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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
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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.
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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
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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
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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

110




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
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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-

125



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)
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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.

[ T O NN
'7 ———-1T——®

2
SN

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
t=16G°C
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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-
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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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KUPOTKOFO NEpHOA2 MOCAE IyCka, KaK TOJBKO HACOC PA3OTPEETCs A0 cageq
paGoueh TounepaTypbl. Paamep I, M, pia 9lekTposenratess TPAKTRYecKy,
OcTaneTcn 663 HOMEHEHNR, a 7,1 HACOCA OH WIMERATCH 33 CUeT TennoBok
RedopMaymu Al=0,012iAf,

TaxuM obpasc, nocae Pasorpepa HacOCA coBDajenve reMETPHeckyy
Ocefl Hacota B jaurateln Mapyiaercst K BOINMKaeT PHGPAIMA Arperars
310 obcToRTENECTBO SACTABAAET PACTIONAIATL OMOPHHE MOBEPAHOCTH aan

CImrOaKE Crrani bt —l
2 7 DS
i b
- 55 . R
§ —— —- > H
<T 7 -
CTOENG Crrani sl | '

Pdc. 433 Kommencaumn venmqoBux zehop-  Puc. 4.34. Kounencepyromee
Mauiit Macocg® ZNA TOPAYHX MuRKOCTER  KpenJeEHe ONCPHON J2BH -
coca ANa TOpAYHX MHAKOCTeR

macoca Ha ypoene reomerprueckof ocn Hacoca {puc. 432, 6). Ilpu sTom
TENNOBHE HedOPMALHH Kopyca Hacoca OyLyr pacnpoCTPauATLCH CHAMMET.
PUYKHO ¢ HApYLIeHwH KeHTROBKM MpM pasorpeBe KaGRiogaTicH He GYOET.

B sacocax aad TOPaAuyuX XHIAXOCTefi TpenyCMATpHBACTCH MaleMHAA
KOMneHcauuA TeInoHEX pedopMannd HPoAOJILHOrO ¥ MENEPEyHOro Hanpan-
neunfi, € svoll neymio npouarogaT QPHKCANMIO Hacoca MINCHKAMH, pacnoda-
TaeMbIMH HA nanaxy H KOpuyce ¥ PXOLAUIMMA P XaHAPKH HA CTaHHEE HACOCA
{puc. 4.33).

IToitepeunne mpoHKK J HKCHPYIOT KOPHYe Hacoca B NPONOJBHOM Has
NPpagJIeBUH H CO3RAAIT POIMOXHOCTE AJNA CBOGOIIHON) onepeIHoro paciig«
peiny. [ponomuwe mnokke 2 GUKCAPYIOT HACOC B NONEPEYHOM HANDABJE-
HHHM ¥ [09BOARIOT €My CBOSOIRC P2CRINPATLEN B NPORCABHOM HENpABNeRHE,

TaxuM ofpa3oM obecneyEpaercd ceoboZECE paCIIHPEEHE KOPITYCR Maco-
€a B HANPABACHHAYX, YKAAMHWX Ha PHCYHKE CTPEIKAMM,

Qakcauun XopIyca B PEPTHKANBHOM HANPaBJeRHN Npoussoautea God-
ToREmMK coepmuenumait (pic. 4.34). 3necs saTANma npenewioro Goumra 1
DpoyspoldTCRn Ha BTYAXe 2 TaK, 9TO MEKAY MNOBEPXAOCTAMA Maccrauoi
wectxkofl wafi6H § n npageratoied K HeRl OnopHoR AanH 4 NocTHraeTCH
IJIOTHOE CONpHKOCHOMENNE Ges BATArA.

Ecast @ Hacocax ARfl TOpAMMX MUJKOCTeA HE npemycMOTpeREa KoMneuca-
WS TenoBuX fedopMauni, TO BOIEHKAUOT MECTHHE MEPEHATIPAIKGHHA B W2
TCphane, onacHWE IJA Mamnun, B Takux Bacocax CeklKoBRHMOry THIA B
TAMENEX YCHOBARX HAXOARTCH CTANHEE OOATH, SaTAIMBaeMEE TpR MOl
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qamoil (OTHOCHTEALIO HMSKoll) yemnepatype. [lps pasorpeee nacoea Tem-
nepaTypa cTaMHuX GONTOB Me HOCTHIaCT TEMNEpaTypH COKIME, TaK KAk
ORN AEKAT BHE CEKUHR, OMHBACMEK ¢ BUYTPCHHEN CTOPOHK AMIKICTHIO Hb-
cokoit Tempeparyphl, BosHikalomaa pasnocte Tendoenx nedopmdauufi pu-
stB2E€T B PeanSoBOR YACTH GOATOB epeHanpmiekue Marepmana. G Ieapto
npcAOTHPARIEHAR HTOr0 KBNCHAA HAcOCH CHAGKAWT HIVARPYIOMAM KOXKY-
£0M, SAKBATWRAIOMMN CTAXHHe GONTH, 4 NPOMEXYToX MERAY BHyTpeuyel
NMOBCDPXHOCTRI0 KOXYyXA X KOPRYCoM HaOABAKT TEUNOHIONRMLHOHHLEIM MATe-
pua/IoM,

[Ipy MennensoM pa3orpese Hacoca MOMEO MONYIHTH NPAKTHIECKN Gana-
K TEMNepaTypl Kopnyca K erakHEX Gorros,

49. Ocobnie HOHCTPYKUMM BTPEraTOB € YeHTPOoSerHbIMM
HBCOCAMYU

Pa3snTie TEXHOJOIEYECKHX NPOIECCOB P NPOMHILICHHOCTH, TPelyomux
npyMeHeRHA HacocHoro OGOpYAoBaHMN, BHYRAAG p2a3paGoTKy HOHHX KOH-
CTPYKUMR HACOCOB M HOBHMX TUNOR HACOCHHX Gnoxos {arperarom).

ITornseBke HOPHIX THROB OAOKOB M KOHCTPYKGHH HACOCOR CTAJIO BO3-
MONHKERN, BO-NEpBHX, Gnarolaps pPaspUTMIO NPOTPECCHBHOTO NPHHLANA cO-
CONHEHHA HACOCA A AAUraTENs B epyuufl KOHCTPYKTHRHEA GIOK B, Bo-BTO-
PHX, PRUAY HIMPOKHX BOSMOMHOCTEA TEXHOJIOTHH COBPEMEHMOTC MAlIMHO-
CIPOCHHR M NPUMEHEHHA HOBLIX MATEpHMANOR,

Tenmpenupe & coenpHHENHI0 MANMEH-ZBHIateng ¢ MalIHHOR-opyZMNem,
caofiCTREeHHAA BCEM OTPACAAM TEXHUKH, BIQJIHE OTHCWIEBO BHIpAMERz o
B nacococTpoeuan. [Teproil eryneHEio wBHICA 30€ch NEpeXoll ©F KaCOCHOTD
arperara C pasjeneHHLMA HACOCOM M JBHIAaTeNeM (npe mepefaue SHeprum
ToCpeACTBOM peMeHHON mepepaun) x GRoKy € HeMOCpeACTREHHHM COGRMHE-
wieM BadoR Mydrofi. Bro cosmaer Goaeltioe yno6eTeo npu KOMNOHOBKE KB-
COCURX eTaHIMP, BONBINUECTRO ArPEraToB € JAONACTHWMH WACOCAMH BLINMOM-
BRETCH Tenephb 1O STOMY THDY.

3ateM BOIEAKAM KOBCTPYKUME MoHOOnoYHHX Hacocos (oGo3nagamrcq
B Mapke wacoca Gyxeofi M), Taw, Ba puc, 4.35 npencrasicH OAME A3 THHOB
EOBCONRHWX MoBoBRoTHHY Hacotop KM nim xusiimeckol npoMRIIIeNHOCTY.
B stom yune 6/0KoB paboRee KoJIECo MACOCA TIOCAXKEHO H2 KOHCOJL Baja
IBHTaTeNI, & EOPHYCA IPHATATENA M HACOCA COMPAMCHN Yepes npHCTaBKY
HeNoCpeACTBeHHO GoJITOBRMM COeAHHEHUAMA. DTO NaeT COJBIIYI0 SKOHOMMIO
8 rafapnTax M Macce arperaTa.

Maock moncSacueore arperara KM no namnuy BHHHrunpodama co-
c1apnser oT 43 jo 65 % Macetl OGLITHEIX arperatop ¢ KOHCQJBHHBIMH Haco-
CaMn Tuna K,

Coejuneane Hacoca M JBATATEAR B CHHHET KOMCTPYKTHREBD GNOK OKa-
SHpaercA ocoGeHHO yHoOMuM p ¢/lyyae NpHMCHEHHA SKpAHHPOREEHLIX ABH-
Tatenefi, B TaKHX IPHTATE]AX NOJOCTH pOTOPA W CTATOP2 IEPMETHHAO pas-
O0itenyy TOHKORA LMJMHAPIEcKofi THAL3OR s HeMarumTHOR cTayE. [Mostomy

156



OKQ3KIBAETCA BOIMOKELIM 3ANCAHATL BAYTPEHHOCTs ABHTATENS M DOMOCTR
Onop NepexAuUpACMON FKUAKOCTBHIO (BLAR CHP HEArpecCHBHA ANA mpUMesiey,
HLX P KOMCTPYKIHE MaTepHasior) u, rakim obpasoy, oSofiTECE B KOHCTPyx.
uur Gea ynJaoTHeHust Bana. CnencpareqbHO, TAKOR GROK MOXET GLTh py.
TIOJIHCH TEpMeTHIBIM, UTO OCOGEHHO BPAXHO NpI DepeAxvde PPEAMNX M gep,
KOBOCMARMCHAIOMMXEA XHKOCTES,

Ha pnc, 4.38 npeAcTABACH BEPTNHANLHENT OZANOCTYNEHIATHR TepMermy.
el xeungecknfi SNEKTPOMACOC ¢ SKPAHHPOBAHBHA JBUTATEIEH.
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Puc. 4.35. MonoGAoURHE XOHCOMLHHA HECOC Ans XMMHGCCKON KHpOMBINLs
JEHHOCTH

Y(uaxocrs BCACHPaeTcA Hepes npamndl natpyOoK W, Wpoina paGoses
KOJlecO @1 HANpERAMIOUINA ANNApaT, BEXOANT gepea Jeekd Darpyfok. Haem
MURKOCTH NPoHHKACT qepes YIVIOTHEHMA pabouero xofecs W paRHATLEuf
3230p MeXny paJZioM H PACTOUKOf KpHIZKHM Hacocs, DPOXONA SATEM B 3230P
MexIY rHBacH, aarnaouleil o6MOTKY, B NOBEPXHOCTEID POTOpR AAHTa-
Tenn, Buine OB NUCTYNAeT B OTRORMYIO TPYGIY N npOXCIAT B IMECRMKORHR
XONONHIEHYY, OXBATHBRAIOLINA KOpPNyc AHEraTesid. 3pech MEAMOCTS OTAACT
CBOIO TEMNOTY OXJAANKAAI0MEH BOXE, NMoAaPAEeMOl uEPe3 DOJNOCTH TepMobaph-
epa 1o TPyGke B NOJOCTL XONOAUALHHKA,

Takyum 06pa30M, MHAKOCTH DPOXOANT HePes 2ajopw ARUTATENR B auee-
BYKOBLT! XONORWILEHK IO SAMKMYTOMY KOuUTYpy, OZapas TEIJOTY, WoAy
YaeMyi0 B HBHraTene,

B onecannofi KOACTPYKLHE YDMOTHEHMN Bafa HCKMIOWEds, 1 NOSTOMY
H#aCOCHLIA arperat ABJANETCH repMeTHYHLIM,
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Haagenefiuny pasnTHeM IpHHINNA COBAHHEHNA HACOCA M ABHrarteng
mBsIeTCH, HanpuMep, aonacTunl (ocesol) MHOroCTYmevaTHt Macoe gy
nepeKaukn HepTenpoayKTO, HsoGpaxcentiit a puc. 4.37. B sToll Xomerpyx.
UMY HACOC M ABHIAaTens NOJHOCTLIO COBMEUEHH B OOMUN KOHCTPYHTEBHug
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Puc. 4.37. OpHoxoprycunift SeKTPOHACOCHHTN arperar

E-F
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D

A

Pac, 438, Hacoc ¢ ppaiaonmMen KOpIycoM

610K, Arperat oTaUAeTCA COMLLION KOMHAKTHOCTHIO H OTHOCHTEABHO Manod
taccolt. O cOCTOHT W3 craTopa J, Sampulennoro ruabsor {sxpatom) 2
# maccemEoro potopa 3. Tlocaemunii spamaeTci B WAPHKONOMWHNNAKAR
4. Porop npeacrasafeT cofolf MaccwBHEIY wonmit Gapabar, Ha BuyTpeHHeil
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poBCPRHOCTH KOTOPOrO PACUONIOMEHH PeHUW pafiouux Jonacrelt 5, Koan-
4CCTBO BEHUOB ONPEdeAneTcs YHeAOM cTYreHeil Hacoca,

B nofiocTH poTopa KECTKO KPEIMTCA CTCpHKeHb 6, Ba xoTOpui nalH-
paloTc BEHUH HANPABNAIOMNX nonacreit 7, QUKCHPYeMHX Ha CTEPXME
urosIKanst 1 sartaxckof rafixod 8. Crepmens 6 kpenures Ha Bryakex 9, non-
JepXIBACMBIX BO Beacweaomes /0 u uanopwom [f matpybxaX nonacTh
e 12

Cnaouoe B3aHMOAEACTBYE MEXAY CTATOPOM N MACCHRHMBIM POTOpOM 00Y-
¢N0BIMBACT BPAIEKYE BEHHNOB paboulx nomacred 5 coofmexne SHEPTMH HO-
TORY HHIKOCTI, NHPOXOXALIEMY 9epea IPOTOYHYIO YHaCTh.

TlpencrapfieT CYIMECTBEHHEIR NHTEpeC OpHMEHEHWEe B O6JacTd MalsiX
npoH3BONNTEABHOCTEH 1 BHICOKHX Hamopop 11ACOCOH ¢ BPBLIAIOIINMCH KOp-
TYCOM. Kokerpykrtipitan cxema Takoro kacoca jpasa Ha puc. 4.38.

B HeroaBnmHOM Kopnyce I KacOca, cKpefJieHHOK JKECTKO C RBUrATEIEM,
PACIONONEH BPAIMAMUMACA KOpmye 2, 3aKpemAeHHHA HB KOHcOMM Baja
snextpoiBHraTena. BHyTpy ppamalcmeroca Kopliyca MeXOY paRUIbHEMH
JOTACTAME pacHOJIOMeH HenoABMXBHT npireMyuk (oGrexaTens) J. [Ipa mpa-
mednH Kopmyca 2 KupkocTh 3aXBATLIRAETCH PAAHAJLHHMH JAONacTAMY I
N0 AeHCTANEM LeHTPOGEMKNR CIJI ha3BHEaeT RABJEKNE, IPOROhIHOHANLHOE
Keanpary Okpyxuoll ckopocts, Ifoa stum gasmetneM MufxocTs MOCTYNUET
B NPHEMKOE OTHepCTHe 3 M Jafee MO OCeBOMY KaHally 4 OTBORHTCH HapyIKY
B sracochuilt TpyGonposog., OnHOBEpeMeHHO dYepea IpHeMHHS naTpyGox
RIAKOCTE NONBOANTCH B LEUTPaJbHyl0 9acTh BPAalAIOWErocs XOpIyca.

Koaddnusent GHCTPOXOAKOCTH KacocoB 2T0r0 THNa COCTaBRJMAET OKOJIO
25; KITH, pocrmraer 60 %. Hanopuas xapakTepmcrika XpyTomapaionias,
crabunbiolt opmeL.

B HacOCOCTPORNHI HAXORSAT WHPOKOE NMPpUMEHEHNE palfvuKLIE CHHTETH-
9eCKUE MAaTepHaJIhl,

B 9amBCHMOCTE OT HA3HAUEBHA HACOCOB MJACTMACCH, CTEKJOMIBCTHRH
1 uponspofNHE Kayyyxa ynorpebusiorca Asm M3roTORJEMHS M NOKPHITHA
paboynx Konec H BHYTPEHKErOD NOKPHTHA Kopmyca Hacoca,

Ha pic. 4.39 nokasad ueHtpobexunti Beprixanbiudt norpyxHofi Hacoc
K5l fepeKayil cOAMHON WHCJIOTH M paaMYHLIX ArPeccHBHKX HKHAKOCTEd
npn TemnepaTypax no 60 °C, PaGouee koneco orkptiToro THna {Ges mepem-
Hero noxpuBaiomero gncka), Kophyc macoca, paGoyee HoJeco 1 KOpIyc
HIEREro MOMIUANHAKZ BHOOJHEHH M3 (peHOJMTa, 3alUNTHAA BTYJKA — H3
almixaopa,

Pucynok 4.35 paer npeicTassense 0 KOHCTPYKIUIM Hacoca ANA nepe-
RaydeaHns KNCJOT H IMENOYeR npH TeMuepatypax ao 7G°C. JieTagu nporod-
HoK yacTH Hacoca —— KOpIyc, KPHIURY, pafouee KOweCo, (aanen ynaoTeeHus
BLIONeHH 113 HPONHJEHA.

Juas pabors ¢ arpeccHBHHMH KHCAHMD JKHAKOCTAMH PRAMMYHOR KOH-
Rertpannu npn TeMnepatypax 40 60°C NpHMEKAIT ryMMupeRanibe Haco-
b, ogum ns koropux (3X-9P-1) noxkasam ma puc, 4.40. Kopriye » xpeilukn
BTOF0 KOHCONBKOTO HACOCA BHNOJKEHH H3 KOKCTPYKLMOMHOTO uyryHa o
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€ BHyTpenHefl CTOPONE MOKPHTH CJIOBM KNCJOTOCTONKOR pesuMEl (rymmnipo.
paBu). Koneco vacoca cGoploe cTanbHoe, OKPHTO CA0EM PE3HHH, oK.
THE PE3UHON NPOH3BOAKICA MALMHHLIM COOCOGOM B ropsyeM COCTOSHIH, g
nosToMy ciiofi pe3MHH NpouHO npyuBapHpaercs K Meraany, CambHixosoe
YIJIOTHEHMe BHNOAMsETCs: 113 kncaoTocTofixux MaTepvwasnoh. B sroft wop.
CTPYRLIN 2aCAyHUBaeT BHUMARINA OcOOH{ npHeM, NpliMexeHwnl pgan pas.
TPYBKH caabHUKA 1 YMEHBIIEHHA OCERON cumb:: KA sauHel cropore paboyeng
ANCHA KOJIECA PACTIONOMEHE! JONACTY, NONHMAIOINNE ZARJEHNE B 9230pe
meny KoplycoM u xodeco. Pafouee koneco nacoca UMeer cBoBozuREe Jio-
nacty, 6e3 NepcANery NOKPHBAIOIErD QHCKA,

4.10. Hacocoe obopyaoBaHie TEINIOBLIX NETPHUECHMX
cravull ¥ Tennonbix cerei

Hacoch pa3miNHOro HA3nayeHAN ABASIOTCA HeOOXOUNMEIMH BacMeHTaMn
TenioBoll cCHCTEMH PAflONHHX Y TIPOMBUIICHHLIX SMEKTPOCTAHUMI Boex TH.
nos, Mecro HaCcOCOR 8 TEIZOBOM clicTeMe ONPeAENRETCA €€ CTPYKTYpOH, pa-
BHcalTel 8 OCHORHOM OT MOHOCTH Gnokoe TOC M napamerpor napa [11],

th

vz,

Puc. 4.41, [Inraremnnilt
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OctioBENE IPYNIN Hacocos, NpRMciaeMkx Ha TIC;

1) TMATATENBHLIE HACOCH BHICOKOTO NABNCHNS JUIA NOA2YH BOAM B Mapo.
pofl KOTenN,

2) Gycrepunie (mpenasmioueHHBE) — ANs COIXaMus NOANOPA BO BCACH-
pawiiel! neTpyfxe autatemuny Racooor;,

3) KoHUEHCATHHIE — JUIi OTCACHHAHHA KOHACHCATA M3 KOHACRCATOPOB
1ypOHH It TIORAYN €r0 B CHCTEMY PEreHEpaTHRHOIO LHKNG;

4) QVMpKYJHLMOHHBE — A NOJAqH OXJaxKaomel BOAN B KOEACHCATO-
pH TYPOHH;

5) cereanie — A/n Nofauy ropavell BOAW B CeTb TeNAOCHAGKERIE;

6) npoyHe -— ppeHaXHBE, DOANMNTONHHE TelnoBol CETH, MacanHEBE CH-
CTEMBl CMB3KH H PEryJHPOB2HNA TYPGOATPEraToB.

PaccmoTpim HacOchl MEpPHX MATH TPYNN H OTMETHM HX OCOBEHHOCTH,

IInraresnitple HACOCH, Paloule napaMeTpH MHTATEABHEX SJIGHTPONACO.
coB NapoBbix KorioE onpegenesst TOCT 22337-77 » nemar B npenenax:
Q=65=900 M*fu; p=3,9+-294 MIla; N=108-6360 «Br;, =65-+82 %.
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O6oznauenne nUTATENMEIX svexTporacocod I13-Q-p, rae IT— mararem,.
Bhif, 3 — SAeKTRONPOBOAYLY, Q -— NMojaua nacoca, M*/9, p — AaBjeHBE Ag.
coca, xrefemd.

Iuraremme HacoCH NOJAOT BOAY € BHCOXHMM TEMNEpAaTYPOR R aap.
TeHUEM, Y10 CTPARACICE Mo KOMCTPYXURHM HacocoR. Ocrohte TpeSobanns,
NpPENLABNAGMEE § HMM' MPOYMOCTD, TEpMErHIROCTh, HOMOCHCHPOBAREOCTY

s

"'_r' ‘\\\\‘\\\\‘\\T“\\ E}\\. < = EM

N —

Puc, 442, Inrarenmsestl

TeoBNX Aedopuannfi, mmamMugeckan ycroffuiBocTh (OTCYTCTBHE ABTOKG-
nefannit) B NOGHX DERUMAX HarpyskH, ANNTEJBHHE pecypc paboTwl
PaccMoTpHs THIMMHYI0O MOHCTPYKUAIO OANONOPIYCHOTG NATATEARHOTO
HECOCA, IPHMEHSEMOTO ANA KOTIOB ¢ Ramnecrmen mapa 9.8 B 13,7 Mlla (na-
coc TI2-150-145; 113-270-150; I15-250-180). Ha puc. 441 mokasan Opo-
AOBMEIT paapes 13-cTyneymaroro Hacoca F13-250-180, Koaruecrso eryme-
HER AaBJEHNA MACOCOB $T0r0 TANA B SABHCHMOCTH OT ThelyeMoro gaBeARH
MoMer OWTh pasmius™ {70 14) npn noawolt HAEHTHIHOCTH boex crynesel,
kpoMe Neprofi, Paotee xoneco nepsofl CTYNEHM BHITONHAETCA C yBeJXHSeH
HNM BXQAMHM CeueHseM (RZnp NpefoxpancHis 0 kapkrauud), Kopuy®
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nacoca CHOMOVMAKPOREH N0 OGLTIOMY TANTY CEKUUONHHX KACOCOB JUIA NOAa-
o ropAvelt poaw, Hanpasagotiie anftapatel JIONATOYHOrO THINA, BRINOJNEH-
auie M3 XpoMucroft CTasu, aampeccoBAlal B KOPIYCa CERUME NO HanpsxeHe
HOE MOCARKE,
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NBYXKOpRAYCHHY Kacoc

Porop nacoca coctodT M3 Bana, paGouHX KoJjec, SaliTARIX M AUCTAH-
IUOHMBY BTYJIOK, PASrPySOYHOrO nHCKa, aybuaroff nomymydmu M Meawwx
BCIOMOTaTeNbHLX Aeraneli (MinoMoK, KoRueswx raex). Koseca amionmernd
u3 xpomrcTol craym. Onopel PoTOpa — NOAMIMNHHKH CKOIBMENAA ¢ NpURY-
Iutensyofi cmaskoli, KORUGRWE YrnoTHEEMA CANBNHKOBOTO THRNA € nOABO-
oy oxnaxnalomefi BOAN B XOpmye ynaoTHenHn. POTop Hacoca cnalixen
YKA3ATENEeM OCEBOrQ CABMIE, pacrnionaraeMbiM ma cBOGOANOM goule BaAa
Hacoca.

Hacoce onwctiraemoro tana sxomoMuvsty, sx KIIL xexnr » npegenax
0,70—0,76,



ITpu neBaensix napl, OpAMEHAEMbA KA coBpeMednnx T3C, nETaren.
Hie HaCoCH AKNOJHAIOTCA MHOPOCTYNEHUATHMH M B (OMBLIMHCTBE CAYdaen
cexmnoHnnMy, ONHAKO TAKAS KOHCEPYKLMA NpH BHICORYX AABJICHIAX M TEM-
NepaTypaX NHTATENLHOR RORH OKasbiBaerts HeHauexuof, [Tostomy npa yse.
newanx napa 13,7 Mlla n Briue NPHMEHAIOT NBYXKOPIYCHNE DATATE/biLie
HACOCH: BHYTPEHHHS XOPMYC CEKIHOHHON KOHCTDYKUNY, MAPYKMLIN — 10, «
erocTeHHEN, KOBAHKIR,

Ha puc. 442 npeacTanned TPOXOJBHEI paspes CEKUHOHHOIO ABYXXOp-
nycoro hacoca. K sroMy Tuny ortHocsten [13-500-180, I13-720-185,
T12-900-185 ¥ ap. OcobeHHOCTH KOHCTPYKINH HAcoCa: MacCHBBLE HaPYHHWR
KOpTyc ¥ KpHUUKa ¢ HaNOPHOH CTOPOHL, NIETKAA KOHCTPYKLIA KPHIIXA Co
CTOpOlH BCACHIBAINA, OTCYTCTBHE TAIKEJHK CTAXKHLIX GOITOB ceKul#, Ma-
muse oT6opa BOgH nocAe TpeThell CTyneHys, OCYINECTBINEMOID Yepes CREpae-
MMA B TEAe Tpex NepEkX Cexunfi, KOHUEBHB YINIOTHeRNH meaeporo Tuna. [lo-
ApobHoe OmvcaKte KOHCTPYRINN Hacoca mawo B [10].

Ipnsof nHTATEAbEHX SJERTPOHACOCOB NPONSAOANTCA SJEKTPONBAMraTe-
JBHI ¢ CRHXPORKOS gacToToh mpaulenns 3000 o6fmMuu, Jlas NOBHILEHKA 3Ko-
HOMUYHOCTH arperata NPH PETY/MPOREMMY B HEXOTOPHX CAyuamx MeXgy
BACKTPOARNTATENEM M WACOCOM HIJIIOUAIOT IAAPOMYGiTY, NOSBONAIOILYIO H3-
mennTs, 9ACTOTY BpallieH¥A BAJa Hacoca M, CNEfOBaTeNbHO, LOMAYY €ro
B IUMPOKHUX mpegenax,

MauocTs svexTpoARlraTeNcl gaa NpHROAA NHTATEASHHX HBCOCOB
orpanyyena NO KOuCTPYKTHBULIM CoobpaxernsaM swayennes 8000 kBt mpm
uactote 50 I'm. [lostomy Ha TAC Hawam npAMeHenHe MUTATELHLIE HacoCkl
€ TypOONpHBOAOM, HONYYAIOUINM TAp M3 NPOMEKYTCAHHX CTyneweR TypGii«
HH oxeprobioKa.

Miratementie naporypGoracoch nMeloT pafowie NAPAMETPH B CHGLYIO-
mex mpegesax; Q=30<1150 »*fu; p=53<38,2 Mlla; »=10000+
S000 o6mmi: N=115+12500 xBr. ASconmorHoe panjeHiie Napa, nocty-
naioliero b TYpOuny, pr=1,45+12,7 Mlla.

OGoanayenlie mTaTeabHHX TypGomacocos: ITTH-Q-p-pr rae ¥1—mm-
Tatemuufi, T — rypSonpHeoxurl, H---wnacor, @ --mogaua Hacoca B Hoe
MMHANBHOM PeXCliMe, M/U; P — ABRJCHNE MACOCE, KIC/CM?, pr— alcomortoe
AeBACHyE NApA M8 BXOAE B NPHBOAMy TypOuny.

B aapncHMoOcTH or MapaMerpoB mapa, logapaeMoro B TypSwHy, ¥ oF
KOBCTPYKUMM BpoTquuol NVIOCTA €€ YacTOTa BRAnieBnn BaJid HACOLE MOMEr
8MAYATEABHO NPEBRHIIATL CHHXPOHRYIO YACTOTY BpallenHs SNeKTPORANTETENS,
ROCTHiran B OGHUMHYX, SKCIUTyaTamloHNO OCBOGHHHX  KOHCTPYELWAX
7000 o6fuun, a a OTACABHLIX cayaanx eme Gosee Brcokuk, Omvako oph
CTOAb AHCOKYUX HacToTax BpallleRHs TIepRag CTyNeHbh RACOCH CTAHORHTCS Hes
pwapexuofl ¢ TOUKM apeHVa KARNTALAN. B TaxoM caywae SaCTh HaOOPA, pas-
BHMBAEMOr0 NHTATEALNEM HACOCOM, LENecO0bpasHO nepeqaTh ocofomy, npen-
BKJIIOYEHAOMy Hacocy, paboTaomeMy Ha mOMIWenHON 4YACTOTe Bpallenysd,
yerolmlisoMy NPOTHE KaBHTallul; NUTATENbHARA YCTaHoBKa Oymer cocToats
113 OCHOBROTO MHTATENLHOrO HACOCA BHCOKOrO LABJEHIIA M NPEABKNIOYEHAOTD
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HASKOHAnopHOro, COBANMNERENIX notsenosateanno, [lpnson oeroweoro nicra.
TEJAEHOTD Macota M DPEABK/IOYEHAONO OCYMIECTBAAETCA B CORPEMEHNEX 6/10.
Hax Goppwdfl molpocy 0T oavoll naponok TypSuuk; BA) OCROBROTO Bpa.
Eo000opoTioro HACOCE coeAuEACICS ¢ BAJOM TYPOMBL HenocpencTEEHAD pyG.
watofk Mydrofl, a BAN NPeRBKAIONEHHOrO — Yepea PeayYRTOp.

Paccuorpiu B KavecTBe NpHMepa HHTATeNbHNI arperat, CocTORmMEAR uy
Hacocos — npegesaoveniioro [10-1600-180 u ockorroro TTTH-1150-340-15,
lponcasuii paspes npexsxaovesnoro umacoca I111-1600-180 npuseser ma
prc. 443, Ero nHoxHuanstan noaeua 1630 m*fy, nanop 180 M, temnepatypa
Boan He Gosee 438 K, sacrora mpamesnn 1890 oS, KII 80 %. Hacoe
FOpASONTaHN{, ABYCTOPOHAETO BXORA, ¢ PalbouuM KONeCOM, COCTABNCHMLIN
K3 ZBYX CEAMMEYPHWNLXA NojosAl. Pa3neM Xopnyca B FOPHIOHTANBHOR N
cxocty, Man ypasRosenmpaunA NONEPEURLIX CHJ NPANEACH ZRYX3axonvied
CTApanpHLt o180l Bxozswoli ¥ Buxonnofi naTpyGEN COCTABIAKT ORMO Lie-
aoe ¢ uRERAel JacIbip KOpITych, 910 SHAUMTENLHO OOerider pEMONT Hacoce,
PaGouee gosneco UHcHpYeTcA HA Bany AMCTAHLAOHHEIMM BTYJMEMA H KOH.
ICBEIME unaniaprecexnMA rafivamn, [TopwnheMxH CHoMbSAluero TpeRH
€ MplkyauTeasNof cmasxolt OT macsocncTeMu arperara, Jlns ¢uxcaumu po-
TODA B OCBOM Hanpasseily HPHUMened DoHKOBHE noanatury, KoEnesun
YHAOTHeuHs 6a7a — MCJCAOTO THIE ¢ NOSHONOM OXJIANAAIOMISTO KOMACH S~
Ta, 3yGuaran coexspuTedeitas MyQTa cmastinaerci OT MaCAOCHCTEMH aype.
rara.

