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PEAMCNIOBHE

VueGHHK NpelnasfaveH ANA M3yyeHus pucuumaud <Haco-
¢hl, BEHTHASATOPH, KoMNpeccopH», «[HIPOMeXaHHRA W THAPO-
MasHR», «HADABIHKAa ¥ HACOCH» CTYACHTAMH SKCNayata-
[MOHHDIX SHEPTeTHYECKHX CHenHanbHocrell BuiCUIAX YNeOHEIX
saBefleHult 1 MOKeT GHTL HCNONBL30BaH RAK BBOAHKA H 0GuUIMH
KYPC CTYACHTAMH MHAPOMANIHHOCTPOMTENLHEX # TEXHOMAOrHYE-
CKUX CHRNUANBHOCTER PasfuuyHX npogunci.

B gHHre Kparko H3J1araloTcs 0CHOBH TEOpHM, BONPOCK SKC-
NAYaTalMd H PACCMATPHBAKTCA KOHCTPYKIHM MAaIUWH, NpAME-
HAEMBIX AJH NONAYH KHAROCTEH u ra30B B TEMMOBHX H TexX-
HOJOTHYECKHX CHCTEMaX SJERTPOCTAHNEBA W NpOMBIICHHEIX
npegnpusaTHH.

B KHHre HCMomL30Baf Martepuan (pefuIecTBYIOIKX H3fga-
Huft (B 1977 r. Ha pycckoM u B 1980 . Ha aHrAMACKOM A3H-
K4X), ucnpaBAeHHHE} ¥ JNONOAHeHHME B COOTBETCTBHH ¢ pe-
LEHIURMH, OTIHIBAMA H 3AMEeYaHHUAMH, NOJAYIeHHRMH aBTOPOM.

B cpR3u ¢ pasBuTHeM BHEpreTHKM B HanpapJIeHHsX, yKa-
3ahnpx pewerdsmu XXV u XXVI crespor KIICC, knura ao-
RosNHeHa pasgenamu <HacocHoe oGopynoBanue aTOMHBIX SJeH-
TpuuecKUx CTanumit», ¢Hacocnoe ofopygosanne TenaoBLX
SJEKTPHYECKHX CTAHUMI» H [p.; PAA PA3LCNOB KHHTH Nepepa-
60TaH MOJHOCTLIO UAM YECTHYHO, B HEXKOTOPHX pasfeNax KHu-
TH OGHOBNEH HJIOCTPATHRHHE MATEPHAN NO KOHCTPYKIHSM
MAUWIHH # HX ZETAnAM.

Oprum w3 cnepqualbHBiX paspence KHMrH spasercs § 3.19
«Heycrofivupocts pa6ors:, [lomnax», Hanucasubil 00 Npoch-
Ge aBTopa JOKTOpOM TeXH., Hayk npod. B. B. KazakesuueM,
PaspaGoTaBmIUM OCHOBH TEOpHH NOMIAKA,

MerogiKka uanomeHES ONpENENAETCH MHOTOAETHHM OfH-
T0M npenofdapaHuA aBTOPOM JUCHHEAMH TUAPOMEXAHHYECKOTO
H THppoMawHKHHOTO HanpabseHsi B IBaHOBCKOM SHEpreTuve-
Ckom urcretyTe um. B. U Jleunna, Ipu paGoTe Hag TeRcTOM
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PyKONMHCH 2BTOpP PYKOBOACTBOBAaJICR TBEpAHM YOexmenuem
410 B OCHOBE (OPMHPOBaHHS HHMKEHEPHHX 3HAHHMH AOJIKH.
HAXOAHUTLCA OTYETNHBOE MPEACTaBNicHHe o QUINYECKHX H Me
XQHUUECKHX FIBJICHHSAX, MPOHCXOMAIIHX B H3YJacMOH cucTeMo
H YTO GH3HYECKas CYUIHOCTb 3THX ABJICHHH He MOJOKHA 3aC
HATBCH HE B MEpy pasBUTHIMH MaTeMmartuaecKHMi RomGuman
amu, [losromy aprop monaran gONYCTHMBIM HCIOJNL30BAHUE
TEKCTe JMM, CAMOro HeoGXOAHMOTO MATEMATHYECKOro aimL,)
paTa, cnocoGCTRYIOUIErO NOHHMAHMID (PH3UYECKOH cyuHoct
paGonero npouecca ruipoMamiyib.

BesepeTBHe HEIHAYMTENLHOTO NOBHIUIEHHS AABJIeMHA BC'I
THAATOPAMHK OHY HE H3MEHHIOT TEPMOAUHAMHUNMECKOTO COCTOH
Hus nepemeniacMoll cpenbl, 370 naeT ocHOBaHME 1A PACCMCT
PeHns TEOpUN HACOCOB ¥ BEeHTHASITOPOB CJHTHO, B o6l 1
paspenie, KaK TEOPHH MamMH LJf MOJAYH HECXHUMaeMOH Cpe
Aek (ra, 3 u 6).

nenMpuKa paGouero Mpouecca Komrpeccopos, obycics
JieHHas TepMOAMHAMHYECKUMY haKTopamu, MPUBOIHT K Leae
€000pazHocTH H3JOXKeHns BONPOCOB TeOPHM H MPAKTHEM 5Tk
MatiuH B efuHOM ofwieM pasfene «KomnpeccopHEle MAUIMHE»

Aatop oco6c NpH3MATENEN JOKTOPY TeXH. HAyx npod
H. f1. AaekcanonscxoMy (Hadenpa THIPABIHMACCKHX Mamiui
XIIK um, B. K. Jlennna), BHOoJHMBIIEMY peUEHIHPOBAHUE
pyxonucu, KaHA. TeXH. Hayk mon. A, K. Muxaiizopy 3a Tpy 1,
NO HAYYHOMY PpeJAKTMPOBAHMIO KHMIH W KaHM. TeXH. Ha)H
B. B. Mamomenxko, caelasieMy nogpoSHuli aHaNH3 Npexue
CTBYIOETO H3JAHHMSA,

ABTOp NPUAOCUT HCKPEHHIOK 68roapHOCTh BCEM Opravu
3apMAM U CINCIHANHCTAM 34 PEneH3HY, OTSHBH H KPHTHAECKH
3aMeyaHHsl, yUTeHHEE NPY NOATOTOBKe nepensfanusl. OT3bmiL,
NpeAOKEHUs H 3aMEYaHUA N0 KHHUre mpockba HANDARJATH IO
agpecy: 113114, Mocksa, M-114, Ulmososas wa6., 10, Snep
TOaTOMH3MIaT.
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MpuuAThie OGO3HAYSHHA M GAMHHUL (HINUECIHX BEnH'MH

FeoxeTpudeckye eAudUtin

r, R. M, MM = paanycn ceqenuflt, pabounx kolec, OTBOLOB, PACCTORHUA TO-
YeK B [IOTOKAR OT YCJIOBHOTO UEHTPa;
d D, m, MM — aHaMeTPH ceueHnit, paGouux Kouec;

b, M, MM ~— LWIHPHHA JOMACTH, AAVMHA XOPAM TPOHAR;

B, M, MM — WINDHH2 peIleTKH JOnacTeft;

{, M, ¥Mm — OJHH2 JTOMACTH,

{. M, MM — ITAr AOMACTEH PEIUCTKH,

z, H, m —puicoTa; Hanop;
8, MM -— paamep 3830p2 (WHMPHHA twenm);
8, M, MM — XOA NOpILEH;
© B m*—nromans QedeHyd, NAoLAL: NOPMIKS,
V. M® — ofeeM IKFAKOCTY, Ta3a;

By, TPaj— yTON YCTRHOBKN NOMACTH B pemerke (yron Mexpy xopaoft
rpodias nonscTy # GPOHTANLUOR ARHHeR pemerKH):

P TPEL ~— YrOA MEMAY OCbI0 PEIIETKHM ¥ kacaTehnmoft K cpenwefy sm-
Hiu npodhan; yron MEXAY HAMP2REHNEM OKPYXMOA CKODOETH, oBparHENM
SpaleHmIo, ¥ KacaTeabHofi K cpeavell nuupn mpodnaa (448 menTpobeiMtnix
MammHH) ;

6, rpan ~— yron HacrkyTocTH Npodunw: yroa pacxolpenws auddyaopa
WK CXOMAEHNA KoHby3opa:
AR, rpag — sameneHNe yraoB; PasHOCTL ABYX COCEINBX 3Hawenwlt yriop;
2, [—KonusecTRO JOMacTed, CTYNEHER, "L UANHAPOB.

Kunenaruteckue seusunme

@, pan/c. 1 /¢ — yraopas ckopoeTs:

€. M/e? — yexoperne cBoBOAUOrO MafieHnA;
€. t, W, M/C — COOTEBRTCTBEHHO aGCOMOTHAR, OKpYKNAN, OTHOCHTENbLHAE
CROpOCTH,

Az, Au, mjc — namenennn cxopocteft nam nx IpoexiHit;

. TPAX— Yron MexzAy OKDYNHOR N1 aGCOMOTHOR CKOPOCTAMA B MApad-
NEAOTPaMMAX HIH TPEYTONLHUKAX CKOpOCTef:

B. rpax — yron wmexny HampaBJeAYeM OKPYIKHOR cKOPOCTH, o6DATHBIN
BPAIICHUIO, H BEKTOPOM OTHOCHTENbHOR CKOPOCTH (RAA ueHTPofeMuuy MAa-
gw); yron MEX Y OTPHLUATENLMLIM HAMPABACHHEM OTHOCNTERLHON CKOPOCTR
H 0(.‘!1_40 PCLIETKH (B OCEBHIX MalUHHAx):

'+ P21 —yroa araxu DpR HATCKAERM XUAKOCTH (rasa) ma nROMACTH;

T, v e — qupxynauss exppoct;
v.4fc, ewdc — gumeMaTRueckMY KOMUUHENT BAIKOCTH MYUAKOCTN, rada;

. 06/vMi — qacTOTA Bpamelny Bana (potopa) Maumu; )

@, u/c — ckopocts 3pyKa.



Mexanuvecnue sesuvitinun

P, H — cnna:
M, HeMt — MOMeHT CHIH;
N, Ix/e. Br, kBT — Momuocts;
E, % — oneprys.

Aapodunasuseckue u TepmoOuhaMuLerKue geAudunsl

P» ¥riv® — NNOTHOCTE (Macca oAnol Kybuyeckof eavHpuy 00D
M8) FKUIKOCTH, TR3g;
3 Hivd — yremuumit (065eMenft) Bec WHAKOCTT, ra3a;
v, M3/xr — ynemunft o6pem (CBLeM ofNOfl eIMHROB MacCu B
BECA) FUAROCTY, TA33;
p. [a — nasnenve upxocn, rasa;
Q. v/ c; v/ yuH, MP fa=— olmemnan nopaue (Dacxoxm);
M, m, xrle, xrfmag — maccosax nonasa (pacxon);
L, IDK/XT — SHEPTHA €INHEPLE MacCh MROKoCTH, 1222 YREILTE §
paboia;
h, M — noTepr Hanopa MAUAKOCTN, rada;
T — aficonoTaan TeMneparypa, K;
Q. JR — KOMHIECTRO TERROTH;
g. JX /KT — yARNEHOE KONMHMYECTBO TEMAOTH MUIKOCTH, rasa;
¢, i/ (ur-K) — yRenen2n rensioeMKOCTS;
L. JAx/gr— yiensHasi paGoTd TePMOAMHAMMNECKONO Mpoueccay
S, A=/ xr-K) — suTponHm;
£ — NOKB3aTENH MIOFHTPOITHOID NPOLECCH;
£ ~- NOK232TeNL NOANTPONMOrO MPOLECCH;
i, i/ {gr+K) — snranenes.

Koadduguenrnt u orHOCUTE pbfibie BeAlNtiKD

1) — KILO mamaust, cTymeny, nporoanofR 3acT;
P — cTenedk PeaRTHANGCTH;
{ — xosdpdrument mecTnoli nmorepu Sweprun(maropa)
B — ko9 HUMenT SANOAHENHN CEYeHHH AKTUBHEIM MO
TOROM; KO3(b(PnUNeHT 32KPYTKH NOTORA;
¥ — BTYA0IH0E OTHOUICHHE,
T — omocHTeNbHE War upodIAek B pemeTke;
b — rycrora pemere npoduned;
Cx. Cy - asponvraMudeckye xos(oHUNREHTH  XoGOBOR
nonbemMuol cua;
§ — ko3 ouyRenT pacroaa;
P — wosdduunent nanopa;
Re. Fr, Eu, M, Sh — cootBercteenso Wwena Pefnombaca, Ppyna, e
pa, Maxa, Cipyxans;



A — ofwemuufi HoshprHumeyT; kKosbdunuent norepu
pyepruy, pacNPeAeneHUON N0 ANRHE;

& — cTenendh NORLILIEHRA AABIEHUAS

@ ~ OTHOCHTCARHUA OBBEM MepTBOIG  NPOCTPAHCTEA

NOPIIHESON0 KOMIPECEopa;
8 — koahduurenT (Macural) nopobun.

Hudexce

r —~ pamReabHuA (CMPOEXTNPOBAMMLIR HA PAANYL);
@ — ocerol (CNpOCKTHPOBAHKKA NMa OCh MAITMAN);
¢ — TaHTeHUMANLAL] (CTPOCRTHPOBAKHHRA H2 JRHWIO OKPYIKKOW CHOpO~
e}
a4 — jonacTnuld (0THOCALUNECA K NIORACTT MAIONHE);
m — NONE3NK#;
T — TeOPeTHIECKI;
CK — CKapocTRON;
CT — CTATHHECKR; OTHOCHIBACA K CTYNEHIT;
I — reoMeTpiMeckrdt; ruzapapamdeckli;
1,2, 3... — orvocatnnficn K CESRHITAM ~— NepBOMY, BTODOMY TPCTHEMY. oo
oo — srRBuBaAeHMal; GoCKORORARN; NPpROIHIVTERLHRE,
onT — ONTHMaNbRWE (oTHOCHIMECR K pexuMy € maxcumaaohuw KITI),
SKOHOMHGECKH BaMpulronneiimed;
BH — BHYTpeHHHH; OoTROCRIUMACA ¥ BRyTpEHEEMY MPOLEcCY MAIOHHLL
K — OTHOCAUIUHCH K KOPIYCy: HORETHE;
M — MORGNbHEY (OTROCALUPACH K MOASIN MAWMBL)T MeXayRyeckil;
H— RaTypuud (oTMOCTMEACcA X HATYpHOR KOKCTPYKUNM): ovHOCAL(AfR-
€ K HAYany npoueceq;
0 — obbemmmli;
BC — OTHOCHUHACA K BCACHIBAHMIIO;
Jon ~~ ponycTnMul;
Kp — KDHTHHECKHT,
MEKC — MaKCTIMATG IR,
MUH — MHHUM ANbY i ;
per — OTHOCAURECA X PRMHUMY DETYNDPOBANRY MAUMHHG
* — OTHOCRUMAICA ¥ 3ATOPMOKEHHOMY TIOTOKY;
8 — agnaGarai:
. — MOAUTPONHLH, MONeaHwf;
NoJl — NONUHA:
Iy — K3osnTponywd;
{ — BHYTDenHAR (RHRHRATOPMMA);
e — sthdexTanELf;
Y — oTHoCAMMcn R NOABEMHOR CRAGS
* — oreocAwAfics K KoGopof cHE:
B — otnocAuEen K BaMY ManmHL; K BoZe.



BBENEHME

B coBpeMeHHOH TeXHUKe MAIIHHE AJA [OJAYH MHIKOC.€ }
Ha3KBAKOT HACOCAMH.

Mauwnsy a8 Nonayn rajoB MPHHATO NOAPAsfeniTs B T -
BUCHMOCTH OT Pa3sBUBACMOro HMH JABJEHUS HA KOMnpeccop
HQ2HETATEAU U BEHTUARTOPYL.

Hacochl NMPUMHTYBHHX KOHCTPYKUME NPUMEHAAHCH €1Ue § )
BpeMena Apucrorens (IV B, 1o #. 9.). Bojonogremubie Mawu
HH, PHBOJHMEIC B AcilicTBHe cHIOH Miogefi M MMBOTHLIX, H
NO/B30BaAKCL B ErmuiTe 3a HeCKONBKO THICHYGNETHH OO H.
Hs counreHndl HTaIBbAHCKOTO 30A9ero BUTPYBHR CAERYeT, u >
NOPIHEBEle HAcOCH NpHMeHusuch B PuMckoll uMnepuu eue
napcTeoBansue nesaps Asryera (1 B. go 6. 3.). Hacocn ¢ Gec
KOHeyHoR uensio sielicTROBaIn B Kaupe paf nogseMa BOJH
rayunsn 91,5 » B V—VI BB. go H.3. B Anexkcangpuu 1
V—VI BB. A0 H.5. 661 MOCTPOEH NOPIUHEBONA NOXKAPHLIH 1T -
coc, QTauThifi n3 GPOH3H.

[Tpumepno e 1805 r. Hoiokomen (Anraus) cozgan nopm
HeBOii Hacoc ANy NOMALeMa BOAH B PYAHHKE, NPHUMERMB [ *
NPUBO/JA ero NApoBoil WHNMHAD ¢ KOHJEHCAUHeR 1apa, HEnods
Ayl gAa COITAHHA HeOGXOAMMOU THIB Ha INTOKE aTMn
cpeproe JaBaeRHe.

ﬁ 1840—1850 rr. amepuxaHen BOPTHHITOH NpeRJoX-.
ROHCTPYKUMIO NapoOBOr0 HAacocd, B KOTOPOM MOPLIHK HACDCA |
NapoBOTO JBMraTens pacnojaranucs Ha ofuwieM INTOKE; ABH
XKeHueMm NOPIIHeR YNPaBasjia CREUMANbHAS NApOpPAacHpesesy
TeJibHas CHCTEMA.

Hlupoxoe HCNOJL30BAHKME HACOCOB B POCCHH Hadaznoch
ropuopyasof npomuimsesHoctd, B XVIII s. ropHe MacTe
K. JI. ®ponop nocTponN Ha 3MeHHOTOPCKOM PYAHuKe AJTal
HeCKOJILKO YCTAHOBOK ¢ NMODIHEBEIMHM HACOCAMUW AJH BOROOT
JinBa W3 WAXT W NMpoMuBannA poccuned. [lpueoa wHacnen
OCYIIECTRAANCA OT BOJSHBIX KOJeC MENbHHYHOTO THIA



K. [. ®poaop OLn BHAIOIHMMCS usoGperateacm. OR gan
opHraHaJbAbIE o6paslitl KOHCTPYKIpA HacOCOB M THADPORBHIA-~
eneft, IMPOKO MPUMEHABIINXCH MM M €ro y9eHHKaMu B rop-
{iofi TPOMBILIEANOCTH Antas u ¥Ypaaa.

Co Bropofi MOJIOBHHAL XIX B. navanock paspuTHEe UGHTPO-
GemHHX HACOCOB, YCTEHOBUTH JMOCTOBEPHO n3oGperarend
uenTpoGeKHOro nacocd nesosmoma)%vﬂssecmu pucynkn Jeo-
napsio za BuHYH, OTHOCHIMECH K B., B KOTOPHX BEJHKHUA
yueHsA pasBACHAA BOSMOXHOCTL HCNOJb30BAHHSA nenTpobem-
Hoil CHNGl BOMH, Bpawaltefics B KPHBONHACHHOM Kaunase,
An% TOAAYH €€ Ha HEKOTOPYIo BHCOTY. BO3MOXHO, 4TO NEHT-
pobexHHji HAcOC GHA u30bpeTeH HTANbLAHUCM JKopznanom,
BEIONHHMBW M B Konie XVII B. pHCYHOK TaKoro Hacoca. B Ha-
yane XVIII B. ppanuysckuh ¢usuk Taney H3rotoBas 1eHTPO-
GesxHul Hacoc MPHMHTABHON KOHCTPYKUHH.

[leppoit NprMeHeRHOR B MPAKTHKe MawmHOK JUIN mojaqd
ANJIKOCTH neficTereM uentTpobexkuoit cuas 6un uacoc Jlege-
Mypa (@panuus, 1732 r.). B sqroii KOHCTPYKOHH BOMA, HAXO-
aumiuascs B HAKAoHHo# TpyGe, Bpawamoielicsi BOKPYr BepTH-
KaZbHolt OcH, mepeMeiianach ¢ HUIKHEro YPOBHS HA BEpXHMHA
AeficTBrem uEHTPoGeKHOH cunbl camoll Boan. Takum olpasoM
JocrTuradacs NofJaya BOAW HA HEKOTOPYIO BHICOTY.

Knaccpyeckas cxeMa M KOHCTPYKUAM OJIHOKOJICCHOTO IeHT-
POGEIKHOro HacoCa, NPHMEHAIOIETOCA B PA3NHYUHEIX MORH(DHU-
Kanusx @ [oHbiHe, GHJa ocywecTBaena Annpencom (CUIA)
B [818 r. u cymecTreRHo ynyywena uM 8 1846 r. Hecaenopa-
HiA AHZpeBca MPUBENH K cO3JAHHMI0 MHOTOCTYIEHYATORO HEHT-
pobGexHOro Hacoca, OMHAKO BEChMa HECOBCPILEHHOR KOHCTPYK-
naw, 3anaresroanuoit B 1851 r.

3unamennthif yuenult Pefinoabac (Anrnug), uecnenys
KOHCTPYKUMIO MHOrOCTYIEHdaToro HACOCA, BEe/l B Hee NIPAMOMH
H ofparHHit HaupABJAIOLIME JOMATOYHHE annapaTh H B
1875 r. 3anaHTeHTOBan Hacoc, B OOUIMX YEpTAX aHAJOTHIHEIN
COBPeMEHHBIM MHOTOCTYNEHYATHM HACOCAM,

[llnpokoe pacmpocTpaHeHHe @EHTPOGEKHEIX HACOCOB CTa-
JI0 BOIMOMHEIM TOJNBKO Ha oCHOBe [IPUMEHEHHS JIEKTPU4ecKof
SHepray y, B YACTHOCTH, MPH HCIOJIL3OBAHHH 3MEKTPOABHrare-
719 TpexQazHoro nepeMeHHOTO TOKa, PaspaboTaHHOTO HHIKEHe-
pon B. O. Ilomieo-o6poromckuv (Poccns, 1888—1889 tr.).
K sToMy BpeMenu oTHOCHTCH M306PETEHHE PYCCKMM HHIKCHe-
pom B, A, [lyweusuKoBEM CReynatbHOro ManorabapuTaoro
Hacoca uia nogbeMa oR3eMHBX BOJA ¢ GOABIIEX TIYGHH.

Hzo06petente nopimeporo BOSAYLIHOrO HAcoCa, NPOTOTHIA
COBpEMEHHBIX KOMNPECCOPOB C OAHOM CTYNEHBIO CIKATHA, CBA-
£dHo C HmMenem ¢nsuka Iepure (Tepmanns, 1640 r.). Copep-
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LeHCTBOBaHM KoMmpeccopos B XVIII n XIX BB, cmoco®cr
BOBAJIO PasBHUTHe TOPHO-PYAHON NPOMHLUIJEHHOCTH Y METa™
nyprui. Bo Bropolt nonosune XVIII 5. B Auravp BUabKHHCO:
3aNaTeHTOBAN ABYXHHAHHAPOBLIH NOPLWIHEBOR KOMIpeccop
B TO K€ BPEMA YATT H3TOTOBHJ BO3AYXOAYBHYIO MalIHHY C Il
POBHIM NpHBOAOM.

Komipeccopn Co cTyneHsmu cxaThs, RO Hed NpoMexyTou
HBIX OXnaguteneft nosBuaucs Bo Ppanmau 8 30-x ropax nps
Woro crosietust, MHOroCTYNCHYATHN KOMNPECCOP C MEMKCTY
MNeHHEIMH oXnaguTenaMu GHJ npeinoxen p 1849 r. PareHo
{Fepmanus).

IIpouspoAcTBO UCHTPoLEKHHX KoMnpeccopor Obio Hada-
To ¢prpmamy Pato (®panuusa) u ITapconc (Auraus) B Hada
ae XX b,

B Poccon B 1832 1. Exenep A, A, Cabnyxoe NpenioOlu,
KOHCTPYKUMIO neHTPOGCIKHOTO BEHTHJIATOPA AJIS TPOBETPHE1
HHA WAXT H 3ABOACKHX NoMewenuil u ykazan npoctoli cnoco
€ro pacuera.

HPOKOMY paCIPOCTPAHEHHIO [EHTPOSEIKHBIX MAIHMH
TIpOMBILJIEHHOCTH CONYTCTROBANG H pasBuTHe uX Teopuu. Oc
HOBHOE YypaBHeHHE LEHTPOGEIKHOTO Hacoca HEenocpeacTBeHH
caenyeT H3 TeopeTHUECKofi paboTe akap. JI. Ditaepa, wieH -
Poccuiickofi akanevus HayK, «Bonee nonmas TeopHsi Mamiug
NpUBOAMMEIX B ReficTBue ckiomr BOAH®, OMyBAHKOBaHHON HN
BO BTOpOii nosoprae XVIII b,

Teoperuseck¥e pabGorel Q. Pefwonpgca  (Aurnus)
JI. lipanatan (lepmaHug) u BHOAOWHMECA HAyIHHE TPYL
H. E. )XyxoBckoro (Poccuft), otnocauuecs ¥ xonpy XIX ¢
nayany XX BB, NpHEENH K CO3M3AMI0 COBPEMEHHON HayuHo
CCHOBH HacococTpoenusi. Ocoloe anadenue HMenu palord
H. E. )Xykosckoro «BugousMeHeHne meroga Kupxrodas 1
«Teopts BOALYIIHHX BuHTOB». B nMepeoli us HUX gaHo Teope
THYeCKoe OGOCHOBAHWE MeToJa pacyera TNogbeMHON CHi '
KpuiJia, pacnpocTPAHACMOTO HMHe Ha JIOMacTH HACOCOB, Ber-
THJARTOPOR ¥ KOoMnpeccopoB. Bropas pa6oTa COgepXKuT TeopH 1
H MeTOR pacyera mponeanepoB. 3ta paloTa seraa B OC
HOBY TEOPHH OCEBHX BEHTHJATOPOB, pa3paGoTaHHOR Y4eHUKa
mu H. E. JXyxosckoro — K. A. Ywakoeum, B, I1. Beryunku
HEM 4 Ap. SHAgeHKE HAYYHOR H OPraHH3anHOHHON JefTe/NbHO
etu H. E, )Xyropcxoro ouenb penuko. MM 6unu onpegenen
¥ paspaboTanml BaKHelune HaNpaBJICHHS DAIBUTHA COBpE
MeHHOM M'HAPOA3DPOMEXAHHKY.

Ucekmouurenpnio Gonbiioe 3navenue ANS  PaspuTHs pac
cMaTpuBaeMoil obnacrn mammHocTpoens B CCCP  nmen-
nesiTeZIbHOCT, 1eHTPanbuoTo a9pOoruAPOAMHaMHYeCKOrO HHCTH
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ryra (LIATH), opranunsopattoro H. E. JXykobsckum B 1918 1,
B 9TOM MHCTHTYTe B TeueHHe MHOTHX JET MPOBOXUIUCH HCCIe-
JOBAHHA BO3IYLIHKX H MHADABIMYECKUX MALINH.

B nacTosiiliee BpeMA HaYIHO-HCCAENO0BATENLCKAN paGoTa
o HacocaM, eaTHasTopaM ¥ komnpeccopam 8 CCCP Begeres
MHOMHMK OprAHH3BIMAMH, TAKUMH KaK BHHHrugpomam,
BHHMxummaw, LIATH um. H. E. Xyxocroro, BHUMADH,
BHHHkounpectopMallL.

Bolnbilre paBoTsl BELYTCA HA CHCHHANLHHX KapEipax By-
308 — JIGHUHTpafAcKOro H XapbKOBCKOTO MNOJUTEXHUUCCKUX,
MBTY um. H. D, Baymana, Cymckoro dunuang XEI u gp.

[MoNB3yOTCST WHPOKOM HM3BECTHOCTHIO HCCNCHOBAHHA U
KOHCTPYKTOPCRHe paspaGoTKu B 0678CTH HACOCO- W KOMNpeC-
COPOCTPOCHHS, BHTOJHEHHHE HAa CNenManbHHX Kadeapax H B
n260pATOPHAX MONHTEXHWTECKHX MHCTHTYTOB HA KOHTHHEHTAX
Espons, Amepuky ¥ B Snouus. Cpefin gearesieii aTolt o6xa-
CTH TEXHHKH, U3BECTHHX CBOMMH QYHIaMEHTAJAbHEIMH HCCJIE-
HOBaHUsMH, MoryT OHTh Haspawe: M. H. Kyxojebckui,
I'. ®_ Mpockypa, A. A, Jlomakun, C. C. Pyines (nacocoCTpoe-
nue), B. K. Tlomukosexnit, M. U. Hesenncon, K. A. Ywakon
(rewTHARTOpOCTpOcHue), B, @, Puc, M. H. ®penkens, K. IL
Cenesren (KOMNpPeccopocTpPOEHHE).

N3 zapyGexHbix yueHHX caelyeT oTMeTuTs O. PeliHonb-
ca (Anraug), npod. A. Crogona (Hexocnopakus), J1. [panar-
ag, A. W. Crenanopa (CUIA).

Pa3pntuio T¢OpHM BHECOCO- W KOMNPECCOPOCTPOEHHMA H
NPaKTHYCCKOMY NpPUMEHEHHIO ¢e B EBpone M Ha KOHTHHEHTe
AmepuKn B BHCOKON CreneHd cnocolcTBoBaau KAaccHIecKHe
Tpyin K. [Idaefigepepa «Jlonaroguee MAmMHE LIS KHURKO-
creit u raaoe», A. A Jlomaknna «llerTpoGerxnric u mponen-
JeprHue nacock», A, U, Crenapoba «[[eHTpoGeIKHEE H OCEBLIC
HacocH» u «llenTpofekuue ¥ oCeBHe KOMIPECCOPH, BOIRYXO-
AYBKH H BEHTHAATOPLI®», ONYGJINKOBAaHHHE B OCHOBHOM B Iiep-
BOj#i IONIOBMHE TEKY1IEro CTOJNIETHS.

W3 nevyaTMHX uzfanuil mochefHero BpeMeHH 0cobuifi muTe-
pec mpegcTaBymeT TPYA MHIKEHEPA-KOHCY/IbTAHTE aMEpHKaR-
ckofi Kopnopauuu «Boprunrron» Kapaccuka u uaxkenepa Kap-
Tépa «lleHTpobexHnle HACOCHY, NepeBefeHHHIA HA HECKOJLKO
A3HKOB,

KonugecTso Hacocos, KOMIPECCOPOB U BEHTHASTOPOB pas-
JHYHOTO HE3HAYeHHH, BHIYCK3EMBIX NPOMHINJIEHHOCTBIO TexX-
HUNECKH PASBHTHIX CTP&H, HCYUMC/IAETCA MHUJIAHOHAMH INTYR B
TOL; 3NMEeKTPHUSCKAR SHEPTUN, UCTONb3YeMaR AJR MPUBOLA WX,
CocTapasier CymecTBeHHYI0 YACTE B 9HepreTHgeckom Ganance
€Tpan. [MosToMy TeopeTHIECRKHE H 3KCNEPUMEHTANBHEE HCche-



DOBaHusl, HANPaABJIEHHHe HA YycoBeplICHCTBOBAHME pPabousx
npoueccor u nobuinicHue KIIM mawmm sTtoro puza, HMeKr
oveHp GONBILOE 3HAUCHME,

Jnn coBpemMeHHON NPOMBIINEHHEOCTH XAPAKTEPHO COEMMhL
HNe 38BOJIOB B KPYMHLIE CTENHANM3HPOBAHHLE KOMIJIEKCH - -
NIpOM3ROACTREHHHE 06beRMHERUS, B cocTape TAKHX OGBERHH :
Huli, pacnosaraomux MowHo# Gpuuancopoil 6a3oii, BO3IMOXKH
OPranu3alus CMeHaAAbHEX KOHCTPYKTOPCKHX 6I0po, KPYNH :
MaCITa6HBEX HMCMBTATCABHLIX CTEHJOB, HCCAEROBATENBCKH.
naboparopwii Ans pa3paboTKK saxmaeflMx npobseM OTpaCH 1
910 OTHOCATCA HeNOCPEJCTBEHHO M K OGJ&CTH HaCOCHOTO |
KOMTIPECCOPHOTO MAIiHHOCTPOCHHA.

B CoserckoM Coloae JeHCTBYIOT KpYNHEHIHE NPOH3BOAC!
peHunle ob6nefuHenua: <«Hesckufi sapofs, «JlemMurpafcy .f
MeTanJauYeckuli  aapof», CcyMckMe <«HacocoHepromals
Trxenoro KoMnpeccopocTpoerus, <«lOXrunpomams, «¥Ypa1
rHAPOMAINS H 1P., BHITYCKAIONIKE HACOCH H KOMMpeccopH Ad:
npombiiesocTd CCCP ¥ axcnopra.

Kpynuetimum o6beputienves CUHIA sBnsercs «Boprumi.
TOH» — cTapefiiag HacOCOCTPOMTeNbHASR G(HPMA MHPA, HML
jowes dunuanm B 14 cTpanax, punycramoman okoao 300 tu
NOB HACOCOB PAINMYHLIX Ha3HageHuil ¥ pasmepor. Hacocu
CHIA usroToBARIOT B MHOrHE Apyrie QHPMH; Haubonee 3HI-
YHTEJIbHLIE M3 HHX, BRITYCKAIOIIME HACOCH [JA SHEPreTHKH,
«ITacuduk namncs u <nurepcosn Pange.

B depeparuproit Pecny6inke IepManpM AEACTBYIOT H3
pectunie pupMe ¢KCB», «Protun IlymMnsH ¥ fgp., BHIYCKAK
1Uke HACOCH BHICOKOrG KJacCd, p OCHOBHOM H& SKCHOPT.

Oco6o pozHH 6T OTMeqHH GupMu «3yansuep» (Upei-
napun) ¥ <Pato» (Ppannns), sullycKaiollide pasaKiRbe Ha
COCH H KOMIPECCOPH, B COBEPILEHCTBE KOHCTPYKLHA KOTODHY
OTpaK4eTcs MHOTOJNETHHR onut QupM (Gonee 100 ser).

B crpanax CIB uapeCtnn komGuHaTn «Crurmas u «Hld-
nas (UCCP) u «Ilymnen yus ®epauxrepe (IIP).

Nocaepusn MexnynapofHas sHcTaBKa <Hacocs! M KOMI
peccopH-75% 0TYeTJUBO MMPOAEMOHCTPHPOBAAA POMARHBE YC-
Aexy 4efiop&UeCcTBa B CO3J8HHM MAIUMH ANK MOogaud KHAKO-
crell H ra30B.



Yacrb |
OBLUME CBEAEHMA o MALUIMHAM
Ang NnoAAUYM WUAKOCTEA U TA3OB

FNABA NEFBAR
HNACCUDUKAUMA. OBNACTM NPMMEHEHMWA

1.1. Onpepenenns M KNAcCHBUNUMA

TocydapcTBeHHBIA CTAHAAPT ONpeflefifeT HACOC KaK Mauw-
HY AJS CO3NaHHR NOTOKE XHURKOH cpenl. PajsuTHe 9TOrO Ofl-
peflcneHyA TMPHBOAMT K MOHHMAHMi0 HACOCA KAK MALIHHEL
npelHASHAYCHHON AJf NepeMeieRna XUAKOCTH H YBCIHUCHHN
ee sHepruu, [Ipu paboTe Hacoca sueprus, noJyqyaeMas UM oOT
JBuUraresif, MpeBpalldeTcA B MOTEHHMANBHYIO, KHHETHYECKYIO
N B HeSHAUHTENIbHON MEpe B TEMJIOBYIO SHEPruio NOTOKA KHR-
KGCTH,

Mamvemg AN8 Nofays rasoBbiX cpefl B 3BUCHMOCTH OT pas-
BHBAEMOTO AMM [JOBJCHHSl HASLIBAIOT BEHTUARTOPAMU, 2030-
Oysran, KORRPECCOPAMU.

BeHTUNATOP ~— MAIMHHE, [EePeMelIalolias [a30BYI0 cpenRy
TIpH CTeMeHu NOBHINEHHA AaBJaeHHs go 1,15%.

l'azogyska — mMamuua, paboraiomas npu e>1,15, vo me-
RYCCTBEHHO He OXJAMIACMAR.

Komiipeccop cxuMaeT ras npu g>>1,15 1 uMeer Hckycer-
peHBoe (06hlgHQ BOAAHOE) OXNIAKACHME NOJOCTel, B KOTOpHX
MPOHCXORHT CIKATHE 1834,

B coBpemennoli NPOMHILIEHHOCTH pACHPOCTPAHEHH 2ud-
podeuzaresu ~- MALMHL, TPEBPAAIOI{HEe SHEPrHI0 NOTOKA
XHAKOCTH B MEX8HHYECKYIO SHEPTHIO (rHAPOTYPOMHM, rUApo-
MOTODEL),

B nocnepuee BpeMs B passMUHLIX TeXHHYECKMX YCTpOMHCT-
Bax ynorpebnaioTcs zudponepedavis — KOHCTPYKTHBHHE KOM-
GuHanHH, Cayxaulde ANA Nependuyn MeXdHHYECKON SHeprHH ¢
BaNa fBYraTesnn Ha BaA NPHBOAMMOfl MAINMHH [HApPABAHYEC-
KoM cnocoBom, 'npponepefaua cocTouT M3 Hacoca, MHAPOABH-
ratens m cuctems TpyfompoBofoB ¢ ycrpoficTBamy AJin
pacnpeneneHus u peryaupoBaHus NOTOKOB paGoued MUIKOCTH
(suepronocutens). Bo mHOrHx cAyuasx Bce YKa3aHHLE 3Je-
e

.
Bux Crenesp NOBLIWIEARS A2BACHBS B -— OTHOLIEuNEe AABIEPMS Fale Ma
Ofie A3 Mamvnu K AABJCHNIO €r0 Ha BXoJe.
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MEHTW rnZiponepesiani COBMEINAIICH B €OHHOM KOUCTDYKT|
Hom GOJjioke, I'apaminyeckye pBRraTesiu, uacoch H THAPOT,
penayn cocTaBARIOT Radce zudpasaudecsux matius, Kaace
QuUKANNS HAPABJHNECKUX MALIKH M0 IHEPreTHYECKOMY
KOHCTPYMTHBHOMY NpHMSHAKaM npeacTtaBiena Ha pHc. 1.l

I d)(Y,T 17398-72 nonpaszensier HACOCH HA 184 OCHOBH i
Knacca: dungmusecKkue u obsemunie,

{rugpatmsecreenauin|
i i - |
Kkt Hacocs! e
N st
carenle-| [Fomoprsre
ruapo- sodsnsse
el foseca m yﬂ”y}%
| ] {
| owzcmie | | otsewmmie | | tmgpame |
e | | Geetue | meowamuvechee
l ! ! ] —

Lewmpo- | | Adazo- yeCnLg
Dewusie | | wonsusse | |OPLHCOSIE| | POmapibiE | | 2p5mummes Vo I

Puc. 1.1. KaaccHrrauvd TAAPABIAGECKNX MAMAH NQ SHEPreTATECKN.
M KOMCTPYKTRBHOMY TDHIHARAM

B nuHamu9eCKHX HACOCAX MEpefays SHCPTMM NOTOKY np
HCKORHT MoA BJIMAHHEM cHA, OeHCTBYIOIIHX HA MHAKOCTb
pabouux NOJOCTAX, NOCTORHAO COeJUHEHHHX C BXOOOM M L !
xooM Hacoca. XapaKTEPHHIM NPEACTABHTENEM STOr0 Kmar.d
ABIRETCH HeHTPoGexHHl Hacoc (cm. puc. 1.3).

B 061eMHBIX HACOCAX SHEPTHR UEPEJACTCH IUAKOR cpe1
B pabounx KaMepax, NepHOAUISCKH RAMEHAIOINK OGHEM H 1)
TiepeMenro coofaloMRCH ¢ BXOAOM M BEXOROM Hacoca. JI
9TON0 KNacca THUHYHHIM HBIAETCA NopwHeBofi Hacoc (cL
puc. 1.6).

Buaps HacocoB no npuHumny feficTsMs M KOHCTPYKIM. d
BechMa MHOrcOOPAasHE; HCHepnniBalollee NpexcTaBnedue 6
stoM faer NTOCT 17398-72 n npunaraemas ¥ HeMy cxema,

INpocrefan kpaTnan xAacCHPHKALHKR MALTHA BAR TOfauy
KHAKOCTEH M rd30B HA OCHOBE KOHCTPYKTHUBHHX MPHU3HAKOD
cBoflcte mepemewiaemofi cpefH npuBefena Ha pHc. 1.2,



Cpelnr AMHAMUYECKHX HECOCOB, NMPHMEHAEMHX B MPOMHIL-
JeHROCTH, kaHGoJiee pacnpoCTpAHEHL! AonactHbie, B KOTOPHIX
JKHOKES CpeRa mepeMelderca nol po3feficTBHEM ABHMKYLLIIX-
cs ONACTel, u BuxXpessle. B nociegHux KHMAKOCTL mepemeiia-
oTc D TAHFEHUUAJLHOM HENpEBJeHuM Gnaropaps AEACTBHIO
ANOCKUX PANHANBHEIX sonactef, pACNOJNOEHHBX NO MepHde-

pru paboderc ROIECE.

[ Haquss don nodase mudhocrmed a 22308 |

[ | i
ROMITECCOME I AR AR oxormed,
sgeursdar aa.mJ u pacmtapes| | wmesossic ofod [@mvﬂamwmq

| | |
Lmpydnse [ crmyamse | | [ emayinese]

X | osese | [ aosemsne |
[ ponacmnse’ [ #amacmmer) [#onacmnee) | nomacmmsee|

Pric. 1.2. Kaaccupursnsn rEApapIiueckyX MEMWA N0 ROACIPYKTRERLIN NpH~
aHaKaM § cooficTBaM HepemellaemOR cpean

Cpenu o6beMHHX HacOCOB Haubojiee pacmpOCTPaHeHL!
nopwrestle u poroproie, OGbAcHeHHe npuHpvma ACHCTBUA
STHX Hacocom gano B § 1.3.

Maumnis g5 MOLATH F430BHX Cpefl AHANOTHYHO MAIHHAM
I8 MUJKOCTER TaKKe MOAPASJensioT HA [JUHAMUYECKHE H
o0 BEMH IR,

1.2. AvnassiiecHHe MBLUMHLI

JTy MamMHE NPefCTABNEHH B COBPEMEHHOl MpOMERILIEN-
HOCTH TPeMsi OCHOBHEIMHM TPYUNAMH: HEHTPOGEHHbLIMU B OCe-
&uinl HACOCAMM, BEHTUARTOPARU U Romnpeceopant, 8uxpesbl-
My HaCOCAMM, MalMHE nepBLiX ABYX rPYIN RBJIRIOTCA JONa-
CTHHIMH, TPerbi0 rpyiimy TOCYLapCTBeHHH CTAHRAPT OTHOCHT
K MALUHAM TpeHUn.

Bosmnioe pacnpocTpauenue JomacTHEX MamuH 08YCIOB-
A€HO yAo6cTBOM KOMGHHMPOBAHUS WX C NPUBOAHHMH SJCKTPO-
ABHTATEJINMH, KOMIAKTHOCTBIO NpH GOJBILHX Nofayax, ZOCTa-

TO9HO BLIcokuM KIIJI, BOSMOIMHOCTHIO HOCTHMIKEHMA BHICOKHX
hanjeHufl,
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Cxema ueHTpoOeKHOro Hacoca gama H3 puc. 1.3, PaGoug.
Aonactd 1, eCTKO CKpenneHHble ¢ JHCKaMH, O0NH H3 KOTOPN
38KPENJIEH Ha Bany, COefHHEHHOM C BaJAOM NPUBOLHOTO [ K
ratelis, BPAaMaKTcs BOKPYr ocH Baja. [lon BiusHHeM ueht
poGeXHbix cHJ, OGYCJAOBJCHHBX MACCAMH JXXHAKOCTH, HAX0d

=

Puc. 1.3. Cxema yerpolersa ueHtpo
4 fexcHoro Hacoca

Puc. 1.4. Cxema oceBore Hacoca

-

Puc. 15. Cxema BnXpesoro k
coca

IMEMHCE B MEMJOMACTH nl
NPOCTPAHCTBAX, MKUAKOC:
NOBHILAET CBOK IHEPIH
pHGpackHBacTCa B cMpan
Hufi Kanan, o6pasoBaHsm
KOpTycoM 2, ¥ nanee B
TECHRETCA B  HAMOPH.1
tpybonporog 4. Uepe
NPpUEMHOE  OTBEpCTHE
HpOHCXOIlHT Henpepuaﬂo
BCACKHIBAHNE XKHAKOCTH.
Ha puc. 1.4 gaHa cxema oceBoro Hacoca. Jlonacry I %a
KpelJieHH Ha BTYJKe 2 NojJ HeKOTOPHM yrioM K IJIOCKOCTY
nopMallbHOB oCH Basia Hacoca, oGpasyn pabouee Koaeco. I
BpameHHH JONACTH B34UMOneHCTRYIOT € NMOTOKOM JXMAKOCT
000611 aN ¢t SHEPTHIO N TepeMelnas ee BAOJb OCH-HACOCA,
Crioco6 sieficTBusl BHXPeBOrc HAcoca MNOsCHAET puc. 1.
B xopityce I HacoCa KOHUEHTPPYHO pacnofaraercs pabom
KoJleco 2 ¢ MIOCKAMY pafvanbHEMu Aonactamu 4. [lpu pab
Te HacOCa XHAKOCTB FOCTYNAST BO BCACKBAKIIHMA naTpy6C K
4, yBnexaercs paGoyHM KOJECOM H, COBEpLIAR CJAOIKHOE BHX
pesoe ABHXKeHWe B KOJbIleBOM K&Haze 5, BHXOAUT Yepe3 H
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wuil natpy6og 6. B oTauuue or HEHTPOBEIKHEIX B OCeBHK
nop yH B BUXPeBOHl MalMHe BXOJ M BHXOR XXHAKOCTH MpOH3-
I:SETC;; na mepucepuu padoyero xozneca.

PaGoTa MAWKHE A8 MORAYA rA30BHX Cpef MOKeTr ocy-
[IeCTBIATHCR JIOGHM HS PACCMOTPEHHHX CilocoGon.

1.3. O6pemHbie MallMHE

Pa6ora TAKNX MAWMH BLUIONHAETCA MyTEM BCACHIBAHUA H
BHITECHCHHS JKHAKHX HJM [A30BEX cpef TBEpPAWMH TEN8MH —
NOPLIAAMHE, NAACTUHEAMH, 3Y6uaMy, ABHKYmUMHCS B paBounx
NOJIOCTSX ~— MUAHHAPAX, KOPNYCAX CIELMBILHBIX ¢opM.

Ha puc. 1.6 nada cxeMma npocrefimesi ofbeMHOi Maun-
HB — fOpIMHEBOTC HACOCAa OJHOCTOpPOHHErO [eiCcTBHA. II#-

-4+ 16 Pnc. 1.6. Cxema noprmue- Puc. 1.7. Cxema naacivm-
BOrO Hacocs Y4TOFO POTOPHOFO HAcCCA

JuHAp I NAOTHO COeMIMHEH € Knanawunod KopoGwrof 2, B runes-
Aax KOTOpOH pPECHOJNOMEHH BEepTHKANLHO NepeMetll{alolHecs
Beacwpaowull 3 ¥ manopuuit 4 gnananu. [lopuwens § gpura-
erca n uHJlHHIlpe nosnpamo-nocrynarenbﬂo H [ POH3BORMT
BCACHBANHE Cpefinl mo TpyGe 6 Ha Xo4y BNpaBo M MOLAYY NO
TpYyGe 7 ua xony eaeso, [Ipy 9TOM OTKpHTHE W 3aKpHTHe BCA-
CHiBAIONIEro ¥ HAMOPHOro KJAANJHOB NMPOHCXORAT aBTOMATHYE-
cku, [IlepuognuHocTh ABHIKEHHS MOPINHA OGYCAOBJIHBAET
HEDaBHOMGPHOCTb fonayn ¥ BCACHIBAHHA N BOSHUKHOBEHHE
HHREDIMOHHBIX U, STH GAKTOPH TMPOABAAIOTCA TEM CYLULECT-
BEHEe, 9yeM 3HauHMTeNbHee U3MEHEHME CKOPOCTH Ha TONHOM
¥o1y nopuras, [losToMy npHBOA TakuX MAWKH BHCOKOOGOPOT-
HEMY sBurdtensmu wegonyctim. DTH 06CTOATENHLCTBA BH3Ba-
JH ToABNente 06 HEMHEX HACOCOR BPAIMATENBHONO THITA, Ha-
SHBAemElx poropummy. UInpoko HCTIONb3YeMEIMA fPEACTABH-
TENAMH 5TOf TPYNNK HACOCOR SBASIOTCA WECTEDERKLIE U NAG-
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crunuarvie, Ha puc, 1.7 npeficras/iena cxema JIACTHHYA (
pOoTOpHOTrO Hacocd, MaccuBHbl potop I ¢ pafHanbHEIMK 11
PesSAMH MOCTOSNHHON IMMPHHH JNOMEIAETCA SKCHEHTPHY O ,
kopnyce 2. Ban poropa uepes yn/oTHeHHe BHBeeH U3 KONy
ca MJIf COoeAMHCHMN ¢ BanoM nburarensi, B npopeasax porn
BCTARJIGHH FMNPAMOYrONbHLHE [INACTHHKH 3, OTXKHMaeMue ,
HeHTpa K nepugepHy cO6GCTBCHHHMH NEHTPOGEKHEIMM Cr
mu, llpy epamesuy poTopa XEIHOCTE BCACHBAECTCA YEDL3 |
TPyb6ox 4 B NONOCTL 5 W BLITECHAGTCH M3 NOJOCTH 6 B HE ).
HBi natpy6ox 7, Hacoc pesepcuBeH: NpH M3MEHEHMN HAT )d )
JieHus BpauweHuqg ero Bana wacoc OygeT BCACHIBaTL WP »
narpy6ok 7 u nofaBaTh yepe3 narpybox 4. Yacrora Bpau. 1.
TAKOro HaCOC& 3HAYKTENLHA; er0 Baj MOMKEeT cOeMUHRTECH (
BaJNoM ABUraTess HenocpeICTBEHHO.

MawMng, BHNOAHEHHNE N0 cxemam pHc. 1.6 1 1.7, npuw
HAKOTCA U AJIf NOAAYH Fa30BHIX cpef.

1.4. Cipyfinbie nacochl M NHEBMATHYECKME MOABEMHMKM
8BNS WmpKocrel]

B MpoMblLIEHHOCTH AN8 NEPEeMEmeHHn KUAKOCTEH H -
30B HAXOAAT NpHMeHEHHEe HacocH cTpylinozo Tuna. Cxema 11
Koro Hacoca npueefeHa Ha puc. 1.8. IMTorok paBoueill xuf -

Pre. 1.8, Cxema uacoca crpyfino-  Puc, 19. Cxema nHepma.
ro THEA THGEeCcKOro  TONBEMHMKE
LS KRAKOCTER

CTH, HeCyueli sHeprulo, npoxofnt yepes conao I. B cymao
IEMCs COoMNe YpenHYHBAeTCR CKOPOCTh MOTOKZ, COOTBETCTBELA
HO BO3pacTaer kuHeTHueckas sHeprus. [lo 3agony coxpaueH i
JHEPTHH YBEAHYEHHE KuyHeTHTeCKOHR SHeprup obycnosnnBE 7
NIOHMIKEHHE NABACHHA B BHIXOJHOM CeUeHHH COMNJE H, CRefoRs:
TeJIbHO, B KaMmepe 2; Nof BAMSHWEM pPa3sHOCTH JaBJeHuit (&1



ROCO -— Ha YpoBHe 3 H B Kamepe 2) XHAKOCTH MOAH:l-
MaeTcA B KaMepy 2, rpe 3axpaTuipaeTca cTpyeil paboveii KA~
KOCTH, CMELUIHBEETCH C HEIO, NOCTYMAET B  PACWHPHIOWH
naTpyGOK 4 u Aajyee no Tp¥60npoaony B 6ax Ha BHCOTY Hy.
Kos(h(HUHEHT TNOJESHOTO NEHCTBHA CTPYHHHIX HACOCOB HeBbi-
cOK, HO NPOCTOTA KOHCTDYKUWH H OTCYTCTBHE [ABHIKYIIUXCH
peTaneil cnocoGCTBYET HX NPHMEHCHKIO B PASNTHYHEX MPOMHIIL:
jenupix  ycraHopkax. Hacocw
cTpyHOrO THIA MPAMEHAIOTCH
iRt nepeuemeﬂﬂn rasop H Kax
9IKeKTOpH B BaKYYMHBIX YyCTa-

HOBKaX.
Jlan nombeMa M nepeMele-

uus MaKocTeldl mworga mpnMe-
HRIOT nHeemaTuYeckle nodvexm-
HuKY, B ROTOPHX B KaueCTBE pa-
Goyeli cpefibl HCNoOABL3YIOT CXa-
Tefl BO3AYX HMAM TEXHHYECKHA
ras. [IHepMaTudecKHH MofbeM-
HHK NEpHOSHYECKOro AeficTsyf
nokazaH Ha pHe. 1.9. TloAbem
WMHOKOCTH M3 peseppyapa I Ha
sucory Hp B 6ag 2 npoussofuT-
CA npM NOMOWIM  ROMIIpeccopa
K n nnesMariyeckoro OANMOHE 5 .. |10, Cxema pacoTH Sp-
3, Tlp# OTKMOTEHHOM KOMIIPEC-  judmg

cope M OTKPHTHX KpaHax &

6 6annod 8 3anOJHRETCA KHJ-

KocTuio U3 pesepByapa [I. Tlpy saxpuTid kpamoB a n 6
H BKMOYeHHu KoMnpeccopa K XKUIKOCTL BHITECHACTCH wepes
OTKPLITH{ Kpaw 8 H3 GassnoHa 3 B Gak 2. Lluxn mogangm ocy-
WeCTBNIAeTCA NEPHOANYECKH.

CxeMa noABEMHHKA AJIA HIKOCTEN, HASLIBAEMOTO BpAUp-
TOx Han 2asaudTom, gana na puc, 1.10. [ToAbeMHuMKH TaKOro
THNd NPRMEHKIOT, HANPHMED, Anf NOAbeMa BOOHW H HedTH U3
Gypoewix ckBaun, B o6caftyio Tpy6y ! onymena BOZONOLb-
eMHAan Tpy6a 2. Boagyx noctynaer m3 Komnpeccopa K 1o Bo3-
AyxonmpoBofy (moKa3an WTPHXoPOA auuuefi}) B HIDKHHA KOHen
BOofonogbemMuoli TPYOH, rie, cmelwnBascs ¢ BOfokH, oGpasyer
CMECE ¢ Manoil NAOTHOCTHIO Prx<Paax- [10 3aKOHY CODGIIAIO-
UlHxes Cocygop MeXAy cTONGAMM KHAKOCTH B KOJNBIEBOM
TIpocTpaHcTee meXAy o6CANAOH M BOAONOABEMHOA TpyGamm
M Gontee nerkok cMeCH B BOAOMOA BEMHOM TpyEe CTpeMuTCA yC+
;‘;aHOBHTbCSI pasHosecne. I'nyGuna norpyxenins BOLONORBEM-

Off Tpy6u mog ypoBEHL JKHRKOCTH MOXeT GHTb Takoh, 910
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BECOTA CTonba CMecu B nosbeMHOR TpyGe Gyner nOCTH.a
RepPXHEro KORua 3Tol TPYOW maH HECKO/JLKO NPeBLIUATH Iy
Cron6 Boau 8 ofcannoli tpy6e Oyaer BHAaBIMBAThL BB py
CTOJI6 NIerkof cMecy B modbemuol tpybe. IIpn ynape o6 o,
GoHHEIX KOHYC § cMechr BHfensmeT BO3AYX, Bofa, ocBOC )
AeHBas oT Bo3jyxa, cofupaercs B peseppyape 4, TakuM oCr g,
30M NPOH3IBOAUTCE nofbeM KuAKoCTH Ha BHcoTy Hr.

1.5. Mopava » Hanop oGbEMHLIX M FMHAMMMECKMX MBMIMH

[Mogaua u Hanop' MAWMH AA NEPEeMEIEHHS XKIAKOCTH * 1y
rasa OnpefeJsiTC B OCHOBHOM KOHCTPYKLHER MaulHE H 1)
POCTLIO ABYXKEHHA ee paboOyuX OPraHOB, HO 3aBHCAT TAKXK ' y

OT rufpaBlIHYecKHX CBOHCTB cy

A CTEM, B KOTOpHE MAMHHH BK 1o
YeHH.

woos IMopusteBwe ¥ poTOpHBIE wvd
2000 N IHHE KOHCTPYKTHBHO [NpHI( :_10-
fopuure,” \\D_ coblleH AN COSAAHHS BLICOAH
gett 4 Hanopos; Mojaya nx, ofpeaesse:
o A \wewmpotensoi Mafl pasMepaMH Bx padouux 7p
@ . _\| TaHOB, MOXeT 6LITb OYyeHB Ja
e noft. 10 MALMHK MAaABK wo

! ) Add H BHCOKHX HalOpOB.
7w 0 w0 Qmty JlonacTHee wmenTpobeKE e

MaluAe, Kak O6yldeT DOKasa.(
Puc. 111 Tpadux nonas ® ma-  pyiKe, nepexpHBaT 0o6aL Th
BOPOB BONAMWYX HACOCOB PAS:  gyaupTeNpHEIX MNoZAY TPH UM O
FHIHNX THIOR KOM [WENnasoHe pasBHBACMI )
Hanopos.

