR
o 8% = e i A
, 0,06 5 -
b f CRRRERT@ Y
' g0 W 18 22 26 30 TaTi, 40 14 18 27 26 40 34474,
B
05 T LT
0.4 R L pr=20 Puc. 2.4. HopumanbHe GespasMepHHle
0.3y N THJIpaBJIuYecKHe XapaKTepHCTHKH
’ /1 N ~ CTPYHHBIX HAcOCOB IS T'HAPOTpPAHC-
02 T} 2 e i NOPTHPOBAHUS TBEPALIX BeleCTB B pe-
’ "igR) - KHMe CyXoll 3arpyaku (Gl = 0)
V P
I % P
ot [ \
0.08 ] N1 ~ XKUAKOCTEH, HpHBENEHHBLIM Ha
0,06 17T W puc. 1.13. Papubie 3HaueHHs
0,051 / 1 }", w’;:\'} KoshdHllHeHTa MojAcoca U Co-
eJHHEHH KPHBHIMH i = const.

0.0%
§ 30 34d./d
oo4s 14 22 26 4 vl Pacuersl  BHUIONHEHH NPH

YKasaHHBIX BHIIIe 3HAYeHHAX KO3ppULHEHTOB CKOPOCTH JJIf pe-
XKUMa CyXofi 3arpyskd TuApoaneBaropa (o, =0) npa p,= 1,0
(puc. 2.4, a); pr = 1,6 (puc. 2.4, 6) u p, = 2,0 (puc. 2.4, 6).
Paccmorpenue puc. 2.4 nokaselBaer, 4TO IO Mepe YBEIHYEHHS P
yMeHbIIAIOTCS CO3/iaBaeMble CTPYHHBIM HacocoM Oe3pa3MepHbie jaBlie-
Hust p = Apc/Ap,. Tak, ecan npu p, = 1,0 u Kosbduunenre nox-
coca u = 1,0 rugpocTpyHHHIE HACOC B ONTHMA/LHOM PEXHUME CO3JaeT
naBnenue p = 0,12, to npu p, = 1,6 u p, = 2,0 coorBeTCTByOILIHE
aaBneHnst pasunl 0,103 u 0,098.

Ha puc. 2.4 onruManbHble peXxXHMH paloThl THAPOCTPYHHEIX Ha-
CcoCcoB 0603HayeHbl INTPUXOBLIMA MHHHsMH. U3 pacemorpenus puc. 2.4
MOXKHO BHJIETb, YTO C YBENHYEHHEM @, ONTHMANbHEIE 3HAYCHHA OT-
HOILEHHUS] OCHOBHHBIX pasMmepoB crpy#inoro Hacoca d,/d, cMeaioTcs
B cTopoHy OOinmux 3HaueHu#t. Tak, npu KoshduiHeHTe moacoca
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#4 = 4, = 1,0 3HaveHusAM naotHocTH p, = 1,0; 1,6; 2,0 cooTBeTCTBYIOT
3HaueHHs oTHolenu# d,/d, coorBercrBenHo 2,4; 2,7; 2,8.

B cuny pocraroyHo nmpoH3BOJNBHOrO 3ajaHust KO3(QPULHEHTOB CKO-
POCTH ¢ /151 pa3JHYHBIX 3J]EMEHTOB CTPYHHBIX HacocoB [65] pacuerst
no dopmynam (2.30) u (2.31) u rpapukam (puc. 2.4) HOCAT OpHEHTH-
POBOUHBIN XapakKTep H MOI'YT HCIOJb30BaThCsl JHIL ISl KAYeCTBEH-
HOrO aHajH3a pexXHMOB paboThl TakuX HacocoB. Cilefyer NOMHHTD,
4YTO yBeJHYeHHE OTHOCHTENLHON IJIOTHOCTH ITaCCHBHOTQ MOTOKA fg
YMEHbIIAET CO3JaBaeMBIl HACOCOM HANMOP H CMelaeT ONTHMAa/bHBIE
3HAYEHHS OTHOIIEHHsI AuaMeTpoB dy/d, B CTOPOHY GOJIbLIMX BENHUHH.

Hccnenoanus crpyinbeIX HACOCOB HJsi THAPOTPAHCHOPTHPOBAHHUSA
6b11u Bermonaenst H. C. Bonorckux [71, B. K. Temuosoiv, E. @. Jlox-
koBeM [36, 70] u I'. C. Illep6unoii [84]. B atux pa6orax npuseneHs
YpPaBHeHHs . THAPABJHYECKHX HODMa/JbHHIX XapaKTepHCTHK, [OaY-
YEHHbI€ aBTOpPAMH, H YKa3aHHl 3KCIEpHMEHTaJbHEIE 3HAUeHHS Ko3d-
(GHUHEHTOB CONPOTHBAEHHS OTACNLHBIX KOHCTPYKTHBHGIX 3/JEMEHTOB
cTpy#HbIX HacocoB. B wactHocrH, B pabore I'. C. IllepGuust [84] mpu-
BEJEHO cJenyoniee ypabHeHHe Oe3pasMepHOH XapaKTepHCTHKH IO-
FPYXEHHOr0 B XHJAKOCTb THIAPOCTPYHHOro Hacoca (rHApO3Ja€BATOpa),
KOrfa JaBjieHHe Ha BCACHIBAHHH MOXHO ODHEHTHPOBOYHO CYHTATh
paBHEIM atMocepHOMY:

_m (it (+ur st
P="Trom (+Tom (2-32)

rie P — Ge3pasMmepHbl Hamop THAPOCTPYHHOrO Hacoca, pPaBHbIA
OTHOLIEHHIO Harnopa rujpoaieBaropa H, Kk Hanopy pa6ouei BOAH /;
Cly — MAaccOBHIN Ko3pdHUHEHT MNoxcoca, ONpelensieMbld MO ¢)opM/lee
oy = PyQu/(0pQp); ¥ — oGbeMHbIE KoadbHLMeRT MoAcOca, U = Qu/Qp;
m = dy/d¥; ¥ — cyMma KO3(pHUMEHTOB rMAPABIHYECKHX COTNPOTHUB-
JIEHHH Ha BXoJe B Kamepy cMelleHus {,r, KaMepnl cMelleHHs H pud-
dysopa L v Ty (U0 = Cux + & + T); Lo — xosdduuuent co-
NpOTHBJEHUST paboyero comia.

TlpoBenennnie I'. C. Hlep6uHo#i 3KCIEPHMEHTHEI OTHOCSTCA K THAPO-
CTPpYHHBIM HacocaM C FeOMeTpHYeCKHM napamerpoM d./d, = 2 +4,5.
Tlpu sToM mepekauuBanuchb yrofb, rpaBdii, AOMEHHBIH UIIAK, OTXOLEI
oboraitieHHss pyfA, MapTEHOBCKas [MblIb, HECOK.

[1pu HcHONB30BaHHH NMOMYYEHHBIX 3aBHCHMOCTEH OLLTO [OCTPOEHO
ceMeiicTBO Oe3pa3MepHHIX THAPABJAHYECKHX XapaKTepHCTHK THIPO-
3/1€eBaTOpoOB, orufaiomias KOTODHIX OMNHCHIBAETCS YpaBHEHHEM

Bonr = 0,24205""". (2.33)

310 ypaBHEHHE MOXHO HENOCPEACTBEHHO HCIOJNb30BATh NpH MOA-
Gope M pacueTe CTPYHAHBIX HAcOCOB JJs THIDOTPAHCIOPTA.

Kpome Toro, B pa6orax . C. IllepGuunt [84] mpennoxena Kom-
CTPYKILHS MOrPYKHOTO CTPYHHOrO Hacoca, NO3BOJIAIOWIEr0 BCAChiBaTh
THApOCMeCh B YCAOBHAX 3aBana THApO3JeBaTopa noponofi. BeacriBaio-
ee OTBEPCTHE THAPO3/MEBATOpPA DPACMONOXKEHO TopH3oHTaabHO. Ha
FOPH30HTA/JbHOM YYacTKe BCaCHIBAIOIMIEH 30HH HAacOCa HHXKE OCH BhI-
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NOJIHEHO MPUEMHOE OKHO A/ BXxofa rufipocmecu. Pacrosnoxenne npu-
€MHOTO OKHAa HHXX€ OCH FODH30HTaMbHOTO yuyacTKa THAPO3JaeBaTOpPa
TIO3BOJIET H30€XaTh 3aKyNOpKH Narpy6ka npH paGore THAPO3JEBa-
TOpa B YC/IOBHAX 3aBaja €ro TBePALIMH YacTHIAMH.

[To nauxbiM aBTopa [84], yMeHblueHue moTeps Halopa Ha BXOJe
B THJPO3/]E€BATOD MOBHICHJIO 3PGhEKTHBHOCTb BCACHIBAHHS THAPOCMECH
B 2,5—3 pasa No cpaBHEHHIO C paHee NPHUMEHSBUIHMHCH KOHCTPYK-
nuAMH. MakcHMadbHO ZOCTHT'HYTas KOHLUEHTpAUWs THAPOCMECH B Ha-
NOopHOM TpyOOnpoBOAE HPH NepeKayke yYIis, KPYIHOCTb YaCTHI
KOTODOro He mnpeBeilana 25 MM, cocTaBuia sy = Vo/V, &~
=~ 0,67. i

PaGora E. ®. JloxkoBa [36] ocHOBhBaeTcsi Ha pesyinTaTax
ucenenopannit B. K. TemuoBa [70], kotopriit He TonbKO BHBEN ypaB-
HEHHS THAPABJAHYECKHX XapaKTEPHUCTHK CTPYHAHBIX HAacOCOB IS
PHAPOTPAHCIIOpTa, HO H MOAPOGHO NPOaHANMM3HPOBAM 3aBHCHMOCTD
THADABJAHYECKUX INOKasaTeNeHl OT COOTHOIUEHHS IJIOTHOCTEH MOJAcCa-
ceiBaeMoro H patGodero nortokos. B. K. TemnoB u E. ®. JloxkoB
OTMETHJH OJHO BaXXHO€ IJS THAPOTPAHCIOPTHPOBAHHUS OGCTOATENb-
CTBO. B ¢Bs134 ¢ TeM, 4TO aKTHBHEIH [OTOK TIPH CMEIIEHHH ¢ ACCHBHBIM
OT[A€T JIHIIb 9acTb CBOEH IHEPrHH IIAaCCHBHOMY IIOTOKY, OCTaTOYHas
SHEPTHS aKTHBHOrO IOTOKA Ha BLIXOJIe M3 CTPYHHOrO Hacoca MOXKeT
ObITb IOJIE3HO HCNONb30BaHA JJMsi TPAHCIOPTHPOBAHHS TBEPIHIX Be-
mects. [lpa ofecnedyeHHH ONTHMAAbHON KOHUEHTPAUHH THAPOCMECH
B HamoOpHOM TPyOONpOBOAE OCTATOYHAs 3IHEPIHs AKTHBHOIO MOTOKA
NOJIHOCTBIO HCNOJIb3yeTcs] B TEXHOJOTHYECKOM Nponecce, W 3pGheKTHB-
HOCTb THAPOCTPYHHOrO Hacoca CYIIECTBEHHO MOBLILIAETCS. JTO 0CO-
6EHHO OTHOCHTCS K PEXHMY CYXOH 3arpys3KkH, KOria CTpYHHLIN Hacoc
pa6oTaer He TOJbKO KaK THAPOTPAHCIOPTHOE CPEACTBO, HO H Kak
CMECHTE/Ib, CO3JAIOUIMH HeOOXONHMYI0 JAJAs NepeKauykd TBepJAOro
BeIleCTBa 10 TpyOaM KOHLEHTPAIIHIO €r0 B JKUAKOCTH. AKTHBHBIH IOTOK
pa3baBisieT TBepJOe BEUIECTBO O HYXKXHOH KOHIEHTpanuu, He Tpelys
JO0aBKH JOHNOTHHTEABPHOTO KONHYECTBA MKHIKOCTH.

ITockonbKy pacuer cTpyHHOr0 Hacoca HalpaBJ/ieH, KaK NPaBHIo, Ha
oGecneueHHe MakcuMaabHoro KI1J1, To cnoco6 ero BLIYHCAEHHS HMEET
NpHHUHIIHAABHOE 3HAaYeHHe.

B pa6ore [36] ormeuaeTcs, uto B HacTosiee Bpems IpH pacyere
CTPYHAHEIX HACOCOB JJ/IS1 CHCTEM HANOPHOTO T'HAPOTPAHCIOPTHPOBAHHSA
ONTHMAJ/bHEIl DEXHM pEKOMEHAYeTcs NpHHHMaTh INpPH OTHOIIEHHH
aKTHBHOrO pacxofia Q, K cymmapHomy Q, + Qu, pasuom 0,3—0,6,
T. €. npu 4 = 2-+-0,7. B meficTBHTENbHOCTH NPH pPalHOHAJBHOM HC-
NOJIb30BAHHH CTPyAHBIX HaCOCOB ONTHMAJIbHbIE PEXKHMBI COOTBETCTBYIOT
66b1MM 3HaueHHsAM OTHOmeHHs Q,/(Q, 4 Qn) (pexum cyxoit 3a-
rpy3ku). Ilpn pexumax cyxoil sarpysku KIIJ runporpascnopTupo-
BaHMs C MOMOIUBIO CTPYHHOTO Hacoca npubauxkaercs kK 0,5, uro coor-
BerctByeT KIIJI rpyHTOBHIX LeHTpOGEXHBIX HacocoB. OTmeuaercs
rakxe [36], uro usmenenue ornomwenns Qp/(Qp, + Q) npu HeusMen-
HBIX XapaKTepHCTHKaX CMeLIaHHOTO IIOTOKa B KOHue mudpysopa u3-
MEHsieT H ONTHMa/bHOe 3HaueHHe OTHOIIeHus d/d,, a C/Ief0BaTe/IbHO,
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H COOTHOINEHHe IIOmazneli MONEepeuHHX CeYeHHN KaMepHl CMEIeHHs H
HaloOpHOTO Tpy6ONpOBOAA.