OcRoBroil maratentnufi nacoc NMTH-1150-340-15 npexcranner s npo-
nojsRon paspese na puc. 4.44, Hacoe aayxwopnycunifi, wecTMcTyneBuaTHA,
BECOKOCHOpocTHOL. Pabogne napaMeIphl ero— B Tabn. 4.1,

OCoGeHHOCTH KOWCTPYKUMHM HAcOca: PagbeM OCUORROrO BHYTpRAHEro
HOpIyCa 1O ropHIoHTaMBnNOl ocenOf naockocTH, BOE pabomie Koseca oguBa-
KOBH, Y0TOQMY 9TO HAcoc NpeJHESHASEH And PaloTH ¢ NMOAHOPOM OT Npef.
BKJIOMEHHOTO ¥AC0CA, BaJaduie HaNPABJANMS JONATOK NEpeN neppofi cry-
NEHE0, pAAMANEIOE pacTionoMelHe BCacHBRIOIIETO M OTROARIIErO NarpybRos
p mmKaeli wacTii Kopnyca, saxpennennofi Ha  QynMnaMeRTAOR IWMTe,
POTOP Hacoca Hepas@openifi e JKectkO, HenofBHIKHONI Necapgoft paGoumx
Koaec,

Nogpotuoe omicaiuwe xoHetpykup#t wmacocos  I171-1600-180 =
TITH-1150-340-15 aawo » [10].

Koupencarfnie Bacocs. Vx mazuauenme —nopaya Korpeucata oTpalo-
TaHHOTO Napa 1n3 KOHReHcaropa TYpOMA M HOHAGHCATA YpEIONIEro napa B3
TennooGueninkos TIC » TpyGONPOROAKYIO CHCTEMY PEreRepBTREROTO mnuu.

PaGomiie napamerpy ropH30HTaNbANX EOHACHCATHLIX BACOCOR HAXORMT+
ca » Npegegax: Q=]122-125 wifu; H=x504-140 M; N==3,62-77 xBr n==
=3000 n 1500 obfmme; =456 %. To We g BEPTEKAJBRLIX HatOCOB
Q=200-:-2000 afu; H=40-+180 m; N=100--1226 RBT} w=1000--15600-
8000 obfuemr; vj=71+82 %.

Obo3maueane KOMACHCATHEIX HECOCOB: ropusoraibine Ke, neprnkafbe
nwe Keh; nepnas usipa — noaaqs, Mdfu; BTOpas — Manop, M.
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KokpeucaTiwe MacoCH paboT2i0T B pemiMAX HACPY3KW, GANSKEX K Ka
BTAUMONNbIY, YTobL ofecneuMty Hagexnylo, Ge3 KBBHTaURONMHX CPLiaop
4 nomnaxa palioTy nacota, YaCTOTy BpalleHus €10 OrpAHHYHBAICT (B OGiiq.
HEX KOHCTPYKUMAR He mume 1500 of/Mui) M hepeOe pabouee KOICCO Ry
NOAHSIOT € INHPOKMM BXOXHHM CeueHheM /IS NOBHIUEHNs [OasNCHMS ng
BXoge B Mexuonacrine xawanabl, Paboune soseca H feTail, NOLBEDKedilue
INTTIHCY, BArOTOBJRIOT U3 KABRTAUNOHHO-CTORKIX MaTepHasos.

Konnuectao paBoyHX KOHAEHCATHLIX HACOCOB I OXHOrQ SHEPreTHqec.
Koro GRoKa He MeEHee XBYX, NO3TONMY OHH COeANHAIOTCH NAPaMenbHO M aog-
Wi 06nanaTh nanopsol xapawTepncTaof, ycroiiuMpoR B mmpoxos pm .
nasoHe Harpy3ox.

Manue » cpemniie Hacock THnA Ke BRIOIHAIOICA CeXUMOHHELMM wm
¢ padbEMOM B OCEBON rOPHIOBTANLHON NJOCKOCTH, C KONHYECTROM CTYNeHel
ASBJEHNA B0 uETHIPEX.

Tuunynas KokCrpykiia Hacocs Thne Ko ¢ nomavelf go 125 M3y u we-
THPLMH CTyOeHAMH AOBJEHHA NpeAcTaslieHa #a puc, 4.45. Koprnyt Hacoca
YYryHHHH ¢ COPUSOHTANLHBIM (AYHEMOM, BCACHBAMUMA M HanoDHLA na-
Tpy0xu wa uMxHell NonoBuHe KOpIyca; Ha BepXHel mosoEnHE Xopiyca
UMEIOTCH xBa faipy6ka gis BpHCOefuHeHms U€PeBOAHOA TpyOs OT TEpBOd
rpynnel {gBe cTyNeHu} KO BTopofi, B npefenax rpymnu cTynewl coeamus-
I0TCH KaHanaMy, BHIWIHCHHBIMN B Téne wopryca, Komnencaruus: TEILIOBRIX
nedopManyil AocTHraerca cnocobaMy, yEasaxinmMH B § 4.8. Jlna ypasnose-
nnipanus oceBoil cuyel npHMeHeHo o6paATHOE pacmoniomerie prOOUHX Kojec
A xaxoll rpytme, [TogmymHAKY HAYGHUs CABOECHHLIC ¢ Koanlepofi CMAasxofL
Macasniibie BEHHE NOAILRNHNKCE HMEKT BHEIIHOE OXJANEHHe BoA0H, HoIBO-
Jutmolf 8 MosocTh xopiycos noamimakos, KolfencaTuee nacochl Tpefyior
XOPORIAX KOMHEDHX yINOTHeHI Bana, mosToMy YIIOTHEHHR ¢ MATKOH #a-
Ghakof, npHiexeabe n kacoce, cHalikenn €leé M MIAPOIBTBOPOM — £ne.
UNAALHHM KOJLUOM, PACHPESENAIOMMM To OKPYHHUOCTH Baia NOABOAHMHER
M3 H2MOPHOr0 NATPYOKA YNAOTHAIOMAMIL KoHmEHCAT.

KOHneHCﬂTHHE I'OpHSOHTBJJI:HHe CeXUNOHAbIE HaCcOCH OTJHYAKICA oOr
oOLYMEX KOHCTPYRuHR ITOTO THIA JHINR HAJAYHEM BHRTOEOTO NPEBKAO-
qennoro soneca (mexa) ¥ $opMoii W pasMepAM! BXORHONI BOPONKH NEpBO-
ro pabouerc xovieca [10].

Konaencarimie Hacochl © nopauesr 125 m¥fa Bunoawawics rTpexcrynes-
YaTHMH ¢ neprofi crynexbio Thoa M, B sTOopoll ¥ TpeToeR crynensMy ofuy-
HOTO THMA C MepeBOAMNMA KaHANaMH B xopmyce [10]).

Yaeanyetne efuHnyHol MOUTHOCTH naporypﬁoarpem’ron n nepexon &
KpynHMM SHepreTHyeckiM ONOKAM BLI3BANY [OHBJENNE BEPTHKANBALIX KOH:
JeHCATHRX Hacocos tTuna KcB,

KoHAeHCBTHEIE HACOCH BEPTUEANBHONO THIA NpHMenfiorcd Ann noaad
200 m3/y n Gosee. KowcTpyKUAN KomaeHCATHHX Hacocos Oaounna TOC w
auyxKoutypsnix ADC opmxaxoBn. He pue, 446 as nponosmiuit pasped
racoca KeB ¢ nogaweh po 500 My, Tlepexon x moasuam o 1600 m¥/a npr-
BEn K padpaGoTKe OPUITIHAJILHON KOHCTpYXUMM, mokasawwol we puc, 4.47.
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Hacoc ABYXCTyneldarufi, AsyXKoprycuef, ¢ ocembM pastesod, I[leppan
crynelb chafmera BMMTOBLIMA DPefBKAICHMENMH HovccaMA (Linexami),
Propas CTYNCRL ¢ KOMECOM QmMOCTOPQUUErO BXORA A pAsrpysKodl ocesoft
¢nIH OTBEpCTHEHH B AMCRe, Bee poropa R OCTATOURER OCEBAA CHNIA BOCHPH-
HAMAOTCH PAAKAMBHO-YTIOPENM DOMUHIMIHKOM Ha BEpXAeM KouIe BAJRA.
Huxull TOAUHUNAKK CKONB3RILETO. Tpeits ¢ BoxaHol cxasrol, Vonoriennn,
coexuuiTemkan mydra, BCIOMOTETEBAWE AETAMH POTOPA W KOPLYCA YHH-
Jruepoaanu ¢ Rouctpykumelt gacocon KcB-200-220. manmoli Ba pue. 4.46.

L{MpKyanusorALe HacorH. B chcremax cHAGREHAA oXnaxpawuelf Bo.
sofl xougiencaTopos TIC nmpyMensiioIcs EACOCH ¢ Gomemiof NORAYER B OTHO-
CNTEeJBHO HH3KAM HANopoM CNEeRYIOMNX THROR: BepPTAKAJbHNE — OCEHHE H
eHTpOOERtHEIE, POPHSOETAILHBE ¢ KoxecoM ThRa 1. Hecoch ycralabiina-
IOTCA Ha S/IeKTpOCTANIAAX Manoll MomHocT# B mpeéllesax TypOHEMOTO NEXa
6113 KOHAEHCATOPOB, M MOMBHIK, KaK GPaBHAO, B CHENHEANBELIX 3IAAHHAX
GeperoBLIX MACOCHEIX CTRHINNA.

Ofosnayerns 0ceBLx Hacocom: OB Nod u OIIB Me-d, rng O—ocesoh,
B — BepTHKanbysi, [1-— nosoporao-nonacmnit, Nk — Homep mopesm paBo-
yero xoneca, d — nuaMerp pabovero Kosieca, CM.

O6o3unuexre uenrpofiexxnuix macocos: dB-Q/H, rae d — gnemerp Ha-
nopHoro meTpyGRa, MM; B — sepraxanvenil; Q —nogsaua, m¥e; H-—wa-
nop, M,

JIA ropuaoKTAMGMEX HacocoR THia Il ofosuavenms awasolt9En 06o-
aHadennAm png MACOCOR olrlenpoMutuseHEOr0 Ha3EayCRAn,

B nacocax OB paCoqite nonactn XecTKO saKpel/iCHE Ha BTYIKE, a
B OITB — Me0T HOSMOKHOCTL NOROPOTA (HSMCAEHME Yriia YCTAHORKA)
B 3NBHCHMOCTA OT KOHCTpYKTHERofi stojii$HRauAH opH ocrakosxke Hacoca
AMi HA XOAY €ro,

MNapaueTp BHNycKAEMHX oceBux hacocos OB u OIIB: d=4704
2600 wm; Q=17005-16300 M, H=4-+28 m; N=27-10000 «Br;
n=250--960 of/mMAL; 1= B0-+-88 %; M=1800-=-75000 xr.

OceBrie AACOCI ONPYMEHMOTCHA B CHCTEMEX NpAMoTodRoro BOAOCEADHE-
HHs, Tpelylomux HiKore Hamopa.

Ha prc, 4.48 naBu gBe cxeMH YCTEHOBOK OCRBHX HACOCOB, PAs/iHmal0-
muecn KoHcTpywumell nOogBOgE K BXOOHOMY OTBEDCTOD0 HacoCH.

Pucytok 4.49 nzer mpeacrasxenfie 0 KOMCTPYKUAK HACoca THma OI1B,
Hacoc cocTout M3 caeAyIOniix ocHOBHHX 9acrel: mcachisamomell Kondysop-
toll yactn I, Kopoycn 2, B KOTOpOM pacnosiaraerce pafiouee Koneco, mepe-
XonEOA cnerxka KOAWYECKoR 06euafisos, conpAXentoR ¢ rnasnoll yacTso0 Kop-
nyca 3, Buelomed OTBOAAINEE KONENO ¥ COCTABNEIONMICH OANO WENIOC ¢ 3A8-
KTaluM KONbIOM, OMHPAKIEYMCH na GyHANMEXKT,

Pnouce xoneco COCTONT N3 BTYJKA, CHEGIKeNHON o6TexATENEM, B KQTO-
po¥ aa munax GoALUOTO AREMETPA MPENATCS NOBOPOTHHE pafioaHe momacTH,
BRyrpy BTyNKH DACIONATACTCH MEXARHAM NOBOPOTA JONACTed, ynpasaseMult
Wrawrolt, npoxoRAAmER vepes nomak man 4 wacoca, Ilotok, NpoxoAMmIel
uepes paGouee KONECO, HECKOJBHO aAXPYYEBA OTHOCHTEABHO OCH Hacoca M
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¢ menty nostutekns KITJ| nacocHoll yeTAHOBKA PACKPYunBACICR Brpap.
AfloDtEME AONACTAME 5, CTyMamBMHY AN KPENNCRHA RHXRAETO DOAWRMANKa
6. BepxEnfl noUMNIAK 7 KpenMICs Ha NpHARBe Koneua §. Bxxapump ooa.
IMHMHHKOP BHOOAHEHH HI CrenydibHO) PE3HHH HAH APEPECHOIO MNSCTHKG g
cMaanea0Tca sogolk. Hacoc xORCOMEOrG THME B KMECT ORMO BepaBep

Pac. 4.48. CxeMsl YCTEROBOE OCRBLIX HACOCHAMX BIPETATOR)
G — NoppCR B REAE XoBeNA; § — RauebHHfl moABOA

ynnoTnenue ¢ Markod HaGmekofi, Bec porapa B rujpoarmaMmEveckas CRAE
gepes XOCTRYIO MYPTY NEPERATICH Ha pan JBHTaTEIH N ero NoJHETHHK.
[apaMeTpn LEETPOSEKHKX Racocop THna B: Q==5500--5¢4 000 »*/v;
H=26+90 M; N=1300+-9500 kBr; n=250+750 ob/Mm; n—=89 %; M=
[MpoRonbENiA paspes saccca TRR@ B Doxasan sa pac, £.50. Porop Ha-
coca COCTONT B3 pabouero xodicca J, ocHOBHOH AMCE ROTOPOTO MKECTEO Kpe-
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nurcs E FHxAemy Guarny 2 sana 3, Bryaka paGosero koneca crabxesia
obrexarenem 4. Bepumum dranuen pan 3 KECTKO KPen@ICcA X Bany ABAra-
ten BAY K QAaHny npoMemyroaroro saqd. Kopnyc & macoca mecrxo Kpe-
PATCH K 3AKNaJHONY KOALLY 6, CKperneHHOMY ¢ $ryHRaMentoM aRRepHLIME
gonramy, Kopryc EMeer pashen s ocesoft seprikancnol maockoctn, Cumsy
K (Magny Kopnyca NpACoeRRHeH scacupalomuf kordyaop 7, Ceepxy Kopnyc

I_.a

Pric. 4.49. Ocesol Haroc THNa QITB
12¢ 179



mepexpuinactcn QacoMHCA ApHOntol, Hecyweir TymOy & noAMuIFMKa
CamLBHRON0IC ynnoTHeBns, CMasEa NOAWNMNEYKS BOASHEN CAALERKOEOQ
ynnoTaeRye ¢ MATHOR HabuBof.

INoason POz K Hacocy AR BENOCPeICTBEHRO Y KeMepH BeackngaHR,
B3R npE noMome waorsyrofi Serontiol peacusescitiel TpySu,

R ARTRREL
(UYL
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telataty iyl !
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/ i =1
-3

=8

{ s

Hecocts TRNA I, NPAHIEHAEMKE B CHCTEMAX UHDKYNANHONHOTO OXAANK-
penns, HEMeOT pabouHe napamerpi: Q=160--12 800 m¥fy; H==]15:80 m;
nealf5=-2900 of/mun. X HORCTpYKUBS AHANOTHYEA KOHCTPYRURH HACOCOS
qroa JI npoMBLIAERHOTO AA3NAYEHAS.

Cereane BAcoch. CryaxaT Ang Dpzewn ropsuefl BORKH B TEMNOQHEAL-
cHHMe €eTH ROMMYHAMEMEX H PROMHONICHHHX CRCTEM TelMoCHalMKEHsnA;
ycrananmpalores: Ba TOLL 7 wacocEnx cramuasx pafiosob, Cercpne maco-
i — NeRTPoCEIENe, TOPH3ORTANbANE, ORHO- M HAYXCTYDEHYaTHe,

B crerexax TelocHeSHENN B 9ABRCAHOCTH OT NPEHENEeMOro (KagecT
BENMOTO EnR KOJEIeCTBEHNOTO)} Cfocofa PerynEpOBAEMA NoAavs TeJLIOTH
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coTenne HacoCw padoraoT B WHPOEOM SAAN23I0HE RIMEHEHIA MOXad H YeM-
fepaTyp HOABBACMOH BORM.,

OGoanagchue cerestx nacocon; C8-Q-H, rae C —ceresolt; 3 — asens~
poKacoc; Q — noaawa, m3fa; H— manep, u. .

Paboule napaMeTpnl CETEBHIX MacocoB, BHNMyCkaeMbix sasofamu CCCP:
Q=160+5000 m¥u; H=504-180 m; N=30+:2370 uBr; n#=I500 n
3000 oOfmmm; n==87 %, TeMneperypa noxapaemol Boaul He BHme 453 K.

[pozontunt pespas oaxocrynemyaroro macoca tena C3 pan wa
puC. 4.51. JIaTOR wyTYHHL# KOPIYC C FOPM3OHTANLHHM pasbHeMOM B oceBol
DAGCEOCTY YCTAHAPAHBRETCH B2 CBAPRON Eoparootpaspch crauhae. Ilppea-
AOUIINe IAOCROCTH OMOPENS Jan PACNOJATAIOTCH Gnir3 Ocesofi MACGCKOCTA
paineMa Kopnyca Anf KOMIEHCAnn tenyosux Aeopmanul, Kopnyca nogm-
LIHIHEROS Kpengics MNBAEKAMM K HIDKHER NONOBEEE ROPIYC3, Hecyllek
HCACHBAOMAS ¥ Hanopuw# marpyOkn. PoTop HAacoCA COCTOXT RI crRomOman-
POBAEHOIO K3 JIBYX MOJOBRH KOJICCA [BYCTODOMHEre BXoRa B KOMIUIERTA
ABCTAMIHOHHBIX K fpefoXxpaunrembuuX BTYNoK. [ToRWANEHEN, wiaprxoune
HAH DONAKORHeEe, CMASHBAKTCA MMHOWHEL MACAOM, xnpnyca MOANIAMHHHOB
HACIOT NOJIOCTR BOAAHOTO okaaxnaernd, Kosneswe ynnoTHeRds Bana—Cam-
UHKA ¢ MArxoli HaGuBkofl, BHEIIASE BTYAKA yunoTHenRf HHNOMIEHa pelGpH-
crofl gyna Gojee spdexTiBHOrO OXnaxnenns poRol, AORBORHHOR v Ramepy
yuioTeenns. B nocheznee BpeNMs B CETEBNE HAcOCaX HAXONNT NpAMeHeHAE
TOPHOBHE OXJAXKARMuE YuJIOTHEHAR KaK Gosee HAKEIRHHE B RAOMIHE KO-
HOMMIQ PHBOLHOH SHEPIHH.

Korcrpykuas payxcrymemyatoro cereBoro Racoca C-1250-14C npea-
cTasnieda na pre, 4.52, OcoleHHOCT KORCTPYRIAH S3KNPOYACICH B NIPRMEHe~
HHN B K2WROH CTyNEeHR Koxec THna J| r nepeSpocke motoka m3 neprofll €Ty-
MEsH Bo BTOPYI0 CDROHANBHCH BHEMIMER Mepesofisoi TpyGoi.,

INoapoivoe onEcaRRe KOBCTPYKURfi, HapaMETPR K XAPAKTCPHCTHRH
BHepreTRICCKHX HacocoB, TMpkmemaemux ka TOC, cu. 8 [10].

4.11. HacocHoe obopynosaHMe aTOMHLIX
DRexTpMueciMX cTaHIMH

B 7TEeXHONOIEYIECKUE CRCTEMAX ATOMHEX SNeKTphueCkRX craRyud (AIC)
B 3aBNCHHOCTR ©T Tpefywlaxcs paliosfix NapaMerpos, poRxa Mpfasaemof
IIAKOCTH M CNEUAANBHAX yenoRRli (HaAeXstocTA k GesonacHOCTR srcitnya-
TAUMHN M PEMOHTOB) DPHMEHHSOTCH HACOCH DAMHYHHX KOMCTPYKTHNALIX TA-
MOB H Pa3Mepos,

Hacunensocrs sueprerneeckitx Gronon ASC Hacocknin ofopynosaunes
ouenp sennra. Tak, 670k ¢ peaxtopom BBIP-440 mucer 210, a 650K ¢ peax-
Topos PBMK-1G00 — 481 eanmrmy kacocmoro ofopyaosaumd. Mongwoects
Mpupoga bacocHoro ofopyRosanns saeproGaokos A3C cocrapader ac 90 %
MOLIHOCTH COOCTBCHELIX DYHA. YCTAROBACHIAS MOWLMOCTL NPRBOABHX ADH-
ravenef wacocos A9C pamua npeuepro 10 % Homueanskoh Moumnocr Gno-
&3, @ pacxof aNaKTpOSHEPrRH He NPHBOZ OCHOBHOre HacoCHOrO vGopyroaa-
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Mus cocTapanetr oXone 7 % bupaloTkr SnexTposKeprrE GaoHa. Tawce
Gonmnice ROMHYECTBO HACOCOB B 9MeproGnokax ASC olycaopnemo, Bo-pep-
BHX, GONEMIBHM PACKOAAMRE NEPERAuNBAEMHX KAAKMX CPEA H, BO-BTOPHIX,
ycnopnaMy GesonacHOCTR, TpelyloMBHY SHAYRTEALHOTO Pe3ePRPa B OCHOBHON
uacocHoM obopyaonaunn,

Hsnosenvoe yKaawpaer Ma HeoOxoAMMOCTE OCO60 BARMATENLHCIO OT.
HOIIEHNE ¥ BONpocam BEGOpE, SKCNAY4TaUHR B PEMOHTA HACOCHOTO 0GOpY.
aosanns A3C.

Mecto Bacocop 8 TexHosorwdecKKX cxeMax ADC. PaccMorpsM TeXsno.
NOTRYCCKRE CXEMH ¢ JKAARHM TerOHOCHTENEM H YCTAHOBEM MECTO W OpHeH.
TAPOBOSHREE SHauewrs pabounx napaMerpos TMPRMEHNEMHX HACOCOB,

Puc. 453, Cxema ogpnorol Puc. 454, Cxema HApyxxoHTYpHOR
gofi ADC Rt A3C yrony

Ha pre. 453 paMa NPREuUANEAAEHAR cXeMa oRMOwoHTYpHOR ASC, Cpe-
A3, BsOCKIlan Tennory, ofpasylolllylocs b peakTope / B peBYJETATE TEPMO-
fRepHOro Mpoliecca, RAIKWBACICH Tenronocureses, B ofaoxontypux ADC
TENOHOCRTEN: — Nap fBRKErCH R paGouch cpexoR TYpORHH 8, upamgatoniek
uan resepaTopa snexrpodteprra 4. Orpaforasmnit o TypOuNe fap RoHneH-
CHPYETCH B RoHACHCATOpa &, nOAyyascineM OXNAXKZACIYw BOOY OT URADRY-
asuiodoro aacoea 6, Jkexrop 8, caymaniRh gnE OTCOCa BOSJYXA K9 KOH-
ZeHcaTopa, CHAGKEN TenIOOGHeHHEROM 9, ynyumaomus palory BieRtopa
o oACIPaBAdINEN KOEAECHCAT, nodanaemull Hacoco 7. 3T0T Hacoc RBASET-
cH KOHREHCALROMMMM (APEHAIKHLIM) H2cOCOM TYPOFHH H BMeCTE € THE
nuraTeNBMHM HAacoCOoM peakTopa, Hacoc 2 HaanBaercs raanMuM HHpRYIA-
usopHnM Hacocom (T'IXH); oB ycsnmEaeT uHpRYNALMIO B KOHTYpE pesKropa
R RHTEHCRGRUHpYeT ero palory,

Tarum ofipasoM, 8 cXeme oxuoroutypuol ASC nphMensiorcd HACOCH
TpeX oCHOBHux nasMavewnfi: I'LIH, nrrarensute macocu peawropu (ITH) B
MIpHYNENBORHEE HAcOCH Kompencatopa (LIHK),

PaGovas cpera (NAp) Nonygaercy HENOCPEACTReHHO B peaxtope, ITosTo-
MY NBP B NOMYSaeNHit K9 HEro KONAENCAT CYUIecTRenHo paAuoaKTHekH, Cae-
nonarenbuo, MIH 2, xoHACHcaTHO-NATATEMPRME HACOCH 7 B BCA CONPANEE-
Has c HeMe TpyGonpoBomNaE OCHOBHAR CHCTEME PAGOTAIOT ua pafROAKTRE-
Holl JWAKOCTH, ST0 06CTORTENLCTBO CYLICCTBEHEO YCAOKNALT SHCIYA TR
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ontoxonTyprax ASC, llupryanumomue sacocn 6 KOMACHCATOPOB NORAIOT
feAKTHBHPOBAHEYI0 BOLY.

Ha pac, 4.54 norasada npwrpEMH2MmA2R cXeMa ARYXKouryproh ASC,
p KOTopoll BnnapaTypa s TPYGONPOBORHUE CACTEMW TENNOHOCHTENA (ARTH-
prposenEoR cpenn) B palodeii cpel TYpOHHN paszenentd, B nhprynsum-
oHHB® HOHTYD peaktopa / BR/iogeR napareneparop (Tennoofimesunx 1)
g O OTBETBNERHE KOHTYPa — KoMmneHcarop o0bena I”, Fnasuuit unprynenu-
oMHE} macoc 2, cosansas wAPRYnHWMO B 1 xoHTYpPE, MOKAET TENMORGCHTANL
nepea TpyYOHYI0 cHCTeMy mnaporesiepatopa I, rZe TennoTs nepeflaercs pa-
6ouedl cpene II woaTypa.

Cxema II EoliTypa CTPORTCS No CGHYROMY OPHKILY TENTOBOH CTARUME;
nap M3 maporenepaTopa Ioctynaet B TYpOENY I, NpHBOASUIVIO rexeperop 4,
K NdsEe v xoRAeHcaTOp &, B KoTOpH{ HacocoM § NOARETCA NAPKYARUMOHEAR
pofta. KoHpercaT OTCachinaercs K3 KOHAeHCATOpa HacocoM 7 R IonaeTcs
uepea noforpenatens ¥ sxenropa 8 p Zeasparop 10. Iarareneuud uacoc 11
TOAAeT ROMAEHCAT B NADOreHRepaTop,

SwrononrgACCTE cucTeMd ADC MOker OHIL NODHINEHR NPAMeNEHHENR
80 II xonTypa pereneparnsHOre mofoTpess NUTATENEAOR BOAH TAporenepa-
TOPB.,

BoaMOKEHe B SRCTUTYaTaUBONMEX YCJOBRAX HapymieHRs RNOGTHOCTA
coefhlenifi TPySuaTHX CHCTeM TAPOrEHepaTOPa N KOPPOSAOHKHE DBIpyIIe-
HAA METRJUIA MOTYT NDHBECTH K NON2JAHFIO pafAHaliHOHMO-3KTHOHOR wEARO-
cTd (EnK rasa npu rasoolpasHom Tennonocutene) so 1! montyp. Ilpn srom
€T0 SKRcnayaTaumyg crauosBTes onacucfi, FlooroMy B ocolo oTeercrmenmbix
CIyYasX, HENpPRELEP B ATOMHHEX OTONHTEILHMX KOTEJALMHX, CHCTEMY BHION-
HHMOY TPEXKOBTYpBOH,

B Hekorophix caysasx Ha ADC npBHeHmOT KRAROMETARNAYECKH 7eri-
JIOHOCHTEJb, IT0 CYIIECTBERHO OYPAIKAETCH KA MATEPHANaX B KOHCTpYKuHA
Hacocos,

B crereMax ASC ¢ raaopuM tennoHoenterem IIIH aamermercs crne-
usansHoll rasonyekoll ¢ weGOMBUIOY CTENEHRIC MOBBULICHRA RABJCHUE,

lpefierabnenite o HAHAYEHNA OCHOBHOTO RaCoCHOrO 060PYHogemms
A3C, ero paGounx rapamerpaKk fi KOHCTPYKTHEHGIX THREX H&et vadn 4.1
[10}.

Kpome OCHOEHMX IpPyRn M2cocoH, YKasaHHMX B Tabn, 4.1, B ercremax
A3C pafioraloT HaCOCH, RHNONHESOIIRE BenoMoraTeabune GYuKIAR: Kacock,
MORAOInE MACHO B CHCTEMAX CM2sxm B peryirpaBanfs TYPONE ® reneparo-
POB, RperakHEEe HACOCH RoAorpesaTeneil, HACOCH TenNoBOM CETH B cucTeMR
TCXHUNECKOTO HonocllaGXerns B xp, KoNCTPYROER $7HEx HACOCOB R YCHOBIIK
HX 3KCTUTyaTauMM T4RAE Xe, K4k M HA TEINOBHX CTAMUHAK.

Paliouge napameTpsl, KOHCTPYKMMKH E YcloRMs sxcmayasraunrm [IUH.
Tnasume quprynuumoBELe HecocH pepkTopa B cxemax ADC ¢ MoGuy Honw.
9€CTBOM HOHTYPOR NOLAKT PARWOAKTHEHYIO KHIZROCTL — BORY, HHAKHR Me-
Tann, 310 obCTORTEMLCTRO NPEXBABRHET IKECTKHE TPEGOBAHHE K KONCTPYH-
Rin p marepuasnaM MAcOCH, YCROBHAM €TQ SACINTYATAURA E pemOMYa,
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B cocras IMABHOrO WAPKYARLHOHUOTO KOHTYPA AKYXKOHTYDHHX A3C
BXOAT PEAKTUP, OCHOBMHE LpKyIRuAoHHKE TpyGonposoaw, T'LIH u napo.
reaepatop. Bee WOHCTPYKTHBHHe YRCTH KOHTYPE HEROLATCH Koj BEICOKBY
suyTpeulina aesAeineM (oxono 20 MIla) npu TeMneparype noAREMEMoR
cpenut 20 573 K, Toarouy xoprycisce voactpywann TLIH zoamiu ofizaagmy,
Goneniofi NPOUHOCTRIO B MAASMHOCTBIO B SHCTUIYaTEOMM, 3Te TpeGomauny
YAOBJNETSOPRIOTCS NPEMEKCHMEN TOACTOCTERBHX KOPUYCOR 63 CHOmBamuliry
RETRpOBaHHEX cTanef.