MaumHaMu, pa3BHBAIOIIAMKE MaJlHe Hanops u HauGo1 -
IWHE NOABYH, HBAAIOTCH OCEBLIE.

Buxpesne MamuHp 3aHHMAKT NPOMEXYTOUNYK 0b6liac &
MeXAy neHTpoGeXXKHHMH # NOpPIIHEBHMH,

IMpeacrassenne o nofigdax W HaNOPax pasyHX THUIOB &
€ocoB, paboTaoilikx Ha Bofe, gaer rpaduk puc. 1.11, moerp -
eynbdl B JorapM¢MHyecKOR ceTKe KOOPAHHAT HA OCHObE
ofcnenoBanns BHIOJHEHHHX KOHCTPYKLUHMA Hacocos ofuien o
MblieHHoro Hajnauenus. OTaenbHbBe yHMKaabHEE KOHCTPY
MMM HaCOCOB BHNOJHEHL ¢ N&PAMETPEMH, BHXOIALIHMH .1
NpefenH 3TOTC rpaguKa.

PaGoure napaMerpe! pas3nuyHbx MAUIKK LA NepeMelleH:
rasob yrasanu B § 10.1.

1-Onpenesierne stn Tepdmros maerca B [OCT 17398-72 «Hacoc
Tepminw @t onpegenesusy, Cn. Takxe § 2.1.
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6. O6nac™ HCMONLIOBAHMA PAINHUHBIX MaliMH

HagnGosbliee PAcOpOCTPaHenHe B HAPOAHOM X03fAcTBe no-

quif JONACTHEIE HACOCH, Co3naBaeMuit HMU HaNop MOMXET
'z,eauman, 3500 M, a mogaya — 100 000 m¥/% B ozHOM arpe-
aT% TCRJOSHEPr€THYECKHX YCTAHOBKAX OJSl MHTAHHA KONIOB,

jaud KOHIGHCATA B CHCTEME DEreHEPATRBHOTO NOJOIPesa
aratenbHOA BOAB, UMPKYNALMOHHON BOAL B KOHREHCATOpH

pOuH, CceTeBOH BOAL B CHCTEMAX TENNIOQUKAUMH NPHMEHN-
yreA IeRTpOOEIKHEEe HAaCOCH,

B nocsnenHee BpEMA B CBS3H C POCTOM MOI{HOCTH NapoBHX
yp6uH B KOHACHCAUHOHHEX YCTAHOBKAX HHOTLA RPHMEHFIOT
cepHE HACOChI.

LentpobexHHe i cTpyRHue HACOCH NplMensiores Ha TAC

cucTeMax RAPO30NOYAATeHuS.

Crpylinbe HacOCH HCHONLIYIOTC JAS YAANEHust BO3LyXa
2 KOHJIEHCATOPOB NApOBHX TYpPOHH H B a6OHEHTCKHX TENJO-
)HRALHOHHEX BBOJ2X B KayecTse cMecHtenefi npamod u o6-
aTHOH BOJHL

IpnudTH uHOrAa ynorpebnsoT Ha T3C gas noanemMa BO-
H A3 GYPOBHX CKBAXKHH OCHOBNOTO W# peaepBHOro xo3siict-
€HHOTO BOJOCHA0KEeHNA,

V3 o6beMHEX HacoCOB B TelJOSHEPreTHKE NPHMEHAKT
OpLLHEBHE HACOCH AN NMHTaHpA NapLBMX KOTAOB Manoii na-
WNPOMSBOAUTENBLHOCTY H B KAyeCrse /[JO3ATOPOB pearcHToB
Jif nopAepXKanus TpebyeMoro KadecTea NMTATENIbLHOR M KOT-
nBOft BOAH KpPYOHHX KOTJIOB, POTOpHHE HacocH ynoTpebs-
)TCA HA 9JIeKTPOCTAHLUAX B CICTEMAX CMA3KH M peryinpoBa-
usl TYpOuH,

B rexsonornueckom nuxae ADC NpUMEHAIOTCH HEHTPOGEIK-
be Hacoew cneyHabHEIX KoHcrPYKuufi o6HYHOro M repMe-
[YHOro nenoaueHyA.

Ewe Goree mmpoKo HACOCH BCeX BHAOB MPUMCHMIOTCH HA
IPOMENICHHBIX NpeAnpUATHAX, B CENLCKOM XO3fificTBEe M AAf
OnocHabxeRun roposos. Llewtpobexsybie macock paboraior

MPOMHNINCHHOCTH B CHCTEMAX XO3NHCTBEHHOTO M TEXHUYEC-
0ro Bopockabxenusn, a Takxe AJNA NOAAYH PadiMuHBX pac-
BOPOB ¢ peareNTOm B TEXHONOrHYECKHX CXEMax NpOH3BOACTS.
YaeHb wHpoKo npuMensiOTeR cTpyfiliHe ¥ HENTPOGEKHHE HA-
OCH B CTPOMTENbEON (I YroNBHOH NPOMEIINERHOCTH NPH CUf-
OMeXanusayan paapaboTkn IPYHTOB M NPH THAPABIHYECKOM
110cobe goGryu yras. B TopdAHOH NPOMBULIEHHOCTH JONacT-
HMH Hacocamu nons3yiloTed gas paspaboTku 3anexet toppa

MOZawn cMecn Topda ¢ Bogofi. []eHTPOGEKHBE, CTPYinLe
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HacocH, rasiudTh B NHEBMATHYECKHMC YCTAHOBKH NPHMERS y
cs-AJ17 Pa’jMAHBIX Jjefieft B JIeTKoOH, XNMHYeCKoH, NUILCE )i
He@TAHON} NPOMHIJIEHHOCTH, 3a NochefHHe TOAH MIHPOL-
npuMeHeHHe NONyyuiy ueHTpobexnae Hacoes B TpyBONPaR 5y
HHEX CNCTeMAX TpaHcnopta BOAH H HedTH Ha panbsue Pacey
sinus, CreflyeT OTMETHTb, YTO BCE CHCTEMB KOMMYHAIH i
BofOCHaGXKeH s OCHOBAHH Ha MCNOAL3OBAHHH JIONACTY :
(uenTpoGexunix) HacocoB.

B cenbckOM RO3RHCTBe AJ151 BOAOCHAO6MeHWH XKHBOTHUBC
Yeckux GepM nNpYMEHHIOTCH B OCHOBHOM ueHTpPolem.'y
CKBa)XHHHEC HACOCH, B KpyNMHHX BOJONPOBOAHHIX CHCTIM A2
NIOJINBHOEQ 3E€MACHAECIHIIA HCII’OJII:3Y!0T uen'rpoﬁe}mme HacC > |
Gonbulofi. nofayedt,

1HypoXo pacnipocTpaHEHR B HAPOAHOM XO3RMCTBE Paiidy
HEle MAUIEKK OJf CXATHA H NEpeMEIeHUs BO3AyXa H TLXTy
qeckMX razoe, llenTpofexHne H ocepHe BEHTUNNTOPH Gonp
WHX Nojay H 3HaYHTENbLHHX Hanopos IpHAMEHAIOTCH B Ka i€
Be ALIMOCOCOB M phf NOfAyx BO3AYXa B TONKH KOTIOB. Bo
ofimupHoe BEHTHIAIHOHHOE XO3RHCTBO MpOMBIUIIeHHHX Iper
RPHATHH ¥ IPaMuaHCKUX COOPYXeHMi OCHOBHIBAGTCA Ha po
MeHEeHHH HeHTPOo6eKHHX REHTHIATOPOB HHSKHX ¥ CPefHHX Ha
Ropos.

LlenTpofeHHEe KOMNPECCOPH € NaPOBHM M SJIEKTPHYEC «H
OpHBOJAOM HBJAHIOTCH OCHOBHBIM BHJIOM KOMIIDECCOpHHX Ma ‘i
B METaNNyPrEYeCKOM ¥ KOKCOXHMHMYECKOM [IpOH3BOACTRa)
3JIech OHY CIYXKAT ANA nofayld AYTHEBOro BO3AyXa M Fa3on
OCHOBHBIX MJIM NOGOYHHIX NPOAYKTOR TEXHOJIOrHAECKOTO LMK 1
STH MalHHH TOJYYAIT pacnpocTpasedde B cUCTeMax a2l
Hero raspcHabxennus, OceBHe KOMIPECCOPH IUHPOKO HEN 1
3ylOTCA B rasotypGuHHEX ycranopkax, IlopmmeBsie koMn 2
COPH NPHMEHAIOTCH B MerannoobpaGarwBarowedl 1 mMaw o
cTpoHTeNbHO! TNpOMHUIACHHOCTH  [JAA CXKATHA  BO3J
[PHBOAALWIETO B iefiCTBRE MHEBMATHRECKHY WHCTPYMEHT B | €
¢H. B xumuveckofi NPOMEILIEHHOCTH FA30BHE MHOFOCTYIIL® |
THe KOMOPECCOPH HCIOMb3YIOTCH B NMKJAX CAHTE3d XUME .2
KHMX NpOZYKTOB NpH BHCOKOM faBiexnu. B nocnepnee Bf -
CXaTuil BO3AYX, NONydaeMHil OT NOPLWNEBHX KOMIpecco; d
HaXOANT NpHMEHeHHe B TeKCTHABKOR NPOMBIUNEHHOCTH KA
SHEpPrOHOCHTENb A/ NpPOBEAEHUA TKAUKOro Iponecca.

Ha T3C nopuwHeBhie XOMIpPECCOPH CNYXaT AN 0GrvB
TIOBEpXHOCTel} HArpeBa KOTJOB € LENBIO MX OWHCTRH OT Ju 1Y
Ypx SoJIK M ¢8XKH B CHaGKEeHA CKATHIM BO3LAYXOM [HEBM 1
YeCKOro PEMOHTHOTO HRCTPYMEHTA,




JIABA BTOPAS
CHOBHBIE MOMNOWEHKS ¥ ONPEAENEHKA

4. FlapameTpHl MMM, NOABIOLINK HMOKOCTH M Fa3bt

OCHOBHHIMH BERJIHUHHAMH, XapaKTepusywouuMy pabory ma-
s, SBAAIOTCH nodaxa, ranop u dasaeHue, UMM pasBHBaEC-
pe. DHeprHs, coobuiaeMas NOTOKY JKHAKOCTH MJIM rasa
qIIMHOI, BIICJIHE ONPEAENACTCH ITHMH BENHYMHAMM M NJIOT-
peTHIO NOLaBaeMoit cpean. 'nipoarnamuyeckoe B MexaHHye-
Koe COBEPINCHCTBO MalMHLE XA8PaKTEPHIYETCH ee NOAHEM
na.
ﬁonaqa—— KONMYECTBO JKupROCTH (rasa), nepememaemoe
Mol B eAHHHILY BpEeMeHi.

Ec/lu mogavy H3IMepHiOT B efMHMIAX ofbema, TO ee Ba3Hl-
afor o6beMHOkK H oc6oanayat Q.

Cueremoit CH BBefiena maccoean nodaxa M, xrfc, — mac-
a XKugkocTy (rasa), nogasaemoii MaWUHOR B eJuHHNY Bpe-
equ. OyeBUAHO, UTO

M=pQ, @.n

le p— IJOTHOCTE cpefibl, KM Q — ob6bemuan mnofava,
e

/ﬂpu OTCYTCTBHYM yTE€UEK MaccoBas NOjaYa ofHHAKOBA IR
cex cedyeHuft MpOTOYHOM NONOCTH MAWKHK He3aBHCHMO OT
pOfa NofiaBAeMOl cpeanl, OfbeMHas Nofasa NPaKTHUCCKH
AMHAKOBa MO BCEH [QJIMHE NMPOTOYHON NONOCTH TOJBKG B Ha-
oCax n npubJHINTENbHO ONHHAKOBA B BEHTHARTOpAX. B Komn-
UECCOpAx BCilCACTBHE CYUIECTBEHHOro NOBHUICHHA AaBJCHHA
POHCXOAXT YMEHBUIEHIIE yaenbHOro ofbeMa rasa v o6beMHanA
10Xaua mo AAHUHE NPoTOYHOR NONOCTH NagaeT.

B pacyerax npHEATO NCHHUIATL OOBEMHYIO NoARYY KOMT-
UECCOPOB NPH YCJIOBHN BCACHBAaHMA KAK HPH HOPpMAJbLHHX Yc-
oBMAX, T. €. NpK mapaMerpax cpea 7= 293 K, p= 100 kIla,
p=1,2 grima.

fogaya nacoca (BenTuanTOpa, KOMOpeccopa) 3asucAT OT
Da3Mepor y ckopocTedl ABHIKEHMA €ro paboyux OpPraHoB U
CBOACTB TpyGONpPOBOAHOK CHCTEMH, B KOTOPYIO OH BKNIOYEH.

Tlo TOCT 17398-72 «Hacocu. TepMuuH M ompexneneHHss
;al:neane, pA3BHBAEMOE HACOCOM, ONpPeeNnercs 3aBHCHMO-

10

cﬁ

—l
p=pu—pu+—2ip+pg(zn—z..). 2.2)
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I€ psn M Pn— COOTBETCTBEHHO [AABJIEHHA HA BXOfe B Ha_
(navamptio€) » Ha BHIXOfe M3 Hacoca (Romeunoe), [1a; p—
NJACTHOCTL CpPefH, nofaBaeMofi HACOCOM, KI/M?; €y H Oy -
CpERNNEe CKOPOCTH NOTOKA Ha BXofe H BHIXOAE, MfC; 2y H 24
BHICOTH PSCMONOKLHUA UEHTPOR BXOAHOLC ¥ BHIXOAKOTC ey
nafl Hacoca.

locynapcreennnli  craupapr ycTaHaBARBAET OTHET, . m
NOHATHE HANOPA KaK BENIYMHE, CBA3AHHON ¢ AaBMeHHEM
OTHOWIEHHEM

H = pl(p g). ('
Takoe noHATHE HANOPA KEK BEAHYHHH, HCOlcAseMofi B € ut
nax XJHHH, BIloJIHe COrJIaCyeTcs ¢ OCHOBHHIMH NOJIOZKesr 1
THAPOMEXAHHKH,
[lepeiigeM oT a@BAeHRMH K Hanopaw, pasfenuB Bce 9 o
(2.2) wa pg:
2
He Pp— Py + Cu—
pE %

[Nonywensoe paBeHCTBO onpeaesneT NOJHKIT Hanop, pa Br
BaeMB HACOCOM,

Ipaduuecks ypasuenue (2.4) noscasmeres puc, 2.1.

Ecav  mpeHeOpedb  npupocTOM  CKOPOCTHOTO HAamop

2
n + (2 —2p).. 2,

2
(—G"-—-zé-'-), 3HAYCHHE KOTOPOro B HEKOTOPHIX CAYYARX I 2Bt

2g
J'IHKO, TO l'IOJlI-IHﬁ Hﬂﬂop MallyH B [IPEH.CTHBHTCH TOJALKQ €11+
yecKoh YacToio ero Her, M:

Hy=P"Ps L (3,—2) 2
PR

3ameTHM, YTo Hanop QUIHYCCKH npelcraBfiger coboit !
coTy cTonfa TOH KHMJAKOCTH, K NOTOKY KOTOPOH OH OTHO -TC
(puc. 2.1).

Hanop, passUBaEMEi BeHTUNNTOPAMH, BHPAKAOT Ml T
YCAOBHO B MHANEMerTpax BOAAHOTO crofba. Haoomuum, 11
Hanop 8 | MM BOJ, CT. SKBHBaJIeNTeH aasneHmo 9,81 Mal.

Baxuo#t Benmuuunoli, xapaktepusyollieli HacOCH W BenT
AATOPE ¢ SHEPreTHYECKOH CTOpPOHH, HBNAECTCH HX yoeavM
nosesuan pabora L,, Jx[rr:

Lu=p,p=gH. ( L

1 Nanserne, paseHpaeNoe peHTIATOPaME, no FOCT 5976-73 namt
eTcA B NacKansx,
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ecTABNIAIOLIAR coboro pabory, NoNydaeMyio MOTOKOM OT
260X Oprancp MaliHh, oTHECEHHYIO K 1 Kr MacCH XuiKo-
“TH (raaa).

pa6oTa L, nogBoAnMas Ha Bal MAWHHH pyfl NpUBEdCHUs
ce B felicTBHC, OTHECRHHAS K | xr Maccw moxasaemoit cpen,
ja3pBaeTCH ydenvhoii paboroll MawmMHH; OHE B OCHOBHOM
oNpEACIAET HEOOXOQUMYI0 MOUHOCTL NPHBOAHOTO JBHIATENK
M allHb. H3-3a norepp 3Hepruu

p MAlHRE YIeJbHas TNOJe3Han W o
paﬁoTa MAauIHHBE MeHbLIE ee _2‘—?
yneswHof paboTH. )
YneneHan pabGoTa KOMnpec- s 2 1
copOB BHUACIACTCH o060 B 3a- g =
GHCHMOCTH OT BRAA TeDMOAMHA-  oF ‘%a
MRYECKOIO Npojiecca, NPOTERA-  Zg ¥ T ooz
wero B KOMIpeccopax  (ew. P wa
§ 10.2). 7 7 :E,,-,,
A G __. 2 2y
2.2. Motmocth ¥ KN 2,5 On \acoe

Pafioure opraim MaunMHE — W)ﬁ

nonacrd, NopwHH — paboTaoT

B DOTOKE W YBeanyusaoor ero Puc. 21. lomsi wanop H, pas-
suepruio. JIA npoBefeHHs dTO  PWBAEMHI MacocoM

paGoTH K Bajy Hacoca JOJIKHA

HENpPepEIBHO NOABOAMTHLCH SHEPIHA OT ABHraTef.

HaNOTHYHO HOHATIK yAe/wHo# nonesdof patoTH B Iug-
pOMaUJHHOCTpOBH’HH BBEJCHE TNOHATHR HOAE3HOU MOIYHOCTR
HACOCA B MOWHOCTH HACOCA,

Tlonessan MowHoCTs MawmHH (Hacocd, BeHTHIATOPA) —
pabora, coobiaeman MawuHOH B ceKyHAy nofaBaeMolt cpefe,
OanpeaLAfeTca COOTHOIMEHNEM

Ny = p QgH/1000 = Q p/1000. (2.7

GopMyna (2.7) ciiefiyeT Ha npeicTaBfiekun O paboTe KaH
0 NpomsBeficHUN CHAR Ha AdviHy nytu. JefictBHTenbNO, pQg=
=Mcg =G, — Bec cperH, nOfABAEMOH MAWLMEOH B CEKYHAY
42 shicory H, m. Tlpu 3TOM MamHea cOBeplaeT B CeKYHAY
lonesnyo pabory GcH, BT, coobuwaemyio mogasaeMoit cpefe.
" :-Heﬂueu Ha 1000 sBHpamaT NOAE3HY MOWHOCTL B K#Jo-
TTax,

CootHowenme (2.7) ¢ yweTom (2.6) Moxer GHTH mpHBEne-
HO Kk supy

Ny = ML,/1000, (28)
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B cucreme MKI'CC monesHas MOWHOCThL  OTpeden ie
¢opmydioit

Ng = v QH/102,

Moutsocts N, nogBOAEMYIO OT ABHrATeNI Ha Bajd HAQ »
(eeHTHNATOpPA), HA3HWBAKT MOMWHOCTEI Hacocd (BeHT: g
TOpa).

[MoTepn suepruu, ueuabexHue B aboM pabouem npnt
ce, npusBofnt K uepapeHcTey Ny<N. Ilponecc paGotw Mar
HH T€M COBeplUesHee, yeM MeBblie N, oTauyaercs oT N.

3 HEKTUBHOCTE HCIIONbL3OBAHKUA HACOCOM BHEPTHH, K He |
nogpofuMoli, oueHusawtT Kl nacoca mn— OTHoUIEHHEM Iy
JIC3HOH MOLHOCTE K MOLWIHOCTH HaCoca,

n = Ny/N. (S
B pabounx ycnosuax KILJ aapucHT oT Muorux ¢akropra
THNA, pa3Mepa U KOHCTPYKUMH MalMHK, PORA NepeMemaeMa)
cpenkl, pexXErMa paGoTsl MamMHB, XAPaKTepHCTHKH CCTH,
KOTOpyI0 MAawHKHa palforaer.
vam ONEHKY 3HEpPreTHYeCKofi 5 ¢eKTHBHOCTH YCTAHOBKH
LENOM, cOCTOSLeH U3 MAWHYY B ABKTATEAs K Hel, 00Ab3Yi
et KITA ycranoskm 1y

Ny = No/Nom (2.

rie Nag — 3/EKTPHYECKaR MOWHMOCTb, NOABOAUMAR X ABT
TeNK.

Ins oneHKY 9 ¢peXKTHBHOCTY KOMIPECCOPOs CAyXKaT OT
cuTenmpupie TepMognuamuyeckue KIIM (oM. § 10.3).

2.3. ConmecTHan paGora wacoca M TpyGonposopnoi
cucTeMBl

PaGota macoca, NPUCOEIHHEHHOTO K CHCTeMe BOAOnp- &t
JoB, HaXOAHTCH B 3aBACHMOCTH OT THAPABIHYECKHX csofirt
STOH CHMCTE€MH, HA3HBAECMOH cervr0. PaccMOTpUM YCJioBHA Pé
60TH MallMHE Ha NpuMepe HacocHol ycranosku (puc. 27
noJaras cuCTeMy YCTORYHBOA (NOHATHE YCTOMZHBOCTH CHCTE
aano 8 § 3.19).

llepBoe ycnoBue cBfi3y Hacoca ¢ TpyGonposogHORt cnc
MO ClleAyeT M3 ypaBHeHus] HCPA3pHBHOCTH ¥ 38KJNKUaETCH
paBeHCTBE MACCOBHIX MOZAY, NPOXOAALWIMX Yepe3 HAcoc M nyf
coefHHeHHHe K HeMy BcacHBaloMEf v Hanopumli Tpy6on
BORH:

Manc = Mnp. @n
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Jan HECKHMAEMOH XHAKOCTH Puae=prp 1 NOSTOMY HMeET
aeCT0 PABEHCTHO o6beMHEIX Nogay:

Qrmc = Qrp- (2-12)

Bropoe YC/AOBHE CBSI3H OCHOBHBAeTCH Ha YPaBHEHHU CO-
paHenHs! SHeprHH. [IycTs 3ananueM 1 pacueToM ycTaHOBJEHH

ap:7eHIR Pi, P, pa, Nofaun Q, Qz, Qs, BHcoTH H\, Hy, Hy u
“a aepH TpY0 BCEX YUACTKOB CeTH.

” ”

L

Pre, 22 Haococ, prmovermuk  Pue. 2.3, lpadur commecTnoft
B BOTONPOBOAHYIO CETh paboTH Hacoca i BOZGRPOBOR-
ROl cetn

¥paBHeHue coxpaseHus sneprun ana ypoBHefli 0—0 u 2—2
yqeToM ToJie3ddod paboTH, HepenasaeMoil nNoToKy HacoCoM,

P Ly= B gt + H) + gy +has+ haa) @.13)

ke hy, haa, Ba_» — notepy nanopa e Tpybax f, A—A, A—2.
B ofnactu paaputol TypGyJieHTHOCTH NOTEpH Hanopa Noj-
HMHEHM KBaJlpATHYHOMY 3AKOHY U NO3TOMY

Sh=hy +has+hao=mQ@ +ms aQ -+ ma2 @
nm
Zh={m +meatmoQlQY Q.

Cymma xoadduunentos, cofepxamuzcs B cxobkax, ¢ yie-
JM  NONpPABKK Ha pa3suuy B nofiadax Q ¥ Q, MOXeT GuThb
PUHRITa nocrosusof u pasuoft m, Torga Th=mQ2,

lenesue (2.13) sa g upHBOgKT K paBeHCTBY

= Lifg = (p— pVllp €) + (Hy + Hy) + me@. 2.14)
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3ajapas npoM3BOJBHEIE aHaReHHua Q, BuuHcasaeM mo (2.(4
COOTBETCTBYIOWINE sHadYenusn H B nmawocuM Ha rpadmr (pey
2.3) pug ToweK, coefHHAR KOTOpHE MaaBHolt KpHBOK noONy 4
€M XapakTephCcTHKY ceTH a.

Kaxau# nacoc npn safaxnoft 9acTore epamenus obJs 1y
eT ONpefieNleHyOf xapaKTepHcTHKol, BHpamaouleh CBA3bL ¢
»Ay ero nogayeti n ganopoM. [lycry ausus A na puc. 2.3 anng
eTcs xapakTepMcTuko#t Hacoca A {em. puc. 2.2). Xapaxrep i
THHH & 1 A nepeceraloTcs B paGodell Touke o, onpegensoilg
eJ{UHCTBEHHO BOIMOXKHEE B JaHHOP cucTeMe YCTAHOBHBLIM {
pexuM paboTk Hacoca ¢ nofauedl Q w manopom H. Tonbk .
pexuMe, onpefenseMOM TOYKON O, UMEET MECTO PpaBeHL ™y
nonesHoii yaedbHoit paboTh Hacoca M yAEAbHOHR paboTH, 1pp
6GyeMofi ceThIO.

[Tofaya u Hanop, COOTBETCTBYIOULHE TOYKE €, MOryT Gur
KCTIONIb30BaHK AN pacyera MOWIHOCTH HAcoca no GOpMy .a
(27) u (2.9).

Bonpocwt cosMecTHOH paGOTH HaCOCOB ¥ BOACNPOBOANHO
ceTH nozpobro paccmarphsaores b § 3.18.



i
JacThb
lEH]‘POBE)KHHE HACOCH U BEHTUNATOPHI
e

nABA TPETbA
CHOBb! TEOPHM

4. Cnocof peficTann

IMepeaaia 3HEpTuM NOTOKY XUAKOCTH C Balla meHTpofex-
ofi MAIIKHHE OCymecTBAACTCA paboyuM KolecoM ¢ KpHBHMH
pHorna TNpodmIMpoBaHHEMH) nonactamu (puc. 3.1 u 3.2).

BuyTpeHHas NoNocTh pafoyero Kojeca (MexionacTeHe
agasin) 06pasyloTca AByms QaconuuMu guckamu J u 2w
eckomKEME  (0OEMHO KpHBHIMH) JonacTaMu 8. Jluck J, Ra-
LBAeMHEIl OCHOBHBAY UJH 8e0ywiuM, COCTEBAAET OAHO LEHNOE
0 cTynuuefl, cayXaued N8 HECTKOR NOCAAKH HA BAJ HACO-
a. B BEHTHNATOpPax OCHOBHO{l AWMCK H CTynMna W3FQTOBJAKT-
f pa3fieNbHO M XKECTKO COBAHHAIOTCH 3AKJNENKAMY MJIH CBAP-
ofi. JIuck 2 HE3LIBACTCA NOKPHIEGIoWUM UK nepedrum; ou
ocTasAneT OJHO LeNoe ¢ JIONACTAMHM B Hacocax (mMaroTonie-
He KoJeca — OT/IHBKOI), a B BeHTHNATOPAX COEJHHACTCA C
onacTsiMH cBApKOH mau sakaennsanueM (cm, § 5.5).

Narocts (ras), nocTynas B MeXJIONACTHHE xagalK, Bpa-
laercs BOKpyr ocm 0-—0 pabouero Koaeca, Nnoj BIHAHHEM
SHTPOGEHBX CUI nepeMeuraercs K nepudepny Koueca H BH-
GpackiBaeTcs B KaHaJ, OKpY XA0WHY KoJeco.

Pabota uenTpobeHEIX Cua Ha MyTH OT BXOJA B MeXJoMa-
~THHe Ka"aJH [0 BHX0Aa W3 HHX NPHBOAHT K yBeJNMCHHIO
HEPrHY NCTOKE.

anMeHHM K NOTOKY B MEXKJONACTHRIX KaHanax Bpamalo-
lerocs paboyero Kosieca ¢ BePTHKAJLHON OcbI0 M NMOCTORAHHUR
IUMpEHOR NonacTH ypaeBeeHue Depuynan, nonaras notepu
HEprun pasHbIMY HYJIO:

2 ¥ p@_
o + g2+ R g = coust.

Ina pacecmarpuBaeMoro cayyas npH z2=const 310 ypasHe-
e B pazsepayTOM Buse 6YIET HMeTh BHR

w? o L w% g 0
&_*__l_ 2_=_’+__ :
P 2 Ri p ?



OTKyfla onpelenseTCs NOBLIIEHHE
AALleM Yepes KOJECO nentTpobenH

AaBJeHUA B NOTOKE, ipd .,
off MauIHBL

p=p2—-pn='—2'-(wf—w3)+—;‘(u§--u21). {J

STo paBencTso NOKA3WBAET, YTO

JdasJeHne, passiBaeMOe

necoM peHTpobeHod MANIKHH, eCTp pe3yabTar ABYX Npom

cKoll 3
HeHHun

CHN

coB: 1) npeofpas0BaHHA KHHET ¢

HEeprud OTHOCHTENLHOTO 18
nepefi  9neH papBeHCT,

{3.1)]; 2) paGorn ueATpPOGERK..b

[BTOpoit  ynen papeH(

3.1H]*.

Pyc. 3.1. PaGouee xoneco mentpobemg
mawHre (A — ocepoe ceuenHe)

Puc. 3.2, Pazpesu woneca uentpolel m
wawenn. TlapaasenorpaMms ckopt ‘X
Ha BROZE W BHXoZe MeXAONacTHWX ¥ i

[ IR

* Ennpiing MpCehl MBIKOCTH, HAXOR
pa ppauienns, ofnanaer uenrpobexuol

ANleCy MR PACCTORMUN r oT I'2F
cunofi po®r, # ee paBora Ha 31

MeuTaproM myTH dr cocTaBuT pwdrdr. Ha nyte ot R no R; uentpobe” ¥

cuna nzet paboty
R,

j pm?rdr=%((o’R§—m"
ki

R) =+ (4—4).



KOHCTPYKIMIO LEHTpo6exHoN Maulktik KpoMe paGouero
seca BXONAT CNENyIOmHe OCHOBHHE SJEMeNTH: NOABoL
) uas TIONOCTE) 5, 0TBol [BuXozsas moncers 4 (pic. 3.2)}.
B:e}\OTOpHx MAUHHax nodBog H oTBO/M BLINOAHATCA B BHAE
[enAadbHbX, HATPABARIOUX NOTOK JIONATOYHHX YCTPOACTB.
asnatucHue ITHX yerpoficrs obbsicueno B § 3.6,

3. Ypasuetive Jinepa. TeopeTHMUECKI M AEHCTBHTERLHMIA
anophh PalswBaembie paboumm Konecom

Hanop, pasBuBaeMElf palouyum KoJaecOM wUeHTpobexHoh
amnuHbl, 32BHCHT OT CKOPOCTH NOTOKA, MPOXOAAUIEro Yepe3
a6ouee KOJECo, B OT paamepon ero, OCHOBHaR 3aflaua TeopHH
eHTPOGEKABIX MAUIKH COCTOMT B YCTAHOBJCHHM 3TOH 32BACH-
OCTH.

KaHeMaTHIECKAs CTPYKTYpPa MOTOKa BO BpamlaoiuuXcH
puBOJMHERHEIX KAHANAX BECbMA CNOXKHE, N PELEHHe YKa3aH-
-off 3ajauM B paMKax Hacrosuiero kypca tpebyer BBefeHHn
eKOTOPHIX YCJOBHH, yrnpomamomux peinesde. IMonyyeHuuh
IKMM TMYTeM pe3yNbTaT MOXeT OHTb CKOpPEKTHpOBAH BBele-
AeM ONBEITHHX K03 ¢AMMEHTOB.

BeepeM caenywoumue npeanonoXeHus: 1) NOToK uMeer
rpylluaTyio cTpyRTYPY, T. €. COCTOUT H3 MHOMECIBA CTpPYH,
OBTOPHIOIINX TeOMETPHYECKYI (OPMY Jomacts; 2) uMeer
€CTO OCEBas CHMMETPHS NOTOKA, 7. € BCE CTPYH, COCTABNA-
IHE MOTOK, COBEPUICHHO OAWHAKOBH I'eOMETPHYECKH ¥ KWHe-
aTiyecky; 3) NMOTOR ABJAETCH TJIOCKUM, T. €. TPAAMEHT CKo-
OCTH BAOJNK OCH, NapajielibHof reoMeTpuyecKofi ocn Mamu-
H, OTCYTCTBYET.

flepere gBa mpexnosnomenus MOXKHO NOJNArath OCyuUleCT-
UMBIMH ToNbKRO Npu GeckoHeyHo GoJbloM Konuwectpe pao-
KX NlonacTef npu YCAOBHH, YTO JIONACTH HE MMEKT TONIUMHE
» CREIOBATENbHO, HE YMEHBINAIOT MPOXOJHOE CEUeHHE MEeX-
ONacTHHX RKaHanoB. [Jo3ToOMy B NOCHAEAYIOWEM HINCXKCHHH
&paMeTpn MAalUHH, BHNUCAAEMuale NPH YKA3aHHHX npegno-
OXeHusX, 0603HAYAITCA HHMACKCOM OO0 ¥ HaSHBAIOTCH Napa-
€Tpamy mpu GecKoHeyHOM KONH4ecTBe Jionacred.

Hpumesum k noroxy, npoxogsmieMy yepes KONECO ReHTPO-
CXHON MamMHK, ypaBHeHHe MOMEHTOB KOJHYECTBa [BHIKes
U8 ummyapc MOMeHTa BHeWMBX cudl, NeACTBYIOUIHX HA Mac-
Y, COCTORMUYI0 B3 MO6 KX MATEPHANBHBIX YACTHI, PABEH H3Me-
CHHI0 MoMeHTa KoWMYecTRA nBHKEHMS 3TON MacCH.



IlycTo wepe3 xoseco MawmHel OpPOXQBHMT pacxod Q iy
KOCTH WJIK ra3a ¢ NOCTOAHHON MMOTHOCTHIO p; MOMEHTH Koy
yecrs JBHMKEHUA, OTHECEHREE K 1 c, cocraear pQoil; Ha py
ne u pQcl; Ha BHXORE w3 Koueca. 3fgec» pQ — Maccow,
pacxof uepez Koseco; ¢, K cy— aGCONOTHEE CPEAHHE CK-y
CTH [OTOKA Ha BXOLE W BHIXOJle MENIONACTHHX KaHAJOB, f
le — nyieyn cropocereit ¢y v ¢z (puc. 3.2).

Ecna ofosHaunte M. TEOpeTHYECKHH MOMEHT, Nepenap
embiff NOTOKY ¢ Bana (B NpeanonoxeHHH GECKOHEUHOTrC Kum
ueCTBA Jonacrefft ¥ NpH OTCYTCTBHM NOTEPHL B Nponecce Mp g
pa3oBatiuf MeXaHuyeckoil SHEPrHM B FHAPABIMYECKYD), 1
YpaBHEHHE MOMEHTOB KOJIMYECTB JIBMIKEHMA KA BpeMeHH A
¢. 6yneT MeTh BUJ

Mz At = (pQeoly ~—pQeyhy) Al @

MomeHT, MOABOAMMBI OT JABUraTeJdsl K Bajdy Marlhhy
Gonbiie Moo BCNEACTBHE MEXEHKYECKOIO TPEHUS B NOAMIK"Y
Kax W YNAOTHEHMSX BaNa, HAIMYMA OObeMHBIX NOTEPL M Tp
HHEA HepaGoylx noBepxHOCTefl Komec 0 XHAROCTb (ras).

Beenem B ypaBHeHue (3.2) KOHCTPYKTUBHHE pajuycH R
Ry: Iy=Ryc0s a); lo=R3co0s oz, TOr8

M'roo =pQ(chICOS%-—R,_ClCOSCX-1). Q3
3aech o) ¥ 0z — YIJIR MeXIy 8GCONIOTHHME M NEPEHOCHRNK

CKOPOCTAMU Ha BXOJI€ H BHXoje.
Io puc. 3.2 61€0s @y =C1u; €3COS 0= Cau, CIENIOBATENbHL

N TOO — PQ (chzu - Rlclu)- 13
MomHocts, NepelaBaeMas NOTOKY B MEXJIONACTREIX <2l
nax,
Nrao = M‘tao(’) =p Q(chm - Rlclu.) o,
HAH
NTDD = PQ (“sczu - ulc!u.)- (3

TeopeTnyeckas MOWHOCTL npH GecKOHMEyHOM  KOJHR2CTh
JNionacTest MoKeT OHITh BHIMHCNICHA B KAK NPOH3BEACHHE ud
CH, npoxoJfei; yepea paboyee Kojeco B CEKYHIY, HA ¢uo
BETCTBYIOIIYIO YAeALHYIO paboTy:

N-rw =p QLrao- (3
Ha conocrasnenna (3.5) u (3.6) crenyer
Lo = tigl, — Gy 3
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ynennHan paGota cBsidama ¢ HanopoM paseHcreoM (26),
; OTOPOTO C YHeTOM (3.7) cneayer

gHree = ey, — 1161y,

|IO9T°MY
Htoa = (uscm - ulclu)'lg- (3'8)

Teop€THYECKOE [ABJICHHE Pro NOJYUaeTCH u3 (3.8) u m3-
reCTHOTO COOTHOLIEHRS FUAPOMEXaHHKH p=vH, rne y=pg —
v ﬂenbnuﬁ BeC cpelH,

Proo = P (tily, ~— tyT1,). (3.9}

ypassetun (34), (3.5) wu (3.8)—ocHopHke ypaBHeHun
penTpobexHofi MammuR, YpasHenue (3.8) Ouno  noayyeno
peHKHM MareMatukom Jleonapmom 3iinepom B 1754 r. n na-
sHBACTCA ypasHenuem Iiaepa.

[lpy MCNONb3OBARKK GCHOBHHX YPaBHeHMH CKOPOCTH Ciu M
£ O OKPYXHOCTAM pannycoB R, n R; NpUHHMAKOTCH MOCTO-
pHEHMHA, TaK XK€ KaK M NpPOYHE COCTABJAIOLIHE Napajelno-
rpaMMOB CKOpOCTelt Ha BXofe u sHXofe. B jeiicrsureistiocTn
3 0 He TaK, NOTOMY YTO NONAcTH, pA3BUBAN CHAY B3AKMOJEH-
cTEHA ¢ MOTOKOM, JOJIKHHK Io TeopeMe JKYKOBCKOIO O HOAB-
eMHOIi CHJIE€ KPHJIA EMETh TOJNOXKHTeNIbHoe SHANCHHE HHPKYNN-
LHH, MTO HMEET MeCcTo TOJbKO NPH pa3HEIX 3HAYEHHAX OTHOCH-
TebHOR CKOPOCTH HA BHNYRIOH (paGouefl) w Boruytoit (He-
paGouefl) nopepxHocrsix nonacredf. TakuM o6pasoM, OTHOCH-
1enbHaA CKOPOCTh B MEXKJIOMACTHRIX KaHanax JOMIKHA HamMe-
ESTbeH OT HanGOJblierp 3HaveHHs Ha sordyrofl croposie Jo-
NacTH 0 HAMMCHBUIEro 3HAYEHMH HA BBEIOYKJOH, a He OCTa-
BATBCH NQOCTOAHEOH,

B HAJNOMEHHOM 3aKMIoUaeTCd NapadlOKCANTBHOCTD paccMoT-
perNofi cTpyifHOl Teopru ueHTpoGexHoll MaMHE

U3 napannenorpaMMoB H& BXOJE H BHIXOAE CACAYeT

wh = w6l — 2u61,5
Wl =t} 43 — 2L,
Onpenenug OTCIONa NPpOH3BeleMHs Uilix M HaCzy; U BHECH NO-
lyyenHnle pripakeHun s (3.8), nonyuyum ypasHeHue
— G, d-d d-d
2¢ 2% %

”eps_ui‘{ YJeH TOro ypapHeHusi — Hanop, o6ycloBJeHHHA pa-
TOH enTpobexHofl CHNE XUAKOCTH (rasa),

3559 33
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Hm=u2

(3.10)



Unenw ypaesennn (3.10) (wi—w3)/2% u (c31—c)/2¢ s
paxaloT, o4eBHIHO, NPHUPOCT Hanopa BCICACTBHE Npeolpay
BaHuA KMHETHYecKuX 3Heprufl OTHOCHTENLHOro H a6COMOTHy
ABHXCEHHA B MEXJIONACTHHX KaHallax,

CropocTHDH Hanop, co34aBacMH{ JgonactsaiMi paboyero
Jieca, npu NprHATHX patee JONYIEHHAX paBen

(H o = (& — T}/ (28), @.1
I'IO'DOMY qTO abcoNMOTH AR CKO[.)OCTb NOTOKA NOBHILIIACTCH KO

COM 0T €y A0 Cp. IT03TOMY TeoperTHyecku CTATUYECKuHE Hamy
COCTABHT
4

(Heyeo= Hioom (ch)'lw= 22g % G

Hs nocnennero paBeHcTBa cl€AyeT, YTo MOBHHIEHHE Ct
THYeCKOrQ HANOPa M [JABJICHHA JIONACTHHM KOJNECOM wuehIp
GexHoll MaiuHH NpovcXoanT 3a cyeT paloTn neHTpobeirny
Cull ¥ NOHUXeHNsT KHHETHYeCKOH 3HEPrUM OTHOCHTENLHY
OBV KCHHA.

Eclg BHNOJIHNTL MEMIONACTHHE KaHAJNK TAK, YTO HX ¢
yeHne No Beed AnuHe GygeT MOCTOAHHO, TO W)=W; H TEOPEn
yeCKoe CTaTHYecKoe [ABJICHHE, pA3BUBEEMOE TAKMM KOJFCH

(Porkroo = p (14— u3)/2. ©.1

TasreHunanbdas coctapjaoman abcoOTHOH cKo}.ocr
€1 XApaKTEPH3YeT 3aKPYYEHHOCTh NOTOKA nepel BXOAOM
MeXJIonacTHEe KAHAAW. YaentHAas pafora, 3aTpayHBacMi
Ha JAKPYUHBAHME, UNCAEHHO pABHA )Cry, JIM/KI; OHA Nepex
eTeH XUJKOCTH y cyMMHpYyETCss ¢ paGotofl, nepepaBaeMol I
Toky paGoynmu nonactamd. [lostomy B coorpeterBuy ¢ (3.7
yienpHasa TeOpeTHYECKAy BHEpPrufl NMOTOKA Ha BHXoJE H3
6ouero Koseca

Lroo = tigCpy — i1y, + tiCay == Uslou- @

CrnegoBaTenbeo, IpH ONpefeneHHH TEOPETHYECKHX Nap
METPOB MallHH, He HMEIWHX HA BXofe CmelansHhX Y
TPOHCTB, 38KPYIHBAIOUIHX NOTOK, OCHOBHBlE YpasHeHus npe
CTABJAIOTCH B clleayiouleM BHAE:

My = p QRCpy}  Lroo = typ,3 ]
Nroo = pQusty,s  Fro = ey, /8.

PasenctBa (3.15) o06nuNO HA3LBAIOT OCHOBHOIMU YpaGH
HUfMU LEHTpOGEXKHON MallHHH C paAualbHEM BXozoMm (fF
€1u=0 a6coyoTHAs CKOPOCT: PAXAaJLHE),

34

h—d | wi—of

@



i3 TpeyrosbHuKa cKopoCTeit Ha BXOJle NMpH €;,=0 cliefyeT
gy: —u%; MO3TOMY YpaBHEUusn (3.10) — (3.12) maror cue-

oLk, XAPAKTEPHEE 1A MALIMH C PENHATLH Hy BXOKOM 3H3-
2ynA TEOPETHUECKHX HaNOpPOB:

Hroo = {1 — v} 4 A)/(28);
(Hedew = {6 — ciM(2e): (3.16)
(Heaho = (i} — vt + C})/ (2g).

ﬂ,eﬂcmme.ubnuﬁ Hanop, pasBHBaeMul KOJNECOM, MeHbIIE
gopeTHUECKOTrQ [1pH GecKoHEYHOM KonnuecTne sonactei, H <

Hroo. DTO OGBACHARTCH TEM, UTO, BO-TEPBEIX, YACTH SHEPruy,
onydaeMoil OTOKOM B MEXJOMaCTHBIX KaHallax, 3aTpauuBa-
Tefl AA NpeopoNieliie rHAPaBIHYECKOro CONPOTHBACHUA TIPO-
o4HOH TOJMOCTH MAWMHM (3T0 OGCTOATENLCTBO YYHTHIBAWOT
pezenneM B pacyet rugpasayyeckoro KI1J #:, ouenusaloute-
0 cOBEPIIEHCTBO NPOTOYHON NOAOCTH MAUIMHE), U, BG-BTOPHIX,
papueHUe Jitnepa (3.8) nosyueHO B nPeANONON¥eHUH OCeBOR
MMMeTPHE TOTOKA, 1. €, NIPH NOCTORHHOM OCPefHEHNOM 3Haye-
nHH > HA BHXOJle H3 MEXJIONACTHHX KaHanos. Ofuaxo B aefi-
CTBHTEJILHOCTH CKOPOCTH Wp pacnpefeseHtl 110 BRIXGAHOMy ce-
yeHiio paboyero Kojeca HepaBHOMepHO, ¥ TNO3ITOMY mnepexoX
oT Hyeo kK He MOXeET GHTB NpOBefeH no popMyie

H-r = p'H'roo' (3. ‘7)

rae p<1 — nonpapoyHuiét KO3 (QHUHEHT, YYUTHBAIOWHHK KO-
HeyHoe YMCJI0 JonacTed.

VYpaBrenre Dhsiepa napano 6ul ToyHoe sHaverue Hry B cay-
92e, KOrjJa NPH COCTABAEHUM HcXogsioro ypasHeHHns (3.2) xo-
RAYECTBO NBHIKEHUNA NOTOKA BHYHCIAAJIOCE HE NC cpefHeMYy IHA-
YeHHIO wy==comnst, a ¢ yneroMm pelicTBuTENBHOMO pacnpegene-
HHA cKopocrell B BHXOLHOM ceuesnn Koseca.

Ha ocnoBaEHM M3JI0MKEHHOro BHYHUCIEHHE fefiCTBHTENbHO-
To Hanopa sexeTes no (opmyne

H=nH,. (3.18)

Lag compemeHHEIX HeHTPOGEKHHIX MamkH .=0,80--0,96.
Ha paga cootromenuit 1ns onpefefeHHs NONPABOMHOIO
KO3 uypenTa p 9acTo moNb3yloTes GopMyofl HEmICKOTO TIpo-
éccopa Croponn

c$T .
b1 Jsinfy

T, .
A& 2~ konuyectBo Jonacred paGouero Kojeca Hacocea,

Ll
3 S



®opmyna CroflonH naeT yAOBAETBOPHTENLHEIE NPaKThye
KHe &Jgsy.nma'ru. B oprenTHPOBOTHHX pacyeTax RpUHHMaey
n~08.

3.3. Ypasnenut »Heprum NoTord B pabouem nonece moty

B MampnaXx, nepeMeularouuX rasH, p=Vvar K nepeng
SHEPruH NOTOKY H TemiooGMeH ¢ OKpyxawilefi cpegoft of
CNOBJAKBAET HIMEeHEHHE TepMOOUHAMHYECKOrO COCTOAHUSA Talg

YcnoBHe COXpaHeHusl 3HEPruy razosoro NOTOKa B pabome
KoJiece HEHTPOOe KHOA MaIKHE MOXKHO 3aN4CaTh B BHae

2

& ¢
ofit— +Li—g=¢T+ (3.1

rie ¢OoTseTCTBEHHO AJM BXOAA M BHXoga pabouero kojeca

# Ty — abcoNMOTHHE TeMnepaTypH rasa; ¢y ¥ c; — afConioTe
CKOpPOCTH; Cyp ~~ TENJIOGEMKOCTH ra3a NpH NOCTOAHHOM [ AEBMeyy
Ly — ygenvHas: speprusi, coobliaemas! rasy; § — KOJHSectH
TelJIOTH, NepeXoisiiee B ORPyXKalulylo CPeliy, OTHECEH 108
1 krrasa.

Henonsaya (3.7) m meofa nonpaBodfblf Kosdhuunent
noJyyaem

-
W (yay == By€1,) = Cp (T —Ty) + "%2— + 4. 3

310 ypaBHeHHe NORA3HBAET, 9TO MeXaHHIeCKasA paboTa, mef
JapaeMan paGOquHMH JIONACTAME NOTOKY I'aaa, PacXoAyeTcs
H3MeleHue COCTOAHHA rasa, IpHpalleHHe €ro KHHETHYECH
SHeprHy M 4JACTHUHO TepHeTCH, nepexoff B CPEAY, OKP) Két
!.llle MAUINHAY, B BUIE TEMINOTHL.

Ecan Manmua cayXuT ANA NOfa9n MaNoCHKHMAEMOR Av
HOCTH (HAacoC) HIM nofayu Trascsofl cpeakl npu HeGompi
nosHuleHHY 0aBneHHA (BeMTHAATOP), TO TepMOAHHaMHYECK
COCTORIHHE MOTOKE MOXHO NONArath HeMSMeHAIOMHMCH; T
nepartypa rasa B npouecce pafoTh Mamu{K OCLTACTCA NOCTOR
Ho#b, u HanaHc sHepruy Moxer OHTh 3anucal Tax:

L R S . |
, T tel="F+F+eh

~

S_—
L]

Tie py ¥ ps ~— AABJICHHE HA BXOfE u BHIXOAe; A—noTepu &
pa B NPOTOYHOI NOJOCTB MalIyHEI.

36



3 Ganauc sHepriu paCodero uone-

"t n&&boomﬂoﬁ MAUHHE
2

-""-—-—--—_

AiasOrnYHO (3.20) ua ocnona-
yif NOC/IEHETO PABEHCTBA MOXKHO

annCAThb:

p(tla — hey) = &‘Eﬁ +
R s ) (3.22)

CJlefOBATENILHO, MEXaHHUYECKan
pabora, coofmaevMass noOTORY pa-
GouHMH JIONACTAMHM MalHHE, IO-
pella€T JABJeH#e B NOTOKe, yBe-
JHYABACT KMHETHUYCCKYIO SHEpPIHIO eI0 ¥ OTYRCTH pacxofyeTch
#a NpeOROJIEHHE COnpoTrBENeNMf NpoTOYHNGH NONOCTH.

PucyHok 3.3 gaer rpadmyeckoe npefcraBienne Ganasca
-Heprud ueHTpoGexkHoN MamuHe. 3xeck ofoawayeno: Ly -
yeNibHan SHEPTUs NOToKa Na BXoge B pabouyee KoxaeCO, Jx/re;
I —ynenbHasa sHeprud, NepeaaBaeMad MNOTOKY B paBoyewm
vorece; Ly — ygenvHas 3Heprus noTOKE Ha BHX04e U3 pa-
Fouero Koseca; Loxpep —TNOTEepH SHEPIHH B OKPYKAIOMYIO
cpeny.

3.4. Bnunnme yrnae f§; Ha HANOP, pa3BMBACMBIH
ueHTpobensioi Mmaluksoi

Bausinue yrana B; Ha npumepe paGouero koseca ¢ pagnans-
HBlM BXOJOM MOTOKA B MeNJionacTHeeE KaHanw, V3 nnaHa cko-
PocTefi Ha BEIXOAE (cM. pHe. 3.2) HMeeM

Uy~ Cpy = Cy clgPyy
OTKYRa
Coy = Uy —Cy,. Ctg BZ'
"Ae ¢y, — paspanbHan cocTaBasONds 86coMoTHOA cKOpoCTH
Ha srxope;
2
g —upe, cigf
Hy = '_""—__zc” 2 ’
g
a7



HIY
_ G
How = = — 22 cigh, 32

Ecnu spectst obosuavenusn 45 /g=A B e /g =8, 10 1¢¢
peTHyecKuji Hanop onpegeautes dopmynon

H,o=A— Bceig,. 3.2
3asucumocts Hioo 0T P2
Bas v« 0o e c s e e e v e s 0 907 19
Hoo e v v v s e c . —o wig +

3nayeHue P2, coorsercrByOllCe Hiw==0 B YypaBHeuy
(3.23), nonyyaercs paBHLIM

Pa = arcctg wyfc,,.

Ypasuenve (3.24) npencrasieHo Ha puc. 3.4, Kak pugp

U3 3TOrO0 PHCYHKA, TeOpPeTH#YECKuA HAanop CyLleCTBeHHO 3l

cHT OT yriia fiz, B ocobehn

Hesh ¢ CTH NpH MaluX B GodaLiny

1 SHayeHdax, NpUGIUKAIOUM
dp ca K Hynio Wy 180°,

Paarcetg(-=) HaMepeRnA CKOpOCTH

- TOK2 B onpeaenesine ee¢ Han

paBfleHus Ha BuiXofe Ha pal

YUX KOJeC HAcOCOE B BeHT

> 2 A AATOPOB  NOKAJIWBAT, W

iz yron fo HOTOKAa oOTJaHYaeTt

q OT zonacTHOrC yraia fou, Xo

ug PaxTepH3yOIIEro NoNoKeH!

( fPerorecty o KOHEYHOTO yYacTKa JonacH
ul(‘ i Paanocrs yraos Pon M Pg B

= ILIBAIOT y2A0M CKXOCQ NOTOK
B o=paa—Pe. Yron o ann me
Puc. 34. Tpadux sapucumocru  LUHH OGHYHBIX  KOHCTp) KIA
Hyw=A—Bcigha NOYTH He 3aBHCUT OT pexud
paforu ¥ cocTaBaser 3--—b
OvyeBBAHO, YTO NONACTAE
yrox Paa siBaserca (aRTOpOM, NO3BOJAIOLIMM KOHCTpPYRpOBH!
MEAIHHHK ¢ PasiHUYHLIMY 3HAYEHKSIMH TeopeTHUeCKOro H geil?
BHTENBHOrG HANopoB,
Bersp abc kpuso#t Hrew=f(B:), npeAcrasnsnromas npa
TiYecKril HETepec, Ha puc, 3.4 orpaHnyusaercs ofaacTeio I
JONUTCABHRN 3HaAYCHBH Hrco.
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y THNA JRonacreii paboyero Koxeca, B.xoncwpyxmmx
oyTpOGEIABIX MALIKH DATUYHLIX [A3NAYEHHH BCTpeyaroTCH
né dcTn, OTOFHYTHE Ha9al, paAHATbHLE K OTOLHYTHE BNepel.
monac‘fﬂhm yrofl fan, KAk BAZHO H3 puc, 3.5, onpenenser
1 JionacTi; ecin P2a>90°, nonacts OTOrHyTa Bnepen; NMpH
THY 200° sonacts pammansa B NpE Pen<<90° nonacrs oTo-
rpyra Halan Bo Bcex cnyyasmx yron fix Ha BxOae wMmeHblne

90%

Puc. 35. Tuoanr pafionux nonactreli 1CHTPOGEIKHON MATMIH?
2 — NOMAcTil OTOIHYTH Es3geq; 6 — ronacTE PARZHEABBE, 8 — MONACTIL OTOTHyTH Blieped

Pasige Guino noxkasaHo, KAk BAMEET Yroat P, HA NONHHI
TeopeTuyeckufi Hamop. BuficHMM Temeps BiussHe 3Toro yraa
Ha CTAaTHYeCKYI0 U CKOPOCTHYIO COCTABIAIOLIHE TEOpPeTHYEeCKOo-
T0 Ranopa npuMeHHTENBHO K TPEM OCHOBHHM THNAM DPaGOuMX
fonacref,

Ans ynpommenns ananusa mpefinosioXuM, 9To Koleco HMe-
T paguaneuntéi BXxof M 4TO PAAMANEHAA COCTABAAMIIAA a6-
CONOTHOM cROpOCTH HA BMXOAE PABHA aGCOMIOTHOIN CKOPOCTH
¥a Bxozte & mersONaCTHME KAHAMN,

OCIoJIbayeMesl H3BECTHHM COOTHONICHHENM

Hroo = (Hodroo + (Heghres. (3.25)
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Ha ocHOB2HHH NpHHATOrO YCNOBHR €y=Csy B HOPMyn,
(3.11) nonyunm
& —c
2 1r

Haghoo == GF:)

Vi3 TpHroHOMETPHYECKHX COOTHOIEHHH (CM, pHC. 3.2) cng
nyer

G =G+ Gy Co = t,— Gy, clgPy;
& = &, + (ta— ey, clg B2
Ioacraprs 3kavenne €3 B ypasuenne (3.26), noaysnm

—_ 2
(H oo = (&__-‘;r:._lﬂﬂ_ﬂ_ . By
Ilo ypaBuenuo (3.25) craTuyeckufi HAMOp ONpesesAeTe
KaK Pa3HOCTDb TIOJHOTO H CKOPOCTHOTO TEOPETHYECKHX HAnopos

H =H_ —(H . ) yoo = _"’cﬂﬂ___(u!_cﬁr cig Ba)*
( crheo T ( cxr g og .
ITpeo6GpascBap STO Bhpalkenue, NOCNE MOACTAHOBKHY

Coy = ul_-cir‘:tgﬁ!
5 — (c,, ctg )
& L]

Ilo ypasnesnsim (3.23), (3.27) n (3.28) MoxHO nOCTPOHD
rpadukH 3aPUCHMOCTH MOJHOTO HAaNopa M €ro COCTABJIAOLN
oT yIaa Ez. Ha pnc. 3.6 nanm rpadukn Hre=[(P2) ¢
(Her) vo=F (B1), KOTOpHE HATIAJHO NOKA3LIBAIOT, YTO yMERK
IDeHHE YIJa Py NPHROJHT K CHHIKEHWIO TMONHOTO HANOpA, pa¥
BHBAcMOro pabOyuM KoJIecOM 1EeHTPOOEKHOH MAUIRHEL

Viz ypaesierns (3.28) Bumno, qro (Her)r cranoBures pa
HHM HYJIO NPH YCIOBHH u3— (o clg Ps)?=0, uro BO3MOXM

- - = LY

npu ﬂ,_.arcctg( c“) up, arectgcw .