[lpu paGoTe THIPOCTPYHHBIX HACOCOB Ha HH3KOKOHLEHTPHDOBAH-
HbIX THAPOCMECSX JJIsl pPacyeTOB MOIYT MCHOJNb30BAaTbCS THAPABJIHYE-
CKHé H KaBHTALHOHHHIC XapaKTEPHCTHKH CTPYHHBIX HAcoOCOB ISl 4H-
CTHIX XHAKOCTEH (cM. mn. 1.2 u 1.4).

_ Oco6oe BHHMAaHHE NP pacyeTe CTPYHHBIX HACOCOB AJMst THAPOTP aH-

CIIOPTHPOBAHHA KOHLEHTPHPOBAHHHIX cMecelf HEOGXOJHMO YAEJIATb
KaBHTAaIHOHHEIM pexXuMaM pabortel. IIpH 3ToM naBieHue Ha BcacbiBa-
HHU py1x CJAELYET ONPENENATh C YYETOM COOODaXKEHMH, H3MOXKEHHBIX
B KoHue n. 2.1. B ugacTHOCTH, clefyeT yuHTHIBATL YMEHbIIEHHE JaB-
JIeHHs!, BbI3BAHHOE Pa3HOCTHIO IJIOTHOCTEH T'HAPOCMECH BO BCACBIBAIO-
well Tpy6e, NOrpyKEeHHOH NOA YPOBEHb XKHUIKOCTH, H YHCTOH JKHAKOCTH
[cm. ypaBuenue (2.16) ]. C yuerom cka3aHHOTo JaBJeHHE BO BXOJHOM
ceuenHH [k BcacmBalouiero narpy6ka crpyiinoro Hacoca (cMm. puc. 1.8)
Pun CaeLyeT omnpenenstb mo opmyne

Pa = Pa —[Hscpr.cg +Eh+pr.cg"§§_+Hnor(p;: - 1)]:
(2.34)

rae p, — arMochepHoe naBneHue; M, — reomerpuueckas BhICOTa
BCACHIBaHHS, OTCYHTHIBAEMAs OT MOBEPXHOCTH XKUJKOCTH B UCTOYHHKE
RO ceueHHst IK; Y'h — MecTHBle M JHHeHHbIe IIOTEPH Hamopa BO Bca-
CBIBAKOIIEM TPyOONpPOBOJE, BLIYMC/JACHHBHIE B COOTBETCTBHH C PEKOMEH-
JanHsMH, NpHBELeHHBIMH B M. 2.1; Hpy,, — 3araybieHHe BcacHBalo-
HIeTO OTBEPCTHS NOJA YPOBEHb JKUAKOCTH.

BenuuuHo#t p,, HaiileHHo# o ¢opmyne (2.34), MOXKHO BOCHOJb-
30BaThCA NpH BBIUHCJEHHH OTHOWEHHA (pp, — pu)/(Pa — px) B dop-
myaax (1.52) m (1.53). 3nauenne koadduumeHTa U,, HPH KOTOPOM
BO3HHKAeT KaBHTaUHs B CTPYHHOM Hacoce A/ASl HAPOTPaHCHOPTHPO-
BaHH#, clefyeT ompenensitb npu @, = 0,83, a He npu ¢, = 0,925,
KaK 3T0 ObJIO NPHHATO NPH pacyeTax FHAPOCTPYHHBIX HAacOCOB B
n. 1.2. TlosToMy npH NOMb30OBAHHH KaBUTALHOHHBIMH XapaKTepH-
CTHKaMH, [DHUBEJCHHEIMH Ha puc. 1.21, 3sHaueHHa u,, MOJydeHHHIE NO
3TOMY DHCYHKY, ClelyeT yMHOXartb Ha Beauyuny 0,83/0,925 = 0,9,
T. €. NpHHUMATh

Ul T 2 0,9y (2.35)

rie u, = — 3HaueHHe KosbdHnHeHTa nojcoca CTPYRHOro Hacoca
IJ/isi THAPOTPaHCIOPTHPOBAHHS, NPH KOTOPDOM BO3HHKAET KaBHTALHA;
Uy — 3HAUYCHHE KAaBHTAMOHHOro Ko3hdHuHeHTa MOACOCA, HalfeHHOEe
Ha puc. 1.21 ana ruapocTpyHHBIX HAcOCOB, PaGOTAIOUIHX HA YHCTHIX
KHAKOCTSIX.

s nepekaukd ruapocMeceif, 0cOGEHHO COJAEpIKAMMUX KpPYIHEBIE
IpUMECH, PEKOMEHJyeTcA HCIoNb30BaThb CTPYHAHH € HacCOCH
C KOJAbLEBHM COINJOM B umewomeiica aureparype [11,
63] He npHBOAMTCHA HaHHEIX MO paboTe TaKMX HACOCOB Ha BHICOKO-
KOHUEHTPHPOBaHHEIX THApocMecsax. Mcmonbsys ypaBHeHHs Ges-
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pasMepHLIX HOPMAaJbHBIX XapaKTePHCTHK KOMbLEBHIX CTPYHHHIX Ha-
cocoB [63] nmpu COOTBETCTBYIOIHX 3HAYEHHSIX IIOTHOCTEH paGouei,
NacCCHBHOH M CMEIIaHHOH XKHAKOCTEH, DaCCUHTAHHBIX 1O QopmynaM
(2.23) u (2.24), MOXHO NOCTPOHTb HX TIHAPABJIHYECKHE XapaKTepH-
cTukd. Tak xe KaK u JJsi CTPyHHBIX HAaCOCOB € LEHTPaNbHBIM COIJIOM,
aHaueHHsT Ko3hdHUHUEHTOB CONPOTHBJEHHS KOHCTPYKTHBHBIX 3J€-
MEHTOB CTPYHHOTO Hacoca NPH 3TOM JOJIXHHI ObiTb H3MeHEHH. Or-
CYTCTBHE 3KCIEPHMEHTANbHBIX NAHHBIX [OKa HE [O3BOJAET YyKa3aTb
npenesbl H3MeHeHHs] KOI((DHUHEHTOB CONPOTHBJEHHS CTPYHHBIX Ha-
COCOB C KOJIbIEBHIM COTIOM. B nepBoM npHOJHXKEHHH MOXHO INOJa-
ratb, yTO NpH NepeKayke BHICOKOKOHLEHTPHPOBAHHHIX THJpOCMeced
yMeHbllleHHe Ge3pasMepHOro JAaBJIEHHs, CO34aBAEMOTO CTPYHHBLIM Ha-
COCOM C KOJBIEBHIM COIVIOM, OyJer NPONOPLUHOHANBHO YBEIHUEHHIO
NJIOTHOCTH CcMelnaHHO# cpeAnl. Hanpumep, npu p, = 1,5p, 3naueHue
GespasMepHOro KaBJjieHHs, HaHJeHHOe ¢ nomouiblo puc. 1.16, caenyer
(mnst pexxuma makcumanbHoro KIIJ) ymenewmuts B 1,5 pasa. 3ame-
THM, YTO CTE€l€Hb BJHSIHHS YBENHYEHHMS TJIOTHOCTH (KOHIEHTDPAUMH)
rufipocMecH Ha Ge3pasMepHOe JaBJICHHE C yMeHbIIEHHeM KO3DdHIH-
eHTa MOoACOCa JJsI KaKIOro CTPYHHOro Hacoca '0yJeT yMeHbIIaTbes,
a c ero yBeJgHYeHHEM, HaoO0poT, BO3PacTaTh.

B sakiiouense mopuepkHeM, 4TO paloTa CTpYHHBIX HACOCOB Ha
JIBYX(asHbIX XKUIKOCTAX H3y4yeHa B HACTOsILIEe BpeMs HENOCTATOUHO,
KaK M MHOTHe JpyrHe BONPOCH THAPABJIHKHK MHOrO(asHeIX CHCTEM.

InaBa 3

JKUAKOCTHO-TA30BbLIE CTPYHHBIE AMNMNAPATDI

3.1. O6nacTp NpHMeHeHHS H KOHCTPYKLUHMH annapaTos

B XHIKOCTHO-Ta30BBIX CTPYHHBIX anmaparax paGouuii (}KHAKOCTB)
M TACCHBHBIA (Ta3) MOTOKH HAXOASITCH B pasHBIX arperaTHHX COCTOS-
HUAX, NOYTH He H3MEHHAIOIHXCH B MpONEcce CMEIICHHS. '

Knaccubukanus XHJAKOCTHO-Ta3OBRIX CTPYHHBIX aNNaparoB Mo-
3eT GLITb BHIIOJHEHA B 3aBHCHMOCTH OT THIa CTPYH paGoued XKHIAKOCTH
H pasHHIBI Temmepatyp pabouell XHIAKOCTH H NOJCACBIBAEMOTO rasa.

Jnutennnoe BpeMst cuutanoch, 4to 3hdeKT 3KEeKTHpoBaHHS (yB-
JleyeHHs) rasa XHAKOCTbIO B CTPYHHOM anmapare o0bscHSeTcs B Oc-
HOBHOM TpE€HHeM Ha rpaHHuax pasflesaa das. [lostomy nonaran, yto
nojaya THAPOCTPYHHBIM allaparoM rasa ONpeleasieTcsi IJIOUAAbIo
noBepxHocTH paGouelt crpyH. Hccneposanuss I M. Edumouxuna
[17] nokasanu, 4TO mpuAaHHE BEIXOJHOMY OTBEpPCTHIO pafoyero co-
nja BMECTO KpYIJIoro cedeHdst GopMBI KPecTa HJH KOJbna He IpH-
BOJHMT K YBENHUYeHHIO Ko3(pdHUHeHTa HOAcOca anmnapara.

JI. JI. Bepman u I'. M. EpuMouxkun BliepBHE [OKa3alH, 4TO OpO-
Hecc mofcoca BO3AyXa B XHJIKOCTHO-TA30BBIX CTPYHAHHIX anaparax
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B 3HAYHTEJbHOH CTENEHH 3aBHCHT OT pacnaja paboyell CTpyH HA KalJH,
T. €. OT JUCHepPrupoBaHHa paGoued xuiakocTd. s AHcneprupoBaH-
HbIX pabouyux CTpyid OCHOBHBIMH (hakTOpaMu, BAHSIOIMMH HAa BOBJeE-
yeHHe B XKHAKOCTHYIO CTPYIO I'asa, CTAHOBSATCS CTENeHb TypOyJaH3a-
LMK JHCIEPCHOH CTPYH HA €e IOBEPXHOCTH M CyMMapHas IJoLlajb
[OBEPXHOCTH Kaleb.

B 3aBucuMocTH oT THna paGouell CTpyH pasaHyaloT KHAKOCTHO-
rasoBHle aNnapaTel ¢ KOoMnakmuol cmpyeld H ¢ Oucnepeuposantoll
cmpyeti.

@)
1 2 . 3 4 F
1 s / /
- 3
Ul i L
3) 7.§' /3 5
£ e
4 i N

Puc. 3.1. CxeMbl nmpoTOUHOR YacTH KUAKOCTHO-Ia30BbIX

3XKEKTOPOB € KOMNAakKTHOH pafoueli cTpyeli: a — ¢ KOpoOT-

KOH KaMepol cMemlenus; 6 — € YyIJUHEHHOH KaMepoH
CMelleHusI;

1 — pa6Goyee conso; 2 — KoHby3op (BXOX B KaMepy CcMelle-
HHMSA); 3 — KaMepa CMeLleHHs; 64— Rubdysop; §— canBuas
TpyGa

B 3aBHCHMOCTH OT COOTHOLICHHS TeMmeparyp paGoueit (XKHIAKOH
H naccHBHOf (rasoBoii) cpei paccMaTpHBaeMble annapartsl PasAesioT
TaKXKe Ha [Be IPYNIH: MepMOOUHAMUYECKY!0, K KOTODOH OTHOCST
anmaparsl CO CMELIHBAEMBIMH IIOTOKaMH, HMEIOMIHMH CYIIECTBEHHO
pasHble TeMIepaTyphl, H uU30MepMudeckyro, KOrLa pasHHua TeMIe-
paTyp CMEIIHBAIOIWUXCS NOTOKOB HE3HAYyHTeJNbHA H €0 MOXHO Ipe-
He6peub NpH pacyeTe THAPABAHYCCKHX IIPOLECCOB KEKTHPOBAHHA.

B OGonbumuHcTBE cAyuaeB CTpYyHHEL € amnnaparthl
C KOMDaKTHONH CTpyeH OTHOCATCH K H30TePMHUYECKOH
rpynne. KoHcTpyKkuHH 3THX annapatoB (pHc. 3.1) HoYTH He oTauya-
I0TCS OT KOHCTPYKUHMEH THAPOCTPYHHBIX HAacOCOB, pacCMOTPEHHBIX
B ra. 1. PasnyualoT XKHAKOCTHO-Ia30Bble CTPYHHEIE amnapatel C KO-
porko#i (puc. 3.1, @) u ynaunenso# (puc. 3.1, 6) KamepoB cMelIeHHS.

Hoaroe BpemMss B KauecTBE JKHAKOCTHO-Ia30BHIX 3XKEKTOPOB B OC-
HOBHOM IPHMEHSIIIH annaparbl ¢ KOPOTKOH Kamepo# cMeweHus ([, <
< 10d;), KOTOpHIE KOHCTPYHDOBAJHCL IO TE€M XK€ IpaBHJaM, 4TO H
ragpoctpy#hneie Hacocel (cM. 0. 1.5). Takue crpyfinbie annapars (3:KeK-
TOPHI) LIHPOKO NPHMEHSIOT B KaYeCcTBe BAKYYMHHIX aNlapartoB, MHAPO-
KOMIIDECCOPOB H CMecHTeJeHd Jas XHAKOCTH M rasa. B uacTHocry,
BOAOBO3AYIIHEIE H Ta30BO3JyIIHBIE anlapaTel ¢ TPajULHOHHOH reo-
MerpHel nporouHo#l wact# (cM. m. 1.5) HCHOAB3YIOT AJAA CAERYIOWUX
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mesiefi: BaKyyMHDOBaHHS LEHTPOGEKHEIX HAacoCOB Iepell MYCKOM
[38]; oTkawku razoB W mapa M3 BaKyYyMHBHIX JieaspaTopoB H KOHJeHCa-
TOpOB TYPp6HH [65 ]; cMelmenua ¥ pacTBOpeHHs Ta30B B KHUAKOCTH BO
qmoﬁuuox-mmx [66], xmoparopumix [62], osoHaTOpHHIX H ApYTHX
yCTaHOBKaX; MOJYYEeHHS CKATOTO BO3/yXa NPH NMOANUTKE IHAPONHEB-
MaTHUecKHX ycTaHoBok [41,42); mojaun Bo3yxa B aspanHoHHbIE COO-
PYKEHHS CHCTEM TOPOJACKOTO H IPOMEIIIEHHOTO BOAOOTBECHHS H T.I1.