[penpctaanenwe o paGouux napawerpax I'IUH ans sozo-sonmsmix uep.
ICTEYECKAX PEAKTOPOB PAABYHON MOLIHOCTA KaeT Taln, 4.2

Tab6aunn 42 PaGesne napauerpw (IH Ann Groxos BBIP
PRIABTHOA MOIMMOCTH

Bnoru ¢ peaxropsvH BRAP, MBr

Hanop IH,

l'lapamgu
peaxTope. 210 ] 365 40 500 1000
laanenwe » wopnyce 10 10,5 12,5 16,5 16
peawTopa, MIla
TemuepaTypa Boas mal| 525 525 541 562 662
sxogs B paakTop, K )
Temnepatypa boad Ha| 546 653 574 595 595
BHXOZE H3 paakTo-
pa. K
Pacxon Boam 4vepes| 36500 | 49500 | 39000 | SB00O | 76008
pesrTOp, M3fd
Kommectao neTeMmn: ] 8 6 2 4
TN4BHOTO PEAKTOPHO-
TO ROMTYp2
TTonsun I‘IRH, wifa 6,1.10° | 6,2.10% | 6,5.10° | 19-10° | 19-102
40 50 50 50 8
Mowmnocte I'IIH, xBr| 1650 1930 29260 — 4300
Cpenund CxopoCTh BO-
RuI, Mic:
fi raaeubix TPYGO- 7.7 10,0 9.6 9,8 .3
npoHORAX
BG BXOAHHX NaT- 93 10,0 9,6 9.8 5,3
pybrax
B arTHBNOE 30me 2,8 4,0 3,5 3.1 5.8
Cpepunn AmaTeas-| 5000 20000 | 15000 _ —

HOCTH  MERPEMONT-
Horg nepwona, 9

I'IH exnozaioTes B IIBBHEH NUPKYIALMONNLTY KOATYpD U npeiHasHate-
VH JUIY DpadfioNcuvs €ro THApaBENeckorn (WaM ra3osoro Ope rasoolpal-
ROM TEMOHOCHTeNe) conpoThBnenHs. IHRpapaNueckoe ConpOTHBMEHWE &M
cTemi, NPOBOAALIeH XHAKOCTE RJN Tas, [poNoOpUAOHAhHO KBAApATy Cpel-
seli cropocTH noToka, CPefHgn CHOPOCT: BOXH B rAaBEnX TpyGolpoBOARX
XorTypa cocrasnser Ao 10, o 8 arrHaHOR 30HE 0 5 M/c, [Ipn TakHx CKOPO+



cTax Hanop, paspusacmsifl T'IH, ans pasrmnex THoos A3C jemur v npe-
genax 50—I50 m. Ouepnano, 9T0 Takoh Manop MOIReT GHIL DAIBAT MEIT po-
fexnbiM HacotoM € ofien paGousn monecod. B saBRcHuocTH OT NOaa'ig
patiouee xoxaco TIMT Moxer GTL OZHO- HIM IBYKNOTOWIMM,

Baimelimee TpeSosanxe g I'LIH, paxryeMoe pafRoaKTHBHOCTEIO NORA-
paeMofl EMA JKHAROCTH, ~—~ OTCYTCTEES NPOTEUER B CPefly, OKPYKAIOWMYID M-
coc. 3toMy Tpeliosaluio yaossersopsior ILIH 8 Geccantuuxoson repmera-
pox BcnosdeRns, B Takmx Eacocax paGouee HONECO, BRI B JIBHTATE/Mh MOH-
TUPYI0TCH B ofileM xopfiyce, TepMETAYHO OTRENCHHOM OT BTmochepH, Ouu
pHNO/NEIOTCH BEPTAKANLEEIMA, ONNOCTYMEHGATHMH, € PAGOURMH HOJECastH
CAHO- AR JRYCTOPOHMEro BXORA.

[IpuMensierca veckonbko clocobos repwernsanaw I'L{H, B wexorophix
ciydanx ofMOTKA CTaTopa ¥ pOTOp SalIEINERH OT ROMaBaeMoR KuRHoCTH
CreIBAMALMA SKPAHAPYIINENY pYSalIKEMA — IR/B3aMA. 370 HaCoCH € C¥-
A4M BNEKTPOJBRTaTENEM. B nPYTHK CAYYaRX BCK BHYTPEHHHES WONOCTH SJEKT-
POLBETATENN Safo/HEHA NOARBAEMOR KRAKOCTHIO; 3Meck Tpefyerca npaue-
Heline 0cobo cTofikofl H3ORALAA, HAALHO SAIUMIIAOMER NOBEPXHOCTE SNeK-
TPOMBAratens OT WOHTARTa C JKRIAROCTHIO.

Hapecrnu Takne worerpykufs I'LIH ¢ rasosaRoNHeRHEME SAEKTDOABH-
raTe/AME, B KOTOPHX BHYTPEMHSS NONGCTD SJIEXTPORBATATEAR CORBPIKHT
BOSAYX AR TEXHMMECKAT ras, [enieRue KOTOPHIX COOTBETCTDYET RABNEHKIO
nonaBaeMol XHAKOCTH.

FepueTHYHEM Hacocam CBOACTREHEH CEPHE3HHEC HEROCTATKH: NOHNIKed-
HHit N0 CPABMEHAI0 ¢ HacoCaMK ODnunuX woucTpykumit KILYL (He eniiue
60 %), BHICOKAR CTORMOCTD, CAOKHOCTD PCMOHTHO-MOHTAXHHX PaGorT.

T'epyeThgHHe HACOCH HANEKAK B SKCILTYATANFA ¥ NPUMCREHN NPH OT-
AOCATENLHO MaauX NoRayax Ha ASC ¢ peakropamit BB3P momigocrvio 210,
365 n 440 MBT (Hoso-Bopowexckes, Bencmpexas, Kompckam u  gppyrie
cranugr CCCP u 3apyGexune),

TonnunuM ofipasuon sofmworo TIIH sansercs wacoe mapra L[[3H-310
Ity paaxtopos BB3P-440 (puc. 4.59).

OcHoRMaZ® ReTann Hacoea — COMpamtuf xopnye [, HSTOTOBNEHRLA
wraMposaxeM h esapeofl. [Tofpen x xopnycy Rias yaofcrsa KoMnOHOBRH
C UAPKYXANBOEKEMA TPYGONpOBOAAME RENONHER MPAMOYIONLREM KONEHOM,
Kpennenme passeMoB kopnyca 2arperat? BHNOMHACTCA MOMNLEOME ¢ KaGo-
POM JRECTHHX TAPENbYATHX NPYMHE, BOCTIPHEBHBIONAR TENNOUNE fegopma-
LRH NpE pasorpeBe KOHCTPYKUNM. SNeXTPORBEraTesb 2 ¢ CYKBH CTATOPOM
KpENHETCA UEncCpeACTBEHHO HA HPLILKE HACOCA,

PaGouee wosteco J #acoca MMeeT CremqMaNLAD YBeNEHeHHYEK DJOLAAL
NPOAOABKOrO CEYEHES © e/ YEENHYSHHMA Macch Kolleca E COOTBETCTRENHO
Brubera poropa Hacoca Ha caywafi oGecroampampdl snekTpoaprratens (npn
AccratoamroM BHGere poropa [LIH npeRoTepauiaercs HEZOMyCTAMOR MO CO-
oGpemeHusM $esonacHocTy NOBLUICHKE TEMGEPATYPH R RaBJeHts U AKTHB-
Hoii Jone peaEropa).
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Porop wacoca mpeacrasawer coloft MectKkymw xoMOumamuio w3 Bang,
pabouero woneca Hacoea B POTOPA SAeKTPoasATaTens, Porop macoca mueep
ABA MOAWRIEFKA: FRKHEN ~ oNopHult A BepXHR{t — ONOPHO-YNOPHLT, soC.
ApHEMMAUA NonepegANe s oceBhie CHAL, O0YC/IOBNCHANE BeCoM poTopa
¥ ruapoAaRaMpgecKofl XeypPaBHOBEMEHEOCTEK) palouero Kosmeca.

Pwc. 4.55. Hacocault
arperar LISH-310

Tens006MeRNMR, NacOC B BEHTHAATOP CHCTeMH oxnampxenns [I[H xpe-
nATCH HA KOpnyce SheKTPOABRraTens.,

Maccustag Neperopopka 4, conpmkernag ¢ rRORoA MemGpanofi, BoC-
NPEEAMHIOIICR TeIVOBHE JedopRaLKE pHE DASOTPEdE APperaTa, paageaner
NPOCTPRRCTBD, S2HHMAEMOE AIPEraTOM HA XBE 0iH: ofcayxHBacMyo # He-
ofcayXEBacMyso, 3Ty 30HW paspeiehn MepexPHTHEM GOBIICH TOMKEEH,
repaBTAPYIOLIEM pafnappovuyis Oe3onacHocTL, OGCNYHMHBAEMOH 30HBL
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Onopuas KoHCTpYKuHs 5 cloppas, BMROJHeXHag B TONCTOCTEHHEX
crashHbix TPY0 B npokata, € NeNbiC KOMNEHCAUEH TENMOBHX nedopuannit
npreOCQHHEHHNE K Hacecy TPYGOMPOROAOE ONOPHAW KORCIPYKLME PACNONa-
raeTCk E2 K2THOBMX OHOpaAX, AONYCRAMAUAE FopASOHTBALEOE nepemeiHeke
arpera'ra.

Tepmermmmuie TLIH as5 rorave xuepkoro aarpas, yuorpelasemoro s
K29eCTBE TEMMUHOCHTENH HA HEROTOPHX AJC, ROMCTPYKTHBRO GIRSKE K ONE-
caiiHoMy,

B npouecce paserrrs ADC mommocrs pesxropa ysemrumnack or 210
zo 1000 MBr » cooTseTcTReHHO Bospocna nofasa TLIH or 6000 w¥u e
peaxcropa BB3P-210 no 19000 My ans peaxropa BBIP-1000. [pe stoM
B3MEHENOCE B CONPOTHB/EHRE rIABHOTO LAPKY IANHOHHOTD HORTYpA PearrTopa
or 0,6 fio 0,8 MITa & Bonee. Jlns TagEx pabourx ycaoenh npEMeHEHHE rep-
meTAuERR TLIH saTpyzmmrresbuo » SKOROMHUECKE KEBHICRAO BENEACTBHE
HH3xoro sgaverity rX KILIL [lostomy BoSHnEna nmpofinema cosgasas TLIH
¢ KOHTPOAHPYEMOfi MpoTeqnofi Jepes KOHIEBHE YINOTHEHNK BAAB K BOIBpPaA-
TOM BTOR NPOTEYKH B xouryp uEpkyasmes, I'LIH raxoro thma morys® aMers
npns;nnnn ABHraTéNh OGHIYHON MONCTPYHIAH — SNEKTpRYecKufi WnE Ten-
JIOBO

Ocofo 0TBETCTREHHON 92CTRIC KOSCTPYRHEH TARMX RACOCOB ARARIOTCH
KOMUEBNE yuNOTHEHHS, DTO MEXGRHUECKHE ICICBHE YNNOTHEHAR ¢ HoRageh
sanapasoiliet HepaKHOAKTABYOR BOAW HIBHE OT CNEHMASNLHOTO BCTOURRKED
¢ ueolXoNEMEM RICHTONHEIM AABNEHEENL

Hacocs © MexapRueCkHEM YINOTHEHHEM B ROMTpoONMpyeMofi HpOTeSxaH
unewt KIIJT na 1015 % oume, ues repeetHyRne Racoc Npd ASBIEHNR
no 1 MITa. OuE BHICIHAWTCE ORECCTYAEHYSATHMA, KOMCOMEREIMR, € HEpTA-
KajJbHhM pacronoXenneM aana, CTOEMOCTE T2ZHRY HBCOCOS MOSTH B 2 pasa
HINKE, 9EM TEPMETBIHRHIR,

[Tporeurn IL[H storo THNMA npr HopMaNbio pACOTAOIEM YIAOTHEHRR
COCTABAHIOT HECKONLRO AECHTHOB KyGHUECKHR cZHTRMETpOB ¥ 9ac, Y10 npex-
CTaBnger oYeNn MANYI0 gONI0 Hojadl Racoca.

Tunrmem ofipaston GeCCANBUMHHOBETX HACOCOB C KORTPOAWpYeMofi mpo-
reyxoh seAgorcs TIIH wmapru [13H-7, moxasesimine morapecype Gonee
20000 u. Ha othode SKCIUTYyaTAUMOMHOTO ONLITZ ¢ STHMA MACOCAMH paspa-
GoraPa ux MOAEpHH3IKpouannas koHCTpykuRs L(3H-8, nokasawnas B npo-
ronwEOM paspese Ha puc, 4.56. 1o uenTpolexniifi, oAROCTYNeHyRTHR BEp-
TUK2DBMuf Hacot ¢ PaGOTAM KORECOM ORHOCTOPOHHEre BXOAR, MpeAHasHa-
uerERlt gas npEMeneRrs 8 A3C ¢ peakropame TRn2z PEMK, PaGouwe
napaMeTpH Hacoca:

Togaut, M9 « o o o o o ¢ v s o v 0 s v ¢ » » o Jo 10000
Temeparypg oz, K. . < . 0 o ¢ v v v v v v o 543
Ilannedpe scacwBemag, MIa , . . . . . . . - . .4 &0
MomnocTs Ha ropswef Bon®, KBT . .+ 4 . . . . . ., . Jo 4800
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Ppe. 4.56. Hacocauil arperat LI9H-8

Kopnye I wacoca Buneniiesf Ma TenwocToAXoR CTans; PEYTpesWAsn mo-
BEPXHOCTD €70 MOKPHT2 AHTEROPPOSHOHHON MartnaskoR.

Beaenpaloman HOJOCTE Macoca o0pasoBaHa CTANLHLM Koadysopou 2
" NpOMEXKYTOSHLM KOMYCOM & ¢ YUNOTHATELELIMA Hombuass, ofecneansaso-
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HEuA HANEKDY) KOMUEACAUNIO Da3NOCTR TeMIOBHX AtdopManul wopsycs
B Gnoxa sHYTPRKOPMYycRUX paranefi 4—6,

Ilporosnag nonocTs Bacoca ofpasopaHa BXORHOA BOPOEKOA A MAIRAD.
NACTHLIME KaHanauB paloyero xoseca, NnepeflHAM i SASRBH NOKPHBAIONiMIE
AHCRAMA ® NMONZCTHNM ManpPaBASIGIIEM annaparoM, Bee 9TR ReTans sigop.
BMOTCH HS CMAHRANEAGIX CTaNefl BHCOKOR MPOYHOCTA, CTONKHX MDOTHB Hop.
POBHA ApE NORave HacoCOM PANROARTHBRON BOAK.

B woncTpymnas Nacoca NpHMEHeR masecTHHl cnocol ypasROBemABaRHg
oceBoll chNE! CoeAWHenHeM 32KONECHOfi M2ayxH CO BCACHBAKIICR IONOCTLR
macoca npr nomomu ofsoasol Tpy6u (cu. § 3.9), HeoGxonumoe npm 9Tom
yNIOTHAIOMIER YCTPOACTBO OCYINECTANEHO CMEHHEME KOJMbUHMM] OAHO KOJE-
OO HpenmiCA K 3ajnti nosepXHoctw paliogero woskca Hacoca, Apyroe—K
nerana 6. YnoTHenre HeolXOAKMO Ang YMeNbIICHAY YTeIKR BOAH YEpe3s
BaAMI0 NAasyXy Ra CTOpoMy BCACHRAHRS,

PaGouee Koneco KpelndicA Ba HaNY S2RNSANNME WIOHKAMH H TODIOSH.
Mu WINANBKAMA ZN% YAYULIESHS TRAPOAMEAMAUECKMK YCAOBRE KA BEORA—=
crabieno obrexatenen (KomoM).

Kopnyc  gacocu ceepxy 9aKpuu2ercsl Rpunmod 7, k woropol npuba-
PeRa ROHCTPYKTEBHAA BTYNKA §, CTyMRINas Jing pasMelleHid BCNOMOTETCIb-
BbX SNEMEKTOS: NOMMHNHWNE, OXJajHTeNs, TOPUOBWX YIUIOTHEHRHA u np.

Hacoc sueer nsa nomopmsrka. Hokerit noawameek ¢ — roapocTat-
YECKOIO THNA, CKOABSSIENO TPeHHH,

TommuitieR cMazipaeTcd HOHON, MONAB2EMOl gepes MYALTHIHIDOWMK-
NOBK 13 HAMOpHore PaTpylra Hacoca HAR B3 OOMECTAUMOHADHOTO KOJAEE.
Topa I'{H. Nocneanee npeanouTETE RIEE, AOTOMY TTO fNpd 0GECTONUBANMN
snexTpoaunrarens I'{H co SHAYATENLHMM puUOEroM arperara NOIMHNHHX
He octaerca Ges cMasxn. CAMB CMaSHEAIOMER BoAW W3 NOAMMAKARE —BO
scacupasonnlt narpyGor TIIH.

Bepxusi onopa Bacoca — BOAUIXHWHHK R NOMNATUAR — CKOMGHARpOBA-
HE 8 OGHUIEM KOHCTPYKTHBHOM Grioke. [ToAIBNHME -~ CHONBIRIETQ TPERHS
¢ pTy/moR, EeCTRO SARpanneHHOf Ha Bany, NOAMATHRAK COCTOHT H3 AWERO-
uoii nara {0 H KepXUET0 u HAKHET® CErMEHTHHR YNOpHHX yorpolicra, olec-
NeYRBAIMMX SeoCXOAAMY0 GHKCANRID POTOPE HACOCA B OCEEOM HANpABNE-
nup. CrereMa cwM23xs NOAMIMINAKE W NOANATERKA DEPKYASINOHHAH, ¢ OpB«
RYARTENRALIM ABHMEHHEN MaC/J2 ¢ NOMONIMG MACOCCE 9Yeped MACADOXMAAM-
TEJA H cBOGOAMMIM CARBOM B HRPRyANnMOHWEE Gax,

¥nnoTeutemkAoe yerpolicrdo I/ wacoca II3H-8 cocroRT M meyK TOp-
UOBHX HOHTARTHLIX YNNOTHeHEA. Janupaoias BOK2 RONBORRTCA OT CTE-
UBaMLHOR CHCTEMH M DONOCTE MEXAY CTYNERHMH TOPUOBRX YNNQTHEHHEA NOR
Rapneruen Gonee BLICOREM, YEM B KOETYPaA NAPKYAALRA pearktopa, AlcomnT-
HAA TEPMETHYHOCTD CTHIKOB KOBTANTHHX KONEL TOPUOBOIO YIJIOTHEHNS HEAO-
CTHMMHM2, NOITOMY MEJOS KOAWTECTBo sanmpaiomefi BoAu GyzeT NPOXORPTH
9epes SKOHTYPHyio» — HHIEHIOI0 CTYTIENb YHNOTREHRA B NPACOSHEHNTHCA
H pandoasTuBHOR BOJe KOHTYDA uupKyanuAw, Hexoropes gecrs 3anapain-
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ued Bl NPOXOAKT uepes atMOC(CPpHYt0 ~— BEPXNIOIC cTyaellk YNAOTHEORA
1 CARBACTCA B CMEUNZNLBYIO CMKQOCTh.

[Ipn KARECTEENHEIX HAFOTOMJCHHR R MOHTAXE KOHCTPYKUMH HHXOA Ma-
£yMy PAJAOAKTHRHGR 20NH KOMTYPA RCK/IOYCH MONGOCTHEC, 2 MPOTEUKH f1e-
pes aTMocdepHYio CTYNEHP YWIOTHERWA JErK0 KOBTPONRPYIIICR KBK 10
KOMIYECTEY, T8K A MO PAAMOAKTRBHOCTH,

KonTawtutie nombla YILI0THCKHA BLRONHEHX A cHNANAPOBaRMOro rpa-
(uTa — MATEpAAsna BCCLMA MINOCOCTOAKOTO H OGNIERAIGAero MANEM. KO3~
(MIACHTOM TPEHHA,

DKOHOMAMHOCTE OIHCARHOTO KEYXCTYNCHYATOIO TOPLOBOTO YIJIOTHCHMS
racoce LEDH-8 ouen BHCOKaR: pacXop Sammpammel BOMK COCTABINET HE
v wiee 50 nfu, YTO CYIIECTEENRO OTPAXKALTCH HE CTOHMOCTH CHCTEME! MHT3HHS
Y AQTHENAR,

Tennosod pemun I'LIH pectMa uanpaen BenecTene nogayl MMR HO-
ew ¢ unicoxofl Temnepatypoflt (fo 600 K). [losTomy u IX3H-B smouTupoBa-
v ABA oxnandrenn 2 u 18, nartueMule xononwofl wozol OF cmeuMasnkucH
cucremu, Oxnanwrens /2 cayxHT ns CHETUR TENJIOBOTO NOTOKa, PacpocT-
paAHADINEroCs MO Baly OT HACOCAZ BGepX, H O6nacTh YIMOTHERAR H BEPXMETO
noawmnepxa, Oxnagureas /3 OXBaTnHSeT S0HY PACNONOIKEHRMA YRJOTHEHHS
¥ TPeAHASHAYER IJA KOMASPHKAHMA €r0 TEMNEPaTYPM a KONYCTAMHX Mpe-
aexax.

Bane macocn u APHraTeNR CoelWMHeHW MexaBmueckolt Mydroh f{ cne-
uNAEHON ROMCTPYRUHE, AQOyCKaAlome’ HEIAPHCRMHE OCEBHE NEpEMELiCciif
KOHIOR BaNOB.

Xaparrepuol 0cOBEHMOCTLIO arperaTa SIBASETCR  PACNOJOIREHNE HA
BHAREM KOBUE BAJAA BNCKTPOABMCATENS THKEAONC MARUBHKZ, CYMECTBERNHO
YBENMUNAAIONIEN0 MAXOBOA MOMENT arperara, 310 TpelyerTcH o CnenyoimsM
coofpakennuM. [Ipu apaphfinom olecrounmanwn saenrponenratenn [IIH
YACTOTA BpPBINCHHA POTOPA arperaTa, BPallalOLIETOCK MO KHAepuna, Mafder,
B TeM GuicTpee, yen MeHnile Macca poTopa, IIpn 3ToM yMmerHpnsercs vogava
TLUH n cooTBeTCTBENHO KONHYECTBO TEILIOTH, OTBOAEMQHA TEMNOHOCHTRIEN
3 axkTABHON S0HW peakTopa. Onuako Mpouece SWIENCURS TennOTH B AKTHH-
#ofl 30e pesKTOpa B TEYERUE HEKOTODOTO PPeerH, no cpaloTku aBapufivoh
S3WATH, OcTaeTCA HewaMeMBHM, CrefowarentHo, crauvorapuuft Teinosof
Tponece pemKTOpa HapywidercH, B pesyfbrate Temnepatypa W Ranaeinie
TEOJIOROCHTENN B aKTIBHON SDHE peaxtop? GHCTPO BO3PacTaKT, 0OyCHOBIK-
Bay aBapuPHyio CHTYaWMo, VCTaHOaKa MaXOHWKA Na BANY arperarta, yReam-
4upas ApeMs Bulera poropa HaCoCE A0 SHaweHhA OGONBINETO, yeM BpeMs
cpalorku asapufinolt samuTel peakrTops, NosSAONAeT H3lemats Ykaaanuof
anapufyol curyausn.

Hantonee kpynuum LIH ¢ KOHTpOIRpYeMuWMH APOTEYKAMK SABJAARETCR
Hacoe T'LIH-26000:100, mpennasnavennti Ann pabornt Ha ASC ¢ peakto-
Paun BB3P-1000.

HoMuHanenwe mapamerpn STOr tacoca:
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INopgaua, Mm@ . . . . . . ., « . . e 10
Hamop, . . . o o o . v v v v o s s o o v v s s 84

Hannenme Ba Bwxoge, MIla , , . . . . . .o - .. 188
Yacrora ppatnemms, o6fMMR . . . . . . . - . . . - - . 1480
Temneparypa nozapaemoii Bope, K . . . » - v 563
Mompocts wa xosouuoh sope, kB, . . . . .« »  b500
Momwocts Ma ropatied pode, kBr . . - . e e .o o« 4300
Koappunuent nonesnoro aefictend, S . . - e e e e e 80

Onricarde xotcthyKIE W ycraHOBOUNHE gaHNHe no Hacocy
T'L{H -20000-100 npHeenesn B [29].

Coopenenrbe F[H Gonnxofi MomgocTH BMeCTeé ¢ BCNOMOTBTeALHBIM
yCTpoRcTuaM®, 0GeCnCIMBI0IHMA NX HOPMAABIYIC 9KCILIYBTELMIO, npen-
CTaBAMOT COGOI0 HECHMa CJOXKHHE B OTBETCTBEHHHE CRACTEMH, TpaGyomme
HHCOKOH KyAbTYPH HITOTOB/JEHHA, MOHTAXA N gKcnayaTanem. Macca arpe.
ratos ¢ I'IH kpvnenx peskTopoH poctirder B Hactosiuee Bpems 120 T,

Ovvaresvitie nacocs napuremeparapob A HNasneuwe, paasAesemoe
TIRTATEALHEM HAcOCOM, B OCHOBHOM Onpenedfercs palounM A2pieHHeM na-
poreneparapa. Han muporemrepatopor ASC ¢ BONO-BOAMHLMH peanTOpaMs
NpARETH RasnenHs ot 3,2 xo 64 MIla,

Ha ASC nprMeMsiOTcH OHONOALEMHAS M ORHOMOALeMIas ¢ OyeTep-
MEM HACOCOM CEeML! HIJUOTCHNH NUTATCABIGIX macocos, JIBYXnoaneMuas
CXeMa C BKJUOUEHHEM pETEHepaTHBEWX NQROTpepaTencl MexAy GYcTepHEM
H OCHOBWGLM MHTATE/LHLIM HacocaMn, xapakrepuan ans TAC co cagpxem-
COKUMH MapaMeTpaMA napa, Na ASC npauecHnAeTCH pefiKo.

B opuonoabeMEoll cXeMe OAVH DHTBYGALHES HACOC COIRAET IaHfEHIE,
neolxoARMGe A7A NOKAYH NRTaTEALHOR BOJL B naporeHepatop. Taxme cxe-
Myl GPRMeHAIOTCH Npn HeGonbIINX TOXaYBX.

Tlps yoenHueHAR MOL{HOCTH NMaPOTEHEPATOPOB H OrpaNHUEHHHYX, Kak Ha
ASC, paeneHBax MApa NapocheM W, CACAOBATE/LHO, MOAAYA MUTATEARHHX
Hacocos yeeanuusaiotce. IIpw 5TOM KBEAPATM4ND BOSpACTAET COMPOTHEJE-
BPe BCacuBaiollero TpyGonpomona, TOSTOMY YMEBRIIAETCH RARNERHE A4
BXOJIE B HACOC. Boanaxzer OMACHOCTL NOABJEHVA KAAHTANRAH HAa Axone O
tepuyid CTYHEHb Hacocq, BoamMoXeocTe ROSHUKHOREHNS KAAHTAUWH TEM pe-
anvyee, yeM Go/ble nacTOTA BpaweNRn poropa Macoca, (Orciofa BeTexaer
TpeloBatine OrpaHNyEnRHs J2CTOTH apamenut. OfNaKO YMEHLLIEHRe Yacro-
TR HpalllepdR TpA GOMBIUHX NOMAYAX HESWAa2eT YBenATeHHe cedeHdfi Npo-
TOYHOR moA0CTH, raGapKToA, MacCh B CTORMOCTH Hacocd, 4TO HenpreMneMo
13-32 CHIUKEHKA SHOHOMHYROCTH, BuiXoa 43 TAKOIO MONOXKEWHA ABK/TIOYAET-
€a B paspeieHRN IONHOTO NaBJEHuf, TpeSyOINRrocs oT MATATEALHOR YCTA-
NOHK®, Ha ABE HACOCA, MKJMIOYHRLIX MocaeNoBaTeasHo: Gycrepuuiit (npet-
sknioueninfi} m ocnonnoli. O6n Hacoca yno6GMo NPHBOARTE 07 ORHOFO SaEK:
TPRYECHOr0 RUBTaTENA HAY DapoROf rypGnuu, OcropMofi nuTateisuuft ua-
COC AOMKEH WMETh BHOCOKYIO yacTOTy BpalleMusl, HOSTOMY ON coenuufeTcH
C JABATATCNEM HENOCPEICTBEHHO, DycTepHLA Hacot noaxeH pafioTaTs Ua
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pomixelnofl gacToTe BPAIICHHN, NOSTOMY OH COefuHNETCH € ABUraTeay
yepes PenyKTop.

Ha ASC npuMeHfiiOT nATATEAbMNHE YCTAROERA W C [IPHAOMNOM QCHOBHO*
ro 1 BYCTEpHOIQ HACOCOB OTALBHEMH ABHIaTENRMH,

Qamuty vepsolt CTYNEUn NUTATENLHOrO RACOCA OT HABNTIURH MONHO
ocylnectaume Ges nphkwmenesus Gycreproro uacoca. Jlau sroro nepen mep-
golf — LerTpoGeMHOR Crynembfo PROARTCH MPEABIINOUEHHOE KOVecD, 06wy-
HO OCEHOE, YCTOHUMBOE C TOYKK 3peHws KABATALANA. ITO KONECO PAIHKBAET
nepex mepBoli CTYUEMbIO HAaCOCA faBjenme, weolXozmmoe xng npefoTspa-
MEHHS K2AHTAITHH.

Homenknatypa MATATENHUWX HacocOB fnsf maporenepavopoa AIC pa-
ua B T2 4.3.

Tabauna 43. HoMeuKkaaTypa NMHTATEILEHX HECOCOB
nsa naporegepatepos ASC

Trncpeateps (MADKIH) HACOCTOB

TNapemeTpm pacoca cng- | Io- CH3- T~
65-68 | 150-85

T19- 3= T
250-76 | 850-65 1666-75 | 8750-75 | 375020

[Topaua, m*g 65| 150{ 250| 850 | 1650 | 3750 | 3780
Hanop, & 580 | 910 830 714 830 - -
HomycrhyuB ga- 9 11 9 9 15 —_— 20
BHTALUMOMHHA  Sa-
mac He Memee, M
Temneparypa mo- | 432 | 488 | 438 | 432 442 438

napaeMoli  KHAKO-
cTh, K

Yactora apame- | 2970 | 2070 | 2975 | 29756 | 2895 3500 | 1800
Hug, o6MvR
Momwmoers wa-| 144 | 4801 686 | 18680 | 4100 9200 | 2460
coca, KBt
Macea wacocs, kr | 1250 | 2920 | 2665 | 5I35 9000 1 18020 | 6000

[lockonbky naBnenme naporemeparopon ASC orpaudyeHo SHadeHHEM
6,4 MIla, 70 ¢ YUETOM COMPOTHBJEHMA TNTATENHEOrG TPAKTA M IEOMETD:-
YECKGY BHICOTH NOREYE HANOp DRTATEAbHHIX HACOcoB Ne npeumiser 900 M,
Ias Taknx HapOpoH BOIMOXKKO YPHMEREHWe OAHOKOPNYCHHX HACOCOB CeH-
LHONHOTO THNA, aMANOrHYHHR N0 KOHCTPYKUmN NUTATEMbHHM Hacocan TI3C
¢ paGoyrn naBnenueM 13,7 MIIa g rnxke.

Tanmusim O6paanos MoeT CIYKAT: cRRISIORNEA NATaTenkunuf s/eKT-
ponacoe CII3-1650-75 (pre. 4.57). KoncTpyriwsuo H2cOC BunoaweR no
OCHYEOMY RPUMLATY ROCTPOCHAM CeKUMOHHMWX #acocod, Kpenuke gacoea,
32MBIKAOIIE KONCTPYKUMIO ¢ TOPLOB, HeCYT BCACHIBAIIAR W HanopHHR na-
TPYORM, pesKo PASAFYAIOMIMECR TOMUKWEON cTEHOK w $nanuen, B nepaod
€0 CTOpOHH BCACWBAHEH CEKUDH paCTIONOMEMO BRHTOBOE NpPeAHKAIOUEHROE
KOneco, HagMaweHHe KOTOPOrd COCTOMT B COSAAENA POBHUICHAOTO ZXaBne-
NiA, npedoTepAiKalOliero KaBATAUGIO HA BXOR¢ B NEPBOR LeHTpoGemroe
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koieco. [locneniee gasi yBeNEYEeHAS NPOTRECKABHIZuMOMHON HafemuocTst
DLIMOMHEHO € IWKPOKHM BXONHWM CedeHueM, O6ecriequualOllAM TOHAMEHHEE
CKOpOCTH BXOAZ }, CejloBaTembHO, NOBHINCHAOER BXOMHOE AABJNEHHE.

Pafoune woneca Bropolt n TPeTheRl yeHTpoGEKHEIX CTyNeHed ORUHAKO-
pu. KoHIGBNE YNROTHeRWS Pana weeswe. [IOfIUBNHAKA — CHOJBIMUELTO
Fpens. YpaBEoBMINPAHKE OCEBOA CWAN — NPH TIOMOWIY FBEADARNIYECKOH
nayel. Hacoe H sneRTpopBMrateSb  pPacnovoKEHW KB OTAENsMEX $yuna-
M2HTHHIX BANXTAX ¥ cOoeARHENH JyluaToft MyQToh.