Maxkcumym (Hex)r Gymer npu clg fa=0 (uan pe=%")

VisMeHeHHe TEOPETHUECKOTO CKOPOCTHOTO HArnopa §a pee

3.6 npeicT2BNEHO MaK M3MeHeHHe PASHOCTH OPIMHAT KpHBE!
Hrwo=[(Pa) 8 {Hex)ro=Ff(B2)-

HauGonvinee (Hew)reo ® chryvae nonacrefl, oToryyThiX B

pen, 6ynet npy
= ( ...._!1
s arectg( 2.

TIOJY4HM (Heghoo = 3.2

40



ITpH YMEHLIDEHHH Yria Pz TeopeTHuecKult CKOpPOCTHOH Ha-
pop RENPepLIBHO yMeHbmaeTcs, NOCTHTAR ShaueHufl, PABHOrO
pyJIiC, NIPH

ﬁ,=arcctg(+;'§}).

a3 U3N0KEHHOTO CAEMYeT, YTO JONacTH, QTOrHYTHE BIEPEN,
nepeAalOT NOTOKY HAHOonbInee KOMHMYECTBO SHEPruu NO Cpab-
HEHHIO C JIOMACTHMH JPYTHX

pm. Ho B ofiuem Konuzectse Hrr—{’mgf’”’“ — oracmu

e yTie | DIMORHYTE)
9HepT¥H, NEPEARAEMON TAKHMHE wasqd Bresed
jondactAMH, mpeobnafmaer cKo-
ocTHafl Heprua. Hampotus, B
noMHOH 3HEPrHH, NepejaBaemolt
JIONACTAMH, OTOTHYTHIMH Ha3af,
npeoaafaeT IHEPTHA NOTEHLM-
anpMas (craThweckuil Hanop).

Cnoco6roctr pabouux  noe-
nacteft paseyBATHL CTATHYECKHI
Hanop OOHHO XapaKTepHSYIOT
cTenenbi0 peaxTiienocTy  pabo-
Yero Koneca.

Crenent  peaKTHBHOCTH p
paBHa OTHOINEHMIO TEOPEeTHYeC-
KOT0 CTaTByeCKoro nanopa K
TONHOMY TeOpeTHYecKOMY HA- Puc. 3.6. Fpaduxn Hyo=Ff(f)s
nopy, paseuBacMoMy aonactaMi  # (Hedre=f(fs)
pabouero kojeca MalDHHML:

p = (Hoghroo! Hyoo. (3.29)

Monvayacs ypapuenusivu (3.23) u (3.28), moxkem namu-
CaTe

_ A= pehy | (B—ugycien)
P % P ’

0TKyna nocse npeoGpasoBanuil NOAYIHM
p=— (l + % clgfy) (3.30)
2 1)

HAxns nonacreR, npefiesmsuo OTOTHYTHX Bhepes, NpH

ﬂz=arcctg(_:':°) = L(l - ﬂ)= 0,

2 ¥y Cp
Hns papnansueix sionacrefi ctg fo=0, nostomy p==1,.
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Jna nonactefl, npefesIbHO OTOrHYTHX B232/, npH

ﬂz=arcctg(+ i’-) p=1
€yr

Takvm oGpa3od, cTemeHn peaKTHBHOCTH XAPAKTepH3yeT
KOHCTPYKTHBHHI THN JiIonacreil maioMHH CO €TOPOHH DPa3Bil-
BaEMOTo HMH CT2TBYECKOrO Hanopa.

Jlonactu ¢ MaJjoll CTEeNeHbI0 pEeaKTHBHOCTH B OCHOBHOM
Pa3sBHBAIOT CKOPOCTHOH HaNoOp H, CIEXOBATENBHO, HMEIOT Bl
COKHE BHXOAHEIE CKOPOCTH. Ifm: npeo6pa3oBaRusl CKOPOCTHO-
r0 Hanopa b CTaTUYECKHA MalIHHLl ¢ TAKUMM JIONACTAMH cH &6~
waTeA aHddYy3aopHLIMH YCTpOcTBaMH, O0GmagaioUIHMH HH3«
ku  KITA, Tlostomy KIIJ mammHibn ¢ mM2noli cTenenbo
peakTHBHOCTH OGHIyHO Huxe KI1J] mammew, o6Gaapaiouied
Gonnoi cTeneHslo peakTHBHOCTH,

Bueoam, Jlopacts, npefebHO OTOTHYTHi€ Brepef, paaBH-
B2IOT 1IPH SafIAHHEIN Uy M C3r HRHOOALIOHH [OJHEIR TEOpETHYE-
cxnii Hanop B gopme cKopocTHoro Hanopa, [Ipun ymenburenuu
yrja P, TONHBlH TEOPETHUECKHN HaNOp YMEHbINAeTCs; OfHO-
BPEMEHHO pacTeT CTENeHb PEAKTHBHOCTH M IOBBLINAETCH CTa-
Tuvyeckuli Hanop. Ilpn B,=—90° crenesn peakTHBHOCTH paBHa
0,5 n noJubil TeopeTHYECKHM. RANOp COCTOMT M3 OHHAKOBHIX
CKOPOCTHOTO H CTATHYECKOrC HaNCpoOB,

Haapneiiinee yMensiienue yraa g chS3ado ¢ nagenneM
NOJHOr0 TEOPETHYECKOIO HANOPA O HYJS NPH ONHOBPEMEHHOM
pocre crerend peaKTHBROCTH qo envHAun. Ilocnenwee cense-
HO € OTHOCHTEJILHHIM FOBHIUICHHEM CTRTHYECKOro Harnopa.

B KOHCTPYKUMSIX UeHTPOCCKHHX MAIOHH pasiHYHHX HA-
3HaueHHil BCTPEYaloTCH BCe TPH THIA jonacrtell, B nentpoGex-
HbIX H&COCAX MPUMEHSIIOTCA B OCHOBHOM TOJLKO JIONACTH, OTO-
THYTHIE Ha3aA,

HenrpoGeiknrie BEHTHIATOPH MMEIOT BCe TPH TéNa Jonace
teft, L{eHTPOGEIKHHIE KOMIPECCOPH OOHIYHOC MMEIOT JIONACTH,
OTOTHYTHIE Ha3as.

3.5. Teyenue B MeNIONACTHLIX KaHanax. OcHoOBHbIE
paamepn pabouero Hoseca

Hauwem ¢ TpeyroanHHKa ckopocTefl Ha Bxopme B pabouee
Koneco (cM, puc. 3.2). Kax yxe yrkassBaJoch, IpH OTCYTCTBHE
cleHanEHEIX HANPaBIRIOUIUX annapartoB 3axpyeHpaHue IoO-
TOKA Tepen KOJIecOM NPH (IOMWHAJLHOM PEXUME HEBEJMKO H
nostomy o,==90° W3 tpeyromnhuka cKopocTelh Ha BXOJe
uMeeM

=t __ b
tgﬁ1 ut—'t‘mz!«h'



Ho DO YCJOBMIO HepaspuBHOCTH & =Q/nDiw,b,, rae p; —
«09(QUIHEHT 3ANONHEHHs CEUEHHS AKTHBHHIM TIOTOKOM (C
yqeToM TOJUHHE Jonacteil), w =0,85=-0,95. Cnenosatens-

HO,

tgh = ——. (.31

Jna MallHHE € onpefieslesHbIMHE pa3MepaMy M GOPMOif mo-
pactell t; ¥ &y NPONCPURHOHAJILHE YacTroTe BpalieHus n H
No3TOMY MOCeaHee paBeHCTBO MOXeT OuiTh NPHBEAEHO K BH-
ay tgBi==Q/an, rne a— xo-
5thHUHEHT NPONOPIHOHANL-
nocTH. CrnenoBaTesLHo, yroa
fi YMEHLINAETCH NP YBEJH-
yeHHH 4acTOTH  BpaLIeHun
pabouero xoneca, a npH BO3-
pacTaHHH NOMNavl — YBRIHTH-
PAETCH.

Takum o6pasom, npu mno-
CTOSIHHOM  3HaueHHH JIORacT-
Horo yrna P;x cyliecreyer
pasHocTe  yrnos i=§;,—f,,
HAaILBAEMAS Y2A0M aTaKL,
Or pasmepa sTOro yraa saeu-
CAT ToTepH 3HeprHd B pabo-
yeM KoJjece. OntumanbEnii  Pac, 37. OtHocuTennsue napmme-
ymn aTaku paﬁotmx KoJiec ¢ HHA B MEMONACTHRIX KaManax:
JAONACTSMH, CHIHO 3arHyThl- F7Remkenie s wemonmpnoll pewemwe:
MH Ha3all, COCTABJAET —3~ ®ux EaManex; JI — gupgyzsmuoMHoe
+5° Jns sonacredl, cuny-  RUmETES Boxpyr npoduaeh
KO 3arnyThX BOepen, oaTH-

MAJLHBI YION aTaKky 3naguTebHo Goasine.

Teneps, paccmorpum TpeyronsHuk cKopoctefi Ha BHXOge H3
pabovero Koseca. 3nech TAKWE HAGPABJEHHS] BHIXOMHOI OT-
HOCHTeNLHOR CKOPOCTH Wy H KOHEYHOro yuacTKa Jonacted ne
COBNanaroT; CyLIECTBYET Y204 OTCTABANUR NOTOKA O=Par—pa.

TOT Yrol B OTNHYKE OT yIJla aTaKH { NOYTH He 3APHCHT OT
PexHMa paGoTh MAWMMBLL M BCErga nodoxurenen (o>0),
T.e B2< p2n.

PaceMoTpum xaprhuy TeueHUs B MeXJIONAcTHHIX KaHAJIax,
00pasopaHHBIX NNOCKHMH DANMANLEHMH  JIONACTAMM (puc.
7). CloxHOe Teuewne B MEMJONACTHHX KaHANAX MOMKMO
PasnoxuTs Ha MnpocTHe: NOCTYNATENLHOE pafHANLHOE, KaK B
HenoABHKHOM KanaJie, WHPKy/ALHOHHOE, 06yc/oBeHHOE Bpa-
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IenneM KaHana, H UBPKYJSNHOHHOE, BL3nBaeMOe PA3HOCTLIY
napneHut 110 ofe CTOPOMH JIONACTH.

[loctynatenmntioe Tewewne / nanpapieHo OT UEHTPA K Tie.
pudepry; CKOpOCTH €ro pafHalbinl H COOTBETCTBEHHO YPap-
HEHHI0 HepaspHIBHOCTH O6GPaTHO INPONOPUHOHANLHE PAcCTOf-
nmo ot pentpa, Llupxynsuwonnoe Tewenue /1 obycaobJeno
Huepureil KHUAKOCTH, CTpeMsllefics COXpaHuTs B Npeaesax
KAXAOTO MEJK/AONAaCTHOrC KaHana CBOe NONOXKEKHe B IIpocT-
paMcTBe ® 1N09TOMY CTPEMSINEAcH BpAuUlaTbCsi OTHOCHTEJ]bHO
KoJieca ¢ YrJoBOfi CKOPOCTHI0 @, NMpHOAH3INTENLHO pasHOf yr-
J080A CKopocTA Koneca, Ho EMelowel obpaThoe HanpapieHAE.
JInueifige CKOPOCTH STOrO NBUIKEHHsi pacnpeaeseHb NpsiMo
NponoOpuUHMOHANbHO PACCTOSHHI0O OT HEHTpa BPAIUCHHR H Ha
BXCf€ B MEXJ0NAacTHHE KaHannl cOBNAXaloT M0 HaipaBJeHHio
€ OKPYXHOH CKOPOCTBIO KOJ€c3a, @ Ha BEIXOfe — NPOTHROIO-
JOJXHEL eff,

Liuprynsunonnoe Teuenue /1], cenaansoe no Teopeme Xy«
KOBCKOTO ¢ PajHOCTbIO flaBleHufi ¥a paboveft W THJLHOR mo-
BEPXHOCTH JIONACTEM, HECKOJLKO n3MERRET CKOPOCTHOA agbexrr
TeueHus /1.

PeayneraT cyMMupoBannsi ckopoctehr rtewennft I, 1, III
noka3aH B HHIKHEM Kauale Koneca Ha puc. 3.7. Hs-3a nepas-
HOMEPHOTO pacnpegeseHHsi CKOpocTell B ceneHusx MexJonas
CTHHX KAHAJI0M NPOHCXORHT YMEHhIUEHHe KOMNOHEHTH L3y H
COOTBETCTBEHHO YMEHBINEHHE TeOpeTHuecKoro Hanopa He,
¥Yyer yMeHbIIEHHST Cgy MOXKHO NPOH3BOXMTL MO NONYSMNHPHYEA
ckoft bopmyane Ildnefinepepa

c
CZIA = -(iziu); N (332)
Ifie Cyn — AefcTBHTENLHOE 3HAYEHHE TAHreHUHaNbHOH KOMIIO-
HeuTH a0coJIl0THON CKOPOCTH HA BHIXOAE M3 HOJECA; 3HAYEHHE
(C2u) = BHIHCASETCA 110 JIORACTHOMY YLy Pon’
(ciu)"" = Uy — Cy Ctg ﬁﬂ-ﬂ
Nonpasouiiu®  Kosdpduunent p BHINchAeTcs 1o  Qopmyne
Iaeiinepepa
Lg 1 -} sit1 Byy .
P= "2 1—wyDy
anecs 2 —1Hcno paGounx aonacred,

[Ipu pacueTte BEHTHJATOPOB CBA3L MeXRy YTHaMi Py u Pox
MOJKHO YUHTHIBATh 110 3MnpHYeckoi opmyne LAIH

cos B = €08 Py +k(i:5;)°-°. (3.3%
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KoautineHT £ B 270l Qopmyne 3aBucHT OT THNA Jonac-
qi, PEFHMA paGoTa u ornowenHs auamerpob. Ilpu oTHOWIe-
pun auaMerpos Do/Dy=15--2,5 b pacuersom pemuMe MOX-

o npuHMMaTs: £==15--2 — npu JonacTAx, OTOTHYTHX HA3AL,
g=3—TpH PARHALHEX JONACTAX; £=3-+4 — npn nonacrax,
oTOrHYTHX BRepea.

Buuncaewne yraa By 1no nocneaxeil ¢gopmyne no3ponsier

ACCUHTATH Cou==Uy—Cyr ctg P2 1 OMpesieNnTL HANOD C YYCTOM
nonpaBKH Ha HEPAPHOMEPHOCTb pacipeseseHnsi CKOPOCTH B
pBLIXOJHOM CEZCHHH KOJIECa BEHTUIATOPA,

Buifop uncna paboyux nonacrefi HeoGXOAMMO POH3IBONHTH
rag, UT0OR 06ecresuTs MakCHMansHuH KI1J pabouerc kone-
ca. Ecm uneqio onacreit sHOp2HO CAHIIKOM M2JIbIM, TO NOsB-
agi0TcA BHXpebHe 061acT (30HW OTpHIBA NOTOKA) B MEKJIO-
nacTHHX KaHanax, ABASIOLIHECA NONONHHTENLREM HCTOYHHKOM
noreps, UpeamepHo Gosniioe YUEHO JionacTed TaKIKE BHI3BBA-
eT yBe/MYeHre NOTEPh BCIEACTBHE BO3PACTAHHS NOBEPXHOCTEH

€HIH,

OnbTH NOK23WBAKIOT, 4T0 ONTHMaJbHHM GyJleT TaK0oe uHe-
Jo nonactelt, NPH KOTOPOM CpepHee PACCTOAHHE MEKAY HHMH
MpEMEPHC paBHO NOJOBMHE MX JUIHEB. JTOMY yCHOBHIO COOT-
percTByeT aMnupuaeckas ¢opmyna Ildnefinepepa, 1HpOKO
npaMeHfAeMan NpH ONpefeNeHuH Yuciaa paGoyux Jonacrefi wa-
cocoB;

r=65 2t gn Satbu, o pp, (3.34)

OTHOIIEHHE fHAaMETPOB OKR3IHBAET CPaBHUTENLHO HeBO0/Ib-
moe Baeahue ha KITJ #n no31oMy MOXeT RaxoauTnCs B LMPO-
KRX npegenax. OObYHO OTHOLIEHHE AYaMETPOD HE BHXOMMT 3a
npefeas 1,25<<Dy/D) <33, JIyyinne Mamuint XapakTepuay-
Ioten otvowennem Dqo/D)=14-=1,6.

Ipapuashplii BLOOP OTHOWEHHSI AUaMeTpoB HMeeT GOab-
moe 3HayeHue JJIsl BEHTH/SITOPOB € PeryJypoBalHEM NOmaum
nocpencTBOM HanpaBJsiolHX annaparop (cum. § 3.16).

Wepuwy paGouux nonactelt va Bxome b, o6HuBo BHGRpa-
loT Takoft, yTo6n CKOpOCTE ¢€; nepen pabounmy JIONACTAME 11¢
CTIHYajach OT CKOPOCTH Co Ha BXofe B cTynewn. I[lockonmKy

40 - Q
= — [s N—: D NDn 7~
ﬂDglla. 1 ulelpo oAU PRIy

&y

{ro u w1 — koa¢bHMenTH! 3a00NHEHHs ceyeHu# AKTHBHDAM
TOTOKOM), 113 YCIOBHA €y R Co CEMYET, 97O

b ~D!4,
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B HekoTOpLIX C/ly2anx, OCOOGEHHC /R BENTHIAATOPOB, AYq.
Ine pesynbTaTH NONYYAIOTCS, €ClNd NPHHATH HECKOJLKO 60Mb.
y1o WHPHHY Jonacrtefl, MoXHO peKOMeHAOBaTh ONPERENATS
by no ¢popuyne

b, = (1 =+ 1,5 D /4, (335

ITupnna paGousx sonacrel va BHXone by B GONLIIMHCTR
c/iyyaep ONpeseafieTcs M3 YC/IOBUS paBeHCTBa pafiHaibHbl,
npoeKuuii CXOpocTH 1O M noene paboyero xoJieca (CM. pHC
3.2):

bz = leI/D . (3036)

Has nacocop Manofi MOUIHOCTH H BEHTHNATOPOB B LeNAX
YNPOLIEHNsl YaroTOBNEHNS paboyero Koneca NpHHHMAawT b
= by, OHAKO CJefyeT UMeTh B Bufly, 4T0 npd atom KIII ma
IIMHE cHIDXXaeTcs NpuMepho Ha 2—3 %.

3.6. Nogeoau! M oTEOAL

Hodsodom naspiBaeTcsi YacTh NPOTOYHOMN NONOCTH Malln-
HH, NOgBOASALIAN NEPeMEUIREMYI0 CPEXY K BROANOMY OTBED
¢TH0 pafouero Koneca.

Tonson npapuiLHOA KOHCTPYKIHH JIOMIKEH AaPaTh papHO
MepHoe, OCECHMMETPHYHOE DACIPEAENIEHHe NOTOK2 110 BXOAHO-
My ceueHHI0 paGoyero koneca, HecoGnronenne storo yenosu
capmxaer rugpasaugecku#t KI1I koneca u MaluuHe B uenoM.
CHMMeTpHYHOCTS TIOTOKA MPH BXOfe B pafodee KOJeco ROCTH-
raeTc BHIIOJHEHHEM NOJBoAA B Gopme MpAMONHHEHRHOTO KOR-
dysopa npu ocepom notoke (puc. 3.8) uam companshoro Ko-
®Kyxa (pue, 3.9) npu nonepevHOM NOTOKE,

IloTepH sueprid B NOABOME NOJIKHL OLITE MHRHMANLHEIMHE]
AAA 9TOr0 CKOPOCTH B €r0 CEYEHHAX HE MOMKHE OHTh BLICOKH-
mu. I[Ipoxoannie cEUEHHS NOABOMA AOJKHH NOCTENEHHO yMeHb-
ImarThCA B HanpaBlieHHH ABRIKERus, ofecneynsas nocreneHHoOe
BO3paCcTaHHE CKOPOCTA 10 BHAYEHHS €& BO BXOJHOM CedeHHH
Koneca,

KORCTPYKIONS NOARONA W NONOIKEHHE IPHEMHOTO OTBepCTHH
ero ACJXHM CO3fiaBaTh YAOOHOE cOnpsiKeHyue MaunEL ¢ Bea
cuiBaloliiM TpyG0N POBOMIOM.

Muoroguciensile nCCICNOBANUA TNORasand, 9TO0 ¢GopMa,
pasMepH # DacnoNOXKeHHe NOABOAR BAHSIOT He TONBKO HA
3HEPTHIO, NEPeAapaemyl0 HOTOKY MHAKOCTH KONECOM, HO M Ha
BCe XaPaAKTePUCTHKH MATIHHEL,

O16000M HasHIBRIOT 4acTh NPOTOYHON MNOAOCTH MauIHHL,
NPHHEMAICIIYIO nePeMelliaeMyo cpeny H3 pabouero koseca #
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gacTHUAC Tpeolpasyiollylo KHHETHUECKYIO IHEPTHIO aToll
cpednl B TTOTEHITHANBHY 10

l3BecTHH TpH THMNa OTBOMOB: KOMbLEROMH, cnupanabHuit 1
jonaTouHntf,

Konwuesolt orson npencrasiser cobod  uuaMBApuyeckoe
npocTpancTeo f nocTosuHON UIHPHHBL, OXBaThBaKoliee padogec

Puc. 3.8. Bxonran EKamepa Puc, 39. Cxenwa conpanuioft
[pn OCenOM TOOROAE XHAKD- BXOZHO# KSMEPH TepeMeNHOro
c¢tH Kk paboueMmy Kojecy Ha- CERcHUR

coca

Prc. 3.10. LlenTpoGeknas Maiinda ¢ KOJLLEEHM M clHpalbBHM OTROAZMA

Koneco Mamunu (puc, 3.10), Cnupansyeil 0TBQA Npencrabas-
€Ity B Bumie KpueonuHeHHOro AHQ{ysopHorc xanana 2, oxpy-
Xawiero paboyee koneco M 0OniyHO KoOMOGuHHpyeMOro, Xex
Nokasano na puc, 3.10, ¢ KOAbUEBLM OTBOAOM,

a7



Orponsl NoMKHE cbecnevuBath oTBefelHe XHAKOCTH (ra.
38) DT KOJEC2 € HaUMENbLWHMK NDTEPRMH N NO BO3MOXKHOCTY
Gea napylieHHuR OCECMMMETPMZHOCTH 1OTOKa B Konece, [lpy
STOM CHOPOCTH NOTOKA JONXHA NOCTENEHHO YMENLUIATHES fg
cxogoc'm B HAYANILHOM CEYEHMM HanopHoro TpyGonpoBosa.

VEJLIO NOHHIKEHHS CKOPOCTH Ha BHIXONE H3 HanopHorg
naTpy6ka MalluHE K cIHPAALHOMY OTBOJY NPHCOERMHSIOT KO-
BHueckuil Auddyaop 3 ¢ yryom packpuitus okono 10°

Ipr TpanenueBHAHOM U MPAMOYrONLHOM HONEPEZHHIX Ce.

YEHHIX COMPAJBHOrO 07BOAA gH(dysop 3 cayXHT H ANA Te-

3
Ra

Puc, 3.1§. Jlonaroauuiit ornog nent-  Pac. 3.12. KanamHul orsog uent-
poGexcHoft Mammmn (MuorocTymeE-  pobemuoft mamuus (MHOrecTynen
YETOT0 KOMNPECcopa) yaroro Bacoca)

pexopa K KPYrIOMY CeueHul0 BHXONHOTD naTpyOKe Hacoea,
4TC HeOOXOAUMO AJIS NPHCOEAHHEHHS HANOPHOro BOJCMIPOBOA.

Jlonatounsift OTBON npeAcTaBisier cO00R CHCTEMY HECKOJIb-
Kux audGysopHsX KaHaJoB, OKPYKaMUIHMX pabouee Komeco
(puc. 3.11); puc, 3,12 — kanannsnii oTeOp,

Kak nOKa3LBRIOT ONKITH, MABMKEHHE pealbHHK rasos M
JKUKOCTEH B KOJLLEBLIX OTBOAZX B OCHOBHOH 4&CTH NOTOKA
Npubnu3HTENLHC NOAYHHAETCK 33KOHAM ABMIKEHUS HeBAakoik
wupkocTd. [loatomy ananns paGoTul 0TBOAOE B NEpBom Npa-
Onmed!t MOMHO BECTY, nonarag, 9T0 TpPeuHe B MOTOKE He
fIpOABJSAETCH.

PaccMoTpum paboTy KoAbLEBOTO OTBOAA MAIIMHL], MOAAI0-
eii HeCKHMaeMmylo Xnuakocts, [lycts Ry r €3 — cooTher
CTBeHHO PaZHYC # AGCOMIOTRAs CKOPOCTh B HauAlle KOJbLeBO
TO OTBOAA; £ H £— PAaABYC H abCo/IOTHAA CKOpOCTL B qioGoll
TOuKe NMPOH3BONBLHOrC cedelus oteona (cM. puc. 3.10), ¥Ycre
HOBMM 328BHCHMOCTb MeXQy CKOPOCTSIMH € M Cj.
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OKpYIXHYIO HPOCKIMIO CKOPOCTH MOXXHO OTpPENe/NTh No yc-

pitio NOCTORRCTBA MOMEHTa CKOPOCTH reqg==tonst {nocxonn-
«¥ pIAHHE CHI TPEHRS O CTEHKH HE YYHTHBACTCA):

. Ry

RSCSu =FCy Cy =0y _;

P2AKANLKRYIO NPOEKUMIO CKOPOCTH HAMACM € MOMOLILIO
JBIIEHHS HEPaspLBROCTE Q=2nR3bynsCyr=2nrbpc:, npu-
gAp 117 TPOCTOTH baus=bpn (b=consl).
Orcona HaXOMHM
R

r

Cr = Cyr

1.¢. PaZlHaNbHLE COCTABJSIONHE CKOPOCTH HAXOAATCA B Ta-
§oM XK€ COOTHOUIEHHH, KaK M TAHMeHUIHAJNEHHE COCTABASIOLINE.
CneZ0BATEJLHO, NapansielorpaMMEl CKOpOcTEl NOAOGHH 1 cy-
IieCTRYET PABERCTBO A= 03 (cM. pue, 3.10). HbMA cn1opamu,
JUHRSMH TOKa seasoTcs  norapudmMugeckne cnepasu. [MNo-
CKOMBKY NPOEKIHY CKOPOCTH £ HIMEHSIOTCH OGPATHC Inponop-
EROHAALHO pajuycy CeYeHHsl, CaM2 CKOpPOCTh M3MEHSIETCS Tak
Ke,

Ry

f

0=Cs

(3.37)

Gopmysa (3.37) obycioBiuBaeT OCHOBHOR HEROCTATOK
KOZIbLEBHX OTBOMOB — HEOGXOANMOCTS CYLIECTBEHHOTO YBEJIH-
YeHusl pafHalbHBIX PasMepoR Mawuub, JeferBHTenbHO, ecau
KelaTeNbHO CHH3HTL CKOPOCTL B G€SAONAaTOuHOM OTBOAE
BAB0E, HeoGxosumo yeelHuntTs auaMmerp D4 (Ha Bhixome Ha
KOIbIIeBOTO OTBOAA) TaKie BABoe, T. & Dy/Ds=2. Toastomy
KO/bUeBHE OTBOAW NPHUMEHAIOTCH CPABHUTENLHO PefKo M
JHUL B OHOCTYNEHYATHIX HACOCAX CNELHanLHOTO TBMA.

U3 xonslleBoro oTsofi2, @ NPH OTCYTCTBMH KOMNBUEBOrO OT-
BOJla -— 3 pafoyero KoJeC2 KHAKOCTb NOCTYN2ET B CHHPanbL-
ku#t oreop, (cm. piuc, 3.2).

Pacemotpum maluundy Ges Koanueporo othofa. Ilorok us
babouero koneca MOCTYN@eT B CiMpPAJbHLIA OTBOJ €O  CKOpO-
IO 5, B TO BPeMsl KaK CPeJHsA CKOpPOCTE B OTBONIE C, CyIile-
tTieHo MeHbwe, BeslefcTBHE 9TOrO NONyYarOTCA nNOTepH Ha

YARD, KoTopule MOryT OuiTh UPHONHIKEHHO OfNpPENEseHH 10
Bopmyae Kapuo

— ’ 2 -
a =, E)
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B sTofi ¢opmysie ¢, — cKOPOCTL B CIHPaJLHOM OTBOAE No
ynapa (ycnoBHas CKOPoCTh). PacuerTr nokaswEBaT, 4TO Mo
HO NPHHHEMATH

o= (1,1 + 1,3)c,, .

Kpome noreps AHyy B cndpasisHOM 0TBOAE HMEIOTCS Nom,
PH Ha TpeHue O CTEHKH OTBOAZ NPH TOBOPOTE NOTOK2 B OTH,

fb |
il

Puc. 3.13. Tpanenuesnnwan m nps- Pec. 3.14. Kpyraas u rpywesuaig
Moyrosibfian ¢opMul ceNeEHAi cnu-  GOPMH CeUCHME CIMpaNbHLX OTBe
PEAMEHHX OTBOACR ROB

i B

S =

He B muddysope, pacnonoxenHoM sa otbosioM. CymMy 9tm
norepr 0603naunm uepes AHco W ofpenenuM B AONAX [MEE
MHYECKOro Hanopa CKOPOCTH ¢

AHc.o = CC.O %“g—. (3 40]

B 3apucuMocTH OT GOpPMH CIUPaJbLHOTO OTBOAA MOME
NpUHEUMATH

feo =02+ 0,5,
OueBugHO, 9TO € POCTOM CKOPOCTH [, NOTepH BHa YAH

YMeHBINAIOTCS, # HA TPEHHE H [OPOPOT no-roxa—pac-ry'r Cne
JIOBATEJILHO, MMEETCH ONTHMAaJLHAas CKOPOCTh €,, NPH KO

CyMMapgphe NOTCpH MHHHUMAaNbHEL,

AN AH
Hs yc0BuA MBHHMYM@ NOTEPh al gj zo) g pamt

ABM

i )wr = (3.“]

l+5e.o



Ecny npHHATE Leo=04, T0 (€¢_))orr=~0,7 Co. Ecan mawn-
ghINONHEHA € KOJBLUEBEIM OTBOJOM, TO NPR OnpeAeneHuy
FOPOCTH B CIHD&LHOM OTBOAE TAKIKE MOXHO NOJh3OBATHCH
popMYJI0fE (3.38), sameHHP B Hell ¢; Ha ¢¢— CKOPOCTh 38
pLEBHM OTBOJIOM,

BGopMH NONEpEYHHX cede-
guii CMTHPAJLHEIX OTBOAOB NO-
xasanbl Ha puc. 3.13 w 3,14,

PaccMoTpuM cnocol opu-
pATAPOBOYHOrO pacyera paaxe-

p CIAPaJLHOre KOpNyca 1o
ganauHol Beauuune (Cq)ony
nopage @ (puc, 3.15)

Pacxoant @), @, Qs,..
oy @z NPOXOAALINE YEPES IPO-
g3807bHO  3aflaHHbIe CEYCHRS
1 2,8, ... 2, paBHE pacxo-
p4M, HHOpACEIPAEMEM H3 KO-
neca B npenenax nayr 0-1,
0-2, 0-3, ..., 0-z. [lockoauky
§TH CEYEHMS OPMEHTMPOBAHE! 1;::- cgig;n;(cg;’:ﬁ::;g“&;’:;re‘
yoiaMa @1, P20 Qay o Pz TO,

CICROBATENBHO,
=Q. =Q%. =02 42
Ql Q 360 ? Q2 Q 360 » Qg Q 360 Q. (3- )
Ha ypaBHenuft pacxoaa caenyer
Q=2 . 0 =@ ..0_% (3.43)

’ ’ LLY Y -
(ca)om ’ ? (ca)om’ B i (ca)onr

[lo nonyqennerx 0, Qo Qs ..., Qe, npusss oaKy Ha GopM
MonepegnkiX ceveRHUAA, MOMHO pacceuTaTh MX AuHeliHwe pas-
uephl, Takum o6pasom, GyAyT OnpefeneHH pasMepH CIHpanhb-
BOrO oTBOAIA,

[Ipu pacuere pasmepom Koprmyca, CCcTOsIIEro A3 KOJAbie-
BOTO ¥ cnMpaJbLKOrc OTBOAOB, PacyeTHHE CeyeHHs IpefcTaB-
THIOT cobofi cyMmy nJolllafedl ceuenddl OGOHX OTBOJOB.

Cnoco6 onpefenenusi pasMepoB CIHUPANLHOTO KOPyca
BeRTHASITOPOB TIpHBE/en B I.1. 5,

MHOroCTynEHeaTHX KOHCTPYRUHAX HEHTPOGEKHHX Ma-
WeR nprMensioT B OCHOBHOM JIONATONHHE OTBOMH; HX KOHCT-
PYkTuDHee cXemm nanwet Ha puc. 3.11 u 3.12. U3 atux cxem
BHIHO, uro nonaTowHHA OTBON BpescTaBaser cobofi Henon-
BHXRAYI0 KpyroBylo pelleTky ¢ GOJBLIIHM KOJHYECTBOM JORas
TOk (cu, puic, 3.11) MAM COCTOMT H3 HeGONLWOrC KOAHYECTBA

v
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AONATOK CNELHANHOrO Npoduns, oOpasyIollinX MeXJonaTtoy,
Hble KaHaJu (oM, puc. 3.12).

dopma nOnaToOYROro OTBOAA, BHINOAnEHHAas mo puc, 3.1]
06H91HO cBOiCTBeRHa UeHTpohexHbIM ra3obbiM MAUIHHAM,
no pc. 3.12 — yenrpobexHbiM Hacocam,

Bo Bcex Thnax JionaToOuHHX OTBOJAOB NPH 3IHAYHTENbLHO
OTKJIOHEHNH pexuma paboTH OT paceeTHOro Habnonaercs or
PHE NOTOKa OT MOBEPXHOCTH JONATOK W BCAGACTBHE 9Torg
yuenbinenne K171 mawnner,

Boanmoe BJaHsKMe Ha paGoTy UeHTPoGexHOR MaIOHHy
OKa3HBAET pafgHaJbHEf 3a3op Ar mexpay Konuamy paBounmx
nonacrelt ¥ BXOgHLIMA KPOMKaMi JjornaTtok orsofia. Ilpe ma.
JpX 3HaveHHaX Ar peHrTpofexxdas Mawvia co3jfaer IyM, He-
JKenaTeNbHL A B YCNOBHAX SKCIAyaTaLKH,

[loaoxuTenLHOE BAHANME UHJIHHIPHYECKOro npocrpaHer-
pa ¢ pasmepoM Ar Ha paGoTy MamMAN NPOABJAHETCA B TOM,
uTO B HeM, BO-NepBHX, NPOHCXOAMT BHpaBHHB2HHE CKOpOCTe}
€2, HEpPABHOMEPHO paCnpepejeHHHX DO OKPYIKHOCTH BGLIXOA3
M3 paGodero KoJjeca, H, BO-BTOPHX, TNOJYI2eTcs HEKOTOPHft
audoysopunit spdekr (npeo6pazoBanye KHHETHIECKOH 3Hep-
T'HH B AaBJieHNe),

B KOHCTPYKUIHAX LEHTPOGEKHEIX HacOCOB paamep Ar o6HT-
HO He npeetmmaeT 10 MM, a2 B ROMOPECCOPAX OH MOXKET JOCTE-
TaTh HECKOJBLKUX [ECATKOB MHJJINMETPOB.

3.7. Moupiccts M KNA

OHeprus, NOABOAMMAA OT JABHCaTeNs K BAJY MAIOHHE,
Gonpllle 10Ne3HOH 3Heprux, NONyyaeMoH XMAKOCTBLIO WM T'B
30M. 710 OGBACHRETCH TEM, YTC B Npollecce NpeoSpasoBaHuy
SHepIuH, OCYUIECTRASIEMOM MAMHHOH, YacTh MexaHuueckod
3HepruH Hen3GeKo TepsieTcsl BCJeACTBHE THIPaBJIHYECKHX
MEeXanH4ueCcKHx norepb H YTCUECK.

I'mapabauyeckue NOTepH BOSHMKAIOT B pe3ynbTarte rHApas-
JIHUECKOro TpPEHHsi ¥ BHXpeoGpa3oBanus BO Bcefl nporogHol
9acTH MAIIHKLL.

Ecay ruapabinueckde NOTEPH COCTABISIOT K, TO, OYeBHA:
HO, pabouee Koneco NOMIKHO pasBupath HANOp Hy=H
OueHkd MAIlHHE B OTHOWEHHH rUAPABJIMYECKUX MOTEPL PO
H3BOJMTCH ¢ NOMOLIBIO ruapasauseckoro K1

"
—— 4
e H+h 4
Hin Ho—bh k 45)
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U Hy 1 Hy' @



Boabilloe BAHAEHE Ha ) OKa3uiBaior (opMa mpoTONLOR
gCTIl MAUWMRNEL, SHCTOTA olpaBoTki BHYTPEHHHX NOBEPXHO-
eil §t BA3KOCTL XKHIKOCTH,

gpavenns ragpasaigeckoro KIIJ coppeMenHHX KPyNHHIX

(eHTPOOEIHLX MAUHH JIKAT B NpeNienax 1nr=0,8-+0,96.

OGbeMHHE TOTEPH (YTEYKH)

oGyCOBICHEI NpoTEKaRHEM be
HHAKOCTH (rasa) vepes 3asopH
weXAY paGoYHM KOJECOM H
FOpNYCOM MamiKHul U3 30HN NO-
pHIIEHHOTO NABNERNS B NOJNOCTH Ex
geacuiBaius (puc. 3.16). 1
Ot noTOKAa, NPOXOASLIErs 9e-
pafouee KOJecO MAaWHMHH M
foAy4aolllero B HeM mpupaue-
gee 3Uepri, OTBETR/IAETCH 2aCTh
AQ nonmaud, OpoXogfAulaf 9epe’
3a30pH BO BXonHOE CeueHHE KO- Pac. 3.16. Obmemune muotepn
Jeca. B CcTYNEHR nexTpobexuol manm-
Ecnan ctynenn penrpobex- M
poil MawiMHH fofaetr B Hafop-
ruit TpyGonpoBon pacxon @, 2 yepe3 3230pH  UHPKYAHPYeT
pacxon, AQ, TO uepes pafouee KoJlecO NPOXOSHT DPACROX -
Q+AQ.
Obvemunft KI1H

Y
g\m\}\\\\\\ £/
[ ——

Q
= 3.4
o= 7257 (3.46)

O6vemiriii KI1J cylllecTsenHc saedcHT OT 3Hageruli pa-
RHaJLHOrO 3830pa 8. BHICOKH#E 1o MOXKeT OHTE NONY4ER TOJb-
BO Npu MaJIbX sHaueNnax §,.

Ins yeennyenus obwemuoro KIIJ cregyer ymeHumaTh
YTeuky yepes 3afHio nasyxy I1 u pasrpysouylHe OTBEpCTHA

(snr o6BOAMYIO TPY6KY, coenmHApLyi0 [] ¢ BCACHBAIOIMM
UrTpy6koM Hacoca).

" 3;0 JOCTHI2eTCA  YNNOTHUTENLHLIM YCTpoficrBom £ (cM.
HC. 3.24).

3Ha'{gHHﬂ No ¥ COBPEMEHHHX UEHTPOGEXHELIX MalIvH Je-

¥ar s npepenax v,=0,96--0,98.

olleaas MOUIHOCTH UEHTPOGEIKHON MAIUMHE Onpefenser-
8 dopmynamu (2.7) u (2.8).

HYTDEHHsisi MOLUHOCTh MalWHHH, T.€, MOLIHOCTh, P23BUBA-

2% paGoyumy JONACTAMH, ABHKYLIMMHUCH B [IOTOKE,

N =p(Q+AQ)g(H +h). (3.47)
LX]



O7vowenue NONE3HOR MOLUHOCTH K BHYTPENhed Na3biBagy
ca BHyrpeHnum KITJ;

Np p gQH
=k £ 3,

Uos = New ~ 02(Q+ACKA 1) * Gy

CnepnobaTensuo,
Non = Mok (349

CueBnpno, 4TO
N MgH
N = 1 =

B Man e * (3'&0

Buyrpennuft- KITJL yuntei2er o6beMHHE H CHApaB/imp,
CKye NOTepH B MailluHe, KpOMe NOTEPh OT AHCKOBOTO TpeHpy

MouiocTs, NOABOAMMAN OT ABEraTe/as Ha Ban MALIKRE,
Gonbure BRyTpenhedl MOLIHOCTH BCJIEACTBHE MeXalHYecKor
TpeHHd B NOpmIHITHHKAX H YNJOTREHHSX Baja H rHAPaBJAYyec.
KOro (ra3oporo) TPEHHs BHEUIHMX NoOBepxHocreil KoJjec,

Banugine meXaHHYECKOro H THAPABINYECKOro TpPEHHA Mo
et 6HTh yyTeno o6muM MexaHngeckum KI1J

The == Nga/N. 351

JLan coppeMeHHLIX UEHTPOGEHEX MAmMMNH 1y, ==0,92--09
3BaueHne vy ONPEACHAETCH MeXaHHYeCKUMH CBOHCTB2ME
KOHCTPYKuHefi H 3KCNNYAaTaUHOMHLIM COCTOSHHEM NOIHINNEE
Kop MawwuHH. IIpuMeHeHHe NOAUIMITHAKOR KayeHUs [OBEILLAer
fj=. COMepiKaHue NOXUIHNHURKOB B YHMCTOTE B PEryafApHas CMes
K2 NPHBONAT K NOBLINEHHIO %u. DoJbmioe BAMSINE Ha 1)y OF
SHLIBAIOT KOHCTPYKLMA M SKCITyaTauMOHHOE COCTOSHHE YIlIoh
HeHuli Bana mMaummuel, HecopasmepHo crinHas 3aTsaikKa cank
HUKOB HacOcOP BpefHa BBHJY yBeNRYSHRS MOUIHOCTH TpeHEs i
BO3MOXHOCTH MeCTHOTC Harpesa  aedopmaunnil sana. Ha
OK23HIBaeT BAHsIMHE YHCTOTA 0GpadoTkH HepaGouux noBepr
Hoctelt paboyHX KOJeC;, yMeHpLeNe epOXOBATOCTH HX NOBY
maet KITJ Maumun.

Ha conocrapnenus Bripamennsi (3.50) u (3,61) cnenyer

N—_MeH _ MgH @359

NNl L\

[Ipon3peserne nonMu=n Aaer nonymii KIIJ wmawmeEs
OO6RIYHO MOLIHOCTh Ha Bany BHpaXkaoT GopMynamu
MgH P QeH
= . N == 3‘”
N= 16w 10007 (
Ionewi KT oneruBaeT 3HepreTHueckoe coBepmeRCT®

Malutkl 8 USNOM M JNIfl COBPEMENHBIR UEHTPOGEKHLIX MA
cocrapasier n=0,756=0,92,
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[Ipy paccMoTpeHHn 6anamca sSHEpruM UeHTpoGexHOA Ma-
Bl MOUIHOCTh THCKOBOTO TPEHHA BBUENSIOT ocobo, mnona-
rad, IO MOLUHOCTL, NONYYAEMas KONECOM C Bana, Ny COCTOMT
#3 BHYTPEHHeR MOIHOCTH Npu ¥ MOUIHOCTH JHCKOBOIO Tpe-
HHH A"rp:

Ng= Naw + Nrpn (3-54)
pAH
_PRLAQg(HLA
Ny 1000 +

[locneanee BripaxkeHHe MOxeT OHTL NPHPeJEHO K ChAely-
plleMy BHAY:
Mghl AQ Ap 1000,
=——=|fl +—=){14+-=) 4+ —2 3.5
Me=Tow |1+ )1+ + Tt e
Omnowenve AQ/Q=kyy, HasmBaeMoe KO3PPuyuenTOM
grevex, OLeHHBAET OTHOCHTEJbHOE 3HaueHMe yTeuex yepea 3a-
sopul Mexay paBounm kosecoM W KOpnycoM. B mampnax pas-
JMMHBX HasHAYeHHH kyr=0,02=0,1.

Na'llo

Tak Kak
1+ Ap/p = 1/%
70, BCTIOJILAYS cOOTHOWEHHE (3.44), nosyuaem
_MeH 14 1000 N,.pl
N,="EL [—__"vlm + “a | (3.56)
O6oanaunm
1" = N/N,. (3.57)
ConocraBHp B2 NOC/AeHUX paBEHCTBA, NOMYIHM
' 1
n = 1+"w+."_"!£' (3.58)
e Nq

MompocTs TpeHist ogHOft CTOPOHB! AMCKA, BpaUIaFoOUIerocs
BXHIKOCTH HIM rase,

Nyp=Pp Ric% (3.59)

decy o — yrnovas CHOpPOCTh BAJI2 MAIINHEL; P — OnKITHELL
¥0adbdryment, sasucsuIii OT OTHOCHTCISHOM (WEPOXOPATOCTH
“Pamajomeficss nosepxHOcTH M uucha Re.  OpmenTupoBouHO
NOXKHO npuHKMaTh f= (2--8)10-F,
3arpate sHepruy NpH BPAUIEHHM KONECA MAINVKL B UM
TH CYI[eCTBEHHO 3&BHUCHT OT (POPMH TEYEHHS B NONOCTAX,
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0o0pasoBaHHHX BHEWHWMMH NOBEPXHOCTAMH pabouerc KoJecy
BHYTPeHHHMH NOBEpXHOCTAMH Kopnyca. B sTHX nono
JKHAKOCTD, NPUMHKAIOAS K paboueMy Konecy, Bpaulaercy
yraobofi CKOPOCTLIC KOJEC2 H NOMHOCTbIO 3ATOPMANKHUBA
na HenofBHXHOH NMopepXHOCTH Kopnyca. Besesncrsune 3TOrg ,
NPOCTPAHCTBAX MENKJY KOJACCOM H KOPIYyCOM BOANHKAIOT By,
peBHie TeyeHHs, TpebyolliHe TeM OGONBWMX 3aTpar 3Hep
yeM GoJbIne PAcCTOSIHHA MEXHY KojiecoM M koprnycoM. Ecp,
5Tn paccrosnuﬂ MaJjH, To 3atrpara 3RHepri: onpene.nnem
JAHWDb TPEHHEM IHAKOCTH B NPHCTCHHEIX CHOSIX.

B 1938—1939 rr, akan. I, @, IIpockypa mnoKasan, wy
pUXpeBOe TeyeHHe B nasyxax paGouero Komeca HMeeT M NOxp.
JuUTENLHOE BANAHHE, NOTOMY YTO LIpH CPhIBE NOTOKA C NOBEpy
HoctH pabouero koseca CYUIECTBEHHAR HACThL 3HEPTHM BHXpy
OTAaeTcA OCHOBHOMY NOTOKY, BRIXOAfLUEMY H3 pAGOUErO Koje
ca. Kospduunent p B (3.59) yunTniBaer 3TH SBJIEHHS.

Tak kKak Hanop, co3napaeMbii KONMecoM 1eHTPOGEMHo]
MaWMHE], ONpefeJAercsl OKpPYMHOH CKOPOCTLIO, 2 INOCHEnHER
pabHa @Rs, To ANA NOCTHXEHWsT 388KHOTO HANOpA MOFyr
6GHTL NPUHATH pasNMYHEe KOMOMHAUHH 3HavcHUA Ry mq
Jna ymeliblteHHsi NOTEPh OT MHCKOBOrO TPEHUA C/IeNYET Orpa:
HHunBaTh Ry ¥ MpUNMMaATL NOBLINCHHHE SHANYECHNFH ©) oW
NpHBOAKT K NOBHmenyio 1" ¥ noaxoro KII[ mAamuHEL Suy
O5CTOATEALCTBOM OOBACHACTCH OTYACTH NPHMEHEHHE B COBpeE
MEHHO#f TeXHHKe BHICOKOOGOPOTHHX WNEHTPOGEIXHHX MALIEH ¢
OrpaHuyeHHHIM JHaMeTPOM pabouero xoneca.

3.8. MuorocryneHuartnié M MHOrONOTOUHLIE
HeHTpOBeMHLIE MALUMHLI

Hanop, paspHpaeMHii KOJecOM UEHTPOGEeHOH MaLIHIL,
KAK PHAHO H3 BupaxeHHus (3.8), onpenensercs npousBesest
€M U50ou. JINA MOCTHIXEHHS BEICOKOrO Hanopa B MamuHe C ok
HUM KOJIeCOM HeOGXONMMO MMeTh Gojblioe 3HavdeHHe OKpPYH
Hofl cKOpOcTH. OIHaKO OKPYXHafA CKOPOCTh OrpaHuyena ycon
BMAMR NpPOYHOCTH KOJEC M KaBuTaumel: finsi QYTYHHEIX Konet
OHa He JOMKHA npepHuaTh 40, a pJg CTAALHLIX JCrapopat
Hux — 300 m/c. B cneunafbHbX KOHCTPYKuEsRX TPaHCNOpTHHS
HarHerarene# AJs KONEC H3 JIETKHMX CIJNAaBOP BLICOKO# Tpowic
CTH [IONYCKAIOTCS OKpYXKHHE cKopoeTd a0 500 m/jc.

B nacocaX, nOfalOUINX BORY ¥ TEXHUUECKHE IKMAKOCTR
CKOpOCTb BPalIeHHs, a CeAOBaTeNbHO, H HANOp JUMHTHD
51 O6RIUHO YCJOBMAMYM BOSHHKHOBERHS KaButauu (cm. § 44

B npoMHmAeHHLIX YCTAHOPKAX YACTO TpebyercAa coanak
BHICOKHX N8BJCHHH XHAXOCTH Wim rasa, B Taxux CJy¥
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nenTpoGeXNHE MamMHL ¢ ONHHM PAGOUMM KONECOM OKA3LIBa-
oTCH HENPHrOAHKIMH H HX 3aMellaroT MHOrocTyneiy athiMH.
MtorocTyneHzaras ueHTpoGexHas MallliHa NpefcTrapaseT
coBof OOHIYHO pAA OAHOCTYNEHYATHX MalHuH, palouue Koje-
¢a KOTOPHX CHIAT Ha o6IEM BaJy ¥ COefMHeHH nochefopa-

ool
TR A
el

LN
=

)
AN

 Tomyrrans | Hemgreso T omyimess
~la

Pyc. 318, TpoaomeHblli B TolepeYRLilt pa3peas MHOTOCTYMENEaTON LMEHTpO-
Oc kHOlT MaIMHH

Tensno, IlpepcrasieRue o T2KOR ceMucTyneHuaToli MauwiHMe
Raet pue. 3.17.

[Tpu nocnenoBaTenbHOM BKJIIOYEHNH KOJNEC BaNOPHI, €O3.a-
BacMHEe MMH, CKIAAKBAIOTCH TaK, YTO NOJMHHIT Hanop MaluXHE
PapeH cyMMe Hanopop OTeNbHEX cTyneneil. B GoaniunHcTRE
Ulyyaes Npy nomage HECKHMMaEMHX KHOKOCTeH [eOMETpHYC-
CXie pasmeprl BceX cTyneHeR onuNaKOBH, M NO3TOMY NOJRHI
H2nop rakofl MAamHHM paBeH HADOPY OAROM CTYNEHH, YMHO-
Hehnomy Ha uMca0 crymeHedt mawlMEH. YacTe npogonasBoro
Ceuenus MHOrocTYneHYaToll MAMMHEL NpefcTabJeHa Ha PHcC,
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Norok xuaxoctu (rasa) moctynaer yepes nmoasos I B pa.
Gouee KoJecO 2 NepBoi CTYNERH MAIOMHLI, OTKYSa, BOCIPUHAR
OT AONATOK HEKOTOPOE KOJMNECTRO 2HEPruy, OH BHOpaching.
erca B Hanpasaswliufl annapar 8 stoli crynean. danee, o6g.
rHyB nnagparmy 4, oTAeNSIOMYI0 TepPYIo cTYneHb 0T BTopod,
TOTOK MpoxopuT OGpaTHL H2NPABASIOUIMA anmapaT § M
nepeoii W BTOpoOfi CTyneHAMH H nocTynaeTr B palouee Kojecq
BTOpO#i cTynenn., VI3 Bropofi CTynesM noroK HaNpaBjfeTCA p
TPeTLi0 M T.Ji, O6paThHLi HANPABJAIOIMEA ANNAapaT fABMsSeTcy
X8paKTEPHHM 3JEeMeHTOM MHOTOCTYneHuartof UeRTpobexHok
M AIUHEL

ITpu BHIXOE H3 HANMPABJAIOUIETO NONATOYHOrO YCTPOHCTBY
MepBoil CTYNEHH NOTOK OGJafiaeT 3HAYHTENBEHEIMH TAHMCHIH-
anbHBIME COCTaBJAIOIHMH a6CONIOTHOM CROPOCTH, T. €. OH 3a-
KPyueH OTHOCHTEeNbHO ocy Mauiuubl. Ecyim Takolt motor Gyner
MOAIBEAEH K JIONACTAM pabodero xoseca Bropoll CTyNeHH Ma-
IOHHH, TO 3ech OH CMOXKeT HOJIleHTb npupallieHHe SHEPIuHy,
0GYCAOBJIEHHOE JIMING PAJHOCTLK) OKPYKHHX CKOpOCTefl BEIXO-
Ja H BXOAA.

Ecng e w2 NyTH MeXAY BLIXOMIOM M3 HANPABJISIONIEr)
yCTpofictea nepBOlt cTyneHH H BXOAOM B pafouee KONECO BTO-
poil cTylmeHH pacnoJOXHUTE JIONATOYHOE HANPAaBASIOUlEe YCI-
poiicTeo, obGecneynparouiee paauaincHL¥ BXOJ B pabouee Ko-
Jleco BTOPOit cTyneHy, To nocnegsee Gyner paboraTn CTOMB e
s(pdexTHBHO, KaK ¥ pabouee KoJecO IepBOR CTYNeHH, Nepena-
Bas XHAKOCTH YAEJLHYIO SHEPruK, onpefenfieMyl0 1o BHpa-
wennio (3.15).

Hasnayenne o6paTHOTO HANpaBngIOUEro Aamnapara 3a-
KJIOYeeTesl B YCTpaHeHHH 32KPYYHBARMS NOTOKA € LeJbi0 3¢-
(bexTHBHOI Mepefauy sHepr¥M MOTOKY B NOCHEXYOUIEN cryne-
HH MALMHE.

Hanoph, pajBuBaeMEE COBPEMEHHHMM 1BHBTPOGEIXHEIMH
MHOrOCTYNCHUYATLIMHY MAMHHAMH, OYEHb BLICOKH, HanpHMep,
HacoCH, NMofaonue poay, cosnarTt nanop ao 4000 M, Vimeror-
CAl HACOCH C gKCAOM cTynenedt fo 30,

B Tex ciyuasnx, Korfla LeHTpobexnan MallMya Npu sagad-
HOM Hanope JORXHA OGECMedHBaTh TAKyK MOfany, yTo pas-
Meprl poTouHOH wacTH (HanpuMep, Wiupwnd Jonact by HA
BLIXOfIC) OKAXYTCH KOHCTPYKTHBHO HENpHeMAEMEHIMH, NMpHME:
HAIOT NapajJyenbHOe COSMMHEHHE paGounx Koaec, Takne Ma-
IIMEL] HRSHBAKT MHO20NOTOYHbiMY. [IpuanpnuainiHas cxeMa
MAWHHE! ¢ YETHPBMA NOTOKAMK TpeAcTapneHa Ha puc, 3.19

Ilpy BHCOKHX Hanopax H OOJbIDMX mopaudX HaxoasT npH:
MeHenue HeHTPOCEKNEC MAImMMAE  MBOronoTOYHOrO THNA OO
CTYneHsiMH J2BJICHus, TakHe MamHHH COCTOAT H3 ABYX HAH
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geTHPEX TPynn cTyneHed fnasnenus. B xaxzon rpynne cTyne-
yn BRIIOUEHH NOCJEA0BATENEHO C Uebl0 MOBHILEHHS HANOPa,
o TPYNNEL CTYMEHe# BKAOGEHH napanfeasno, B xesecrse npu-
nepa COEnuHeHHs CTyneneR M rpynn B cMel!2HHOM THRe lleh~

Puc. 3.19. Cxema muoronotou- Pre. 3.20. Cxema TpexcTyneH9aToi
BOA leuTpoOexXHoil Mamyun — ABYXNOTOYHOR MEBIUHHH

tpofexnoli mMaminhk na puc, 3.20 npuBenena cxema paGoTH
TPEXCTYNEHYaTOR JIBYXNOTORHOR MAINHHHE € CUMMETPHYKBIM
pacloNoxenneM CTyneHefi B MX rpynm.

3.9. OceBbie M papWanbHbie cunbl B KeHTpoGenamx
Hacocax

OceBue cuap. 3T CHIIK BOAUAKAIOT B KeHTpOOEKKHHX MaulAHAK B pe-
BYILTATE DPRIHWEK 10 AHSNEHE) W HRUPABJNOHM Jaeienel, peficTayroumpx
Ba pafioune Koseca ¢ nepeawefl (o6pamiennofft X Beacneandio) M saiwelt
cropon. Kpome TOro, ocepas cAla BOSHRKAET B pESYAbTATE AMHAMBUCCKOTO
JefcTBRR NOTOHA, BXOASIIEr B paboune Kojecd. B KpylHHX MHOTOCTYREH-
YATHX DEHTPOGEKHHEX MaIuHHaX Ocephle CHJIH MOTYT AOCTHrarh HECKQJEKHX
JIECATKOB TOHH.