PaboTy MHMJAKOCTHO-Ta30BBIX 3KEKTODOB XapaKTepHU3yloT oObeM-
HBIM KO3(QOHUHEHTOM MOAcOCa U,, PABHHM OTHOLIEHHIO OGDBEMHOrO
pacxona mojcachiBaeMoro rasa (Boa-
Ayxa) Qg, nNpHuBefeHHOro K JaB-
JIEHHIO Ha BcachiBaHHWHM allapara py,
K ofbeMHOoMy pacxony pabouei
®uakoctH Qp. Jlas XUMAKOCTHO-ra-
30BbIX CTPYHHBIX anmaparoB ¢ KOM-
[aKTHOH cTpyei#l KO3(pOhHUIHEHT MOA-
coca 4, B OIMCAHHHIX BHIIE CXe-
Max YCTaHOBOK HaXORHTCS B mpe-
nenax 0—3,5. Ilpu stom 3HaveHue
OCHOBHOI'O [EOMETPHYECKOro mnapa-
MeTpa, paBHOrO OTHOLIEHHIO JHa-
MeTpa TOpJIOBHHE (Kamephl cMmellle-
Hus) dp K QuameTrpy pabouero co-
naa d,, usMensercs or 1,2 jgo 4.

CrpemyieHHe YCOBEDIUCHCTBOBATb  pyc, 3.2, Cxema XUAKOCTHO-TZ30BOrO
JKHJAKOCTHO-ra3oBbIe Cprf/'IHbIe an-  annapara C  RHCIEPrHpPOBaHHON
naparel npuseio b. E. Kopen- CTpyeR KHLKOCTH
HoBa [30] K co3maHHIO 39XKEKTOPOB
¢ yATHHeHHO# Kamepoi cmemenus (puc. 3.1, 6). B Takux annaparax
JJHHA Kamephbl cMelneHusi yBenuyeHa no (30--35) dr. Kak BupHO u3
puc. 3.1, 6, B 3)KeKTOpax ¢ YNTHHEHHOH Kamepoi CMEeLIeHHs OTCYT-
cTByeT AuGPY30p. IKEKTOP CONEPKHT pabouee cOmIO U LHJIMHADH-
YeCKYI0 KaMmepy CMelleHHs, KOTopas CKaykKooOpasHO MepexoiuT
B ciHBHYIO Tpy6y. Kak nmokasaHo B n. 3.2, Takasi KOHCTPYKLHSA THAPO-
CTPYHHOTO 3KEKTOPA MO3BOJISAET YBEJHYHTb OGBEMHEIA KOS UIHEHT
noficoca i, MPHUMEPHO B JBa pasa MpH paGoTe ero B peKHMe BAKYYM-
Horo anmapara. Ilpu 5ToM 3ddEeKTHBHOCTb MO CPABHEHHIO C 3KEKTO-
pOM, HMEIOLUMM KODOTKYIO Kamepy CMeLIeHHs, BospacTaeT mo Mepe
yBeNHueHHs CO3jlaBaeMoro Bakyyma (cM. m. 3.2).

BeTpy#iHHX annapaTax C JHCNEePrHpoBaH
HOH cTpye# B KayecTee pabOyero Comia HCNOJb3YIOT pas-
JHYHBlE PACTBUIATENH KHAKOCTH (popcyHku). Takue ammapatn (20,
481 mosBonsoT pasBuTh oGbemHHA Kosddunuent moacoca no 1000
H Gosee. OnHaKo HOpMasbHBIA mepenan fAaBaeHMii Ap, Mexny so-
HaM¥ BCACHIBAHHMSA M HArHeTaHus rasa cocTasiser 26—150 mm BoA. cT.
Ilnf TaKMX annapatoB OTHOIUEHHME JMaMeTpa KaMephl CMeleHHs d
K HaMeTpy BEIXOJHOro ceuyeHusi paboyero comna d, gocruraer 10 000
u GoJee. :
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Ha puc. 3.2 mpexncrasnena ofHa u3 MEPBEIX KOHCTPYKIMA TaKHUX
anmnaparoB — CTPYHHEIAI  BEHTHJATOP, PaspaboTaHHbIH  (HpMOK
«Képtunurs. Crpydnble BEHTHJIATOPH M TasoNpOMBIBATEIH CHAayajia
OHlIH NpefHa3HayeHbl B OCHOBHOM MJIsl TepeKayKH HJH OTcoca BO3-
AyXa ¢ OJHOBPEeMEHHOH ero NMPOMBIBKOH M yjaJieHHeM BpPeNHLIX HJIH
H3BJI€UEHHEM [IEHHLIX KOMIOHEHTOB. B nasbHellieM Takue anmapaThl
CTaJH [PHMEHATh M B KayecTBe TeIIOMacCOOOMEHHHIX annaparoB
(cTpyfiHnIx TpanupeH W KoHAHuMoHepoB) [20, 48, 591].

[loxazanHas Ha pHc. 3.2 ycraHOBKa paboTaeT ciaefyiomuM obpa-
3om. Pa6ouas xupkocTs (Boja MJH CHENHANLHO MPHTOTOBJEHHBIH
pacTBop) 3a6upaercs UMPKYJIAMHOHHEIM HacocoM 5 U3 6aka 8, ABAasiO-
I1erocsl OJHOBPEMEHHO OTCTOHHHKOM, M mojaercs no TpyGe 4 B como-
pacneLtHTess 2. JlucneprHpoBaHHas CTPYS NOCTYNaeT B KaMmepy cMe-
IweHHs 9, moficackBas NPH STOM ONpefieleHHOE KOJHYeCTBO BO3AYXa
nmo Tpy6e I. 3a cyeT 3HAUMTENLHON IJIOLIAAM NOBEPXHOCTH (akena,
o6p asyolerocsi MpH pacnblIeHHH BOAH (OpcyHKO#H, oOMeHHEIE mpo-
Iecchl MeXAY BOJOH M MOJCachiBaeMBIM BO3JyXOM NPOHCXOAAT BecbMa
HHTEHCHBHO (OCYILECTBJISIETCSI OYHCTKa H/IH OXJaXKJIeHHe BO3NyXa).
3aznepxaHHBIC BOJOH NMPHMECH MOXKHO MEPEBECTH B OCALOK MJIH OT-
JeJMHTh OT BOARI XMMHUYecKHM nyTeM. Bosgyx mocae anmapara ypa-
Jsercsi mo Tpy6e 3. Jlnsi MOANMTKH CHCTEMH JKHAKOCTBIO M YAaJeHHs
JKHIAKOCTH M 3arps3HeHHH# u3 Oaka 8 cayxaT COOTBETCTBEHHO
TpyOH 6 H 7.

B HacTosiiee Bpemsi KMJKOCTHO-Ta3oBHE CTPYHHEIE alnaparhl
C JHCIepTHPOBAaHHOM CcTpye# NpHMEHSIOT B KayecTBe TEeNIoMaccoob-
MEHHHKOB, CTPYHHBIX BEHTHJIATOPOB M Ta30mnpoMbiBaTenell, a TaKkKe
NEHOTEHEPATOPOB JUIST MOJNYUYEHHS BHICOKOKPATHOH IeH.

3.2. Pacyer XHIKOCTHO-Ta30BbIX AMNAapPATOB
¢ KOMDaKkTHO#l cTpyeil

Jns pacueTa I'MAPOCTPYHHEIX annapaToB, paGoTalOUIUX Ha OXHO-
PONHBIX WJIH Pa3sHOPOAHHWX MKHUIKOCTAX M THAPOCMECAX, OKas3ajoch
BO3MOXHBHIM NpPHUMEHUTh ypaBHEHHe H3MEHEHHA KOJIMYecTBa IBHIKe-
HUs (TeopeMy HMIYJbCOB). )

[Ipu pacueTe XHIKOCTHO-rasoBHIX CTPYHHHIX amnnapaToB ¢ KOM-
MaKTHOH CTpyeH (3KEKTOpPOB) NpHMEHEHHe 3TOro ypaBHEHHs JaeT
3aBbIIIEHHEIE B HECKOJIBKO Pa3 MO CPaBHEHHUIO ¢ SKCIepHMEHTabHLIMH
pacueTHele 3HAa4YeHHs OOGBEMHOTO KosdhHIHeHTa NoAcoca U,. ITO
MOXXHO OGBACHHTL TeM, YTO NMpH paboTe 3:KEKTOPOB Macca NOJcachBa-
€MOr0 rasa oOKasklBaeTcsi B THICAYH pa3 MeHblle Macchl paboueit
JKHIKOCTH, MOSTOMY NP OGMEHE HMNYJILCOB MEXAY JKUAKOCTBIO U Ta30M
nocinefHUR He cnocoGeH CKOJbKO-HHOGYAbL 3HAUHTENBHO H3MEHHTh
¢KkopocTh paGouell cTpyH.

OcHoBHEIE BHAR NMOTEPh SHEPTHH B JKHAKOCTHO-I'a30BEIX 3MKeKTO-
pax cBssaHm ¢ paBoTofl cXKaTHsd rasa oT py N0 p. (IpH 3TOM HacTh
IHEPTHH paccenBaeTcs B BHJE TEIIOTH B XHJKOCTH), IPH PeUHpPKYAs-
IUH rasoXHAKOCTHOX CMecH B KaMepe cMewleHHsi ¢ o6pasoBaHHeM
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06paTHHX TOKOB, @ TaKXX€ C 3arpaTaMH 3HEPTHH Ha TOpMOMKeHHe
BCTPEYHBIX NMOTOKOB XMAKOCTH M rasa, Ha yBeJHYeHHe H NOBTOPHOE
CXaTHe rasa M3 BCTpeyHHIX NOTOKOB B kaMepe cmemleHHs. IlosTomy
CYLIECTBYIOU[HE METOJAHKH pacyeTa MHAKOCTHO-Ta30BHIX CTPYHHBIX
annapatoB (Bce OHH paspabOTaHBl AJS BOAOBO3JYIUHBIX 3MKEKTOPOB,
NpHMeHseMHIX B OCHOBHOM B SHEPreTHKe KaK BaKyyMHBIE CTPYHHBIE
HacoCHl) SBJSIOTCA SMIMPHYECKHMH, CNpPaBEeJIMBLIMH B JOCTAaTOYHO
Y3KOM JHanasoHe PEMHMHHEIX H KOHCTPYKTHBHBIX NapaMeTpOB.

B c¢BfisH ¢ pacmiupeHHeM BO3MOXKHBIX ofsiacTefi NpHMeHeHHs
JKHAKOCTHO-TA30BLIX aNNapaToB ¢ KOMIAKTHOH cTpyeii Tpebyercs cy-
IIECTBEHHO DPAaCIIHPHTH O06JAacThb PEXHMMHBIX MapamMeTpoB TaKUX am-
napatoB, JIJsi KOTOPOH CYUIECTBYIOT HaJeXHble MeTOAH pacuera.
3ro, B YaCTHOCTH, OTHOCHTCSI K OGJacTH NpPHMEHEHHS IKHAKOCTHO-
rasoBHIX CTPYHHBIX anmmaparoB B KayecTBe CTPYHHHX THAPOKOMIpec-
COpOB.

B mpakruke pacyeroB HauGOJbIIEE pPacHpOCTpaHEHHE IOIYUYHIIH
METOJHKH pacuera, paspaboranusie E. . CokonoBuiM u H. M. 3un-
repom [65 ], JI. [1. Bepmanom u I'. Y. Edumoukuunm [5, 61, M. 1. Ba-
xenoseiM [4]. Bosbluyio pa6oTy 1m0 COBEPIIEHCTBOBAHMK BOAOBO3-
LYIHBIX 3XEKTOPOB H IOHCKY METOJIHKH HMX DPAacuyeTOB BHINOJHHJ
Bb. E. KopenunoB [30] mox pykosoxctBom I'. M. Edumouruna.

B meronuke E. §I. CokonoBa 1 H. M. 3unrepa ucnosnb30BaHH ypas-
HeHMsi, TOJNIOXKEHHbE B OCHOBY pacuera THAPOCTPYHHBIX HAacoCOB.
Ilpu coxpaHeHHH (OpPMHE pacCYETHEIX YpaBHEHH{l, OCHOBAHHBIX Ha
TeopeMe HMIYJbCOB, OCHOBHYIO CYIIHOCTH METOIHKH COCTaBJISIIOT
SMITHpUYECKHE 3aBHCHMOCTH.

Meronuka JI. Jl. Bepmana u I'. Y. Edumoukuna paspabotaua
TAaKX€ Ha OCHOBE ONLITHHX JA3HHLIX., YCTaHOBJEHa KpHTepHalbHas
3aBHCHMOCTb MeX/Ay 6e3pasMepHRIMH KOMIJIEKCAMH, XapaKTepH3yio-
IOMIMMH  YCHIOBHsI paGoTH H 1ojadyy BOJOBO3AYILIHEIX 3XKEKTOPOB.
MeTosuKa co3faHa s JUana3oHa H3MeHEHHs J1aBJieHus paGoued
Boanl pp, or 0,2 fo 1 MIla, AaBneHHs Ha BCAacCHLIBAHHMH py — OT GJIM3-
koro K Hymo jo 0,056 MIla, paBnesuss cxkatus p, — ot 0,02 nmo
0,26 MI]a.