Lnn meTanus naporeneparopoa ASC npUMEHmOT W HACOCHW C MAPOTYP-
Omsnid npsosioM. Tak, ma ASC ¢ peaxropama BBIP-1000 ucnoncayercs
nuraTBerMuA typGoarperatr IIT-3750-100, npmBOomoM nasi movoporo suns-
ercH KOHABHCALMOHHAS TYPOHHA. Arperat cOCTOMT im OCHOBHOTG H3COCA C
BJICOROR Y2CTOTOR WpalleHNN, NPHBOAHHOIO OT Baja TypOMHL, H Tpen-
agmouermoro  J1J1-760-200, opneommmoro uwepes RommksoWEA peAyRTOD,

Kokaencanuize necocs mnaporypORAmbx ycramosox AIC. Komzencar-
Hule Hacoch oppoRonTyprx AJC mopaT cnabopaivOARTHBHI KOHLERCAT,
NpyX- B TPEXHOHTYPHHX — REpafHOARTuBLEN. [JosToMy K STRM HacoCaM
He MPEXHABNACICH KAKRMX-MNG0 0cOGHX TpeGoBaHEN, KotopHe OTNgamn O
Ax o7 Macocop 510l rpynnw TIC, 332 mewmosentem paboynx NapaMeTpoB—
fopaqh, HAMOpP2 M MOI(HOCTH. 370 OFbACHMETCA TEM, YTQ NPAMATHE AW
A3C paBnesre H TeMnepaTypa napa CyIEcTBeHMO ke, 9eM pus 13C, A,
CNelOBATENLN0, MpPH paBHHX MOUHOCTHAX pacxXOx napa H HOHAEHcaTa Ma
A3C Gonblue, veM ya coBpeMeHNHX Gnoynnix TIC.

[IpeuenaTenbHO ® TpefiopaHREM COBpeMENHON SHEPreTAKA NOAAYA HOH-
JEHCATHBIX MacoCOB AOCTATAA 1500 M3/u, v uMeeTCs TeMReNuus KanbHefire-
ro ee yeennuepmsi, B HacoCax rOpHIONMTAMBHOIG ACNOAHeRHa raGapurH ar-
peraTe W IIaNe NPA TAKHX MOAAYAX CTAHOBAYCA CTOJL ARANNTENEHHME, YTO
3aTPYAHAOT ROMNONOBKY OGopynopamus. PanuoNaskHEHM penieuveM 3ana-
9 ABARETCH MepeXon K KOHCTPYKUKR C BEPTHKANLEHM BAJIOM.

TaGnuna 4.4 HoMEUEFATYPA KOHAEHCATRLX HACOCOE NAH TPYIHEX
sHeproGackos ABC

o
A -
SRR ol il Tl -y s
NieRHH,
off fMmE
KcB-1500-120 1520 {20 750 620 PBMK-1000
Kc¢B-1000-220 1000 290 1500 760 | BR3P-1000
KcB-500-220 500 920 1500 400 | BB3P-440
KcB-500-65 500 85 1000 154 —
KcB-200-220 200 220 1500 164 | BB3P-440
KeB-50-110 50 110 150 24 —
KcB-630-125 630 125 1500 287 BR3P-1000
KeB-360-160 860 160 1500 210 —
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HoMennnarypa xoMfencaTHRIX HACOCOB AAA HPYNHHX 3HEpProGnokos
A3C paua u 1860, 4.4.

Tymmban KOMCTPYKURAN KOHAEHCATROTO CEKUMOMHOTO BePTHRaAbHOrD
nacoca KcB-200-220 npeactasnena wa prc, 446, Hacoe meinonten npyx-
HOPNYCHEM A58 YROGCTBA MOATAMKA H PEMOHTOB.

Beprukasentie xOHfencaThue wacock ¢ Gosnewell nopanefl B ocHOBHyx
QACTAK AHASIOTAYHE ONKCAHHOMY BLIIE, KO WEepBag HEHTPOOCKEAH CTYIEHL
MX BRIOAKRETCR ¢ KONECOM XBYCTOPORHEIO BXOAA,

4.12. Bpibop nacocos no 2afaHHbLIM paGouMM napameTpa.
NMpusopHbie ABMTATENH

BuiGop Hacocos a5 paGoTH B 3aZaBHBHX SKCIIYyaTalHOH-
HHX YCJOBUNX HOJUKeH NPOBOANTLCH HA OCHOBEe TEXHHKO-9KO-
womMuyeckux pacuetos. Hacoce, npuBognof geuraresib €ro ¥ Bes
Tpy6GHaf ¥ SACKTPHYCCKAA KOMMYHHKALHA HaCOCHOrO arperara
NOMKHY GHTA AelIeBHMH H paboraTs ¢ HauswcumuM KT,

Paccmorpum ofiyuit MeTop peuresds 3afayn o BHGope Ha-
coCa AJis 3aiaHHHX paboakx ycoBHil.

I'vapapianyecKHM pacdeToM BORONPOROXHOR CETH BHACHS-
wtcH reoOXoauMHEY HANOP HaCOCOB M MX Topava. Ilocnensas
8 ofIieM cayyae nepeMeHHa BO BpeMeHH (CM. pHC. 3.54) H no-
KPHIBACTCH HECKOABKHMH Hacocamp. Jlostomy sanava snbopa
HaCOCOB 3aKAI0uaeTcd HEe TOABKO B ONpENENeHuH THYA H pas-
MEPOB HaC0Cca, HO U B BHSICHEHEH HBO6XOE]‘IMO[‘0 KOJHYeCTsa
MX. ITa 3aA34a peaeTCH] SKOHOMMYECKHM PACYETOM HECKONb~
KuX (He MeHee TpeX) BAPHAHTOB YCTAHOBKH C PA3NIHYHHMH KO-
nuyecTdaMyu HacocoB. HanGosee BHrofHLM HBAAETCH BAPHAHT,
AAIOWWA HauMeHbllylo CTOMMOCTL | M? mogauHoB KHAKOCTH
npr Cobarofienu NOXHON HagemHOCTH H GecnepelolitocTh pa-
6oTH.

Jlas mobore 3apannore rpagRya nogay (M. ppc. 3.54) na-
ubonee mpocThm OyxeT BapuaHT ¢ ogHHM paboyuM HaCOCOM,
NOKPHB2IOIMM BCE S3afaHHble PacXOfH OT Quun A0 Quaxc. JIpH
3TOM YCTAHOBKZ ROJMKEHE COCTOATHL M3 ABYX HacocoB — pafode-
TO ¥ PeaeppHOro, PACCYHTAHHOTC HA PacX0x Quaxc.

[Nonbaynach cBofEHM rpagHKOM NONEH XapakTepHCTHK, Ha-
npuMmep phc. 4.58, maxopHM NOAXOAAWME THN Hacoca. 3pech
cheniyer 3a60THTECE © TOM, YTOOH NpH peryAMpoBaHHH MORAYH
OT Quug O Quaxe PEXHMM HacOCa He BHXOAHJ H3 NONA €O Xa-
pakrepucTHk, Ecan 510 He MoxeT 6HTh BHNOJAECHO, TO Ba-
PHAHT ¢ OAHHM HACOCOM MPAKTHUECKH HENPHEMJYEM.

ITo yacToTe BpPEIUCHHSN, YKa3agHOH B NONE XapPaKTepHCTBK,
¥ B 338PMCHMOCTH OT MpeANoJaraeMHx ycaonuit paGotTh BHOB
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paercs THN SACKTPOXBHIaTeNs, NpAueM €Cnd HeT orpasnvyennd,
TO crclyeT BHOHMpaTh Han(o/lee [eLICPHE, OTKPHTHE KOH.
cTpyKuuu, 3aTeM 3CKHUANO pa3pabaTHpacTes paiMemenne 060-
PYAOBAHHS C YKA3aHueM TPYOONpPOBOAOR U S/ICKTPHYECKOH KOM«
MyTAIIH H HaHeCeHMEM BCEro BCroMofaTtesslioro oGopyXoOBa-
HuH,

ITo cnpaBounnkaM-LEHRNKAM ONpeXeNfieTCs CTOMMOCTb abo-
PYZOB2HHS R ero MOHTANKA.

Hameuasores ThR 1 Kybatypa afxanns (noMeneHHsl) Hacoc-
HO#f YCTEHOBKM M N0 YKPYITHEHHHM H3MEPHTeNAM OnpellefieTcs
CTOHMOCTE COOPYIKEHHS €ro.

I'ofoBHE SKCNMyaTaHOHHHE 3aTpaTH CKIagHB2IOTCH M3
CTOMMOCTH 3JICKTPOSHCPTHH, OTUHCACHHA Na AMOPTHIZLHIO K
KanHTaJbHEE PEMOHT afaHHs H 06OPyHOBAHNS, CTOHMOCTH 0O-
CHyXKHMBaHHH, OTYHC/ICHMH Ha TexkylMuf pEMOHT, CTOMMOCTH
CM3309HHX H 06THPOYHHX MaTepHaNlOB.

I'onosolt pacxon SACKTPOSHEPTHH JIETKO BHYHCAAETCH MO
rpad¥Ky nofay n pasMepHOl XapaKTepHCTHEE NPHRRTOIO THNR
HacoLa.

I'oposas cTOMMOCTb 3JICKTPOSHEPTHH MONYYaeTCA YMHOME-
HHeMm FOJOBOrC pacxoxa ee Ha croumoctd | kBr-u,

Bce yrasaHHHE BHIUC OTYHCAeHHsi (aMOpPTH3auus, peMOH-
Thl) NPUHHMAKOTCH N0 BEAOMCTBCHHEM AAHHEIM.

I'onoras cronMocTh 0OCHYKHUPAHNS BHYHCIAECTCS B 3ABHCH-
MOCTH OT WITaTa OGC/YIKMBAIOLEro 1epCOHaNa H €ro 3apIIaTH
TaIocKe 10 BEJOMCTBEHHHM JHAHHKIM,

Eciti rofopHe SKCIYyaTalHOHHLIC 3aTPaTH, BHYHCJIEHHHE
OnMcaHHEM cnocofom, R, a rogopas NoXaua HacOCHOA ycra-
HOBKH Vpon, TO CTOMMOCTb Mofayd ! M® XHAKOCTH p mepsoM
BapHaHTe COCTABIACT .

ry=RV .

Stor bBapuManT XxapaxTepeH TuyCOKmM peryavupoBaH¥eM W
100 % -HEM pesepBOM YCTAaHOBJIEHHON NOAAYH.

AHANOTHYNEIM nyTeM, NPHHAB KOJHYeCTBO HACOCOB pABHBIM
2, 3, 4..., MOXKHO PaCcCUHTATh CTOUMOCTH F2, 7, Fi... H TIOCTPOUTD
rpagk (prc. 4.59).

HanGosiee 3KOHOMHYHHT BapHaHT HacoCHOK YCTaHOBKH CO-
OTBETCTBYET KOJNHYeCTBY HacOCOB Zopr, NPH KOTOPOM />=/yug.

IpuMeHuTeNsHO K TPaguKy Ha puC. 4.59 SKOHOMHYECKH
HaHBHIOAHeHIINA PapHaHT COOTBETCTBYET KOJMYECTRY HAaCO-
COB Z3.

TIp1 NpOEKTHPOBaHHH HACOCHBX YCTZHOBOK NPOMHLLJICH-
HHX TNpeANPHATHH, pacnonaralomuX AJA NPHBOLA M SJEKTPO-
suepruefl, H napoM, KOMAEH OHTHL pemIeH BOMpOC O shfiope
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NPUBOZHOTO ABHTaTensi (SNEKTPOABHTATENb MM NMAPOBAA Typ-
guna). I1py 5TOM ClefyeT HMETs B BHAY, YTO TypOHHB Manoi
MOIHOCTH OOGHYHO BHCOKOOGOPOTHH ¥ A% OCHYHHX TUROB ua-
cocop Ge3a MpHMEHEHHS PeXyKTOpoB HempuemueMu. Kpome To-
ro, KI1Z napoewx Typ6uH Masof MOWHOCTH, paGoTalOIUKX Ha
EHIXJION B aTMoCpepy, OYeHb HMIOK, H SHepreThueckas sddexk-
THBHOCTb HACOCHOrO arperara ¢ Takofi TypOuHOH HHUTOXNA.
[TpusaTh TaKkol BUA NMPHROAA MOMKHO
J¥lb SAR NyCKOPE3epBHHIX, Kpatko- T
BpEMEHHO XeACTEYIOUMK arperartos.

TIpuMenenye napoTy pGHHHOrQ NPH- '
BOXA JAJIA NOCTOSHHO meficTRYIOIUNX
(#e pesepeHHX) LEHTPOGEKHENX Ha-
COCOB AOOYCTHMO JMIUb NPH YCJIOBHH
HCHgJIbSOBaHHH orpaboraewero napa
TYpOMHH B pereHepaTHBHOM IHKIAE r
HJH B9 ue.ueigJ -renno%mxaunn. B sToM % Bml % 2
cayuae NappTypOURKHLIE PABOY SHEP-  puc 459 Bubop skomo-
retnyeckd 53¢ QPEKTHRREE 3JICKTPHUCC-  mpyeckn HakBbrommefime-
KOro JUJIH MOUIHOCTH NphBoxa GoJiee ro paphghTa  Hacocwoff
6 MBT. YCT2HOBKH

Ilag  snexTpHYecKoro  IpRBoga

uem'poﬁexmux HacoCoB NPHMEHAIOT CHHXPDOHHKIE H aCHHXpPOH-
HHE HBHIATENN.

YactoTa s BPAIUCHUT POTOP2 CHEXPOHMHOTO HKBHraTens
KpaTHa yacToTe SACKTPHYECKOro TOKA ceTH, NHTaloweH JBHra-
Tenb: n.==60f/p, tae f—uyacroTa TOKa S5nAEKTPHUECKOHA CeTH;
P ~— 4YACJIO NAp NOJIOCOB BACKTPOABHT aTE NS,

Ipu npunsiroli B CCCP gacrore Toka 50 I'y wactéTH Bpa-
lEeHYs BaJIOB CHHKDOHHHX Jpurateneil B 3apHCHMOCTH OT p=—
==1, 2, 3, .., 6 OyayT cooTBeTcTBeHHO £2.==3000, 1500, 1000,
750, 600, 500.

Uacrota ppaljeHusl /i aCHHXPOHHHIX XBHTaTesicii MeHbiue,
YeM CUHXPOHHHX, BCHICACTBHEe PAasHHOB MeEXAY 4YacTOTaMHU
BpamCHUA MarHHTHOIO MOJAN CT2TOpa W potopa: n<f. Pas-
HOCTh fic—# OTHOCAT K CHMHXPOHHOH Y2CTOT¢ K. H HasHWBAIOT
ckoabacenuen (fe—mn)/nc=s, Ouesnawo, yro fn=fn(l—s).

CKkoONbikeHye NPH HOMMHANBLHOH HArpysKe aCHHRPOMHREK
Ipuratesieii o6paTHO NPONOPIEHOHANBHO MOWHOCTH ABHraTens
u Jexut b npegenax 0,01—0,06 (p cpexney 0,09). Aas acun-
XPDOHHHX FBHraTe/ied XapakTepHhl CReAYIOHE OpHEHTHPOROY-
HHe yacToTh Bpawenus: 2960—1430, 960, 730, 585, 368.

B npeoGnragatowes GoJBUMHCTBE Cy4aeB Bashl HaCoCOB H
SACKTpOXPMraTeNeH COSAMHSIOTCH HeNmocpeZCTBEHHO € MOMO-
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IBI0 Ypyrux My¢T, 6es papnatopoe uacToTH BpaueHus. Ilo.
3TOMY yKasaHHHE DAfH yacTOT BpalleHHA ABJAIOTCH Xapak-
TePHHIMH 17 LEHTPOGERHBIX HACOCOB CTAHAAPTHOIO MCTIONHe-
HHSR,

Buifop THna snextpogBuraTens cnefyeT NpOHIBOAHMTHL ¢
yIeToM chtenayiomiux coofpaxeHuf. ACHHXPOHHHE IBHTaTelH
Gonbirofi MOIUKHOCTH M HEBHCOKOH HaCTOTH BpanleHns obuiaga-
for monnxennntvu KITA, Tlpn moctatosnoft momuocTe nura-
I0Iel ceTH nX BKIIOYAIOT HeNOCPeACTBeHHO, Oe3 nobapouHnX
YCTPO#iCTB, YMEHbLIUAIOIWHX NYCKOBOH TOK, yTo HBAAETCH HX
NOJIOKHTENEHEM KagecTBOM, [lpuMeneHMe aCHHXDOHHLIX npH-
rateneli ¢ $aszoBNM POTOPOM € neblo OONerYeHHa yCJIOBHYK
NYCK2 pEKOMEHAYeTCH JIMIIL B pPefKUX CJIYy4anX BBHUAY BEICO-
HOM CTOMMOCTH TaKMX pnBHratesiei, ACMHXpoHHBIE ZPHraTenH
DNPHMEHAIOT OOHYHO /1A NMPHBOZA HaCOCOB ¢ MOIQHOCTRIO He
6onee 500 kBt npu yactore Bpalnenus He Menee 750 o6/MuH.
JinuTennHoCTs pasroHa mpH MycKe HACOca HE AOMHA GHTb
Goxnee 15 ¢,

Jnn npuBoga uacocos ¢ MouHocTeio or 500 o 10000 xBr
K Goslee NMPUMEHSKIOT CHHXPOHHR e ABHraTeAn, obnazalnue Npu
GOJBIIHX MOIHOCTAX ¥ MAJHX YacTOTAX BpalleHWH BHCOKH-
MH SHePreTHYCCKHMH MOKa3aTeNAMH. BaMHHM  MOJOXHTEND-
HHM CBOHMCTPOM CHHXpPOHHHX ABHrateJeil #pjgercd MX CIO-
coGuocTe paGoTaTh B KauecTBe KOMIEHCATOPOB PeaKTHEHON
MOIOHOCTH, NOBLUNAKIHX COS ¢ cucTeMul, [lyck cHHXpOHHEX
ABMraTeedl CloxHee, YeM ACHHXPOHHRX, NOTOMY 4YTO CBS3AH
¢ NMPHMEHEHHEM CrepHaJbHHX OOMOTOK B Nasax AKOpA, Cly-
KAWKK JNns «BTACUBAHHA® POTOP2 B CHHXPOHM3M (ZOCTHIKe-
HHS CHHX POHHOH CKOPOCTH).

B aapncHMocTH OoT paGoukx YCI0BHH SAEKTPOABHrATENH
AN MpuBOAA HaCOCOB MOTYT HMeTb 0COOyi0 (opMy ucHoNHe-
HHA EA% 32IMHTH OT BpeXHHX posneiicTenii. B cyXHX H Henhab-
FHK 3271aX HaCOCHHX CTaHIMi# NpEMEHAIOT XBHraTesW OTKPH-
TOro THna Hedamuinennhe. Jlng paboTh B CHphiX MOMEIIEHH:
AX BHOHpAOT ABHraTeJH C BAAroCTOfikoil Maonsuvedl unH B
92KPHTOM HCMOJHEHHN € MOZBOAOM OXJNAXKJ2IOWEro BO3AyXa
H3BHE, HEPeAKO OT CNepHANLHOH BEHTHJATOPHOR YCTaHOBKH.

Ilpu pacyere mommocTn upHrateNfi AJSl MPHBOAA HACOCA
caelyeT YYHTLIBATL BOIMONHOE YBEeJMYEHHE MOUHOCTH HA Ba-
Jly TIpK OTKJIOHEHMH pexHMa OT pacueTHOro, Jto ofcTosnTeNb-
cTBO TpebyeT HeKOTOpOro sanaca MOIKOCTH JBUraTens H yyu-
THBaeTCH Ko3¢@HIHEHTOM m 3aNaca MOLTHOCTH:

Npp=m fgot;’ , (4.15)
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rze M, H n y— napaMeTpn Hacoca npH pacycTHOM pexcuMe;
m=1,1515 n Hmeer TeM MeHvlIce 3HaueHME, yeM KpynHee
HacoC.

A1), YCTpolictBo  IKCANYarauMst HACOCHLIX YCTAHOBOK

HacocHnit arperar cOCTOHT M3 Hacoca, apurartens, Tpy6o-
NpOBOAHON apMaTyphl, H3MePUTENLHLIX NPubOPOB H YCTPOHCT-
Ba LJf 33aMOJHEHHs HACOCA XXHAKOCTLIO nepel myckoM. K na-
COCHOMY arperatTy MoryT GHTh OTHECEHH H NYCKOBHIE YCTpoOii-

Puc. 460, Komnonoska nacoca co
BCACHBAWINM H HamopHolM TpyDho-
NpPoBOAAMH

CTBA JABHraTe/fi, a TaKXe nNpHOOPH ansT aBTOMAaTHYECKOro
ynpanJeHusl paboToit arperata.

KoMnOHOPKM HaCOCHBIX aTPEraToB ONpeAeRAIOTCH HA3HA-
qenouem nocjefHyx. THNHYHAA KOMIIOHOBK2 MOKa3aHa Ha DHC.
4.60,

Hacoc I v geuratess, coexHueHuHe snacTuuHofd MydToit,
pacnosararcs Ha pame 2 M3 ¢acorHOHl mNpoKaTHoH CTaJu.
PaMa kpenutcs ankepHnmu Gontamu Kk GyHEaMenTy J.

Beacupalompit TpyGonposox 4 Moxer GuTh uHIHBHIYal b
HEIM; B 3TOM cyyae XHEKOCTS GepeTcs HACOCOM H3 NpHEMHO-
ro Konoaua 5 yepes pOpoHKy 6. B npyrux ciyuasx scacksalo-
wHi tpybonpoeox GepeT MHAKOCTs M3 OGILETO BCACKBAIOIIErD
KONIEKTOPa; 3TO BCTPEYACTCH, HANPHMED, B HACOCHLX YCTa-
HOBKaX ANR QHTanus NapoBHX KoTaok, Bo meex enyuasx ropu-
SOHTA/NEHHE YYACTKH BCaCHBaOIMMX TPYGONPOBOKOB YKIAAL-
BaoTca ¢ nmogbeMoM K Hacocy, papHEM He Menee 0,005. 3to
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HeoOXoanMO B0 M30ewanHe oOpa3oBaHMA BO BCACHBAKILIAX
TpyGonpoBoaaX BO3AYIIHKHX MeLIKOB.

HenocpeacteenHo Ha HanopHoM natTpybke Hacoca pacmodia-
raercs ofpathufi knanan 7. Ero pasnauenne — aproMaTHge-
CKH OTKJI0YaTh HACOC OT HANODHOIO KOJJIEKTOpa 9 B cillyuae
OCTAHOPKH gPHraTesif (Mrk apaphh).

Mexty o6paTHLIM KJanaHOM u HaNOpHLHM KOJUIEKTOpOM 9
pacnonaraeTcs 3aABHXKKa (kM BeHTHNb) 8 IR EpoCcCENbHOrO
perysnpoBanlg HacoCta M OTKJIOYEHMA erq oT HAanopHO# ceTH.

Ilpn znamerpe TpyGonpoeonaos Gonee 300 MM 3agBMXKH
HacT0 BHIOJHSIOTCA € BACKTPHYECKMM HAM CHAPABAHYECKHM
rpupozoM. Koanexktop 9 pacnosaraetca Ha tym6ax I0.

lNokasannoe Ha puc, 4.60 pacnonoxeHue HaNOpHHX TpY-
HonporonoB BrIue OTMeTKH nona yaobHo A8 MOHTaxa, a
TaKie HaA3opa 3a TpyGonpoBOAOM, OAHAKO MpPM STOM 3arpo-
MOXK[aloTCH NpoXoah ana obcnyxHupaicinero nepconana, Ilpa
TakoK KOMNOHOBKE B MeCTaXx nepexoxa yeped TpybGonpoeoxH
YCTPaHBAIOT NEPEXoAHLe MOCTHKH.

Jdns ocroGoxieHHA NOMENIEHHN PaclonaraioT HalnopHHe
TpyGonpoRoAH B KaHanax HWHXe IloJia ¥ NEPEKpHBAKT No-
cnegHHe pHdaeHOR cTannio,

Tlepex myckoM peHTpofelkMHE M OCEBHE HACOCH AOMMHEI
3anOAHATECH NoxapacMoff MMH XKuAxocrelo, Ecanm  yposeHb
BCacHBAEMO KHAKOCTH PacNONaraercs BHINE BEpxHel TOUKH
Hacoca HJH Ha BCaCHBAOUIEM KOJJIEKTOpe HMeeTcH nabnTOY-
HOoe zapJeHHEe, TO 3aNoAHEHHE HacoCa Npou3BoAAT, OTKPHBaf
3aBMXKY Ha BCacCHBalollel TpyOc K BHIYycKas BO3gyX uepe’a
Kp2HHK, pacnooXCHHHiI B BepxXHell Touke KOpRyca Hacoca.

B ycranoskax, Tge YpORCHb BCAaCHBAECMON MHMAKOCTH Je-
WHT MHXKE OCH Hacoca, aJjif 3aNOJHEHHS MONLIYIOTCH KBYMA
cnocobaMu:

1) p arperatax HeGospwol MoOgayH ¢ FHAMETPOM BCaCHBa-
jowxedt TpyOH fo 250 MM Ha KOHpe ee MOA ypoPHEM KHIKOCTH
pacnojiaraioT npheMELit knanaun. [Ipn aToMm 3anoJHEHHE NPo-
M3BOZST Yepes BOPOHKY u KpaH B BepXHeil TOUKe KopIlyca Ha-
coca H3 BOLONMPOBOA2 MJHM CHEHaJbHOrO 3aNMBOYHOIO GaKa;

2) b arperatax ¢ doe>>250 MM npHEeMHHE KJaNaHH He CTa-
BST M JanoJMeHHe NPOH3ROJANRT OTCACHBAHHMEM BO3AYXAa M3 HA-
coca clepHalbHLM BAKYYMHHM HacocoM (oOHYHO MPHMEHAIT
pacocs thnos. KBH ¥ BBH, cosgalomme pakyyM go 97 %).

TIpy Hanuyue 3arpsisHeHHd BcacHBacMol MHIKOCTH BO-
poHKa Ha BcacHBawolle Tpybe KOMOUHHpYeTCH CO lMeXeBhiM
HaH ceTHaThM GUILTPOM.

Komtpoas 3a pabGoTolt Hacoca BeAeTCH MO NMOKA3aHHSM Ba-
kyyMmerpa 11 u ManomeTpa 12, mpucoeauHEHHHIX K BCACH-
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BalOWEMY W HanopHOMY natpybOKaM; HamepeHMe nogawd npo-
N3BOAHTCA MO PacXoAoMEpy, BMOHTHPOBZHHOMY B HaNOpHEIi
Tpy6ompoBoa Hacoca,

Tax xax o Harpy3ke Hacoca MOXKHO CYZHTb NO MOKA3IAHHSM
MaHOMEeTPa, YacCTO OTKASHBAKTCH OT yCTAHOBKH pacxolome-
pOP H& KaXAOM HacoCe H PacnojaraieT OAMH pacXopoMmep Ha
obweM Tpybonpopoae, KOHTPOMMPYSt MO €ro MOKAAHWSAM To-
Aayy ycTaHOBKH B neJIoM. B kavecTee pacxozomepos mpHMe-
HAIOT RHadparMe, TPyOn BeHTypH M KpHIbYATIE BOZOMEpH.

Mouwnocts, pacxogyeMmas arperatoM, ONpexennetcs NPH
noMoll BOABTMETPOB, aMNepMeTpoh HAH BATTMETPOB, pac-
110/1ar'2aeMEIX HA SACKTPMYECKOM IUHTE arperata KiM yCTa-
HOBKH.

J1s myckAa KHacOCHOFO arperata cieAyeT IPOH3BECTH MOK-
roTOBHTEJILHHB oflepapuu: yOeXHThCs B cBobogHOM BpalleHnH
BaJid, MPOBEPHTh OTHPHTHE KP2HOB MaHOMETpPA M BaKyyMMeT-
pa, 3aN0JHHTL HAacoc M BcacHBaINyo Tpyly, OTKpHTL NOKavy
oxJaxpuawweli BOZH B NOZIIHNHMKK {B arperarax ¢ OxJax-
HEeMHIMY MOAMIMNHWKAMA), IPOBePHTL MOJOXEHHE YPOBHS
Macja P MOZMIMNHHKAX (npH NOAMIMIHHKAX € XuAakod cMas-
Koll). 3axBHKKA HA HanopHOM TpyGonpoBOAE CHTPOGEIKHOTO
Hacoca MpH NyCcKe foJKHa OLTb 32KpHTa (IpH ns<<2560).

[lyck nacoca npoMSBOZUTCH caellyioltiM o6pasoM: BKIIO-
qaeTCH SNEHTPOABHCATENL M HACTOTa4 BpallCHHT €ro KOBOAHT-
CH KO HOpMalbHOH; MCLJEHHO OTKPHBACTCS 32FBHXKKA Ha Ha-
NopHOM NaTpybKe Hacoca go XocTHXEHMR Tpebyemoft moxaum;
OTKpHBaAKTCH Kpanhl, noaBogsiive OXJAXIAARIEYH BOAY H
cannHHKaM Hacoca.

Ipu paGote nHacoca cnenyer HabMoZaTh 3a TeMnepaTypol
NOANIMNHKEKOB H KOpMyca ABHUraTesi, KOTOpas NpH HOpManb-
HHIX YCJIOBHAX He JOJIXKHA npeBmiuath 60°C, najiuuneM Machg
P KamMepe NMOXIIMMHHMKOB (NpR XHAKOA CMasKe), NAOTHOCTHIO
CaJbHUKOR (3aTAXKZ CajJbHHKa CYHTACTCH HOpMaabHOM, eclH
OH TIPONYCKACT BOAY PEXKHMHM XannafgMH H TemAepatypa €ro
HEeBRICOKA),

OcraHOBKa HACOCHOro arperaTa 3aK/JIO94€TCH B 3aKPHTHH
3aJBMKKH Ha HanopHoft Tpybe, BHKJIIOYCHHH ZBHraTelf, 3a-
KPEITHM 3afPHXKH H8 BcachBapwel Tpybe H PHKIOUEHUH
OXJIa¥AEHNS CAJHHHEOB H NOgIiHNHHUKOBR).

[Iyck, o6cnyxuBanne npu paboTe M OCTaHOBKa arperaTos
SHaunTeNbHO?  MOIMHOCTH 00S3aTeNIbHO  periaMeHTHPYIoTCA
0cOGHMH HHCTPYKIHAMH,

OcobuM MHCTPYKUHSM NOAYHHACTCH SKCMNYATAHA NHTa-
Te/ILHEX HACOCHHX arperaToB NApOBLIX KOTJIOB M HACOCOB sl
NOZaqH ropAYNX KUEKOCTEH,
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Ilpu coBpemeHHOM DPasBMTHH TEXHHKH &BTOMATHYECKOro
YAPAaBREHNR NMPOUIBOACTBEHHHIMH NpOLleCCaMH  aBTOMATHIA-
YA HACOCHKX YCTaHOBOK He NPEACTABASET TPYAHOCTH. ABTo-
MaTHRECKOE YNpaencHHe HaCOCAMH NPeAyCMaTpHBAeT Caexy-
IOLHE onepalyu;

1) noaroroBky HacocoB K MycKY, SaKOYaOIIYIOCH B KOHT-
pojle 33 MOJOXEHHEM 3aNOPHOX apMaTyPh H 3anoJHEHHH Ha-
COCOB KHAKOCTHIO;

2) nmyck M OCTAHOB H2COCOB B 33BHCHMOCTH OT PacXofa,
TpefyeMoro noTpebHTCInAMN;

3) ocranop macpca NpH HEHCNPaBHOCTHX €ro H mycK ApYy-
roro Hacoca B3aMeH HEHCIpaBHOrO;

4) 321yHTY oT neperpesBa CaJLHHKOB H NMOAIIHNHHKKOB:

5) IHEpaRJIMYECKYIO 321MMTY HACOCOB, CO3AAOULYI0 Hepo3-
MONHOCTH NYCKa HACOCa, He 32aMOJHEHHOTO XHIKOCTLIO.

[Ipy pa3paGorke CXeMH aBTOM2TH3aLHH M 3aM[UTH MOXKeET
6HTL npexycMoTpeHa HeobxoauMocTs paGOTH HacocHol ycTa-
HOBKH 10 HaMeYeHHOH NporpaMMe.,

ABToMaTu3apysa NOBHILIZET SKOHOMHUYHOCTh M HageXHOCTh
paboTH HacOCHOH YCTaHOBKY, MO3BOJNAET YMEHBIUMTE KoJIHYe-
¢TB0 06cnyKuBaoInero nepeonalia,

FNABA MNATARA
LLEHTPOBEM(HLIE BEHTMNATOPHI

5.1. Ocuoennie nounHa. Npumerenne

HeHTpo6emuKMH BEHTHIATOPEMH HA3HBAaKT MAIIHHR s
nepemMeuleHust YUCTHX rasoB H cMecel rasop ¢ MEJKMMH TBep-
OHMH MaTepHaZiaMH, HMemHe CTeneHb MOPHINCHUS A aBJCHUA
He Gosee 1,15 npu niaotHocTH noToka 1,2 kr /MY, XapakrepHnM
NPH3HAKOM peHTPOGCIKHOrO BeHTHIATOPA fBNfieTCA NOBHIIeE-
Hue JaBJieHHA 3a cyeT paboTh neHTpobexkHON cnim rasa, KBH-
Kywerocs B paboyeM KoJece OT LECHTPa K NepuepHH.