Ilpn BHYKcrenHR oCEBRX cHii, AeRCTBYWIMX Ha KpMBOIMMEBHbIE TO-
BepxuocTH pabodero HoNeCa HANO PACCMATPHBATL NpPOEKIHH STHX HOBEpA-
HocTed) Ha [IOCROCTD, HOPMATEHYIO K TEOMETPHIECKOH 0CR MAaIiHNEL.

Ilyere B novsoCTR POz B paGovee EGJECO HARBJENME P2RHO f,
(pue. 3.21), IMpu sa/MuRH ynnoTHENMR @ Ha BXOAMOM AREMCTPE KoOseca Ko-
HeMHoe AapdeHNR P3; DACTPOCTPAHAETCS Heped Sasopsl B NLOJOCTR b n e
Depext 1 3a KosecoM. JelCTBRTEARHOE ocemOe NZBJEHME p B noOOf Touxe
HADYXXHo!i NOBEPXHOCTH KOJIECH, Jemalllell Ha MPOH3POJLHOM PacCTORHAN OT
UeBTpa, AeMAeTCs PESYALTATOM AeilcTBHm ABYX AZBJenuit: pr u p,, CO3xa+
Baeioro neficTabie LEBTPOGEMHON CRUTH JKMAKOCTH, Bpaliaowefice B ToJ0-
CTR Mespy BapysmHoll [I0BEPXHOCTEIO HOJIECE M KOPWYcoM, T. &

P=Pyt P (3.60)
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OnuTauy nyTeM ACKAJAHO, WTO OpPH DTCYTCTBHH PacXONA uepe3 Sadopy
cpeaunn yropay CKOPOCTh BpALLGHHS MHAZKOCTR 8 DOJIOCTAX MEMAY N
HEepXHOCTAMYN BpaUlaloIMEroCA KOVeCa W KOplycoM PaBHAa NOJOBHYE Yrao.
B8ofi cRopoctn pabogero xoneca, Ha ocHOBaHMH 3TOTO COOOPAMEHAA MOMMo
BLEIHCIHTH P,

Brajensm B noAoctTh € KOJbLUEEOR OOBEN KHMAROCTH € IIRputOR, pap.
uoll eAMHHRe, ¥ pazmycaMi r # r--dr. [Ipr  npamedit $70ro Koselenorg
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Puc. 3.21. Pacnpepesienne OceHX JIARJEHERA M0 HAPYHKHEM TOBEPAHOCTH
EOJIECA [eHTpoGeIKROf MalIHHE

ofbemMa ¢ yryosolt CXOPOCThIO /2 Ha ero BHyTpenHedl nuaHugpuaecKos hoe
BepxHocTR ZekcTayeT NEeHTpOGEKNAN CHIIA XRAIKOCTH

w2
dPp = p-2nrdr s - (3.61)
Hasnenne, oGycaopaenaoe orofi nenTpodeinol crnof,
dPq o3
=S =—p——rdr. 3

Orphuaremund 3nan y dP jykasampaer Ha 70, 910 NOA BJIAARHEM KEH:
rpobemnofi CRJE MHAKOCTA B HMANHADHYECKAN CEYCHHAX MOJIOCTH € BOY-
HURACT paspexedue (AasaeHne yMenblIaeTCh):

R,
o? o?
p¢,=—j P rdr=—p-§—(R§—'2)- (3.6

4

Hs oupaxeuun (3.60) n (3.63) crexyer, uto
p=py—p—a (R — ). @.64



THAPaBAHIECKOE YOAOTHEHRE IDH 8XOAe 6 KOJECO GA OKPYMROCTA pa-
guycom Ry ofycnopaueaer ypassosewsmauue BHEWHMX Aannenud @a pa-
gouce Kodeco ¢ nepeavied n 3aamedk cTopod, B nipemenax ke ot Re R0 Ry
jeBJeHHS HA KOJECO He YpaspOEellenH, TK KaK ¢ NEpeaNe CTOPOMB KO-
peca RelCTBYeT AaBAeHRe BCACWBAHRA pj, a ¢ ShaveR— Rasnenme p, pac-
ppellefientioe 0O 3aKoHy, sepaxaeMomy Qopuynoli (3.64). Ouensipio, chia
o0yCTOBJICHHAN STRMA NapJeHAsMN, AcfiCTRYIOURME HR KOJIeCO, pasHa

Ry
2
Pp= [2:1rdr[pz—-p-(%-(R§—rz)]-—n(Rf,-—Rg)pl, (3.65)

Murerpnpopause L aareGpanuecKye RPeoSpazoBaHNA NPHBOXAT NOCHeR-
gce YPABHEHHE K BALY

wP
py= (R~ E) (o, — p) — 5 R — R B - 0.5 (R + & )].
' (3.66)
[Toror 8 Kosece paamanbAOR LEeHTPOOEKHOA MamIMHH HAaMEHBET Hanpa-
prelpe Aeamemun. Dxonm e oceboM HampaeJeHRH, OH MOKMGAET KONeco,
OBHrafth B OJIOCKOCTAX, HOPMANGLHHX K OCn Malnum, Graronapa vemy
BO3HMKaET AFHAaMHYecKoe AABJNeHRe Ha Kovieco. Crity, o6YCIOBREHHYIO STHM

JaBIEHHEM, MOXAO0 ONPSHEANTh, IPAMEHNB YP4BHCHHE KOJIMICCTBA pgHM-
MeHHN,

Pmu=(%%—wcnm%)&l (3.67)

e At=1 ¢, Torna
Py = 9Q%o. (3.69)
Hanpasnesne zeficTena ¢Ban Pras COOTBETCTBYET BanpaBiacwni) CHO-

pOCTR £p X004 8 KoAECO MAIIMHH.

Ocenas cana, AellcTPYOMAA Ha ofHO paboyee KONECO NEHTpoGexnofi
MaMuNH, nonyyaercs aNreGpanvYeCKAM cloMenueM cws Pp B Prag:

P;c = "’(Rg' _Pﬂ_(pn'pl) -
S (o - 05 (8 + ) — e, 6.

Kak ennge r3 sHpaxenus (3.60), ocenas CRna 98BHCAT OT paasmMu-
By daxTopos. OCHOBMEIMK WA HAK ARASIOTCH: PAAMASBEHE PA3MepH KOeCa
Ra w Ry, qactora spamennn m pssxenne wa sHXoAe §3 Kaneca, OCeBag Ca-
72 cY¥ilecTEennO 9EBECHT OT pemuMa paloTH BeHTpobexvod Mammmn, Oce-
B2 cuna TeM GoMblle, YeM MEHEE MAINEHA HaIpyKeHa, T.€. WeM MEHLUE
D0Reua Mammwn, AocTHraemeA ApoccennpopasnfeM. Hamericiee snavenne
OceBOf Cli — Ma XOJIOCTOM XOAY MAIMBH (Modloe 8aKPHTME Peryanpy»
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fowero apocceis). 310 ofLAcupeTcr OTCYTCTBHEM JAUNAMHYIECKOR Ocengd
COJyd ¥ MOBLILEHUEN Do € YMEHBIIEHBEM MOABYS MAWBHH,

®opuyna (3.69) oTHOCHTCR K OAHOG CTYNERH LenTpoGemHofl MaDimgy,
Ecah ke KeNTpoGeskHaq MaliRHa COCTORT B3 [ OAMHAKOBHYX CTYIEMeR ng,
BJEHNR, TO OCEBag CYa Ha poTope MamuHH OyfleT pasna

Poce (3.7

oc =4

B neficTeATeAbHX YCNOBHRR Garoiaps NpoTedikam yepez YJOTHCRmgy
3HavesHy occBoll €N HECKOJBKO OTIIRYRIOTCH OT BHYACAPEMbIX IO BLIpa.
wenuaay (3.69) u (3.70).

Ocepap €118 B MHOTOCTYNCHYRTHX MAIIBHAN MOMKET AQCTMIATE GOMpe
IKX SpayeHit H BOCHPHATHE e ymOpHHMM TNOILHIHRKaMB npu Oonbiiod
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TCrrgnend L omgirewds  TrCmyichs ZICryynens

Pue, 3.22. Koseco uent- Pwue. 3.23. MeorocTyneHgaren MaduiMHE
poberyolil MARINBLL ¢ JaY- € ABYCTOPOMHHM CHMMETpRUBNM BXO«
CTOPOHHHM BXOROM ZOM

RacTOTE BPRIUCHAR Bajia 3aTpyAuneHo. TOILKO y MAIIRH MadHK pasmepoa B
npy neboiabilloM YHCNe cTYNeHelt MOMMO LONYCTHTh BOCIIPHATRe OCEBOA CRIN
YTOPIEM HOAIHITHHKOM.

Heycroponnui: nodeod noroxa xudxkocTu a pabovee roreco. Pabogee
KaJjieco ¢ NMOABOMOM IIOTOKA AAKQCTA C ABYX cTopol (phe, 3.22) He Hepe-
AaeT oreRod CHML %2 Bas PCieACTEMe caoel cuMmeTpun. Koneta Taroro Y&
Na WHPOKD NPRMERKIOTCH B OXHOCTYNEHYATHY UEHTPOGEMHBIX MallHHAX,

B MuorOCTYNEH9aTHX R MHOrONOTORHHX MAIIKHAX € UeTHWM IMCIOM
paboyBX KOJEC MOMHO PaIMECTRTL KOjJeCa OAMHAKOBLIMA IpyiiaMp ¢ mOR-
AOAOM TOTORA KHAKOCTE € PasHWA CTOPOH, Kak Nokasawo He pwe, 3.23.
B Takux cAyuafX ocesble CHA, COZapaeMHe o6eAMH TpyNNBMH KOAES
OANMaKOPW 1O 3HAYEAHIO, HO PasSiAYHN MO HAIPABJIEHMIO B MO3TOMY B3anMF
no ypanxopeiesH., Taxoii coco6 ypasyobertuparis ocesol canu apmerch
ONEFM W3 JYYLIHX, TAK KBK 00 ofecneynBacT safeiHOE ypaBRDBELLMBARE®
6e3 nopwxenta K Mawnuu, dns (rKcHpoBaURR poTOpa MAmMHH 8 00
801 HACPABJRHAA U BOCUPRATHR HEIHAUMTENLRNE OCCBUR cha, oGychoRacH:
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gHx MeAOCTETOYHO CTpOroii cRMMmeTpHelt POTOpa (BIMSHHE TEXROJKOTrHYeC-
iR I MOHTAMHEIK HeTouHocTell), B MaBIKHAX TaKOro THRa YCTaHABARPAIOT
mapHKOBHﬂ TIOANATHAK.

Bupoerugatue dassenun ¢ obeux cTopor paGowezo suseca. Ua amar-
paMNH pacTipefleVieHHs BHEIUHWX napjenhdl HE Kodeca Mammun (CM, pHe.
52{) CHCAYET, NTO OCEPAR CHJIA ABJAETCA PEayJILTATOM HEPIBEHCTBA GeenbiX
gaBlekHft HepeA KonecOM A 32 HEM B RPEACJEX PaInycoB Ry n Ry. Ecad ra
gaJHEM IKCKe KOJecA LEMTpoberHol MalMHK [O OKPYMAOCTH C PauBycoM
-Ry PAIMECTHTD YIUICTHSIOWEE THAAPAYECKOE KONBIO &, @ & Te/e SajiHero
aucka GNHA CTYTIRIAW Kojleca NpOCREpiHT: HECKOJLKO OTBepCTAl, TO AaBje-
p#f TepeR KojecoM (Ha BYORE) W aa Ham OyAyT ypapuoBemewmtl {puc. 3.24)
y oceeag cund OyAeT BH3HAaarbCn TONBKO ARHaMAYeCHoR coctaBimomed
e, JluraMBUECKOR YCRANe Ha BX0Re OTHOCHTEILHO HEGEAWKO A MONer GHTb
BOCTIPHHATO LWAPAROBHM IOANATHEROM,

7
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Pre. 324, Vpaesoeeumm- Puc. 325. VpapHoPemmBaHEe oces
Baire oceBOX CHin npR goll CRJH IpA NOMOWM pasrpysods
DOMOINH OTBEpCTHE B OC- noro AKCKA (IMADABAMSCCKOE NATH)
HOBHOM pucke pabouerp

HOJeCa

Oreepctna 8 aRCKe, cooBWAKUIRE TONOCTH NEPEA HONeCOM H 83 HSM,
WHOrla 3aMEHSICT COSARHMTEMBHOR TpyOKoh, coobmalomei yhazanmue mo-
foetH. Taxoft cricco6 ypapHOBewAgasrs ypoGes, NPocT K NOITOMY LINPORQ
Pactipocrpauet,

K memocTaTRaM oONKcasHoro cnocoba pasrpyaRm CJELYeT OTHeCTH He-
XoTopoe nonmkente o6neMtoro KEIZL manmun (sa cyeT neperekaman cpes
JH Yepes oTBEpCTHA) M YXYAIIEHHe CTPYKTYpH ROTUKA npR BXofe Ha pabo-
Ve JonacTy BC/GACTSHME MECTHHX NOTOKOS UeDe3 pasrpysoatne DTBEpCTHR,

Pasepyaouroill Buex (eudpasauvecxas nare), B KOHCTPYKUHAX MHOrQ-
“TyDelvaTix UeBTPOGERHHR MAUMY OCEBYI0 CHTY MOJKMO YpABHOBECHTE
ClelManbHmM AMCKOM, HaSHBACMHM pPASZPYSOYnbir (AW THADABIAYECKOH
URvek) (7 ma pue. 325), KOTOPHA JMECTAO KDETAICH 32 MOCASAMIN KOJCe
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COM MBIIMPL na BATY. JasJjekne py 32 IOCNEAHRM PaGQuAM KOMNECOM mg
WHNN PACNPOCTPAHACTCH qepe3 painatbuui sazop O ¢ meficTayer ua

K&K 970 NOKa3ayo CTpenKaMR. B nonoctTH 32 JMCKOM TIOAASPMHAACTCH pg
BJieHno, RpHGMiRsnTeNtno paBHOe Zap/IEHMIO £ BO BCacnBalomled TpyGe pq,
coca. 3TC LOCTRraEICs coeaunenmes NonocTAa A co scacHsalomedi TpyGop
Matinhie oreogewefi Tpybroi B, flceo, 4yTo paBrende, GJBIKOE K-p,, mg.
WeT NOAMEpKRRATLCH B HOJOCTH A TOABKO NMPH YCAOBAR, YTO OCEBOf Sang
0. Mexzy ZBCKOM H nOBCPXHOCTHIO KONBUEBOrO BRICTYNI2 KOpryca Aocra,
T0YND Mast 10 CPAPHEHRIO C ARMRMETPOM oTporAMel TpyOkn 5. B npovug
HOM caydae, 7. €. KOTJa pasMep 8y ybeanded H KoubKeBaf WeNb 1UKPEMO)
6, AMeeT Mastoe THAPABJABIECKOE collpoTRBNeHue, RaBJCHHE B NOJOCTH A
BO3pacTeT M RACK, Haxoauiihfica Noa AelicTaneM pasyocTH AdBAeHRd pr—p,
OyAeT co3naeaTh MEROCTATOUHYI0 ocepYI0 cHity, [Ip& HOpMAZBHHEX coOTHO.
WEHRRK WEXKAY pasmepaMu 8, 8, W [EamerpoM OTBOERIOME Tpylew K
pasrpysoumnit mucK CO3AdeT OCEBYI0 CRJNY, NpHJIArAeMyl K BNy u Ha-
NpaBJeNEy BIPABO, PABHYIO OCeBOR CRAe, Co3fapacmoll paGoiHMA EOe-
caM. JIaR 370ro pearpysovHuf geck {1 posuken RMeTh jpuamesp Dy,
YAOBJICTBOPHIOWMH YCAOBHIG

Poc ”_:t_(Dgr_D:-r) [(W_Vhrl_(pl+?h5)]' (3.1

rAe Dpr — neaMeTp PTYMKR pabosero Koueca; Fir — ripaBluueckoe compo-
THBJEHHE panmassHOre sadopa 8, h g— conpornbiensie nepeiycksoll Tpy6-
Kn B.

Takoe ypamnoseumeamouee ycrpolictso ofiiajflaeT crnocoGHOCTLIO 8BTO-
perysipopanns. JeficreuTenbio, ecie N0 KaKoR-sipb0 NPHIRHE POTOP Ma-
IOnHbEl aMeCTe © AMCKOM CRBRANYJCH H3 HOPMAJZbEONG NOJIONEeHAS BOPARD,
70 gaaop 8, ymeaRuMTCH, rHApaBIKyeCKOE CONPOTRE/JCHRAE €10 YMEHBIHTCH,
AeBrenue p nodoct® 8 cukafTen, a p DozocTA A BO3pacTET. ¥paBrobeits-
Balilag CRAa Ha [RCHE YMEHBIIATCA, paBHOBECRe MEKAY ocepoll cruod,
coajlanaemoll paGoOuHMH KoOJiecaMM, W ypaBHoBeNipRaidefi chioff, cosgan-
HOlt aMCKOM, HapYWRICH B NoJb3y neppoft W poTop CABHHETCH BJEB0, KOG
CTAHOBRB HOpMainuOe sHauenme sasopa O,. B nporKmonotosxktoM™ Banpe
BJEHMH NPOTEKALT IPOKECC MPH CABMIC POTOPA B3 HOPMAILEOTO MONOHEHHE
sneso, TakunM oOpaioM, Npapunbuo pacCIHTAHHHA ZuCK GYLET aBTOMAaTHIEC
KM C2MOYyCTaRani4paThCh, obccneunpan COOTBETCTBRe Mexay oceBod K
YpaeHoBewABAOIeH CANAMA,

Koncrpynrtaplioe AMIONHEHRe pB3CPYIOUHONO JHCKA B BOILYLIAHX
UEHTPOGEIKHKX MAIHKAX OTJHYAETCS DT PBCCMOTPEMNHOTO, XOTH cTiocol Aeli-
CTBRA Pa3rpysOylNOrO XHCKA 20 BCEX CJAYHARX OCTAETCA OfHAM A TeM MXe

¥YpasHopeluaadre ¢ OOMOUBI) padrpyIouHOrQ AACKA Halllp OMpOHDe
TipAMeHente B MHOTOCTYNERYATHY MaWIMHAX OnarofappR NpocioTe W Beded-
ROCTH AeiCTBHN. KpymHUM HEAOCTaTKOM 9TOrO CHOCOGA Ypapsqpeirdsaxed
ARNACTCS YNEARYENHEe YTedeK MAAKOCTR, Rudvisaowee cHmmense KITI we~
omub. B onmocrynenyaTHy MamupaX CKRIBBASTCA TAKMe BaAnSBHE PAL¥d
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3 MOWHOCTH HA NpEofioJieHHe MOTeph JANCKOBOID TPEHRS. INostouy 8 on-
gocTy CHYATLIX MAUIRHAX paarpyaouusify AHCK He HpIMeHRIOT,

ParmansBtie cRaM. OchOBHAR NpDHYHHA BO3HRKHOBEHMS pALHAANBHNX
L1 — ACAMMETPR NOTOKa #a BRzOAe A3 pa6ouero Koseca, oGYCJIOBJACHHAR
s OCHOBHOM BARRAREM oTBOAQ, FIpR m3MeseMHn CHopocté B OTBOfLE MO 32-
(CEY COXPAREHAR SHeDrRY JIPORCXOAET COOTBETCTBEHHOE RAMEHEHRe AamJe-
@i N0 AJAEE OTECA4. DTR HIMEHfIAecH IARJEHAn B CYMMe M OAUOT pa-
JNAJEHYIO cAny, ReACTRYIOINYE) HA pOTOP Hacoca.

JaBjetine P CIAEPANLHOM OTBOAS MOCTOAHHO HO JJIAHE JHILL NpA pac-
©TIOM DPEXAMe Bacoca ¢ onTaMambHofl nomavedl Q.. Ecrecrsehmo, 970
npy PECYINPOBANEN MAECOCA MpH Q< Qo crmpannundl oTeox paotaer Kax
andbdyaop, 8 npn Q> Qo ~— Kax xondy3Op, ¥ CKOPOCT: B HEM COOTEBETCTBER-
HO YMEHbIIRETCH W YyBesfumpaercs, Takum oGpa3cM, PaAMANbHAA CHIA
pOINAKALT AL TPY OTKAOHEHHR PEXMMA 01 ONTHUANLEOTO,

N3 TeopereuecKHX RPERNOCHJIOR M ONKNTOR pAAMAJLHAR CRJA B Hacoce
€0 CTUPAnbHMM OTBOAOM PACCUBTHIBAETCR Mo GopMyie

Pr=i ) ——gg)pgﬂvmz-

s dopMysE BHIHO, TTO MEKCHMAJNDLHOE 3HSYEHHE PAIRATbHON CHAK
(P wsne=kepgHDoby nocraraerca npa Q=0, mEEmManwtioe—npu Q=0
Jlnm pacocoe ¢ KOABUERKNM OTBOMIOM NPAMEHBETCA (hopMyaa

P, =kr+§— pgliDy by.
(]

B 0pHEHTAPOAOTHIX PACYETSX NpRHAMAETCH &, ns0,36.

Pajnasbine CHIM BESMBRIOTCH TAKKe CTATHYeCKOR # RumaMuveckod
HEYPABHOBEILENHOCTLIO POTOPA BCJIACTBRE MeTQIHOCTH TEKROAOrAH B MOM-
TEXA Pacoca.

Pamnkammusym cnocoboM yuenoeHAR paznanveoll cuikl gBARETCH MpR-
MeueHue JBYXSSXOAROA CTAPANE y KaHANBLHKX HANpPABJSIOUEX ANNAPaTos.

Pajgnaybiie cRIb SOCNPREAMAIOTCA NOJWKNHMKAMA BacOCa M CYLECT-
BeHHO BIHAIOT RA UX HAZCHKHOCTDb B JIGITOBETHOCTh.

1.10. Teapetiuecine xapauTepHCTHIH

XapakrepucTEkaMA meRTpPOGEXHOM MAWMMHE HAsHBAKOT
Fpadunecky B3oBpakeHHbe 3aBUCHMOCTH

Ha=f(@Q; ]
N=F(Q);
n=F@Q; } 3.72)
Hcr"‘l’(Q)i
Uer = 0 (Q). J
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Ecnu 3Tu 3aBucHMOCTH JaHn npu n==const, 70 OHH finyy,
10TCs XapAKTEPHCTHKAMY NPH NOCTOSHHON YaCcToTe BPalleN
€CJ/IH JKe OKM JlaHhl NIPW n==Var, TO EX Ha3uBAIT XaPaKTepme.
THKAME NpM NepeMeHHOR 9aCTOTe Bp AlUeHHS.

HanGonee BaxcHO# XapaKTePuCTHKOR aBJsieTcs 3aBhcy.
MOCTL MeXay Hanopom H nojauefl (MJIE naBJeHHEM H MOpa.
geii).

)BOCIIOJIBEIYGMCSI ypaBHeHuen 3Jiliepa pif noJyueMuA
PeTRyeCKOH XapaKTepHCTHKE HANOP2 MPH YCNOBHH € ==

Hie = . Jg.
M3 nnana ckopocrefi (cu. puc. 3.2) caepyer, uto
ﬂzu = az—'ﬂ‘zrctgﬂa-

Kpome 10ro, no ypasHeHHI0 HEPA3PHBHOCTH AR BHXOANO-
ro ceuenun paboyero xoseca npE GecKoHeyHO TOHMKMX JOTac-
THX

Q = nD,bycy,
H
€y = QinDyb,).
Toraa
Cop = Uy — ';:ig: Q.
MoscrasHs mocnenHee BuipakeHHe B ypabBHeEme Dfinepe,
nonyuyaM

o= 230

Bbipa3suM HApYIKHYIO CKODOCTE H; Uepes nuamerp paloye
TO Komeca i 4aCToTy BDAUIEHHA €ro Baja
uy = nD/60.

[NoncTapup 370 SHHYeHHE B mOCHeAHEe BLHIpayeHHe, NOIY-
anM

o (Dinp  ncgf,
Hoee 3600g 60beg Q. @73

Jns 1HenTpoGe:KHOH MAMMHB C 32XAHHBIME TeoMeTpHUCC
KMMH pasumepaMy npH n==const

{siDyn)® netgfy
et = O == const; ——2 = F = const,
3600g 60b,g



fa OCHOBAHME MOCHAENHUX COOTHOLIEHHH NOMYIUM CAERYIO-
gree YDABHEHHE K2 fAKTEHUCTHEH

Hew =C— EQ, (3.79)

310 ypPaBHEHHE NPAMO#A JAHHHWE; NOJIOKEHHE €e B KoOpaH-
gaTHORA CHCTeMe Q, Npy 3aAaHHLIX 3HAYeHusX n, by u D,
gABHCUT OT yTa1a fip-

{Tpr MOCTPOeRNH XAPAKTEPUCTHKH ueHTPobeXKHO# MALIHHL
gpn n==const npexnoxaraercs H3IMEHEeHne APryMeHTa Q ny-
qex W3MEHCHHA OTKDHITHA JANOPHOIO OpPrana HA BEIXONHOM-
aatpyOKe mamuny, Taxol mpouecc wasuBaeres dpoccesupo-

5 -
Puc, 3.26. Teoperwuecrue xa- Pac. 3.27. TeoperRyeckne Xapaxte-
PARTEPHCTHEA  neBTpolesubx PRCTHKE LEHTpOOERHEX MalRH ¢
Mallfld RPH PIaAHUNEX YTAAX Py ompmskoppist & » My npr pasani-

HHX yraax By

sanyem, & CaMB XaPARTEPHUCTHHH — OpOCCestHbiMI KPUBLIML,

HesasucyMo ot ¢opun paloueit gonactn, omnpeaenseMoil
yrioM fiz, Teoperryeckafi manop apu Q=0 (noaroe sakpwTHE
peryaupyrowielt saapuxkm) Gyaer paser C ® onpenesnTcs
ONHO3HAUHO mHaMeTpoM palowero Koneca B €ro YyacToTod Bpa-
MeHMs,

Ipy Bz=n/2, ctg B2=0 no ypaBuenuro (3.74) Teoperuue-
tkuil nanop Hye==C=rconsl; Teoperuseckan xapaxrepuctu-
K3 Mainugnl nOAYYHTCA B BHAES npsod, napariensuoli ocH ab-
tunce (pnc. 8.26),

Jlonactn, oTorHyTHe Ha3aj, XApAKTEPESYOTCH YIJOM
Pr<<n/2) npu stom BTOpoft wnex ypasmenws (3.73) nonoxm-
TeleH B yBepmueHHe Q BLI3LIBAET CHE)KeHHE TeODeTHYECKOro
Hanopa, XapaxkrepucTEKa Takolf Malumuynl TNPeACTAPUTCH Aa-
KIOHHOf nEmBell, PACTONONKENHOR HEXKe XAPAKTEPUCTHKH Ma-
WHHN ¢ By=en/2, HanpoTup, ecin MamuNa BMeeT jonacTH €
B> /2 (ororuyrsie repen), To Bropoll uaen ypapHeHus
(3.73) otpunarenen m Boapacramme  BHILB2ET ypenuuenne

™. Teoperaueckan XapakTepuctuKa AAf TAKOro cayuas

§ 67



pacmosaraeTcs Bulllle TOPHIOHTANBHON XapauTePHCTHKH Mpy
Ba=n/2. VI3 puc. 3.26 puano, YTO NPH 3agaHHOR mopaue Teq.
peTHyecKuit Hanop TeM Buime, 9eM Goxabme pabouas Jonacry
OTOTHYTA BNepen.

JocTtuxenve 3anaHHHX TeOPETUYECKOro Hanopa M NOfayy
wexTpoGerXHol MammHRL OPH PAGOYHX KOMecaX ¢ PASIHYHBIME
yraamn tpebyeT DaSHIHYHBLIX OKPYMKHBIX CKOpPOCTeil Ha BHXopg
H3 pa0odero Koneca HMAM NpR
ONHHAKOBOM pHaMeTpe KOJjeg
PasinHYHBIX YacToT BpalleHHy,
2 ITC ACHC 3 TEOPETUICCKHX Xa.

1 PaKkTEpHCTHK, [OKA3AHHHX Ra
ﬂfW prc, 327,
7 Ias noayveHuss 3afaHHOrg

T B20° TeopeTHyecKoro HaMOpa npm
/ ONHHAKOBOM snHameTpe pabowux
2 KojeC HauMeHblIell HactoroR

BpallleHHs  ACNXKHO oOJAMAATH
KOJIeCO C JIOTAcTsiMH, 3aTHYTHME
26 96 40 50 Gat ©°nepen, @ HanGonbineii—Ko7eco
C JIONACTAMHY, 3arHYTHIME HA3aj,
Puc. 3.28. Teopermueckue xa- Ilo ypabuennio (3.74) mox-
PARTEDHCTAKH —MOWROCTR  NPH o gyisicHdTL (OPMY XapaKTepH-
PasISHLIX 3Ha9enaRX yraa fa CTHKE TEOPETHUECKOH MOLIHOCTH
neATpobexHoit MAINUHLL

Ny = MgH o0 = pR(C — EQ) 2. (3.75)

Sra xapakrepucTHKa mMoxeT GHITh OpexcTanjeHa rpaduye-
CKH ANl PA3NUYHBLIX 3HAUeHHA P, NPE NOCTOMHHEIX 3HAYEHHAX
P, n, D2: b2-

Ha puc. 3.98 noxa’sanh TEOPETHYECHHe XApaHTEPUCTHKE
HIOREOCTE Ans yTaoB Pa==20; 90 m 160°, npu n=1000 06/mun,
Dy;=0,b M 4 b3=0,03 m (eHTpoGeXHrIi Hacoc).

 §
Ny, vBr p=tonst

B

3.11. JleficTaMrensibie XAPAKTEPMCTHKM NPM NOCTORHHON
Jacrote Bpaujenmst

HeficTpuTenshnf Hanop OTRUYAETCH OT TeOpETHHECKOrO
¥a 3HAUEHHE NOTEph HAMOP2 B MPOTOYHOH MOMOCTH MallHHB.

IIpn naMeneHly NOaAYH MAMMHE NOTePH HANOpa MeHANT
Csi, BO-TIEPBLIX, BCAEACTBHE H3MEHERNA COMPOTHRAEHHA IO
TOYHON TOAOCTH, MPONOPLHOHANLHOTO KBajpaTy cpeineil CKO-
pOCTH NOTOH2, BO-BTOPEIX, 1O MPHYHHE H3MeHeRHA Hampabie
HHR CKOPOCTH HA BXOAe B MeXJIOMACTHMe KaHaal, Ilocnenxee
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ofyCAI0BANBACT YNAp KUIKOCTH (ra3a) O BXONHBIE KPOMKH
pontacTefi ¥ 06pasopanie B NOTOKe BUXPEBHX 30H, B pesyib.
raTé 3TOrO XApaKTepHCTHKA NEHCTBATENHLHOTO HANopa pacno-
paraeTcl HHXKe XapaKTepPHCTHKA TeOPEeTHYeCHOro Wamopa.

B 3aBUCHMOCTH OT 3HaYeHHA jonacTHOrc yra B, H KOHCT-
pyKTHBHBEIK GooGeHHOCTell NPOTOYHOR MOJOCTH reHTpobercHOi
MauHHbl NeHCTBHTE/IBHAN XAPAKTEPUCTHKA MOXKET HMEThb ABe
TnnuuHee GOpMLL

o
Hy | L’;E-j_(_ﬂ,lvfiﬁo
G TS T
i
|
I Hesene
| 1y
o Q' qmca 0 szm:a
Puc. 329. HefictanTesmiian xa- Pue. 3.30. HelCTEHTEIBIaA Xapaks<
papteprerika npu fz>40° TepHCTHKa HpH PB3<C40°

XapaxTepucTuka, npeacraBlennan Ha pHc. 3.29, THNHyHA
Aans Po=>40°%. OcobennocTrio Tako# xapaKTePHCTUKH sBJAASTCH
HAZHuWe MAKCHMyMa H, cAeNoBaTeNbHO, HeOuAO3HAYHOCTb 3a-
pucumoctd H=Ff(Q) nansi nanHofi MallEHK B mpegesax Hano-
po8 oT Hxx 40 Hussc. MamuHH ¢ xapagrepucTHKOR TBKOro
THNA, KaK Mo3anee 6yaeT mokasdano, Moryr padoraTe HeycTofi-
YHBO, CAMONPOH3BONBHO H3MEHNA Momady. JTO FABJNAETCH OT-
pHLaTe/BHBIM CBOHCTBOM bI2INHHM!, H NO3TOMY TaKoA THI Xa-
PAKTEpPHCTHKY HEXKeJaTeleH.

Ipyras ¢opMa XapaxTepECTHKH, NpencTABJICHHAN HA PHC.
3.30, cpoilcTBenna eHTPOGENKHLIM MalipHaMm ¢ Pe<40° npw
PaunonankHoM KOHCTPYKIHE NPOTOMHON TACTH.

HefcTauTesibHaA XaPaKTEPHCTHKA MOMIHOCTH  MAIUMHML
MOXeT GLITh MolyYeHa H3 TEOPeTHYECKHX XApAKTEPHCTHR Iy-
TeY BulupTaHHA (IPH AAHHLIX NOAA4AX) K3 SHANCHMA TeOpeTH-
Yeckolf mMompocTy ee norephb. Ilpu s3ToM xapakrtep 3aBUCHMO-
CTu MoIHOCTH OT MOAAYE B OCHOBHOM COXPAHMTCH: AeHcTBH-
TeNbHAR MOMHOCTD MAUIKHL GYNET BO3PAcTaTh C YBeNHYEHHEM
M0jayn. Onuako BCJNEACTBEE HEONHHAKOBOTO OTHOCHTENBHOTO
BIHAHMA noteps HA MOJHYI0 MOWIHOCTL JMHHA neliCTBATEND-
ROff MOWIHOCTH OTKJIOHSAETCH OT JIMEBH TEOPETHYSCKOR MOLILHO-
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CTH; OHa NpeACTaBHTCH C/erKa H30THYTOf Kpneoik. Teopery,
yeCkas MOWMOCTL NPw noAaye, papHOH HyJIO, TAKKE pabig
Hymo. Helicrsutensnan xe mouHocts npa Q =0 (npy sanpy.
TOM JpOCCese) paBHa MOLIHOCTH XOJIOCTOrO xosa Nxx, 3aTpg.
uuBaeMOf Ha NOKPHTHE OTEPh MOLIHOCTH B 3TOM peXHMe, l%o.
TEPH MOLINOCTH HA XOJOCTOM XOAY oOGyCHOBNEHH WHPKYINAUR.
OHHLIMM NOTOKAMH B NPOTOYHOH MACTH Mall¥HH, OCOGeHHO g
paGoyeM Konece, AHCKOBLIM TPeHHeM O MHAKOCTh (ras), Me-
XAHHYECKHM TPeHHeM B YMJIOTHeHHAX M MOAMMIHAKAX WMAllN.

A=

Ji=copst

7 n=tanst
NaF(g)
N, Nmaxce
:ﬂ.:_ L) Quoncl
Prc. 3.31, XapawTeprCTEKK TeOpe- Pac. 3.32. Xaparrepacrara KI|Y
THYECKOR B RelicTBRTENLEOf Mom- penTpobexaoh MsmHREM

HorTed enTpolemuol wammin

Hbl, Bee ykalannoe npHBOAMT X QopMe XapakTepHCTHR ned-
CTBUTENLHON MOLINOCTH, NOKA3agHON ua puc. 3,31,

Ilo xapakTepucTHKaM AGHCTBHTENARHOTO HANOpA M AekCT-
pHTenbHON wmoumoersn onpepensercs  KIJ[ unenrpobexuod
mamuhu, M3 ypasnenna (2.9) nonyunm

n=.—p?.ﬂ—.
1000N

Onuepungio, KIJ, pases nymo npu Q=0 rnu =40, noto-
MY NTO npu BCEX pexumaX paGoTH mamuenl N+40. B npeas
nax memny Q=0 n Q=_0Quexc (pHc. 3.32) KIIJ mawmnu X0
CTHraeT MakCUManbHOTO 3HAYEHUN,

Pewum mamenw;, npm kotopoM ee KIIJ| marcumanen, Ba-
3bIBAIOT ONTUMAALHUIM,; TIPU STOM 3aTPATA MOLIHOCTH NS GO
anaHufA HAanopa B noAayn OCYLURCTBINETCH B MamnyHe ¢ AR
.nyumriu sHepreTudeckyM 3@ dexroMm, T.e, Hanbopee SKOHO-
MHTHO',

1 Hanopa (REmsesmA), DmoZa%®y B MOUIBOCTA, MPEBOARMHE B cRpaROT™
HWKaR, CTHOCHTCA, SCNE HET OrcBOPOK, K QUTHMANRHOMY PeBMHMY MaIpHBsh
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(X1 2 MNoactre uentpobenmni mauwmu, Kosppuipeny
GL1CTPOXOAHOCTH, DopMmyniul NPONOPUMOHANBHOCTH

JlBHKeH"e KHAKOCTEH (rasos) B MPOTOHOR MOJIOCTH Ma-
il BeCbMa C0XkKo, Tloaromy TouHM pacyer pabounx sne-
MEHTOB MALKHEL npencTapiszer Gonwmue Tpyamoctu. Ipm
npOCKTHPOBANHY HACOCOB H KOMNPECCOPOB ITHPOKOD HCTIOJILIY-
10T ONbITHHE nAMHEIE, DONyYEHHBle NPH WCCAenOBaHHY MaimnH,
gHANOTHYMKX TpOekTHPYeMOl. Henoassosanue ONBITHHIX naH-

@ g

Puc. 3.33. MapaanenorpaMmu ckopocTe ROJOOHNK HeATPOCEMKHBIN MANINH

HHX MpY UPOEKTHPORAHWUY AOMYCTHMO JHIIL NPH COBMIONEHHE
8GKOHOB NOGobUSR.

B coapeMesHOM I'EAPOMAINHROCTDOSHHE IMUPOKO fipBuMens-
eTest Mero0 modeauposanus, T, €. UCKTAHHE Modeneli, 0oo-
apoyAoLul NpOBepUTh TPOEKT H BHECTH B Hero NpaKTHYECKHe
koppekTueh. Monesas CTPOST, KAK mpaBuiio, ¢ COBAIOACHHEM
83KOHOB NomoGuA.

DuaynecKne ABNEHHA, NPOTEKAlOLlHNe B IEOMETPHIECKH MO-
ZOOKKIX TIPOCTPARCTBAX, HA3HBAKTCH n0O0GKHEIME, eCAu B CO-
OTBETCTHEHHHX TOMKaX STHX NMPOCTPAHCTE CXONCTBeHHLle ¢im-
SMMOCKHE BeNHUMHL UAXOANATCS B NOCTOAHHEIX COOTHOINEHUAX.
3Te COQTHOINENHR HAIWBATCH Kobpiuensamy uns mac-
wrebamy nopobus.

Tiyers mamunn o u b (puc. 3.33) nonoGust. Vesonus zeo-
METpuyecko2o nodobus 3TUX MamUH IAKAIOYAIOTCS B paBeycr-
8¢ CXonCTBEeWHMX YIIOB ¥ NOCTOSIHCTBE OTHOWEHAK cxoancr-
BEHHLIX reoMeTpUYeCKUX BeSHYHH:

Bia = B1s = By Boa = By =Py; Bro =B =Bus
D Dip by, e _ &
e I m—— R e——a S, T e—— == cor'st
Dw Dia biq tia ' '
e §; — Q9 UMEHT reOMETpHYECKOro NOROGuS,

@3.76)
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Kunemarusecxoe nodobue coCTOMT B NOCTOAHCTBE OTHOMmE.
HH# cKOpoCTelt B CXOACTBEHHHIX TOWKAX FEOMETPHYECKE NOXOE.
HBIX MANIHH ¥ PaBeHCTRe CXOACTBEHHBIR YIJOB napanne.no.
rPaMMOB CKOPoOCTefi:

Qe = Quyyy Ogy =gy 1ov § Gyg = Gy
By Wb op _ Mp . f _§ = const, [ &7D

e e e——= = ——

Uia Wa 10 Uzq Cia

Tie 8. — KO3} PuuneHT KBHeMaTHIecKoro nofo6es,

Hunamuuecxoe nofobue pHpaKaerTcs NOCTORHCTBOM OTHY-
WeHul Cun ONENaKOROH NpEpOAM!, NEACTBYIOUKHX B CXOACTBEH.
HHX TOYKAX I'eOMeTPEYEeCKH B KHHEMAaTHYeCKH mopaoGHLIX ma.
mHH:

P _ P . P g = nst 3
Pra Paa - Pia ? consh ( .78)

rae 8y — xo3dduunenT NWHAMAEYECKOrO NONOGHS,

N3 HanoxeHHOro chenyer, TO MOKA3ATENLCTBO nonoGua
TEYEHHH B IBYX HACOCAX 3AKAIOUAETCH B 00HaPyKEHHN NOCTOMH-
crea xosbduumenTon noao6uA ANA CXOACTBEHHHIX TOMEK.

Ecnr uasectan! xo3¢pguupenTH Nogo6GHA OBYX MAWIHH, TO
N0 M3BECTHHIM XapaKTePUCTHKaM OpHo#ft MamuMu lia, Pia, Cia
P;i, MOXHO TONYMHUTH SHAYEHHA CXONCTBEHHHX XApAHTEpPHCTHE
IPYIOl MamuHL:

Bz = Bias y=08l; cyp= 8.¢10; Pyp= ﬁp Py,

O6uwie KpuTepEE nonOfHA TOTOKOB, B3BECTHHE B THApO-
aspomexaHHKe Kak gucaa Peftwonbaca, $pyna, dlinepa n Crpy-
XaJa, MPHMEHHMHE H K TIOTOKAM B WeHTPOGEXHHX MAaimHHaKx
HanoMuuM BEIpaMeHWA 9THX WHCE)l Yepe3 CCHOBHHE NApaMeTs
pul notokoB: Re—clijv, Er=c2/g!; Eu=pjpc?, Sh=infc.

IlonoGue Teyennft xapakTepH3yeTcs CHERYIOLIHMH PaBeHCT-
pamH GeapasMepHHIX KPUTEpHEB, BLIHCACHHHX [IJIAi CXOMCT<
BEHHBIX TOUEK MammMH:

Rea = Reb; Eua = Eub; Fl'a =Fl'b; Sha = Shb- (3.73

Jlns xoMmpeccopoB uHeno Ifinepa BuIpaxKaT yepes
MeCTHYIO0 CKOPOCTh 3BYKa a U NOKa3arenb anuabate! k, mexAy
KOTOPHME cyllecTeyer 3sapmenMocTh a= Vkplp, Cnenobas
TeNLHO, p=a’p/k, B NO3TOMY

1 o
Eu= £ = —————
por kB
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Peapa3MepHyI0 CKOpOcTh c/a 06GosHaualor Yepes M. Torpa
Eu=1/(kM?4' OTKYNa chefyer, 9T¢ AJA nogoGHBX KoMIpec-
o8 Ma=Msy,
cop'ramm o6pa3oM, ychoBHs nOmOOHS KOMIpeCCOPOB BHIPA-
KAKOTCA CACRYIOULHMY paBeHCTRAME

Re,= Rey; Fr, =Fry; Mg =M,; ]
Sh, = Shy; k, =k,

[MockoapKy B npolecce paBoTnt KOMNPECCOPOR NMPOAB/IAET-
cg TETIOOTNANA, AJNA CTPOroro coGaroneHHA monobus cneiyet
coXpalATh ellle B MOCTOAHCTBO KpHrepues [lpanatas u I'pac-
ropa.

(pBEBOIIH, HAroTOBNAIIHE UeHTpobernile MalHHE, OOHIS-
§O EMEIOT B MPONWIBOACTRE He chyuafiiinie THNH MANBE, Pasnu-
yaIOULITECH U pasMepaMu, B reoMerpuueckolt ¢opmol, a cepun
reoMeTPUNECKH mono6uux MamuH. TlosroMy Baxmso ycrano-
BHTL COOTHOINCHMA MEXTy OCHOBHRMA ﬂapaMBTpaMl{ MallnH
aanHol cepun.

[Tpennonoxem, uto ape MopxoOHHE MAWuUHH & ¥ b C panw-
aAbHBIM BXOJOM  paGotaloT B NOAOGHLIX pexBEMax (cm.
puc.3.33). Ilpu sTOM nomxHM cOGAONATBCA YCNOBHR KUHEMA-
mmeckoro nogoGes [eM. (3.77))

ObbeMHan noxaua pana o6enx MatnaH

Q. = 1Dy, Boy Cgra Mot
Qy = 1Dy by Carn et
PaccMOTPHM OTHOLUGHHE STHX NOxAY:
_&:_ — Dy _ﬁ_ Cora  Woa
Q@  Dw b v b

(3.80)

Wa nopobus nnaHoB cxopocTeft H2 BHXOMe H YCROBHS mPONOP-
LHOHANBHOCTY OKPYIKHON CKOPOCTH wacTOTe BParlenus paGo-
ero KoJeCa MAMUHLL ClIeRyeT

Lora Upa —— g Dﬂn

—— I — 2

Csrp b 1y Dsp
Hosrouy

..OL D%l bsa Mo Yoy

O'J ng bﬁb nb ']Ob

Benencreue reomerpryeckoro nono6us Mamu
b?ﬂ — D!ﬁ

by Dy '
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C/16A0BaTENLHO, B OKOHYATENbHOM BRI

. ., 3.8y

Oboemntie nodauy yenTpobenbix MaLuK, paboTaoujuy g
noGobusix pexumax, oTHOCATCS KaK Kyt RAPYIKHEX Ouamer.
pos paliowux xoaec 4 nepesie CTENEHN <QLTOT BPOEHIA 6GA08
u obeemnoix K111,

Ecar paccMarpupaercsi ueHTpoGexHas MamHHa JaHHorg
pasmepa, 10 Dy =Dy, B, ClIeN0BATENBHO,

L _ " Moo 3
Q5 ry Moy (389

IIpy vaMeneHHH 4ACTOTH EpauleHHE Bana HeHTpoGexHOR
MamuHn 06beMHble OAAYH ee B NOAOGHEIX peKHMAx OTHOCHT-
cunxax uepene cTenmeHH YacTOT BpalleHus Bana B O0BEM X
KIlA.

INMonsaysicb coornomenmaMe (3.15) u (3.18), nonyuaex

Ha _ ety Yra
1y Uoh Cany  Wirt

IMo yCAOBHSIM KHHEMATEYECKOr0 NOfoGHs %2, = —ﬁ—- . Kpome

Caph
9 2 e
[{ n Dﬂﬂ
‘:" = — 4. cjenoBaTelbro,

TOTO, 2 >
Uy ny Dy

Ha _ Do " e (3.89)

Tt ———
fy D} i "

floantie nanopti, cosdaeaembie YEHTpOBEIKHEIMI MAUILRG-
Ml 6 nOCOBREIX PEXLUMAY, OTHOCATCR KOX KBAOPATOL HAPYNCHEX
Ouamerpoe pabouux xosec, Keadparsi “acTOT BPALCHUR BOAS
u népetie crenena audpasauzecxux K.

Ias naHsol mamuHL NPH NepeMeHHOW YaCTOTE BPAIleHAA

2
Hy "2 Vo (3.89)
i, nzb Ty

Tpn M3MEHEeHME 4acCTOTH BPAINEHAH Bana LEHTPOGeHOE
MalyHb! HaNOpH, co3naBaeMbie el0 B NOAOBHHX peXXHmax, 0T
HOCATCA K2K KBAJIPATH YACTOT BPALIEHHA Baja H IEpBhe CTe
neHu rugpasnugeckex KI1Z,
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COOTHOLIEHEE HeXIy AABVIEHHAMH, CO3/ABAEMBIMH MallH-
paMu, NOYYaeTcs ymHoxenneM oGerx uacred ypanHenes (3.83)
ga COOTBETCTBeHHEe 3HAYCHNS NIIOTHOCTeR:

]
Pa . Pale _ Dia " py e (3.85)

o eeth DY nf Pr M

fins [2HHOR MBWEHK NPH PA3HHX YaCTOTAX BPAIKEHWA ee Bana

2
Po __ fig Pg Vra (3 86)
Pp ng Py T
Jlapsennn, co3nabpaeMble LeHTpoGexHo# Malpnol B nojo-
GHHX pexHMax, nponopuHOHANLHE NJOTHOCTH NMepeMeniaemoll
€10 CPeAb! (KEAKOCTH UM rasa).
Vi3 ¢popMynnt qas pacueTa MOLIHOCTH Ha Baly UeNTPOGex-
HOH MalDWHS CARIVET
— _PaQogHy | —_ Qe
N, = ; Npy=-22"010
Ne Ny

CoOTHOLUEHEE MEXAY MOLHOCTAMY Ha BanaX ABYX LEHTPO-
HEXRNLX namAH, paboTANMWX B NOAOCHEX PEXIMAX,
Ny — Pa Qo Hap
N 06 Qp HpMg

VuntHban oipaxenun (3.81) u (3.83) nonyuaem

Np Dg,ngpaﬂo'

MowrocTu yenTpobexnbix natiun, paboraroujux 8 nodos-
KMX DENUMAX, OTHOCATCA KAK NMATHE CTONneHu HApYMHbix Ou-
ameTpos pabouiix xoaec, KybH KQCTOT 8paujentis 6GA08, AEP-
8ule cTenemu NACTHOCTEL NEpemeliacmbix MOUHaM cped u
obparno nponopyuonarenst KI1[.

Ipy HeGonpwmoil pasHHue B pasMepax M MaCTOTAX Bpalie-
KU MAITKH MOXKHO NONAratTh o =1s.

Insa nanHo#t Mamunb, nopamouell HeCKUMAeMylo Kup-
KocTh (BOAa, He(TENpPoAYKTH, PACTBOPHY, Pa=pb; Dza=Dsp B
bopuyna (3.87) nprobperaer npocrefiumit Bux,

3
Ne Ly N

—Nb_z ng N’ (©.88)

CoorHomenns (3.82), (3.84), (3.88) nasumaior opuysamu
fponopyuonasssocry, Inn yRo6CTa NONBIOBAHUA HSIOMKeEH.

o

3
Na — Dga B pa W ‘3.37)



HHM MATCpHAJOM HEe NpuBemedbl (GOPMYJAH NPONOPIn.
HaABHOCTH TPH W3MeHEeHHH Napametpos Q, H, p a N:

I'pn woacvemuRg Dp n up Tipu sosenconsx p 10F "35‘:‘“"““" Mpe wvesernny

D}, = D
A}
Q=0— —%—2  Q=0Q Q=0— Q=0—2%
Dj, % "o Dy,
D n 9 2 n?
Ha“—-ﬂb—""—:’—m“ He=1y Ha=1H, D Ho = Hy —2
ng g Teo ng L
1 2
Dy 1y pa Wra Pa _ Dga _ "2
Pa=Pb— 5 o Pa="hs Pa=P— Pa=Pp—p
D2, n2 Pb Tt P D, nd
a ”»
n
Na=Hb92_‘_£ Pa Na=Nb£a_ Na=N, E‘; Ny = Ny —=
D}y ndy, Po Ma Pz D3, n}

[Ipusensnn GOPMynE NPONOPUHOHAJNLHOCTH, MOXKHAO NpPHHR.
mare KIIJ mamun, paGoraomux B nofoGHHX peXHEMaX, NDag-
THYECKH OJlHHAKOBLIMH,

Ipr cTporex pacyerax clieAyer EMETh B BEAY HEKOTOpOR
nobenmenne KI1J npe ysenruenEn pasMepop mamunel, He coe.
Ayet, OIH2KO, AYMaThb, uT0o nepecier Q, H B N no ¢opmynam
NpONOPUHOHANLHOCTHE TPUBOMHT K NPABHNLHBIM Pe3yAbTaTaM
HEe32BHCHMO OT YCAOBER, B KOTOpHIX paboraer ueHTpobexmna
Mamuua, Pa6oTa Manmubl ONpeAeiAeTCA Takke CBOfiCTBAME
Tpy6onpoBosHOlt cucTeMEl, noakioventoft K Hedl. [TosTomy on-
peneneHue OCHOBRLIX mapaMerpos Q, H B N MalluMel, BKMO-
YeHHOH B TPYGOMpPOBONHYIO CHCTEMY, MOJIMHO npOH3IBOMHTHCA,
KAK YKa3LIBAETCA HHXKE, C yueTom PabouBx ceoficTB nocienHes.

Baxkroit pennaunoli, onpenensiome®t nogoGue Teuennit B Ha-
cOCaX, ABIACTCA KOSPPULUERT 6oICTPOXOOROCTU N,

Kos¢ ¢HuueHTOM SHICTPOXOAHOCTE 1’ NAHHOA MAINHHBI (ua-
€OCa, BeHTHJAATOPa, KOMIPEccopa) HA3IBIBRIOT YHCAO, pPapnoe
YACTOTe BPaieNHs MAauIWHbl, TEOMETPHUeCKH nopoGHOM pas-
rofi, mo uMeouleli nonawry Q=1 m¥/c u Hanop H'=0,102 ¥
(coorBercTBenHo L'=gH’' =1 x/Kr) B pexume MakCEMamb
roro KI1J.

Tonaras b ypapnenusx nonotus (3.81) u (3.83) Q'=1 m*/c
n gH’ =1 Nx/xr, nonysaem



1 o vaf D \?

=l (E): .9
PeieRNe STHX YP2ABHEHHN naeT
nVqQ
(g™ *

Kosgdyuuent 6uetpoxonHocTn n” — GeapasmepHan BEINYER-
4, ABTAILIanAcH kK09¢PHIAEHTOM Mono6HA. OnHAKO B NPaKTH-
ke HAcCOCOCTpPOeHHA B KawecTBe Kosd¢HUMeHTa GHCTPOXONRO-
¢TH JI0 HACTOALIETO BpeMEHH NIPHMEHHAIOT pa3MepHYIO BEIHTHHY

r = 3.9)

- n}Q
n, 3,65——H3" . (3.92)
OTHECEHHYIO K eIBHEYHBM Beawyunad H'=1 m; N'=1 5. ¢
Oopmyna (3.92) noaywaercsa H3 ychobuft monobuz  (3.81),
(3.83), (3.87).

lounrae n, no (3.92) nepewso B HacococTpoesye 13 o6na-
¢TH THAPOTYPOOCTPOCHES, Iie B KauecTBe efHHHYHLX 3TAJOH-
HHY BENANAH GHAR npEHATE H'=1 m, N'=1 1. ¢ u caenylo-
mné oTCIonA epfHHHYEHI pacxon Q'=0,075 m3/c.

Kos¢GEupeHT GHICTPOXONROCTE fiy ONpEfeNnseTcs BeNHUH-
kamMe Q, /{ B n;, NpA Dery/AHpoBAaRHH MawWHL OH MOXKeT u3-
MeHAThCA B Npepesiax ot O no ce.

XapakrepEays MawuHy NPH NOMOIRM Mg, OGHMHO OTHOCHT
€ro K pelkaMy ¢ MakceManbHueiM KT,

3uayeHus fn, AN PA3NAYAHX THIOB HEACOCOB CACRYIOUIHE:

Porgnaounne W mopmieesme ., . . . . . . e e e <40

Bixpeswe . . . . . e e e e e e ] . [0—40

UewrpoGesBre o - - « - +» « - « . . . . . 40300
BIOHANEHEE « » - » = » » » & . e s . . . . 200600
BHE . o+ o » = = « = » o t 5« oe s s s . . 600—1200

IIpu nomom# ROSPPEUHEHT2 OBLICTPOXOAMOCTY, BLMHCACH-
Roro no pupamenuo (3.92), Moxuo BHGHpaTh THN MAWMHHBI
s paGoTe ¢ 3axauEbiMg Q, H 1 n.

Ilo npepnomenuto LIATH  xosdduuuentoM GHCTpOXoaHO-
CTH BeHTEIATOPA MPEHATO CUMTATH JACTOTY BPAIHEHHA BEHTH-
YSTOpa maHMOro THNA, KOTOPHA B pesxHmMe MaKCHMAILROIO
Kn mopaer 1 mM3/c rasa, cosmasag ycnoBHOE JAaBJeHHe

xre/m?, Torna ns= nV g IH", rae H — Hanop, nphse-
ACHHLA K p=1,2 Kr/M3,
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3.13. Nepecuer XapaKTEPHCTHK NPH HMIMEHEHIG! YACTOTHI
OpMUeHMH MBUKHL M BAIHOCTM CPefau

BaMsHHe WaCTOTH BPALICHHA HA XapPAKTEPHCTHKH Ha
3apana xapakrepuctuka H=F(Q) nacoca (BentunsTopa) npy
vactote Bpailenus #1g (prc. 3.34),

Tpebyercs nepectponTs 3Ty XapakTepuCTHRY Ha BPYryi
qacTOTy Bp2WECHUA 1> flg, IOAArAA THAPABJIMYECKHE H 001.
eMunit KI1Ml He 32BMCANIYME OT UacTOTH BPALICHHA.

Puc. 3.34. Tlocrpoenne xapaxteps- Pnmc. 8.35. Tloctpoenwe xapaxteps-
ctitk H=[(Q) no gopuynax npo- cmmk N=xf(Q) 0o dopsynas mpo-
TOpPUMORANERGCTH NOPUAOHAALOCTA

V3 ¢opmyn nponopiinoRaNbHOCTY caeayeT
m
np | b

Q= Qn—ﬂa s Hy=H,—-

)

Bu6paB ua XapaKTepHCTHKe & [POH3IBOJIBHYIO TOYKY lg.
HaXOAMM Ha OCAX KOOPAMHAT UHCHeRHHe 3Havenns Q, M H;.