Meronuka M. WM. BaxenoBa co3nana ass Gosnee IMHPOKOro AMana-
30Ha PeXHMHHX IapaMeTPOB BOLOBO3NYLIHBIX 3XKEKTOPOB. B ocHoBY
METOJMKH TNOJIOXEeHH YpaBHeHHe SHepreTHyeckoro GanaHca B CTPYH-
HOM anmapare W ypaBHEHHE pacTeKaHHsi XKHJKOCTHOH CTPYH B aTMO-
cpepe.

Pacyer BOpmoBO3AymHEIX 8xekTopoB (cm. puc. 3.1, @) mo mero-
nuxe E. S1. Coxonosa m H. M. 3murepa [65]. Ilpu pacuere xugKo-
CTHO-T230BHIX 3XKEKTOPOB ¢ KOMIAKTHOf cTpyefi, Tak ke Kak IpH

pacyere CTpYHHBEIX HAacOCOB, MCNOJNL3YETCS] OOBEeMHBIH KOS(hMOHIHEHT
noxcoca

U = Qn/Qp» (3 l)

rie Q, — o6BeMHBIAI pacxo], MojfcackiBaeMOH NapOBO3AYLIHOH CMECH;
Q, — o6beMHuIli pacXof paGouedi KHIKOCTH.

93



B kamepe cMelleHHs 5:XeKTOpa MPOHCXOIMT HACHIIIEHHE IOfCACH-
BaemMoro Bo3flyxa mnapamu paGouedi xHuukocTH. KoamuecTBo mapos
B 06pasyoleics NaporasoBoil cMecH COM3MEPHMO 10 MACCE ¢ KOJIHYE-
CTBOM IMepeKauHBaeMOro BO3AyXa, HO Macca NapoB B THICSAYH pas
MeHbllle Macchl pabouell KHAKOCTH (MaccOBHIA KO3DOHLHMEHT moacoca
cocraBisier npumepdHo 107°), mosTomy rasoBas (asa B 3IKEKTOpe
npeacTaByiseT co60# HacHILEHHYI0 NaporasoBYI0 CMech NPH TeMmIle-
parype paGouefi xuakoctd Tp. [lomnoe aGcomorHoe naBiieHHe 3TOl
CMEeCH B Hayajie KaMephl CMEIIeHHS 3XeKTOpa paBHO aGCOJIOTHOMY
IaBJIEHHIO CYXOTO BO3/lyXa Ha BCAacLIBAHHH p.

[lapumanpHOoe jaB/ieHHE BO3fyXa B MapOBO3AYLUHOH CMECH pg
MeHblle ab6COMIOTHOrO NaBJEHHS Ha BCACHIBAHHH py HA BENHYHHY
JaBJECHHS HAacCHIEHHHX NapoB pabouefi JKUAKOCTH Py g, T- €.

Pr = Pu — Pu.n- (3-2)

B dopmyne (3.1) Benuunna Q, mpencrasaser co6oit o6bem mapo-
BO3JYIIHOH CMeCH, DaBHBIH, N0 3akoHy JlanbToHa, oGbEMHOMY pac-
XONy BO3yXa NPH NapuUHANbHOM NaBJEHHU €ro B CMeCH p,. 370
N03BOJISTET HCIIOJIb30BaThb 3aKOH JlajbToHA AJsA OmpefesieHus Macco-
BOro pacxoja nofcackiBaeMoro Bo3Ayxa Gy:

- PeQs o (Pu — Pu.n) Qs '
Gn"" RBTp - RBTp ’ (3-3)
rie R, — rasoBas IOCTOSIHHas AJNs BO3AyXa.

Tor e MaccoBHEIZ pacxojl, BHIp&XEHHBI yepes mapaMeTpHl MHOA-
CachIBaEMOr0 CYXOro BO3JlyXa Ha BCachlIBAaHHH 3XKeKTOpa,

_ _Pua
Gy RTo (3.4)
rie Qu, Ty — OOBEMHHIH pacxoj H aGCOMIOTHAs! TeMIepaTypa CyXoro
Bo3flyXa Ha BcachIBaHHH.

[lpupaBuuBas mnpaBee uacTH dopmya (3.3) u (3.4), Bupaxas
npH sToM Qy uyepes Q;, a TakKe Jens o6e YacTH MOJNYUYEHHOTO ypas-
HEHHs Ha Q, ¥ BBOAS HOBHIE OGO3HaueHMs, HafileM

Uo, ¢ = Rykitio, (3.5)

TAE U, o — OOBEMHHIA KOS(QHIHMEHT MOACOCca MO CYXOMY BO3AYXY,
Uo. o = Qu/Qp; kg — moMpaBouHBIA KOS(QMHUKEHT Ha HaBjeHHE Ha-
CHIIEHHBIX MapOB JXHIKOCTH, Ry = | — py o/ps; k. — nomnpasoy-
HEIH KOo>hbHUHEHT Ha DPasHOCTbL abCOMIOTHHIX TeMmepatyp pabouei
Boan T, W moficachiBaeMoro Bosfyxa Ty, ky = TW/Ty.
[NompaBounn#i Ko3(ppHUMEHT R, YyMeHbIlaeTcsl C YBEJNHYEHHEM
TeMnepatypsl padoueii KHIKOCTH, TAK KaK OPH 3TOM YBEIMYUBAETCSH
JlaBJieHHe HAaCBIULEHHBIX napoB. [IpH paBeHCTBe HaBJeHHS Ha BCACH-
BAaHMH py W JaBJIEHHS HaCHILEHHBIX NapoB pabouefl XHAKOCTH Py, g
KO3DPHIIHEHT 1MoJicoca N0 CYXOMY BO3AYXY U, ¢ CTAHOBHTCS DPaBHEIM
Hym 0. XOTS B 3TOM CJydae 3XKEKTOp He IepeKauuBaer BO3AYX, HO
o6BeMHEIl KO3(hULMEeHT nOoAcOca MO IapOBO3AYIUHOH CMeCH 4, He
paBeH HyJIO, TaK Kak B IPHEMHOR KaMepe 3KEKTOpa NPOMUCXOLHT
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BckuMNaHye paGoyefl XKHAKOCTH H BELAENSIOMIMIACH Nap OTCACHIBAETCH
smekTopamH. Bouee Toro, B pabore B. E. Kopennosa [30 ] ormeuaercs,
YTO 3KEKTOp cnocoGeH co3faBaTh aGCOMIOTHOE AaBJeHHe Ha BcachiBa-
HHH p; HECKOJbKO HHXXe JaBJIeHHs HACHIIECHHHX NapOB py g, CO-
oTBercTByIollero Temneparype Tp. 310 OGYCJOBJICHO TeM, YTO NpH
HHTEHCHBHOM Napoo6pa3oBaHHMM B MNPHEMHOH KaMmepe IPOHCXONHT
oxJiaxJeHHe pabouefl KuakocTH Huxe T,. 3710, B cBoio ouepellp,
NOHHKaeT JaBjeHHe HAaCHILEHHBIX NMapoB Py g, a CJEIOBATEJbHO,
K abCcoJIOTHOEe JiaBieHHe Ha BcachiBauM. UTo Kacaercs mompaBod-
Horo kos(gxpHuMeHTa k., TO €ro 3HaueHHe OOLIYHO HEBENIHKO, TaK K€
KaK H OTJHUYHA B 3HAaYeHHSX a6COMOTHHIX Temneparyp Ty u T,

B nesnom npu temmeparype paboueit Boau T, < 25 °C u abconor-
HOM JaBJIEHHH Ha BCACHIBAHHH py > 0,04 MIEIa IPOH3BEJleHUe IOo-
NPaBOYHHIX KO3DOUUMEHTOB ky M k, He npesbimaer 10 % [38].
[Tosromy, YYHTHIBas mnpHOJHIKEHHBIH XapakTep SMIIMPHYECKHX 3a-
BHCHMOCTeH, B YKa3aHHOM JHMalasOHe H3MEHEHHs py H Tp MOXHO
CUHTATb U, ¢ A U,.

B cooTBeTcTBHH ¢ pesyabTaTaMu HccienoBaHus [65] dyHKuus

= f (Ap./Apy, d/d;) mns Bou.oaosn.ymnmx 33KeKTopoB Gyner

Bpoipy =22 [2% —@—e) (14 uo)z] ., (36)

rie KoshpQHIHEHTH CKOPOCTH PEKOMEHAYETCs NMPHHHMaTh TAKHMH XKe,
KakK Jyisl THAPOCTPYHAHKIX HacocoB: ¢; = 0,95; @, = 0,975; 9z = 0,9.

Orufamoiias ONTHMAaJAbHEX PEXUMOB Ha XapaKTepHCTHKAX 3¥KeK-
TOPOB C pa3JMYHBIMH 3HAUEHHSIMH OTHOWeHHs d./d, MOXKeT OHTh
npeacTaBiieHa B BHIE

Apy/Ape = 1,4 (1 + u,) 3.7)

Ha puc. 3.3 npuBenennl paboure XapaKTepHUCTHKH BO3AYLIHBIX
3)KEKTOPOB, NMOCTpoeHHHe mo ypaBHeHHio (3.6). Ha rpadukax moka-
3aHa 3aBHCHMOCTb OGHEMHOIr0 Koacpo}muuema noficoca %, B QYHKUHH
OT OTHOMeEHHs GespasMepHHX JaBneHudi Ap,/Ap, W OTHOLeHHS
OCHOBHHIX T€OMETPHYECKMX IapaMeTpoB 3KeKTopa d./d.. 3muaue-
HMS u, NPUBEIEHEl K [aBJEHHIO Ha BcacbiBaHUM. TOUKH, COOTBET-
CTBYIOLME ONTHMAJBLHEIM peXHMaM, COeJHHEHH mTponaoﬂ JIHHHEH,

[locsie ompeneneHus BeJHUYMHH 4, Mo puc. 3.3 cnepyeT B Heol-
XOIHMBIX C/IydasiX BHECTH NMONPaBKH Ry H k, B cOOTBeTCTBHH ¢ (3.5).

Crnenyer 3ameTutb, 4TO, XOTSl B CHJY SMIIHPHYECKOrO0 Xapakrepa
HCrOJIb3YEMOH ]ISl MOCTPOEHHS XapaKTePHCTHK 3aBHCHMOCTH rpaduk
(pHc. 3.3) He faeT TOYHBEIX KOJIHUECTBEHHHLIX OLEHOK BO BCEM AHAnasoHe
H3MEeHEHHs peXHMHHIX [apaMeTpoB, BHJ STHX XapaKTePHCTHK I[O3-
BOJISIET BHISIBUTb KauyeCTBEHHLIH XapakTep sABJCHHH, NPOHCXOAAIMX
npd paGoTe 33KEKTOPOB.

Tak, ecnM peXuMMHEIe TOYKH Ha pHc. 3.3 Je€xaT HHXKe KpUBOH
ONTHMaNbHHEX NapaMeTpoB, TO NPH H3MeHeHuH Ap./Ap, B jgocra-
TOYHO IIHPOKHX MpefesiaXx SHaueHHs Kosdpuuuenta nomcoca i,
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MEHSIOTCS IJ1aBHO (3:XEKTOp paboTaerT ycToHuHBO). Eciu XKe pexuM-
Hble TOYKH S5KeKTOpa MOMajaloT Ha YacTb INOJS, PAaCIOJOXEHHYIO
BHILIE KPHBOH ONTHMAaJbLHBIX PEXHMOB, TO NPH KpaliHe HE3HAYUTE/b-
HOM M3MeHeHHH GespasmepHoro nasnenus Ap./Ap, (xoropoe 3a-
BHCHT OT JI0OOH M3 COCTaBJAIOMHUX — pp, Py WIH pc) KosdpdHunuent
noncoca u, GyAeT H3MEHATbCH OT HYJAS 10 MpeleNbHEIX 3HauyeHHi.
[IpH 3TOM MOXeT BO3HHKAaTh aBTOKOJIeGaTeNbHBIA PEKHM, CONPOBOK-
Jaoluics WyMOM H NYJbCauUusMH JaBJIeHHS.

Kpowme Toro, mpH paccMOTpeHHH pHc. 3.3 BHJHO, YTO 3MEKTODH,
HMeIOI[He OTHOCHTENIbHO MaJikle 3HaueHHsI OCHOBHOIO TreoMeTpHue-
ckoro mapamerpa d,/d,, MMeIOT KPYTYyIO XapakTepHCTHKY Ap./Ap, =
= f(u,); ¢ yBennueHneM d,/d, KpyTH3Ha 3TOH XapaKTEPHCTHKH
najfaer. AHaJOTHYHEE BHBOALI MOXKHO CHENaTh H JJs XapaKTepHCTHK
ruapocTpyfiHelx HacocoB (cm. puc. 1.13, 1.20, 2.4).