Tlpu He3HaunTeNEHOM NOBHINEHMH AABJEHHSA Ta3a M3MeHe-
HHEM €ro TepMOFHHAMHMECKOIrO COCTOSIHMA MOMKHO npenelpe-
rato. TlosToMy K neHTpoGeXHRM BEHTHAATOpPaM NPHMEHHMA
TEOpHsi MaIUHHH JAJIA HeCxHMaeMmol cpexl (cM. ri. 3).

LenrpobexHble BeHTHAATOPR IUMPOKO PACNpoCTPaHeHH B
NMPOMBILLIEHHOCTH H KOMMYHAJNBHOM XO38HACTBE IUTS BEHTHNA-
KHH 3JaHHH, 0TCaCHPaRHA BpPEAHHX BelNecTP R TeXHOJOrHYec-
KHX Nponeccax,
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B rennosHepreTHYECKHX YCTAaHOBKAX LEHTpoOeHHe Beh-
THUIATOPH NPHMEHKAIOTCA ndis NOAAYH BO3JyXa B TOIIOYHRIC Ka-
MEPH KOTVIOB, MEpeMEImeHusi TOIVIMBHRX CMecedl B CHCTeMax
NHJACNPHIOTOBACHHA, OTCAaCHBAHNSA JEIMOBHX raszoB H Tpail-
CIOPTHPOBAHHSA HX B aTMocdepy.

KoHCTpYKTHBHOE YCTpOHCTBO weHTpobeKHOro BeHTHRATO-
pa mpocrteiiliero THMa nokasako Ha pHe. b.1. PaGowee kojeco
BEMTHISATOP2 COCTOHT W3 JIHTOH cTynuum I, MeCTKO conpsxeH«

Pne. 5.1. Uenrpofiem-
HLill BERTHAATOD

585 56
132° -
'“ L] [ ‘L
v
Q 3 ! R ) i
7 . %-
] TR/ o
S ~ = 25 ,0,&5N
Puc, 52, Aspoppna- I~
MUUECKAY CXEMA BEH- 2
runsropa LIKTH-07-37 0w | i l#%er

HOH ¢ oCHOBHRM paMckom 2. PaGoume Jsonatgu 4 KpenmfTCH K
OCHOBHOMY AMCXY 2 M nepegHeMy AMCKY 4, obecneuhBaolnemy
HeoBXOmMMYI0 KECTKOCTh JONAaCTHOH pemeTkd 5; 6 — IUKHB
npupoaa BenTuiaaTopa. Kopayc 7 BEHTHAATOPA KPeNHTCA K JH-
Toll miu cBapHoil cranmue 8, Ha XOTOpOK pacnoJaralTcs NoA-
LINMHYKH 9, Hecylnue BAJI BEHTHJIATOPA € NOCaXKEHHHM Ha HeE-
ro paGounm kosecom; [0 m 11 — daaHuH KpenJeHHR BCacel-
Bajoine#l n HanopHo# TpyO.

LenrpoGexune BeHTHARATOPH BHNYCKalOTCA 9aBOA2MH B
OlpefenenHEX reomeTpHUeckux cepuax. Kaxaas cepHs xapak-
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TEepH3yeTcs NOCTOAHCTBOM OTHOWEHHE CROACTBEHRLX pasMe-
posB; paaMeEpH OTACABHBIX MallMH y HX paboyHe nmapaMeTpH m
CEpHH PasVIMuHH.

leometprueckan opMa mahHolt cepuH INpelcTaBafeTCA
aspomhHaMHYecKoll cxeMol, I'ie BCe pasMephl BEHTHARTOPA 8-
gl;.,n IpoleHTaX mHelllHero gHaMeTpa pabGoyero koaeca (pHC.

)Oﬁoaﬂaqenne HEHTPOGEMHKX BCHTHAATOPOB B COOTBETCT-
Bur ¢ T'OCT eritovaer 6ykBy 1], ykasnBalomyo Ha OCHOBHOR
NpPH3HAK THNA — RCHTPODEKHEA, MATHKPATHOE 3HAYCHME KO-
spdunHenTa nonuoro gaesaeHus (cM. § 3.14) ua pexume npm
Tuare, OKPYIJNCHHOE IO pesIOre yMcja, H GHCTPOXOAHOCTH Ha
PEXHUME Tmexe, TOXKE OKPYIJICHHYIO AO Hesioro yHcna, OGosua-
yeHHe BEHTHJIATOPA BKJOYAeT H €ro HoMep, NpelcTanifonmu
coGoit anavenue guamerpa Dy, BHpaxkenHoe B genuMeTpax. Ha-
npkMep; HeHTpoOexXHHH BeHTHIATOP C AuaMeTpoM pabouero
kojeca 400 MM, uMetommii npu MakcumanpHon KI1M koaggu-
gHeHT NMoJHoro xapheuks 0,86 u 6uicrpoxoznocry 70, o6o3ua-
yaetcs 114-70-4.

B coBpeMeHHOM BEHTHNATOPOCTPOEHMH paspaboTaHH H
CTPOATCS] MAIUHEH ¢ npodu/IHPOBAHHHMH JIOMACTEMH M pallk-
onassHol popmolt nporounoft nosocth, KITM koTopwx moctu-
raet 90 %.

XapakTepHOt KOHCTPYKTHBHON BeNMYMHOM peHTpoBeHOro
BEHTHNATOPA SARJACTCHA OTHOWIEHME BLIXOZHOTO M BXOAHOrO
OMAMETPOB MeKJAoNACTHHX kaHasoB paboyero koneca Dy/D,.
B OObMHHX KOHCTPYKpHAX 5TC OTHOLIEHHe BHIGHpaeTcA He-
Gonpunm (1,2—1,45), pagnaneHan EAHHA JONacTA cocTaaNs-
et (0,084--0,16) D,.

5.2. flannesie, passyBaemoe BEHTHASTOPOM. Bmuauue
camorArM. Kostphmgwenr nonLoroe pabneHus

Yenosua paGoTH MalIHHH, NOgalomed XHZKOCTh MJH raa
B CeThb TPYGONPOBOAOP, CYIMECTBEHHO 3aBHCAT OT CBOMCTB Mo~
creguedt (cm. § 2.3).

BuficHUM CBs3b MOXZY NapaMeTpaMu. MamipHR M TpyGo-
NpoBOAA HA NpkMepe aHMOcoca, Gepywero rask H3 XBOCTOBO-
r0 XOZa KOTNA H NOAAWNIErC MX Yepes AHUMOBYw TpyGy B ar-
Mocepy (prc, 5.3).

TIpuMenkM k mOTOKy MeAy CeyeHHsMH | M 2 ypapHeHEe
Bepuyanu:

(Pl:)aﬁo + _;i + gH — (ch;!aoc + —‘22 + gH“, - g).‘.h.,
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rge (Pror)ade B (Pror)agc — aGCOMOTHHE CTaTHUECKHE AaBNe-
HHA B Hauajle ¥ KOoHye yuactka /-2 rasoporoc noToKa, pr—
CPefHAR IVIOTHOCTH Ta3a Ha yvyacTke /-2; € H Ca — CKODPOCTH
ra3a B ceueHusix I n 2; H — Hanop, pasBHBaeMHll AHIMOCOCOM;
Zh — notepu Hanopa Ha ygacTke 1-2.

BulpaguM abcomOTHme naBAEHHSE, BXOAAIIHE B ypaBHeHME
Bepuynnu, yepes n3bHTOYHHE H yuTeM H3MgHenue arMocdep-
HOro 1apJICHHS Mo BHCOTe ALMOBOH TPyOH:

(Prcedase = Proe T Poi (Pacr)ase = Pace + Po — Po 8 p.
Tlonyaum

&2 2
Pier 1 — FPwer _ Pn 2
e g 2t gH = 2B B gl Lt gyt gZh,

rae ps — CpCHEHAA. IWIOTHOCTh BO3AYXa N0 BHCOTE EHMOBOH

TPYORL.
INocne npeoGpasoBanus 6yaem uMeTh
- Z—c
H = Feer — Prer 2 1Ly Sh—H (&-—l) 5.1
Prg * 2 P\ pr ©-h

Bupaxenne HTp(—p—"--—-l)HaaunaloT CAMOTR2OL HIN eCTecT-
I
8ertoll Ta200 ccTeMH. B 3apHCHMOCTH OT COOTHOLICHHA pp

pr CAMOTAra MOXKeT OHTb MONIOXHTEJbHON HAM OTpHIATENb
Hoit. Eciin pe>>pr 1 Hyp>0, To caMorira nojoxutensha M
yMeHblllaeT Hanop AHMococa, HeobXopuMmuili B chucreme, Ilpn
f:p>>0 u ps<pr caMoTara or-

puIaTelbHA M YBeNMYHBaET Tpe- z
SyeMnit Hanop H MOWHOCTh Ha 2 Ly 2
Bajny ammMmococa, Papencrso
nnoTHocTell rasa u Po3Ayxa npH (Pectdest ’
Jo6nx sHaueHusix Hap gaetr HY-
NeBoe 3HaYeHMe CaMOTSHIH,H aH- “
uMococ pabGoTaer Ha Ipeoxone-

HHe PA3HOCTH CTAaTHYUECKMX AAB-
JeHufl H KHHETHYeCKHX SHEPTHit 42
B BWXOZHOM M BXOIHOM cedes St
HHAX 430BOrO TPaKTa M MOKpH-
THE €ro ras’oRor0 CONpPOTHB-
JIeHHA.

Pue. 5.3. Coemecrran palora fiMoco-
¢a ¥ ftiMoBoft TPyOH
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B coBpeMeHHHX KOTeNhHHX ycTaHOPKax TOC eeuZy 00Jb-
mofi pasHOCTH TeMIepatyp HaPYKHOCO BO3LYXA M JHMOBLIX
rasoe H npH GosbLIMX BHICOTaX JHMOBLIX TpyS (mo 350—
400 M) camoTsra nposieasieTCs OYeHb CYLUECTREHHO.

PaccMoTpum npakthyecknil crnoco6 oueHKH ZaBJeHWd, pas-
BMB2€MOTO BEHTHJIATOpOM, NO kKO3((HEHEHTY NMOJHOIO XaBje-
Hisi. Bripaxan TaHreHUManbHYI0 KOMIIOHEHTY Cz. HYepe3 Koad-
QHIMEHT SaKpyYHPAHHR Pp=Coy /Uy HE BHXOAEC H HCNOJILIYH
OCHOBHOE YpaBHEHHe HEHTpoOewuod MamuHn (cM. § 3.2), no-
Ayyaem

1
H T ? [ ug
OuennM noTepH HePruy B BEHTMNATOpE, BBEAS B 3T0 YPap-
HeHHe rapaBaayeckudt KITI:
1
H=nH,=—npd p=pegH="n opd

Boclons3yeMcsi  KOS(OGHLIHEHTOM NONHOrO HABJICHHH p=
=p/pu i Ouepngmo,

p = ppu; (6.2)
P =T llp. (6.9)
JLng OpHEHTHPOBOYHOIQ pacue¢Ta NOJHOTO JaBJieHMS NpH

Tpex THRaX Aonactell, NpUMeHAeMKX B BEHTHJIATOPaX, MOXKHO
NOAB3ORATRECA CHEAYIOIEMH JaHHEIMH:

Bnn Ba e P

>9%0° 1,1—-1,6 0,60-0,75 0,66-1,20
g0n 0,85—0,95 0,66—0,80 0,60--0,76

<90° 0,50-0.80 0.70-0,9% ,35--0,72

Ecanm noToK ras3a Ha BROZE B BEHTHASTOP MMeeT napaMeTph
Picr H € HA BHXOJE Psop H C2, TO NMOJHOE KaBJleHYE, pagBHBae-
Mo€e BEHTHISITOPOM,

P = Pzer — Picr +o i;"—' - (5-4)

5.3. Nopaua, mowmocrs, KNA senmnsTopa. Bubop
BEHTHNATOPA MO 38JAHHLIM NAPAMETPAM

PaGora penTHaATOPA NpM KaHHOW YacTOTe BPalEHHs Xa-
paxrepnsyerca o6beMHofl nogayell Q, MONHHM KaBJICHHEM Py
MOWHOCTRIO N, moanby KITI n.
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OXHAKO B HEKOTOPHX CAyYasx AAS BeHTHNATOPOR Xapak-
TepHO He IOJIHOE XaBJeHHe, HMH pasBuBaeMoe, a JHIIb CTATH-
yeCKas YaCTb €ro Pce MM COOTBETCTBEHHO CTAaTHYECKHRt HAnop
Hecr. B TarkuMx cnyyasx oLeHKa SHEpretHyeckoli sddexrupHO-
CTH BEHTHNATOpa NPOMABOZHTCH cTaThHgeckMM KI1J — et

Ner = P glor — Qper
o 1000N 1000N ©

Crathyeckvfi KI1H — oTHowenHe nonesnoll MOIMMHOCTH,
pacxogyeMoli ya pa3BHTHe CTATHYECKOro KaBJIEHHS, K MOIIKO-
CTH, NOABOZMMON Ha pant BEHTHAATOpa oT Apurarend. Ouesni-
HO, Ner <1).

CooTHONIEHHE MEXAY Por H p XAPAKTEPHIYETCA CTEMEHLIO
peaKkTHBHOCTH MalIMHH (CM. § 3.4), saBurcsigeil OT NONACTHOTO
yraa Pga. T103TOMY 4718 pasHHIX THIIOB BEHTHIATOPOB PadjiHy-
IO H COOTHOLIEHHE MEXKIY for M 1). OPHEHTHPOBOYHO Nor=
= (0,7+-0,8)n.

INoxaya neHTpoGEXHEX BEHTHAATOPOB O6IMEro HasHave-
nus o FOCT 5976-73 mocturaer npHmeprHo 300 Thc. M3/4,
naenrenie — npuMepHo 12 klla. B cTanunonnoit TennosHepre-
THKE IPHMEHSAIOTCSA BeHTHAATOPH ¢ nopavel mo 900-10° m3/q
v gaeneHweMm go 7 klla, Tloanum#t KI1Z xpynHeX ueHrTpoGex-
HBIX BEHTHAATOPOB 1 gocTHraer 87 %.

[IpensapHTenbHHM pacdeToM CHCTEMH, B KOTOPYIO BKIIO-
yaeTcs BEHTHAATOp, MpH 3afgaHHOW noxave Q olpexensercs
HeOGXOXMMOe KaplieHHe p BeHTHARTOpa. MMes B pHiy OIIHGKH,
BO3MOXHHE B pacdere NoTepb ZaBlEHHS B CHCTEMe, PROAAT ra-
paHTHRHbIE SanacH B paboOyHX napaMeTpar U BEHTHAATOPH 06-
IEr¢ HasHayeHHA BHGUpaOT Ha noaavy 1,05Q m papaeHne
L1p. IyThesHe BeHTHAATOPH H ALIMOCOCH BHOHpaIOT Ha no-
Eauy 1,1Q n naenenne 1.2p,

Hannne xatanorop (Ta6AMIK M rpadMKH) OTHOCATCA
06HYHO K HOPMAJNbHHM yenoBHAM (Tg=293 K; po=103 klla),
NO3TOMY BHOOp MO KaTalOry BEeHTHIATOPOB 0OILEro HasHavye-
HIA ChefyeT BeCTH Ha mofayy Qx=1,00Q 4 xamhenue py=
=1,1ppx/p, THE px — MNOTHOCTL BOAZYXA IPH HOPMAABHHX YC-
JIOBUAX; p — aKTHIECKaR TACTHOCTL NpH paGoyHX YCNOBUAX.

[poctefiumit 1 HagexHW Crnoco6 BHOOpa BEHTANATOPOB
OCHOBaH Ha HCNONbL3OBaHHH CBOMHHX rpagukoB (cM. § 3.17 m
[21]). OrxnaguBas Ha KOOpZMHATHHIX OCHX CBOAHOIO rpadw-
K3 aHayeHHs Qg H py M IPOPOAA HOPMaZH K OCAM, NOJyyaeMm
TOYKy nepeceueHHs, Nomagaloilyio B none paGouux napamer-
OB, onpegeasiomee HEOOXOUHMBHA THNOpasMep u YacToTy Bpa-
HIeHHA BEHTHAATODA.
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Heo6xognMas MOIIHOCTE BEeHTHAATOPA PACCUHTHRACTCS nQ
¢dopmyse (3.53).

MomHocTs TPHBOZHOrQ ABHraTeNl® NpHHEMAaeTCA ¢ 3ama-
COM, YYHTHIBAIOIHM BO3MOXHOe OTKJOHECHHEe peXHMa of pac.
YeTHoro ymeHoliieHus KI1H M yXymuweHne M30ARERH ABHTaTe-
A B Tipolecce HapaboTkRA:

_ pReH Qp
Ve = o = ™ Tooomn *

RosgduuucHT 3anaca mMompoctd m=1,00+1,2 npuHumeaeren
TeM GoMbIIHM, Y€M MeHbli¢ MOMHOCTh BEHTHAATOpa. Ilpn He-
nocpeACTBEHHOM COEIHHEHHH BafIOB BEHTHJAATOPA M IBHTATENd
myqrrogzKl'lI[ nepepayH 1y=1; npy KIHHOpEeMEeHHON nepexaue
"In=0, -

5.4. Xapaxvepwcnnm, Perynuponanme yeHrpoGesaisix
BeHTHMNRTOPOB

XapakTepHCTHKAMH BEHTHAATOPOB Ha3HBAlOT rpadMkd 3a-
BACHMOCTel Hanopon, MoltHocTH Ha Bany H KILH ot ofbem-
1ol nopaun,

XapaxrTepHCTHKH HOAYYAIOTCH HENOCPEHCTBEHRHM HCHEITS-
IMEM BEHTMJATOPOR NPH NOCTOAHHOW %acToTe BpalNEHRR H
CTPOsiTCH 1A Bo3ayXa ¢ p=1,2 xr/m?.

Tlpr nepecuere xXapakTepHCTHK, NOCTPOGHHHIX il HOp-
MaJuHHX yehiopuit B =50 %, Ha HaTypHHe cliexyeT HMeThb B
BHAy, 9T0 nopaua, Hanop u KIII ocTajTCA HeH3MeHHHMH, a
JAaNeHue M MOITHOCTb HA BaNly HAMEHAOTCH OPOMOPIHOHANb.
HO MJIOTHOCTH rasa, NOZaBacMOrc EEHTHAATOPOM, T. e.

o _ P
1,2 BN=N 1,2 °

P=n

XapaKTepMCTHKH 0OpH DNepeMeHHOi 4aCToTe BpalueHHs
CTPOATCH 0O YCJIOBHAM NOZo6HA crioco6oM, YKasaHHHM B § 3.11.

Ha puc. 5.4 w 5.5 ganu THnhyHEe GOPMH XapaKTepPHCTHR
COOTBETCTBEHHO NpH n=const u n=var.

B BEeHTHIATOPOCTPOEHHH LTHPOKO NPHMEHSAIOTCS Geapaamep+
Hhle XapaxTePHCTHKH, o6LIHE AJA 1etofi CepUH reoMeTpHYECKH
mogobHExX mamkH (cM. § 3.11). Ha puc. 5.6 noxa3ana Geapas-
MepHas XapakTepHCTHKa BeHTHnATOpoB 114-76, nocTpoeHnas
no peayapTaTaM McnHTaHus Mopenn ¢ De=>500 MM npn n=
=1200 06 /myH.

Be3paaMepHHle XapaKTepUCTHXH OueHy YEQOHR nns pacue-
T2 pabOYnX NapaMeTPOB BEHTHNATOpPa M3 XanHOH cepuH, HME-
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OUlEr0 AHaMeTp pabouerc Koseca Dy u paboTtarolero npH
n o6/mun. Pacver segerca no ¢popmysam § 3.11

Q=Q.0,785D%uy; H =Fib N=~Np-0,785D%4;

Hy=Hynul p=poudi u=rn, =%'oi.
Do=500m1 - 7]; ér
n =80000fun Var K
0';&””! =7,'2AT/H’ /r N t;&'
er.
&t = an NELA 0,538
76 L, ﬂ
70 e 1\ &
&5 A N e &
59 L pa==Crr) g3
54 260
37 -l g7 | 32z
32,5
0

27 -
€ 1500 3000 4500 5000 7500 5000 10590 €0y

Pue, 54. Pasmepran xapaxTepuCTHKa BERTHAATOpA Iipk a=-const

DOpME XapaKTepHCTHK BEHTHAATOPOB OIpeNeIAIOTCa aspo-
AEHAMHKO# NPOTOYHOR MOMOCTH HX: B OCHOBHOM OTHOIIEHHEM
Do/ Dy, BRIXOAUEIM YTOM JORACTH fiox u GopMOH ee npoduNA.
Ha puc. 5.7 nokasaHH Tp¥ THRA XapaKTePUCTHK AaBJeHHs BCH-
TaaaTopoB. M3 Hux uHTepecHa xapaxTepucTHka ceanoolpas-
"ot ¢opMbl I, cBoficTReHHaR BEHTHAATOpaM ¢ GOJNBUIHMH YI-
AaMH P2n ¥ Manoll pagHansHOR NPOTAMEHHOCTHIO JomacTeit
{manoe Dy/D,).

T'OCT n pegoMcTBEHHHE YKa3aHufl 3aNpelnajT SKCmiIya-
TAUBI0 BEHTHAATOPOB NpH 1 <0,9yexe- DT0 TpeGomaHHE uC-
KJII0YaeT H3 SKCIJyaTalHH HayaldpHHi yyacTok cegacobpas-
10N XapaKTepHCTHKH NPH MaJbX nogayax.

Pabora BeHTUNATOPOB C cexnoobpasnofl popMolk xapakte-
PRCTHKH Ha CceThb €0 3HAYHTEJNBHHM CTaTHYeCXHM HaNopoM B
Page cnyuaep sBaserca HeycToliuupo. DTO 06CTOATENLCTEO
Yra3usaeT Ha HEWENATENLHOCTE NPUMEHOHUR BEHTHRATOPOB C
Cepnoobpasnol ¢opMoit xapaKTEePHCTAKH,
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PerynupopanHe nogayH BeHTHAATOPOB MOMKHO NPOU3BOAHTD
BceMH cnocobamu, ykasanHuIMY B § 3.16:
1} m3MeHenHeM yacTOTH BPAIUCHHA Bajia BeHTHAATOpA;
APOCCENHPOBAHHEM Ha BXOA€ W BHXOJE BEHTHAATOpA3
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Puc. 5.5. Pasvepnasn xapawtepncTiua sentiiisropa BBH M 11 npu ne=var
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[} g2 43 & Puc. 5.7. Xapaktepuctukn Be-
TRAANTOPOB:
Puc. 5.6. Bespaswepnasn Xapag- Lt e ST 8 g~ per-
TepuCTHKE BeHTHAATOpa 114-76 BPH 1 4 :
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3) HampaeAsMOIHMY annapaTtaMi Pa3nHYHBX KOHCTPYKURNH
na BXOJe.

[epBEi cnoco6 TpeGyer NpHMEHEHWS SJAeKTPOZBMratesCi
¢ nepeMeHHol HacTOToM BpatlenHs (KOJNEKTOpHBIX HJH JIBYX-
cxopoCTHHR). BosmoxHo npumeHeHHe gBEratenelt ¢ mocTOsiH-
10l YacTOTON BPaILeHHs NPH BRIIOYEHNH MEXJy BaJaMM ABH-
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Pue. 58. Nasenenny norpetaseMof MOIHOCTH NPH pASNMUHRX chocofax
peryJaHpOBaHHNA:

o — peHTEARTOP LIH-B3 € nonactwmd. OTOTHYTHME H2I2R; §— PEATHIATOD 1IP-55
€ JONACTAMH, OTOTHYTHME BReper: [ — ZPOcCend; 2— YRPOGIERHHN BABDABAAONME
ANNAPAT; § = YNpODIENABN ©CeBoR BANPEBIAIOMMA ANNEDAT; ¢ — OCEBOR BRANPRRAAED-
U@ 2nM2paT: 5 -~ MMppoMydTd; 6 — PECCTAT B IEMH POTOPR SJeKTPOLBALETENF

raTens H BeHTHJAATOpa BapHaTopa YacTOTH BpaijeHHsa (06h-
HO rHEPOMYTH).

B o6oux 3THX BapHaHTaX BeHTHNATOPHAA YCTaHOBKA Yo-
JIOKHACTCA M YEXOPOXKaeTcs, H NOSTaMy Takol cnocol peryrn-
poBaHHA MpPHMEHSAETCA TOJLKO AJS KPYOHHX BEHTHJNATOPOR B
0coB0 OTRETCTBEHHHX YCTaHOBK2X.

B HEKOTOpHX cNyYaax AJNA NPHBOXA BEHTHAATOPOB mprMe-
NS0T SJNEKTPOABMraTesH C (asoBHM POTOPOM, B KOTOPHX C
NOMOIUBIO CNeHAABHEX KOHTAKTHRX KOJEL H peoCTaTa MOMKHO
PEryJHPOBATH CONpPOTHBJEHHE B HEMH POTOpa M TaKHM OOpa-
30M M3MEHATH YACTOTY BpailieHHA Balsa.

B wmacrosinee BpeMs pfiAa pery/JHMpoBaHHs WOKAYM BEHTA-
JATOPOB H3MEHEHHEM 4YacTOTH BpPAIIEHHA NPUMEHAIOT OpH-

BOAHLIE KBBraTelM ¢ THPHCTOPHEMH mpecOpasopaTe/IiMH Yac-
TOTHL
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ST1OT METOx peryJHpPOBaHHMA IOXaYH BEHTHAATOPOB Becbma
SKOHOM HYEH.

Bropoli cnoco6 mnpuMeHFeTcs OYeHb IIHPOKO BBHAY ero
NOHCTPYKTHBHOM NpoCTOTH. BeHTHARTOpPH MaAWX B CPeANnx
pasMepoB, NPHUBOJHMEHE ACHHXPOHHHIMH KOPOTKO3AMKHYTHMH
ABHTATEJIAIMH, PeryJHPYIOTCS 3THM CnocofoM, EAHHCTBEHHO B
TAKHX YCJIOBUAX JOCTYMHEM.

TpetHil cnioco6 pacnpoCTPaHeH OJst BeHTHAATOPOB C 60MNb-
Wol nojayYed B WAXTHHX YCTaHOBKaX,H 0COGEHHO B CTaHIHOI-
HOH TenJO3HepreTHKe (XYThHEBHE BEHTHASTOPH, AHMOCOCH),

Ilo sarparaM SHeprmu Ha MPHBOA B PEKHMaX PeryJHpoBa-
HHA NpH OZHHAKOBHX MOAAYaX YKalaHHHeE cnocoGH He pasHoO-
neHHu, Jlnf Ajo6sIX THNIOB BEHTHAATOPOB XYXAIUHM CnocoGom
PeTryJNpOBaHHS MBJSETCH APOCCENbHOE, Zajoulee HaHGOMbUIyio
sarpaty SHepruw. ConocraBiieHHe 3¢¢pEeKTHBHOCTH PA3NHYHHEX
CnocobOB PEryNHPOBaHMs HACAANHO NMOKa3aHO HA rpadHKax
Ha puc. 5.8. U3 rpadukop acHo, 4To npH Her2tyGOKOM peryJin-
POBaHHM NOJayH Hanpasasgloliue almapathl Ha BX0OAE H TuA-
poMyTa NPpH nga=const No4TH panHos¢p¢eKTUBHE; TpH LIy-
GOKOM PEryJIMpOBaHHH YCTaHOBKH € Rge=Var H yCTAHOBKM C
ruppoMydTolt paBHOSHEeKTHRHH.

5.5. KoucrpywurMenoe BoinofHeHMe LeHrpobeubix
BeHTHNsTOpOB obliuero wazHauenus

B 32BHCHMOCTH OT AaBJ€HMSA, CO3AaBaeMOTO BeHTHASTOPA-
MM, X GPHHATO NOAPa3ne/ATh Ha TPH OCHOBHHIE PYNNH: HHA-
KOro pasnreHus —— 10 0,981, cpegvero — cemme 0,981 no 2,943,
BHCOKOro — cphimie 2,943 xo 11, 772 xIla (no T'OCT 5976-73).

RouctpykTuBuas (opMa H Pa3Mephl BEHTHIATOPZ OTpEZE
NATCA ero noxaveil, xapjeHHEM H YacToTol BpalleHIs.

B=b; bt by<¥,

rrreesrr I rass.

™
77,

}n"
)

o) ) 6)

Pune. 5.9. Cxemel koHcTpykinii paouux KoJec OEHTpOGEXKHLIX BEHTRAATOPOB
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MopMH KOHCTPYKuull paGounx KofteC BEHTHRSITOPOB AAHH
Ha pHC. 5.9.

Bapa6anHas (a) u Konbuepast (6) GOpPMH CBOHCTBEHHH
pCHTHIATOPAM HM3KOTO ZABJEHMA € JONATKaMM, 3aTRYTHIMA
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Fnc. 5.10, KonerpykTaBHEe THIH paGoiMR Jonactelt

BiepeX; ¢opMH 6, 6 H ¢ XapakTepHH XA BEHTHAATOPOP HH3-
KOro, cpegHero H BHICOKOrQ AaBJEHHH C JIONAaTKaMH, 3arHyTh«
MM Haaap,

Haumenpiedt NpoyHOCThIO K KECTKOCTHIO 00nafal0T Kode-
Ca QopMH @, ZOMyCKajoULHe OKPYMHYIO CKOPOCTL Ha gHametpe
D, ne 6onee 40 m/c. lupusa TakUX XoJdec MOCTOAHHA H CO-
CTapager okoao 0,6Ds.

217



Koneca konbuenofi ¢opMul © IWHPHHOR b, =bg=02-
035 mmM Gonee HDOUHH W MECTKH H LONYCKAOT CKOPOCTs
t2 xo 60 m/c.

Kounneckuit nokpuBarouni auck {8 # 2) obycnosnapaer
6oJBILYIO KECTKOCThL KOA€Ca H AONYCTHMOCTb BHICOKHX OKPY K.
HHIX cKopoCTeii g0 80 m/c.

Qopua 2 npamensieTca iR Kodec Gosswoft noAaun A Ha-
XOINT, B HACTHOCTH, NPUMEHERNE ANS AyTheBHX BeHTHAATOPOB
A auiMococos TOC.

O7rxpHTHe OHOAMCKOBHE B Ge3xuckoBHe koneca (O A g)
NMPHMEHNIOTCY B NHJEBLIX BEHTHJIATOPAX, CAyXAallHX IIR no-
Aaun cMeccl rasos ¢ TBEPAbLIMY HACTHLAMH, HaNpHMEP B CH-
cTeMax Neaenpurorosnedus TIC.

B BenTunfitopax mprHMe-

17 Ly HAOTCH BCe TPH THOZ Jionac-
A < Teli {cm. § 3.4).
4 A B HacTositee Bpems cy-
2 A IeCTPyeT TeHJACHIHS mnpHaMe-
[ \ ¥ __.|cwwue  HeHHR rAaBHHM o6pasoM Jo-
fe ~7 | #“2%¥  pnatoK, 3arHyTHIX Hasag. Oun
S 2 05eCneunpaloT NO CpaBHEHA
o ¢ JonaTKamH, 3arHyThiMu
! Bnepern, 6onee Bricokuft KILJL
BeHTHIATOpA, YCTOHIHBYIO
pa6oTy ero B IMHPOKOM XHA-
Puc. 5.11. Cinpeasei®t RoXyx: NasoHe pacxopoB H yMeHbIIe-
f — paCouee Rozeco; 2 — cunpaniuft ko-  HHE LIYMa.
¥yx; 3 -—sBnxogHce ceuepne; 4 — HabIK Ha pHC. 5.10 [IOKA3aHE

JBAa KOHCTPYKTHRHHX THI&
nonactell BeBTUNRATOPOB: @ # § — NoCToOAHHOW TONUIHHL, A3-
rQTOBAAEMEX IITAMIOBAHHEM W3 JINCTOBOA cTany, H 2 — obb-
eMHOro npodHis, MITOTOBJHEMHKX WTaMNOBaHHeM M cBapKoil.