3aTeM BHuUHCIAEM KOOPAMHATH TOuKH 1b (XapakTepuCTHKM 1A
2

L [ 4 ' n
JacTOTH BpamieHus ny) Q,=Q T"’- n Hy=Ho—- umO
(]

i

STHM KOOpPAHHATAM HaHOCHM Ha rpaguke TOuKy 1b.
AHANOrHYHO NO KOOPAMHATAM NPOH3BOALHO BHIGppaemsE

Touex 2a,3a,4a... BHYHCASEM KOOPAWHATI Toyek 2b, 3b, 4b....#

HAHOCHM 3TH ToykHu B rpadprk. Coeninss HX niapHOH nmueds
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;oJyua€M XapaKTepucTRKy H=[(Q) ans wacToTll BpalEeHEn
pana fa. TouHo TaK e MOXKHO nocTpouts le, 2¢, 3¢... xapak-
7epHCTHKH NpH 9acToTe ne M RPYIHX YACTOTAX, CoepuHup TOY-
o 1a, 1b, 1¢.., 2a, 2b, 2¢..., 3a, 3b, 3¢ ..., nonyuuM napaGonu-
geCKHe KPHBHE, yIOBJIETBOPAIOLINE ypaBHeRHI0 H = mQ?, na3u-
paeMBbe JHREAMHE TNPONOPHRCHANLHOCTA  (# — KoadduupeHT
jpOnOpIHOHAILHOCT) YPABHEHNs KBAApaTHIHo#i napabonk).

Tpr nepecuete koopaunar KI1J] MalrkHe nojarafics nocro-
AHEHM, He 3ABHCHAILHM OT ¥aCToThi Bpallenys. [loaTomy nBHER
IpONOPUHOHALHOCTH SIBARIOTCA  JIHHUAMY NOCTOSHABIX KIn
MaLIHHE,

OuyeBHAHO, TOYKH MepecevyeHus JAuUHHR nponopilHOHAaJbLHO-
¢Te B Xapaktepretek H=[f(Q) npu pasHwx vacrorax ppauie-
HES ONPeneNNIoT Nnapamerpw Q w H malmuu B NOROGHEX pe-
xuMax paboTh.

INepecyer xapakrepnctur N=F(Q) nposonyTCs aHanory-
HEM cnocoGoM No GopMyNaM NPONCPUHOHANLHOCTH

ns

ng

ITo xooprrnatan Q., Q, Q... w N, N, N .. npo-
U3BOJILHO B3IATEIX Touek la, 2a, 3a... nosyysmM nepecueroM KO-
opauHaTH Togex 1b, 2b, 3b... w l¢, 2¢, 3¢..., N0 KOTOPHM NPO-
BOAAM KPHPHE 32BACHMOCTH MOLIEOCTH OT NMOAAYM NpH 4acTO-
Tax BpalleHHs fy B ne (MEHWH b u ¢ KA pue. 3.35).

Jipnug 1@, 10, 1c.... 2a, 2b, 2¢... AANRIOTCR AuKiAMY n0T00-
nlx percumod C NOCTOAHHLM LAA KAaMAoH M3 HHX 3HayeHHeM
KI1J1. O6Guumit BHa ypaBHeHHA STUX JurHi

N=er'

Me ¢ — K03 PHIMEHT NPONOPUHOHANLHOCTH YpaBueHun KyOu-
veckoit napaboJik.

Crenyer gmeTs B BHAY, uTO B 001liey cayuae pafores Mallg-
AH Ha ceTs, Hallop Kotopoft noxuuHen ypaBreHuto H= Hex-
+m@Q2, KITJ| MaiiaHe nps W3MEHEHEH DEXKHMAa Me OCTaeTCh
NOCTOSHHEIM, YcrioBHe Y| =const nps HsMeHEHHH %aCTOTH Bpa-
WeHns coOMIORAETCHA TONBKO P TOM CJIyqae, Koria Hanop B CeTH
NoAuyuHen 3aKoHAM KBaapaTugHofi napa6oak H=mQ? 1.€. B
CeTy HeT CTATHUECKOrO HAMOpa.

BuisicunM, Kag navensiercs ¢opma xapakrepuctuxu KILT
N=F(Q) npu usMeNeHHn wacTOTH Bpawerus (puc. 3.36). Ha-
B xapakrepuctnky Hanopa ¥ KITM npu yactrore ppamenns
Mo (KpHBLIe NOKA3aHL cniollRWMH JHRuAMH). TlpoBenewm Jin-

i

Qb=Qa%: Ny=N,



};au ;IIC;AOGHHK pexuMoB v =const, n”"=cohst (pemmnm
u I).

Tlpyu yacrore Bpamennn ns B pexxume paboty I napametpy
MamuHe @, u v, onpeneaser Touka &.. Ecau wacrora ppa.
LEeHHs H3MEHSIeTCH RO #lp, TO NOAAYA Q, ONPERENATER TOUKOR
@;, a KILI ocranerea npexanM, 1. €, 11, =1 ,.

CnepoparensHo, €oOTBETCTBEHRAn Touka & kpuBok KIN
NP 4acTOTe BpALeHHA Np NOJYU2ETCH NePeHECeHHEM IO ro.
PHIOHTANH 3HAYEHHN 1), HA OPAHHATY, COOTBETCTBYIOMYIO a6e.
upcce Q,. AwanoruuHOe NOCTPOBEHE AAHO MA rpadHKe Ay
pexuma I,

Pac. 3.36. Bausune gacroT Prc. 3.37. XapakrepacThs uem-
BPAUCHHA HAa X2PAKTEPHCTH- Tpolemnol MAlHKE TWpH nepe.
xy KIIJ senofi YacTore Bpalmexun

‘Tarem 06paaom, npH yBeJNHUEHHH 92CTOTH BPaflleHHs Xas
paktepueruxu KILI pedopmupyioTes B HanpaBieHHH, napafs
JIJIbHOM OCH abcelmcc.

Ha prc. 3.37 npencraBieHa COBMeCTHasi XapaKTEpHCTHRE
Hanopa, MoitsocT B KI1J uenTpoGexnolt MalupHe Ans TpeX
PA3AUYHHX YacTOT BpalleHHsn. TaKoe ceMefCTBO KPHBHX, CHE-
3aHHOE YCOBHAMH NOAOGHSA, HAIKBAKT XAPAKTEPuCTUKOL NPt
nepemennoll ¥acToTe 8paLeHin,

BiHfAHME BAIKOCTH cpelu Ha palouue napamerpH Hacocd
Hacoch, BrHlycKaeMuie 3aBOXAMH, CHAGXAIOTCA nacnopraMH €
rapaHTHiIHHMH RaHMLMHM B X2paKTepHCTHKAMH Haropa, Mok
rocti ¥ KI1J mpu nopmanbHo#t wacToTe Bpalleyus.

XapaxTepHCTHKH NOJYUAlOT Ha CTEHJE 3aBoja-»srOTOBHTS
JIfl UCTITAHHEM HA 9HCTOM npecHof Boae NpH TeMmepaType HO
sMime 323 K # nnotaocth p =988 Kr/md,



B NPOMBIINEHHOCTH HCNOABIYIOT HacOCH, HCMETAHHBIC HA
pOLe, AR MOZaun XKHAKOCTeR ¥ ¢ APYrOH PBA3KOCTBIO, HanpH-
mMep MHHECPANBHEX H PACTHTEABHEX Maces, He(TH, pacTBOPOB
g np. B Takux clyuagx 3aBOACKAE XapaKTEPHCTHKH OKa3LiBa-
joTcA HEIIPHIOAVEIMH H MOLMEKAT MEPECUeTy Ha ApYryio BSI3-
BOCTh.

BA3KOCTD B ITHPOKOM CMLICJIe 3TOro TEPMHHa — cnocob-
EOCTb XHAKOCTH (rasa) pajBHBATh BHYTPEHHHE CHAR, 0COGEH-
fO CYLUECTBEHO NPONBANIOLHECH Ha

1BEPAMX NOBEPXHOCTRX, OFpAHHUMBE- 7p'7
OWKK NOTOK, o

BsskocTh anusieT Ha rHApaajHuec- R N7 A
KO€ CONPOTHBAEHHE K O6YCJIOBJHBAET )
9ATPATY SHEPIUH Ha €ro NpeoAoNeHHe, \’,’Qn
Tpi YBEJHYCHHH BA3KOCTH MKHRKOCTH e,
OyayT YMEHBIIATECH PA3BHBAaCMKE Ha- e
cocoM noxava, Hanop B KITA. Mo |~ =R
HOCTb HACOCA NpH STOM GyZer yeean- |25 In -
qWBATBCA BCJIGACTBHE BO3IPACTaHHA 4
T4 ApaBAHYECKOro CONPOTHBJEHKA
TpOTOYHOM NONOCTH M MOUIHOCTH AMc-  Pre. 3.38. Bausmwe Bas-
KOBOTO TpeHHn. KOCTH R8 XBpPaRTEPUCTHKH

enTpoliexnoro Hacoca
TeOpETHIECKH YyueCTb BRHHHHE ' PO ornord

BA3KOCTH Ha paGouHe napaMeTpw Ha-
coca H $opMy XapakTepHCTHK HEBOIMOIKHO.

HanGonee npoctofi cnoco6 nepecuera pabounx napaMeTpoB
B MepeCTPOCHHA XapaKTePHCTHK NPH HIMEHEHHH BNIKOCTH OC-
HOBHIBACTCH Ha NPUMEHEHHH MONPaBOYHEX K03 (PHIHEHTOB,
NOMYYEHHL X O THHM MYTEM.

OGo3HaguM napaMeTpl Hacoca, HCNHTAHHOrO HA BORE, HH-
AeKcoM ¢B», a paboTatoliero Ha aApyrofi, Godee BAIKOM KUA-
KOCTH — HHeKCOM»® «». B COOTBETCTBHK C paHee YKA3AHHEIM

Q. <Qy H,<H;n,<n,

OnuiTeeie nonpasounke KO3(pHIHEHTH MORAYH, Hamopa H
KIII o6osHauuM cooTBETCTBERHO fo, fu, fy. Mx Puanuecknit
CMEICI ICEH HA COOTHOIIEHH A

Q=" @i H,=FyHyi n,=Fn, (3.93

Yyc/0BEE 3HAYEHHA MONPaBOYHBX KoaddHuueHTOB onpe-
ZeNnA0TCH KOHCTPYRUHEH HACOCA, PEXXHMOM Harpy3KH €ro H BH3-
KOCTBIO MUAKOCTH; OHY AAI0TCH B cNelyalbHHX cnpaBOuHAKAX
B Tabanunolt popme. YROOGHO HAXOAWTh SHAYGHHN [ONPaBOY-
Hhix kos¢pduunerTOR NMpH NOMOWIH CNEUHANBHLX HOMOCPaMM,
Hanprmep B [29].
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Bribopom npoM3BONbHEX TONEK HA XADAKTEPHCTHKAX, Noay,
YEHHBIX ACNBITAHHEM HACOCA Ha BORE M [IePECUeTOM KOOpHmY,
ux no (3.93), HAXOAAT KOOPAHHATH TOYEK XAPAKTEPUCTHK py
pabore Hacoca Ha pa3Koft xuakoetH. Ilonyvaemas npu
KapTHHA EauecTBEHHO NPEACTABRJEHA Ha rpadHKe pHc. 3,
e IITPUXOBEE JIMHHH OTHOCATCS K JKHAKOCTH ¢ NOBHILENRof
BAIKOCTBIQ.

OpHeRTHPOBOYHEC 3Ha4EHHS NONPAROYHKX KosGdHIKEeHTOR
NpH nepecyeTe Ha KHAKOCTH € BA3KoCThIO 0T 50 o 120°E g
LEHTPOGEKHKX HAacocoB ¢ M~ 100 nekat B npesenax

fo=0,9-+07; f, =0,92+065; [, =07+ 04.

3anasan pAR NPOM3BOIBHEX SHaueHHA Q, M Haxons my
XapaKkTe pHCTHKAM COOTBETCTBCHHEE 3HaueHHsa Hy ¥ Wy, Mom.
HO BHYHCIHTH MOMmHOCTh Hacoca Ng=pQugH,/(1000n,) §
HAaHECTH B rpadHKe PAR TOUEK, N0 KOTOPHM NPOBOAKTCH Xa.
paxrepucrika Ny =F(Qp).

3.14. beapazmepHbic M YHMREPCANLHLIC XAPANTEPMCTIMM

PaccMoTpenHEe RefICTBHTENIEHEE XapPAKTePHCTHMKH SBAR-
I0TCH pasMEPHEIMH H HWHAHBHLYAJbHEMH X2paKTEPUCTHKAME,
NpHMEHHMEMH JHIL K AanHok mamxHe. OXHARO CyliecTByor
npHeME H306paiKeHHN XAPAKTEPHCTHR B TAXHX KOOPAHHATAX,
Y70 OHH MOAYYAIOTCH NPHMEHHMEMH AJH KENAOf CepHu nofod-
HEX MallluH, STO Oespa3meprsie XapaxrepucTukH. Onu cTpos-
cA B (eapasMepHHX KOOpAHHATAX, 0603HauaeMLix oblien
BATHMH ANS NOAAYH, HANOpA, RaBJEHMH, MONHOCTH M Kﬂi
6ykBamu, no ¢ ueprot ceepxy: Q, H, Her, p, N, 0y Ner-

PaccMoTpuM Ten GespasMepPHHEX NapaMeTpoB, BREELeHRHE
B ynotpetaenue LIATH gas BeHTHASTOPOB.

INopaun 58yx nOACOHEX BEHTHAATOPOR, OTMEUAEMEIX HHZER-
campa u b,

Qa = 7Dy, byy Corar Q= 0Dy B3 oy,

Hann seeft cepun NOZOGHEIX BEHTHASTOPOB

b _ b _ p_const:
Dy, Dgp

fora . Grb . m — const.
Hpq bz

MNostoMy Q, = nkmD2 u,, n Q, = R Wy, Wk Q, =
2

= 4km "f” ty, W Q,,=4m-"—l:§';u,,,.




CAeLOBATEALHO, TeOMEeTPHYECKH MONOGHBE MAMVKE, HAXO-
m,ulle(:ﬂ B l'lOﬂ.OﬁHHx pe)l(Hlﬂax paGOTH, xapaﬂmp"symcu co-

Qa - % = 4km = const,
OrHollleHHe
—f -7 (3.94)

(nD}14)

nasnpaiorT Gespasmeprod nodaued BEHTWARTOPA HAH KO3PPu-
yuenToNm nodaxu.

Hna pannoil MallMuw, paGoTaiolied Npu NOCTORHHOM YacTo-
7@ BpAleHHy, napaMerp (@ H3MEHNEeTCA NPONOPIHOH AJILHO pac-
XOIY H MOXKeT OLTh JIETKO PACCUHTAH,

Bocnonbayemes ypapHeHneM Sfinepa mns mamuH, pabora-
OUKX B TOROOCHEIX peXHMAaXx:

Hﬂ=' Usg Coua qu= Eap Coud

8 g
HAH € YYeTOM YCJIOBRI KAHeMaTHYECKOro noaoGus
2 mii,
H, = HH,= :
a g b g
R’:" _ ""—gﬂb - _gH - = COnSt.
oa A 2
Orciozna cneayer
H=-22 (3.95)
0

rae H — napamerp, He HMeOIKA PaaMePHOCTH H HashiBaeMuIf

6e3pasmeprols NOAHDIM HENOPOM KU KOBPHULUEHTOM RANOPA.
Hns panHof Malmum, paGoratowel ¢ nOCTORHHOA gacTo-

Toif Bpamennn, napaMeTp /1 nponopuroHaneH NoAHOMY Hanopy.
AHaNOTHYMLIM NYTEM MOTYT OHiThb BBEJEHLS NapaMeTphl;
GeapaamepHoe gasneHre (kKoadpuimeHT RaancHUN)

= p
p= ; (3.96)
piy
GespasMepHas MOIIHOCTE (KO3bdUNHEHT MOIIHOCTH)
) R M— (3.97

- (n0¥ )
g a3



Paaymeercsn, KI1J1 sansercs GeapaamepHriM napamerpoy
H noaToMy !

n=na (3.98)

O6pasiy Ge3paaMepHLiXx XapAKTEPHCTHK BaKu B TA, 5,

Ilo ananorvu ¢ Tonorpadmueckolt Kaprofl, ZalomeR npep.
CTaajleHHe O INHPOTE, ROJITOTE B BECOTE DACIIOJNOKEHHH Kag.
Bofi TOYKH HA MECTHOCTH, TR BHCOTa AAETCH FOPUIOHTANAME,
T.e, AHHHAMH NOCTORHHOH BHICOTH, MOKHO NOCTPORTh TOlQ-

ﬂu L
Jv 7T @'
L 0y G
] ‘ﬁa% g
B TS
2 ARG s " AT
T
A” -
ﬁ—d‘ﬂﬂ r} rd // ﬂ
P ] . /4 //’/'
)"'-4 [ ™~
5 et E
/'/
Y 50 F7] 750 §,0/c

Pac. 3.35. Venaepcansuas xaPaAKTEPHCTHRE HEBTPOGEKHOr0 HAacola

rpaduuecKyio, yHHBEpPCANLHYI0 XapaKTEPHCTHKY NEHTpoGens
HO#A MAMIHHEL I{ﬂﬂ 9TOrO Mo OCEM IPAMOYroNbHOR KOOpAHHAT-
HOH CACTEMH OTKAAAHBAIOT, AHAJNOTHYHO LOJTOTE M IUHPOTE B
Tonorpaduueckoll KapTe MECTHOCTH, OCHOBHEE NapaMeTpH Ma-
wrHet Q@ ® H uau @ n N, a KILIl, ananornuso BLCOTe MeCT
HOCTR, BaeTcn B BUAe n30AuHuf, 1. e. AuupR nocronutoro KM
Ha pre. 339 npuBefeHa yHHEBEpCalbHad XApAKTEPHCTHKA
nenTpoGemxuoro Hacoca. MeETOA NOCTPOCHHN YHHBEPCanbHHX
XapaxkTepHCTRK paccMorper B [26].

3.15. McmpitaHua HacoCOB

Vicnuitanusl UeHTpoGeIHBIX H OCEBHX HACOCOB perjaMeHTH”
posanst TOCT, xotopnift conepskHT nepeyeHb THOOB HCITHTB
HHft, METORHKY H3MEPEHHH OCHOBHEX palouHX mapaMeTpoB H8*
COCOB ¥ YKa3auH# No o6paboTHe ONBITHEX MaTepuanob, 3LECh
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pacCMOTPHM JHLUE 06Ilie BONPOCH HCMHTARHA HACOCOB A HIMC-
peHui, TPOBOAUMEX Ha HACOCHON ycTaHOBKE ¢ NEMbIO NOAYyye-
pus rpaduuecknx sapucumoctelt H=§(Q), N=F(Q), n=9(Q).
H23HBACMEX INEPRETUNCCKUMY XAPAKTEPUCTUKAMLL

HcneTaHug B 3KCnNyaTalHOHHEIX YCJAOBRAX H B j1aGoparo-
pHRAX MPOBORAT OGHMHO NPY NOCTONHHOH YaCTOTE BPAILCHKA
palZa MaliHHe. EC/IR 9TO  yC/I0BHE BHREPIKATH HE YAAeTCH, TO
H3IMEpPEHHKE [1apaMeTPH KOPPEKTHPYIOT No hopMydiaM rponop-
UVOHAJBHOCTH.

Pre. 3.40. Cxema HaMepesHil NDH CHATHY XAPABKTEPUCTHRYM [eRTpOSLKMOro
wacoca npH n==const

XapakTepHCTHKE NpPR A=var MOAYYalT NEPeCueTOM Xa-
PAKTepHCTHK NPpA n=const no dopMynaM nponopuucHansKo-
CTH, KaK 3710 yxa3zaHo B § 3.13.

IMpr HCNHTAHHUAX C UABIO NMOJNYYEHHA 3HEPreTHYECKHX Xa-
PaKTEPHCTHK [IOANENAT HIMEPEHHIO mofaya, Hanop (MAn pas-
fieHHE), MOILHOCTD H YACTOTA BpPalWleHHK Balta Mamuyw. Ha
puc. 3.40 naHa ¢xeMa paccTaHOBKA NpPHGOPOB, MPHMEHAEMHEX
NPH HCNKTAHHAX HACOCOB,

Vcnmrarue Hacoca aakrnmiouaercn B uameperun Q, H, N u
% NPpH pa3fMuHblX pexHMax paboTH, YCTAaHABIMBACMEX OT-
KpriTHeM Bpoccens M.

Ipy neHTpoGeKHEX HACOCAX MCNWTAHHE HaYMHAIOT € pe-
¥yMa XOJNOCTOro XOA2, T.€. NPH MOJHOM S8KPHTHH APOCCENf

: 1IpR OCEeBHX HACOCaX — C PeKHMa MaRCcHMalbHON nojagd,
NPH nOAHOM OTKPHTHE Rpoccenn. Konuyecrso paloynx pemn-
WOoB npH YCNWTAHUM, YCTAHABNHBAEeMbIX NPOMEKYTOUHEIMH OT-
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KPRITRAMA Bpoccenn [I, RomKHO OuTh He MeHee 15 (Aas noxy,
YeHus HaZeWHhX GOPM XapaKTEPHCTHK).

Vlamepurennnas annapaTypa B MeTtoauka 06paGoTKH pe.
3YJLTATOB HIMEPEHHH NPH HCNHTAKHAX B YCJAOBHAX 3KCIJYa.
TaluH AOMKHN ofecneqHBaTh OTHOCHTEJILHYIO mNOTpemHocn,
NPH H3MEPeHHH noAauM He Oojyee 3,2, Hanopa — 2, TacTomy
Bpamenua — 1 %.

INogaya Hacocos uHaMepsercss NprGOpamH, YCTAHABJHBae.
MLMH Ha HanopHoM TpyGompoBoae. IlpH HMCnHTaHHE HacOCoR
Ha BOZE Nojavya HIMEPRETCHA CyRAWIUM yCTpoicTBOM (com-
JioM, puadparmofl) HAH BIMEpPeHHEM CKOPOCTEH B MEPHOM ce-
yeHud (Toueunnfi cnoco6 ¢ NOCASRYIOMIEM CYMMHPOB&HHEM),

Cyxasolliee ycTpOiCTBO, HanpumMep AHadparma, o6ycnoBy.
Baer MecTHoe nmajeHue Hanopa hp=E%c?/(2g). IlprcoenuHus
CloAa ypaBHeHde pacxola Q =cnd?/4, nonyuuM

Q=mVhg, (3.99)
rae m =V 1°dgi6E.

KosthdunueHT § MECTHOro CONPOTHBACHHS auadparMe on-
peleJneTCs nO CNPaBOYHHKAM B 3aBYUCHMOCTH OT KOHCTPYKUHg
AnadparMi H OTHOLIGHHN IHAMETPOB €€ H HaloOpHOTO BOJO-
npoeoja Hacoca. CaeNoBaTenbHO, KO3(PQPHIHEHT M MOxer
6biTh BHuucheH, u $opmyaza (3.99) ynobra aas pacuera pac-
xona. INoTeps nanopa £, B AHa¢parMe npyH noabL3ICBaKHH Gop-
Mynoh (3.99) prnpaxaeTcs B MeTpax cTonBa TON MKHAKOCTE,
pacxon xotopoli paMepsercs. Tax, ecaH nmoxazaHue PTYTHETO
andmaHomeTpa ARuadparMul — kA, TO Ag=Hhpp:/p, TBE Ppr—
NJAOTHOCTh PTYTH; p — NJOTHOCTh MHIKOCTH, NOXaBaeMOH Ha-
COCoM.

Ipst HCIETaHKHAX HACOCOB B Ja6OPATOPHBIX YC/AOBURX NO-
Bavy MOXHO W3IMEDATh BOROCHHBHLM YCTPOMCTBOM HJIH Mep-
HuiMH GakaMH.

CraTnHuecKoe Jaan€HHe, pa3BHBaeMoe MallnHON, RIMe
PAIOT KaK PA3IHOCTb aGCOMOTHEX CTATHIECKRX AapaeHult (pr—
—p.) B H2nOpHOM H BcachBalmem TpyGonposopax. [IpE
s5ToM Her=(pe—p1) /pg- Ina 31Ol nefn npuMeHAIOT MANOME™
PH Kiacca TowHocTy He uMxe 0,6 ana HalnopHoro M me HHXKE
1,0 png ecacuBaloniero TpyOollpoBona. MaHoMeTp M BaKyyM-
METp YAOGHO pacnonarath Ha ofHON BHeOTE, KaK TO NOKase:
30 Ha pHc. 3.40. B aToMm cAyqae HeT HeobGXOAHMOCTH yYHTHBATD
Pa3HOCTL TEOMETPHUECKHX OTMETOK npHGOPOB, CJH HMNYJNhe:
HEe TPyOKH MX 3an0nHEHH MHAKOCTBIO, NOAaBaeMofi HaCOCON:

[lpu uaMepedunx Kaanenud cnenyer ocolioe BRUMIRHE
P211ATE Ha MPaBHIbHOE PaclouoKerHe MecT oT6opa faBienih



pues B BURY, YTO BCAKOE HImeHEHHe HANPABJCHUA NBHMKeHus
[OTOKA, & TaKKe HIMEHEHHE Pa3MepoB CeYEHHH BLISLIBACT No-
gBAcHAEe HHEPHHOHHBIX CHJ, BAHAIOLIMX HA RABJNEHHE B MECTO

ACTIONIOKEHHA HMMIYJeCHOro oTeepcTHA. Bo BCex cayuasx #3-
mepefnf faBiennit enaTebHO HCNONb3OBATh HECKOIBKO HM-
fiyIbCHEIX OTBEPCTHH, obbefuHeHHbX obwed (ocpenHmiouieit)
gamepoft.

Ecan onpeneneHn abcoAroTHiye RAaleHus py H Py BO Bca-
cHBAWIIEM H HanOPHOM TPyGOIPOBOAAX HACOCA, TO NOMHHMR
Hanop, pa3dBHBaeMbif HACOCOM, NPy pacnoyomeHHH npubopop
H#a oRHof Buicote, Byner papen

—a
H = Py—pi ‘% t ,
Pg + 28

[Ae €t H C2— CpeBHHe CKOPOCTH, BHUHC/IREMEG MO mojade H
MIOLAAAM CedcHH BCACHBAIOINEIO H HanopHoro Tpybonposo-
FOB.
ToukH, cooTBeTCTBYIONHE HSMEPEHHHM NPH PA3HHX PexKH-
Max Q u H, HaHocAT B rpadHK W, CORAHHAN HX NJaBHOA Kpu-
BOM, MOJYYalT 3HEPreTHUECKYW NAMNOPHYIo XapakTepHCTHKY.

MomHOCTL Hacoca omnpeRenAsioT MM H3MEPEHHEM KpPYTR-
mero MoMeHTa M Ha Bany M yacTOTH BpameHHs #., WIH HENo-
CpeACTBEHHEM HIMEpEeHHEM MONMHOCTH, neépeaaBaeMolt nBura-
TR/IEM.

Hameperne M moxu0 NPOBOAHTL HECKOABKHMH crocoba My,
B na6opatopruix yc/oBusX yAoOHo NpHMEHATb GanasHCHPHLIA
SJeKTPORBHTATENb; B 3TOM CJYyd42€ CTaTOp 3NEKTPOABHTATEAR
nofBellley Ha MOAIHOHHKAX kaueHHs, NCOMETPHYECKHE OCH KO-
TOPHX COBMaZaloT € OCHI0 POTOpa 3NEKTpopBHraTens. Kpyra-
it MOMEHT, PAIBHBAEMHt 3/ICKTPOABHraTeNleM, lepegaeTes
Yepea My(Ty Ha Bajn NPHBOAHMOH MAIMHE; OH NOAYYaeTcH
KaK peayabTaT CHIOBOro B3aHMOILCHCTBHR MeXAy o6MOTKAMH
CraTopa W poOTOpa SaeKTpoxBHrarens. Ilostomy momenr, Bpa-
maonmpfi Ba71 MALIMHEL, paBeH MOMEHTY, CTpeMSIEMycs no-
BEDHYTL CTATOP 3NEKTPOABHraTeNfl OTHOCHTE/ILHO €ro OCH; INo-
CienHufi HIMEPRETCH NOABCIIHBAHHEM YpaBHOBEHIMBAIONIETO
Ipysa k¥ pwuary, paanajlbHO MPHKPENACHHOMY K CTATOPY 3JI€K-
Tpoasuratens. Ecan Macca rpysa, NoABEIIEHHOrO K pHUAry,
Paena m, I, 8 rOPHIOHTANEHOE PACCTONHHE TOURH NOABeCa
€'0 or ocH MalIKHE paBHo [, M, To MoMeHT, JDK, nepenaBae-
MLlit 3;exTpOJBHIaTE/IEM Ha BANl MAWIHHE, paren M=mgl,

Hubrpa pns vamepesus M npHMeHSIOT YCTAHOBKY 3lEKTPO*
fBuratens na Kauatolleiicn nratdopme, ITor cnocob aHaAOr#s
"eH ongcanHoMy ¢ GanaHCUPHEM ABHIATENEM,

&



Tipn mameperun MOMenTa 6aJ2HCHPHEM AJ€KTPOLBUrate,
AcM HAM ABHTaTEZieM Ha Kauajomlelics niaTdopMe RoNwpy,
YUHTHBATLCA BEHTHISUMOHHEA H MEXaHHYECKHHA MOMenmy
LBHrarens, onpegensiemuie npu pabore ABuraten Gea ya,
rpyakKH.

Hpyroit cnoco6 H3MepeHHA KPYTAIEro MOMEHTA 3aKNIOyg,
eTCA B NIPHMEeHeHWH TOPCHOHHOTO {KPYTHABHOrC) IHHaMOMer.
pa. Ilpn osTom MexAay BajlaMH SJEKTPOABHTATeNs W NPHBOaR.
MOA MaIUMHE YCTAHABJAHBAIOT YNPpyrufl BalHK, CAENAHHLIA xy
€Tany, ¢ BHCOKHM Npenefoy NMponopumonansHocTd. Mowmenr,
nepexapaeMuifi TAKHM BAJMKOM, I1PONOPUHOHANEH YTy 3aKpy.
QHBAHHA €r0; N03TOMY AOCTATOYHO HIMEPHTH YroN 3aKPYYyHBg-
HHA NpPH BpPAINEHHH BAJHKA NOCPEACTBOM CTPo6OCKONW-
YECKOIo YCTPOHCTBA ¥ NO HEMY ONPERENHTH MOMEHT HA Baxy
MAIUHHHL.

Yacrory ppamenus Bala MalUMHE H3MEPHIOT TAXOMETPOM
HJIH CUETYHKOM.

Tlo HaMepeHHOMY KPyTAIleMY MOMEHTY Ha Bany MAaILIHHH i
92¢TOTE Bp2lleRHd JICFKO ONpeRe/IHTh MOLIHOCTE, KBT:

N=-22 iy N=_TE0

1000 1000 °
rae o=sn/301/c,

B npoH3BoACTBEHHHX YCAOBHNX HaHGONee AOCTYNHBLIM #B-
JSIeTCA cnocol onmpeneyeHHs MOLXHOCTH Ha Bajy no 3JeKTpu-
YeCKOfi MOIMHOCTH HAa 32;KMMaX TIPHBOAMOTO 3JeKTPOABHIa-
TEens.

IlpuMerns TouHHe SACKTpUdeCKHe nNpUOOPH, H3IMEpPAIOT
SNIEKTPHUECKYIO MOLUHOCTL Ny HA 32XHMAaX IEKTPOABHIaTeNs
H N0 33aBHCHMOCTH MEeXJy MOIMHOCTBIO HA 3amumax M KIII
ApEeABAPHTENLHO HCMHTARHOIO SJEKTPOABHIATENA ONPEALAAIOT
MOLIHOCTh ABMraTesin Ng, KoTOpad npH coeaMHeHHr Mydrofl
paBHA MOLIHOCTH Ha BaNy MaIUHHBL Ngp=vgsNan=N.

Ilpy ucnmtannm wacoca ero KIIJ onpesensior Kax wacrt-
ROE OT JENEeHHSl NOJNEeIHOH MOLIHOCTH H3 MOIMHOCTH Hacoca:

n = N /N = pQgH/1000N.
HaunecenneM Ha rpaduk COOTBETCTBEHHHX 3Haueuni Q, N

H Q, 1, H3MEPEHHHX IJis Pa3NHMHBIX PEKHMOB, NONYYaeM Xa-
pakTepucTHKR N=F (Q) u n=0¢(Q).

3.16. PerympoBanue nogaun

OcHoBHoft 3ananei Qpery.nnponaum MallMHE AajseTcH No*
naua B cetk pacxoiaz Q, M%/c, 32RaHHOr0 ONPEAENICHHEM rpa-
¢uxom, IIpn STOM, XaK NOKAIWBAIOT XapaKTEPHCTHKH, Bee 0C



joBuNC MapAMETPL MAIIHHE H, p, N 1 n namensiorcn. Opne-
ceTh TPYGONpoBOROB K noTPeCHTEAM HakAANWBAIOT Ha
peKOTOPEE HI NapaMeTpoB onmpelefieHHE:e ycllosus, Tak, Ha-
gpuMep, HACOCH M BEHTHINTOPH, NOKPHBAst 3ajaHHEN Tpa-
HK PACXORO0B, NOMKHE €O3NABATH NEPEeMEHHOE AaBleHUeE,
onpelenneMoe  noTpeCuTeneM H
MAPAAJNVUYECKHMY CBOMCTBAMH CH-
creMe TPy6onpoBopoB.
KoMmnpeccops B HEKOTOPHIX
ciyuanX paboTaioT Ha CeTb C ne-

e

->
puc. 3.4%, Llentpobemnui wacoc B cacre-
e TPYGONPOROAOS

pac. 3.42. Tpadguk xpoccesbHOTO peryxu-
poB2HBA nem’poﬁgmnoﬁ MaWMAH

i
}
H{p)’ / N7
HF'-{-” 'Aﬂ 7 -
n I’hh"\ oy ‘,”-‘
Hpen = 1 :m?oc" e
A ) i o 7
A | Hpee ¢ : o
’ ” d o ne
| = o | 7% N!
Hort T =
"
Ky N Hpe:
7
Qs Qpee Qpee 0 a

PcMEHHEM Q, HO BOMKHME OOSCICYHTE NMOCTORNHOE AaBieHHe
P (nHeBMaTHUCCKHA MHCTPYMEHT, BOIAYILIHEIC MOJOTH); B APY-
I'iX cayvasx OHHM paGoTalOT ¢ NOCTOAHRLIM @ Npu NepeMeHHOM
p (noMeHHHt H BarpaHOuHLfi NPONECCH M T.IL).

Takum o6pasoM, BoIMOXKHE pa3nMIHLIE BAPHAHTH 3ajaqH
PeryJiupoBaHus MOAAYH,

Hpoccenbroe peryanpobanwe npu n=const, [Tycte uent-
Pobexnas MallHHA BKAlOUeHa B TPYGONpPOBOAMYIO CHCTeMy
T2k, KaK NOKa3aHo Ha puc, .41,

[IpeacraBum na rpadure (pHe. 3.42) xapakTepHCTHKR Ha-
Nopa, mommoern u KINJ ueHTpofe:kHOM MaIIMHH NPH NOCTO-
RHHO% qacToTe Bpamenus. Ha 3ToM e rpadwuke HaneceMm xa-
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PARTEPHCTHKY TPYGONpPOBOAHON CETH, H2 KOTOPYI0 BKINIOUen,
MalyHat npH STOM GyZeM NMpeANOAarath, ¥TO PEryJaHpYIOUWuy
Apoccesib OTKPHIT NIOSTHOCTBIO,

YeranoBupumiics pexuM paGoTH MAIUHHE BO3MOmey
TOJIbKO NPH YCJIOBYH, ¥TO Hanop MalWVHE P2BEH HANOPY, pac.
XOpiyeMOMy B CHcTeMe. Tak KaK NepBHil M3 HMX BHIpa)Kaereg
OpAuHATAMH XapakTepHCTHRH FH=f(Q) ueHTpoGeKHOR Mg,
WHAH, & BTOPOl — OpAHHATAMH XapaKTEPHCTHKH TPYGONnpong.
R4, TO OYCBHAHO, 4TO YKA3aHHOE pAaBEHCTBO Habmonaerey
TOMBKO B TOYKC oo MEPECeYeHHN XapakTepHCTHK. Takum obpa.
80M, TOYKA & ONpEAeNsiCT pexuM PaboTH YCTAHOBKH, T. €, o
pavy, Hanop, MonHocTs H KI1J| ManIMHL, NPpH NOJHOCTHIO gf.
KPLITOM Apoccene, JTH BEAHYHHE Ha pHC. 342 obo3naveny
cooraercTRERRO Q, H, N, 1.

B cayuae mpHxpLITHA ApOCCENs HAa HanopHof Tpy6e Nono-
JKeHue XapakTepucTHKH TPyGOnpOBOLA M3IMEHUTCH H TOYKA g
NIEPeIBHHETCH M0 XAPAKTEPHCTHKE MALIMHBE BJEBO BBEDX
3afiMeT NosioenHe o, ONPESENHE TeM CAMLIM HOBHE 3Have-
His napametpoB Q.0 Mo Moo Miper-

Hanbuefitiee npuKpeBakue APOCCENs BH3LBAET CMEILEHHe
XapaKTepHCTHKH TpyGolpoRoauoft cHCTEMH eme  6oJbige
BBEDX, H TOUKA & nepelprHeTCH, HANPHMEP, B TOYKy o, Raw-
1Ly10 HOBLI® 3HAueHHA Q ., Hi o Npgw W HT. A

CrezoBaTensHo, APOCCENLHOE pPEryNHpoBaHHE nNpH A==
==const ROCTHraeTes BBEACHHEM NONOJNHHTENBHOTO T'HAPAAJH-
TECKOTO CONPOTHBAEHHN B ceTh TPYOONPOBOLOB MAIIMKE.

INockomeky HanGospllas NOZAYA ROCTHTAETCR MpH NOJHO-
CTbI0 OTKPHITOM fpoccene (TOYKA o), APOCCENLHOE PEryiHpo-
DaHue NPHMEHNIOT TONBKO C 1ENBI0 YMEHBIIEHHS NORAauH,

Ha puc. 3.42 BHAHO, YTO ApPOCCRNHPOBAHHE YMEHbILaer
MONIHOCTE Ha BaJAy MAIIHHE, H BMeCTe C TeM nOBHILIAET OO
3HepruM, pacxonyemoft npH peryJHPOBAHHH, IIO9TOMY OHO He-
sKoHoMHuHO. Tak, Hanpumep, npH peryiHpoBaHHK 20 Q .
HAIOpP, HENMPOUIBOAMTENLHO 3aTPayHBaeMHRA B Apoccene, of-
perenseTcs orpeakom AH” opArHATH, 2 TepsieMasn NpH 3TOM
B H4C00E MOLUHOCTL OyZAeT

AN = P B
10007,
Yem Gonee rayboxo OCYILCCTBAASTCA NMPOLECC Peryinposa
HHR, TeM GoJice HENpPOHIBOAMTENbHA 3aTPaTa MOIMOCTH.
3nepretuucckas 3 PEKTHBHOCTL STOrO BHAA peryanposd

AW LMEHTPOGEMWLX MAIIHH HMAKA, ORKAKO BBHAY upeasHuaf:
HO#l NPOCTOTH 3TOT CnOco6 WMeeT MIHPOKOE NPHMEHeHHe.



INpu ApoCCeNIbHOM PeryiHpOBAHMH NEHTPoGEKHBIX Hace-
coB, TORAIOLIMX MUAKOCTH, RPocCelb PacnonaraloT Ha Hanop-
poit Tpy6e. Ecaim pa3MecTHTL ero Ha BcachiBatouiefi TpyGe, To
npH PEryNupoBaHUH MOryT BOSHHKHYT: KaBHTALHOHHLE ABJe-
JHf B NOTOKE H HapylileRHe HopMaibHoft paGoTI Hacoca.

INMopava nenrpobesxHoii MaluHKHL NPH NOCTOSHHOR YacToTe
ppallCHHA MOXKET MSMEHAThCH He TONLKO BCJIGACTBHE HaMeHe-
\tHfl OTKDHTHA RPOCCENS, HO H 1o NPHIHHAM, CBH3AHHHM € W3-
MeHeHHeM ZapJjieHHs B cHcTeMe TpyGomposoaos. [lpeacrapum
cebe, 4To o Kakoi-AHG0 NPHUHHE NOBHILAETCH AABNEHHE P2 B
nanopHoM Gake. Ha puc. 3.42 310 oTpasuIcs B CMENICHHAX Ka-
pPAKTEPHCTHK Tpy(onpoOBOAa BBEPX Ha OAVHAKOBHE OTPE3KH
npE BCEX TOAadax; MPH 3TOM TOYKE @ NEpeceyeHus Xapare-
pUCTHK GyRer nepefBHraThed NO KAPAKTEDHCTHKE WAWNHE
BACBO H BBEpPX; 3TO 03IHaYaer, YTO NORAYA MaIUHHB yMeHsIla-
eTCH. YMeHbIUCHHE AaBJACHHA P, HA0GOpOT, BHIHBAET YBeJH-
geHHe Nojaun MAaIIHMHEL. Ananomquo aJlufaeTr Ha nonaudy Ma-
WHIE HIMEHEHR e reoMeTpHuYecKoM BLICOTH,

B HexoTophix ciyuasmx pemsM paboTe neHrpobexuoil Ma-
WHKI MOMKET HIMEUATHCH CaMoOnpoH3BoiibHO (0e3 npsmMoro
BMEILaTe/bCTBa 3KCNAyaTalHOHHOTO nepcoHana). Tak, Ra-
npuMep, £CAU B yCTAHOBKE, BKHIOYEHHOH N0 CXeMe Ha PHC,
341, npexpaTuics PacXoj MHUAKOCTH M3 HanmopHoro OGaka, a
LeHTPOBeIKHAA MalluHa NpofoyKaeT paboTaTh, TO CTATHYE-
CKafg BLCOTa MOAayM GyAET BO3IPACTATh BBHAY H3IMEHEHNS P
u Hy; 310 noaneuer 3a cobolt cMemeHHe XapaKTePHCTUKH TpY-
ionporona Beepx. Touka & GyneT nepemBHraThes NO XapaKTe-
PECTHHE MAIIHHE &JICBO BBEpPX, Nojava MAaInHE Oyner yMens-
WaThCA NPR ORHOBPEMEHHOM BO3pPacTaHMM Hanopa M CAMMe-
KHG MolUlHocTH. Takof mpogecc MOMET NPHBCCTH K MOHHXKEHHIO
N0AauH MallEHE A0 HYJIA; 5TO NPOH3ONAAET B TOT MOMENT, KO-
TAa CTAaTHYECKad BLCOTA NOAAqH (CyMMa reOMeTPHYCCKON BE-
COTH H BHCOTH RaaJleHHA) CPaBHACTCA C HanopoOM XOJOCTOrQ
X012 MaILHHE,

B 3akmoYeRHe OTMETHM, YTo KPOcCeJHpoBaHHe XaK cnocob
perynupopaHHs JOMyCTHMO TOJBKO B T€X C/lyuasXx, KOrZa no-
TpebaseMan MOIMMOCTE YMEHbLUACTCH ¢ YMeHbILCHHEM NORaumH
'—:Qi > 0). Ecnn e notpe6anceMan MolHOCTD BO3PacTaeT
¢ yMeHBIICHHEM NORAYH (% < 0), TO APOCCEAHPOBaHHE KaK

thocob perysupoBaiis GecCMLICIEHHO, BOCKONBKY BHALIBACT
YeenHueHne noTpe6aseMol MOIMOCTH.

Peryauposatue HIMEHEHHEM YACTOTH BPAUICHHA BANO Ma-
Whnp, B Tex cnyuasx, Koria HMEeTca BOIMOXKHOCTH HIMEHRTh
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YyaCToTy BpalliCHHS BaJla ABHraTens, Lenecoo6pasHo peryay.
POBaTb NOfAYY HIMEHEHHEM YacTOTH BpalleHus.

IlycTe peurpobeskian MallMKHa, BKAIOYEHHAR NO CXEMe yy
puc. 3.41, pabotaeT npu yacToTax BPAIEHUR M, Mg, Ma..., Npy.
ueM ny<ng<ny.. Hanecem B ofllieit KOODAMHATHON CHCTemg
XapaKTepHCTHKY 3TOH MAIUHHH NIPY YKa3aHHHX YCJIOBUSX
xapaKtepuctuky TpyGompoBonsoft cern (puc. 3.43). Tougy
nepeceyenus XapakTepueTHk I =f(Q) mawmun c Xapakre.

Hip} K7

Prc. 343. [padmx

PeryJIMpOBBRMA  UGHT-
pofesmcd TENGTE N

CHHEM ACTOTH
ﬂ;:zz & < l:;?lua‘el:elmn ¥
N o
i
7q \
A
Qes Qo G0k Gpre a

pucTHKO! TpyGonmpoBoaa, 0603HaYeHHEe Ha rpaduke wuepes
oy, G2, 03..., DNPEASNNAIOT PEIKHME pabOTH YCTAHOBKH NPH pas-
JHYHEX yacToTax BpaumleHns. ¥Yla rpadHka BHAHO, 9TO HaMere-
HHEM 43CTOTH BPAELIEHHS MOTYT OHTh ROCTHTHYTH Da3lfp4HMe,
nopaunt Qo Qopr Cperwe ¥ Ranoput  Ho, HL , por -+
TIPHIEM C YBEJHYEHHMEM UECTOTH BpallleHHS NOjaY&8 ¥ HaNop
yBENIHYHBAIOTCS, a ¢ YMCHbILeHHEM ee — yOLBaloT. MOmMHOCTS
# KIJ MoryT 6bimh Onpenefiens: #3 kpHBEX MomHocTH 1 KIUL
no HMCOIIMMCH 3HAYEHHAM [OAAYH 8,,,,. Q- Ha rpadu-
K€ 9T0 NOKA3aHO LN YaCTOTH BPAIeHHN fig.

B ornmume oT cnoco6a perynHpoBaHHs n==const panwsdl
cnoco6 perysHpoBai¥s RaeT BOIMOKHOCTE PEryJHpOR&Th NO-
Bauy B JI0GOM HanpaBRCHHH.

INoTepn shepruH, o6yclOBIeHEEE THAPABNRYECKHM conpo:
THBACHHEM Jpoccens, apecs HE AMEIOT MecTa, H NMo3ToMy nam-
HHit coco6 B SKCNAyaTalHM BHrojHee nepBoro. OnRaKo npy
MeHAeTCH OH 3HAUMTeNIbHO pexke. Ilpeobnazaiomee GoABIHA"
CTBO NEHTPOGEKHEK MaLIMH HeGONBILOR NOJAYH MPUBORHTCH B
JBHMEHHE KOPOTKOIAMKAYTHIMH 3JIeKTPOIBHraTeNnsMp TpeX
(paskioro TOKA, HIMEHATHL WACTOTY BPALIEHHA Bana KOTOPHX €
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jeALI0 PEryNUPOBEHHA pacXoja HEBOIMOXHO. B Takux cny-
wasXx JANs HeHTPOOGEKHEX MAllMH NPEMEHAIOT ZpoccelbHoe pe-
ry:-NPOBaHHE NMpH fi==const, XoTH 3TC H HEBHTOARHO.

Molllsnie LEHTPOGEKEBIe MallKHE CHAGKAIOT 31€KTPOABH-
raTENAMH, AONMYCRAIOLIMMH NJAABHYI0 HJH CTYNEHYaTYIO pery-
JUPOBKY YacTOTH BpalleHus. Takuwe 3JEKTPONBHIATENH AOPO-
rd. H TPHMEHEHHE HX ONPaNRLIDAETCA B PEAKUX CAyyasx. B akc-
payaTauHy MaUIKHHLIE arperaThi C TaKHMH ICKTPOABUraTe-
pAMH SHepreTHuYeCKH 3(¢QeKTHBEK H uMeoT Bucoxre KITJ.

Kpynnnie nentpoGexunie MammuHe (Hacoch, TYpGOKOM-
ppECCOPH), NPHMEHSIOLIHECH B METAJNYPIBH, XuMHuecKOH
NPOMELINEHHOCTH H HA NEHTPANBHHEK TENAOBHX 3JCKTpHYEC-
FUX CTAHNHAX, 94CTO BHIOJHSIOTCH € NapoTypOBHHEM IIPHBO-
foM. PerynupoBaiue nopauyM p TaKHX CAYYanX RPOHIBOANTCH
FIMEHEHHEM 4acTOTH BpalleHHd Bana MawwMHe., Jlas storo
MOXHO HIMEHKTb WACTOTY BpaLleRBs TYPOHHH BO3aelicTBHEM
pa €e NapoBnycKHoe ycTpofictBo. MOXHO Takme BKIITHTD
MEXIy BaZaMH ABHIaTeNsl H NPUBOAMOR MalUMHE MeXxaHuuec-
¥nil BaPHATOP CKOPOCTH HiH ruApapangeckyio MydTy!. Torna,
COXPEHAN YaCTOTY BpAalleHun Bala ABHTATE/N MOCTOAHHOR W
EAMEHNS] [ePEaTOYHOS OTHOINECHHE BapHaTopa HnA FHApOMY (-
TH, TIOJTy4aeM NepeMeHHyIo 4acToTy BpaLleHBN Baja NPHBOAU-
MOl MaIlIHHE,

[Npumenenne ruapoMy$dT BBuAy HX BHCOKOE CTOBMOCTH
ONPaBALIBACTCA TONBKO B MOIUMEX BHICOKOODOPOTHEX YyCTa-
rOBKax nmpH HernyGokom perynupomasmn. [nybokoe peryiu-
porarHe rHapomydTolk HesdpdexTHpHO, noTomy uTo ee  KIIJ
CHIKAETCH NPONOPIHOHANBHO YACTOTE BPALIEHWS Bajla Haco-
ta (BeHTKASTOpA).

PeryanpoBaliHe NpH NOMOIIH THAPOMY(TH CYLIECTBEKHO
BHIOZHee APOCCENBHOTO peryJHpoBaHus npH n=—const.

BBuay BHCOKOH CTOMMOCTH BapHaTOPOB H rRApOMydT, Aa-
OIHX NJaPHOE HIMEHEHHE CKOPOCTH Bajla MAlIHHE, B HEKO-
TOpLIX CaydasX nesecoofpajHo npuMeHeHue CTYNEHYATOro
HIweHEHBR 4aCToTH BpalleHNn (cRendaabHHE NIeKTPOJBMIa-
Te10 U CTyneHuYaTHe BapHaTopH) € AOPEryaupoBKOH RO Tpe-
Gyowmeft mogas ApocceNHpoOBaHHEM. Ha puc. 344 nokasau
TpaMK TakKOro CMELIZaHHOTO PeryJlRpPOBaHHs NMoxawH. Ilyets
OCHOBHAAl YACTOTA BpAalleHHs USHTPOOEKHONH MAIIMHM #, a
CTYNeHYaTHM BapHaTOPOM MOXKHO MOJNYYaTh YacTOTH Bpame-
HRS n>>R B fy<<n. IIpesnonoxum, 970 peryJHpOBaHBCM
Clenyer mOJYYHTh NORavy Qrer . HaMeHAIR wacTOTy BpalleHus

BapnaTtopoM CKOPOCTH RO #1;, TOAyuaeM ToAauy (pem. BBoOAs
*—-—_.

' O npHHLMNE AeficTRHA HAPOMYT ¥ HX KoHCTpYumsx cx. [11].
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npoccens M co3papas MW comporsenenHe AH :'»er' NOJyQagy,
Tpebytonlyiocs noxagy Q;,e,,. Be3s peryanpobanus ua
BDAUICHHA NONyYeHHE TaKol MoRa¥H y RaunHOK MAIUHHE Gning
61 HEeBOAIMOXKHO,

Ecnn tpebyerca orperynuposats nonavy 2o Qpe, <<Q, 1
ClegyeT yMEHbILHThL YACTOTY BPALICHHS RO fiz U RPOCCEMey
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Puc. 344, TI'padnx cMewsRHOrG peryadpoBanAs nNORAYR HeRTpolemRol
MAILHHG

ymeuoltuth Hanop wa AH . TIpu peryiuposanua pacXons
20 Q.. TpH 9acTOTe BPEMEHHEA A TONMLKO APOCCENEM NOTEpH

Hanopa B ppoccene cocTapanmn 6 AH" >AH .

TakuM o6pasoM, cMeIIaHHOE PEryaMpoBaKne Co CTYMeHqa~
ThiM U3MeHCHHEM YACTOTH BpalleHHA C 3HEPreTHUeCROA CTOpPO-
nn 6ojee 9pPexTHBHO, YEM NPOCTOR APOCCENBHOE perydHpo-
BaHHE.

PeryJiHpoBasne NOBOpoTBBHIMH HANPAAJRIONHME JONACTH-
MH Ha Bxoze B paGouee Koneco. M3 ypapsenun Jiuiepa (3.8]
cllefyeT, ¥T0 YASNbHAA 3HeprHs, NepepaBaeMas moTOKy JAA:
KOCTH B HMeHTpoOeXKHo#t MalllHHe, CYIeCTBEHHO 3ABHCHT OT Y&
JioBuii BXonA Ha paGouHe JNonacTH. 3aKPYYHBaHHE [IOTOKS,
nocrynatwouero B8 pa6ouee koJeco, BAHACT HaHanop M NpH 3a-
RaWHoii XapakTepncTuke TpyboNpoBoga HIaMeHReT mogauny Ma-
whiiel, OTCIOA2 BOSHHKAET BO3MOKHOCTE peryJIHPOBaHHsl BOY
neitcTBHeM Ha noToK, BXORAmuE B MalunHy, ocolioro jonacr
HOro HanpasJifiollero annapara. INocnelunft MoieT BEOOA
HATBCHA B BBYX OCHOBHHX KOHCTPYKTRBHO pa3jiwdHEX papraf:
Tax — OCEBOM H PARHANLHOM.
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Ha pnc. 3.45 pasa ¢xema oceroro HanpasasioINEro amma-
aTa, COCTOALIEro H3 JionaTok JI ¢ papHalbHEMH OCAMH IO-
BOPOTa: NOMATKH NOBOPAYHBAIOTCA BCE ORHOBPeMeHHO NPH NO-
NoIH ocoboro nepectaHoBouHOro Konbna., OAHO H3 NooKennf
JON2TOK COOTBCTCTBYET Pa3MENIEHHI0 HX B MepHAHOHAJbHHX
p7OCKOCTAX; NIPH 3TOM NOTOK He BXone B pabouyee Koseco Gy-
76T papnanbubiM. Jlpyroe XapaxkTepHoe nosoxeHHe JaoNaToK

4

Prac. 3.45. ILleurpofemusn MANNEA ¢ OCEBLIM HZNPRARINICIIMM anii2paToM
22 PXOXe

1=
) (

A b=
Puc. 3.46. LlentpoGexnas MBMAHA ¢ PANMAALANM HanpaenmotuK anma-
PaToM HE BEOXE

6yZer COOTBETCTBOBATE NOJHOMY HMX 3JakpuiTuio, Korga Q=0.

POMEXYTOUHBE NOJNOKEHHS RONATOK OYAYT AaBATH HEKOTO-
PEie peryanpyeMue 35a9eHHS NOAAYH.

KOHCTpYKIHS 0CeBOro Kanpaajsiollero annapara Ha BXO-

Be yRoGHa NpH 0ceBOM NMORBOAE NOTOK& K MalMHe (BeHTHAA-
Topu Thna BH).
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Ha puc. 346 npencrasnera cxeMa nanpasisiOiiero amm,,
paTa paananbHOR KOHCTPYKLIHH, YCTaHOBJNEHHOro Ha BXope
3fiech KPYroBas NHJIRHAPHYECKas PEILETKA NOBOPOTHHEK g,
NMATOK C OCSIMH, NapaANCNLHEMH [COMETPHYECKOR OCB PoOTop,
MalMHE, TaKue ofycloBIHBAET OTK/JOHEHHE NOTOKA OT Me.
PHANOHANbHEX NAocKocTeh. IT0 OTKIOHEHHE peryiaHpyercy
YrJioM pacnosioMedusR-CpeAnel NJOCKOCTH JIOMATOK OTHOCK.
TeNlbHO MEPUANOHANLHEX NJIOCKOCTEN, NPOXOAANMX YePe3 ocy
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Puc. 3.47. Ipagux perynuposaHHA TOAadl HANpamAoUEN aMUapeTOM HA
BXOZE

nosopota Jonactefi. Kaxk Buiuo K3 puc. 3.46, parHalbLHEN Ha-
npapasioniyil annapar Tpebyer pagHaibHoro NOAROAA NOTOKA
¢ uenTpolexuoii MallHke; NO3TOMY KOMOMHHpOBaiue TaRof
MallHHE ¢ TpySonpoBoioM MeHee YROOHO, 4eM B caydae Oce-
BOFO HanPaalAOUIero annapara.