Meroanka pacuera BOJOBO3JNYIIHEX 3)XKEKTOPOB, TPEIJIOKEHHAA
JI. 1. Bepmanom u I'. U. EdumoukuubiM [5, 6]. dra meronuka naer
6oJjiee TOYHBIE DE3YyJbTaThHl B HCCJENOBaHHOM aBTOPaMH JHana3oHe
H3MEeHEHHs] PEeXHMHHIX NapameTpPoB. ¥ paBHEHHsS XapaKTepHCTHK Bo-
JAOBO3IYIIHEIX 3)KEKTOPOB B COOTBETCTBUH C STOH METONMKOH GYAYT:

1) mpu 1,3 <d/d, <2

dp \1,96 ' dp \2,94 A ,
uo = 0,152 ()" [1 — 0,47 (ﬁ) X’ff;] %%, 00;  (3.8)
2) mpu 2,0 <dJ/d, <2,8

to = 0,47 (j—z)““ [1-0243 (%z-)”“ —2%] 42052, (3.9)

Tfe Upay — CKODOCTb JKMAKOCTH B BEIXOJHOM CeYeHHH DaGouero
cormna, m/c; do — AuameTp BLIXOZHOTO CEYEHHs1 COMja, M.
OnTuMmanbHOe SHAYEHHE TeOMETPHUECKOTo NapaMmerpa 3XKeKTopa
dJ/d.,, orBeuaipolee MaKCHMaJbHOMY 3HAYEHHIO #,, MOXKeT OHITb
BeIpaxXeHo B OyHkuuH oT Ap./Ap,. Tlpu Ap./Ap, < 0,106 oo
cocraBasier (d./d;)onr = 2, a npu Ap./Ap, > 0,106 ontumanbHoe
SHayeHHE STOro napaMerpa MOXKHO ONpENENHTb 1o (opmyse

(de/do)oms = 0,935 (Apo/Apy)—0%. (3.10)

[IpuBeneHHBIE 3aBHCHMOCTH JAEACTBHTENbLHHE i BOAOBO3AYIIHKIX
9KEKTOPOB ¢ OfHOH NEHTpaNbHOM cTpyefi paGoueil BOAK B CACLYIOMHX
AHanasoHaX H3MEHEHHsA JaBJeHHH p; U pp: :

pr* =0,1 + 0,11 Mlla;  p™"=1,7 V%, (B.11); (3.12)

prex = 3,3 [(d,/d)? — 1]; (3.13)
pyin =047 (p, — p,) (4/4)* + p, 319
npu 1,3 <d|~/dc <2,
PRt =243 (P — py) (dh/4)*%° + Py ©.19)

npr 2,0 < d/d, < 2,8.
4 B. ©. Nanasen 97



HOans obecreyenuss ycToAUHBOA paGoTHl 9:XKEKTOPAa PEKOMEHAYeTcs
NpHHAMATH

d/d. > 1,3 u p, > 1,505,

Paccmorpenne ypaBaenuit (3.8) u (3.9) mokasmiBaer, 4ro, B OT-
auuue ot meronuku E. §. CokosmoBa u H. M. 3uurepa [65], rne
o6beMHbIA KO3(HUMEHT noficoca U, = f (Ap./App; d,./dc), KO3¢-
¢dHLHeHT nMoAcoca Mo jaHHBIM [5, 6] kpome Ap./Ap, u di/d. 3aBu-
CHT eme H OTf aGCoNIOTHHIX 3HaueHHH AMamerpa comia d. M CKOPOCTH
HCTeyeHHs BOJHl M3 cOIVIa, T.e. OT mepenaja AaBieHHii Ap, =
= pp — Pu. DTO NPHBOJHMT K PacC/HOEHHIO KPHBHX U, = [ (Apc/Apy;
dr/d<5, TaK Kak KaXaoMy 3HaueHHio Ap, u d, GyAyT COOTBETCTBOBATb
CBOH KpHBHE,

AHasB3 mpoueccoB B BOJAOBO3NYLIHLIX 8KEKTOPAX M NyTH MOBLILIe-
HMSL HX mnokasarenseii npu Goabmux paspexeHusix. Takol aHaaus
BuinosiHed B pa6ore B. E. Kopennosa [30]. B wacTtHocTH, ycTaHOB-
JIEHO, YTO HECMOTPA Ha 6OJbIIYIo paboTy MO HCCAEJOBAaHHIO CTPYH-
HEIX annapaToB 3bdbeKTHBHOCTh I'a30XKHAKOCTHRIX 3KEKTOPOB ¢ Tpa-
OUIHOHHBIMU TreoMeTpHuecKod (opMoOH H pasmMepaMH ocTajach Ha
ypOBHE, AOCTHTHYTOM B ABajlaThle TOAHL.

Jnsi BbISICHEHMS MPHYMH 3TOTO MOJOMKEHHS HEOOXOJHMO PaccMOT-
peTb OCHOBHHIE INpOUECCH, NPOHUCXOASIHE B XKHAKOCTHO-Fa30BOM
(BOZOBO3AYIIHOM) 3KEKTOpe. -

SAB/IEHHSA, MPOUCXOJAIINE B KaMepe CMelleHHs, MOXKHO IpeJicra-
BUTH B caenyioueM Buae [65]. CTpys Boibl BXOZMT B KaMmepy cMelne-
HHUS, COXpaHfs CBOI0 IEPBOHAYAJBHYIO IMJIHHJDHYECKYIO (OpPMY.
Ha paccrosiHuu npuMepHO JABYX—UYeThpex HMaMeTrpoB OT HavyaJja
KaMepa CMelleHHs OKashiBaeTcsl 3alOJIHEHHOH MOJIOuHO-6esoi Bojo-
BO3/yLIHOH 3MyJbcHelr (meHo#), NMpHYeM Y CTeHOK HabJojanTces
o6paTHEIe TOKH. SMYJbCHS, ABHXKYyiascs B o6paTHOM HampaBJIeHHH,
CHOBa 3axBaThiBaercs cTpyefl. BosBparHoe aBHiKeHHe OGYCJIOBJIEHO
NOBBHILIEHHEM [aBJEHHS MO JJIHHe Kamepn cmewenus. [laBienue
B Hayajlle KaMepH OGHIYHO GJM3KO K JaBJCHHIO B NPHEMHOH Kamepe
3KEKTOpa py.

[Tpu HH3KHX NPOTHBOA2BJEHHAX p, (NPH HUSKHX CTENEHSX CXKa-
THS p./py) TOBbIIEHHE NaBJEHHUS B KaMepe CMEIUEHHs HEBEJHKO,
OCHOBHOE TOBLIIIEHHe JaBjJeHHs mnpoucxofur B Jjubdysope. I[lpu
YBEJIMYEHHH p, TPalHeHT JaBJieHHs B KaMepe CMeIUeHHs BO3pacTaer,
a B quddysope ymeHbiuaercs. JlaBieHHe B KaMepe CMelIeHHS IIOBHI-
LaeTcss Ha CPaBHHTEJIbHO KODOTKOM €€ ydacTKe M CKauKooGpasHo.
Uem Mmenpwe orTHoweHue d./d., TeM Gojee pe3sKko BhpaxeH CKayoK
IaBJeHHsi. B 3kekTope, BHIIOJHEHHOM H3 IPO3PayHOro MarepHana,
MECTO cKayKa JaBJIEHUS XOPOIUO pasjHYMMO BH3yallbHO, TaK Kak' J0
CKauKa [BHJKETCS HEeNpo3payHas 3MYJbCHS, a Mocae cKayka — Boja
€ Ny3HpPbKaMM rasa.

[Tpu yBenuueHHH p. CKayOK JaBJIEHMS MepeMmellaeTcss NPOTHB
TOTOKa H NPH ONPELEJIEHHOM [aBJIEHHH CXKaTHS p, AOCTHraeT Hayana
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KaMepsl cmemeHus. [Ipy 3TOM mpekpaimiaercss NOAcachiBaHHe Trasa
H BCS Kamepa 3anoJiHsercs [Po3payHoil BOHOH 6e3 NMy3HPbLKOB
rasa.

Hao6opor, mpH yMeHbIUEHHH [aBJEeHHS CXKaTHA p., a TaKxKe
NMpH yBEJHYEHHH NaBJeHHsi paGoueli BOAM p, 30Ha MOBHIUEHHS J1aB-
JIEHHS] MOXET MepeMelaTbCcsl BHH3 N0 TeYeHHIO, AoCcTHrath AH(dy3opa
U Jlayke NPOHHKATh B CJIUBHOH TPpyGonpoBoA 3a nuddysop Ha paccros-
Hue 10 1 M u Gosee.

Maxkcumansuas sddektuBHocts (KIII) 3sxekTopoB mocrHraercs
[30], xorna soHa mOBHIIEHHS JAaBAEHHs HAXOAHTCH B BHLIXOAHOM
CeyeHHU Kamephl cMelleHHs. B Tex ciiyyasx, Koria CKayoK AaBieHHs
HaxofuTcs B auddysope (MM B HAMOPHOM TPYOONPOBOJE), pacyeTHoe
3HAayeHHe OTHOWIEHHs d,/d. yBeNHUMBaercsi, TaK KaK pPOJb KaMmepH
cMellleHHs] HauMHaeT BHIMOJHATL OJHO M3 ceueHHH AH(DYysopa HIH
HarnopHoro (caHBHOro) Ttpy6omnpoBofia.

Pa6ora 2:%eKTopoB ¢ YBEJHUEHHHIM [0 CPaBHEHHIO C PacUeTHHIM
sHayeHuweMm d./d, npu 3alaHuofi BenuunHe Ap./Ap, ymeHbuaer
KO3()pULHEHT MoAcoca #,, TaK KakK peXHMHas Touka (cM. puc. 3.3)
NepexXoNuT U3 HHXKHEH 30HH ([0 OTHOLUEHMIO K KPHMBOH ONTHMAJbHELIX
pexxuMoB) B BepxHioio. Kpome rtoro, kak ckasaHo Briue, paboTa
3KEKTOPOB B 3TOH 30HE MOKET IPHBECTH K HEYCTOHUYMBEIM pPEXXHMaM,
COMPOBOXKAAIIMMCA LWIYMOM H BHOpalHed.

[TockoNbKY B KayecTBe BOJOBOSAYIIHBIX 3KEKTOPOB OOBLIYHO HC-
MOJIb3YIOT annaparhl, KOHCTPpYUpYyeMble TaK Ke, KaK HAPOCTpYHHbIE
Hacockl, TO JJIHHA KaMmephl CMellleHHs B HUX He npesniwaer 10d,.
B Takux sxekTopax, HasBaHHEX B. E. KopenuoBuim [30] xoporkumu
(3K), mpu pabore c naBjeHHeM Ha BcachblBaHHH p, < 0,03 MIla
B GOJILIUHHCTBE CJy4aeB 30HA MOBHILIEHHS JaBJCHHs1 BBIXOIHT 3a
npefiesn KaMephl cMellleHHs. B aToM cayuae sxekTop He ofecrednBaeT
TpeGyemex mnoKasareuseii. [TosToMy 6biio mpennoxero [30] yBenu-
YuTh MAJHHY KaMepH CMEINEeHHS.

B pesysabTaTe 3KCIHEPHMEHTOB C 3XKEKTOPaMM, HUMEIOIUMH YIJIH-
HEHHYI0 KaMmepy cmemneHHs (DY), GO YCTaHOBJIEHO, UTO MpPH AJHHE
Kamepn cwmemenus (12--14) d. kosbduuHent momcoca TNpPH Bcex
SHaYEHHSIX py HE NpeBhIIaeT 3HAYEHHH, MOJYYEHHHIX I KOPOTKHX
axkekTopoB (9K). YBenuuenne LMUHLI Kameprl cMemenus fo (14--20) d,
NPHBOAMT K VYBEJIMYEHHIO 4, NPHMEpHO B JABa pasa. HauGosbluas
npHGaBKa U, NPOHCXOAMT NPH YBEJHUEHHH NJIMHEI KaMephl CMelle-
HHs [, B nuanasoHe ot 14d. mo 18d,. MakcHManabHOro sHaueHHs
KO3(HUHEHT mojcoca u, HRocTHraer mnpu [, = (20=-35) d,. Ilpn
yBennueHun I, csoimie (40-+-48) d, xoaddHumeHT mnofcoca CcHOBa
yMeHbIIaeTcss JO 3HauyeHHfi, COOTBETCTBYWOIMX [, = 14d,. IIpose-
IeHHEle HccaefoBaHHs [30] mosBonmAM Iyis onpejeseHHOro coyera-
HHA PEXHMHBIX NapaMeTpoB YIPOCTHTb OGILENPHHATYI0 KOHCTPYK-
LIMIO CTPYHHLIX ammapaToB, COCTOSMX H3 colua, KoHpysopa, Ka-
MepH cMelieHHs, AH(dy3opa, OCTaBHB TOJLKO COOCHO PaCHOJIONKEH-
HBIE COINIO H Kamepy cMeleHHS (rOpJIOBHHY) YBENIHYEHHOHR MJIHHH
(em. puc. 3.1, 6).
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OnnTel MOKasajgu, YTO NMPH ONpPENENEHHOM COYEeTaHHH TEOMETPH-
yeckHx mnapamerpoB (I, > 18d;) kosdduuueHT moicoca u, SIxKek-
TOopa C YIJIHHEHHOH WHJIHHIDHYECKOH KaMepoH CMEIIEHHs NpPHMepHO
B JBa pasa BhIlle, YeM NPH TeX XKe napamerpax B 3XKeKTOpax ¢ KOpor-
KOl KaMepoil cMelleHus.

BrIO TaKXKe YCTaHOBJEHO, YTO PacCTOSTHHE OT BHIXOJHOTO ceye-
HHs pa6oyero comia 20 BXOJHOIO CEYEHHS KaMepHl CMEIUIEHHUS cJeayeT
BLIGHpaTh He MeHee AMaMeTpa KaMephl cMelieHHsa dp, HO He Goaee 6d,,
TaKk Kak B NPOTHBHOM cJyyae pacumiHpsiomasics pabouasi cTpys He
BNHCHIBA€TCS B KaMepy CMEIIeHHs. JKEeKTOPH ¢ YIJHHEHHOH KaMepoi
CMeLeHHsl MOXXHO BRINOJNHATb 6e3 AHddysopa.

s 3KeKTopoB ¢ yAnHHEeHHOH kamepo#l cmemenuss B. E. Kopen-
HOB NpPEJIOXHJ 3SMIHPHYECKYW MeTOiHKYy pacuera [30], awmaso-
ruuHyio no crpykrype Meronuke J1. II. Bepmana u I'. M. Edumoukuna
LJIsl 3KEKTOPOB ¢ KOPOTKOH Kamepoil cMemenus [5, 6]. [Ipennoxen-
Has MeTONMKa CIpaBeJIHBa NpH NaBJeHHM pabGoueli BOAH p,, H3Me-
Hawoomemcs ot 0,25 1o 1,4 MIla u HaBNeHHH CKATHS Ha BHIXOJE 33KeK-
Topa p, = 0,08 +0,12 MIla (auskoe naBieHHe Ha BHIXOAE CO3JaeTcs
8a cYeT YCTaHOBKHM 3MKEKTOpa Bhillleé 6aka, B KOTOpHINl CIHBaeTcs
BOJ2).

Huxe npusenena nocsiefoBaTeNbHOCTL pacdeTa B COOTBETCTBHH
¢ npepsoxenHoli Meropukoi [30].