Kpennexnse nonacrell nOCTOSTHHOH TOAUMHEL K KHCKaM NpO
H3BOZHUTCA KJenKQA nan ceapkoi. B neppomM ¢Jlydae BOSMOXKHH
JABa BapuaHTa:

1) Ha Topmax nonacteii ¢dpesepyroTcs IWHNR (8), pacKiae-
nbiBaeMble B OTBEPCTHSIX JHCKOB;

2) nonatku nonyyalT OTrHOH, KOTOPHMHY H NpHKJ/enbiBa-
I0TCA K gHCHaM (a).

Ins npuaanus o6beMHHM JonacTaM GoybuicH NMpOYHOCTH
M KecTKOCTH BHYTPH npoduia MorTHpyloT peGpa H3 nmOJIOCO-
Bofi cranu. OpHa KpomMxa HX npuBapuBaeTcs HEnpPepHBHLIM
IIBOM K BHYTPeHHell NOBEPXHOCTH JonactT#, a BTOpas — Ope-
PHIBUCTHIM IIBOM Yepe3 OTBEPCTHH BO BTOpofl NOJIOBHHE JHCTE,
obpasylouero Jonactb.
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Ipumerenne o6beMEEX npodBIHPOBAHERX JonacTed ¢ pa.
LHOHNbHOH GOpMOH CedCHHA NPHBENO K NOBHINEHHIO Kﬁll
KpynHbIX BenTHAATOPOB A0 90 %.
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Prc. 5.13. CrauzapTHtie mOJOMENHA KOPNYCOR AHMOCOCOR H BEHTHASTOpON
ABYCTOPOHMErD RCACHIBAHUS

7

\
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AN L 77
Hormamvenuae HEORHENUE 2 Menagnepue #
5 |
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Heronsenue 4 KERORHCRUES — Henmoawerue Herrofnenue?

Prc. 5.14. KonCTpyxTuenHe cxeMbl BeHTRANATOPHMX YCTaNOBOK:
£ — peATHARIOP; 2 — ABHTATENb; § — DORMMNHEK; 4 — Wydra; 5 — WEMB

Kopnyca BeHTHASTOPOB BRUOJHAIOTCA CAUPAJLHEIMR MNO-
CTOAHHON WIHPHHB H OYEpuHBAIOTCH O6hHUMO CrocoGOM ¢KOH-
cTpykTopckoro Kpagpara» (puc. 5.11), rze a=(0,25+
0,3) Q/bcs, b — mwupHHA Kopnyca.

MaTepHasioM KOPNYCOB SIBAAETCH KOHCTPYKUHORHAA JHCTO-
Bag cTasb TomuuHol ot 2 zo 8 mm. Hexmoyennem ABAAIOTCH
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Kopnyca HEKOTOpPHX BCHTHNATOPOB BLICOKOro JAaBJIeHHs, H3-
roTOB/AAEMEE JATHEM M3 UYTYHA.

TopuoBHE I0BEPXHOCTH BEHTHATOPOR ABJAIOTCH CBOEOG-
pasHEIMH MeMGpataMH, koneGMOIHMHCA OA BAHAHHEM NyJb-
canvii GABJCHHUA B BOSRYWIHOM [I0TOKE B KOPIyce BeHTHASTO-
pa. OTO BHIIEIBACT MHTEHCHBHHI Wwym. JLAs ymeseuienusi wy-

2,

Puc. 5.15. BertrARTOp
HH2KOro AaBJcHNA

Ma HapyXKHHEe NOBEPXMOCTH KOPNYCOB KPYMHHX BEHTHAATOPOB
VEPeNJISIOTCA MPHBAPKOR YTONKQB XECTKOCTH.

IIp# xoMDOHOBKe BEHTHAATOpZ B CHCTEME BO3ARYXONPOBO-
n0B GOJBILIOE 3HAYCHHE HMEIOT HanpaBJjeHue BpalNeHHs Bana
R pacnosiokedne BHXOJHOro OTBEPCTHSl BeHTHAATOpa. Bentn-
AATOPHE NPABOIO BPAINEHHsS HMEIOT HanpapJeHHe BpPallleHisl Mo
"2COBOH CTPeJKe mpH HabJaiogeHHH cO CTOPOHH BcacHpaHm,
A€BOro BpalleHns — HaoGopoT. BeurussiToprt  obulenpomuill-
JEHHOTQ HA3HAYEHHS! H3TOTOANAIOT O6GOMX HalpaBieHni Bpa-
WeHNs ¢ NIONOKEHHAMH KOopnyca, YkasaHHHMH Ha puc. 5.12,
File NpuHATH caenyioune obosnaverus: B — seepX, H — BHH3,,
JI — enero, 1 — Bripano.

/s MeNBHHYHBEIX BEHTHJIATOPOB CHCTEM NS PHIOTOBJIE-
Haa[;l]‘SC NpHEATH 24 craMpapTohRIX PACTIONOXKEHHA KOpIy-
coB [4].

Kopnyca BeHTHNATOPOR B AHIMOCOCOB ABYCTOPOHHETO BCa-
CHiBaHHsI OCHYHO KOMNOHYIOTCH no cxeMe pHc. 5.13.

Kombnxanus BeHTH/I7TOpa € MPHBOAOM OCYWIECTRVISIETCH
I'o exemawm puc, 5.14. w21
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Ha puc. 5.15 npeAcTaB/ieHa KOHCTPYKUAS BEHTHARATOPA HH3«
Koro nanjennna. Kak H B Moao6109HOM Hacoce paGoyee Koseco
BEHTHUIATOPA MOCAXKEHO HEMOCPEACTRERRO HA BaJ ABHraTeNa,
PacnONOKEHHOTO Ha AnToll TyryHHOR WaH cransiiof cBapHo
TyMGe. KoHCTpyku#s B neJioM o4eHb» KoMNakTHa.

Pucyriok 5.16 gaer npeapcranneAe o KOHCTPYKUHY BEHTR-
JATOpa BHCOKOro AamneHu#. Iloxaua 31oro BEHTHAATOPA NPR
HOMAHANGBHON yacToTe BpallieHHA JoCTRraer 23 m3/c, no3ToMy
KOJIecO BEHTHIATOpPA BHINOJHEHO C ABYCTOPOHHHM BXOZOM,
[lpuBop BewTHAATOpA — HENOCPEACTECHHO OT SJCKTPONBH-
ratesls wepea snacTHuHyio mypTy. Peryampomanme noaatn —
OCEeBBIM Hal'lpaBJlﬂlOl.U.HM anpapaToM Ha BXoxe.

THOHUHEM BeHTHIATOpOM BHICOKOTG AaBjeHHs Madofi no-
Kaqy ABJIAICTCA REHTHAATOP, paspaboTauHH# no cxeMe mMpod.
B. H. KocTouxuha, mepoxo pacfipocTpaAHeHHH B NpOMBLUNEN-
HocTu {pec. 5.17). Oco6eHHOCTAMH STOTO BeHTHNSITOPa ABNA-
I0TCA: KOJECO ¢ Mano## IMUpPUHOH, PAasSBHTOS B padHBJALHOM
HanpaBaelud, Y3Kd{ CrHpaabHNA KOpuyc, OTAMTHHA #3 qyTY.
Ha, pacnofoMEHHe KoNleCa Ha KOHCOMH BaJa, BHICOKAf JacToTa
Bpalenus {go 3600 o6/MuH Ana peHTRAATOpPa ¢ Dy=400 MM).

5.6. TaropymesLI® DEHTHASTOPL TENONLIX
DREKTPMYECKMK CTBHUMHA

Jan KOTIO® TENIOBHR SACKTPHYECKHX CTaHUME npoMuuensocTe COCP
BHNYCH2eT okomo 50 THRopaswepoh BEHTAARTOPOD H AMMOCOCOR ¢ NOAGTA-
MH 4,6—900 Tuc. M9 u papneumamMp Gozee 9810 Jla (1000 mm BOA. CT.),

Bentaafitopn TOC nofpaspendioTed 00 AX HASHAYEHHIO HP CJGRYD-
WHe Tpynna: 1) aeHTAANTOPH AyThenne; 2) peNTHARTOPH MESBHAYHLE]
3) BRHTHNATOPE rOpATEro AYTHSE; 4) AWMOCOCH OCHOEHHE; 5} AWMOCOCH
PELIPKYIMIRGHHLIE,

HDan o6oanayeins THNa TRIOAYTBEBHIX BeRTMNNTOPOB NpPHEATH GYHB&R
B — pexmusantop; Ml — xusocoe, Aymesolt; H — uBasj sarayThe Jona-
cré paGouero xomeca; ¥ — yaKoe pabouee foneco; M — weabHHYHND; §—
yuupnunponannul; A, 11 — AHZEKCH BOPOAHEEMHUECKON CXEME.

HAyteessie  penrmnstopu (BJ) paGoTator ka poanyre ¢ T<283 K
A0J3aPaA ere gepes CHCTeMmy BOSAYXOMNPOBCAOD ¥ BUSAYXOMOAOTPERATEAL B
TOMOYHYK® Kamepy. DT0T BOSAYX HASWBANT NEPBUSNLIM B OTHYHe OT &TO-
Puun020, NOZABACMOTC HENOCPEACTREHAD ¢ TONAHAOM.

BesTAaATop ropayero aythA () pabotawt na poIfyxe, MoAOrpetoM
1o 473—673 K.

MemEmyutte perTRTATOPS (M) NpAMEHAIOTCA B CHCTewax MAENPIro-
TOB/EHHR W NOJAIOT CMOCH TOPANETD BTODAWNOIO BOJAYXS € YrOumHOR
ALLILIO 9epas rOpPeaKn b TONDIHYI Kauepy,
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Napneitie, PA3cACHAEMOE AYTHEBEIML H MEABNHUNLIMEH BEHTWATOPZMH,
QnpeAenfieTch CONPOTHBAGHUAME BOSAYLIROMO E HBUICACSAYUIHOID TPaKTOR
¢ HeOGXOTHMBIM pabJeHHeNM B TONORHOA Kauepe.

[uuccocs TPARCTOPTRPYIOT ARMOBHE (33K 0O FA30X0N2M Kowis H
spnonof TpPyGe B COBMECTREO € nocAeABed OPEONOEBAOT CONPOTHBICHHH
grorc TpaKTa B cueTeMs! soAoynaniusanun (cM. § 5.2).

[HMococH PenEPKYIRUEH nphMeunoTes aaf or6opa vacTa anMOBWX
ra30B M FA30XOACR KOTMA B nOfadl HX H TONOUHYI0 KaMePy ¢ pyeauto
yMeHbllUeH#s (LTAKORAHLA, PErynHPOBAHHS TeMNEpaTypH Ueperpesa napa
¢ HORHIIEHNA 0Ollefi SKOHOMHUMOCTH AFperaTa,

JlytbeBre BEHTRMATOPH, PuOOTAONHE HA KONOZHOM BOSAYXe, BHINOH-
paloTcA ¢ 00BeMBEMA ApoHAHPOBAHALME JONACTHMK, OTOCHYTHIMH Ha3an,
1. e Pga<80° (coa. puc. 5,16 u 518)., KosbpuuueHT nONeIHOro aeftctaus
Takux BeNTRAATOpOB jocTuraet 88 %,

VYcnoenn pulOTH BeHTHARTOPOB rOPAREre AYTHA, H 0COOGEHHO Meds-
AMMHLX HEHTHARTOPOB H ABHMOCOCOB, OCOMHCHM BAMNH#EM BHCOKON TeM-
nepaTyPH pepemeliaeMoll CPenn H BAAHUAEM H Hell YrouuHON nenm M
yHOCA (3016, ULTAKOBWX VACTHY pagiyupol RPynmHoCTR).

Brcokaa TeMnepaTyp2 RepeMemjaeMOr0 IasH BHISHBACT Harpes pao-
yErc HOJECA B Pbaja MARER, DT0 NPUACAMT K neperpeRy NOAUNINHAKOD H
yMeNblicHN) CpoKa HMX CAYKOxl. [lostoMy BEHTHASITOpH FOPHuETO AyTeH
# ALMOCOCH BRMOJHAIOICH C OxnaiJjaeMumi nosnmntruamy. [pocreliums
endcol oxAadends NMOAWMNHHKOD COCTORT B 10M, 4T0 B MACAAHYIO DAH-
Hy KOPNycs ROAUNIMMKE BBOXHTCA TPyOuaTHll smceBHK, RpONycKawompdh
¥unonuyie eony. CMa3oqHEE RobL2, CBOGOAHO BHCAULHE HA BaNy, MOAAIOT
OYJAMACHIOE MACAD H3 BAHHD NAOXKIINNHHKA B 3A30p MEXAY BRABALIUEM H
weitkofi saga. IonorpesaeMoe B NOAIWANEMKAX MACAC CTEKBET H  BaHHy,
COTA0AH TAKMM oOpasomM TenAoTy HI NOAWMNHAHE H oXnamzaes ero. B pet-
THANTOpAxX ropAuero AyTbA M auMococax Gonsliodl Mowepocrv Taxofi cuo-
€06 OXAAWACHAS OHA3ILBAETCA HEAOCTATOMHLIM, H B STHX CAYUAHX npame-
HHIOT BHHOCHOR OXJMaMIEHHE. cMAI0NHOE MUCIO CAHBRCICH HENPEpPHBHO HA
KOPIycoB noAHAENRUA B Bak, caymaiuf Ann cGopa W OTCTRHDAMHA MAC-
ay; feks macno 3aGHPAETCH leCTEpEHHEIMH KAH APYTOrO TMGA Hacoca-
M1 g NORAercs uepea PHILTP 1 TPYOuATHl OXNaAwTeSib NOK AapjcHHEM B
mamaneAky mamae, OCHOBHBIE BNEMEHTE CHCTEME OXJAMACHWA — HA-
cocsl, PHALIPE, ORJIZAMTEAH — ayONHDYIOTCH € HENbID nOAHOA NHagex-
HOCTH,

Jlna yMenenieEss TenJIOBOrO DOTOKA OO Bady B NOAKIMOHMKY B MecTe
BLIXOZA Band K3 KOPNycA MAUIMAE WA HeM MOHTHPYETCH BClOMOraTeanwoe
BeHTIIATOPHOE HOJECO, Mpocacuipaiomtee BHetmHAl XOMOAHBNA ROSAYX uepes
KOabUenhie 1(eH, OKpYXEWIRe uadl. Takam ofpasoy ROCTHraeTcy OXfLX-
A€IHC Pajig H MOHMMKEEHe TEMOepaTypt ROAWRNNIKOS,

Sugaivequiie HENPHATHOCTY OPH SKCOAYAT2UME ALMOCCCOB U Meib-
HAYHLN BeHTHJIMTOPOR AalOT TeepIue RACTHuH, COARDMKAIIHECA B Ta3vuson
noToKe.
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B aumecocaz, nogamomnx ras ¢ coiepmaN@eM WeaxMX abpasmenny
HACTHI S0AK § DLTAKA, H MEJLENTHHX BEHTRIATOPAX, DOAROMMR Checy
BOSAYXD € YIOALHOA MEJIBIO, OPORCXOLAT HBKTEHCHBHMHA KSHOC BHYTPemmug
nozepxHoctTel Xopnyea # paBouerc koneca. Jlpa 9Tom BenencTsre mecun-
METPHINOCTE MOABOZNA pabosne EOAeca pasbanancHPOBLIBAIOTCA B Tepmpr
OPOUHOCT, MEXPEMONTHHIE CPOKH COKPAMANIOICS, SKOROMWGHOCTL pPaGow.a
YCTanoekK nznaer.

Mepu mpomee a6pa3kanor0 B3HOCH HOPeRYCMATPABANTCH B KOACTDYR-
UPR MAMANE B 8¢ HOMIONOBXE C FaSOXOAAMA NPAMECRERHEM CMENAKX 5a.
MMTHLIX JHCTOB M3 TACPIOTC METANNE, JTAMH SHCTAMR GPCHHPYNTCA Kop-
nyca BEHTHJAATOPOR B rasox0AH B TeX MECTAX, TAE HOTOK, MERSR Aanpap-
JielBe, Z36T Punalelne AGpAINBHEX Y2CTHE HA MCECPXROCTD.

Paymovansyas KROMOONOBKA DPOTOSHOA PONOCTH MEOMBW K CHCTEML
FR30XOA0B, YMEHsWAICWAN BHNaneHHe YROCA U YroabEoR ELNM Ha BRYTPew-
HHE ROBEPAROCTH, OTPURIYHBAKILHE DOTOK, CYUECTREHHO CHIXAeT RIHOC
H yHeJn4YHDAEeT MeMPeMONTHHE NePHONLH.

Hapoe AHMCCOCOR ¥ MEJLRMNHNX BEMTHARTOPCB CYLUECTBEHHO SABHCHT
OT JacToTH Bpewesnd. JlaA paGorH NpH 3ajanHBIX NOZAYE B JABJACRHN
MENATELHO NpUMEneHHe Menbilledl wacToth spamerHA, Tlpn stomM pasmepu
MaumHu GyZyr yReansenw. PPabora 1penns sOpeaveMuir HacTun pacnpene-
AUTCH Ha GoAbUIYI0 TMOHEPXHOCTh, HIRO: OYJIeT Menee HWHTEHCHOeH,

[lpu npoTeraunn SamHINEBHMOTO ras’a uepel pafionee KONECO MOTOK H9-
MenfieT ManpaBjenHe OT aCenoro K pAZABNLHOMY K TBEpAHE Q3cTalu Non
DAHENHMEN UEeBTPOGEXKMLIX CUN BHNAZAOT HA BYYAKY H OCHOBHOH AHCK, 10-
cTenemio HetHpay Bx. [IpH nepeccyenid mOTOKOM APAIMANOMIARCH peLIETEMW
JonacTeft NPOHCXOAWT BHNAzeane alpa3WBaBX YACTHI! A HEKOTOPHX MeCTax
aonactefl, APRBORAMEAX HX K PEIPYLLCHAHIO.

IMoatoe nperoTnpailtenne n3Hoes getanefi  pabosero Koneca remos-
MOXHO. ¥MeHbLIenve H3HOCA AOCTHTAETCA HAMVABHON TBEPOWX METAJIOH
oneKTpRyecha €nocoCoM B Tex MecTaX, rie B ABNROK KOHCTPYKUHH npo-
uBASETCA HInoC. Tonnuina cnof Banugapkw cocrakager of 2 a0 4 mu, CpoR
cnymbm paGovero Xonece MPa HanJaBRe YBeNHuUNBAETcA B 3—4 puss.

Hannsa®a TpepIEiMM CNTARAMH I[DHPOKO NPHMEKAETCH P ARCAAYaTarmE-
opROf MPaxTHHe H SHOHOMNEYECKH BIIOJHE ONPABAHBACTCH.

Ha puc. 5.18 naofpaxterin KOHCTPYRUMA IYTLEBOrO HEHTANATOPA O/IHO-
CTOPOHHErD BeachLPAHHA.

PaGovee koneco / BEHTHNATOpA C JIONACTAMA NepeMeHHOR IHPHHL, MO+
CAXeHHOE HE KOHCOAb BEJNA, PBCOCAATAETCA B CBAPHOM CNMPAABHOM KOpny-
ce 2, upenflieMcH A PyunaMenTe pA3JEAEHO OT SAEKTpoRBEraTenn & ®
Groxa popwmnkaor 4. Ha sxonnofi soponke 5, obecnewnpaiomedi mocre-
neHHO: BAIMEHEHHE CKOPOCTR NOTORA Ipy moasoie K paboieMy Koaecy, Kpe-
naten Grox 6 OcepOrc HanpaBASIOMETO anmMBPATa, peryaHpyruiero nokasy.

OcHOBHple NRPBMETPH BEHTHAATOPOB STOTO TAMA MpH gpaMeTpax paGo-
gero xoneca Dy—=6005-2000 uM; Q4400200000 m?/q; H=97+610 MM
poa. ct.; N=173+580 kBT; n=67+70 %; n=7560-+1430 o6/muH,
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[Ia pre. 5.19 npeACTadNena KOHCTPYKUHR IWMOCOCE ABYCTOpGHHEro
peacKBaHMA. PalGouee HONMeco ! noCOMeHO na NOAuR bajd, ondpaomuiics
pa TOAIHDNHKH 2, AHHecenusle RI rajoBOro motoke. IlonBOL AWMOBEK
ra30n K pabouemy Kosmecy — uepes GoKopre HBpMawsl 8 ¥ BXORHGHIE HOHM-
weCKHE AOPOHKH 4, B KOTODHX pacnofaralotcd RanpeeAsouve AnnABPRTH
3 oceBorp THOA,

Huamerpu paGourx Kosnec auMococoB 370ro tuna Da=1800-+2600 mm.
OcnoBHne napamerpdl: Q=240 000+500000 u3/4; H=150+=360 mm non.

r.. N'=120-+585 kB7; £=735 06/Mau; ==0,83.

Coogutie IpagfKy NONe palbouBX mapaMeTpoR AYTLEBWX BEHTANATO-

pop K KEMOCOCOB M. B [21],

5.7. Bentunsirophsie ycraHoBid

BeHTRIATOpHOE YCTAHOBKOR HASHPAXT ATPETBT, COCTOALMA W3 BEHTH-
AATOPa € NPHACAHBIM ABAMATENEM M BCNOMOCATEALHEM  KOMNICETYIOOIUM
oGopyscBaHaeM (mHOepaMH A BeachipaoueM HAM HANOPHOM naTpyfKe,
[AMepUTENbHOR annapaTypolf, nycKOPHMEA YCTPORCTBAMH JBHFATESR H Op.).
Hapasne c BEHTHASTOPOM NPHHONHCH JBHrATSIB SBAAETCH OCHOBHEM 006-
pynonunnes, onpeaesomny KL yeranoskn,

B ycranoBKax OOIENPOMBIIIEHACTO HA3HAYERHS JKeNATCABAC  #eno-
CPELCTBEMHOE COEAHHERHEe RAAOB JBHTATEAY H DEHTHAATOPA NpH MOMOWM
ynpyro My¢pTH. IlpAMeneHme rayXMX KecTHHX MydT He peKOMeHAyeTcH
BC/AEACTBHE HEBOSMONMHOCTH aGCOMOTHO TOYHORX UEHTPOBKH BAJIOB H BCIHH-
KaOWAX Mpa S5ToM BHGpawiit arperata H tuyma. Ha-3a orpaumuenHocTd pa-
43 9ACTOT PPalleHHH KOPOTKOSAMKHYTHX ACHHXPOHEuX Apuraredef (730—
9G0—1430—2960 o6/MHH) B HEKOTOPHX CAYYaHAX COERUHAOT BBAH NBHFA-
Tenelt B REHTHAATOPOB KAMADpeMeHHoR nepenaved.

KoncrpykTHBHOE HCTIOJNHEHHe ABHrateseii (OTKPHTHE, SBUtBLIEHHEE,
rapuBplesonacHie) ofpefeasietcd ycloPHAME noMemienuil, rfe pacnosara-
KTCA BENTHJIRTOPAHE YCTAHOBHH,

Jlnm npeRofa REMOCGCOR ¥ MENTHAATOPOM NPHUMEHMIOT B CCAOBHDM
ACHHXPOHHEEE OOHOCKOPOCTHHE H ABYXCKOPCCTHHE BHFATENH BaKpHTOro
NCHOHENNR € OXAAIWACHNEM OOMOTOK 3aMKHYTHM OOLEMOM BOSAYXa, iAp-
KynUpyiOIlAM 9eped CHEUHANSHYIO OXAAKAAOMY ycTamobry {(Boismol
TpySuaTu® TerytoobMeruuk), TIpAMeneune xOPOTHX ABYXCKOPOCTMME ABHIra-
Tenefi pJIA NpEBORA KPYIMEX BReaTHJIATOPOP H abiMococoB, palotaomBx B
PORHMAX [TyGOKOrO PEryiupoNAHKMS, BNOJMHE ONPABIAHBAETCH NOHLILUEHHEM
ofwero skenayarampousoro K ycranosku,

SKennyaTauBOHHAA HEBAEKHOCTh BEHTHAATOPHOR  YCTHHOBKH 3ABUCHT
le TOMBKO OT KOHCTPYKOHA BesTRVIATOPAa H NpPMBOSHOTG ABATATENd, HO B
fionbinof crenicHu B OT TOYMOCTH M KAYecTBa HX COBMECTHONO MORTZNKA.

YeTanopxi HeGOMLUMX pasMEPOR KENATENLHO MOHTHPOBATH UP O6wed
<HTofi anu cpapHoft pame, rpensineficH i GYHAAMEHTY, YCTalOBKH CPEAMER
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# GoAbluMX pBIMEPOA — Ha JKECTRHX, ApMUPOPAHMNX, OETORHHX $yena.
MenTax Ge3 paM (BenTWIATOD H ABHTATEML pasfAeIbHO).

Illys, npoMsBOAMMEE PENTAMATOPHON YCTAHOBKOH, BHALAZETCA B Ao
HODHOM A3poANHAMMUSCKHMY (GAKTOpAMM B MOTOKE rasa, OPOXOOMIILTO ge.
Pts BeHTRAATOP, Balpauuefi Brperata BCTEACTRHE IUIOXOH NEHTPOGRKH npm
MouTaxe w HeGangakcom poTOpPOB BeHTBASTOpA R ABurateas. Ulym bemrq.
AUTOPHOE YCTAHOBHY MPORBINETCH TeM cHibHes, Yem Goxwlle 98CTOTA Bpa-
Iennd K byitle OKPyxHee CKOPOCTH &p KOHMUOH paboynx momaciek.

Mepei, Benynue K yMEHbUIENHIO (DYMA BEHTHJIATOPHLIX YCTHHOBOK: pa-
uACHaJsHaA GOPMA npoTOIHOE DOMGCCTH BEHTWIATOPa C DPHMEHEHHEM  Jio-
nacreii ¢ ManbiM Yrnow Pes, THIATENBHAA GAaHCHPOBKA POTEPA BEHTHAMTO-
pp (mpa 3pauATeNssof MMPHME Koseca — OCM3BTeNbHO AHHaMuuecKas),
TOUHAN UEHTPOBKA Npi MOHTaWe, UPUMEHEHHE 3BYKOWIONMPYIOIHX YyRpy-
T npoxaegoK {pesnua, npebKa, BOBNDK) MEWZY DHODHKME UOBePXHOCTR-
MH BERTEAATOPA ¥ {ynnaMeHTOM, Kpennenne YIOMKAMYE #HECTKOCTH DAOCKEX
TOPLOBHX MORepXHOCTER PEHTHNATOpa, OrpaiHyeNHE CHOpPOCTH 4z B Npeae-
aax 45—50 m/c.

C gennio KONTPonA paloTH BEHTHARTOpHAA YCTHHOMKA AOMMEa GuIth
ciialixeHa HeoGXoAHMOR HIMEPHTENLHOA annapatypell: TArOHARCPOMep Awd,
APCCCENBHLIM YCTPORCTBOM AJAfl hIMepe®R OONAYH, BATTMETPAMU T
CYCTUHRAMH VICKTPOSHeprild, YyxalarensMy TEMHAEPaTYpW NOAUIHNHAKOS,
B HexOTOpHX CAydaAX umamt RApnOOpop, ROHTpoHPYIOIEX paboTy ben-
TEANTOPHLIX YCTAHOROK, AWHCCATCH HA LEHTPANBHHA mHT (AHMCCOCW H
RYTLEBHE NEHTHAATOpH ).

Tlopsiaox nycKa i ocTaHOBR BEHTANATOPHHA H ALMOCOCHHX YCTaHOBOK
perfiaMeRTHPYETEN YKAARHUUMA SKCONYATAIGIONHHX HHCTDYRLHIL

Pacxoy 37exTpo3Hepriil He NPHBOA AYTLERHX H MeNHAYHBKX BERTBIS-
TOpoB H AHMOCCCOR SHepreTHYecKnx G(uokos OTHOCHTCS X pacXofaM Ha
cobeTpenntie HYXAL CTaHOMH. STH DACXOAH AOMMHE CHTh MEHEMANEHGIME.
TlostoMy 3aTpaTH Ha PEHOHCTPYKLMIO, SOJEPHMHSRNMIO H aBTOMATASAMIC
HEHTAAATOPHEX YCTAHOBOK, HMeoImue neabio nopuiwenne ux KITH, o6mwu-
HO 3XCHOMMYEcHR OllpaRALIBAIDTCH.

5.9. Brasiie MexaHnueckux npumeceii B raze
Ha paSory BenTMREYOPA

Hna pepeMemiesns cMEcel rasob ¢ MEAKAMH TeepAHMH YaCTRNaMH
OPUMEHAOT BEHTANATOPH CHEUUBIBRHX KOHCTPYRUMA, HajwpaeMhbleé obLISHO
noisesvinn, Tawne CIyqaH BCTPEYAXOTICA B CHCTEMAX OTCACHBAHHS NEIALRAEIX
rasen, B nEeBMOFPeHCNOpTe, B CHCTEMAX MBIENDATOTORJCHHA SHEPreTAYEC-
KAX OnoKos., B nocaegmeM coygae HEHTARATOPH HASNARIOT MEAGRUYHbIMLL.

AspoaauaMpuecire cxemsl THNABBHX B MEALHHEYNHX — BERTUASTOPOB
GAA3Kn K CXEMaM OGLIGRHX BLICOKOHAROPHHX BEHTHAHTOPOD, HO B WX HOB-
CTPYHRHAX €CTb ©COOEHNOCTH.
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INunedhe BeATHARTOPH, NOAGWNIKE XONOAHLE cMeck, nMewT paCotie
koiaeca KiaH Gea noxprisalouero DHCKA, IR coBcewt 6ealHckoBnie (CM. pHC.
59, 0 1t ). B rakux xoucTpykunax pafoynx konec ymeHalllgesch WK COB-
ceM UCRAOYAETCR abpaadPikic HIHOC NHCKOB, BeCchMa IHAYATE/NbUHE B OGLY-
HEX KOHCTPYKRMAX.

PaGoilie JONATKR NBENEALIX BEHTHIATOPOR® AODXHE XOPOIIG CONMpPOTIB-
AATLCA HCTHDAHHMIO TBEPALIMH YACTHOAMH, COAEPIAMUMACT B FAa3iOBOM 0O-
roxe, [loaTomy pafioyme JonacTh # WX CTYNHUW N3rOTOBARKICA A3 TBep-
AHX,-XOPOLIO CONPOTHBINIOMIMXCA HCTHPAHMIO METASVION AAN HaNIaBjimoTcs
ToepALIMH cinasamit.  Konmmectso paGouus sonaTox Sepercn masnM —
6—8 wWT. A%" CHCTPOTH HEMOHTAXKA M PEMOHTA.

Kopnyca Takix beHTHIATOPOB H3rOTOBJANTCH M3 AHCTOR YHE/HGEHHON
N0 CPABHEHRMI0 € JIMCTAMA B OOLNEHX KOHCTPYKUUNX TOVMMIAHLL B HeKoTo-
pHX KOHCTPYRuRAX BHYTDEHMSR NOBEPXHOLTE KOPRyc: OPOMREPYETER CLEM-
HLMH mIaTami 13 orbenenrore yyryna Govburol TBepAOCTH,

Coolpaxeniss Mo S8IMMTE MEXBHHIHWX BEHTHIATOPOR OT abpasuUPHOIU
13HOCA ¥ BpEIHEIX TRPMHNECKIXN BJHSHAR HyjJomeHu B § 5.6.

PaccMoTpiM RAHANNE TBepAWX tACTHI, COOepMallpgXCH A rase, Ha pa-
fouue napameTpnl BEHTHVRTOPA, KOHUSNTRANAS TEepAHX YACTHL B ra30BOM
[oTOKE XapakTepAIYercA KoS(GRUACHTOM [ MaccoBOX KOHHNEHTDAIHH: (=3
=M¢/Mr, rne M: — Macca TRepOMX HECTKI, NEepavelaeMpX AOTOKOM ra-
3a B ceKynay: Mr — cexyminoaf mMacca YHCTOro rasa B CMECH.