Hanpapagstonre annapath cieflyer pacnosiarath B HeNoC-
peAcTBEHHOf GNHI0CTH OT BXORA B Koneco (ueM Oamske, TeM
Jytllie); TONbKO B 3TOM CAyuae JocTHraercs sddeKTHBHOE pe-
rynvpoBanne. Ecan Hanpasastonwfi annapat pacnoiarath Ha
HEKOTOPOM pACCTOAHHHM 0T MAIUHHH, TO 3 CKTHBHOCTE €rd
MoMeT ObiTh HHIKON H3-32 GHICTPOTO TOPMOKEHHA BpalaTeNb
HOTO ABHXEHHN IOTOKad, Co3lnaBaeMoro HanpaBAAIHM anna-
paToM Ha ygacTKe TPyOonmpoBORa MeXAy HaNpaBJRIOLHM &b~
MapaToM H MallHHOM,

Paccmotpum rpadHK peryJHpoBaHHS nojauH Hanpabaiai-
fUM annapaTtoM uwa pxope (puc. 3.47). Ha rpaduke nanecest
XapaKTEPHCTHKy Hamopa W MOLHOCTH NpH #=—const, coorseT*
CTBYIOLHE TpeM DPAa3NUYHLM NOJNQKCHHAM Hanpaandiowere



gnMaparta Ha BXoxe. DTH KpHBHE 0603HAYEHH COOTBETCTBCH-
yo yepes Hy, Hy, Hs, Ny, No u Ns. [lpn paboTe uentpoGexHofi
yaIRILl B2 33JaHHYI0 CHCTeMY TPYGONPOBOROB C XapaKTEpHC-
caRoil, MOKas’anHo#t Ha rpadure, NonyyawTes PeHMHMHHEE TOY-
KIt &y, 2 H o3, onpefensoue nogaun Q, Qperz, Qpas. Motn-
poctd, norpebaseMue npr atoM, — N, Npers, Npas. O8H  o0-
peaeasiorcst Toukamu I, If w I, Coenunmp nnaBuofk auHHedH
roukm [, {1 u MI, nonyvysM ARHHIO BAMEHEHHMS MONMOCTU Ma-
[LUMHE TTPH PEry/JHpOBAHBH &€ NOjAaYH HaNPaBAAIONMM annapa-
TOM HA BXOHE, D712 JIHHHA JIEXKHT HUXKE JHHHH MOMOCTH NV,
9TO yKa3LBaeT Ha YMEHbWEHHe ToTpeliIeHus SHePrun Npy pe-
ryJUpOBaHAH HANMPaBAAIOLIMM anNapaToM Ha BXOAE NO €PaB-
HHHIO C MOTpeljIeHREM SHEPrHd NpB APOCCERLHOM PeryJHpo-
paHuu npu n=const. Booblue xe yMeHblueHue norpebisemoil
MOLU{HOCTH NpPH peryJiipOBaR¥y pacCcMaTPHBaEMEIM cRocoGoM
onpeneaReTcsl 34ech OPANHATAMH BCPTHKAABHO 3RINTPHXOBAH-
noll nJowmaRu Mewpny AuHuaMH Ny w [-II-}}I. 3o nonreep-
MIaeT CPABHHTEAbHYI0 SKOHOMWYHOCTH AaHHOro cnocoba pe-
rYXBpOBanuUs UeHTPOGEKHEX BEHTHARTOPOB.

3.17, MNMona paGowsX NapamerpPoR npM PAINMUHLIX
cnocoBax peryniponamma. Cooftbie rpaciusm

ViaMmeHeHye nofauM MalMHK, paboTaiolel No 3aLaHHOMY
rpaguky, OGHIHO CORPOBOMAAETcs uaMenenneM ee KITM. Or-
k1onesre KITJ oT ero MaKcuManrbHOrO aHaveHUT OGHYHO TeM
sHaunTRJBHEC, YeM ray0ie peryaupyercs Mawuna. Pabora
vamprw ¢ HyakAM KIIJ| xHeBHroapa, nostoMy jmonycTHMEeR
oTkaoneRus KIIJ| or ero MakCHMajabHOro 3HayeHus perja-
MenThpoBaHh I'OCT unn BemoMcTBeHHHMH HopmansMu. Tak,
HanpuMep, MpH BHBOpPe HACOCOB AOMYCKAIOTCH PCKEMK pa6o-
T ¢ KI1H, ornruanmmMecs Ha 7 % or marcumanasyoro KITI[
Aauuoro Hacoca; BH6op BertuasTopos nmo I'OCT pomxen npo-
nseonuThes Tak, YTo6n KIIJ wx ne nagan Huxe 0,9 Nmaxc.
B ¢Ba3n ¢ sTuM BHGOp MAWHH CJeAyeT RPOHIBOAMThL [0 Xa-
PAKTEpHCTHKEM, NOCTPOCHHLIM C YYETOM AOMYCTBMOrO CHUIKE-
His KITH,

Ecng Ha xapaKTepHCTUKAX MAWMHL BEACAHTb YYACTOK €
sonycrumem KIIJ, To noaywsM o6/acTb, HasHBaeMyl0 noaem
pabouyx napamerpos. Kaxaan Touka 3Toro noss obecrneynpa-
eT pabory mawnuu ¢ KITJL ne Hrike nonycrumMoro.

Paccmorpum noctpoetine nodiefi paGouux napaMerpoB mpy
Paannyursx cnoco6ax perysHpoBaHus MallH.

IMycte Mawmnna perymHpyeTCA MIMCHEHHEM 4acTOTH Bpa-
ICHHS B Npeaenax OT Huus X0 Muaxe (pHc. 348), poseneHu-
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eM na rpaduxe aAuHan Munnansupix  KIT, RonycTomuy g
SKCIUTyaTallk¥, BHPE3AeTCH 3aWTPUXOBAHKHAA MO aAbL abed,
Sta naowade npencrasnser coGof nofe noxay u pa.
nopop, CO3RaBaeMHx MawMICH NpH YcaoBHR paboT ¢
12 Nuun.

Ecau B xoopaunaraoll cucreMe Q=}1 wnanectu nonw po.
Zay M HanopoB PA3AKYHbIX MAINHH, PETYANPYEMBX HIMEHEHi.

W

MOaRE

| Ly
4 @ @& & a
Puc. 3.48. INocTpoenne noaA xa-  Puc. 3.49. IocTpoenne nonn xapakre-

PEKTEPUCTHK MAUMAKH C PETYAH-  PHCTHK MAIIMHH © JPOCCEABHLIM Dery-
pyeMoit YactoToll Bpautenns JMpOBAHEEM

€M YacTOTR BpallleHns, TO TONyYHTCA CBOAHLWA rpaduk mpa
nepemMeHHoll 4ACTOTE BpPALLEHHY.

BuiscunM nose Q-H mMaluMHEl U PerynupoBainu ee Kpoc-
cesieM Ha HanopHoll TpyGe pHC. 3.49.

Ouepnamo, 4o MEHHMaabHOE 3nauenne KILI nuus, Ronyc-
THMOe NpU SKCHJyaTallny MAIIHH, ONpeleAeT yyacToK @b Ha-
IOPHOH XapaKTePHCTHKH, RJA BCEX TOYEK KOTOPOTO 1) Yuun-
Cuenosarenpho, npa n==const u peryauposaknn ARpocceneM
nofie NOAAY H HANOPOB NPEACTABJAETCH yyacTHOM ab Xxapak-
TEPUCTHKH.

Has pacuinpesHs o6RacTH NPHMEHEHHA HACOCOB IIMPOKO
noJb3yloTeA cnocoboM obpe3kn pabouhx konec Gea u3aMeHe-
Hus QopMu pabounx ponacTeil, O6pegxod Ha3nIBAIOT YMEBb-
IleHHe HaPYMXHOro AuameTpa paGoyero koyieca myTeM obTavi-
BaHMA €ro Ha TOKapHOM cTaHKe, IIpH sTOM reoMmeTpHyECKOE
nonoGue HapyllaeTCs; MOITOMY YCROBER nofolust B dopMyas
NPONOPIUOEATIBHOCTH AJiA MepecyeTa DApaMeTpoB nph o6pes-
K€ NPAMEHATH HeJNbas,



Ipu o6peake kKoseca COBMECTBOS AJHAHWE WIMEHEHHHA PbI-
x0AHOTO Yra fan u ruamerpa Dy (PHBOAKT, KAK (OKA3IHBAIOT
oNHTH, K NPONOPnHAM

Q Dy H D}
= ; = L d 3 . l
Qoop Dagep Hogp ng ¢ )

[pu weGoabmmx obpeakax womec KIIJL wacoca Moxwmo
CYHTATh MOCTORHHEIM,

H'ﬂ TNwas=o0NSh

|
4
2 0 100 200 3I00ng
Puc 3.50. ITocTpoesive noid xa- Puc. 350, HonycrAman olpesxa
paKTepNCTHR Hacoca npn ofpes- KOASCH B 3aBHCHUMOCTM OT KOo-
Ke pafodero Koneca dauselTa GHICTPOROAHOCTH

Hexmouns w3 nponopundi (3.100) auamerpn:, nosyyum

H __@
Hoap Qe '
HIHU
N Hee _ g
@ @
orcio4a
H = o, (3.101)

T. €. pexuMbl, yAosjaeTsopsionne yeacsusm (3.100), onpene-
AR0TCH ypapHeHHeM napaboanl (3.101).

BusicHnM annsnne o6peakd Ha moje AGAAY W HAROPOB Ha-
Coca, MmeeM XapaKTepHCTHKy HACOCA C HCROAHBIM  KOJIECOM
Mpy n=const (puc. 3.50). Dxcnayarapsoiuoe YCJIOBRE
N1 e NO3BOJIAET ONPedenuTh pabouui yyacToxk @b xapak-
Teprcrukn 40 06peard,
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3apaswuck Daosp n 3uan Dy n napaMeTpn Q n H ana .
uex @ u b, MOXHO onpeReAHTL Nonokehun ToueK ¢ U 4 (omy
Jear ra napafonax o6pe3oK, MpOXOAALIMX Yepes TOYKY @ p
b). Taxnum obpa3oMm, onpesenHIoCh NOJE NIOAAY B HAMOPOB 3a.
Bahioro Hacoca npu ycaosuu o6pesru 2o Dogsp.

O6peaka cyiecTaenHo paciiMpsier 061aCTb NOXAY H Harg.
POB Hacoca AaHHOro THIA H paaMepa.

- Ay
il /
g6 /

a4
92

o 6z 0¥ G5 484jfe,

Puc. 3.52. PerymmpoBounan xa-  Puc. 3.53. Ioctpoenne mons xapakre-
PEKTEpMCTRKA  UeMTpoOemnof  PHCTHK MAIMHW € PEryMMPOBAMMEM
Malliy € HANPABASIONINN an-  HANpaBXAWIAM ANDApaToOM Ha BXOAE
DapaToN Ha PKOAE

3nauenre o6peIkH ONEHHBACTCH UTHOIICHHEM

Dy — Dyopp i Dy — Dyotp 100 %
Dy Dy '

Koneca LenTpofeXHHEX HacocoB AONYCKalOT §es saMeTHO-
ro nosnxenna KIL TeM Gonbuwyro obpeaxy, ueM MeHbllle BX
6ucTpoxoasocts (pue. 3.51). MakenmanbHar 06peaka cocTap-
xaner 10 %.

Ecsin B KOOpAHHATHYIO cucTeMy Q-H pHecTh nons nogad
# HanopoB Pa3HHX THNOB HACOCOB NPH PA3AHMHEX HX pasMe-
pax u RonycTHMOB ofpeake, TO NMOJYYMM CBORHHE rpaduE
noJe.

B § 3.16 paccMoTpen cnocoG perynHpoBaHus nojayn Ha-
NpaBARIOLHNM JIONATOUHIM ANNApaToM Ha BXoje B pabouee
KOJleco, NPHMEHAEMHE B BEHTHAATOPEX cpefuedt w Brcoxof
MOIHOCTH ¥ IEIMOCOCAX,

INona pabouux hapaMeTpoB TaKHX MAWMH AAIOTCA B CROA-
¥MX rpacdnxax, APHBORHMHX B KaTAJOraX; OHu cTpoatcs HA
pCHOBE HOAYyaEeMHX HCNLITAHHEM pPeryJHpOBOYHLIX KpHBHX,
BUpaKAOLIMX CBA3b MeXAY OGeapaMepHEMH BeAHuHHAME
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yina=[(Q/Q«) u N/Nu=F (Q/Qg), rre Qu, Nu 1 1y —nona-
wa, MoulHocTs ¥ KITM mpu eliTpanbhoM nosioXeHun JOnaTok
[pue. (3.52)] {20]. Pucynok 3.53 naer kawecTBeHwoe npeacran-
.JeHHE 0 NMoNe NMoAay ¥ HAMOPOB B 6e3pa3MepHEIX KOOPAUKATAX,

3.18, Napannenbnoe u NOCNEAORATENLHOE COCAMHAHNMA
yeHrpoGenmpx Hacocos

Hacocrbie yeTaHOBKH €OCTOAT OOKYHO M3 HECKOJbKHX Ma-
IUH, BKJIOHMEHHHX NapanneibHe B O6IMyo TpyO6OnpoBOAMYIO
cncreMy, 310 06YCJIOBIEHO B OCHOBHOM HeOGXOAMMOCTLIO pa-
§OTH YCTAHOBKM Ha NOKPHITHE rpaduka NepeMEHHOro pacxoja.

Ecan ruapasnuyeckas cHeTemMa He MMEET €MKOCTH, aKKy-
MYJHPYIOIIER pACXOALI, M HOMXKHZ [OOKPHIBATL TIPadUk C
repeMeHHuIMH pacxofaMu (puc. 3.54), To B 060l MOMEHT Ha-
COCH AOJIKHE AaBaThk B CeTb MoRadyy, pasHYIO PACXOAY M3 ce-

a
Qrane
‘apzsqmmc
sREEN 40258 vare
/
qm”..l _1Lj 0258 e
’%zsqnam:
72 18 T

Pac, 3.54. Ipadyx nonay yeTAHOAKH WeHTpoBEXHEIX MWk

TH. [Ipy npoxomaeHny MUxoBOH YAacTH rpaduka HACOCH Joa-
KHH RBBaTb MOAAvY Quewc, B UpoBanax rpaguka Q.me.

Ecan ycraHoBKa COCTOMT NIHIIBL W3 ORHOro pabouero Haco-
€a, TO OoH AoAmeH OLTh BHOPAH Ha NoRAYy He MCHEEe geM
Qusxc H MMETh BO3MONHOCTb IMIyGOKOTO PEryJHpOBAHHA JO
Qwus. [TOCKOJBKY peryiupoBanMe CBA33HO ¢ MOTEPAMH 3uep-
IHH, TAKOW HACOoC OYAET MMETh HMW3KHH DKCHNYATANHOHHBIR
KIT[l. Kpome Toro, TpeGopanne GecnepeGoiiHoCcTH NMoRady BO-
Asl B ceThb OGYCJIOBJHBaeT HeOOXOAWMOCTE YCTAHOBKH pe3epB-
rero HAacoca ¢ nofauell He mMeHee Quaxe*; Opy ofnoM pabogem

* Peseps NOJATH M KOAHYECTBO PEICPBHNX ATPEratos NpOMBILREHHLX
il KOMMYHANEHEHX HACOCHHX CTAKIHSI YCTEHABNABAIT NO CTPOMTEABMLM
nopMam u npapunasl TOCKOMHTETA Mo AEXAM CTPOATEALCTBa. B ycraHopkax
L4 NUTaHAR NapoBLIX KOTNOR PAIMEPH pe3eppa ONPENEAMIOTCH MpABKAZMH
T'ocroprexsansopa CCCP,
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uacoce tpeyercn peseps 100 %. Crenosatenvso, yeranonka
oxHoro p26paero Hacoca NMPB HEPaBHOMEPHOM IpadHKe PacxQ.
OB HEBHIOJHE NO NPHYNNE BLCOKON CTOWMOCTH Pe3epBa H Ng.
Tepb SHEPTHH NPH SKCANYATAL MY,

YcranOBKa ABYX OAHHAKOBLIX HACOCOB MOIKET YKe CYllg.
CTBEHHO [OBHICATH 3HepreThYecKyio ¢dexTHBHOCTL SKCNAYa.
TanuM H CHu3uTh aBapuiubift pesepn 2o B0 %. Boobme ysenn-

qeHHe KOJHYECTBa pabouMx Ha-
H_ _; COCOB YMEHEilAET apapHiKB#
— =~ peaepB yCTauosKH M np 6aaro-
7 npuaTHolt Popme XapaKTepHCTH-
a g " ku n=F(Q) obecneuunaer sHep-
A TeTHuecKH 9¢PeKTUBHYI0 3IKC-

”4 NayaTalHio.
Ha ocHoBaHHH H3J0MEHHONO

z._

>
th

] P 6OMLIMECTBO HACOCHER YCTAHO-
. s ; BOX BHMOMHACTCE B BRAE PAAA
) —_— 1 HacocoB, BKJIOYaeMEX B CeTh

napanneaswo. LlenTpoGexubie
Puc. 3.55. Cxema cummerpauno-  MAWHHH, BXNIOUEHERIC B pabory
TO DepeAnentHOTO coeHupenan  [apallieJIbHO, B3IaHMHO BJAHMAIOT
ABYX OIMMAKDRHX UCHTpoOeX- oima Ha RpyTyw: nojava, Ha-
HEIX HBCOCOB nep, Mommocts i KINZ kaxzol
H3 HAX CYIleCTREHHO IABUCAT T
PeIHMOB HATpY3KHM COBMECTHO pabOTaloluX MALIHH,

Paccvotpud  rpagmuyeckn  nmapasniensHyo paloTy ABYX
OAMHAKOBHIX 1EHTPOOeMHEX HAacoCOB, BKIIOYEHHHX B CETh
camMerpHuHo (pnc. 3.55). Hacoem A u B no yenoBuio onuHa-
KOBbI, TIO9TOMY UX XapakTepHCTukM A n 5 Ha rTpaduxe 3.56
NpH HaJIOKEHHHN COBNAJAIOT,

3anuimeM Gajahc SHEPrHM yerawoBKu (puc. 3.55), pac-
CMaTpHPaA NOTOK oT ypoBHa [-I no Touxu A coeluHeHus Ha-
NOPHKX TPYGONpOoBOLOB & 4 6 Mawnun A u b,

Ouesnatio, 4TO 3BeprHA RaBJEHHR B peaepeyape I, CKJa-
AnBasCh ¢ SHepruefl, coobniaeMoli MOTOKY MUAKOCTH MAllIu-
woii A xam B, ofiecnegnpaer nonreM NHOToKE HA BLICOTY pac-
MOROMEHNH TOYKH A, Co3galHe E STOH TOUKE HEKOTOPHX
KOJHYECTB NOTERUHANEHOR M KuHeTHueckol sweprufi M npeo-
AosienHe IAPABNHYECKHX CONPOTHBJCHANR BCcaCHBaonlera M
HanopHOro TpYGONpoBoLes. ClenoBaTeNIEHO,

.};-’—-i-gH .=...::£_§_gH1 +gﬂa+-c2: +gZh, (3.102)

rRe gH — 9Heprus, NeperapacMas MHAKOCTH JIOGHM H3 Haco~
cop A nau B; pa/p— aneprng paBacuus B Toqre A; gXh — 0o
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Tep¥t SHEPI'HH BO BCAcHBAIOLIEM K HamopHoM TpyGonposonax
mo6oro u3 Hacocorn A uam B; c?/2— xkuheTHyeckan SHeprun
[OTOKA B HanopuoMm TpyGonposope xio6oro u3 Hacocow. Ot-
clo1a MOXKHO NOJYYHTb YACJNLHYIO SHepUHIO RaajieHnsi B TOT-
xe A

LY z.':_ +gH—g(H, +Ha)—m@,  (3.103)
0
The At
' P, b
i s
T b_g Q)"
{“:A) I 5 flaarQs)
&: l l I b
(7)17 ks /|3 —eDa "
I ex ) r
(&) s r
Prc. 358, padpuxne- 'Y X
panresntoft  paGorul h EA,E AS
ARYX CHMMETDHYTHO CO- Y [
EJARHCHHEX ueHypo- | " +Q"
OEXHLIX HACOCOR ;q fm
o+
= 4 @rag”
" e
___(Qg"'as);"
{"h+Na rﬁ wile 1
s = 1“ "’i\ =
£|[4s BRRIEE
5 = =l ye

3neck no M3BECTHHIM COOGpaMMeHHSIM CYMMa MOTEPb SHEPruh
TPYGOTIpOBOROB H KHHETHMUECKON SHeprMM NOTOKA NPHHATA

NPONOPIHOBANEHOM! KAAKpaTy NORAYH KaXZOUO B3 HACOCOE,
T. €.

A2 + gZh = m@®,

3agapas B rpaduke Ha puc. 3,56 npoUIBOIbLHEE NOAAYN
no xapakrepuctukaM ==f(Q) Hacocos A 1 5, MOKHO no.rly-
YKTb COOTBETCTBYIOMY® 3Hauenun H; aHad nocTosunkue py, H,,
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Hav paccyutas zng sTux Nofay mQ% MOXHO BNYHCAHTB ng
&3.103) IHEPTMIO ZABJEHRR Pa/p B TOUKE A COGRMACHHSA TPY6,
anops! B Touke A 6YRYT

P
Hy=-ta _fa

rg ¥

OTkaansBas BHUNCIACHHBE 3HaveHHA Pafy ua rpaduke
puc. 3.66, nonyuaeM xapaxrepucruxd Mawme A v 5, npupe-
nendbie K Touke A: pa/y=F(Q)’.

OpapHaThl OpHBEAEHHHX B TOYKEe A XapaKkTepuCTHK Npep-
CTaBJAIT coboll BLICOTH UM B onpeAesieHHoM Macllitale pan-
JNenns MHUZKOCTH B ToYke A coenuyenns Tpy6 a4 u 6. AGcuic-
Chi 9THX XapaKTeDHCTHK — NORAYH ORHOTO B3 HacocoB, fcwo,
uyTo Hacock A u 5, paboras napajiieNbHO, CO3RAKT B TOYKe
A opunaxopnie Jaanexnn. I[Nostomy Ans mo6ofi salanHoft p
TOuKEe A BHCOTH JaBJEHHA pa/y CyMmapBas nojaua obonx
HacocoB mMosyyaercA caomeHnem abenuce. Orciolla BuTeKaer
C/leAYIOLH Clocof MOCTPoeHHA obweR xapakTepuCTHKH o6o-
KX HAcocoB, MpuBeenHol K ToaKe A.

ITpoBoauM Ha rpadrKe JHHHA TPOHUIBOJIBHLIX NMOCTORHHEIX
BBICOT RapyieKHs

(50 (5 65D

B CYMMHpPYEM COOTBETCTBYIOnHEe nM alClACCH XAPaXTEPHCTH-
Kn pajy=F(Q)’. Nonyuaem Touku I, 11, 11I obwehi xapaxte-
puctuky Pajy=f(Qa+Qs)” mnacocos, npuselenrol kK TOU-
Ke A

Ecan 6paTh 3a apryMeRT cyMMapRyo Nofauy ofoHX Haco-
COB TPH KX TAPAAJENbHOM BKRJIOYERHH, TO OPAHHATH Xapak-
TEPHCTHRH P /y=[(Qa+4Q5)” GyAyT RaBaTh BHCOTH Aaalie-
Huf B Touke A. DTH AaBnerns o6yCIoanHBaKOTCH, € OIHOR CTO-
poHul, paGoTOR HacoCOB B TIOAMHHANOTCH Ypaskenuio (3.103),
¢ Apyrofi CTOPOHE, oHH 06yCJIOBJIEHH faajlendeM p; Ha ypoBue
2-2, reoMeTpuaecKoit BHcoToft Hy—H s n THApaaNnYecKuM co-
nporuanesueM Xk, Tpybonposoaa b, T. e.

P_; =B (H,—Ha)+ T, (3.104)

INocneaHee papeHCTBO — AHANHTHYECKOE BHPAMKEHHE Xa-
paKTepHCTHKH TpyfonpoBoia b, u3o6pamerHofi HA PpHC.
356 B Bume BocxoAsmeli kpampaTBUHOR napaGonu (Kpu-
pas b).

Jlaaneune, paasupaeMoe » y3noBoR Touke A HacocaMu A W
5, noniio 6T paBHo NPOTHBORABJEHMIO B sTOH TOyke €O
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cropond TpyGonpososia b, OTCI0AR $CHO, YTO PeKHM PaGOTH
cucTeMH onpeltensiercs Toukof a nepeceyeHms XxapaxrtepHc-
7k 02 /1=[(Qa+Q5)" u b,

tHloayuus TOYKY ”, OnMpeAeNHM, KaK TOKAa3aHO Ha rpadhu-
xe CTPEJKAMH, NapaMeTpL HacoCOB TNPH NapaaneipuoRt pa-
potTC,

(Qa+ Qs )" — ofasn nonaya Hacocos;
@, = Q,— nonaua kaxZoro uacoca;
H':q = H“B—- NONHLA Hanop KkaXaoroe Hacoca;
N, = Ny— MompsocTs kaxporo Hacoca.

[fonb3ysch XapakTepuCTHKaMn Hacoca, MOJKHO NOCTPOMTH
ofLLYI0 XapaKTeDHCTHKY MONIHOCTH HACOCOB, COCAHHEHHLIX
napaJJielseo, ciefyoliuy obpasoM. Ilopaua Kaxporo us ua-
cOCOB Mpn pEXNMe, onpepenieMoM TOykoh «”, HalileTcs npo-
pellCHHEM TOPH3OHTANBHOR JMHHMM N3 TOYKH o JI0 TOUKH X
Ha CAMEMUMBIX XapakTepPuCTHKax Pa/y=[(Q’) uacocos, A6c-
LHCCa TOTKH X — M0oA3aYa KaXKAoro HACOCA- IipH Mapannenbuol
paiote,

OueBHEHO, MOLIHOCTL N; =N"‘E Kayzoro H3 HacocoB On-

pejIeJlﬂe’l'Cﬂ KaK opAvHara xapax’repncmxn MOILHOCTH HaCo-
oo npu Q7 =Q7 . Otknanwipas cymmy N°, + N na opamna-
T¢, IpoBeAeHHOl Yepea TovKY a”, nodyyaeMm TOUKY obileit xa-
PAKTEPHCTHKH MOLUKOCTH napajiesbRo coeHHERHNX HAacoCoB,
Ha pre. 3.56 chenano anaJjoraiHoe onpenefieHHe TOMeK ANH
pexumos f a I1.

MocTpoerBLe rpaduxy NO3BOAMIOT BHACHKTH 3RKOHOMEp-
HocTH napanftensiofi paborh HeHTpo6eKBhX HacoCoB,

Ecnu p ycranoeke (cM. puc. 3.55) oauH M3 Hacocos, Ha-
Ipumep 5, BKNIOUER, a Apyrofl — A pa6oTaeT oRuH, TO noja-
4a nocjefuero onpefensiercs aéenuccon Q4 ToUXM ¢’ M paseu-
BaeMLlii nM uanop papeH H'A.

Hs rpaguxa scuo, uTo pEAI09eRNE Hacoca B B Napassens
€ A, HecMOTPAl Ba TO YTO HACOCH ONHHAKOBH, HE YBEAHUHBACT
lopavy yeradopkn B 2 pada: (Qa+Q5)"<(Q,+Q5) wm
(Qu+Q5)"<2Q’, =2Q; (3zecs Q) =QLJ.

Hs rpa¢uxos puc. 3.56 sHAHO, YT0 Npu OXMEAKOBLIX HACO-
Cax nonkmouerne BTOPoro HacoCa B Mapanfiesib K NePBOMY
YBennyipaer NORady yCTagoBKd B 2 pasa TOAbKO B TOM CJy-
Yae, yorpa O6WMA TPYGONPOBOR CHCTEMH OT CeyeHus A Jo
Hanophoro pesepByapa we AaeT rHApaanndeckKoro COTPOTHB-
T€HNS (1w OHO He3aHauuTenbxo), B sToM cay4yae xapakrtepuc~
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THKa TpyGompoBOAa b — npAMas AMHHA, napajielbHag och
a6cpuncce.,

Uem Sosble raapaainyecKoe conpoTHsieHue TpyGonpopg.
Ra b, TeM Kpyuye NOAHHMAETCH €r0 XapaKTepHCTHKA ¥ 1
MeNbILE YBETHYHBACTCH NOLa9a YCTAaHOBKA MPH NAPAANENLHoy
hoaxkaoyennn BYOpPOrO Hacoca, Tak, manpuMmep, ecsn TpYGo.
nposol b o6nana€T XapaktepHCTukoli b;, T.e. €ro CONpoTHg.
Niedue OYeHS 3RATHTEJILHO, TO MOBHILUEHHE NOKAYH YCTAHOBKy
fipu BKIIOZEHNA Racoca 5 B napainens ¢ A cocraanser
Ko (Qa+Qg)j—Q  4TO, KK BHAHO W3 CPaduKa, CoCTaalser
scero okono 0,17Q ;.

Jlerko y6enuTbcs B TOM, 4TO BKJNIOYenne uneHTpoberctorg
Bacoca napasjiendbHo ¢ paboTaloUM NOHHM(EET MOIIHOCT,
nocnenHero, HaGnonaercs u o6paTHoe ABNERNE: €CIY OLHH K3
HacocoB, pafoTalollMX MAPANNENEHO, OTKAOYHTb, TO IpyIve,
ocraoiinecs p padoTe, caMoNPoNaBOsbHO NOBHICAT NMORATY N
MOLIHOCTD', DTO OODACKAETCH TEM, YTO NIPH OTKAIOICHHH ORHO-
FO 43 HaCOCOB MOJaua YCTAHOBKH YMEHLIIACTCH, THIpPABJMYe-
cKoe conpornanenne obluero TpySonpoeona naikaer, KaancHue
B Y3JI0BOM CEYEHHM A NOHMXAETCH W ocTabiiuecd B pabore Ha-
cocw OyAyT pa6oTaTb npH NMowHXeHHOM Aasienud. Ho mowu-
JKEHHIO AadNeHud NPH O6BITHHX (opMax XapaKTepPHCTHK CO-
NyTCTBYIOT NoBHILIEHHe TORAYH H yBEJHYCHHE MOLHOCTH,

HasoxenHue obnmne coobpaxennsi o cnocole rpaduuecko-
ro MCClelloBaHug napannesbHoli paGoThi JABYX OAHHAKOBHEX
CHMMETPHYHO BEKAIOYEHHHX NEHTPOGEKHLIX HACOCOB  MONHO
pACIpOCTPaHHTL U HA GOJbILCE THCJIO BAacoCoB C PAIHLIMA Xa-
PaKTEPUCTHKAMM, COEJHHEHHEIX HECHMMETPHYHO.

Perynupopante NoAaun neHTpofexHwx MallME npn 0@
pPayinesbHOM CcoeAHHEHMH MOXKET TIPOH3BOAMTLCH BCEMH YXA-
sauubiMy B § 3.16 cnocobamn [26].

Peryanupopanse moAayM HACOCHLX YCTAHOBOK, COCTOSLIAK
H? HeCKOJIbKHX HACOCOB, MOXXET NpOH3IBOAHMTLCH IOCHEN0B3-
TeILHO W MapaJneJbHo,

Ecau H3MEHEHHE NORAWH YCTAHOBKM NOCTHIAECTCH pery/is«
POBAHHEM TONBKC OIAHOrO Hacoca C NOBENleHHEM erp NoAai
DO HYAR H RAJbHEHLIHNM NEpexoloM K PerynupoBaBHID ciaely-
IOLLEero Hacoca u 7. A, TO TaKOe peryJupoBaHne wa3upapT
nocredoaaressibis,

HameHenne NOAAYM YCTZHOBKH MOJKHO BECTH OAHOBpeMeH*
REM DETYAHPOBAHHEM BCEX WJH HECKONILKHX MainuH; Takoe pe-
TYAUPOBAHHE HASLIBAIOT NAPaAAAeAbHbIM,

1 JeReTBATEILHO TOMBKO LAS HEHTPOGEXHWX MalnH ¢ r, <250,
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HKONOMHYHOCTE 3THX cnocolom peryaupopatnd HeOJHHE-
gopd. [loNb3ysch OMHCAHHHMA rpagHYeCKUMH METOJaMHE
pecISAOBAHAR Napannenbloi paGoTH NEHTPOGEHHLX HACOCOB,
NOXHO BHSCHWTL 3aTPATR sHepruM Bcell ycTaHoBKo#l npu
oTOM H APYTroM CROCOGAX peryNMpOBAHUE M PEKOMEHJAOBAaTh

15 TIpHMeHeHHs cnocob Goviee SKOHOMHUTHEIR.

B HACOCHHX YCT2HOBKAX BCTPEYAETCH NOCJAEROBATEILHOE

cOtAHHEBHE HACOCOB C LENLI0 NOBHILIEHHs RaBjieHuf. B sTOoM
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Puc 357. CreMs NOCAEROBATEALHO-
T COEIMHEHHT UenTpOGERHRK Ma- L/ fL/
LIUH B pPEreHepaTAMHOM NMKAe nNa- P T~
poTypGHEHOR YCTaHOBKH Az,
oy 2

Prc 358, Tpadur psBorl mBEYE y
P2RTATHRK UeHTPOUEMHHI MALIHE
1Py HX NOCAEACRETENBHOM COEEM-
NcHuH

vlydae yanopHHi TpyOompoBoX HacoCa NPHCOCANHAIOT K Bea-
ChiBaonieMy naTpyOKy mOCnepylofllero Hacoca W, TAKHM 06-
PasoM, NPOMCXOAHT CJoXXeHHe HanopoB, pasBHBAEMEIX HaCO-
CaMy, B HeKOTOPHX chryyasx HEOOXOAMMOCTE NOCAENOBaTENb-
Horp COCIHHEHAA ANKTYETCR TEXHOJIOrMIeCKHMN
Coofpamennnamu, Tax, HanpHMEP, B pereHepaTHBHOM NUKNe
NapoTypGHHHOR YCTAHOBKM NOTOK KOHILEHCARTA TPOKOAKT Io-
ClefoBaTensHO yepe3 psf NOAOrpeBaTened, B pedyabTare
Yero NocTeneHHO NOBHINAETCH ero Temnepatypa, Koweunast
TeMnepaTypa nopoTpeBa KOKAEHCATa B COBPEMERHLIX YCTAHOB-
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Xax SNAYMTENLHA, M 370 TpeGyeT BHCOKOTO AaBNEHKH BOAKOr,
TPakTa nojorpeparteneh,

OMnako MOCTaHOBKa BCEX NOJOrpeBaTenefi NOR BCo;
BanneHue reBuHrofua, [TosTomy rnoforpesatens pasbusaror y
Ape nocrefoparenvhpie rpynmu (puc. 3.57): vepea nepayy
rpynny KOHIeHCAT noAaeTcs HacocoM I HM3KOrO Naallewny
Aajee KOHIencar nocTynaer B0 BCaCNBApIMi MaTpyGok wp.
coca /1 Bolcokoro AapaeHisl W NMpPOKAUNBAETCH NOCIGAMHM yo
pe3 rpynny nogorTpeBarTenielt BHICOKOTO NaBiacBHfl. TakuMm of.
pasoM, nacock / u Il coefvHeHH NoOCAEAOPATENLHO.

PaccMoTpHM XApaKTepPHCTHKH ABYX IOCNENOBATEJBHC €O
JHHEHHHX neHTpobexHuux Hacocosp A u 5 (puc. 3.58); xapay.
TEpHCTHKH HAMOPA W MOIIHOCTH 3THX HACOCOB NpPH pPalieny-
Holt paboTe KX 3ajanml.

a}Ablii ¥3 NoCnefoBaTesbHO cOefHBEHHBIX HacOCoB Naet
Olluy H Ty e NORAuY, H, CJAeOBATENbHO, O6IAA XapaKTeppe.
THKa WX MOJYYaeTcs CYMMHPOBAKHEM OPAMHAT XapPaKTePHCTHK
A u 5 npH nmpoH3BoJbHO 3afaBaeMHX mogauax, Tak, Hanpu-
Mep, 3aapas NPOM3BOJLHYIO DORATY Q) M CyMMHpPYA opAuHa-
e Ha u Hg, TNonyzaeM TOYKY e, HpHuajneRalnyk obuied
XapakKTCpUCTHKe Hanopa HacocoB A B 5 (of6o3BayeHa Ha rpa-
¢uke 3.58 ycnorBo A+ 5). AHanoruqHO nojydYaeTcs TOYKa f
ofuledt XapaKTePUCTHK momBoCTH, OfllHe XapaKTepUCTHKR
HAMOPa ¥ MOIHOCTH NOKA3aHH Ka rpaukax mTPHXOBLIMH JIH-
HUAMU.

Ecnd Hacocsl paGoTaloT NOCAeOBATEALHO Ha TPyOonpoBoa
¢ XapaKTepHCTHKO# XA, TO HX NoJaya oNpeReJHTCA TOUKON a
u Oyner paBua Qqyp npu obmem ranope Mays H MOIMHOCTH
Naygp. Tlpyn oxmmounodi paGote KakAufi Hacoc pasBuBad GOW
cooTseTCTBeHHp Nofaud Qa m Qp, Hanmopw Hx B Hgp & vwen
mouoCTd Na u Ng.

I'paduk DokasblpaeT, YTo HOCAEAOBATENbHOE COEfnHEHRE
HAcoCOB YBEJNHUABAST HANOP H CYIIECTBEHHO BJHAET wa MOAd-
yy yCTaHOBKH. DTO OOBHCHACTCA TEM, 4TO OpPH NOC/IEA0BE-
TENLHOM COSHHEHHH YBEIMUHBAETCR SHEPTRS, nepejiapaesmad
NOTOKY MHAMOCTH, U NpW MOCTOAHHOR craTHueckofi BHICOTE
rofaey H3GLITOK SHEPrUy B CHAY 3aKOHa coXpaHewnd SHepryHl
Heu30eMmHo AomKen GWTL H3IPACXONOBaH HA NOBHILIEHHE Wi
HETHYECKOH SHEPTUM U NpeoRonenne THAPaaNHyecKux cofpo-
TUBAEknii ceTd. Bee STo n 06ycnoalMBaeT poCT NMofauH YCTd”
HOBKH.




3.19. Heycrofumaocrs pabotul. Momnam

P cHCTeMAX, COCTOAWIHX A3 LEHTPOCEKHEY HAY OCeBHX MAWMH, Tpy-
GonpOPOAOE H eMKocTel, MOTYT BO3KHKATL HIMEHEHHA pemuMop, ofycnos-
aMpacMuE pasARYHEMH  NPHIHHAME. PETYAADHHMHM  NRH CnopannyetRHMy
cpHEDMH pHxpefi C KPOMOK aomecrefl, pedxum HIMEHeleM pacxopa Norpe-
guTenRMA A T. I TakHe NMPHIANE BUBOIAT CHCTEMY HS <pPABHOBECHOICY CO-
croaus. EcaA npH castin 9THX BO3bykpaouMX NPHYRI CHCTEMZ OpPMNO-
AT B HCXOAHOE COCTOAAKE, TO OHA ycTolyuas.

OaHeko mpyu OfpefcReHuoM CoveTaums QOpM XapaKTEPUCTHH MALIHHBY
{ CEIM CHATHE BOS6YIMpaeHndl He TPUBOAMT K YCTORUMBOCTH, H B CUCTEME
oCTOK TS CAMONPOM3BOJbHE, §e3 MMAuMHx BUEWHNX NPBYNK, KORCGaHWH

Prc 3.59. Cxema cucre-
wtd, COCTORILEH ¥3 BeH-
TH. PTOPa € TMOAKMIOYEH-
HOI ¥ MEMY CeTrIO:

= EAREA 1pyOGonpoBcna;

0 — naogank erc 0onepeHo~
1D CENEUBRA

DOAZUH, HaNloPa ¥ MOIHOCTYH MALIRHK, 970 — NSTOKOAEOOHUR, Mnn ROBNOIK,

AsTOKONE6aHNR NPOSBAHIOTCH B PAIUKNR CUCTEMAX ¢ pa3nAunOl nnuTeH-
CHBHOCTEID: OT ¢AB2 8RMETHHX HOMEHEHUH NOAAYM, ASBAEHAR M MOLUMOCTH
70 SRAYHTEMBHES Pe3KHX MN HIMEHeHHHl, ONacHHX AR Matiuh B TpYGonpo-
BOROB,

Bo3HnkHOBesiNe NOMNaXA B COBDEMEHHKX CAOKHKY BHCOKOCKOPOCTHHR
cucTeMax NpeacTaBaaer GONLIYI0 ONacHOCTE; HIBECTHH CAYYaK paspylLlenus
Maludd A TPYGONPOBOKOB BCNENCTHHE MHTEHCHABHRX aBTOKONCOanAd.

Teopur esToxodeGanus B 9KCNepumewi B 390N OONBCTH — CHOKHW
[7]; npuBepem aunie RecHX0AUMEIE OCHOBHELE NONOKEHNUH.

PaccMoTpuu cHetemy (pee. 3.50), cocrominyic A3 BEMTARATOPa 2, BCA-
cwpaomero / B nernerateasHoro 3 TpyGonposoace. HarnerazeawHul py-
Gonpoeoa cEn3RH € BoaRywAnM obbemom 4, HE BHXpAe B3 KOTOpOro Ha-
KOmM1CR NepemenHoe COMPOTHBACGHHE B BUfe Ipoccens 5.

PaGomne cpROACTBE BEHTHASTTOpPa NPeACTABARIOTCR XapakrepACIHXaR
Pee=F(Q,), CHHINBAIOMED NONHOE DaBfieHNe pu B uanopuoM TpyGonposone
BeloCpeseTeeHHO 33 BEHTANATOPOM € ofheMHBM Pacxomom Bo3aayxa Qu s
TON Me ceyennn (kpueag ! Ha pac, 3.60).

XapeRTepHCTHKY 2 APOCCERs NpPeACTaBuM  SasAcHMocThie Po=6(Q4),
the pg— 136HTOTHOE AaBAeHHe Nepes ApocceneM; Qp — ofbesymit pacxoa
Sepes apoccensy. [lpw nocnegosaTensnoM npAKpHTAN ApOCCeaR ero conpo-
Thesienne poapaCTeT W XxapeXtephcrnkn S—~6 pacnosoxercs shme, Pac-
CH0Tpum RapaxvepAcTHKY 2, Pabiopecsnfi, He HIMeHZIOMANRCH no BpeMexA
Pekpy paGoTu BewTWIRTOpa onpesesneTcs Toukofi O nepecesenus xapak-
TePHCTHN BeHTHAAATOPa ¥ CETH, STO1 pexum CTATHUELKM ycToRuus (anano-



IAYA0 NYKAeMy NONONKeHRI0 MAETANKa), JeRcTRHTE/BEO, yBeARYHM Noxayy
Ra AQ; mpe 3TOM [aBJelKe, PaBHMRAEMOE BEHTANNTOPOM, YMeAbiliaepcn a
conpoTABIIENNE IPOCCEIR BO3PACLTaeT. JTO BHIOBET TOPMONKEHHE 00ToKy,
YMEULIIEHAE NOARYA ¥ RO3BpalLEHAE paxkHMa B Toaky O. AHanorvwug Toy.
xau nepecesenas A, As, By, C,, D XapaxrepAcTAK CODTEETCTBYIOT CTaTiye,,
Eu yeTofruntie pexcumbl. B 9THX TOuKAX T2AreHc £ yria A2KIOuA Kacarg,..
HOft K XapaHTepuCTRKe Apoccels Goabie ramrence F’ yria HAaK/OHa xacy.
TEALHOR K XapPRKTePACTANE Regpy.
AATOPA, 4TO ABARETCH  NPEIHaKGY
CTATHYECKOR YCTOATHBOCTA CHCTeMy,

B rome As pexu cTaTimecky
ueyctolfiyns (aAANOTUTHO BepXnewy
NONOKEHNIO  MAATHHKZ), 3necs,
R<F'. OpnaK0 cTaTHIECKR  Ycrod-
auenifi PEMAM MOXKET OHKASAThey
AHHAMBICCKM MeycTORYWBLEM, Eo.
nefaTemAEM  NMoZoOA0  pACKaTRg
CHCTEMN ¢ OTPHIATENBHAM TPRHA.
ed., PaccmorpeM STOT Bonpoe,
[Iycre pao/pra=f{Qx) — omROEN
TeMhHAR XAPEAKTEPACTHKA BeATHAS-

G B TOpa (P ® Pua— alcOaROTRHD

NOXNHE A2BJIEHAR Nepen A BA Bed-

Puc. 3.60. Hccnegosauue cratuue- qupamopom), [lpemnonosau, wro

cxofi ycrofiumBocTd paboTel mMaum- paccMaTpuRAeMan cHcTEMa npmdame
HEl HA CeTh

WEHHO MOMeT OLITh SaMeRcHA CH-

cremoli ¢ ogAoA crenensio chofagu,

Mycte sosiyx 3 TpyGeonposone I (pnc. 359) aPRIRercR  ycxopesige.
Toraa papAecsste P, Nepef BeATAAATOpoM GyNeT Wewmue AABJICHHE Poa BA
BXOAe H3-34 NpeOACNCHFA CHIM HHEPUME HOIAYXa BO BXOAHOM TpyGompe-
Boge.

[To veopeme o6 HOMEHeRHN kosHuecTB2 Jewxermwn d{mv)/di=O0, rie
Mm=pQ }, — maccs HOMYX2 BO BCacuBaomes TpyGonpomcae; v=Qy/;—
ckopocTs Bosayxa; @ — cana, papuas Q (pr—pu). OTcoae HueeM: Pp=
o po—LadQo/dt. Benauuua Lay=poli/Q; masumaerea arnyeruvecxod maccod.

B menTRAATOpe AaBNeRHe BO3PACTEEY OT fia AC Pun=piaf( Q). Jlanne-
HAe psa B obbeme 4 Byner pepeo pyw—LaadQu/df, tae Lysm=pyls/Q; [loB-
ctrensid 8 BRPANEHAC A5 Po g SHAYCHNA Dy H Mioa, NONYUAEM NepROE YPRD®
KeHRe XBAKEHHA PACCMATPHRERMON CHoTEMK:

Ly dQnfdt = F (Q) — Pa» (3.105)
£re Le=Laif( Q)+ Lan; FLQe)=paf(Qu)—po.

Bropoe ypaBrenie MOKEO NOXYSETH, NPBARMAR BO BRHMARNE, TTO CE0
POCTH N3MeReHHs AapieEHA dpsfdi B 06beme V mepea Apoccesen UpORDP
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gHORAJBHA Pa3HOCTH CEKYHAHHX pacxosom Qu — BO3myXe, NOCTYNAIOLLETO B
g701 QODEM, M Qg — DUTEKRIOLLEr0 HA HErQ. 3TO ypaBHeHNE WMEET BHA

d
c, ke

=0, — g, (3.106)

e Ca=V/(pe?) — arycTiveckas rbroete (€ — ckopoctb 3ByKa). Henoas-
gy€M YPABHEHNME XaPAKTEPHCTHKM CETR:

Ps=2(Qr)- (3.107)

Hcrntouan ua ypasnennit (3.106) a (3.107) pacxon Qa, nodyuaem aud-
¢ep€HIlHBJIbHHG YPaBsHEHHA, OINCHBRAIOIINE REHIKECHNE B CHCTEME

Ly dQy/dt = F (Qy) — pe: }
Ca dpg/dt = Qu— P4 (Po)

rae ¢r — obpansenne dyuxnva (3.107).

PapHOBecHHI® pEsXKHMH ONpeAensioTCH yerosHAMu dQ«/di=0; dpgfdl=
=0, otkyna F{Qx)—pe=0; Qu—p,(ps} =0. Uncro n 3He"eHnA HefCTENTCHR-
EBX KOpHel 3TOR CHCTEMH ONpemensiOT TuCJC paPHOBeCHHX DeXHMOR E
SEALCHHN AK DAPBMETPOB. [COMETPHYECKA 3TN MNapaMETpH  ONPCAENAIOTCH
TOYKAMH MEpPECEYyeHHs XaPaKTEpHCTMK KoMIpeccopa H cetn {puc. 3.60).

Ipusenem cacremy (3.108) k ommomy ypaBHenwio BTOpore NOpFRAKE.
Ilepenecem HAUANO0 KOOPAMHAT B TOYKY PABHOBECHH Q:(. p; n ofocanaunm
OTKNOHEHHR pacxcoaa Qk ¥ AaBJEHHA pg OT UX PABHOBECHHX SHAuenHii ye-

pea Q ¥ p. Pasnaras F( Q;+Q) n tpl(p;+p) B CTCIEHHHE DRAN 1B orpa-
HHYLIBASACh UNEHAMA NEPBOTC NOPAAKa, MONYIBEM:

3. 168)

L,dQidt=F Q—p; C,—Q— q,p.

Oboasaunm l/tp'l=k. Torzg ¥’ u R — COOTBETCTREHHO TEHFEHCH YIJIOR Ha-
KfONa KacaTeNEHHX K KEPAKTEPHCTHKAM BeHTHAATOpa H CETH B paGouedt
TouKe. VIcKMQYas NEpEMEHHYI0 p, nojyuseM Au(ppepeHupancHOE YPRBHE-
BHe BTCpOrO BOpaska

Ly &2 QIdt + bdQ/dt + dQ = O, (3.109)

rie b=—I[F'—Lo/(kCa)}: d=(k—F-)/tkCs).

VYpapHenne (3.109) awanorauno ypaeneBRIo koeGoHuR NORAPYXuReH-
Hol macew L, ¢ kospduupeHTOM ckOpocTHOTO Tpeunsi b n IKecTHOCTRIO
UpywnHn d. Peanoseceilt péxxim no ypeerernto (3.108) craTnyecku ycrofi-
YIB, €CnK KECTKOCTE 4 NOROMMTENsHE, T. €. ecna k2> F'. Stor puBOL néay-
YeH pakee H3 reeMerpHUECRAX Coolpamernd ANA roukn O (prc. 3.60). Ecan
eCTKOCTR o OTPEIATEARNE, T. & k<K, T0 CHETEMA cTaTHIECKE neyeToRyy-
82 {royxa A, ua puc. 3.60).

Iycry d>0, T.e. cHCTEMa craTheechy yerofiuasa, CHcTema, onmchnae-
M35 ypasyenwem (3.109), GyAer ycroHuMBA TAKME M AWHOMHGECKM, €CAH
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CKOPUCTHOE TPEHHE NOJOMUTERBHO, T.e. Kosdbduuuent b>>0. OTC0AA yeae.
BHE YCTOYHBOCTH

F' < L/ (kCy). (3.110)
Ilpu stom ycioeM B cucTeMe NPOHCXOAMT paccesiAe SHEprAH, cpoGoamyy
KoneGanny Gyayr ¢ Teyenhesd BPEMEHN 3ATYKATb M MOMNAN HEBOIMOMey
Ecnn me §<0, 7. e,

F' > Ly/(RCy). 3.1y

TO TPENKE OTPULATENLHO, B CHCTEME ITPOMCKOAMT HRKONAEHHE IHEPIHM, .
Gue koneGannn pacxoza B CBCTEMe GYAYT C TescHHeM BpeMexH HADACTay
R nomnax o0A38TebHO BOIHNKHET HA BOCXOMALUMX YYACTKAX X4 PAKTEpHCTR.
Ky BEHTANATOPA, rae BENONHACICHA ycxosue (3.111). O6biuHo npH BOspacTa.
HiH aMiAnTyAE Ko/feGatinli paGouas Touka (TOUKA NEPECEUEHHH XapaxTepm
CTHK BEHTHAATOpaZ I} APOCCEAs) B Npouecce KoseGaunfi nepememaercs go
EApaKTEPHCTAKE MalllyHbi BIP2ZBO N BREBO M MONaazeT B oGRaCTH C Menn.
wnmy apauennstmvu £, rae F' <La/kCa; B athx obnactax b>0 M npoxcXoggy
paccemnye suepruy. AMnauTyAa woneGanufi Oyaer BoapacTath, NOKA me
YCT2HOBHICH GRJaHC MENUY WAKOMJEHWEM SHepriu B ofnacTsx, rae b0,
H paccesmvem sweprHit m oGnactux, rae 0. B sBrom Bmge ycsosme
YCTOIMBBOCTH HMEET BAR

F' < Ly /{kChp),
rge
Ly chﬁz[ _ 9302’1
kCa BV T B, Qpl,

VCTORYHBOCTh BO3pPACTAET NPA YPEXBYenAB [y, yMmexnluenwq I; n mio agedt
Q a 0. Ksanpar yraosofi uacToth koneGaniil

i 2 RF
Ly  kCaLy’
2
ecnn K F, 10 @?= L ; nepuoy, xonebanni T=2Injo=

e Cala  Shbl
=2n V LaCa.

INoMnas paccMOTpeHHOTO BMAA (npu <0} HaawBaercs murkbM, Of«
HAKO GHEBAIT Chyyal, KOTAa B TOYKE CTATHYECKOTD pasHobechs b>>0, & UPA
gone6aunnx b«C0. B BTHX CAYYEAX NpH BHE3AMNHX M3IMCHEHAAK PEXEMA
paloTH MOMNET BOSHHKMYTb T8K BaanBaembli Hecrxusl noMmuax — sadfonee
onacHHf, TaK Kag OH cpBdy C03jaeT Gonmuuylo aMmnimtyny xoneGaraR CH-
CTEMH; MEeCTKHMI NoMmaxK MOKET BOIHHKATH LAXE NpH padore CHCTEMH A
HHECXOARIKAR Y9aCTKaX XaPEKTEPHCTHKA BEHTHRATOPA; HOOOXOAMMOR YCJIOBHE
ero nonsjenas F”>0, B npouecce moMnaxa 3Hauesus p # Qg 0TIEIANDT
CA OT PAANOMECHLIX 3HAYEHHA M TOUKE CO 3HadeHknmA pg A Q, (Tak AasLl’
neeMan x306paxauiag TOYKA) ONuCHIBAET HA BJOCKOCTH Qypg HEKOTOPYD
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KpnaY10, HA3LBEEMYIO ¢asoacd rpaekropued, XapaKTEPUIYIOUAYIO Nepexoas
pulit 1pOLECe B CACTEME.
Moneans nounenno ypapxerme (3.106) we (3.105), noayuny anddepen-
gnadboe ypasreHAe $aionmx TpaekTophit
dpG Q![ '_OR La

dQ« ~ F(Q)—ps Ca

PaccvotpumM rpadmsecknt Meron ero pewenus. Ilyers Touka M, c KOOpAK-
ratedu Qu M pey MpeliCTaBaueT COCTORMAE cucTemE [pac. 3.61). Vismennen
8 La/Cs pas pakuy orpeska M,Ai=Q:—q;(ps), OTRA2HBASR €TO OF TOUKH

F‘;l' 2,
M
Is, e N
s

w

N__ALs

S— Ay N\

Velpod Bxs ‘%En

Pxc, 361. Meroa rpadyecHOro mnocTpoHHK NEPEXOASHX IpOLECCOB

M;. Tlycrs 310 Gyper orpesok MAa INposena w3 toukm As, Kak M3 UeRTpa
paunycom AuMy, 3REMEHT AyTH yepe3 TO4KY M, nonyunM T04KA My n Ma.
Ipononwan yKasaHHOR INOCTPOBHKE, TOCJAEAOBATE/BEC CTPOAM (Pa30Byi0
TP2EKTOPNIO, ABRKEHAE H3o0paXKAWKIEN TOYKA Mo KOTOPOH MpOMCXOANT Opo-
THB yacoBoli cTpenxu. AHE/A3 NOKa3IHBaEeT, 4T0, BEGpas macikral mo ocn
OIMHAT OTRHYZIOI{HMCH B 71 Pa3 OT maclTala D0 ock afcumcc, HyMsO
HIMEHATE OTpe3ok M A, B keam3Lo/C, paa.

PacchoTpiM KOHKPETHYIO 38/184Y: NOCTPOHM NEPEKOAHBIE NPOLECCH, BH~
Heand nomnamAawe KoaeGaHEA, ONpeAeRMM HX NEPHOA M BPOCAELNM, KaR
CHAAWBALTCH H3MEHENHE NOJIOKEHHs ApOCCEAR Ha padorte cncTeMbl. Bues
peM peHTsasTOp € nopauell 1 M¥c H maKcuUManeHEM  ABRAEHYEM OKORNO
1000 INa. Ha puc. 3.62 ABOHO, 4TO macuiTa6 no ocn opRasat B 1000 paa
Boartie, gyem no oca abeuace, ITyers §=0,25 u, fo=1 M, Q,==0; =05 m%:
1oraa Ly==1,8 krfut; Cy=0,1810"5 micifKr, [Tepuon noMmAXKHLIX KONEGAs
il T=2n/e=2x ,/' ToCa=0,01 c. Paccmorpam rpadmyeckoe nocrpoenie
bepexomuore npouecca, [ockonsky m=1000, norydaey k=m2L,JCa=],
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TaxaM ofpasoM, AMHHY oTpeaka MiA, HameHATs He creayer, Ha pue, 363
HBRKO, YTO NpH BEIGD2ZHHOA CTENEWH NMPHKPLITHR APOCCENA B CHCTEME non.
Dax HesOIMOMeH, TAK KaK JI00He Haya/sHbe OTENOREHAR 3aryXawr, [Ipy

HeKOTOpOM RanbHefeM NpAKPWTRAR ApocCens Ha  JAOCKOCTE Q
{puc, 3.63) dasoblie TpaekTOpuM NPHHHMAIOT BHA IBMKHYTOR KpRBOf—g1q
TaK Ha3WBAEMNR NpChenbHui LK, cootBercTRyoWwnl neproauveckny aay-
HEHHAM B HCXOAHOH CHCTCME, T, g
XapaKTepuayiomui GOMNaXaHe Xo.
neGamms.