1. Mo samaunomy (MaccoBoMmy) pacxoay Bosiyxa Gy (xr/c Ham
Kr/4) ompeflensiioT OGBbEMHHIi pacxoj Bo3fyxa

_ T
QH=2,87'10 ‘GH'?H—__-%-H—:, (3.16)
rae T, — Temneparypa paGoueit Bomu, K; pu, pu g — abcomoTHoe
IaBjieHHe B NPHEMHOl KaMepe 3XKEKTopa M JaBJIeHHE HaChIeHHBIX
napos, MIla.

2. JlaBieHHe cKaTUs Ha BHIXOJE CTPYHHOro ammapara p. Ompe-
JeNSIOT C YYeTOM BHICOTHl YCT2HOBKM €ro Hajl YPOBHEM BOZK B NMpHeM-
HoM Gake:

Pe=p —9,8-107%,,h, 3.17)
rie p — JaBjeHHe B pesepByape, Kyjla CIHBaeTcs Bofia MOCAE 3KeK-
Topa, MIla; h — BEICOTa YCT2HOBKH 3MEKTOPA, M; Poy — CPEAHSAS
IUVIOTHOCTb BOJOBO3AYIUHOH CMECH B CJIHBHOM TPYGONPOBONE 3KEK-
Topa, Kr/m®, p.y = 200+850 kr/m®.

[To oKOHYaHHH pacyera BeJHYHHY Poy PEKOMEHAYETCS YTOUHHTb,
npoBens npoBepKy mo dopmyse

Pem = 1000 — 1,5-10°Gy/G,, (3.18)
rie G, = 10%Q,. :

3. las ompegmeneHuss ONTHMaJbHHIX 3HAUCHHH  OTHOLIEHMS
(dr/dg)onr HCTONB3YIOT cAepyiomue GOpMYJIHL: ~
npH a6CcoMIOTHOM JNaBJeHHH Ha BcacHBaHMK py < 0,03 MIla

(de/dc)ons = 1/1 =+ 0,9p5/Pxs (3.19)
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npu py = 0,03 +0,098 MIla

(de/dcYons = V 0,9Pp/Pu + 3,3Pa/Pe- (3.20)
OnrumanbHas AJHHA KaMephl CMENIeHHSA
by, onr = 28 (1 — 0,5p4/pc) dp. , (3.21)

4. DKeKTOp coXpaHsieT pa6oTocmOoCOGHOCTE (MOXKET YCTOHYHBO

pa6oraTh) B JHaNa3oHe H3MEHEHHs AaBJEHHs paGouedl BOZH OT pp

Jo pyi". B KauecTBe BepXHEro Mpeiena pp « NPHHHMAIT TaKOe 3Ha-
YeHHe JaBJEHHS pabouell BOZLHI, NPEBLIIEHHE KOTOPOrO HE NMPHBOIMUT
(npH 3a1aHHOM OTHOWEHNH dy/d, B 1aBICHUAX Pg, Py) K YBEIHHUEHHIO
KO3(pHIHEHTa MOACOCA Uo. 3a HMKHHEA TNpefes p, = NPHHHMAIOT
MHHHMaJbHOE AaBJeHHe paGoueli BOAH, NPH KOTOPOM U, = 0, a B npH-
eMHOil KaMmepe 3MeKTopa [OCTHTaeTcs [aBJIEHHE, PABHOE JABJECHHIO
HACHILUEHHBIX NAPOB MHIKOCTH.

Beanunnb py " v pp " PEKOMEHAYETCS ONPENENsTh O CJEAYIOL MM

¢dopmyJiam:
pmin = 0,5p, (d./4.)2 s (3.22)
pre* = 1,5p, (d./d.)%ps. (3.23)

5. Kosapuuuent noxcoca tg,:
npeie/-HOe 3HaUeHHe

uip = QuP/Q, = d?/d? — 1; (3.24)

pacueTHoe 3HaueHHE
upees = kyitP, (3.25)

rae k = 0,66+-0,99 (8 cpenuem 0,8).
ITpr py < 0,03 MIla MOXHO NpPUHHMATh

uo = 0,72pp/pu; (3.26)

a npu pg = 0,030,098 MIla
U, = 0,72py/pu + 2,64pu/p, — 0,8. (3.27)
6. O6bemunlit pacxoz pa6ouefl BOAH ONpeneNasiioT KaK OTHOLUEeHHe
Qp = Qu/to. (3.28)

Juamerp conna d; HaxogAT MO H3BECTHOMY Nepenany AaBJeHHH
Ap, = p, — px TpH Ko3ppHIHEHTe CKOpocTH comla @, = 0,92+
+0p,98 (B cpeanem 0,95). JuameTp KaMmepsl CMEIIEHHs BEIYHC/ASIOT,
sHast dy M dJ/d, — cM. cdopmyay (3.20).

7. PaccTosinne [ OT BBIXOAHOTO CEUEHHSA cOmJa [0 BXOAa B Ka-
Mepy cMereHus (cMm. pHc. 3.1) IpHHAMAIOT paBHEIM He GoJee (5 +6) d,
a JHameTp cJaHBHOH TPYyOHl dg; ~ l,2d..

Ha puc. 3.4 npHuBegeHB 3aBHCHMOCTH Ko3(pHIHEHTa mojicoca u,
OT AaBjIeHHs pa6oueill BOAH p,, AaBJEHHS HA BCACHIBAHHH py H reo-
METPHUECKOIo napaMerpa in = di/d? npu TOCTOSIHHOM NPOTHBO-
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nasnenun p, = 0,1 MITa [30]. Tpadukamm MOXHO nNoMBL30OBaThCH
ANsi pacyeTa 3XEKTOPOB C YAJMHHEHHOH Kamepo# cmeleHus. Ontu-
ManbHBE PEXHMBl NMOKA3aHHE! IUTPHXOBBIMH JIHHHSMH.

C ‘pocToM [IaBJeHHS Ha BcachiBaHHH py > 0,07 MIla pasuuuna
KO3(pUIHEHTOB MOACOCA U, AJIsi 3KEKTOPOB C YAJIMHEHHOH KaMepoi
cmemenvst (cM. pHc. 3.1, 6) H OOBIMHBIX 3:eKTOpoB (cM. pHc. 3.1, a)
yMeHbIliaeTcss, a MNPH py > 0,098 MIla KoapdHUHEHTH NoAcoca
CTaHOBATCA NPHMEPHO OAHHAKOBHIMH. [TosToMy npH py > 0,07 MIla

2 )] 9
0 = U, Uy,
£ ,,-7.0 & T 6
/| NG =10] =10
AT 3 A yalii
vV N N0 VA%
4 Y\ 4 Aa 4 /
\ AL N A 26 N\
{ g yan\yg 7T KNI N
z A ;03-[: —~ 2 \ . \\ 2 k
oy N4 N A7 NN
g 0 03 0 %\t
2 6 10 m 2 ) 10 m 2 5 0 m
: a) |
0 Up
=1, \ 4 Puc. 3.4. 3aBucuMocTb 06b-
g 28 b 7, rIL‘\q €MEHOTO Koa(bHuHEHTa
’ AT \ LA \@ nojcoca u4o OT Tlapamerpa
/4 \\ 77 % m. a6COMIOTHOTO A2BJEHHH
4 7 A~ paGoueft Boasl pp W aGco-
A/ 2 / 04| nwoTroro naBneHHs ua Bea-
-y - 74 -a}< CHIBAHWH Py AAS BOXOBO3-
2 2 AYIMHBX 3KEKTOPOB € YA-
' / \\{‘l JvHeHHON KaMepoll CMe-
WeHHs,, PACCUHTAHHEE IO
0 4 0 meropuke b. E. Kopenuno-
2 I3 10 m 2 5 70 T Bal a—pp= 0,01 MIla;

6 — py = 0,03 MIla; 6 —
pa = 0,05 MIla; e — py= 0,07 MIla; 9 —py = 0,09 MIla

MOXKHO TNPHMEHSTb OG€ KOHCTPYKIHH 3XEeKTOPOB, YYHTHIBasi B 3a-
BHCHMOCTH OT MECTHHIX YC/IOBHH, 4YTO OOHIUHEIE 3XeKTOpH GoJjee
CJIOKHB! B M3rOTOBJIEHHH, 4 YAJHHEHHble HMEIOT GOAbIUYI0 AJIHHY.

B uccnepoBanuax B. E. Kopenwnosa [30], xpome Toro, ycra-
HOBJIEHO cJefyloliee:

1) a6cosioTHEIE pa3Mepel COIVIa HE OKAa3blBAIOT BJHMAHHS Ha U,
npH ONMHAKOBRIX Apc/Ap, u didc;

2) 3aKpyTKa paBoyero noToka W YBEIHUYEHHE YHC1a CTpYH mpH
OfHOMt KaMepe CMEeLIeHUs He yJyuyluaioT pafoTy 3XKeKTopa, MOBHIIAT
NOTEpH B COMJIE, CHHKAIOT HAlEXKHOCTb, HO NMO3BOJAIOT YMEHBIUHTH
AIUHY 3XKeKTopa.

B neloM MOXHO pEKOMEHAOBaThb HCMOJAb30BAHHE YJIHHEHHBIX
9KEKTOPOB B TeX CAyyasX, Koraa Tpe6yeTcs CO31aTh OTHOCHTENLHO
ray6oknit BakyyM (aGcomioTHoe JLaBiaenne py < 0,04 MTITa). Hnsa
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YMEHbILIEHHS JJAHHBl 3XKeKTopa Npu GOJbIIKX pacxofax pa6oueit
BOJAH MOXHO YCTAaHOBHUTH BMECTO OLHOTO GOJBLILOrO 3XKEKTopa He-
CKOJILKO annapaToB MEHbIUEro JHamerpa, co6paB HX B 6J/IOK.

3.3. OcHOBHI pacueTa KHMAKOCTHO-TA30BLIX ANNApPaTOoB
€ JHCHEeprHpoBaHHOH crTpye#t

Meroxgn pacuera CTPYHHBEIX annmapaToB C JIHCIEPTHPOBAaHHORM
cTpyefl, Kak ¥ APYrMX THOOB THAPOCTPYHHBIX anmaparoB, OCHOBHI-
BalOTCA Ha SMIHPHYECKMX HJH MOJYSMMHPHUYECKHX MOAEAAX. 3aKOH-
YEeHHOH TEOpHH pacyera B Hacrosiuee Bpemsi HeT. EcJH mosyyeHHbIE
SKCTEPHMEHTa/bHO XapaKTePHCTHKH NpENCTaBHTb, KaK 3TO OGHIYHO
NPHHATO NPH pacyeTe CTpYHHBIX annaparos, B KoopAuHatax Apc/Ap,
H U,, TO BCe KpHBHIE HJs1 anmapara, wmeiowero d./d, = const, co-
JbioTcsl B OfHY. [losTOMy 3KcrepuMeHTaNbHbIE JAHHBIE, NOJYYEHHHE
AJisi KOHKPETHOTO annapaTa NpH KaKoM-JH60 OXHOM AaBJIeHHH pato-
ueff BOAW H pa3/JHYHBIX Nepenajgax naBaeHuB Ap., MOXKHO MCIOJb-
30BaTh JJIs1 pacuera annaparoB NpPH APYTHX JaBJeHHsAX paGouelt
BOAR H mnepenagax Ap,.

MaremaTHuYecKoe ONMCAHHE Nporecca B XHAKOCTHO-rasoBOM amia-
pare ¢ JHCIEepTHPOBaHHON CTpyel BNepBHE B Halllell CTPaHe BHIMOJIHHJ
B. C. Occoscknii [48]. Ilpexnonaranocs, yto npouecc B3aumonei-
CTBHS XHJKOCTH H rasa Onpeje/siercsl ypaBHEHHEeM COXpaHEeHHs KOJIH-
gecTBa ABHxKEHHA. CKOpPOCTb rasa B CeYEHHH y (OPCYHKH NpHHHMA-
Jack paBHOH HyJ0. MexaHu3M nepenayn sHeprHu OT KUAKOCTH K rasy
CUHTa/ICi OJHHAKOBBIM B INpenejax Bcelt 06J1aCTH B3aHMOACHCTBHS
JKHIKOCTH H rasa.

BaaumopeficTBHe noToKa ILMCIEPrvpOBaHHON KHIKOCTH H YBesH-
YEeHHOTO €10 rasa NpeACTaBJCHO KaK OJHOMEPHOE TEUEHHe rasa uepes
NOPHCTHH c/Iofl (KaneJbHBIA MOTOK) CO CKOPOCTbIO, PABHOH CKOPOCTH
OTHOCHTEJIbHOI'O ABHEHHS XMAKOCTH H rasa. Ins onucanus npo-
mecca B3aHMOAEHCTBHSI NMOPHCTOTO CJIOS KHEKOCTH H Tasa HCIOMb-
30BaHBl 3aBHCHMOCTH, MOJYYEHHBIE NPH TEYEHWH KHUAKOCTH uepes
C/ION TBEpAHIX IIapoB. B pesyJpTaTe nonydeHa cHcTeMa ypaBHEHHH,
KOTopast pelajach YHCJEHHBIM METOIOM. PesyabTarsl pewenust npes-
CTaB/eHH B BHAe (GYHKUHH Apc/Ap, = f (4, di/d;).