OuuTil, NpoHIBENCHHBe HA HEHTU/AATOpAX, MOKAIINHX ¢MECH ¢ MANHM
I 0Py mMenxkoli NuUM, NMePeHoCHMON  OOTOKCM BO BIBEIICHHOM COCTOMHMH,
NMOKA3HBAWT, YTO gaBJICHNE K nopaga aea'ru.usrropn TAKle Ke, Kak leH pa-
Gate ero HA yHCTOM rase.

Mnotdocts cMecH Peur= (Me-+M:)/Qew.  TlnoTnocrs wkicroro rass pe=
=M:/Qr. OTHowenne NIOTHOCTER pen/pr= {Mz+Mc) /Me. Caeporaressiio,
pea/Pr=1-+p &

paw=pr (1 +p).

OTHolle~He MOLUHOCTEX BEHTHIATOPOB, paGOTAMMMX Ha CMECH B 4HC-
TOM rase,

Noe  Pom QemBHem __ _Pem

Ny Pr Qe ghr O

Nostomy New=(1+4) ¥ Eciu BEHTRARTOp NepeMelfdeT cMech ¢ TBEp-

AUMY qaCTHIAME ISHAUHTENbHHEX Pa3MepoB, TO NORepeaHhe COCTABAMONIUE

CKOpOcTH B TypGYJNEHTHOM TOPH3OKTEJLHOM FOTOKe OKB3EIBAITCA HemoCra-

TOYBLIM# Asif NOAZEPHAHRA TBEDALIX YACTRLU BO BIBEMIEHHOM COCTORHMU,

TPOUCKOANT ALNAfJCHHE TRepAWX YECTUL Ma NOBEPAHOCTL, OFPAHMUHBAO-

Y10 MOTOK, BOHHKAET JONOJHFTEBHNAaY SaTpaTA SHEPIHE Ha npeogoJelue
CHA TPEHHA TBEPAWX JACTHL o MOBEPXBOCTD,

Beregcraue 3qAYUTEBHOR HHEPUHOHHOCTH KPYNHMWX YECTRU OHHE HE MO-

FYT c/I€I0BATL 38 MYJAbLCAUAAMA B TYPOYJIECHTHOM NOTOKEe H 4acwoTa ux Co~
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yAapenufl nospacraer, JB/THUMBAS BRYTDEUMHE NOTEDH SHEPrEH B nOTOKe,
Tlpn sToM yMeRbWaETCH A3BNICHHE pcu BEHTHASTOPa, napader ero KITA g
BOIPACTAET MOLIAOCTS,

Flonpofubie kccnenopauBs, npobezerewie M. I1. Kaxmpyiokprem, npg-
BE/IH K CIeAYIOUEM NONTYIMNHDHYECKHM 3aBRCHMOCTAM:

Peu = Pr (1 — kp W);
N = Nl.(l +hyp).

Koo dprumeHTH woppekudn kp ¥ ky ONpajeasiores no ONWTAHM nam-
BWM ¥ MPH PaSMEPAX TBEPAHEX 9aCTUK OPrBHMYRCKOO  NPONCKOXKICHMH
(topd, onraku) 0,6—3 mM cocrannsoT Rp=0,1+045; kym[5+1.7,

KospipuurenT nonesHoro neficThHA BEHTHANTOPB, NOAAOIIErC CMECh B
5TOM cayuae,

Qcm Pem _ Qe pe (1 —kpp) o Yo
Nen N+ kyp) L+ kyp

Tew =



Yacrs Il
OCEBbLIE HACOCHI M BEHTUIIATOPRI

s

[NABA LUECTAS
OCHOBLI TEOPMM

5.1. Pewreta npothunen

B ocenoll MalunHe (BEHTHJSNTOPE, KOMMpeccope, Hacoge)
nepefaya SHEPrHM C BaJa NOTOKY OPOHCXOXHT NPH NOMOWH
pafouero xozeca, COCTOSWEr0 H3 KOHCOMBHHX JOnacredi, 3a-
KpenJIeHHEIX Ma BTyske (puc. 6.1). Tak Kak koJeco MaluHL,
BpalllaHCh, YAEPKHBACTCHA B QCCBOM HallpaBJIEHHH, a JONACTH
€ro 3aKpeIJIeHH Nox YIJIoM K MJOCKOCTH BpallleHHA, TO HOJE-
co nmepeMellaeT XHUAKOCTL (WNHM ras) sfioyk océ. Ilpm stom
NOTOK HECKOJNBLKO 3aKPyYHBAETCH.

Adar paccmorpennr paGoTH OCEBHX MAIIHH MNONBIYITCH
TeopHefi pelreTkH npoguieii.

Paccexas xoyleco pUJAAHEPHYECKOR MOBEPXHOCTHIO PagMy-
coM r (pec. 6.1) a1 paspepTHBAA 3Ty MOBEPXHOCTH € CEYEHHAMH
AcnacTedl, noayvyaeMm IJOCKYIO PeIeTKy npodusiedl ocebod ma-
wurk (puc. 6.2).

OcHoBYEIE BENIHYHHL, XapaKTCPH3YIOUIHE FEOMETPHIO pe-
MeTKH, chnenyowne: {— Iuar Jonactefl, paBHHE pacCcTosHR©D
MeKAy CXOACTBEHHHIMH TOYKaMH CeWeHWl JonmacTH, H3aMepen-
HOMY B HANDABJICHHH XBHIKEMHHA pelIeTKH; b — nAuHa Xopaw
CeyeHMH JONACTH; B — mupusa peweTky — pasmep, napaj-
NENBHER OCH BpaweHns; fyx ¥ foa — AonacTHbe yriH Ka BXo-
Ne # Brixoxe; fly — yrosl yCTaHOBKH JIONACTH — YTQJ MEXAY
Xopzof JIONACTH ¥ OChI0 PEILETKH.

Tycroroil peetkn b Ha3LIBAIOT OTHOILEHUE XOPAH K IIAry:

b
=t 6.1
, (6.1)
Bennunry, o6paTHYIO TYCTOTE, HASHBAT OTHOCUTEALHOLM
HIGeOM:

1

7 f
= =— 6.2
! (6.2)
INocTpons nnanHn cxopocTedl Ha BXOXE u BHXOAe, BBelleM
OCHOBHHIE KHHEMAaTHYECKHE fNapaMeTpH NOTOKa, NPOXOAAUIEro

uepes pemeTky (puc. 6.3): &y, @y, € H U2, We, Cg3 — COOTBEI-
233

&|' It



CTBERRO NEPEeHOCHaH, OTROCHTEAbRAA M AGCONIOTHAA CKOPOCTH
Ha BxoAe M BbIXoAe; B, 4 f; — Yrnbl BXOA2 ¥ BLIXOJ2 — yrnt
MEKZy OCbI0 PEIUCTKH y OTHOCHTEJIbHRMH CKODOCTAMH HA BXO-
A€ B BHXOJE; { — yron ataky JONMACTH Ha Bxoae (MeXZy xae

caTeJicHo# K cpepHedlt JadEEH
npoduas H OTHOCHTENMBPHOR CKO-
pPOCThIO HA BXOAE); loo — yroda
aTaxM JonactH pelleTkr (MeX-
ny xopnofi npodpuan » cpenned
BEKTOPHOR OTHOCHTENILHOR CKO-
POCTEIO Wio).

N3 nnanoB ckopocred! (pHc.
6.3) cnrepyer, wuro pewerka
npogusiefl B3IMEHAeT 3HaueMyA
Puc. 63. Tlapansesorpavmu " HAMpaBienun — CTHOCHTE; b

ckopocred pewerks nomacres WOH B abcomotmoft  ckopo-
oceboll MaHHE cTel.
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XapakTepHbiMu OCOGEHROCTAMU HABJIAIOTCA 3a2KpyudBaHHe
noToRa pellieTkoll (C2u>>C\y) M HaJAyHe OTCTAaBRHHUA MOTOKA
ua peixone (670).

6.2. OcHoBlibE ypaBHeR

YpaedeHHe Hepa3pHBHOCTH. JTO ypaBHEHHe gMECT BUj
019 0 = pallcy. (6.3)
[IpuMEHHM STO YPaBHEHWe K OXHOMY MEKJAOMACTHOMY Ka-
Hany, paccMaTpuBas JionacTs AAMHOH Ar {cM. pHe. 6.1). B npe-

Aenax MaJoff AJNMME Ar MOXKHO NONIAraTh CKOPOCTH HE HIMEHS-
jorurmucs, T1a01aay BXogHOTC B BHIXOZHOTO ceyeHHN opmHa-

KOBH!, T. €.
Q =0, ~tAr,

B ypasrenua (6.3) BeKTOPH €, M Cy COOTBETCTBEHHO HOP-
MaJbHH K TJOCKOCTAM ceveHHH € u Q. TlosToMy, nonaras
Q 7 Q; HOPpMAJEHKME K OCH MAIlHHEI, CACRYET CUUTATH ¢) H
€2 OCEBHMH cocTapasiomymn abcomoTnoR ckopoeru u oBo3na-
yath uaAeKeoM a. M puc. 6.3 creayer

Lig = Wyp; Cog = Wop.
CrieflonaTesbHO, ypaBHEHAS MEPA3PHBROCTH MOXeT OHTh 3a-
BRCABO NOCAR coxpawleRus Q) B Qs Tak:

P1€1g = P2 Caq;

6.9
P11 Wy = Og Wy,
Ans HeCHKHMaeMOR MHAKOCTH py==p;, (I03TOMY
Crg = Cpy = Lg; Wiy, = Wy, = W, (6.5)

Ypapuesue sHepruu. B OTHOCHTENLHOM  JBHXKERHM gepes
paboyee KOJECO OCEBON MalIMHBI 9MEPrHA NMOTOKY HE coobia-
€rcH;, afech OPOUCXOAHMT Nullb UpecfpasoBaune KuteTudeckod
SHepruH B MOTEHIMANbRYIO. DTOT Npopecc CcompoOBOXARACTCH
AuccHnagied SHepruy NOTOKA.

Ilpn m3MeHenun yneapHOH KHHETRuECKOR SHEPrHH OTHOCH-
TEJIHOr0 XBHXKeRuS OT wi/2 xo w3 /2 nponcxoaut HenpephB-
o€ ¢IMEHEHHE AABJICHHS M IJIOTHOCTH M YPABHEHHE SHEPrHH
MOMHO 3aUHCATh TAK:

E el ©9

2
1

rie AL — 3Heprms, nepexogRilas B TeN/OTY.
H3meHenme noTeHnManbHOR 3MEPray, BHpPaXKaeMoe HuTe-
Fpanom B mpaBoft yacru paeescTsa (6.6), MOXeT GHTH BHuuc-
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JEHO B CNy9asiX, KOrJa UIBECTHA 3ABHCHMOCTS MEXIy p R p,
T. €. KOr&a H3BeCTeH TePMOAuHMAMHYECKH Mpoumecc B MemJo
NacTHOM KaHaje MauBHE. B Mammpax HH3KOTO naBjeHus

/’_'wm ‘p:

-
- W~ T
Pyer .~ Aﬂwz. -~
o >
- P

’
/ d /’}, Pac. 6.4. [Ipnmerense Teope-
7/ “ ME HMIIYZRCCR K ofipeaene-
/ rHw cnaa, jeficTRylompx ma
4 b Jonactb
v S 7
/ /
2. Wy _ J,2
Weg
PZf

(BEHTHARTOPH) — 3TO MIOTEPMHICCKHR, a B OCEBHX KOMNpec-
copaX — NOJHTPONHBI nponecc.

SHeprus, cocbulaeMan noroxy pabowefi JionacTHoii peluer-
KoOH, Moxer GHTL PacCIATAH& 10 OCHOBHOMY YPABHEHHIO IleH-
Tpabexuof MaALMKK, B KOTOPOM Hp==ff=H:

Ly = 4 (Cpy — C1)) = ey,
W3 nsanoB ckopocred (puc. 6.3) creayer

Cou = Uy —Coa ctgPy; €y =1y — 1o clghy.
INGacrapins 3HAYEHHH Coy W Cju B BHpaXKeNHe i Ly
ncnoan3ys supaxenne (6.5), nonyuaem

L, = uc, (ctgp, —ctgfy). 6.7)
Vpasueune sHepran aGCOJIOTHOLO XZBHXKEHHH uepe3 palo-
Tyj0 JIONaCTHYI0 peuleTKy OCeBoH MAIUHHB MOXKHO 3anHCaTb
aHanoruyHo ypasHeruio (3.20):
G—d

uso(ctghy—ctgb) = (N —T)+ ——+9q.  (68)

YpaaHeuHs KOAMYECTBA NBWIKEHAR, YpaBHEeHHS XOJHYECT-
Ba ABHXKCHMA CAYXM AT xJs pacdeTa CHN B3AHMOICHCTRHS MEXK-
Ily NOTOKOM H jronacTAMM ocesoll mamuub, ITycts yuactok Jio
nactu anmsoh Az peficteyer Ha norok ¢ cuaoll P (cum. puc. 6.1
# 64). Ilpoexiiuu 910l CRAH: Py —Ha OCh MAIUMHH H Py—
Ha och pemeTkd. PacCMOTp#M IOTOK NpH OTHOCHTENLHOM jBY-
KEHHH C IIMPHHOH, PaBHOK 1Iary pelleTKH.
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Yepes ccucHue -/ NMPOXOEHT B CEKYHAY Macca Ariwiqp,
,612121011a8 B HANP2BJNEHHH OCH MAILMHH KOANYECTBOM XKBH-
aeHuA ArfwiapiWia, aHAJOTATHO ANA CeUEHHA 2-2 Arf{ts,pot0ag.
" EcaH p H py— EanJieHus B ce9eHHsX I-! W 2-2 noroka, TO
06)CNOBJHBAEMEE WMH CHAH. —~ COOTBETCTBenHo Arip, H
Aripa.

Hunynse BHeWIHUX cuJ, AefcTBYIONIMX Ha NOTOK B uanpas-
Jellll NAaYaneHol CKOPOCTH, paBeH H3MEHeHH}0 KOJHUecTBa
JBHXCHAH MOTOKA, MOSTOMY

(P, + rtp — Brip,) le =— (Arip, u}, — Artp ).

3rak MHHYC B Nipapofi uacTd PABeHCTRa YKa3HBaeT HaA TO,
yTO W3MEHEHHE XOJHYeCTBa JIBUIKEHHR paccMaTpUBaeMOrQ
cbreMa MYMAKOCTH BHIEIBACT CHAY, ACHCTBYIOINYIO HA J0NacTh
p nanpaejieiny, obpatioy Pg, Cllien0BaTensHo,

P, = At (p,—p,) + Art (p, w}, — p,wga). (6.9)

A5 HeCXKHMaeMOH KHUAKOCTH Py =pz B NO YPABHEHHIO
{6.5) Wia=1wyq, NOITOMY

P, = Art (2, py). (6.10)

Pelerxa npogune#t, nepementaomasn HECHUMAEMYI0 MHj-

KOCTb, HC H3MEHACT OCcebOl CKOpPOCTH 1OTOKA; OceBafl CHJia,

NpUJIOKEHHAA K IOTOKY, PACXOAYeTCs Ha NOBHILeHHWE aaBie-
HESA.

[TpuMennM ypapHeHMe KONHYECTBA ABHIKCHMA NS onpege-
JeHHA TaHreHpuasieHofi cocrapnsmomell Py, Jlna storo 3anu-
weM YpaPHeMHe KOJHYSCTBA ABHXKEHHH B NPOCKIMH HA OCb
pelLeTKH.

Konruecrso apumxenus B cevennsx I-1 m 2-2

Artw,, py Wy, ¥ DAriwy, py wy,,.
YpaBHeHHe KONHIECTBA NBHIKCHHS
Py Ic =— (Artw,, py ey, — Arfy, py w,,).
Orciopa cnenyer
P, = Brt(py Wy, @y, — P2t Wyy).
Hcnonwayst pasenctao (6.4), nonynaem
Py, = Arlp, w,, (Wh,, — Wy,,). {6.11)

PeaynuTHpyloitas nmonyyaeTcss reOMeTpHHECKHM CAOKeHH-
N cun Py u Py,
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YpaBnetve UNPKyASunH, O6mee BuLpa)enne aas UHpKy.
JIALMH

I‘=Sﬁccosads

JIETKO npuMmenfercs X npotdunio pelwerxku. Pacemarpyras kox.
Typ 1-1-2.2-1 {cm. puc. 6.4), npeicTaBnAen WHPKYNSILMIO Kak
CYyMMY Cl{efly I0IHX HHTErPaNoB:

2
r=fwmdt+ {wds— fzw,ud:—-fwds.
i i 2 ]

Beuay Toro uro xuunn 1-2 u 2-7 reoMeTpHIECKH OOPHAKOBE
A CKOPOCTH B COOTBETCTBEHHHIX TOYKAX paBHH, BTOPOK W yer-
BePTHH nHTErpain cokpaliawres. CleaoparelbHo,
r-—— ‘. (wlu _wzu) d.

ITockompky Wiy H Way ~—— NOCTORMHEIE, CPEJHHE NO LIary
BERUYNHY,

' = {w, —wp ). (6.12)

Tecpema H. E. JKyxosckoro. IlogpemHan cuila 1onacTh ¢
=1, nppxywefics B KeoT'PaHHIeHHOM TPOCTPAHCTAE,! ompe-
nensiercn kaBecTRo# Teopemoit H. E. JKykosckoro

P, = pul, (6.13)

TZe W — OTHOCHTENbHAA CKOPOCTh Kaberaoumero motoka; I'—
UHPKY IS 110 KOHTYPY, OXBATHBAIIEMY JONACTD,

30MMPOBARHAA JIONACTh HE HIMEHACT NapaMeTpon NOTO-
Ka: OTHOGCHTENbHAA CKODOCTh NEpEl NOHACTBIO H 34 HEW GRH-
Hakora, Pemerka nonacrelt, kak 570 BRAKO HA puc, 6.3, Hame-
HAeT 3HayeHue M HanNpPaBreHHe OTHOCHTENLHOW CKOPOCTH
{wi7wy). B sTOM 3akniouaercs cylleCTBeHHOe pasiHYKE B
ZeficTBHM M30JHPOBAHHOH JIODACTH M PEWETKA JNOMacTel HA
NOTOK.

Teopema H, E, ’Xyrorckoro nns snonacte pewerks

P, = pl'w.. (6.14)

W3 pue. 6.3 AcHo, 910 ws NpeAcTaBaseT coboli cpeaHIOF
BEKTODHYIO CKOPOCTE

;&m == % (5! +Tw2).

! Tagyio nonacTb HAWBAKT H3CNHpOBaRROML
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B cnydae OOTeKaHHfl PEIIETKH Ta3oM NJOTHOCTL p B ypas-
wenny (6.14) MoXHO mosaraTb cpeAKeapuMeTHYECKOH NJoT-
jocTeil BXOAa H BHXOAZ,

HerpylHo Y6ennThes, 4TO Hanpabnenne cuan Py nopMans-

110 K BEKTOPY Ww (pHC. 6.5).
AspoauuamMHveckue KosduumenTn, Pacnpoctpansas us-

pecTHHI! B 23pOMexaHyKe Cnocob pacuera i, LefCTBYIOLINX

& 0
3
¥ lﬁ“"h) 3
30 »
¢,
p Y
@”l 0
[/ [
Cx
Puc. 65, Conn, neficToyionire co m
CTOPOHK! JGNECTH HA MOTOK
N o
Puc. 6.6. PesyibraTH HCnEITRENSA S |
PeLISTKN TIPH MAJLIK CKOPOCTAX > -5 -5 ¢ 51

Ha H3CJIMPOBAHHYI0 JIONACTb, Ha peweTky npoduiel, MoxHO
3ANHCATS

ol
F=aob=s

! {6.15)

Woo

'Pa="‘:pr v

rle €y ¥ €x— KOSGPHUHEETH TNoAbeMHON CHAN H JoGoBoro
conporeBaenus; Py B Py — NolbeMHan u NoboBas CHINW B3a-
HMoaeficTBYS NOTOKA M MpoduNd pellieTky.

KoappuureHr ¢x MoKeT GHTL oOpeliencH TOABKO OMHITHHIM
nyTeM; npn6GAAKEHHoe 3HAYEHHE £y MOXHo HalTH TeoperHye-
CHH, 2 TOYHOE — W3 ONHTA,

Conoctasus  ypabHesuf (6.14) u neppoe u3 ypasuenuh
(6.15), nonygum

W
pwa=cy pb—2—o



CaenoBateLHO,
Pe=c b=
¥ 2 .

INocnesHee ypaeuenne copMecTio ¢ ypaeHenueM (6.12) noapo-
JISIeT OTIPENENUTD Ly

ol Wy—wy,
Cv —27 T".
(~°]

N3 puc. 6.3 ameem

—%’- = cigf sin P u %—v_- ctg B 5in Po.

Iosromy
€= 2‘T (ctg B, — ctg By) siil oo, (6.16)

370 paBeHCTBO HACT BO3MOMHOCThE pacyeTa KOS(@UUHEHTA Cy
10 HABECTHHM NapaMeTpaM pelleTKH npodpuneil.

Tounbic SHadeHHH €% H Ly NMONYYAOT MyTeM NMPOAYBKH pe-
IIEeTOK JjionacTeft paayimgHHX (opM IpH pasHBX YINIAX aTakM;
NpOU3BOLs H3MEPEHHs1 CKOPOCTH, ILMOTHOCTH K CH Py n Py,
NPOM3BOAAT pacuet £y M Cx No yparHeHusm (6.15). Pesynbta-
TH ApoAYBOK H306paKaT rpaduyeckd, Kak 3T0 MOKASaKO,
HanpuMep, Ha puc. 6.6.

Ilono6pas npu NMpoeKTHpPOBaHMK HHArPaAMMY AJIA PEUICTKH
IAHHOTO FeOMEeTpHUECKOre THNA K 3a]aBafl Yrod aTakH, HaXo-
LAT N0 LHATpEMME 3HAYECHHS €y W €x M o dopmynam (6.15)
BEUHCAAIOT Py n Py,

6.3. Hanop, norepu sueprmM, KNJ

TeopeTuuecru#t nanop, coagaBaemull paBoguM Konecom
ocepoft MAMIHHE], MOoXKeT 6LITH BHIMCIEH N0 ypaBHEeHHI0 Sithepa,
B KOTOpOM Clle/lyeT NOJNATATh Uy =Hg==4, [IpH 3TOM YyCNOBHH
nonyuaeMm ypasuehne (6.7). Beeaem B 310 ypaBHenMe KOS¢-

(puuKeHT paciona ¢:
® = Colu, (6.17)

onpenensomnli o6beMHBR pacxon, npuxoAAnpIics Ha eAuHH-
ny mJoOagy NonepedqHoro CeyeHHs peLUIETKH somactied.
Torpa nonyunm

H,=-:—c¢(ctgm—ctgﬁ,)=+:q>(ctgﬂ,-ctgﬂ9. (6.18)
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Tcopem yeCKoe gapiaeHue, co3napaemMoe KojeCoM,
by = pgH, = pt¢ ¢ (ctg Py —ctgfhy). (6.19)

[MoTepu SHePrHH B OCeBHIX MallKHAX OGyCAOBAUBAIOTCA
TPeANEM H BHXPeo6pa3oBaueM B MPOTOYHLIX NOJNOCTAX, nepe-
TeRAHHEM YACTH NOTOKA Hepe3 33a30pH, MEXAitdecKMM TpeHH-
¢ B TOALIBNHEKAEX H YILIOTHEHHAX.

DdpeKTHPHOCTL PELIETOK OCEBHX MALINE ANA KeCHuMmae-
Mol JKBAKOCTH MOXeT OllenHBaThcs mnocpencreom KI1J pe-
[reTKH

P P
~ - 6.20
TETIE (6.29)

rie P H Pr— LEHCTBHTENLHOE H TeOPETHUECKOE IOBHILIeHHN
NABAEHHA B pelueTke; AP — MOTEPH AaBMeHHs B pelIeTKe,
Ecnp pelueTka ropmllaeT faBJeHHe C Py 40 Pz, TO

Ps— Pi
= 6.21
o e — Pt Ap (0.21)

Jns Hecskumaemol MHAKOCTH N0 ypaeHeHuio (6.6)

v’ — wl
p—ptBp=p——. (6.22)

Ha nnaxon Ckopocrefi 8X0na ¥ BHXOAA CAeAyeT

o] —wj

(Y _§__ = P(Wm ""wzu)wa Ctgﬁoos

rlie P — YTORX MeiKJy BEKTOPOM Wa, H OCbIO pPemICTKM.
Hicnonssys suipaxenre (6.22), nonyuaem
P

," ctg Beo.

ps—pL+Bp=

[lo ypaprennio (6.10) ans pemteTkn ¢ Ar=1
Ps— P = Pu”'

CrnepopaTensHo,

Py

P, P
o=t i e =pa

P_ctg e (6.23)

B coorrerernuu ¢ puc. 6.7
Py =P, c0sPo— Py sinfu; P, =P, cosPs + Pysinfe. (6.24)
15559 20



W Pre. 6.7, Cocrapnmowmmne caau, geficy-
BYIOLNHE HA Jonacip OCEBOi MAallHup

P~
P IToncrapap 3nauenus P, u
P, v Bupaxenue (6.23), noene

npeoGpazopanpit NONYIHM
f _ l—pctef,

=— 6.25
y — S Teagh, 't )
,@J___X Py rze p— o6paTHOe KauecTBo 1po-
§uan,

Jas nonacrefi ©oceBHX Ma-
mpn p=0,02-=-0,04. Ilpn p=0,03 1 B,=25+45" KI1Il pewer«
Kn 1p=0,90-=-0,94.

Has nesniwenns KITJI ocepoil mammpe cneiyeT MpHMe-
HATE NPOQUAH € BO3MOK(IO MEHBIIHMH 3HAUEHHAMH u.

Ot TEOpeTHYECKCTO IABNEHNS, ONpeAensieMor0 paBeHCTBOM
(6.19), mMoxHo MepelTH K Ae/ICTRHTENbHOMY [ ABNEHHIO

£ = 1p py = pu® @ (ctg By — ctg B) . (6.26)

JHeiicTBuTensHoe LaBleHHe, CO3LaBaeMOe CTYNEHLIO oce-
BOIt MaNTHHH, eCThH pe3yNbTaT COBMECTHOro AeficTBHA NOHBOLA,
pewmerks paouux nonactei n otBoaa (anddysopa).

B crsope mposeasercs anddysoppnil adipekT, nopHIIal-
Mk napsicHue,

34
2 ]
rlle €3 B Cy-—— abconloTHHE CHKOPOCTH Ha BXole W BHIXole OT-

pojla (augpdysopa).
Ecnu. ZAp —roteps  HaBlieHHA B [OABOAE W OTROAE, TO
JlaBfieHHe, CO3]|aBaeMoe CTyNEeHbIO,

Por = 2 @ (cigP, — ctgBy) mp + Apue —ZAp.  (6.28)

TMorepr ZAp paccunttiBaloTes o opMyNaM FapaBIaKa
KosdpuureHTH MeCTHHIX fIOTEPL 32BHCAT OT KOHCTPYKTHBHEIX
{opM nonBOAA U CTBOAA.

Mexannuecknit KI1J] yquTHBaeT nmoTepu sueprum or Tpe-
Hus B YNIOTHeHHAX, NOMMIMINNAKAX R JBCKOBONO TpeHus,

Ty = 0,94--0,98,

O6rveMHHE NETEPH HEIBAUHTENBHEL o~ 1,
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Iuapaenugeckuii KIJI eryneun
Y = Per/Ps. (6.29)
J11% OCeBHIX HACOCOB H BERTUARTOPOB
1 = 0,75+-0,92,
Noanui KA crynena
M) = N M, = 0,70-+0,90,
MolHoCTL HA BANY

N =Mt (6.30)
1000n

6.4. MHorocTynenuaThie OceBLie HBCOCH M BEHTMNATOPS!

Ananunaupyn ¢Gopmyay (6.19), MoXkuo BHLEThb, YTo paBJe-
HHE, C03/laBaeMO€ OfHEM KOJIECOM OCeBOH ManipHH], orpaHuye-
10 CKOPOCTHHMHE H reoMeTpuuyeckAmH ¢axropamu. B compe-
MeHHbIX OCEBLIX MANIKHAAX TPAHCHOPTHHIX YCTAHOBOK NPpHMECHA-
10T OU€Hb BHLICOKHE OKpYIKRHlE CKOPOCTM Ka KOHIjax Jjonac-

| X

TXTTSKT < T

Puc. 6.8. Cxema oce-
ROH MWallMHH ¢ TpeMH ———————— Larene
CTYNEHAME

Tefi—zn0 400 m/c. Ho pawe aro Bo msiorux cnyvasx ue obec-
rneynBaeT nonyyeHRA HeoOxCIHMOro JlaBieHuA. TOI‘}],Z npunMe-
HSIOT MHOTOCTYNIEHYATHIE MALIRHEL
Ocepasi MHoTOCTYIIEHTATAN MAILYHA HMeeT HECKOJbLKO oce-
BLIX KOJieC, HacalKeHHHIX #a obuwmi Baa (puc. 6.8). [Ipu sTom
MEeXJY KamMJsIMH ABYMS paﬁolmmu KOoJieCaMH CTapHTCA HA-
npapnswimh annapat. Ero HasHayenHe -— pacKpySHBaTh MO-
TOK, BHXOAAlN#A K3 pabouero koneca, W NpHAaBaTh eMy Ha-
npasnenne, neodxonumoe nzs sipdexTiiBnCH nepepaun skep-
rug B crenyomeR cTynenn. B nanpasnsioumenm anmapare, xpo-
M€ TOrQ, NPOHCKCAMT NpecHPA3CBAHKE YACTH CKOPOCTHOrO Ira-
nopa B NOTEHIMANLHYIO SHEPTHIO,
HanpapnsoulMlf annapaT OGHYHO BLITNIOJHSETCH M3 Kpu-
BOjinHeHHHX OpopANell nepeMEHHOK TOJMIMHE, 06aanaloulBx
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Maalm n06OBLUM conpoTHBaelpeM. KoanlecTBo crynenesi pag.
JielluA B OCEBLIX MALINNAX OOHMIRX TUNOD pocTuraer 20,

6.5. OcoGeHnocry yenoawhi paborbi ANMHHLIX nonacyek

ANeMeHTH Jonacrefi OCEBOH MAIUNMH, HAXOAAIULMECH Ha
Pa3JHYHLIX pacCTCAHHAX OT HEeHTpa, BPallaloTCA ¢ HeOARHAKO-
BHIMH CKOpOCTAMH. BeJleACTBHe STOro JomacTh ¢ IMOCTOSHHOM)
IIHPHHON M NOCTOSHHEIMH YT/IaMH BXOAA W BHIXOJA CO3faet
Hanop, H3MeRsA0LINiACA N0 AJaWHE ee. 3TO NPHBOAAT K Paiu-
AJLHHM NepeMellleHHAM YACTHI MHAKOCTH B [IPOTOUHON [10JI0-
CTH pa6Gouypx KoJeCc H oTBoloB H monwxkednno KIII mammuiw,

flpnetine paauansHoro nepeMelllendsi OCOGEHHO CHJBHO
CKa3LIBAeTCH B CTYIEeHAX MAlUMHH ¢ OTHOCHTENEHO $OJBILORH
JuHo# nornacrt. [TosToMy CTymeny oCeBHX MAalIPH € 604kl
JJIMHOH JomacTeil o6HYHO MPOEKTHPYIOT HCXOAN H3 YCNOBHM
OTCYTCTBNS PalHaibLHEIX NIepeTeKadHil MHIKOCTH,

B Teopny oCeBHIX MALUHH NOKA3aHO, UTO YCJOBHE pPalualbe
Hore paBHCBECHA, ecs NMpeHeGpeub CwjiaMy BAIKOCTH TOTOKa,
BLIPAKACTCH PABEHCTBOM

rc, = const, (6.31)

310 cooTHelenne HMeeT GONbLIOE NPaKTHYECKOE 3HAYense,
NOKa3HBaf, YTO OTCYTCTRHME DAaJANajbHHIX NepeTeKanHi BO3-
MOXKHO JMlIp TPM NOCTOAHCTRE IAPKYNALMK MO JJHue Jofa-
cTi. B 3TOM cllyuae KaxAas yacTHI[2 NOTOKA OBHIKETCH MO LH-
JMHAPHYECKOH MOBEPXHOCTH COOTBETCTRYICIIErO paiHyca.