[Nockonbky coceauste Tpaexto-
PAE CMATHRAOTCR € BHYTPEHRern
MpemesbHOro IUMEAE, OH  FBANeTcy
neycrofiuneein. Kpowe Toro, mmeer

PHe. 3.62. [Tocrpoetne nepexoamHux
opoueccee Ha drazoBoli ILROCKocTR
npu ycrofiyuBoi paGoTe cucTeMu

Qx &
Prc. 3.63. [lecrpoenne nepexon- Puc. 3.64, Iocrpoenve nepexoXEsy
Huix npotleccoB Ha drasoBoli nao- npoueccoB Ha ©$asoBol NACCKOCTE
CKOCTH TIPH JKECTHOM NOMNANKE NPH MATKOM NOMOANE

CA BHewHuB, YCTOUaHBEN mpenenbBRil AKJ, HA KOTOpHN cOcene TpaeHE-
TOPUN €HEMATHBAIOTCA® KaK ASHYTPY NPEAGNEHOrO UMKAA, TaK W CHapYXH.
D107 HHKA xapawTepHaYeT NOIHHKAOWIBY IKeCTRHR noMnax.

INpr panesefines mpHKPHTHH Jpoccens, Npx nepexofe paboued TOTKH
112 BOCEOASLMA Y98CTOK XAPAKTEPUCTHKH BERTHAsTOpa (pue. 3.64) PosHE-
NEeT OAHH YCTOAYMNHA npefienbdnit OBEA, CACROBAreHbHD, B CRETEME YCT3-
vauAnRaeTCs MATKBA noMRaX.
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Touka XapaKTePRCTHIH p==f(Q) Mamamu npa #=const, cOOTBETCIDYIO-
giaf Havany asroroncGaHiMd B cnyvae YMEHLMICHMA mopavy APOCCENeM, Ha-
JNBAETCR Zpanted nosnaxa. B xapakrepacTHRex npu nepemelHolt wacrore
ppATICHAR TOTKH [PAHAN BOMNAXKA HAAOCATCH Ha KampoR apoccenbuol wpu-
poi; JMHKH, NPOBEXEWHAS depes STH TORKH, ABNAETCH rpaHnued nommexa
pauMHE npH p=var (cd. pac. 10.9). Tpanuus nomnake ompeReNMOTCA
penbTAHNEM JonacTinx Mawey. Ilpe skenayateuma sallan 3MaunTesHoll
MOUIHOCTY BEIXOJ 38 [PAHANS NOMIANA, NEAaBHCBMO OT HMPHMEHAEMOTO CNo.
cofa ParyAHPORAHEA NoAaqd, HEAONYCTAM.

3axdya HPERYNpeMAEHUA TIOMGANKA EMeeT GOubUIOS TpPAKTATECKO® 3HA-
yeHHe ¥ MOMET peMIaTECH:

1) co3paHmeM KOHCTPYKUMEA JONACTHRIX MEIGHH ¢ rpeuAueli NOMNAMA,
no BOIJMOXHOCTH CABEHYTOR B O0A3CTh MANHK NOJAN B NMeAIAR Hanop-
nyrR XapasTepHCTHMY Oe3 BOCXOARMIErC ywacTka (6e3 <cegnosdbbm) RIH
NMEIOMAX BOCROARUINE yYacTOK KAPEXTEPHCTHRN © HARNNEHENIHM BAKIOUOM.
3710 ROCTHracTcH paspafoTeof PONMORAMMELIX $opu DporosHod nOADCTA
u npodurelt paGounk monacTshk Mamaiu, CyiecTseHuo2 SHAYEHHE HMEET
HO/MYECTe0 Patodux B HANPaBASIOWAX romacTed;

2) UpHMEHEHREN CTENHAJILULE NPOTHBCIOMAANHBHX YCTPORCTS, He mo-
SBOJIAIOMMK MAMKHE DEPEXONUTH rpakmuy nomuaxa. B 3ToM caynae yere-
HAB/IKRASTCA EHTHMOMNANKHEN KAAGAH, HACTPOEHANE TaX, UTO NPH yMeHb-
IEHAK PAcXOA2 motpeOHTened KO SHAYEHHA, CCOTRRTCTBYKNREro [pBHHLE
NOMOAMA, OH HAUMEAET UEPENYCK TASA HA BCAC MAUINUE RAM BUAYCK ero
B aTMociepy. TIpu svoM HORA9A MaRHH SYACT COGTRETCTBOMATH IpAMULE
noMIaKa, SpEAYHpeXIRs ero nonenedre, Hnuyme xag npusejeann B peil-
CTRNE ARTHNOMNa¥GIOre KNAnara Gepercr or TpyGOK MoaHOro yanope naR
Auadpare, PACHAIAraeMHX § HATOPHOM TPYGONPOBCER MAUTAREL.

BO3MOIKHO TAKIME COSHAUAE ANTHDOMNAMHOID Peryfde
TOp3, YMPAAKIOIEr0 RBAMEARSN BMEKOAHOrO NPOCCENA HAH HanpaniAoutes
I0 aumapeTa.

Jan yseseqeiia yerodMmeocTn BEATAAATOPA HA HCMMTATENBHE CTEH-
Rax BEGENTCH AOUGJHETENBHES eMKOCTh, BRANYCHRAR RAM NOCAE0RATEMbIO,
HNK NapaINIeEHO OCHOBHOMY BOIAYUIHOMY TpakTy. IIpn oToM ykasamies
EMKGCTE OTAGAReTCA OT OCHOBEON AcNOJmETesnH&M EpoccexeM. Hyxumo
OTMETUTS, YTO OPR NEPAINERLHGM DOIRAIOTCHEN LMKOCTH RONOAEATSILHEL)
APoCcens 8 CTAUHMOHADHOM REIEKE He BHOCHT ZONOAMMTSALALIK NOTePs.
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FNABA YETBEPTAS
LEHTPOBEMHBIE HACOCH!

4.1, Gopams pabounx KONEC HACOCOB PAIMMHON
GricTpoxoghocTH

Konctpyxuus Kosneca p SHauMTeNLHON CTeneHn onpegens.
eTcs ero Ko3pPunruenToM GHCTPOXOAHOCTH s, B aapucuMOoCTR
oT Koapdunnenra OGnICTPOXORROCTH paboume KoJeca JONACT.
fiblx HacocoB YC/IOBHO PasienifiioT Ha NATH OCHOBHHIX THNOB,
noxa3alisix Ha puc. 4.1,

Npu ysennuennn kosdduAnelta GLHCTPOXOAROCTH HaGmig-
BaloTCl BO3PACTAHHE OTHOCHTENBHOA IIMPHHH JIONACTH pao-
yero KoneCa Ha BLIXORE H YMeHbluEline OTHOCHTEJILHOIO Ha.
PYXHOro auaMerpa ero, T, ¢. pafonee Kofeco npeoGpasyerca
NOCNEROBATENLHO B3 PafHaNbHOrO B OCEROE.

Hs ¢opuynu kodddunnenta  GuICTPOXORAROCTH ngwm
=3,65n YV Q/H™ Bnamo, uro xomeco newtpoGeixHoro Haco
ca, npegna’HagCHEoe ANa paboTH ¢ JagauHbiMu @ v H, o6ng-
LaeT TeM Golibilefi 6HICTPOXOAHOCTLIO, HeM GoJIbIIE €ro TacTQs
Ta Bpamenns. Bonnline 9acToTH ppanieHns ofycloBnBpaldT
Majlhle pa3Mephl § MacCy HACOCOB M NPHBORHHX AaRrareed
npu BHcokoM KITJ arperatom, INostoMy npuMencHue pabo-
YHX KOJIEC ¢ BHICOKHM fis (Thnn 3, 4, §) SkonOMuYeckH uene-
coobpasiio.

phH JapasHofi YACTOTe BpAIUEHRA fi, TeM BHIILE, YEM
Gosblle NMonaua ¥ MEHbII¢ HANOD, paSBHBaGMEC PaGoIHM KOs
necoM. IlostoMy pabouse woseca € BHCOKBM Ko3dduuneH-
ToM GHICTPOXOAHOCTH ABJRIOTCA HHSKOHAMOPHBIMH H  JKaAIOT
Gonpuiyio nonguy (tunk 3, 4, §), Hanporus, paGouue Konecs
Thnop ] B 2 XapakTepHH ans Mankix NOAAY 4 BBICOKWX HA-
nopos,

[lpn oneHxe neHTpobGerkHBIX HACOCOR NPH NOMOLLH Kost-
tunmenta GucrTpoxoamoctd ns (3.92) cnenyer nMers B
BHAY. YTO OH onpeXensier GHCTPOXORHOCTL He HacOoCA B LEJIOM,
a Julp oauoro paGosero woxeca. IlosroMmy obuwmf By ¢op-
MyJH Ains OnpefeheHns ns paboyero Koseca MHOTOCTYNeHYa-
Toro MHOTOTMOTOUEOrO Hacoca 6yner

- voe
'y = 3'65"’“3-"-2_”3_”_ »

rae @ » H — nosnHe noxasa B Hanop Hacoca; 2 — qACHO MO~
TOKOB; § — MHCJI0 CTYNeHeR paanernsl macoca (cum. § 3.8).
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Pa6ovee ronteco nestpobeiisoro Hacoca 3aRaHHEIX NoJauH
u Aaanennd MOMKeT OLITh M3rOTOBJEHO ¢ ABYCTOPOHHHM MOJBO-
AOM XHaxocTH, B 3TOM crnyyae 3aRamHas nofaua Q pacnpe-
JelifeTcA NOPOBHY MEKAy npasolt H J€BOH ero NMoJAoBHMHAMM.
[Mpu 3T0M KO3(POUNMEHT OGHICTPOXDAHOCTH KOJECa yMeHbIla-
etcA B V2 pas u Koneco craHOBUTCA MeHee OLICTDOXOAHEIM.

Yenosus paGoTh Jonacteft koJsiec pasnuuHofi 6HCTPOXOA-
KOCTH HeORMHaKoBH, Tak, HanpuMep, B THXOXOJHOM KOJece

! z J
&
B
L T &y
B -—[—-- % 5
. 4
i
\-_‘Ns

1

17

12

1

Iy

Jy

. Z
l

u....l}j

5|
]

R
z {z“ I Iz ‘ Zz 7 Zy 8.5
i g et o 20

Pre. 4.1. KoHCTpYKTHBHEE TN PAGOYAR KORNEC;

1 — THXOXOIHMOE KOXeco, nﬂ-40+80; 2 — HOPMANRHOR BONECOo. n‘-soa.uso; § = GulcTe
poXpANIoR BOAREO. u,-lsoq-soo; 4 =~ nuaroFansHoe Koneca, ns-woﬂm; 5 — OCergd
nu NPONE/NEPHOd Komeco, iy =800+ 1600

muna I (cM. puc. 4.1) cTpyfikn noTOKa WHAKOCTH ABINKYTCH
MpAKTHYECKH B OAMHAKOBHIX YCJOBHHX, BXOAHAM KPOMKa Jo-
aCTH JIEXHT Ha NHIHHAPHYECKON TMOBEPXHOCTH, a Cama fo-
RACTE ABAACTCS UNJAnHApHuecKoA. 3T0 0COGEHHOCTL paRualib-
Hblx UEHTpo6eRHKE KoJec.

B HopManbHHX K GHCTPOXOAHLIX KOjecax BXOAHbLIE KPOM-
KH JionacTefl BHiHeceHH B OGNACTb NMOBOPOTA NOTOKA KHRKO-
CTH, T, €. B Ty 30HY, I'lle HanpaalleHae MOTOKA W3IMEHsEeTCA oT
OCEBOTO K paZHanbHoMy. 2T0 of6CTOATENbCTBO BHIILBAET Npe-
BpallieHne UHJIAHAPHYECKOR NOMAcTH B foNacTh C NOBEepXHO-
CTHIQ fBOAKOH KPHBHAHEL,

Peakp shipaxenHuMu dopMaMu Jonacrtefl Nposxofi Kph-
BH3HH 06najaloT AuaroHanbHule Hacock (puc. 4.1, THn 4},

O6une TpeGoBannfi, npefXbABASEMEE K KOHCTPYKTHBHOMN
diopme ceyeHHs JonacTd: coGMIONeHYe PACYeTHHX Yrf0B BXO-
J1a ¥ BHIXOAE, MHHHMaJbHOE FHApPaBAHYECKOE CONpPOTHBAEHHE
H docTaTog9Has npoUHOCTb,
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IBa nepehix TpeSoBaHHs YAOBJETBOPAIOTCA NpHMeHeHMe
ofuenpHHATHX €NocoGOB NOCTPOEHHA cpeiHell JHHHMH Ceye,
HHS JONACTH M ynorpebieHnem npoduneii palHoHaNbHOR
$opMH ¢ TILATENbHO 06PABOTABEHMH NOBEPXHOCTAMH  Npo.
TOuHO# yacTh. Boabwoe 3navenne nmeer gopMa nonepeuviorp
CEuCHHS MEXAONACTHOIO KaHana, OnpeienseMas WHPHHOA ng.

‘\\\\\\\\\\\\\\;\_\;

S
5

Puc. 42. Toctpoenne cpesnelt nn-  Prc. 4.3, Qopuu cedednii pabosmx
MMM ceueBus JIONACTH ORNOA AYTof Jonactel
Kpyra

nacreli M HX KOJHMYeCTBOM; OH4 JOJXKHA 0612jaTh GOJNbINnM
THAPaBIHYCCKMM PaznyCcOM.

JHH M3 IIPOCTHX CNOCOGOB NOCTPOEMHA CpepHeH JHHHE
ceyelus JIONacTH No 33aj28HHWM yraaM BXOAa H BHXoAa IOKa-
3an ua puc. 4.2, Ilo 3TOMY MeTOoAY JONacTh OYEpPYHBRETCH
AYro#t oKpyKHOCTH,

KonnyecTpo paGounx JonacTeil ONPefeNACTCH CIeAYIOH-
MH coo6paxeHnAMA. Bosbluoe KoauuecTpo Jonacrelt obycnos-
AUB2ET KaHanu Oonpiofl AnHEm ¢ GnaronpuAtHO#  Qopmof
nonepeyHoro ceyeHHA, HO NpH 3TOM JONAaCTH CTECHAKOT Iome-
peyHoe CeyeHWe, yMeHbIlad NPONYcKHYI0 CNocOGHOCTh KOJIECA.

Jna xazaoro xoneca cyLieCTBYeT HEKOTOpoe HaHBHIOJA:
Helillee UHCTO JonacTel, onpegensemoe dopmynot (3.34).
O6uiunp 2=6--8.

HspectHo Takie, uTO pauHoHailwHHe GopMH npodnied,
ynoTpe6asieMbix B apHAnHH U MMAPOMaIIMHOCTPOEHHH, HMEIT
YTONLIEHHYI0 OKPYTJEHHYIO NepefHIo 9acTh H TOHKYIO 3al-
uo0 kpoMky (puc. 4.3,a). Takas ¢opma npoduas Jonacrd
OnaronpyATHa B CMBICIe npoyHocTH. OpHako npH HeGOMbLLIRX
paaMepax pabouero koneca YTOJUIEHHHE nepejHAe KPOMKH
pabouHX JornacTeld SHayMTEIbHO CTECHFIOT BXOAHOe ceveHWe,
vTo OT 3T0H ¢opMul npodnasA NPHXOZATCA OTKaISHBaThCH H
NPUMEHATL ceYeHHd, NPHBeeHHEe Ha pyc. 4.3,6 1 8.

Tomuwna pabourx nonacTeil obwvHO Ha3HauaeTcs HNOH-
CTPYKTHBHO,
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4.2. KosthdrmumenTsl Noneaxoro Aekcvana yenTpobemHbix
Hacocos

OGuee coobpaenns O NOTEPAX Hepruu ¥ Ko3dpbuurent
NONE3HOro ACHCTBHA LEHTPOGEXHHWX MallHH ORLIH H3NOXeHH
B § 3.7.

§Oﬁ'beMHHe NOTEPH B LEHTPOOEKHHX Hacocax O8yCIOBIeRE
mepeTEKaHueM XKHAKOCTH Heépe3 nepeaHee yIIOTHEHHe Koneca
§ YNAOTHEHHE BTYAKH BajJa MemAy CTYNEHAMH Hacoca,

Teopernueckue coolpaMerns B CBA3M ¢ TACTO BCTPEYAIo-
UIMMUCH KOHCTPYKTHBHEIMH COOTHOUIEHMSIMY NPHBOZAT K Che-
AYIOLIEMY OPHEHTHPOBOYHOMY BHPANKEHUI0 AN K03bdHuneH-
Ta NoAedHoro ReficTeud 1ot

i

- — (1.1
Tlo l-}wmrl;'ﬂ'm'1 )

KoapduiueRT g 3apiHcuT OT COOTHOLIGHHA MEWAY JAda-
METPAMH BXOAAa M BHXO0fa M cocrapnder okoio 0,68,

Qopmyay (4.1) moHO HCIOAL30BATH AASA RPAKTHYECKHX
pacueros,

Y coBpeMeHHWX KPYMHHX UEHTPOGEKAHX HACOCOB IpH
TIA16/IbHOM HSroTOBNEeHHH paGouuMx kojec 1,=0,96+-0,98, a
y MeNKHX H CpeHHuX HacocoB 1.=0,85--0,95.

3HaueHne 1) KeHTPOGEKHO D HACOCa B 3HAUMTENLHON Me-
pe 3aBHCHT OT COCTOfIHMf ero ynaorHewu#h. Tlocmepuwe rno-
BOABHO GHCTPO HIHALIMBAIOTCH, B OCOOEHHOCTH B TEX ClyYasnXx,
korga Hacoc paboTaer Ha ATPECCHBHEIX JKHAKOCTSIX.

lazpapnnueckye nOTEPH B NeHTPoGeHEX Hacocax ofyc-
JMORMEHH THIpPapJIHUECKHM TPEHHEM, yiapaMie H sHxpeobpa-
S0BaHWEM B mpoToyHof dacTd. TlnaBHO OYepueHHHe KaHANH
pabouero koJiéca, OTCYTCTBHE PE3IKHX NOBOPOTOB, paciudpeHul
K CyXeHHMA, TmaTeAuHasi 06paboTKa BHYTPEHHHMX MOBEPXHO-
cTelt NPOTOMHOf yacTu ofeCleyHparoT BHICOKMI THApapAnYE-
CKHiA K?'I.ZI Hacoca,

D8 coBpeMeHHKIX KPYNHHX HACOCOR RPH THIATEALHOM U3-
roTopyeHan Jonacteii ruApapnnueckuk KI1J moxuo onpe-
LKesaTh Mo QopMye

0.42
(1€ Dy —0.172)2 °
The Dy — yClOBHHH jBaMeTp KABOTO CeueHHd BXOja B pa-
Gouee KONMECO, HA3HPACMHIA DRPUBEESHUBIM JHAMETPOM Ha
Bxone, Dip= VDg- a.

e =1 (4.2)
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Mo cTATHCTHIECKAM ZaHHEIM
3
D~ 42V Qin, (4.3)

Canocrasnas shipaxenns (4.2) u (4.3), MoxHo BHEers,
uTo rHApaBaHyeckuii KI1J1 3aBACHT OT nogawy M 9aCTOTH Bpa.
WeHnA pada uenTpobeXRHoro Hacoca,

HJIH COBpEMEHHEIX Hac0CoB Xopollero HW3rOTOBJEHHA 3HA-
yenus 1), Aexar B penenax or 0,85 go 0,96, Meakne Hacocy
¢ Naoxoft obpa6oTKOH BHYTPEHHHX NOPepXHOCTel HMMeorT
1r=0,80-:-0,85.

Mexanuueckie RoTepu oOyC/OBJEHH TpeHHEM B YMJIOTHE-
HHAX W MOAUMIHHKAX, 3 TAKXKE CHAPABJHYECKHM TpeHHeM o
ROBEPXHOCTH pabodHX KONEC M Pa3rpy3ouHsix KHCKOB.

3uauepyn mexannueckoro KIIJ] y coppeMeHHSIX KPYUHBIX
UEHTPOGEIKHHX HaCOCOR ROCTHIraIoT 1w =0,92+-0,96; o6muf xe
KITJ] uenTpofexHHX HACOCOB KPYUHHIX paIMEpoB H Tila-
TeJLHOrO H3roTopnenus papen %—=0,75+090 u nvorga 0,92,

4.3. Ynpoljenntii cnoco6 pacuera paGouero noneca
wacoca maholi GohictpoxogHoCcTH

HcexopnbiMy nanueIME sipasioTes Q, m3/c, H, M, n, o6/Mun,
Yactora ppauieuns HAINAYACTCK B 3ABUCUMOCTH OT TUNa npH-
pofHoro ppHrarenf. LleHTpoGexxnHe Hacoch NPHBOAATCH B
APHXeHHe O6GBLYHO ACHHXDPOHHWMH SJIEKTPOABHrATENAMH €O
C€TaHAAPTHHIMH YaCTOTAMH BPALICHRA; CJaEAYeT OpHEHTHpo-
BPATECH Ha HeNOCPEeACTBENHO® COCAVHEHKWE RAJOBR Hacoca W
SJIEKTPOgBHraTe N,

KpynHuule nacocH nMelOT OTHOCHTENBLHO HH3KHE YaCTOTH
ppalllelus, a MeJKHWe — PHIcOKHE, Tak, HanpuMep, KpYNHHE
nacock Mapxu 18HA npn Dp=700 mm umeror n=730 o06/mny,
a manue Hacochl MapkH 2K-6 npu Dy=162 MM paboraior ¢
n=2900 o6/MuEH.

Buifop koJHUECTBa cTyNeHEl NpOH3BOAMTCH TyTEM cCpas-
peunn 3apaHHuxX Q v H ¢ napamerpaMu noCTPOEHHHX Haco-
cob. Hanop oguo#t cTynenn H'=Hjz, roe 2 — KoauuecTso
cTynened.

Jias pLsicHeHHs] KOHCTPYKTHBHOrO THIIa HACOCA PAaCCUHTH-
paloT xos(denpieHT GHICTPOXOAHOCTH 1, no QopMyae (3.84).
Hanee no ¢opuyne (4.1) paccuMTHRAIOT Mo M, BHAMCINB IO
dopuyse (4.35) NpuBEAEHHNY auameTp, no ¢opmyne (4.2)
Kaxogat ruapapavyeckudi KITM wacoca.

Tlpunumas ny B YKa3aHHHX BHlue NPeesax, MOXKHO pac-
cuntath obunii KT nacoca n=vnopne.
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OnpeAesrs mouiRocTs kacoca N=mgH{ (1000} u kpyTa-
gt MOMeAT M =97 500N /n, MOKHO pacCuuTaTh MO YCHOBHAM
cKpYYHBaHAA HAMETP Baja HacoCa

d, = V MH0.2% ). .4

Ban uacoca paloTaer B OCHOPHOM Ha CKpYYHBAHHE MO-
weNTOM M, HO 9aCTHYHO HarpyXcH nonepeyHbiME # LEHTPO-
GemABIMA CHNaMH, OOYyCIOBNEeHHEIMH HeGanaHCoM poTOpa.
[IL3TOMY JONyCI1MMOE€ HANpAXEHHE KPY4YEHHF Tuom NPHIHMA-
j0T NOHUIKEHHREIM; Tyon=1,2--2,0 xkH/cMa,

& Puc. 4.4. Pacuethoe KONCIPY%-
1 THRHOE ceucHe palouerc xoue-
o ca
)
al S
NN

& ., S
A Ny ; Puc. 45. Tocgpoenne navans-
AN Horo sacmenra pabouelt jonacTH

[7

HAuameTp crynuin xoneca (puc, 4.4) mpUHMUMAIOT paBHBIM
der = (1,2+ 1,4)dy.
Aunamerp Bxona B koneco Dy oNpenenfior no IPHBEJEHHOMY
ENaMerpy:
D=V D +& . 4.5
lpunsas nmmny ctyniun leee= (15-1,5) der, MOXKHO HaMe-
THTL KOHCTPYKUMIO BXOJHON WacTH KOJNEC2, KaK 3TO TNOKasano
Ha pHe. 4.4, PexoMeHAVeTCY NOCNeAOBATENBHOE BLY€PUHBA-
HHe XOHCTPYKTMBHOTO SCKH32 N0 MEpe NOJYYeHHA PACYETHHIX
pazmepop.
OkpyHas C0pPOCTh HA BXOLE B MEXJIONACTHEE KaHAJNB
uy = nR,nf30, {4.6)
1lonaran cyy=Cp, NOCTPOCHHEM BXOAHOTO MAPANNEJOrPaM-
Ma chopocTel onpeleadaioT BXOSHOR yrod By.
KoHctrpynrusHbit Yrodl JlonacTd Ha BXoZe NMONYYAKlT, NpPH-
HEMag yroa ataki i=0-+-6° (puc. 4.5).
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Lilupuaa &, sonacTn Ha BXOAE ONPEAENACTCA H3 ypapye,
HHfL Pacxoza

Qu
»
aDeym

_

rae p— Ko QHUnEHT CTECHEHHsT BXOAHOrO CeYECHHS KPOoMgy.
My sonacrefi, pi =0,9.

Tomuwua nonacTeli NATEX YYTYHHHX KOJEC INPHHHMAeTcy
no cooOpay,eHdsM TEXHOJOTHA He MeHee 4 MM.

Janee BHIIOJHRETCA PacueT BHIXOHBIX SAEMEHTOB KOec,
¥a06H0 NpMHATE YroA MOTOKa fa W OoNMpelesHTL Henﬁxonuum
OKPYIKHYIO CKOPOCTb K.

Hcnonsays ypasuenue 2iiiepa, npu paZHaibHOM BXONe g
MeXAonacTine KaHanu (Ciw=0) nonyuaem pacueTnyio dop.

Myny
1 te By \® H
Uy = -—2 Lo Ctg ﬂg V (_____csr 02 ) + _'i .

3uas By » BEGpap YHCJIO JIONATOK, HETPYAHO no ¢opmyne
Nonelizepepa (3.84) onpeAenMts BRXOAHOA yroa Jonacrel

Na

Pa3Mepr, nOnyucHHH pPacueTOM, H KOHCTPYKTHBHHE CoO-
o6pakeHvs NO3BOJIAIOT NOCTPOMTH NPOAONLHOE CEHEHHE Ko-
JeCa ¥ BHYEPTHUTHL JOMACTD, MONbIYACH YKAIAHHHIM BHINE CTiO-

co60M.
Mipnmep 4.1, PacceutaTs pafovee KOJCCO HACOCA ANA MOARYH Q==

= [80 w9 eonst ¢ Temnepatypoli T=293 K non usbbiTornmiM mabnenses
200 «Ila npu napjenwu Ha Bxofie [0 wlla,
Pewenue. Hariop Hacoca
s —pi 200000 — 10 000
pg  1000.9,8

H=2 = 19,38 .

Bu6upaem gacTory BparieHMs BANA RaCOCa WPH COSAMHEHHH ero ¢ BatoM
AsmraTens mydroft n=I[430 ol/MHH.
Kosdduusent Suctpoxoxuocts no (3.84)

V.05

ng = 3 ,65. [430 o.38R = 125,

Tlo aanumm § 4.1, Koseco MmeeT HopManbHuA xosdbuument CuCTP
xoAnocTH. Onpeneniin obbewumil KT no dopmyse (4.1)

1
o= 170,68 12500 0.9
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INpuseaennnf aunemerp no Gopmyse (4.3)

]3/ 0,05
Dyp =425 '[Eo=0.l4 M.

I'napasmaecknit KIII no gopuyxe (4.2)
0,42

(0,14 — 0,172y =0,91.

=1
Ipusuraem mexammsecxudl KT nu=0,93,
Noanwi K[ nacoca
n=0,97.0,91-0,99 =0,82,
MouHocTs Ra sany
pQgH 1000.0,05.9,8- 19,38

N- = = 2 .
10000 1000.0,82 12 xBr
KpyTauka moment
12
M= » —— =8I Hu=8100 H-cu.
9600 a3 M 100 H-en

Juamerp pana no gopuyae (4.4)

o}/ o
8= [/ 0,2-150 ™

TlpenemMaen AuaMeTp CTYNHUE KoJXeca
dep =1 ,4dg =42 my,

JizameTp Bxofia Ha pabouse HonacTu
Dy= D, 4 20 = [60 mm,

B notneguefi $opmyne ypemmehne D, mporvs Dy na 20 mm npoHamo-
NRTCH ¢ UEeAbI0 PHHECEHMS BXonHol KPOMEM paGovel NOMACTH W3 30HMW NO-
BOpOTA MOTOKa B OCNRACTE IUICCKOTQ TEYeHMA.

JHa eTynuyn KOHCTPYKTHBHO

lc.'= I.Mcm=84 MM,

OKpyKasi CKOPOCTH Ha BXOAE B Kewan paGouero Koseca

nDye  3,14:0,160- [430
Uy = 60 = 60 = I2 M.’c.

Cxopocts pXofa B pabonee xodieco
4Q . 4.0,06
%“‘ D} — df;r) 0,97-3,14.0,024

=2,7 mjc,
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W3 BXOAHOTO MAPANRENOrpAMMA, MONAran &, ==C)r=Co, MONYyaLHM
2,7
iz
TpmunAe i=4, ponyyum yron JONacTH Ha pXoRe

bin =By + i=16".

Ipn xoapdruuéenTe CTECHEHNA BXOAHOID CEYEHNA MEMNONATOYHMX kg,
Hajios =09 onpefienger UMPUHY NONACTE HA BXOAL

0,08
= 0.97.3,14-0,160-0,9.2,7

INpunumaen Pp=17° & onpenensied no dopmyne (4.6) oKpyxnYI0 cxa.
POCTL Ha BHXOZE 43 KoJieca

tgﬂ[=%= =0,225; B, = 12°,

b = 0,042 v =42 mm,

1
u,=—2~2,7cte 17° 4

2,7 ctg [772 19,38-9, 81
(. 2 D) = 19,5 mfc,

2 0,51
Onpenengen Dy

60:19,5
Da= ﬁg: RERTRVC ki
OTHOoWEHHE AHAMETPOB BHXOAA K BXOKA
Dy 0% == [,62
D, 0,160 T
Nupuna AomacTH HA MMXOAE MPR YCAOBHM &y =Cgr
b,=b1—§i ==42g—:%=25 M.

Koskuecreo sonaTox pabodero resneca no gopxyne (3.84)
1,624 1  [6°419°

|
Le—t gz 0

o noaygenHuM AAHHNM NPOPURUPYIOTCH NPORONKHOE CEueHHE padode-
TO XO0Jeca H AQmactil

7=86,5

4.4, Koasvaumn, JlonycTMMBS BhiCOTA BCACLIBAHMA

JapneHne KHAKOCTM, NPOXOAMLEl Yeped Hacoc, HeNpe«
PHBHO MAMEHAETCH B HANPARJNCHUM ABMIKEHHMSA H HeQgMHAKOBO
P OTAeNbHHX TOYKAX CeYeHHH NpOTOYHOR NOMOCTH.

B 0oObuHLIX KOHCTPYKUMAX UEHTPOGEIKHHX HacocoB HaH+
MeHblee aannieHHe HaOawzpaercA GAH3 Bxola B UMNTHEAPH®
yeCKoe ceqeHne paboyero xoleca Ha POTHYTOR CTOPOHE JOnAC:
Tefi, T. €. TaM, rIe OTHOCHTE/JbHAA CKOPOCThL W W COOTBETCTBY"
folllan eff kuHerwueckan sHeprua w?/2, Ix/kr, pocruraiot
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panbonputnx 3uaqenun (puc. 4.6, sona A). Ecan B 30He A
paBicHNe OKAILBAETCH DABHLIM WM MEHBIIKM AaBJAeHHS Ha-
cbIllleBHOro Napa, COOTBCTCTBYIOLIETQ TeMIEepaType BCachiBae-
ol HAKOCTH, TO BOIHMKAET SIBJIEHHE, HA3HBAEMOE KAGUTA-
nedl.

4 ®u3nveCKas KapTWHa KABWTAUHM COCTOHT BO BCKHNAHNY
KNAKOCTH B 30HE NMOHHMEHHOTO jgaBJICHHMA H B llOCJIC)J,YlOI.lIeﬁ

Puc, 46, K onpepencisio MupB-
MANLHOTO JlaBneHys B paGouem MO-
nece

Puc. 4.7. K yparnenno {4.7) ad

HOHACHCAUNM NMAPOPHX Ny3HPbKOR MPH BHEHOCE KHIMLieH
KBAKOCTH B O6/M12CTh NOBHIIEHHOro gapieHus. IIpm sTom Ka-
BHTauWOHHE MPOUECC PacnpoCcTPaHEH MO HeKOTOPOA AJune
noToka. Kasutauusi MOMET GHTh MECTHRIM IPOILECCOM, Xa-
PAKTEPHBM AN KOPOTKOTO YYaCTKa NOTOKA, B TeX cayvadx,
KOTja napjicHne B CeUEHMH NYJLCHPYET OKOJO €ro CPEZHEro
3Ha4eHusl, paBHOro RapJeHMI0 HaCHILUEHHOrO Napa NpH TeM-
lepatype pcacuBaeMoii wufikoctH. B stom caywae npoueccn
BCKMNAHHA A KOHAEHCAYMH NAPOBEIX NY3IWPLKOB NPOTEKZIOT C
Gonbimoi yacToTodH, NyALCHPYIOLHM 06pa3oM.

B nio6bix ciryyanx xapuTauuu TpH GHETPOR KoHaeHcanuu
Napororo Ny3npbKa OKPY:AWOLIAS €r0 KUAKOCTE YCTpeMaf-
€TCH K NeHTPY Ny3hpLKa (LEHTPY KOHACHCAMR) M B MOMEHT
CMUKaHuA ero 06bemMa NPOMIBOAHT BCAGACTBHE MAJOH CXY-
Maemoctn xmaxoctn peskufi Touewnmii ypap. Mo coppemet-
HHM RaHHWM, A2BAeHHA B TOUKAX CMHKAHWA NapOBHX DY-
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SHPLKOB MpH UX KOHAEHCAUNH B KABMTALHOHHHIX NPOUeccay
JOCTHral0T HECKOJIbKHX Meranackanes,

EcnH nyaupex mapa B MOMEHT €70 KOHAGHCAUMM HaXoayr.
CA_Ha TIOBEPXHOCTH, OTpaHWYABAOLIEH noTOK, kanpAmep gy
paboyeit noNacTH, 10 yaap NPHXOAMTCS Ha 3TY MOBEPXHOCTH y
BLIILBAET MECTHOe padpyluefiie METAsNa, HAIWBACMOR Ayr.
Tunzos, CoBpeMEHHREIE HCCIeJOBAHNS NOKA3KBAIOT, IT0 Kapg.
TauHA CONPOBONIAETC TEpMHNECKHMH M 3JEKTPOXHMHUECKR.
MM RPOLECCAME, CYLIECTBEHHO BJHMAIOIIHMA Ha paspyllengg
NoBEépXHOCTEH NPOTPOYHOR I0JIOCTH HACOCOB.

Xapakrep MHTTHHTAa 3aBHCHT OT MartepHana, u3 KOTOporg
HIroTOBJEHA NMPOTOUHAA YacTh Hacoca, Tak, MUTTHET  9yryg.
Hux geTaniell, Hanpumep paGoumx Jonacrell HHIKOHANOPHLIX
HacocoB, faer ry64yaTyio CTPYKTYpPY € BechbMa HePOBHOR mg.
BEPXHOCTHI0 H HIBHJIMCTHMH Y3KMMH ILENAMH, NPOHMKRIOUg-
MH riy0OKO B MeTaal M HapyllaollAMHE NPOYHOCTE ACTANH,
B nacocax mLICOKOHANOPHHX, paGoTaoliux npe Goabmok
yacToTe BpALUEHHA, ¢ ACTANAMH, BLINOJHEHHEMH W3 OOBIYHEX
KOHCTPYKUHOHHBIX W JIErMPOPAHHBIX CTajeH, MMUTTHHT NpORB-
JdfeTCH B BHAE INIaAKHX, KakK OH NpOTOYCHHHX BrajgHH M Ka-
HapOK. Marephanos, a6COMOTHO YCTORUMBLHIX MpOTHR Kapu-
Taunn, He cyitlecrsyer. Oyenb IJIOXO TIPOTHBOCTOAT KaBUTALMH
HeOZHOPOAHble XPYNKHe MaTePHaJIH, TaKHE xaH 9YTYH H Ke-
pameka. V3 MeTanioB, NpuMeRAEMEIX B HACOCOCTPOLHIY, Hau-
6ojlee KaBHTAUMOHHO yCTOHYMBH JIErHDOBAHHHE CTajHW, CO-
Aepikallne HHKEb 1 XPOM.

Kapurauun BpeAHa He TOJBKO NOTOMY, 4TO Pa3pyllaer
MeTamj, Ho H NOTOMY, 9T0 MAlIWHA, pafoTajoHlana B KaBuTa-
UHMOHHOM pexHMe, cyliecTRenHO CHHikaeT KI1,

PaGoTa Hacoca B peXKMe KABHTAUHM BHELIHe NPOABRAAET-
CH IMyMOM, BHYTpeHHHB TPECKOM, NOBHIICHHHM YPOBHEM
pulpanuy, a NpH CWIBNO pa3BHsMIefcH HaBMTayuHH — yAapas<
Md B MPOTOYNOH NOJOCTH, ONAaCHBMH LIS Hacoca,

IlpuHaTo nojpa3fienaTe KABHTALMOHHHA npoyecc Ha TpH
cranauu, B nanuinAol cragum 30Ha KaBHTaywum JanoJHeHA
cMechio XHAKOCTH M Oonee MIA MeHee KPYNHEIX My3LPLROB
napa. Bo BTOpolt CTaJHH P KABHTHPYIOIEM NOTOKe Ha Orpa-
HuYnBalOlieH NOPEPXHOCTH ofPA3YIOTCH KpynHHEe KABEPHL,
cpuipaeMbie NOTOKOM H BHOBb ofpa3youwecs, 3JT10 CTamud
passuTod KaBuTauwu. TpeteH cragusi — cynepkabBHTauHs:
BeCchb OOTEKACMBfl BEMEHT MWAPOMAUINHE J&KHT B 0ONACTH
KaBepHH.

PaboTa HACOCA B CTAJHK HAYANBHOW KABHTALMMY HEMeENa-
TedbHa, HO AONYCTHMA, eCAH AETANH HAcoCa WIrOTOBJIEHH #3
KaBATAUHOWHO-YCTORUMBKX MATepHanos, B craguax pasBH-
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qoif 1t CYNEPKABUTALHK paGoTa Hacoca CTAaHOBATCA HeHagew-
goil  NO3TOMY HEJOMYCTHMA.

Kak 6uJlo YKa3aHQ paHee, KaBHTAyNA BO3HUKaeT oOu4YHO
go BCaCbIBAIOWIEM TPAKTE HACOCA HA JIOMACTHX pabogero Ko-
neca, ORHAKO KABWTAUHOHHHE NPONECCH MOTYT BOSHMKATHL N
 RATIODHHX [OTOKAX B MECTaX CPHBA MKUAKOCTH C paboumx
ponacTefl, HANPABNAIOLMX JONATOK, PEryJMHPYIOLIHX OpPTraHOR.

Mepe, npeaynpeXxJaawiiye BO3HHUKHOBEHHE KaBHMTaZUMH B
pacoCax; orpaHH4Y€HHe CKOPOCTH KHAKOCTH B npoTouHol no-
jocTH HACOCOB, MpUMeHEHHe PAUMOHANBHEX GOpM cCedeHHR
ppOTO4HOH NOJOCTH u npoduiell nonacred, sKCHIyaTalus
HacOCOR B PeKHMAX, OMH3KMX K pPaCICTHRIM.

B MHOroCTYINeHYaTHX Hacocax Haubosee nogBepMeHO Ha-
pHTauMH MepBoe MO XOAY XKMAKOCTH pafouee KOJECO, IOTOMY
yTo H2 BXOAe B HErO jgaBjeHue HaHMeHbluee, YTOOR NOBLICHTH
KaBATAUHOHHEE KAYECTBA TAKHX HACOCOB, NepeR REPBOH CTy-
nelbl0 HX YCTAHABAHBANOT NPEABKIIOYEHHOE OceBOe KOJeco
pan 1IHEK, COCTOSWIME M3 ABYX-Tpex BMTKOB. OHM BHIOJHSA-
107CA M3 KaPHTaUHOHHO-YCTOHUHBHX MaTepHasioB B Pa3BHBa-
T Ha BXOJle B NE€PBOE KOJeCO MHOTOCTYIIeHYaroro Hacoca
AaBIEHME, TpeNATCTBYIOUlee BOIHHKHOBEHAI0 KaPHTauum (cM,
puc. 4.46).

OuUeHKa KaBHTAYHOHHHX KaYECTB HACOCOB NpOBOMMTCA Ha
OCROBE KABUTAYUOHHBLIX XapPaKTePUCTUK, MOAYYaeMblX NCIILITA-
HieM HA cnennanbHHX crengax [28].

OcHOBHOJt Mepoli NPOTHB KABHTAUHH B Bacocax JOOHX
TENOR M KOHCTPYKUMH fBJAfAeTcH COOMI0jeHHE TAKOH BHICOTH
BCAcLIBAHMS HacoCd, MPH KOTOPOH KABUTAalUWA He BO3HHKaeT,
Takag BLICOTAa BCACHBaHWA HAILBACTCH OOnyCTHMOLL.

¥YceranopuM cnocob pacueTa AONYCTHMOH BHCOTH BCACHBA-
Hifl ans GYCTEpHOrO HAacoca, BKIIOWEHHOro I0 cxeMe puc, 4.7,
BtaCHRAIOLLEIO Hl‘ITaTEJ[bH)'lO BOAY K3 neasparopa.

Vpapuenue BepHynanu ans mnoroxa Al OT NOBEPXHOCTH
B0Aw B ACAIPATOPE 10 BXOLA B MEXnOnRacThhe KaHaiau pa-
Goyero xoneca Hacoca

Pn ML - R ol

Ile p, — abconoTHOE papJieHHe HA NOBEPXHOCTH BOAR B aea-
3patope, Tla; pg — abcoMoTHO® RaBieHuHe B Hacoce nepeg
BXOAHHM ceueHHeM MeXJonacriex xauanoe, Na; Hy — reo-
MeTpugeckas BHCOTa BCACHRAHMA, T, €, BepTHKAJAbHOE pac-
CTofH e MEKJY MOBEPXHOCTbIO BOAH B REASpATOPE H TOYKOIf

iy ¢ — a6coNIOTHAR CKOPOCTL Ha BXOJe B MeXJoRacCTHLe xa-
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HaJll padouero koneca, M/C; My ~— NOTEPs HANOPA BO Beacy.
patouieh Tpybe nacoca, M.
V3 sToro ypaBHeHRH CHeLyeT

!}2
Ps = pa -+ pgHe — pghsc— 0 —-. @

YcnopHsa BXOZA B MEXKJONACTHLIE KaHAAK Pabouero xose.
Ca ONpPEeReNsoTCs YPaBHEHHEM 3HepruM OTHOCHTEJILHOTO -

HEHHA

plﬂll!=p5—p—'_ —_— R
2

o
PasHOCTE —2- —1 =) HA3HBAIOT KOSPPUUUEHTOM KRBUTALLUL.

1
CaefosaTentHo,

Pumn = Pg— PADY2, {4.9)

YeM GoJitllle OTHOCHTENIBHAY CKOPOCTH @, HA BOTHYTOR
cropoHe paGodedi JornacTu GJHI BXOJA B MEXJAONACTHHE Ka-
Haael (puc. 4.6), TeM MeHbllle JABNEHHE Puugy B TEM BOIMONK-
Hee BO3MHKHOBeHHe kaPuTaluH, Tipn paGoTe Hacocom B No-
JoOHEX pexxumax (cM, § 3.12) pce CKOpoCTH H3IMEHSIOTCA npPO-
NOPLIICHANLHO, H NO3TOMY A =const,

N3 (4.7) u (4.8) crenyer

Pu— P =l
S g He— hy) =5+ A

B cayvae pacnofoJKeHHME [OBEPXHOCTH BCachBaeMOR
KHMIAKOCTH BHIIE OCH HACOCA PA3IHOCTh MEXAY TreoMeTpHye-
CKOfi BHICOTOR BCaCHIBaHMHs H ROTepel Hamopa BO BCACHBAK0-
IIEeM TPakTe HACOCA HAIHBAKT NOAKOL 86lCOT0ll BCOCHBAHUR
HBQ=H||_hBG- H03'IDMY

— e w?
Py — Puna 1 1
PP - g e e+ R .9

Ycnopue BO3NHKHOBCHHS KABHTALHH B J0HE MHHHMAJABHOIO
RaBJACHHA Pumm=Pun, FEEPyp — JABSECHHE HACHILEHHONO Napa
npy TeMIIEPATYpe BCACHIBAEMOR IKHAKOCTH,
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[osiwaa BECOTA BCACHBAHHA, NPR KOTOPOH B 30HE MHHMH-
MAJIHOTO JaBACHHA BOJHWKAET KABHTAUMA, HA3HIBAETCH KPu-
rLueckol aucoTol 8CacoHI6BHUR Hoeup.

Vpapuenue (4.9) nasm cyyas BOSHMKHOBEHHSI KABHTALMH
MOMHO 3aMHCaTh TaK: 5

2
m—ppﬂ-n"'gﬁnc.ﬂp:_;‘_!_k_;—'

Ecan npenebGpeun He3HauHTenbHBM M3MEHERHEM TeMRepa-
1ypsl Ha nyTH AB oT YpOBHS Boju B jeaspatope A0 BXOJA B
MCXJIONACTHHE KaHadh pabouero Kosieca Hacoca, TO BeJHYH-
Hy (Pa—Pax)/p=gHww cleHyeT paccMATPHBATE KAaK KaBHTA-
IHOHHHE 3amac sHEpPrWM Ha BepXHeM ypeBHe (B Zeaspatope).
[iosToMy mocregHee ypaBHeHWe npexCTaBARETCH TaK:

G w:
Hm+Hm.Hp&§‘;‘+1‘2_;- (4.10)

Jas napyx nonoOHEIX pexumoB nacocop (cM. § 3.12), ot-
MegaeMuix HHZeKCaMn 1 u 2, uMewT MecTo COOTHOLICHMS

im&=l‘£=ﬂ£1.“&=ﬂ' .10

[Moatomy w3 (4.10) cneayer

{Hrap 4 Hac.xph — ("'Dl)? . Heap + HBG-"_F' = bk = const,
{Hgas + Hzc.xp)e (nDI)E ' (nD)?
KpoMe Toro, u3 mporopuuy (4.11) caeayer Qf(nD}) =q=

=const. Mckmouus ¥3 aByx nocleguux paneHcra D), Nosy-
M noclle ajarebpanueckux npeoGpalopaHuit

V0 =V 107 =
( Hygp + Hucup )a“ =V 10k =C. (4.12)
10

Bemauuny C, cTpyKrypHo cxomuyl® ¢ KosbdHUHEHTOM
OLICTPOXOJIHOCTH nis, HAIHBAIOT KABUTOULONKHIM KOIPPuyL-
eqTom poicrpoxodnocry (Beegen C, C. PyAHEBHM B NPAKTHKY
pacueros B 30-x rogax). 3Havenns Kosdpuuuenta C pnis Ha-
qanbHoll CTAaAHN KABHTALUMH JIexaT B nipeAenax 900—1500.

Qopmyna (4.12) paer BOIMOHOCTL ONPEREACHRS KPHTH-
YECKOH BEICOTH BCACHIBAHHS Hacoca Mo SajaHHOMY KoSpdRr-
uwaeHTy C:

43
Hooup = 10( ng/"é) — Hygne (4.12)

9-559 129



l'eoMeTpyveckass KPUTHUECKas BHCOTA BCACHBAHHS OMpe.
penseTca no Gpopmyne

Hrocrp = Hecaup + oe
nau

42
Hrzerw = 10 ("_éV:Q) ~—H\ap + B (4-13)

Ecaw nonarath pg=—pan, 70 Heag=0 1
43
Heonomp = 10 (@) + by

PaGota Hacoca npH Hpscxp HeZONYCTHMA, [OTOMY WUTo
npR 9TOM HACOC HAXOJHTCH B HAYANBHOH CTAJMHM KaBHTAUMH.
HopManbHas aKenayaTauMa Hacoca obGecrieqHBaeTcsi TOABKO
npH AONYCTHMOR BRICOTe BCaCHBAHMS, YAOBAETBOpRICIIEH yc-
3208HI0 M oo gon>>H LBC.ED -

TIpOTHBOKABHTALHOHHHE 3anac HaNOpa CJAEAYET IIPHHM«
MaTk PaBHEIM OKONIO 25 % Hracnp, W MOSTOMY B paccMaTPHBa«
€MoM CJlydae

43
By opcnon = 1,25 [10 ("cﬁ) ~— Hygg T+ by ] . 414

Ilpn pacyere moMyCTHMOK BHICOTH BCaCHBAHHS HACOCOB
ApycTopoHHero pcacuBanus (tun ) e dopmyay (4.14) cne-
RyeT DOACTABJATE IO 3HAKOM KOpHS NOJOBHHY NOAHOH no-
JAayy HAcoca,

Caezyer uMeTs B BHAY CYLIECTBEHHOE BJAHSHME Ha AONYC-
THMYIO BHCOTY BCACHBAHHS YaCTOTH BPALUEHHA Bajna HAcoCa.

KapHTAUMOHHEE 3anac SHEPrdH HA YPOBHE BCACKHBAEMON
KHAKOCTA g, 32PUCKT OT JABREHWA HACHLICHHOIO napa
npy TeMieparype pcacHBaeMoll muakocTH. [losToMy H3
(4.14) creayet, 94T0 Hepenonr 32BHCHT OT TEMIEPATYpHl MHA-
koctH. M3 ¢opMyns (4.14) BuaHO, 970 NPH PaCNONOMKEHHH
YpOBHA BCACHIBAEMOH JKHIAKOCTH BHIIE OCH Hacoca NOBREIIE-
HRe TEMMEPATYPH yBeNHUYHBAeT JONYCTHMYIO N€OMETPHYECKYIO
BHICOTY BcachiBaHud, Eciy ypopeln BCcaCHBAeMOH JHAKOCTH
pacnoNATAeTCH HUXKe OCH HACOCa W JABJACHHE HA NMOBEPXHOCTH
atmocdepHoe, TO geM BHINE TeMIepaTypa MXHAKOCTH, TEM
MeRpllle Frpcpon. ONEBHIHO, NpH HEROTOPOR TeMnepaType,
06ycNOBIMBAIOILEH AOCTATOYHO BHICOKOE 3HAYEHHE Dgn, BEJHe

¢ B cayyae pacnosioMCHHS YPOBHY BCACHBAEMOR MERKOCTH HIKE OCH
nacoc? Hr.re.non<fHr noxp.
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uuita Hemepon CTAHOBHTCH paBHOM HYAI H JAaspHelwlee NOBLI-
weHHe TEMNepaTypel NoTpebyeT ycTaHOBKA Hacoca HUMKE YPOB-
11l BCACHBaeMol MHUAKOCTH.

[TpaxTuueckn PO3MOMKHH gPa PASTHYHLIX CAyyas pacnoJyo-
seHns Hacoca OTHOCHTENbHo NPHEMHOro pezepByapa  (pHC.
4.8).

)YCTaHOBKa puc. 4.8, a xapakTepHa AN H3COCOB, NOAAIOWHX
JKHNAKOCTH ¢ HH3IKOH TEMNEpPaTypo#, a4 ycTAHOBKa Ha pHC.
4.8,6 — AN HacoCOB, MNOAAIOUINX IKHAKOCTH C BLCOKOE TeM-
nepaTypo#t, a Take npu

BCACHIBAHHM HACOCAMH XO- nfe
Buscoxan

JOAHOH BOAK H3 eMKocTeRt | memneparypa
¢ JOCTATOYHO BLICOKHM Ba- e
KYYMOM, N

YCT4HOBKH, BHIIOMHEH- Hye
FHE N0 cxeme pHC, 4.8,6, g
4acTo BCTpeYaroTcA B Ten- U !
noanepre'mxe B CXEMax pe- 2 H +”5¢.‘ d’)
rEHEPATUBHOIO TMOJIOrpeBa P
H NUTAHMA NapoPHX KOT- I Husxor
JIOB, —— _  — memeparyplz

Korzga nacoc nogaer ro- )

pHYYI0 BOAy, €MKOCTh, M3
KOTOPOit OH BCACHBAET, Puc, 4.8. Jpa crysan YCTAHOBKE MAco-
TPAXOIMTC PpACRONATATD Ca OTHOCKIESLHOG YPOBHR BCAchinaeMoft
BHIUE Hacoca (panpumep, WHAROCTH
B CiIyuae GyCTepHOrO Hacoca, BCACHBIIOLLETO NRTaTENbHYIO
BORYy H3 measparopa), Ilo coobpamenmsiM yao6CcTBa CTPOM-
TEJBHHX PaOOT M MOHTAaMA XKelaTeNbHO RO BO3MOXMHOCTH
yMeHbLIATh Tpeﬁgemym PacueToM BBICOTY YCTAHOBKH MpH-
€MHOi eMKOCTH, DTOr0 MOKHO JOCTHTHYTH YBEJMHYeHUEeM aua-
METPa BCaCHBANILErO TPYOONPOROAA, YMEHbIIEHHEM €r0 AJIH-
HH, a2 TaKie BHOOPOM PAUMOHANLHON KOMCTPYKUMH TeX aJje-
MEHTOP BCACHBIIOILEr0 TPAKTa, KOTOPHE JAOT CHUKEHHE
MeCTHHIX NoTepb HanOpa.

B HEKOTODHIX CTyuasix JONYCTHMYI0 BHCOTY BCACHBANHS
MOXKHO HIMEHHTE YMEHbIUEHHEM HJIM YBEAHUCHUEM JaBJNCHHS B
€MKOCTH, M3 KOTOPOl NPOHCXOAUT BCACKHIBAHME,

Npumep 4.2, Onpesemits gonycTRMYO TEOMETPHYECKYIO PHICOTY pACHO-
TIONCHIA KACOCA HAX YPOBHEM BCACHBAEMOR BOXHL

YeranopKa KapakTePHIYeTCs CACAYIGIIMMH HaNHKMU;

Q=1450 u3fa; n==970 obfuun; D;=320 MM, D,=855 my; dpe—
==600 mM; po==100 xTTa; Tpon =293 K; p=1000 xr/u%; Ehyo=025 u.
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Pewenue. 110 TabaNlaM HACKIERHOTO BOASNOIC APE NaxOAHM Aanje.
uue Hacuwesud Tpy Teop==293 K

pnac = 2.34 Kﬂa.

CregobaTenpho,
100 000 — 2340
Han= "o g8 0 M-
Io gopmyne (4.14)
N
Hpeyp=19,9—10 AL -

1100
Honyctusasn ercoT2 pcackisanus 1o (4.15)
Heo.mon = 5,3 — 0,25(9,9—5,3) = 4,15 m,

CropoCTh BO BeacmBawomeM natpy6ke nacoca
{450

=3m.0.785-0.5£ = 2|(E “Ic-

_9
e ="n

HonycruMes reoMeTpruecKes BHCOTE BCACHIBAHUA

4 B
i
Hozon = Hac.pon — Zhing — -ﬁ —% =
2,058
v=4,156— 0,25 - 2.9.8 0,16 =3,53 w,

O6o3nauenus aanel He puc. 4.9.

TMpuuep 4.3, LlentpobGerKHEE MACOC NPEAHASHAYEH ANA OTCYCHBRNAA HI
HOupeHcaTopa maApoBoR TypOUBH KOHAEHCATE, MEpPEOXA2XAeHHOTO A0 T=
=323 K.

Janupe ro ycranosge: Q=36 m%/u; axaMerp Bcacupaiomell TpyOH Ha-
coca d==160 my; a6comomioe AasneHMe B MAPOBOM MPOCTP2HUCTEE KOHJIEH-
€a70pa pe== 198 rlla; n—1480 o6/uul; cONPOTHRIENNE PCACKWBRIOUIETC TPY-
Gonpoeond Xfisc=0,4 M BoA. CT.

PaccyiTath, B2 XAKOM HalMEHBLIEM BEPTHHANLHOM PacCTOMHEM OT MH-
MEBMANpHOIO YPOBHS B KOHAEHCATODE NOMMHA HAXOAMTHCH OCh SACOCA And
obecnesennA €ro HopManpHod paloThy 6e3 xapnrannonHex cpeiob. (Q6oana-
W®Hun gamel He puc, 4.10,

Pewenue. BocnonrayeMes COOTHOIIERBAMY

bo— P,
Hygp = g — 3 Heezon = Heenp — 0125 (Hyan — Hyeag)e
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[Io TaGRAUEM HECHIMEHHOO ROAaHoTe napa aaa T=323 K uaxomum
=12,3 klla, cregopatentHo,

H 19 800 — 12 300
K8 ™ 1000.9,8

—
36
1430‘/—-—
3600
—_—f =0,02 m.
] M

3nech Koabgrurent Pyanens NpEAsT gnq KoOraeHcafHONO Hacoca ¢ KO-
pMIMME KABHTAUMOHHLMK KadeCTRAMH PABHLM 1200.

pﬂst
= 0,662 m;

Hyc.pp = 0,662 — 10

Puc. 49. K npumepy 4.2. Puc. 4.10. K npumepy 4.3,

CKopoCTh Ha RCACHIBAHHE
0,01
f8c = 70,785.0, 16°
INo gopmyne (4.15)
Hsc.pon = 0,042 — 0,25 (0,662 — 0,042) =—0,113 »,
JomyCTuMan TeoMeTputEcKay aReoTa
Fiom =0, 113 — 0,40 — 522 — 0,08 =—0,595 w.

Ock Hacoca gohiHE HEXONWTECF HEKE YPOBPHA BCACHIBAEMOrQ KGHIEH-
CaTa pe MeHee yeM Ha 595 MM.

=0,5 mfe.