B JjanbHefilieM MaTeMaTHUeCcKylo MOAesb MpoIEcca YCOBEpPIUIEH-
crBoBan 0. I'. 3pesgun [20]. B 3toit paGore ajas mpeacrabiexus
OIHOMEPHOTO Mpolecca ABHMKEHHs] KHAKOCTH M ras3a yepes NOPHCTHIR
CJIOf, KOTOPBIM 3aMEHEH KaNesJbHHH NOTOK JXKHAKOCTH, NPHMEHEHO
ypaBHeHHe JpraHa [73, 74], ofbluHO HCHOJAL3yeMoe Ajisi pacyeTa
MoTepb SHEPTHH B rase NPH €ro NpOAYBKE uepes CJOH 3epPHHCTHIX
MENKHX 4YacTHU. B HTore no/yueHsl YTOYHEHHBEIE XapaKTEPHCTHKH

Apc/App =f(uo: dr/dc)'
[Tonpo6roe paccMOTpeHHE CTPYHHBIX anmapaToB C JHCIEPTHPO-
BAHHOA CTpyeH XXHAKOCTH SIBJSIETCS CaMOCTOSITEJbHOH TEMOH, BBIXO-

Admed 3a paMKH Hactosuedl KHHrH. CBeJeHHsi MO 3THM BONPOCAM
MOXHO MOJYYHT: B cmeuuansHolt surteparype [20, 48, 59 u gp. .
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I'nasa 4

XAPAKTEPUCTHKH JIONIACTHBIX HACOCOB

4.1. Paboune XapaKTEpPHCTHKH JONMACTHLHIX HACOCOB

s npuBegeHHsi B JeHCTBHe THAPOCTPYMHEIX HAcOCOB H APYTHX
THAPOCTPYHHBIX anmapartoB Tpe6yercs nogaBaTh B HX paGouee comio
XUJIKOCTb T10[ ONpeleJeHHbIM JaBjieHHeM. Pabouyio KHAKOCTE MOXHO
nojaBaTh HJY OT HANOPHOM MarHcTpain (THAPOCHCTEMHI), HJH OT
OJIHOTO H3 BHJAOB HACOCHBIX arperatoB, MMEIOIIHX CaMOCTOSTEJILHEIH
NPHBOAHOM JABHraTe/b (3/1eKTPHYECKH i, BHYTPEHHETro CTOPAHHS H T. I.).
B peayabTare COBMECTHOro NPHMEHEHHS! THAPOCTPYHAHOTO H ApYroro
Hacoca MO¥eT OBITL cO3flaHa aBTOHOMHas ycrtaHoBka. Takas ycra-
HOBKA MOXET HMeTh HOBHI! KOMIJIEKC XapaKTepHCTHK, KOTOPBHIMH He
o61a1al0T B OTAENLHOCTH CTPYHHBII HAacoc W Hacoc, co3jaloulHii pa-
Gouee JaBJieHHE Y aKTHBHOIO COIJla CTpyHHOro ammnapara.

B mHacTosimeff raaeBe paccMOTpeHBl pa6ouHe H KAaBHTALHOHHBLIE
XapaKTePHCTHKH HAacocoB, KOTODHIE MOMXHO HCIOJb30BaTh COBMECTHO
¢ THAPOCTPYAHEIMH anmapaTaMH. B c¢Bsi3H ¢ Ha/lHudeM 6OJbILOTO
YHcJIa KHHT o Hacocam [49, 57, 67, 82 u ap. ] speck npHBeAeHH! MHILIbL
CBENEHHsl, HEOGXOAHMBEIE INIPH pacueTe XapaKTepHCTHK KOMGHHHPO-
BaHHBIX YCTaHOBOK.

. OCHOBHBIMH NapaMeTpaMH, XapaKTepH3YIOUMH paGoTy JIONACTHHX
HacocoB, sBJsiorcs nogaua @, vanop H, norpebisemas MomHocTs N,
KI1 7w, yactoTa BpalleHHs 7 H JONYCTHMasi BaKyyMMeTpHYecKas
BLICOTa BCachiBaHHs Hpax:

U3 yKasaHHEIX NapaMeTpoB BeJIHYUHHH Q W 7 CUHTAIOTCA HE3aBH-
CHMEIMH (aprymMeHTaMH), a ocTaibHbie — H, N, 1, Hpax — HX

¢ynkuusmu. Oyuxkuuu H, N, v, Hix = f(Q, n) HasmBaiorcs
pabouumu xapaxmepucmukamu Hacocog*. XapakTePHCTHKH HacocoB
OGLIYHO TPEACTABISIIOTCA B BHAE rpadHyecKHX 3aBHCHMOCTe#f H NpH-
BOASTCS B MAaClOPTAX HACOCOB 3aBOACKOrO H3rOTOBJIEHHS, a TaKiKe
B CNEUHAJbHBIX KaTajJorax H cnpaBoYHHKaX. [lya caMoBcacHBAIOMIHX
HacoCOB B psijJ€ C/Ny4YaeB OpPEACTaB/SAIOTCS TaKxkKe XapaKTepHCTHKH
caMOBcaChIBaHHs. PaccMOTpHM OCHOBH MOCTPOEHHS PaGOYHX Xapak-
TEPHCTHK HACOCOB.

llenTpoGexnble Hacochl. 3aBHCHMOCTB TEOpPETHUYECKOro Hamopa
DEeHTpPoGeXXHOTO Hacoca NPH GeckoHeWHOM w¥Heae Jonacreft paGouero
KoJieca OT pacxofia XKHAKOCTH Qy, npoxoismeit uepes paGouee Koaeco,
AN HAeaNbHOH JKHAKOCTH (OTCYTCTBHE BfSKOCTH) IPEACTaBJSET
B COOTBETCTBHH C ypaBHCHHeM JHjepa NPSIMYIO JIKHHIO:

H, = A — BQ,. @)

AOT

1 Xapaxtepuctuxa HZESN = f (Q, n) nonyuaerca myrem o6paGoTKH KaBHTa-

UHOHHBIX XAPAKTEPHCTHK HacocoB. CBejeHHS O KaBHTalHOHHHX XapaKTePHCTHKAX
npuBefieHH B 0. 4.2,
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Bennunna A npegcrasaser cofofi TeopeTHYeCcKHft Hanop Hacoca
H.., npH HyJeBo# noflaye H GeCKOHEYHOM HQHCJeE JonacTeil paGouero
KoJseca:

A = H,. = u3/g, 4.2)

TAE U, — OKPYXHasi CKOPOCTh paGouero koseca, paBHast ®R,; o —
yraoBasi CKOpOCTb BPAIlEHHS; Ry — HapyXHHIH (BBIXOAHOH) paiuyc
pabouero xoJxeca.
B coBpemeHHEIX HEHTPOOEXKHHIX Hacocax JIONACTH pafouero KoJjeca
B OCHOBHOM BLINOJIHSIIOT 3arHYTHIMH Has3aj (O OTHOLIEHHIO K Hanpae-
JeHuio BpaileHuss Koseca). [jasi Taknx nacocoB B > 0, nosaTomy
npsimasi JUHHA | Depecekaer ocb pacxoloB B Touke Q, = A/B
(puc. 4.1).
HV

Prc. 4.1. TeopeTnueckne paGoude XapaKTep- N
CTHKH NeHTPOGeXKHOI0 HAcoca NpH MOCTOSH- N
HO# yacToTe BpalleHHs: \
11— H‘r —f(QK)— npH GecKOHMEYHOM YHCHe JO- T}\
8.

nacret; 2— Hp = f(QK)— NpPH KoHewHOM WHCAe
nonacreft; 3— H = f (Qu)— ¢ ydeToM moreps h,; § kY|
4— H =} (Q,)— c y7eroM moTepp DagO¥ero ko= ¢ ' \
neca hy m hy; 65— H = f(Q)~— c yueToM yTewex \\ \
WHEKOCTH W3 MAnopHOA IOJOCTH BO BCACHBAIINYIO BN 9n N
9epe3 YNnOTHHTenbHWe Koabla; 6— N = f (Q)— /8 \\

C YueToM yTedeK XHAKOCTH i 7—- N=f (Qx) - J

Ges y49eTa MexXaHHYecKHX IIOTepb B Hacoce; §-—

N = §(Q) — ¢ yueToM MeXaBHYeCKHX INOTepb; 9 — 9 I \\%
n={(Q ] .

Ilpu KonewHom uHcsae Jomactelt pafouero KoJieca 33aBHCHMOCTDH'
TeopeTHYeCcKoro Hamnopa H; OT pacxoga XHIKOCTH, Npoxoisied
yepe3 pabouee Koseco (i, ocTaercs JHHefHOH, HO npamasa H; =
= f (Qu) cMewmaercsi BHM3 (pHc. 4, JUHHR 2), OCTaBasicb NPHMEDPHO
napannenbHoH JHHHK | (TeopeTHYEeCKHH HANop NPH KOHEYHOM YHcae
Jonacteét H, ymeHbluaercss no cpaBHeHHio ¢ Hy).

ITpu pa6oTe HacOCOB Ha peasbHHIX BSI3KHX MXHAKOCTSIX pa3BHBae-

MBIl HacocoM Hanop H. MeHblIe TEOPEeTHUECKOTO Ha BEeJIHYHHY TH-
JIpaBJIMYECKHX NOTepb Hhy, T. €.

H = Hy— hy. (4.3)

Bennuuna h, B dopmysae (4.3) COCTOHT H3 NOTEPb Hamnopa B Ka-
Hajax pa6ouero Kojeca R, a Take NOTepb HANMoOpa Ha BXOJE XKUAKOCTH
B paGoyee KOJieco H Ha BHIXOJ€ ee B OTBOASWHEA nmatpy6ok Hacoca hg.
Benuuuna h, nponopuHoHanbHA KBaApaTy pacxofa Qy:

h = kQZ, (4.4)

rie k — xoa(HUHEHT CONPOTHBJEHHA KaHa/NoB pafoyero KoJeca.

[Torepu nanopa h, cBsi3aHBHl C OTPHIBOM NOTOKa M BHXpeoGpa3so-
BanHeM. OHHM NPaKTHYECKH OTCYTCTBYIOT B PacueTHOM (HOMHHAJIEHOM)
pexume paGOTH Hacoca, TaK KaK KaHaJbl Hacoca 3anpOEKTHPOBAHEL
HMEHHO AAS 3TOro pexuma. [IpH yBeJHYEHHH HJIH YMEHBIUIEHHH MO-
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naun Qy norepu h, BospacraioT. Ha puc. 4.1 kpuBas 3 npencrasaser
coboit 3aBucumocts H = f (Q,) ¢ yueroMm nortepr h;, a KpHBasi 4 —
¢ yuetoM norepr h; H h,. [lomaua nacoca Q oTimuaercss OT pacxoia
XKHJKOCTH uyepes pabouee KOJIECO HA BeJHYMHY YTeuek gy, MPOHCXOAA-
IIHX B OCHOBHOM Yepes YIJIOTHEHMA MeXAYy HamnopHOH H BcachiBa-
IOLHMH NOJIOCTSIMH Hacoca. BriuHras u3 Qy BEJHYHHY gy, NOAYyYaeM
pacueTHyI0 XapaKTepHCTHKY Hacoca H = f(Q) npu nocrosmﬂoﬁ
"acToTe BpameHHsa (KpuBas 5).

FunapaBiaHyecKHe NOTEPH H YTEUKH ABASIOTCS (QYHKIHUSAMH dHCHAA
Pefinosbca, T. €. B ONpeJeJeHHOM JHana3oHe H3MeHeHHs1 Re Moryt
32BHCETb OT BSI3KOCTH IKHAKOCTH.

Ecmn Re > Rey,, TO HMeeT mecto TypOy/neHTHas aBTOMOAE/b-
HOCTb NOTOKOB B pafoyHX opraHax Hacoca. | MIpaBJHYECKHE NOTEepH,
YTeUKH, a CJefOoBaTeJbHO, HAaNOp HAacoca B 3TOM C/Jy4a€ HE 3aBHCAT
OT poAa ¥uixoctu. [loatomy rpapuk H = f(Q) B 3TOM aHanasone
H3menenus Re GyneT oguHAaKOB Ajif pasnHyHuX xunkocrelt. C yBe-
JIHUEHHEM BSI3KOCTH 4YHCJIO Pefinonbica yMeHblnaercd, MPH 3TOM
Tpe6yeTcsi BHOCHTL MONPaBKH Ha BSI3KOCTb (CM. HHXKe).

Ias mocTpoeHHss KPHBOH 3aBHCHMOCTH MOLLHOCTH OT MNOAAa4YH
N = [ (Q) 3anHweM BhpaxeHHe /sl THIPABJAYECKOH MOILIHOCTH
Hacoca

= pgQuH-. 4.5)
C yuerom saBHcHmocTH H, = f (Qx) no cdopmyne (4.1) Bripake-
HHe (4.5) mpeacraBHM B BHIE

r = pg (AQx — BQX). (4.6)
Sro ypaBHeHHe sB/IsieTCS ypaBHeHueM napaboiibl, Mepecexalomed
ocb @ B 1BYx Toukax: Qu = O H Qy = A/B (xpuBas 8 Ha puc. 4.1).
Tak Kak MexaHHYecKHe NOTEPH B Hacocax (CalbHHKAX, NOALIHMTHHKAX)
Majo 3aBHCAT OT nojpauu Qx, TO HX MOXKHO NPHUHSTHL NPHMEPHO MO-
CTOSIHHBIMH. YBEJHYHBas MOLIHOCTL HAa BETHYHHY MEXaHHYECKHX
notepe B Hacoce Ny, noayuum kpuHByio N = f(Q,) (kpHBasi 7 Ha
puc. 4.1) MomHocTH Ha Bany Hacoca. [l nonydeHHsi KpHBO#A Mom-
HOCTH Hacoca B 3aBHCHMOCTH OT €ro nojauu Q ocraercs y4ecTb YTEUKH
XKHAKOCTH gy (oObemubie morepH). Ias srtoro kpuByio N = f (Qy)
HaJO0 CMECTHTb BJEBO Ha BEJHUMHY gy (kpuBas 6 Ha pHc. 4.1).
Hmes 3aBucumocty H = f (Q) 1 N = [ (Q), HeTpyAHO NOCTPOHTH
KpuBylo 3aBHcHmocTH KIIJ Hacoca or nozaun 1 = f (Q), coorBer-

CTBYIOIYIO YPaBHEHHIO
= pgQH/N. 4.7

Sra 3aBHCHMOCTb NPHBEJEHA Ha pHC. 4.1 B Buie KpHBo#t 9. Makch-
MaJbHOTO 3HAYEHHs BEJHYHHA 1) AOCTHIaeT B PacyeTHOM (HOMHHa/b-
HOM) pexxHMe paGoThl Hacoca, I'i€ NOTEPH Ha BXOJE H BRIXOAE MpPHOJIH-
SHTEJbHO DPABHBH HYJIIO.

[TpuBeserHbie Ha pHC. 4.1 3aBHCHMOCTH SIBJSIOTCS NPHOGIHKEH-
HEIMH, TaK KaK He YYHTHIBAIOT LEJBI psi NOTepb, HMEIOMHX MECTO
B peanbHEIX Hacocax. [TosTomy TeopeTHueckHe XapaKTeDHCTHKH Ha-
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COCOB OOBIUHO TJIOXO COTJIACYIOTCA € 3KCHEePHMEHTAJNLHEIMH, H B Ha-
CTOSIlLEE BpeMsl XapakKTEPHCTHKH HACOCOB MNOJYYaloT, KakK MNpPaBuJIO,
SKCHEPHMEHTAJNbHLEIM NYTEM,

[Tpn nonyueHuu XapaKTEPHCTHK HACOCOB Ha OCHOBAHHMH 3KCIEpH-
MEHTOB MCNOMbL3YIOT METOZLI TEOPHH mnojpo6usa. Teopua nonobus,
B YaCTHOCTH, JA€T BO3MOXHOCTb MNOJYYHTb XapaKTEPHCTHKH Hacoca
ApPyroro pasmepa, €c/JH NpPOTOYHBIE HACTH CPaBHHBAEMbIX HAacOCOB
MoZOGHEI, a TaKXKe NepPecYHTaTb XapPaKTEpHCTHKH Hacoca C OJHOM
YaCTOTH BpameHusi Ha APYryio. [IpH YCJOBHH cOGMIONEHHS] r€OMETpH-
yeckoro NoAoGHsA NPOTOYHBIX wacTell Hacoca, BKAKOYasi NOAOGHE Ine-
poxoBaTtocTell NMOBEpXHOCTell CTEHOK KaHa/lOB, 3a30POB B IIEJEBBIX
YOJOTHEHUSIX ¥ TOJIMH JomaTok pabouero Koseca, a TaKxe KHHe-
MaTHYECKOro noAoGHs HA rpAaHHIAX NOTOKOB NOJYYEHO CIElyollee
COOTHOLUEH He:

AR “8
rne Q;, Q. — nojauH noJOGHBIX HACOCOB; 73, My — YACTOTHI Bpalle-

HHs1 HacocoB; L,, L, — XapakTepHElE reOMeTpHYECKHe pasMepHl Ha-
cocoB (B KaueCcTBE XapaKTePHEIX pa3MepoB OOBIYHO 6epyT HapyIKHBIK
AuameTp pabouero Koseca D).

B xauecTBe KpHTEpHs1 JHHAMHYECKOTO (CHJIOBOro) Noao6Hs OGBLIYHO
MPHHHMAIOT PaBEHCTBO 4ucea Pednoavdca. Jlns JIONACTHEIX HAcocoOB
npHHuMaT Re = u,D./v, rae u,, D, — OKpYyXHAst CKOPOCTb H
HapyXHBIA AuameTp paboyero koJseca; v — KO3(Q(PUIHEHT KHHeMaTH-
YecKOM BSI3KOCTH 1.

Unorga unciao PefiHonbAca nmpHHHMAWT B CAEAylOlleM BHIE:

Re = 0R3/v, (4.9)

rie © — yrJioBasgs CKOpOCTb BpalleHHsi; R, — HapyXHHII paiuyc
paGouero KJjacca.

[TIpn co6niofieHHH AHHAMHYECKOTO MNOAOGHS (paBeHCTBa 4HCEN
Pefinonbaca) moryt 6bITe 3anHcaHH GOpMyJH AJs Ilepecuera Hamopa
H MOILHOCTH HacoOCOB:

H_ml. Moo}
Hq ng L3’ N, ps n3 L§°

[Tocnenusis 3aBUCHMOCTB SIBASIETCH NPUONHIKEHHOH, TaK Kak He
YYHTHIBAeT HW3MEHEHHE MOMIHOCTH H3-33 MEXaHMYECKHX IOTEPb B ym-

(4.10); (4.11)

1 Heo6xoauMo ykasaTb, 4To 4Mc/l0 PefAHOMbACa A/l MAcOCOB He 06/afaeT cBOH-
CTBOM KpHTepHs MOJOGHS NOTOKOB JKHAKOCTH B HHX, KaK 3TO HMecT MeCTO I/ Tede-
HHA B Tpybax. OpnHakoBLle 3HayeHHUS Re He roBopAT O MOXOOHMH B pacnpejeneduH
CKOpOCTeH HJIH O CYINEeCTBOBZHHH OAHHAKOBOTO (NaMHHADHOrO HJH TYpOyAeHTHOrO)
pexuMa TedeHHs:. M3meHeHHe pexxMMa TeueHHUs B DA3JIHUHLIX KOHCTPYKTHBHBIX 3Je-
MeHTaxX HAcoCa MOXET NPOMCXOAHMTb IIPH PasJHuHBIX cKopocTsax. Ilosromy onpepe-
JieHHe NOTepb HANlOpa HAa TPeHHe B HAcocax ¢ HCNOJL30BAaHHEM KPHTepHs Re, Kak
9TO0 Jenaercd B Tpy6ax, He HaeT MNOJOXKHTeNbHBIX pe3ynasraToB. Kpome Toro, ycra-
HOBJIEHO, 4YTO NMOTEPH Ha TpeHHe B HAcOoCaX SABJAIOTCA BTOPOCTENEHHEIMH IO CpaBHe-
HHIO ¢ BUXPEBLIMH NOTepAMH. Yucao PefiHoabica BHUHCAAIOT JHILbL AJAA TOrO, YTOGH
CyAHTH, B KaKof Mepe BASKOCTb IKHMAKOCTH BJAHAET HA XaPaKTePHCTHKH HACOCOB.
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JIOTHEHHAX Bafla, NOAMHNHHKaX H T. n. OnHaKo A OTHOCHTENLHO
GOJILIIIAX HACOCOB MeXaHHYeCcKue NOTepu OOLIYHO Masel H ypaBHe-
HueM (4.11) MOXKHO MONBL30BAaTECA NPH peaNbHBIX pacyerax.

Bun pafounx xXapakTepHCTHK Hacoca ¥ €ro 3KOHOMHYHOCTb INpH
TOM HJH VHOM COYeTAaHHWH HeOOXOAUMBIX ISl NPAaKTHKH Hamopa H,
nofayd Q H YacTOTH BpAmEHHs 7 3aBHCAT OT €ro reoMeTpHYecKHX
dopM H pasmepoB.

JAs. cpaBHeHHs1 KOHCTPYKIHE HacOoCOB H BO3MOXHOCTH Bhui6opa
TAKOrO Hacoca, PEXHM pa6oTH KOTOpPOoro Owin 6bl ONTHMAJBHEIM
B JaHHBIX YCJOBHSX, HCHOJIb3YIOT KPHTEDHH NOXOGHS, HAa3hIBaeMble
yOeavroli wacmomod 6pawjenus WIH Koapduyuenmom Goicmpoxod-
Hocmu.

Vcnonb3ys ypasHenHs (4.8) u (4.10), moxuo samucars [10]:

Q QL @ _ .
iy =y = =% (12
H, H, H

WL = Il = Al =h. 4.13)

Jas HcKmoueHHs: JHHeHHOro pasmepa u3 ypaBHeHu# (4.12) u
(4.13) Bo3Begem ypaBrenme (4.12) Bo BTopylo cremenb, a (4.13) —
B TPETbIO, 3aTeM NPaBYIO H JIEBYIO YaCTH ypaBHEHHH pasie/NHM ORHY
Ha gpyryio. Ilocne mpeo6pasoBaHHE NOAYYHM

nVQ _ Vg
H3/4 = W — nyn. : (4.14)

Kpurtepuit nogo6us HacocoB ny; H Ha3LBAIOT YAENLHOR 4acTOTOM
Bp allleHH .

Jas aHanusa nogo6Hs HACOCOB HCNOJBL3YIOT TaKiKe KO3((pHIHEHT
GLICTPOXOAHOCTH HAacocoB f;, ONpefenseMuii no dopmyJae

ne=22VQ (4.15)

Tak KaK BENHUHHH nyy H 1, 3aBHCAT of Q B H, To uX 3Ha4YeHHE
6yrer pasJHUHBIM AAd KaxkAOro pexuma pabotel Hacoca. ITosromy
KO3(pdHUHEHTOM GLICTPOXOZHOCTH HA3bIBAIOT BEeTHUMHY 7, BHIUHCJ/IEH-
HyIO NpH 3HaueHusiX H H (, COOTBETCTBYIOIMX PEXHMY MaKCHMaJb-
Horo KIIJl (HoMMHa/NLHOMY pEeXHMY) HACOCOB.

[Tpu 3amaHHBIX 3Ha4eHHAX 7, Qonr U Hop: (a crepoBaTeNbHO,
H 3aJaHHOM n,), BooOille TOBOPS, MOMHO CKOHCTPYHpPOBAaTh HAacOChI
C pasHbIMH COOTHOLIEHHSIMH TeOMeTpPHYecKHX pasMmepoB. [losTomy
B oflIeM C/yyae BeJHYMHA N, HE SIBJSAETCH KpHUTepHeM reoMerpuue-
CKOro nonobusi HAcOcoB, TAK e KaK OTHollenue d./d, NpH Tex xe
YCJOBHSIX HE ABJSETCS NPH3HAKOM eOMEeTPHUYECKOro nofo6us THAPO-
CTPY#HBIX annapaToB. OJIHaKO NPAaKTHKOH HACOCOCTPOGHHsSl B HACTOS-
miee BPeMsl YCTAHOBJEHBE! COOTHOLHEHHS] r€OMeTpHYECKHX pasMepoB
KOHCTPYKTHBHBIX 3JIEMEHTOB HACOCOB [Jid KaxJOro 3Hau€HHsA Ko3(d-
(GHUHEHTA GHICTPOXOIHOCTH 7, NPH KOTOPHIX OGECIEYHBAIOTCS ONTH-
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MaJILHEIE TeXHHKO-9KOHOMHYECKHe nokasarend. [lostomy, ecau npH-
HATb 3TH BBIPAGOTAHHBEIE NPAKTHKOH COOTHOLIEHHS Pa3MEPOB JIONAacT-
HEIX HacoCOB C OJHHAKOBHLIMH 3HAaYCHHSIMH N, PAaBEHCTBO KO3(pdu-
IHEHTOB GBICTPOXOZHOCTH JJIA HAacOCOB CTAHOBHTCS JAOCTAaTOYHBIM
NPH3HAKOM HX reoMeTpHuYecKoro nojgobus. AHaJOruyHo, €CJH MpH-
HATb, YTO BCE KOHCTPYKTHBHBIE pasMephl MAPOCTPYHAHBIX anmnapaToB
ABJASIOTC (PYHKIHSIMH OCHOBHOTO reoMeTpuyecKoro mapamerpa dp/d,,
TO 3TO COOTHOLUEHHE 6yjeT AOCTaTOYHHIM NPH3HAKOM IreOMEeTPHUYECKOTro
noloGHsi THAPOCTPYHHBIX alnapaToB M ONpPEAEJHUT BHL HX THAPaBJIH-
YeCKOM XapaKTepHCTHKH.

a) 8
H/Hyom 7/ Dnom
5
\\
1,4 m < 0,75) 7
BN .
1,2 0.50
kz \
1,0—* 7 0,25
8l g :
0 025 050 075 108Q/Q.uom 0 625 050 075 10 0/0,.
) Puc. 4.2. 3aBucumocTH OTHOCHTe/b-
W/W o noro nanopa H/Hygy, OTHOCHTENDL-
5 ] 1 HOM MOLYHOCTH N/HNHOM H OTHOCH-
1,0} %5 Tenbroro KITH n/fgoym OT OTHOCH-
4 TenbHOM nofauM Q/Qpoy ANA HEHTpPO-
050/ GexXHEIX HAcOCOB, MMEIOUIMX Caefy-
i 23 IOlU[He 3Hadenuda KospoduiuHueHta Owi-
CTPOXOMHOCTH 714!
0 0,25 050 0.75 10Q/Gpom 1~ 64; 2— 1056—;- 328—2 155; 4— 212;

Ha puc. 4.2 nokasansl HopMmaJbHhle Ge3pasMepHLIE XapaKTepu-
CTHKH (cM. BBeIEHHe) NeHTpo6exHbIX HacocoB H—Q (puc. 4.2, a)
N — Q (puc. 4.2,6) 1 m — Q (puc. 4.2, 8) ¢ pas/NHYHBIMH 3Haye-
HHSIMH Ko3(h}HIMeHTa GLICTPOXOLHOCTH n,. IIpH sToM nogaua Q
OTHECEHa K BeJHuHHE Q. — NOZAYe NpPU HOMHUHANLHOM pexuMe,
COOTBETCTBYIONIEM MaKcuMaibHoMy 3Hauenuio KII.

Ha paccmorpenns puc. 4.2, a MOXHO BHIETh, YTO 110 Mepe YBe-
AHYeHHs Ko3ddpHIHEHTa GHLICTPOXOJHOCTH 7, YBEJIUYHBAeTCA KpY-
TH3HA xapaktepuctuk H — Q. B To e BpemMss KpnBas MOLIHOCTH
Hacoca N — Q c¢ yBenuyeHueMm n, crTaHoBurcsi Oojee NOJNOTOH
(puc. 4.2, 6). Oas nacocos, umeomux n, > 300--320, MoummocTs
C yBeJuyeHneM Nojauu ymeHbuwaercs [49]. Amanorvuneii xapaxrep
HMeeT xapakrepuctuka N — Q /1 pacCMOTPEHHBIX HHXKE BHXPEBHIX
HacocoB. I/Isﬁuc. 4.2, ¢ caepyer, 4TO MaKCHMalbHOE OTHOCHTEILHOE
anauenue KIIJI oGecneunBaror ueHTpoGeXHBIE HACOCH C MEHbIUHM
3HAYECHHEM 71,.

XapakTepuCTHKH JIOMACTHBIX HAacOCOB, CHATHIE Ha BOAE, ROJIKHEI
OLITb CKOPPEKTHPOBaHH INpPH [epeKauyHBaHHH BA3KUX MXHAKOCTel.
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