4.5. Tunm xapaKrepHcTHK

QPopMa XapakTepHCTHKH LeHTpoOEHOro Hacoca KayecT-
BEHHO onpepesdercss 3HaueHHeM KosbdupeTa OHCTpOXOA-
HOCTH, HaXONAUWMMCH B npeaenax of 40 zo 600. Hacocw ¢ #s,
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Haxo[MAIHMHCA B STOM IPOMEIKYTKE, 00JM2x210T PasAuYHbIMy
TRIAMM XapakTepucTnK (pnc, 4.11).

OcoGesHOCTLIO XapaKTepHCTHK THXOXOAHOTO HACOCA (gHe-
TO PainajibHOrO THNA) ABAsETEA HANMHURE MAKCHMYM2 KPRBOR
Ranopa u GHCTPHE POCT MOILHOCTH NPH YBeJHdeHUHM TOAayy,

Hacoce ¢ nopManbhofi GHCTPOXOAHOCTLIO B GHCTPOXONHKE
obajawoT MOHOTONHO MAAAIOWIEH XapakTepucTHKOR Hamopa:

H4 A I A T
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]

-
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Prc. 4.11. Tunh xepakTepuCTEK DeHTPOGEHHNX HacOCOB;

1 — maxononpmil; #1 — vopmanskell, Hlf -« SvcTpoxonsnf; fV — naroBansiEls Ve
RaBETINROHHES KapaRTePUCTHKE; V/ — XepEETePHCTHRE JONYCTEMON BEICOTH BCECHS
Baku#

FAX XAPAKTEPHCTEKA MOWHOCTH NO CPaBHeHHIO ¢ XapakTepHc-
THKON THXOXOAHHX HacOCOB pacnoyiaraerca Gosee MOJOTO,

XapaxkrepHCTHKA Hanopa AMArOHAALHOTO HACOCa HMeer
cnernHIecKyi0 Biaguiy M NOSTOMY MOpeACTaBisdeTcH JNRHHeR
JBOAIKOH KPHBHAHH; XAPAKTEPHCTHKA MOLIHOCTR 5TOr0 Hacoca
MOKa3HPaeT CHHMeHMe NoTpebageMoli MOIHOCTH NMPR YBeaH-
genen nogaau. [locnefHee apasercd ocobeHHOCTRIO Auaro-
HaJNbHHX, 8 TAKMKe OCeBEIX HACOCOR,

KpoMe OGHYHMWX, yKA3AHHHX BHINE THNOB XapaKTepHCTHK
ueHTpoOeKHEe H OCeBHe HACOCH OHEHHBAKOT C MOMOLILI0 KA~
BPHTAHOHHEIX XAPAKTCPHCTHK,

H3pecTHo, yT0 B HacoCe, BCACHBAIOLIEM KHAKOCTH € YPOB-
H;1, JI@KAWICTO HHXe €ro oCH, KaBWTAlLHWA BO3HHKaeT NpPH Ba-
KYYMMeTPHUECKO#H BHCOTe BCACHIBAHIR, papHOR uan BoJbied
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ce KPUTHYECKOro 3Hauennsi, CliegoBaTtenbHo, NMPH MAAKX Ba-
KyYMMETPHUYECKHX BHICOTAX, OTIHYAKLINXCH OT KPHUTHYECKOH,
,A60YHE NapaMeTpLl Hacoca — AaB/AeHHE, NOAa9a, MOIHOCTL M
Ki1Jl oT BHICOTH BCACHBAHWA M COMPOTHBJCHHA BcACHBAOLLe-
ro Tpakra He 3aBHcAT. IIpy JocTHKEHHH KPHTHYECKOIl BaKy-
\MMETPHUYECKO) BLHICOTH BCACHBAHHN M JajbHellineM ypenutde-
L € 3aMEeHalTca MeLJIeHHLE B Hayade, a 3aTeM pesKHe
cHHIEHHA gaBJeHnsi, nozaur, MowHoctH ¥ KINA Hacoca.

Ilnst BuficHEHMS BAHMNHKS BHICOTH BCACHBaHHA Ha paboty
HAcOCA NPOM3BOAAT HCOBHITAHHA HX HA KABHTAUMOHHHX CTEH-
18X, 30eChk HACOC HCNINTHRAIT NpH YPEJHIHBAKOLIEHCA BHCOTE
pcacHBaliug, HabMOgafA HAYAJNO KABHTAUHH RO NAAeHUIO pa-
604YHX NapaMeTpoB HACOCA,

B peayJrTaTe HcNHTAHHA [ONY2AI0T KaBHTALUHOHHYIO Xa-
pakTeprCTKy (pHC. 4.11, V), Ha xotopoli MOXHO OTMETHTBL
ABEe KDHTHUECKHE BHICOTH BCACHIBAHRA (Huomp): U (Hucxp)irn
[leppast U3 HHX COOTBETCTBYET HauaJly KABHTAUMOHHWX #BJIE-
Eufl, BTOpa# — NOJHOMY Pa3BHTHIO KABHTALMH W CpHBY palbo-
TH Hacoca.

OnHr nokasnBaeT, 4yro palGora Hacoca B HHTepBaJe
(Hecap) 1< Hoe< (Hecrp) 11 HE CONPOBOXKAAETCH SaMETHRIMH
paspylleHHAMYE METajJa NpOTOYHOM MOJOCTH Hacoca W TNpH
neobxoauMocTd MOXeT OWTL AONYLIEHA KPATKOBPEMEHHO.

Hanoxennoe p § 4.4 NOKasHBAET, yTO YBeJHUEHUE MOAAYH
HACOCA BHIWPAET MajgeHHe AONYCTHMOH BHCOTH BCacHPBPaHMfA.
To3aToMy Ha 3aBOACKHX XapaKTEPHCTHKAX HACOCOB OOmYNO
RAIOTCA 3aBHCUMOCTH Hagenon=f(Q), yaoOHue a7t onpexene-
HES ZONYCTHMOJ BbicOTH BeachBanun (prc. 4.11, Vi),

4.6. Ochonnbie 4acTH KOHCTPYKuMH LeuTPOGeMnBIX
Hacocos. Mpumenfembie marepuansl

OCHOBHHME YACTSIMH ({EHTPOGEKHOro Hacoca SBJAAIOTCH:
pabouee KoJeco, Bajl € AeTalsiMM ANA KpemJenus Kojec H
SallHTH 0T HCTUpaHMsl CaJIbHHKAMM, NOAINANHUKH, COeRUHH-
TeNbHAs MyQTa, KOPIyC, HANPABJAIOIIHE annapaTH, CAlbHHKH,
BCACHBAOWIMY H HaMopHBH NaTpyOKH, CTAMKHEIE H KpenexHble
OoatH. Paboune Kojleca HWIrCTORJSIOT M3 PA3NHTYHAEIX COPTOB
YyryHa, yrJepoaHCTHX U JErHPOBAHNKX CTael, CNIaBOB nBeT-
HHX MeTaJJIOB ¥ KepamuMyeckuxX matepuanos. [lpameHehne
TOTO MJR KHOTO MaTephasna onpeAensercs ycnosramu pabGoTh,
pasMepaMp W TaCTOTOH BpalleHMd, a TaKXKe POAOM MEpEMe-
maeMol K HAKOCTH,

Koneca Manhx HAacOcOoB ANA YHMCTOH BOgH H HearpeccHs-
WBIX MHAKOCTER HH3KOH TeMmepaTyph OTAMBAIOT HA Ceporo
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KOHCTPYKUHOHIIOTO 4yryHa. llentpoGe:KHHe nacocs AAs my.
TaHHsl KOTJOB BHCOKOTO NaBJeHHA HMEIOT HAYHTENbHLIE pas.
MEpHl R BHCOKYI0 7acrOTy Bpailenus, OHBM nofamT pg
BLICOKOH TeMNepatypHl. [TosToMy paGouHe KOJeca 3THX Haco.
COB H3rOTOBAAIOT M3 JICTHPOBAHHHX XPOMOM H HUKEJIEM CTa.
neil. Koneca macocoB piis nepemeiwenus rpyHTOmaKotMece])
USroTOBJIAIOT OTJAMBKOK M3 Benoro uyryna. Hacocw mns xumn-
YeCKOH NPOMLILJIEHHOCTM MMEIOT KOJECA, H3rOTOBJIEHHHE H3
CNENHA/IBHEIX CIVIABOB, KEPAMHKM KA NJACTMACE.

Koseca Gombwiux pasMepoB HMEIOT CTYNRUY SHATHTEMNp.
HOM ANUHHG 9TO 3aTPYAHAET TOUHYIO NOCAAKY WX Ha san. Hng
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Puc. 4.12. Tpogonskoe cevense pabouero . .
xoneca CHCTPOXOAHOrO Hacoca 5 p
Puc, 4.13. Tponosnsioe ceuenpe paGolero =7
RONeCA TUXOKOAHOTO HaCoca |

of/lermeHHs NOCAAKH CTYNHIY pACTAYUMBAIOT BHYTPH Ha IBA
JHaMeTpa: nocajouHuii H obiersamomumit nocaixky.

K JMTHM nobepxHOCTAM KOJeC MPeXbABIAIOTCA OCOGHE
TpeGOBANHA: 9TH NOBEPXHOCTH AOJMKHL oOsafaTh MaJnoit me-
POXOBATOCTHIO AAA YMEHBLIICHHS BHYTPEHHHX TOTEPDb.

Mexannveckoii o6paboTke noANexaT BHYTpEHHAA W TOp-
H{OBAs MOBEPXHOCTH CTYMHUH, 4 TaKXKe NOBEPXHOCTH YBJOT-
HHTEJILHBIX KOJelL,

Ha puc. 4.12 y 4.13 npeAcTapieHH paspesnl KONEC weHTpo-
OeXHEIX HACOCOB PA3JHYHON GHCTPOXOAHOCTH.

Ban Hacoca fABAfETCA BECbMA OTBETCTBEHHOR JA€TaANBIO;
NPH BHICOKOfi BACTOTe BPAWEHHUA OH NOXBEpraercs AeRCTRHIO
Gospluux MonepednHx cull, [IpR pacueTe pana Ha NPOYHOCTD
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ji HCCTKOCTL YUWTHIBAKTCA CJEAYIOllMe PHeMNAe Harpyski:
popclanatMuIH OT JBRTATeNR KpyTslldit MomMeHT, COGCTBEH-
guiil Bec Bajla M NOCaXEHHHX HAd HEro AETaJIeld, monepevyHule
¢, 06YC/NOBJIHBACMBlE HECHMMETPHYHRIMKH NOABOJOM H OT-
§0JOM XKHAKOCTH H HeTOwHOCTHIO GaNaHCHPORKH KoJiec,

Baam H3rOTOBASIOT W3 NpoKATa uju NOKOoBOK. B ToM n
APYTOM CNY9afiX BHINOJHACTCA MEXaHNYecKas o6paborka. Ma-
TCPUANOM AN BaJOB CAyKaT YrJIEPOAHCTaA KOHCTPYKuUHOH-
HafA M CNEIHANLHAA JETHPOBAHHASA CTaJH.

Baa ¢ nocaxxeHHRIMB Ha Hero JeTaJAMx HOCHT Ha3zpaHhe
po10pa Hacoca, Poropu ueHTpobexHKHX HAcoCOB Ganancupy-

L ]

Puc, 4.14. Ipo-

DoNbHuEf peape’

pOTOpa TPexCTy-

NEHTATOrO  Ha-

coca
10T, IPHYEM Y MeJKHX HACOCOB NPOHSBOAMTCH CTATHYECKas,
A y KPYNHHX CTaTHY€CKan W AUHAMAYeckas OalaHCBPOBKA.

Ha puc. 4.14 nokasak npomoJsbHHiI paspea poTopa Tpex-
CIYIIEHYATOro HACOCAa ¢ YpaPHOBEINHBAHHEM OCEBOH CHAL MpH
TOMOIIK pasrpyacuHoro ARCKa (ruapaeiuueckofi msth). Tlo-
cajka AeTanelf Ha BAN NPOH3BOAWTCH 3jeCh CleAyowuM 06-
pazoM, Ha pe3s6y npaporo KOHuUA Baia CTABUTCH HWIHHAPH-
yecKkas BTYJKa I, NIPeAOXPAHAIOLIAN BaJl OT HCTHPAHMA Calb-
HuxoBofi HabvpkoH. B nepmit KoMey BTYJKH f ynupaercs Top-
IOBasi NMOBEPXHOCTL PA3rPy3OUHOTO AHCKA 2, cTONOPsAIierocs
OT NOBOpAYHBaHUsA Ha Bany 3annajHoi umoxkoh &, Henocpen-
CTBEHHO B JIEBHIH KOHEl, cTYNHUH 3TOrO AMCKA YRHPAeTcsa To-
pey cTynHuW TpeThero pabouero koneca 4. Ilocnegnee Kpe-
IITCR Ma BAJNY NpH NOMOLIM 3aKMagHOH IUNOHKE 5, paccun-
TaHHQH Ha mepefany KOJecy ¢ BaJa MOLIHOCTH, PABHOM cyMMe
BHyTpenHelt MOWMHOCTH KOJNECA K MOILIHOCTH JHCKOBOro Tpe-
s,

Paboune xoneca oTAGNHAITCH OZHO OT APYTOro mpH Nomo-
lud AMCTAHUMORHEIX BTYJOK 6. K cTynulue nepporo paGovero
KONeca npuMHKaeT Jepas NpeJOXPaHHTENbHAA BIYIKA 7,
NJAOTHO 3aTACHBAKIIAA Ha PaJy NPH NMOMOLLK BTYJIKH C pedb-
6ofi I pce nocameHHHe Ha Hero jeTann, CoGpaHHMR TaKuM
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ofipasoM poOTOP MpPH CRJLHOA 3aTHMKe BTYJIOK 06pasyer kagx
661 0gH0 Kenoe.

O6paboTka TOPUOBHX MOBEPXHOCTEH BCEX CaXaeMBIX Ha
Baj geTanelt ZONAKHa HHTH 0060 TOUHOK. B mpoTHBHOM cny-
Yyae NPH 32TAMKe BTYAOK I 1 7 HensGeXkHO BO3HHKAET H3ru6
BaJla, BRI3LBAIOIHE GUeHHe poTOpa M BHGPAUHMI0 HACOCA npy
3KCcnAyaTauRa-

Toawunamkn yeHTPOGEKHEX HACOCOB BHIIOJHAKIOTCA pas-
JIAYHOM KOHCTPYKUHK,

Hacocw maJ/0# MOIMHOCTH, KAaK NPaBH/IO, CHAGXKAIOTCH Wa-
DPHMKOBHIMH NOZMWHITHKKAMH R IOANATHHKAMH HODMAJLHBEIX OG-
pasuon. CMa3ka ux O6GHIYHO KOHCHCTEHTHAR M PeXe MHIKHM
M2CIOM H3 BaHHH B KOpilyce nojuHIHEKA, Bosmee xpynane
nenTpofeXHue HACOCH KOHCTDYRPYIOTCH ¢ DPHMEHEHHEM po-
JIHKOBHIX MOJIUMITHHKOB ¢ [MJHHADHYECKHMMH H KOHHYECKHMR
PoJIMK2MH-

Kpynree Hacocn! Goyblofl Mop2un BHNOMHAKTCA € NOf-
HHNWHKAMY CKOJb3flllero TpeHus, B oguux caydasx npuMe-
HAETCA CMa3Ka ¢ NOMOWBIO KoJel, BACKAIIHX cBOGOAHO HA Ba-
Jay W NOAHMMAIIIRX MACJIO HA BAN H3 BAaHHH B KOpmyce TMOf~
IIHOHHKZ; B JPYTHX CAYYasix MacJyo Nnojaercd B NOAMIRMHUKA
IIpK noMoIlH Hacoca,

Hspecturl ciyyan npAmeneRns B KPYIHBIX IEHTPOGEMHBIX
Hacocax moANATHHKOB CerMeHTHOrO THIA,

Jns coeanHenns panoB HAcOCOR B ABuratededl wanbosee
y206HO MpRMEHeHHe SJaCTHYHbIX My()T PA3JMUHEIX KOHCTPYK-
1Hi, NpeAynpemIaomiNx nepeaayy GueHud u prGpauril ¢
BaJa HacOCa Ha BaJl gPAraTe/iR H 06paTHO.

DpacTHIHas MyQTa HONIKEA caMAaThCS Ha BAJH HAcOca H
ABUFaTeXA ¢ HanGoNbiuefi TOYHOCTLIO, Ge3 IIePETAMEK U Mepe-
KOCOB. 310 TpebyeTCs [IOTOMY, yTO {10 HADYKNHM 06paGoTaAH«
HHM TIOBEDXHOCTAM MY(QTH! IIpM MOHTaike NPOM3IROAHTCHA BH-
BEpKA COBNAAECHHA IeOMETPHYECKAX ocelt Basnon,

Kopriyc Hacoca BHIIONHAETCH ABYX OCHOBHHX HOHETpPYK-
THBHBIX $OpM: 1) ceXuHonHHH; 2) C rOpH3OHTANBHEIM pasbe-
MOM.

CexuoHHBIE KOPRYC COCTOMT M3 HECKOJNBKHX OAHHAKOBBIX
OCHOBHBHIX B J8yX 3aMBKAIOMIKX CeKiHH, HeCylHX BCACHBAalo-
Ui 7 HAOOPHHA NATPYGKH.

Tlocneanns crylleli gaBieHHs O6HYHO pa3Memaercd B
aaMHKafoIed cexuwu, Hecymed HanopHwi narpyb6ok Hacoca.
Kamxzaan cexuus mpeAcTapfiser coGOH UMANHAPHYECKYIO, JIU-
TYI0 B3 HYTYHa MJH CTANM TOJCTOCTEHHYIO OGONOUKY, BHIIOTa-
IOIMYI0 PA3ACHMTEAbHYI0 gRadparMy, a TaiKe npaMol u 06-
paTHuf HaNpaBJAAIOIINE ANNapaThl.
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BOJLUIEM JOCTOHUCTROM CEKUMOHHOH KOHCTPYKUHY Kopmy-
ca SBJIAETCA BOIMOMHOCTE CO3ZARMS 43 OAHHAKOBLIX CEKumMi
HACOCOB DASTHINHX pabieHhRt, [lpn atom usMenmioTes TONDb-
KO PA3MEDH Bafa, CTAMKHEX GOJTOB H MAHTH.

HepocratiaMp ceKiHOHHOM KOHCTPYKuMH KOpIyca ABJAIOT-
¢ CNIOKHOCTb MONTAXA U Majas JOCTYNHOCTb PabouuX Konec
A OCMOTDA.

Has ocMoTpa H pemolTa KOJec ceKilHOHHOrO Hacoca HeoO-
XCAAMO YAAJHTEH CTAXHEIe 6OATHE U 10CAeJ0BaTeJbHO CHATh
pce CEKLHKR BPR OAHOBDEMEHHOR pasGopke poropa.

Kopriyc ¢ TODH30HTANBHHM pPasheMOM COCTOMT H3 JABYX
[eJbHOJHTHX R3 HYryHa WIR CTAAW NONOBHM, H3 KOTOPHX
HIDKRAA HeceT BecacHBaowrit v Hanopuufl narpyOke. [locnen-
nee, BIPOYEM, HE 0GR3ATENLHO, XOTHA H CO3/aeT 60JbIIoe YR0G-
CTBO NpH paabopKe H PeMOHTe HACOCA.

[JoNoBHHE! KOPNyCa y MHOroCTYNEHYyaTHX HACOCOB HeCyT
p ceGe AuadparMH K JOIACTR NPAMHX H 06paTHHIX Hanpas-
JRIOINX annapaTol B YNJOTHHTEJBHBIX KOJEL.

Huorpa acrpevaloress MHOTOCTYIIeHYaThle HacocH ¢ KOpny-
COM, COCTOAIHM M3 ARYX MOJNOBHH, c 6€3)/0NACTHHIME HANpan-
NAIOUMIRME  anflapaTtaMH, B TakMx ChayYanx uenbHOJANTHE
HOJIOBHHB! KOPIYCOR BHIIONHAIOTCSH CO CNUPANLHLIMY HAIIDABJSA-
romuMH KaHanamu, O6e MONOBRHH Kophyca umeloT daaHmn.,
[IpaMuHAOlne OfHA K ApYToi nJjockocTh ¢nlaHieB OpocTpo-
rane n Xopouwo npowandopans. Kpenexitse 60JTH cTArHBa-
10T GIIaHIL ¢ NOMEIEeHHON MeXJy HHMH TOHKOH NMPOHNaAKOH
wi MacTHEoll. BoJiblloe yao6eTRO Tako# KOHCTPYKHMH KOD-
lyca COCTOMT B TOM, YIO CHAE BEPXHIOK Yacrb Kophyca
(xpunxy), He HapyIlan COeAHHEHHA HAcoca ¢ TPYGONPOBOAA-
MH, MOXHO OCMOTPeTh Bce paGoyHe KoJecz POTOp2 H MIBATH
nociaefHHH K3 ROpMyca aas peMoHTa, Kopmye Hacoca ¢ ropH-
30HTaJbHHM DA3HEMOM NOKA3aH B mollepeyHOM paspese Ha
puc. 4.15.

KpoMe paccMOTpeHERIX JBYX OCHOBHHX KOpHyCOB, B SHep-
reTHKeE, Hegrenepepaﬁarunammeﬁ H XHMHYeCKOH OTpacnfix
NPOMHINIEHROCTH NPHMEHSAIOT ABYXKOPHycHHe HacocH. Takue
RacocHl [IPEACTARJAIOT COGOR CeKIHOHHYIO KOHCTPYKIHIO uin
KOHCTPYKUHIO € pa3beMOM B MEPHAHOHAABHOH IJIOCKOCTH,
3aKJMIOYEHHYI0 B TOJCTOCTEHHYIO, KOBAHHYIO HS CT2JH 060s0Y-
Ky. [lpumeHenre Jakux KOHCTPYKuu# 06yclOBIeHO 0COOHIMU
Tpc6oBaHRAMUY B OTHOLIEHHH Hazemnocrd u Ge3onacHoctH
SKCIyaTaunu.

llpu Rasmyuy M3GLITOYHOTO AABJEHHA MIM BaKyyMa BO
BITyTpeHHHX NOJOCTHAX HACOCA B MECTZX MPOXOA2 B2Ja yepes
CTEIKM Kopnyca NpHMeHsIoTcH 0coOne YNJIOTHHTENbHHE YCT-
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poficTea, WHOrA2 HasHPaeMble CANILHAKAMH HIH YIIDTHeHuy.
MK KOHTAKTHOTO Tpeius, [1py oTCyTCTBHR RJIH HEHCNPABHOCTY
CANbHHKOB MPOHCXDAHT BHOPOC NEpPeMEILaeMOl HACOCOM Kup.
KOCTH HA2DYXY Ha HanopHOH CTODOHE HJIN MOACACHIBAHHE Ha.
PYKHOrO0 BO3ZyXa BHYTDb HAcoca Ha CTOpUHE ee BCACHBAHum,

f2 | 1= =

& Humcnmn ¥acrrh
’aa. femene pe}

Puc. 4.15. Kopuiyc nacoca ¢ pass- Puc. 4.16. KoucTpyKudd caZbHHKa
¢MOM B TODHSOHTATILHOH NJOCKOCTH  C MArkod uaGupxoft

Ilpocrefiliag KoHCTPYKUHA caNBHHKA ¢ MATKOR HAGABKOR
AaHa na puc. 4.16. Hmemowanca 8 Merante xopnyca I yiang-
ApHUecKas BHTOYKA 3aMONBAETCH KOJbUAMK IIHypa 2 M3 MAT-
KOro NMpOMAONIeHHOro maTeprana (XJONYaTHHKA, MEeHbKH, ac-
Gecra). Haxarnem raek, HaBepTHBaeMHX pa GoAthl 3, BTYA-
Ka 4 calbHHK2 IJIOTHO SaroHseTcs B BHITOYKY M, paiaaBas
MATKYI0 HAGHBKY B CTOPOHHI, ymJOTHfier Bajn. Bceneacrsue
TpeHns pala 0 HaGuBKy npm paboTe HacoCa BHIAENseTcs He-
KOTOpPOE KOJHYECTBO TellIoTH, JlnA oTRoZa ee HeOGXOAMMD,
YTo6H CaJBbHEK NPONYCKaJy HeSOMbINOe KOJUYECTBO MHIAKOCTH,
yaanfemoli B kaHaJau32uuio, Co CTOPOHE BCACHIBAHMA YaCTO
NPHMEHSIOT cANbHUKY ¢ BORSINLIM ynJjoTueHueM (puc. 4.17).

B uacoczx, nogaolliMX ropAuylo BOAY, NPHMEHAIOT YTJIOT-
HEHHs ¢ FHTEHCHRBHBM BOLAHHM oxjaxcaewnem. Ha pnc. 4.18
NoKa33aHa KOHCTPYKIHA TAKOTO YNJOTHEHHS, NPHMEHseMOro B
nuTaTeNpHbX HacocaX, B KpHIUKe macoca ycrTaHaBJIHBAeTCH
TOHKOCTEHHAA pefpHcras BTYJKa I, yIJIOTHAeMAs KOJblOM H3
TepMOCTOfIKOro macTHKA, YNJIOTHAKILAs HaGHBKa 2 3aKknA-
AHBAETCHY B KONbIUEBYI0 TNOAOCTb, 06PA30BaHHyIO BTy KOR [ |
3anRTHOR BTYAKOR 3, u 3axuMaerca crakaHoM 4. Boga nopo-
XOAMT K HabuBKe MO KOJBUEROH Wi/ C PARHANBHLIM pasmMe-
poM 0,3 MM, rze MHTEHCHBHO OXJaMpaerTcs, conpuUKacaach C
xonoxHofi moBepxHocThio BTYNKK J. Tawnum o6pazoM, BTYAK2
K BAJ npeaoXpaHeHnl oT neperpena,
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B COBpeMEHHOM HACOCOCTDOEHHHM HAXOZAT IWHPOKOE NpH-
meHeHHe TOPUOBEIE YNJOTHEHHS, Ha pue. 4.19 nokasawit oc-
jjoBHBIE THIE BTHX YIJOTHeHuR, paspaorannte BHUUruzapo-
mameM. Qurypa @ STOro pucyHka paer npeacTaejeHne o6
yIIOTHERHUH W3 PE3HHOBHLIX KOJIEK HA AaBJreHuAn RO 10 MI]a.

B STOM YNJOTHEHHH Rapa
eHAS COCTOMT H3 HEMNOXBMK-~
{Oro pe3WHoBoro koaniua I n
(haCOHHOTO _ MeTaJJIMUECKOro
xonbua 2, Tlognepasne He-
0BXOAMMOrQ HaTAra YIJOTHe-
puA JOCTATaercs DPYKHHOR
3 ¥ OTYACTH BHYTpeHHHM BJa-
CTHYHEIM KOJIbUOM 4.

Ha ¢urype 6 noxasaHo
aJ470PMYHOE  YIIOTHEHHE <
toit AL pasHAueH, ¥70 ¢TO-
porsiactopoe Koabuo I uapu
TpEHHST M BHYTpEHHES pe3HHO-
B0€ KOJBUO 4 BHNOJHEHH KO-

Pne. 4.1, Camenuxoboe
YhJoTHenwe Bana Ha-
¢oca, NOJ2ICUIETD TO-
PANYI0 BORY.
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Puc 4.17. Canvauk ¢ Msrrofi ua-
GuBKofl B BOAMEHM YTUIOTHCHHEN
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HHYECKHMY, YNJIOTHEHHS STOIO THIA [IPHMEHAIOTCA Ha zabJe-
HHg go 0,5 MIla 495 BOAW W arpecCHBHHX MHAKOCTEH.
®urypa b npeacrapnser cofoRt ylsoTHEHHE ¢ HENOXBHIK-
Ne'M QTOPONIACTOBHM HJH NPOMNHJIEHOBBIM CHILGOHOM, MPH-
MCHRIOWMMCS A4 KHCJIOT A IUeJoYeill npu  paBaeHHAX 10
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0,3 Mlla. Hatar ynJoTHEHHA CO3XA€TCA 37€Ch OAHOBpPEMen.
Ebim JelCTBHEM CHABPOHaZ H BCIOMOraTeJbHOM IIPYIKHHEL,
Ha ¢urype z paHo ynJoTHeHHe ¢ METAMITHYCCKUM CHAbo-
HOM Ha pabBaeHud go 1 MIla.
Topuobble ynioTHeHHA 06Jazal0T MHOTHMR MONOMNHTENL.

7 2 % F

coreid

e
t\ ' k\‘ RV, &z ¥
SN )

Pue. 4.19. Tunu TOpUOBHX YNAOTHEHHA

nuMp ceoiictBaMM, OHM pafoTalOT NPAKTHUECKH C HyJeBoR
yreuxoil; 6yzyyu npasHibHO nonoGpaHHBIMH H CMOMTHPOBAH-
RHMHE, OHH He TPeGYIOT 06CTYIMUBAHUA, OTIHYAIOTCH GOabIIOR
H3HOCOCTONKOCTRIO, MAJIOYYBCTBHTENIBHE K MIEPEKOCY U GHEHHI0
Baja.

Tloreps MOILHOCTH Ha TpeHHe B TOPLOBHX YINOTHEHAHX
coctapaser ue Gonee 50 % norepu MowHOCTA B OGHIYHEIX
caspHUKaX,

B coBpeMeHHHX KpYIHBIX IHTATeJbHWX Hacocax MpHMe«
uaoT Ce3sHabHBOYHBE RPOCCENLHLIE LIENEBHE YNJOTHEHHH C
NOXBOAOM XOJNOAROTO 3ANHPAIOLIEr0 KOHZeHcaTa © OTBOROM
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ero N0 BHXoAe M3 YIJIOTHEHHA B €MKOCTH pereHepaTHB-
poro uukaa (KOHZEHCATOPH, A€a3PaTOpH, cJauBHHE Ga-
k) [11].

enepbie YTIJIOTHEHHH OTHOCATCA K THIY OecKOHTaRTHBIX
yILIOTHEHH{ B NPHMEHAIOTCH B KPYMHHX HacocaX, SKcnayara-
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E150°6
= g P =20ﬁn)’m2
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P) o g 04
g 4 g
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=
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Puc. 4.20. Kounepoe yunoTEEHHE Mes€BoTo TvIa

07 KOTOPHX NOMMHa OLITE 0C060 HAZEKHOK NPH BIABTESBKEX
MEMPEMOHTHHX NMEpHoAaX, YTIOTHEHHA STOTO THIIA HerepMe-
THUEB, H BHOpOC KHAKOCTH, nepemeiiaemol Hacocom, npe-
FOTBpALIAETCH APOCCEINPOBAHAEM OpOTeyeK M IIOABOAOM XO-
JOJHOM «3annpalolllely KHAKOCTH ¢ HEOOXOAHMLIM AdPJjeHu-
€M OT MOCTOpOHHero mcTouHnKa. OHu [APOKO PACNpOCTpane-
HEl B NHTAT&NLHEX HACOCAX KPYTHLIXK DHEPreTHYeCKNX OJI0KOB.
B Hexotopbix cAyYasx mieneBbe YMJOTHEHHN KOHCTPYKTHBHO
KOMOHHHPYIOTCH ¢ KOHTAKTHHMHM CaJIbHHKOBLIMH,
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B xavectpe npuMepa paccMOTpUM IUENEBOE YIVIOTHEHHE Ha
prc. 4.20. Kopriye ynnoTHeHus I CONSPIKUT YeThipe Kamepu A,
b, B, I', coobiuaoineca mewny cobol depes y3KHe KoMbuie-
Bble 1eaH, 06pa3oBaHHEE CcTYIeHIaTHIMH BTYJIKaMd 2 ¥ 8,
Brynka 2 wecTko nocadeHa B KOpNyc, 3— BpalllaeTcH BMects
c panoM. Kamepa 5 coobuiaercs co cjaHBHOR HanopHOR em.
Kocthio, ' — c Ge3HanopHOf eMKOocTho, B —c KOHneHcaro-
poM. Xonoaupii sanupalolitii KoHAEHCAT NIOJBOAHTCA B KaMe-
py A nox nasfeHHeM HECKONbKO GOJEBLIMM, YeM B Kamepe 5,
u, NPOX0Af yepe3 OTBEPCTHA B HENOABHIKHOR BryJike 2, pac-
NpoCTpausieTcd U0 KONBLIEBOH Wean B 060HX HanpapaeHHAX, B
KONBLEBOM MPOCTpAaHCTBE MEeAY BTYAKAMH KOHIEHCAT CMe-
IIMBAETCH € NPOTEUKON Uepe3 y4YacTOK LIENH & H OTBOAMTCH
B HanopHyio eMkocth, Jlpyras gacTb KOHAEHCaTa CllefyeT mo
ydacTky wend 6 B kaMepy B w panee B konpgetcartop. HesHa.
YHTENbHAY Y4ACTL KOHZEHCAaTa OPOXOAHT uepes ydacToK Hienu
8 ¥ cauBaercs p 6€3HANOPHYI0 eMKOCTE.

Js1a ymeublneHus [1pOTeYer M pACXDAA 3aNMHPAIOIETO KOH-
AeHcara pajuanbHLiif paaMep LIeNR BHIOAHAIT He Goee
0,3 MM

MoluHoeTs, 3aTpayMBaeMasl [UEJNEBLIMH  YIJJOTHEHHANME,
3HRYMTENEHO MeHblle, JeM B KOHTAKTHLIX YTJIOTHEHHSX.

Hanpapasiomve armapaty! BHIONHAIOTCH 6e3N0laTOYHE-
MH WJIH JlonaTouHnMM, B nepBom csiyuae oHH mpeacraBAsIOT
co6oif cnHpaibHbe KaHaflpl B OTIHBKE KoOpmycd, 4 BO
BTOPOM SHBJAHIOTCA CMEHHEIMM JeTAJIAMH, 32KPEUIIEMHIMH B
NOJOCTAK CeKumi WM HEHEH H BepxHel IOJNOBHEAX Kop-
nyca.

B HexoTopHX KOHCTPYKUHAX HNOTOK NMEPEXOAHUT W3 CTYICHH
MM OjHoft TIpyINK CTyNeHeH B JAPYLYI0 HE @D KaHanam
B Kopnyce Hacoca, a MO COEUHAILHLIM  NEPEBOAHBIM
Tpy6aM, pacnonaraeMeiM BHe KOplyca Hacoca (cM. pHC

4.27).

l;cacunaloumﬁ B HanopHu@i naTpyOkm cocTaBAfOT OGEM-
HO OJIHO 1€JI0e € HHKHEA MONOBHHOH KOphyca Hacoca MM ero
cexunaMu. OHH [OYTH BO BCeX KOHCTPYKUHAX BHIIONHEHH
caerka Ha koHyc (c yraom go 12°).

DyNgaMeHTHHe TMIHTH npeAHasHayeHhl AN yCTaHOBKH H
KpenneHnd K HHM Hacoca M ABHraTend, a B HEKOTOPHX CJy-
yafXx TONBKO AJA KpenjeHns uacoca. OHH peacTaBAsOT €O~
6071 MICCKYW PeGpHCTYIO JAHTYIO KOHCTPYKUHMIO C [1POCTPOraH-
HBIMH TOPHSOHTANLHLMH MPHJIHBAMA, Ha KOTOpHE OfHpajoTCH
M K KOTOPHM KpensTcs Janu kopryca Hacocd.

@yHAaMeHTHBE NIHTH OTAHBAIOT A3 YyTyH2 MY cbapuBaloT
M3 CTaJIbHEX NPOKAaTHHX npoduied,
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TIIpnMeHenne QpyHIAMEHTHHX MAUT co3faer Gonbiume Yaol-
cTBA MPH MOHTAXe U BLIBEpKe HacocoB ¥ Aswmrarenefl. OnHa-
FO B KDYNHBIX Hacocax obilie pyHaaMeHTHHE NAKTH Noj Ha-
coC ¥ ZBHraTesb HHOTad HE CTaBAT,

£.7. KOHCTPYKUMM LeHTROGEMHLIX HacoCcos

B rennosHepreTHKe ynorpeGasioTcs LEHTpoGeHuie Haco-
cbl, pa3HoofpasHble MO OCHOBHEIM [1apameTpaM H KOHCTDYE-
uHAM. OTO BLISLIBACTCA PA3NHYHEM B YCJIOBHAX paGOThHl W
3KCINYATALROHHLIX TpeGORaHUmnX,

OGosnaveHns M MapKHpPOBKa HacocoB obiiero HasHayeHms,
34 HCKIIOUCHAEM CUSHHANBHLIX KOHCTPYKLHE, OmpeneseHu
I'OCT.

TOCT onpepensier rpynny UEHTPOGEKHHX MHOTOCTYNEH-
YaTHX HACOCOB CEKLHOHHOTO THIIA jis YncToR BOAB € moja-
yeit ot 6 po 1000 m3/u K Hanopom ot 40 1o 2000 wm.

O6osHauenne Hacoca BKJiOYaeT TpH Oyxsu: Ll — neHtpo-
gemunii, H =—— nacoc, C — ceknHOHHH H ABa INCA2, NMEpBOC
u3 KOTOPWX — flonaya hacoca Q, M3/4, BTOpoe — Hanop H,
m cT. wugkoctu. Hanpumep, ILIHC-22-88 osuauaer: uenrpo-
GeHEA HacOC CEXIMOHHOro THna ¢ moxavelt 22 M%/q9 u ma-
nopoM 88 m.

TOCT onpenenser rpynmy wUeHTpOGEXKHEX HacoCOB XBY-
cTOpoHHErc Bxoza, ofosnHauaemyio Oyksok [l Tloxaya u Ha-
nop XARKTCA B MApKe, Tak e KdK H B CEHIHOHHLIX HA-
cocax, Hanpumep: I1-2000-100— uemgoﬁexmuﬁ Hacoc JBY-
CTOpOHHEro BXoja ¢ ropageft 2000 m%/4 nm Hanopom 100 m.
Hacocw THia J[ oxparwpaloT obnacte nopaa or 200 ao
13380 m¥/9 u uanopop gc 100 m; KIIH srex Hacocop RO
92 G,

[lpumennTensHo K TeNno3HepreTHKE BCe IEHTPOGRK-
Hyle Hacocw MoOryY ObTE pasjelieHH Ha  CSeAyoilMe
TPYTINLL:

1) HacocH A48 9HCTOR BOAH, ONHOCTYMEHYATHIE B MHOTQ-
CTyneHyaTnie;

2} KOHACHCATHHE,

3) nHTaTenbHLIE;

4) Hacockl AAS KACJLIK cpexn;

5} HaCOCH JJfl MOj89M CMecell MKHIKocTelt © TBEPALIX
yacTail,

PaceMoTpiM xapakTepHule YepTl YKa3aMHBX Tpynm Ha-
€OCOoB,

Hacocer dan wucrofi 6006t npnMensiiores aNA  Xoas#eT-
REIIHOTO, TEXHWYECKOro H TIPOTHBONIONAPHOrO BoaOCHabme-

10559 145



UNH 9NEKTPHYECKHX CTAHUMH ¥ TPOMHIUSCUHHX MpPeANPAATHE,
Odl 6HBIOT OAHOCTYNEYATHMA M MHOFOCTYNEHYATHIMHA.
[IpocreiiynM THNOM OZHOCTYNEHYAaTOro HAcoca ABIACTeq
KOHCONBHBEIE Hacoc, o6osudqaemullt Gykporn K. Ilpopomump
paspes Takoro Hacoca naH Ha puc, 4.21, a BHEWHHUH BUA erg
npefcraBler Ha pHC, 4.22, XapaKrepHoll 0COGEHHOCTR Ta<
KOF0 Hacoca ABAfETCS PACIONOXKEeHHe paGouero Kojeca Ha.

77 o

1 T

ki e

Puc. 422, Bremun#i sua veBTpolexkHOre Hacoca Tama K ¢ HanopHeM nae
TpyGKOM, OGpAIMEHELIM BBEpR

KOHCOJIH BaJi2, BpZILIAIOIIETOCA B ABYX INHPOKO paccTaBdeH-
HBX LIApHKOBHX NOMIUHNHHMKaX, Kopllyc cIHpanbHHA € oCe-
BHIM NOABOAOM HUAKOCTH, CanbHHK 3Jeck HMEeTCH TOJbLKO
Ha cTopone nojayd, HacocH 5TOro THRa paccyMTaHH Ha 0O~
nagy 10—360 w3/, CospaBaemile HMH HanopH JiexaT B Npe-
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Puc. 4.23. Xapaktepucraka

KOIICONBHOIO HACOCA ¢ JHA- KM .Dgl=f5éﬁlf — "]. %
NeTpoM BcacwBatomero na- 0 - 60
1pyGka 50 MM —t N 50
soI=F 22 % N\ "W
1~\§

penax 10—100 v, wacto- 4 RN N 0
7a  BpameHuf 1450— HENAN
9900 o6/muH, nuamerp 40 7 j%f_’?a R
pa6oynx Komec 132— i 7 e
328 mu, moamnth KT . n=280000fmun TN ) 5
HAXOAHTCH B IIpeAenax | ~
50—84 %. g T 4

Ha puc. 423 npen- ¢ N*fl e 3
crapjeHa THIMYHAS )18 { a:’_ § ™ 2
nacoca rtuna K xapak- | AZ4 T .
C8o00 aopuma, . EL 0
= o6/MnH.

Ias Brecenus 60nb- 2 &+ & 8 Qe

uoro  pasHoobpasua B

paGodre NapaMerpy! HacocoB 3aBOAL! IIMPOKO NMPAKTHKYIOT 06-
pesky pabouux Kojec; BTO pdeT HaMeHeHHE [1apamerpop nNpH
COXpaHeHHH KOHCTPYKUMH H raGapuros Hacocd. IlpupeneHHbe
na puc. 4.23 xapaKTepHCTHKH OTHOCHTCH K KOJeCam Tpex pas-
JIHIHBIX THAMETPOB, OTMEYEHHHX Ha rpaduke.

T1pononbuef paapes nacoca Tuna J[ nmpeacTabBaed Ha puc,
4.24, a ua pHc. 4.25 gaH ero pHelmHHA BaJ.

Hacocet THna JI Xapaxkrepu3yioTct ABYCTOPOKHHM I1080-
JOM MHIKOCTH K paGoyemy KoJecy, cnHpaJjbHOB 6Gesnona-
ToyHoR ¢QopMoit HANPaBAAILUHX anilapaToB ¥ TIPHCOEIHHE-
HHEM BCACLIBAOLIEro H HaNopHoro narpybkoB K HMKieH
[IOJIOBHHE KOPNyca [IP¥ FOPH3OHTAABHOH  TJIOCKOCTH €ro
pasbeMma,

OcHoBHHE napaMeTps HacocoB STOro THna: mojava 90—
12500 m3/q, nanop 10—102 M, wacrora Bpameduss 730~
2950 o6/mHEH, nuaMerp paGoumx kosec 265-—900 muM, nonubif
KI1M B upenenax 64—92 %.

Ha puc. 4.26 npefcrapaeHa TANAYHAA AJA HacOCOB THNZ
Il paamepHan XapakrepUcTHKa.

MHorocTyneHdarsieé Hacoch NpeAcTapleHb! TPEMSA OCHOB-
HBIMH TPYTINAMH: CeKIIHOHHble Hacock THIa C  (CcexuHOHHHE
Hacoch ¢ KOJleCaMM OQHOCTOPOHHEro BX0oAz), HACOCH € KoOJe-
C4MR OZHOCTOPOHHETO BXOjd4 H TOPHAOHTAJBHHM pasheMoM
Kopnyca, Hacochl ¢ NEPBHM KOJCCOM ABYCTOPOHHEro BXORZ W
OCTalbHHMH  KOoNecaml OAHOCTOPOHHero BX0JAa M TOPH30H-
TanpHRM Ppa3beMOM KoOplyca. MsorocryneHyaroe HacoCH
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sTiiX THIOB IlepekpHBalr moxady oT 5 xo 1000 m3/y npu pa-
nopaX ot 35 no 100 M. Crneunanpunie KOHCTpy®UMH MOLYT
GWTh BHIMOJHEHL C OCHOBHLIMH MapaMeTpamu, BLIXOAAILHMHE
33 YKa3aHHEIe Tpefedsl.

B xauecrse npumepa ua puc. 4.27 paH BHemHu# Bupm ve-
THPEXCTYIIEHYATOro Hacoca W mpuBefieHa cXeMa TOCaenoBa-
1e.IbHOIG BKIIONEHHS era KoJec,

Ha puc, 4.28 npuseneHs XapaxTePHCTEKH HaMopa M MO~
HOCTH TAKOrO Hacoca,

Puc, 4.25. Buemwn® sum
Hacoca Tuma J

M| ?#&xm ¥ V’Z;
N ‘:--_ < \ e \ m
& {i\ Nw \) 50
;@ ¥ \\
T 50
ﬁgﬂ Ji
9 %"'" 80
LT e
/ My s
o0

20
2 40 80 & 1000,k

Prc. 4.26. Xapaxrepucmnkn macoca J{-320-70

Kondencarnete Hacocst TPHMEHRIOTCH  AJia  yjaAlCHHH
KOBAeHCaTa, a TaKiKe KaK ropfiyde, apeHaxKHuHe HacocH §oii-
MepHHX ycTaHoBoK. OHU MpeRH83HAUeHB AAN TepeKayHbaHns
roHZeBcara M ApeHaxa Iipu TeMneparype Ao 393 K,

Nuraresvnsie HOCOCE TIDEMEHAIOTCA AAA NOAAYM [TMTa-
TeSLHOR BOAW B MapoBhle KOT/AHW, B 6GoJbllgHCTBE Cliyuaep
3T0 UeHTpoGeKHHe MHOrpCTyneHyaTrhié HacoChi BHCOKOTO nap-
r2Nud, npHcrnocobieHHbe K mojaye BORH ¢ BHCOKOR Temue-
parypoi.

acocet OAn Kucablx cped H3TOTORJRIOTCH H3 ClelHafb-
UHX HEpIKABEOWMX cramedi. OHE nepekpesaioT obyacTe pac-
xopoB ot 5 po 300 M*/y npu Hanopax or 7 po 500 m.

Hacocer dan nodauu cmeced awcudxocredl u reeploix «a-
cTuy. ¥Yenosun paborhl TaKHX HacocoB cnetndnudnt. Ilotok
WUAKOCTU, copepiawed TRepAHe YacTHuH, nNpoxozn ¢ Gous-
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IO CKOPOCTBIO ¥€PEe3 NPOTOYHYIO YacTb, MCTHPAET BHYIPCK-
HHe NTOBEPXHOCTH HaAcoca.

IlosTOMY K KOHCTPYKUMAM H MaTepHanaM TakMX HaCOcop
NpexhLABAAOTCH OCOGHE TpeOOBAHHE.

B Tennosuepreruke Takme Hacocn YHorpeGasores g
nepeKayky sosOcMeceli M IJakocMecefi B CHCTEMaX THApo-
2070y janeyns, a TaKxe PN TpoH3BOACTBE paloT MO OYHCTRe

Puac. 4.27. Beemnnit pujL H CXeMa COBAHHEENS KOJEC WETHPRXCTYNEHNATOrD
HAcoCh

Fyt L1
sof a1 ¥ D= B mu
N - N..ﬂ.a
2005 <o
8. | [t
00 =T <t
-~ _ 4T ™~ Puc. 4.28. Xapaxrepr-
Ll P o ~1208  crAxn wemspexcrymen-
T UATOrO HACOCA MapEM

0 3B-200X4 (Do pec.
20 40 &0 80 M0 1 RO Qafc 4.27)

THAPOTEXHHYECKUX COOPYKCHHA cTaHUHH (KaHaJoB, KOMOI-
uen).

MpocreiiiuuM THIOM T@KAX HACOCOB ABAAIETCH NECSOBHIH
wacoc mapky [TH. 3To ofHOCTYBEHYATHI KOHCOSLHEPR HACOC,
npeiHasnaueHHLA ANA NepexkaunpaHds CMecH Boxu ¢ pyaAoh,
TpaBREM H MECKOM C KpyNMHOCTRIO KyckoB oT 2 po 15 MM B 88~
BHCHMOCTH OT pasMepoB Hacoca, KOHCTpYKIHS ®TOro Hacoca
noxasana Ha pue. 4.29.

Pabouee xoneco, cliHpanbHRA Kopmyc H RHCK OTJHTH M3
qyryHa, Xopollo HPOTHBOCTOALIETO NcTHpaHnw, Ocrambbie
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geTal BHIOMHAIOTCH M3 OGHYHOrO KOHCTPYKIHOHHOrO uy-
ryaa.

MaKkcnmanbHad BHICOTa OZBEMA NMpH CONEpIKAHHM B uel
g0 656 % TRepAMWX WacTHy KPYymHocThIO 2 MM CocTasyfieT 10
30 M NpH yactoTe Bpamenus 1o 1470 o6/mMuH.

Pxc. 4,29, IMpopomEnwift paspea neckoBoro macoca thma [HH

i Puc, 4.30. IIpogonbrnfi paspe3 seM-

3 28 aecoca Mapxy 12117
—
S - § #M P2 ——J4ner
) v ==c=—1 2 F 74 >
:.; n=380c0tmuy Wt g
) | 77, =#00uM 7]
1 20 £ =] Zb"[a
G 100 200 300 406 §,af

Pre. 4.31. Xapaxrepuctiky 3emaeco-
H ca Maprr 12117

Mogaua npn cogzepxkamun TBepanX Jactuy g0 70% no-
xonut fo 138 mifu.

Ileckopre macocw Gosbllef NoaayH € AHAMETPOM Haxop-
Horo patpy6ka ao 200 mm MOrYyT nogaBath CMECH C Kpyn-
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HOCTBIO YaCTHIl 20 25 MM n pa3emeath nonauy Ao 500 wijy
Oth HacocH XapaKTepH3yOTCA GOKOBHIM NOABOLOM CMECH x
pa6ouemy xonecy, Hx sabponckan mapka HII,

llnamoBtie (rpsiseBsie) HACOCH KOKCTPYKTHBHO CROAHW ¢
NeCKOBHMY, HO NpPHMEHAIOTCH AJIA Nepekayku cMeced ¢ Bumios
yeHueM GoJlee MenkHX (pakudf TBepAbX BemlecTB. Tak, na.
npuMep, maamopefi kacoc mapku IIH-1 nepemelzaer cMecy
€ HKpPYOHOCTBIO YACTHI[ BCero JMIIEL A0 4 MM.

JeMiiaHbIe HACOCH (3eMJecoCH!) C/yaT AMA HepeKayky
6oJbIIHX KOJHYECTB I'DYHTOCMECH (IyJ/bIB) OpH BechMa pag.
HOpOIHOM €e cocrape. KOHCTPYKTHBHO OHH BHIG/IHAIOTCA B BH.
J€ KOHCOJBHBIX LeHTPOGEKHEX HAacOCOB ¢ KOJIGCAMH, CNAPAaL.
MBIMH KaMepaMn WM BHYTDEHHHMH JHCKAaMH, HSTOTOBJACHHHMK
H3 TBEpABIX Gefblx YyTyHOB,

Ha puc. 4.30 i 4.31 gaHu KOHCTPYKUHA H XAPAKTEPUCTHKH
uenTpobexyoro aemaecoca mapku 12117,

48, Smuaune TemnepPaTyphl MHAKOCTH HA KOMCTRYHUMIO
YeHTPoGeMHLIK HACOCOR

O6Livstie KOHCTPYKINY NEHTPOGEKHHY HACOCOR MOYYT UPHMEHATLCH
ANA MopAYH BOAH ¢ Temnepatypod zo 353 K. B nexotTopuHX CIyUaAx 00 €o-
TAIACORZHHMED € SABOAAMY-HII'OTOBHTEANMM JIOTYCKACTCA HOBLIIICHHE TeMDE~
patypn no 878 K. HaispHefee mosulienre TeMepaTypyl BOJH OTPAKAETCA
Ha HOHCTPYKIHAX “HEKOTOPHIX SNEMEHTOR HacogoB, ST0 BIHAHYE TEMTEpaTy-
PRt PaCOpOCIPAMMETCH HA KOMCTPYKIMM NONUIMDHUKOR, CAAbMUKOB, cDocob
KPEeDJeHHA KOPBYCa HAcOCA MMM ero cexuufl x cramuEe (MAMTE) H T. K.

Ipy pa6ote TORITHNHWKOB BHAGNAETCH HEKOTOPOE KOMMIECTBO TENJIOTH,
¥eM Gonbiliee, ueM MEHeE cOBSPLICHEH DOALNMHMK. B rOpASNX HACOCAX SHE.
NATENLHCE HOAMHECTHRO TEINOTH DOZBOXHTCA K DOAMMIEMKY Y€pe3 pay or
CANLHMHKOR € MepeMeliaeMoil MUAKCCTH. DTa TENJA0Ta COBMECTHO ¢ Tendorol
TPeHN WOMET COINABATL HEAONYCTHMO BHCOKHe TeMNEpaTypn SEMERTOD
FOAMHOHNKS, NPUBOAAUIHE K PLITEKAHMED CMa3KH M YIONYCYXoMy TpeEHR.
Ornciona BHTEKaeT HeOSXOAUMOCTE ONJIAMCHUA NOALIMNHEKOB, DpenHaSHA-
YeHHLX JUIS HEpPEKAYKY TOPAYHX WKUANOCTERN. B Yaxux Hacocax ¢ HeGoanmod
nopagel cMasKa NOAMMIEUKOR DPOHIBOAHTCH TIOCTORHEHMMN DOPUHAMH Mac-
Aa, RAXONAUETotA p BaHEAX DNOAMNINNEGN, OxNaxeEne MACAA TPOHIBONAT
BBCACHHeM XONoANOH BOAW B TPYOUATHIH 8MEEBHK, paaMellieHHHA B Macas-
noft PAEHe NOAINMMHMKA Kau DOJIOCTH OXAaXAEHHN, OKpyXaioled wno-
CReNHION,

CaneHnKY HACODOB FBNAIOTCA PAXKHHMHE SJICMEHTAMH MX, Y HACOCOB RIS
FOpAYHE WMUAKOCTEN caMbHHKE TPeCYIOT ocoboro BEAMaENs. CatbuaKH TARMK
RacocoB BHINMOJHMIOTCA, Kak NPABAJO, oXNazAaeMbimy. Jmech BOSMOXHN
Pa3anuuHele HOUCTPYKTHRHNE (POPME KAK ¢ PHELIHUM OTBOZOM TenJoTH, TEE
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p ¢ OTPOLOM TEMAOTH BOAON, HEMOCPEACTBEHHO OMHPAIOWICH NOLCPAHOCTH
pT}a0K CaJBHAKA,

Ilpm RHEIIEEM OXNAMKACHBE B UACTH KOPMYcS MacOCh, OKpY:Kaiomed
ca1blBK, RCNASTCH KONBUEBAA NOJOCTR, B KOUTOPYK CENIY NOZBOMMTCA XO-
aoanan Bona. OTBOA POAW MPOKSPOANTCS M3 camoli BEPXHEH TOUKA ORJAMN-
aziomedl HMOWOCTH, Yem DpPeAyHpeMAaercn KowUeHTpauus ® Eeli Bosnyxe
f napa.

ITpocrefilnan KOHCTPYKUHA CaNbHHKA ¢ oxdamjenues OHJR noMalanma
pa puc. 4.17; ecan Do TpyOxe & NOZBOXHTL HOLY HE H3 HANOPHOIO NATPYOKa
paccca, 2 M3 TpyOolpOPONE XONOXHOHN BOAK, TO NP DOMOMH Pacnpenesss
7eabHOMO Konbna & GypeT DpOH3BOAHTLCH HE TOJNBXO YHAOTHEHHE, MO H JO-

7 ) 7

Puc. 4132, JIpa BapuanTg ONCPBBIX Jall LUEHTPOGRIKHEX BACOCOB

CTATOYRO paBHOMEépHOe oxJaXieHHe paja, Jleficreutencio, X0nOAHaR POAA,
PEBHOMEPHO OOBOJIAKMBAR BAJ B OORACTY KOJEIE b, CTPEMHTCA PACTeKAThCA
Tepe3 Madefiie HEMNOTHOCTH MeXAy DOBEPXHOCTHIO Pajia W HaGdenod M,
TPOHHKAR HAPYXY M YaCTAYHO BHYTPh HACOCA, ShdeKIMund OTBOANT TeNio-
Ty OT nopepXEoCcTH TpeEnn. CallbHYK TAKOTO THRA HE CNEfYeT CHALEC 2aTH-
THOATE; OH AOJIKEH NPoNyCcXaTh BOXY TOHKOH CTPYfKofd nay GHceTpo enbe-
FAOIMEMY KATIIFMH,

Auagure/pibie TEOBHE AehopMamKH M HEPARROMEPHOCTE HX TIPHBOOAT
¥ cBoeofpaInny KOHCTPYKTHEBBIM (GOPMBM OTIENBHUIX SJIEMEHTOR HACOCOB
Lng roprupx multkocreil

OGuqHan cXeMa pacnoNONERHA ONOpHLX JAD KOpiiyca Hacoca piv no-
asyp yonopHofi pPOAW DOKasaEA Ha puc. 432, a. Pecniohomenie jian snech
Wnknee, [Tpumenenne Taxofi KOHCTPYKIMM B HACGCARX ANA FOPAMMI MUAKO-
eTCl PRISKIPACT CYRIGCTBREEHE JATPYAMCHMA ¢ UEHTPOPKOA Hacoca M qBUTa-
TE58, 60 OHY COCAMHFIOTCA HEMOCPEACTBCHHO MpH MoMOMM MYdTH.

JefcrenTeNbHO, MpapRALHAA LEHTPOBHA, NMPOHIBCAEEHAA NpH  HUBKOI
McluTamEol Temneperype (pic. 4.32, @), Heda0&KEO HAPYRIMTCA B TeueHUE
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