YpaeHenre (6.31) smanerca paxRHefilIHM NOJOXEeHHEM
BHXpeRro#él Teopuu po3aywHux puaTop H. E. Xykosckoro, Bu-
NOJIHEHHE ero NS OCeRBIX MallH JAaeT CyUeCTBeHHOE NOBH-
wenne nx KITM.

Biusnne ycnoena (6.31) Ha xoucTpykTtHBHYIO (bopMmy JNoO-
NacTH NPOABAACTCH B TOM, UTO OHA NOJYYAETCR 3AKPYYCHHOM
(BuMHTOROH) ¢ NepeMeHHBLIMH YIVIaMB Bin 8 fon fo mauHe, Ta-
Kve JloMacTH BMElOT WIKPOKOe NMpHMeHeHHe, B ocOGEHHOCTH B
MALIMHAX € MAJLIM OTHOCHTENbHLIM JHaMeTPOM BTYJKY.

B Maillynax ¢ GoNbUIMM OTHOCHTENLHEIM AHAMETPOM BTYJ-
KM JIONACTH BHNOJHATCA HE3aKPYUYeHHHIME, Bo © Xopaol,
yMeHbiaouelics K nepuepun.

6.6. Pacuer ocessiXx HacoCob W DEHTHNATOPOD

Onpenenelne OCHOBHBIX pa3MepoB OCEBHX HACOCOB M BeH=
THAATOPOB [1POH3BOANTCS HA OCHOBe ypaBHenmjl Jitnepa n He-
pa3phiBHOCTH ToToKa. [Ip 3TOM YuUHTHIBAIOTCA OCOGEHHOCTH
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aboThl cTyneHefl H KOHCTPYKTHRHHE COOTIOWEHNs, NPHHATHE
s ypakTuke. Jlas pacera posKHE GBiTb 3apans: H — Hariop,
phpAXEHANA B METPaR CTOA0A CpeAH, MepeMelnaeMol Malln-
wolt; Q —nozaua, M3/c, H PpIUUECKHE KOHCTAHTH CpPeilbl.

OcepHe MAIHULI COSAMHAIOTCA ¢ SJEKTpOiBHrartesieM He-
1 PeACTBEHHO; B TAKHX CNywaRX YaCTOTy BpallleHHsa MaMHHAI
np:KEMAIT PaBHO# paGouel gdcroTe BpAlleHWs SNEKTPOLBH-
raTedd.

CCOTBETCTREHIIO0 OKPYMXHLHIe CKOpOCTH KOHloB Jomacred
OKA3HBAKNTCA 3nauMTenbHHIMU. Tak, B cayuae HacoCoB ACMyC-
Kal0T OKPYXXHEIe cKopocTH Ho 60 M/c; Goaplume 3HAaueHHs!
ye TNPHHEMAIOT N3 YCJIOBHE HefOMyCTHMOCTH KaBHTALMH,
B oCCBHX BeHTRIAATOpax obHYs0 orpasHyHBAaIOTCH CKOPOCTAMH
o 100 m/c Bo nabexanHe MOABNEHHS CHILHOINO MiyMa. OtHo-
cHTRAbHHH JHaMeTp BTYJKR NpHHEMAIOT v=2Dp/Dp=0,4--0,8,
nprsem 60ablune 3HayeHHs BHIGHPAIOTCA AAA BHCOKOHANOp-
HE{X MalaH,

KosthuupenT pacxoia ¢ npHHuMaioT B npegenax 0,4—0.8.

Huamerp paGogero kKoJieca MaluMHbH MOXeET 6HITh clpelie-
nell 13 YpaBHeHHs Hepa3pHIRHOCTH

Q NDyn
Cq=————— = kgvu =hgv———,
0,785D2 (1 —+%) ks kov 60
e k= c,lu,.
OvesupHo,

D, =291/ — 17 0 53
e l/v(l—\#) kgt (5.32)

[lpn pHI6paHHLIX v ¥ k g MoCJlessiee PAaBEHCTBO OJHO3HAYHO
onpelenscT HMaMeTp Kojeca oceBoit MallmHH., O6LIgHO Ro =
=0,6=-1. Jlanee onpepensercs puamerp BTYARH Dyr=vDy n
HaxonnTcs FAMHA JONacTH

Dﬂ _— DET
—2 .

LieneccofpasiocTh NpHMeHEHHA BHICOKHX JacToT Bpaiue-
Hifl HeNMOCPEIACTBEHHO AcHA na supaxeHnn (6.32), nokasuea-
loiero ymeHpuienye Dy 1py NOBHILEHHH f.

Kak 6bno ykaaaHe Bhlle, 3ileMeHTH JIOMACTH, HAXCHAIM-
€cfl Ha PAa3HHX PACCTORHHMAX OT LEHTpa Koleca, paGoraior ¢
paanuunolt sdexruenocthio. [TosToMy pomyckaercsh pacuer

ronacreil no cpefiHeMy nHaMETPY Dc,=V(D§ +D%)2 y upn-
MeHeHHe WAMHHAPHYECKHX JonacTell Tonnxo npe v==0,7.

I =
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[pr v<0,7 pas6uBaioT Jonacre no anuue ua 7—10 ygacr.
KOB ¥ BeAYT pacdeT KacJOro M3 HuR OTACTBLHO MO CpeAseMy
AMaMeTpy ero, TMONydasm pa3THUHbE 3HAUEHHA JONACTHHIX yr-
JICB H& BXOJle H BHXOAE, JONACTh NOJNYNAETCH 3aKpydeHsof
(eunToOROI).

Tak kak oceBas COCTABARIOIIAA Cq CKOPOCTH AR NPUHATONO

SHAyeHHA @ M3BECTHa (Ca==Qu), TO NPH OTCYTCTBHH 3aXpyT-
KH Ha BRoOJ€

B, = arctg e fugy.
¥Yron BHIX0/12 IOTOKA M3 MEIKJONACTHHX KanajoB

=arct __c..a__. .
B gucp_%

Bennunna ¢ OonpenesAeTc H3 OCHOBHOTO YpPaBHeHHA Ma-
LIMHH

gH
Ty lep '

rie H —uancp ollrcit CTYNEHE MALIMHE; Ty — FHAPABJIATEC.
knit K1, nexamuil s npenenax 0,75—0,92,
JlonacTHre yrab Ha BXole ¥ BHIXOZe:

Pua =By + 1, i=2+7%
ﬁm =Pt AB:::

rie Afx NMpUHMMAGTCH NO pe3yibTaTaM SKCIEPUMEHTANbHBIX
NPOAYBOK PelleTOK JonacTen.

KoamnyeeTso pabouux sonacrell oceBHX HacOCOB BHGHPAIOT
oT 3 o 6, a oceBBIX BEHTHARTOPOB — 10 40,

B MHONOCTYNEHYaTHX OCEeBHX MALIMHAX MexAy BeHuaMu
pabounX aomacrell AByX CoCeAHHX CTyIeHeil noMellaloTes BeH-
IH HeNOAPHXKHEIX JIONAaTOK, HANPABIAIOLIMX NOTOK, NPOXOAA-
wuii H3 ofiHore paGodero xojeca B Apyroe (cM. puc. 6.8).

¥ros BXxolla HanpapAANINX JONATOK og=arcig /oy, 2
yron BHXoAa cg===90°

[1py HsBecTHoM 3HayeHHR OTHOCHTENBHOIO WWAra MpopuAf
1=10,5-=-1,5 onpenennerca xopaa npodpras b={/t (rne ¢ au-
9HLIIAETCA 110 ANaMeTpy KoJleca M [PHHATOMY KOJNHYECTRY JO-
nacrefi).

[ocrpone cpefpol auHnw npoduna no yraaMm Pra, Pea M
b, 110 CTHOCHTEeNIbEHM KOOPAHHATaM MpO¢pHAEH MOXHO NOCTPO-
HTb OIpOGHUAN JonacTeidl,
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[Tpu pnuuRuX nonatkax (v<<0,7) xopay npotpuns usme-
HRIOT 110 AJHHE TaK, uTobu bpr= (1+-1,6)bs, rae by — xopna
npo(AA HA OKPYIKHOCTH HapYIKHOro AMaMeTpa Kojeca,

6.7. XapakrepMerino. Perymiposatne noaaum

AHaNOTHYHO UNEHTPOOEKHLIM MaliMHaM XapaKTepHCTHKH
oCeBHX MAalrH Aal0T 3aBACHMOCTH Hamopa (,uan.'leﬂnng, MolLL-
goctit HA pany B KILJ or nmonaun, XapakrepucTukn moayua-
10T OOHIYHO MYyTeM HCHBITaHHA TPH MOCTOfHHOM yacTere Bpa-
HEHRA H TePecynTHBAOT HA Pa3NHuHble YACTOTIE BPAILIEHHA
no (opMyJiaM MponopLH OHAILHOCTIL

(opMa XapaKTepPHCTHK ONpejeafieTCs KOHCTpYKUMEH u
a3pOAMHaMHUECKUMY CBOHCTBAMI MalIHHBI,

. LY LA,
: 2 A 7 %
6?2? \\ _/:,-mw/w N N b\‘"
7= L]
2PN +—t \\ 2%
\\ I=%00 00 fven 5
10 4 I3
f\;_"\\ 1
g S 8 r P 5
)
L A o) B MO iRy A
8 B3 W 2 K K% &
2
Puc. 6.9. Xapakrepucrekn H=}(Q) AN
OCCBHYX BEHTHJATOPOB: 7 < b
] — BeHETIRTOP cepim Y-12 MW 16 2 — o ] \
BERTHJATOP CEPHH 1.3
o5 | I
Puc. 6.10. XapakTepncryua 0Cesoro Gy Qe &

BEHTHAATOpa NPH = const

B orauune of ueNTPOGEMHHX MAall¥H XapakTePHCTNKA Ha-
nopa (naBneHHs) ocemoii MANIMHE YACTO BMeRT ceanoobpasnylo
¢opmy (puc. 6.9), ofHako y HHMIKOHAMOPHEIX MalUMH BCTpeta-
eTcs ajaoias ¢popma 3Toi XapaKkTe pHCTHKY.

CennioBHHa Ha XAPAKTEPHCTHKE COBACHACTCA CHHIKEHHEM
NOLBeMHOK CHUNBI JionacTedl Npa MasnHX NOAAYAX H NOBHILICH-
HHIX yrIax aTaka ¥ HAJHUeM BYOPHYHBIX TeueHHH.

XapaKrepiUCTHKY MOUHOCTH OCEBHX MALIMH IOKA3HBAKT
YMeHbleHNe MOLIHOCTH NPH YBeJnudeHMH Q wau 6AN3KM, Kak
Y BEHTHASTOPOB, K Iropa3cHTanbHOfl auHuM (puc. 6.10). [lo-
SToMY MyCK OCEBHX MAIUHH JONYCTHM NPH OTKPHITON 3aHBHM-
Ke Ha HanopHolt TpyGe, T, €. noj, Harpyakoh.
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Xapaxtepuctuke KI1J1 oceBrix Maumnn ¢ paGoyuMe Jonac.
TAMY, MECTKO IAKPETJIEHHHMY HA BTYJHKE, HMEIOT De3KO BR.
paXceHyHIiT MAKCHMYM; NPH OTHJOHEHHH PEMHMA MANINHH of
ontimanbroro KIM azeck peako uamensercs.

HEKOTOPHIX CIyuasix oceBhle HACOCH BLHINOANAIT C MOBO-
poTHHIMH (HAa xoly) pabouum nonacraMB, B sTux eayyamy
BOIMOXHO 3HaunTelIbHOe H3MeseHue pacxoaa Ge3 CyulecTeen-
Horo cHnxenus KT1JL

Pa6oupii yuacToK XapaKTeDHCTHKW YCTAHABIMBAETCH B
crabunpHolt uacTy ee npaeee rop6a 5 (pwc. 6.10). Makcey-
MaJIbHO JONYCTHMOE JlaB:
b7 JAenne cocrannser 0,9 nae-
JIeHHA B Todke 5 Xapaxre-
prcruxd. HonyctuMoe mo-
Hukensioe 3HaueHwe KI1J
cocraeafeT 10 0,9 Nuaxc.

XapaxTepreTHK  Oce-
BHX MallHH, TaK e Kak
A UEHTPOGEMMEIX, MOTYT
6hITL JaHH B 6Geapasmep-
HEIX KOOPAHHATAX.

Perysmponanne mofaun
OCEBHX MalIAH  MOMKeT
NPOH3BOLATLCHA H3IMEHEeHH-
eM uUacTOTH  BpalIenHs,
Puc. 6.11. PaGouas ofnacts xapskte- CPOPOTOM paGounx Jona-
DHCTHKH CTelt, HanpapnsloLI#M am-

napaToM Ha BXole M Jpoc-

cenaposanveM.  [lepBuit
cnocol wantonee spdexturer. Jlpoccensuoe perynnpopaHue
6c0o6EHHO HeSKOHOMHYRO, IOTOMY 9TO Npd STOM Op# NOHMME-
HMH NOJAadH MOUHOCTH OCTAeTCA IOCTORHHOM BJH BOSpacTaeT
(puc. 6.10). llostomy pacxoln SHeprpn Ha elHHHUY OGbeMa
nepeMeliaeMofl CpelN NpH peryJupoBaHHMM 3THM CNocoGOM
YBeJIHYNBAETCo.

[Ipy perynnpopaHnu OCeBHX MalmMH [IOBOPOTOM jonactel
pa6ouero KoJieca HIH HAanpaBAAIOMMM aNnapaToM Ha BXOAE
JIOCTUTaeTCA OueHb SKOHOMHOE HCIOJNb3oBAHME JHePrHH MpH-
BosA.

Ilpn perynupoBaHHH OCeBHX Mallp [IOBOPOTOM JIONATOK
pabogerc xonech MAH UANPABNAIIMIMM anmnapaToM yno6no
NO/b30BATLCA THIOBHMH pPEryJAHPOBOUHBIMH XapaKTEpPUCTHKA-
mn. PaGoyas ofnacre xapakrepuerHK, orpaHHiNBaeMas 3Ha-
geHAMN JORYCTHMBIX Kl’f}.‘l, BHIEJIACTCA HA XapaKTeplicTuKe
(sawrprxoBannas naowanka Ha pac. 6.11).
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(NABA CEAPMAS
KOHCTPYI““H“ OCEBRIX HACOCOB M BEHTMNATOPOB

7.1, Ocesple Hacock

Ocepnie Hacock Gonblloli NofaYu BHIOAHAIOTCH € BepTH-
ka’bRBIM PACIOJIOKEnneM Basa,

PaccMOTPHM KOACTPYKUHIO Hacoca, NPeACTABJIEHHOrO Ha
puc. 7.1. K cralune I, onmpaiomeiica na paMy u3 lupensepos
2, KpenuTcA KOpnyc 3 ¢ HaNMpaBnsIOWMM annaparoM 4. Ha ko-
\IMCCKYIO 3aTCUKY HHIKHEro KoHla Bana ca)kaeTcsl cTynmua &
paoucro KoJeca, Kpendllascsl [pH NOMOWY BPe3HOA LmOHKY
u raiku. Jlobosas yactb CTynHuE o6paGoTara B BHAE Teda c
MaabiM COIpOTHE/IeHeM NPH 06TeKaHHH.

JlonactH RanpaeaslOwWero annaparta 4 [oAAepHKHBAIOT
cBONMY BHYTPEHHHMH KOHIAMH KPWBOJMHeHHyI0 BTYJARY 6
(sazmufi o6TekaTenn), Ha BHyTpeHHeM (uakie KOTOpOH Kpe-
TIRICR HAMHKE NOAIHMIHAR 7,

Potop #acoca, cocTosilMA 43 pajna ¢ obnuuoekod 8, paGo-
gero Kojeca, COeAVHYTENbHOH My(QTH M yNOpHOTO KOJbI&,
noAselled Ha ymopHoM MOIMIMIHHKE, NOMENIEHHOM B Kopmyce
9. TakuM o6pa3oM, BCA OCepaf HArpy3Ka nependeTcs Ha CTa-
HEHY Raceca. B Kophyce 9 pacriosiomen TakKe M BepXHuii noa-
wunHpk, B TyM6e 10 cMOHTHPOBaH CaNbHHK.

Cmaska BepXHNX MOJKHIHHKOB MPON3BOANTCS TyCTol KOH-
cHCTeHTHOR Masplo MpH [OMOILH rpecc-MachaeHok, HmxHuid
NONUIANHKHK HMeeT ROARHYIO CMA3KY.

Mpn He6oNbIUKMX Mojauax BCe AeTajH Hacoca, XpoMe paja
U KpeleHHK gactelt (KoZell, BTYACK, 60RTOB, raex), sHiONR-
HAIOTCA H3 YYTYHHOrO JNTbA.

B Hacocax aHayumTenbHok Nofayw pabodee KoAECO BHIOJ-
HAETCR H3 CTaNLHOrO JHTHLA, JlomacTw MeTYT HSTCTOBIATHLCA
OTZENLHO OT BTYAKA M KPENEThesi K Hell olliiéiM MW HeCKoNb-
KnMII GoaTaMHu.

VlaBecTHE KOHCTPYKIMH OCEBHIX HACOCCB, BHIOAHEHHLIE B
OCHODHOM M3 JBcTORCH W (PacoHHOI cTany cRapHBM clecobom.

Hacoc npuBoputess B ABMIKeH#e BEPTHHAJBHEIM 3JEKTPO-
IBorateneM.

KOHCTPYKUME OCeBHX JBYXCTYNEHYATHX HACOCOB 3HAYH-
TeILHO CAOXKHEE M BHMOMHAIOTCA C XOPIYCOM, HMEIOHM pash-
€M B MepuAHOHANBLHOf NAOCKOCTH,

[ pomuutnennocts CoBerckoro Com3a BEINYCKaeT oOCeBHle
Hacocw Turee O u O, Hacocw trna O umeloT Xecrkoe xpe-
Wenne nonactefi Kk BTyAke, Tuna QI — nopopotioe Kpen.ie-
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Hue (MOBOPOT — NePeCcTaHOBKA NOMAacTelt — NPONSBOANTCS mpy
OCTaNORNEHHOM Hacoce),

HmeloTcss KOHCTPYKI#Y KPYNMHHX OCEBHIX [1ACOCOB C JIOmac-
TAMH, NOBOpauNpaeMHME Ha XOLYy Hacoca 4epe3 MNOAHH Bay
AHAJIOTHYRO [OBOPOTHO-NONACTHEIM THApPOTYPGHHAM, Do pa.
er GoJplye YLOGCTBA NpH PEryNHpoBakily MOAAYH [IPH COXpa.
Herun Buicokoro KI1. Opnako 3107 cnoco6 yclOXHser y

* Pnc. 7.1. BepruxaasHuft ofmo-
cTynenyarsfl ocesoll nacoc

Puc. 7.2. Jonacruoe XONECo Ha-
coca OITB-110

yHOpoXae? KOHCTDYKUMIO # ONPaBAAH TOAbKO AAS KPYMHLX

MALIHH,
Ha puc. 7.2 noxasano pa6oyee Koyneco Hacoca THNA OIL

[lpu n,uamefrgax patouero keJseca oT 295 o 1850 MM Haco-
cnl TnnoB O 1 OIT amelor paGoune napaMeTps B CJenyIOILEX
ImanasoHax:

UactoTa ppammenyn, o8/MBH . . o . . . - . s 4 = a4 v 960—210
Mopawa, MMM o « + & v & « o + & o o & & ¢ o .4450—54 700
Hanop, m . O 1
s - S

Keoaduupent noneswore feetsmn, % . o o o v v o o o 81—86
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7.2, Oceptie BEHHTHARTOPSI

Cxema KOHCTPYKLMH ORHOCTYNEHUATOr0 OCEBOTO BeHTHAR-
Topa Gblna NpuBeliena Ha puc. 6.1,

OcHOBHEIE pasMephl OCEBbIX BEHTHAATOPOB PA3NHYKHX Tit~
nos AATCR B 32BUCUMOCTH QT Awamerpa paboucro koseca ua
aspolMHaMHuecKHx cxemax. Ha pue. 7.3 nokasasa aspoimna-
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Puc 7.3. AspolunaMuvecKan cXEMa OCeBONO pemTnraropa cepwi B:
! — xonaexvop; 2 — koR; J— palouee Koneco; LA — cnpeMpamud anuapat

MIMeCKas CXeMa OCeBOro BEHTHNATOpa ceppd B (BHCOKOHA-
NOPHEIA).

OceBble BEHTHIATOPH O6IIEN0 HA3HAayeHHA H3TOTOBJARIOTCSA
B cooreeTcTBuM ¢ TOCT ns14 caHuTapHO-TeXHHYECKUX ¥ MpoHU3-
BOACTBERKHX HENeH.

Ananornuno 1eHTpo6erKHHM BEHTHARTODAM HOMEp OCeROro
BeHTHJIATOPA — AMAMETDP OKPYKHOCTH, Ha KOTOpol nexar ua-
Pyxrele KOHiE pabouux Jonacredt (LHameTp pabogero KoJe-
ca), BHpaykeHHHH B AeyHMETPaX.

3aBOiH BHYYCKAIOT OCERLle BEHTHJIATOPH € AMaMeTpamu
pabousx konec ot 300 no 2000 mm Ha nopaum 1o 130 M%fec u
napnenun 30—1000 [1a (npu p=1,2 kr/m%).

JlonacTe paGoyHX KOJleC MOTYT BHIOJIHATBCS NOBOPOTIILH-
MU U HenoBOPOTHHIMH (HeCTKO 3aKpenicHHHMHK Ha BTYJKe).
OcHoBrne pasmepH o0CeBHIX BEHTHRATOPOR o6llero HaWa-
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yenua no FOCT: Dgp= (0,3+-0,55)D; nuamerp sxomioro KO-
Hyca Dy==1,2D; pamna BXoiHoro konyca Ly=02 D,

YTJH ycTaHOBKM sonacredt 15—32°,

B KOHCTpyKuuAX OCeBHX REHTHAATOPOR C OAHHEM # He.
CKOJILKUMH paBOuMMH KOJECAMH TPuMeHRIOTCS  yeTpolicTea,
ynydlaonme a3poAnHAMUKy MOTOKA M NoBHWaUWue KIIJ]
BEHTHIIATOPOB: KOKH, OOTEKATeNH, HanPaBAAIOUNEe U CIPAMAR-
Tolllye aNnaparThl,

Ha puc. 7.4 noxasarH JIOMACTH N NapanjenorpaMmul cko-
poCTell IBYCTYNEHYaTOro ©Oceporo BeHTuanaTopa. PaceMorpum

-1
'K’. m i
m \‘ b4l ] (/‘ g
__.--""""—_J
g B

HA P HA PR CA

Leveriun

HA m\l HA Pﬂ\l cA
Wy Wy

Pre. 7.4, flonacTt ¥ napasnenorpaMMH CKOPOCTER JRYKCTYNEHYHTOTO OCe-
BONO BeHTBAATOPA

Ha3HaycHHE OTAENBLHHIX JIEMEHTOB KOHCTPYKUMH OCEBOro BeH-
THJIATOpA.

Kok K npeacraBnser co6ofi Tend, WITaMnoBaHHOE H3 TOH-
KOr0 JHCTOBOTC METAaJsja, 3aKPENAAEMOE HENOABHIKHO Iepel
Hanpaensioliny ammapatoMm. Haanauenne Koka — ofecneynTs
nocTenieHHoe BO3pacTAHHE CKOPOCTH NOTOKA IO 3HAueHHA o
Ha axofi¢ B HaflpaBAAIUIHE anmapaT NepBO¥ CTYNEHH mpu MH-
HEMAALHHX NoTepsx sHepruu. HanpasnsiomnH annapar HA
COCTOMT M3 BeHua HemoABRMMHELIX JONATOK, PACloNaraoipuxcs
nepef, BXOAOM B pabouee KoJeco.
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Buxoawbte yrau nomatok A moryr 6wtk BHGpanul Tax,
410 Crn OYJET OTDHIATENBHO, T. €. NOTCK Ha BeIXoAe W3 HA
GvaeT 1METh HaNpaBIeHue, MPOTHBONOJOKHOE HANpaBAENIN0
ppailletns pafouerc koJleca, 1o NMPHBOSHT K YBENHGCHHIO Ha-
fiopa BEHTHAATOPA.
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Pic. 7.5. BespasMepHas XapakTeDHCTHKa BeMTHAntopa cepuu MIL
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Puc, 7.6, Oceaoli acarunsrop Ne 4 cepun ML
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[Mononienne Ronacrefi paoyero Xodeca onpefenseics g
OCHOBHOM 3HayeHHeM YTJia CXOHa (I0TOKa ¢ Jionatok HA.

Hasnagenne enpamasiolllerc annapara CA cOCTOMT b Ges.
yAapHOM NpHHATYM MIGTOKA, CXOAsUtero ¢ jonacTeX paGogero
Kojleca, 1 Npuaanuii MOTOKY oceporo HanpasneHns. Ecim noc.
JepHee He BHINOJIHEHO, TO SHEPTHA c5, /2 GyAeT NoTepsna,
PackpyuvsaHne 1noTOKa, T. €, yMeHbllieHne Cgy A0 HYJs, npp-
poauT K mouwennto KI1 sentunatopa. OGrexarens O, pac.

YA

Prc. 7.7. BeHTHARTOP © 9CKTPO/IBMIATENIEM, BHHECEHHHM H3 NOTOHA

nonaraeMulii HeMOABMIXKHO 3a CIIPAMJAIOIIMM  alapaToM,
yMeHbllaeT noTepH B 0TOKe MAPH [OCTENCHHOM YMEHblIEHHH
ckopoctd. TlapannenorpamMmu CKOpPocTedl pelNeTOK Jonacted
Ha puc. 74 AAOT NpeiCTaBAeHHe O KHHEMaTHUECKoH CTpyKTy-
pe NoTOKa B OCEBOM ABYXCTYNEHYATOM BEHTHJIATOPC.

PeryaupoBaHue NOLAYK OCEBHX BEHTHAATOPOR MOMKeT
NpOM3BOANThCA M3MEHEHHEM YacTOThl BpallleHHA, HarpaBJsio-
mnm annaparom HA Ha Bxoze, nosoporom pabounx jonactel
PJI v opHORpeMeHHO ABYMSI NOCHELHHME cliocobaMu.

Haubonee yacTo, B Cllyuae NPEBOAA OT SJEKTPOLBHraTe-
JIA C NMOCTOAHHON wacTOTol BpameHus, MpUMeHAeTcs perynu-
posanne HA na sxone.

HexoToprie XOHCTPYKHUH OZHOCTYNIEHJATHX OCEBLIX BEHTH-
NATOPOB ACMYCKAIOT PEBEpCHPOBAHNE, T. €. NPH HAMeHSHHH Ha-
NpABICHUS BPAILEHHS WM YIJIOB pacnoJoxeHHa jonactell oHl
H3MeHsIOT HAaMpaBjieHyue NOToKa. JIOMacTu TAKHX BEHTHJIATO-
POB JIOJXHE! BHIMONIHATLCA € CHMMETPHUHHM CeYEHHEM.

XapaxTepHCTHKH Hanopa OCEBHX BEHTHJAATOPOB MMEIOT
of6uiHO ceanooGpasuylo GopMy, DTo OTYETMIBO 3aMeyaeTes,
HanpuMep, B Ge3pa3MepHoii XapaKTepHCTHKe BEHTHAATOpa CE-
pru ML (puc. 7.5). KoHCTpyKums 5TOro BeHTW/IATOpa NMOKa3a-
Ha Ha puc. 7.6. Ee ocHoBHHe ocoGeRHOCTH: BHHTOBas (hopMa
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fONACTy, JKeCTKOe KpenJjedue JorlacTed H& BYYAKe, pacnofio-
scenne paGouero KoneCa.HefoCPEACTBEHHO Ha BaNy ABMravels.
PacfiofioXeHe NIeKTPOABUraTeNnsd B NOTOKE 'asa B HEKO-
TopeX €lyJasx (BHCOKad TeMNePATYpd, 3AINBIEHHOCTb) HE-
AONYCTHMO, B TOTAA ABUraTE/Ih BWHOCHT W3 NoToka (puc, 7.7).
Ha puc. 7.8 mpeAcranniena KOHCTPYKIHA BEPTHKANLHOrO
ABYKCTYTleHYaTOro ocesoro BentuAstopa Tuna K-06. Perymw-
poBaHue NOLAYH 3TON0 BeHTRJATOPA — HAMDARNSIOUIUMH ail-
napatami Ha Bxoze. Beutnnarop mmeer KIIJL no 80 % npu
ko uIHeHTE LaRNeHus p==0,2,
MeeTCH TEHACHUMHA K MpHMEHEHHIO OCEBBK MallUH P Ka~
yeCTBE [HMOCOCOB AJ1A KpynHuX 6aouHux TIC,
Ha puc. 7.9 nokasaua ycraHoBKa C OCEBHM JABYXcTyneHda-
THM AnIMOcOcOM Mapkh J10-31,5.
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Yacre IV

OBBEMHDLIE NOPLUHEBLE M POTOPHDLIE
HACOCH

TNABA BOCEMAA
NOPLUHEBLE HACOCHI

8.1. Cnocob pedictonn. MupuaropHan guarpamma

Cxema Kacoca ¢ NOpPIIHEM DRHOCTOPOHHero AeRCTRUA B ero
TeopeTHRECKan RHArPaMMa HRBJACKHR, KaSwBaeMafl HHABKE-
TOpHO#, Aannt Ha puc. 8.1,

ITpu aBMIMKeHUR NOPIIHA BRpaBe NIONOCTL NUABHAPE CO CTO-
pouH KyrananHo# KOPOOKE YBeJAWYHBAETCA H 3AINOJIHACTCA XAj-
KOCTbIO, noctynamllleff u3 npueMHodl TpyOH depe3d BCACHIBAIO-
woit xnanau Kj. Ilpu sTom pasnenne B kaananH€ofi Kopobxe
umke atMochepHoro, uTo ofbAcHACTCA T'BAPABRNAYeCKHM (O-
NpoT#BJeHdeM BCACHBalolllero TPAaKTA, pAacToJIoOXERHEM No-
BEePXHOCTH Bcachipaemo#f JKEAKOCTH HEXE OCA NHIAKHApPA A
HUSKHM JLaBJICHHEM HaJ STOR NOBEPXHOCTHIO.

HsMenenne fabnieHHs Ha NPOTSIKEHHE BCEro XOAA IOPLIHA
Henpaeo usoGpasHTea unreR Bcackiranuy 4-1.

B nonoxennn I nopuweHb H3MeHAET HANPABJEHHE BHKE-
Hug Ha oGpaTeOe M BCACHBAICH{A KJaNaR ABTOMATHYECKE 3a-
KpHiBaeTcA; B KaananHo# KopoOKe NpOECXORHT pesxoe MNMOBH-
LieHWe RaBJIeHHA A0 3HAUCHHS [ABJEHUS TORAYH Ps. 10T
npouecc usolpaxaercs BepTEKBNLHON JuRnek f-2. B Moment,
KOrga NlaBneHHe NOBHCHTCA N[O pPs, PA3HOCTh NaBJeHHA NORK
KNanaHoM H HAJX HUM NPEORgcJyeBacT BEC H HaTAMeHHe NPYHH-
EH HanopHoro xaanana Ke u oH orkpuiBaercs. [Ipu pasuomep-
HOM JiBHiKeHHM NOpIUHA OT TOYKH 2 pnero TNpOBCXOAHT nojauna
KHAKOCTE NPE NOCTOAHHOM HaBJeHMR p;. B KkpalikeM seBoM
NOJIOKEeEMH TOpIieEb CAOBA MeHsieT Hampas/ieHde JBHIKEHHA
[Tpu sTom papnenwe B KjaanauHolt kopolke pesxo majaer Do
aunuE 3-4, HanoprHit kaanan K; sakphiBaeTcl U OTKpHBAeTCH
BeacHpalolii knanaH Kj. JuarpaMMa panneRul 3aMEKaeTCs.

HuaukatopHas AEArpaMMa TNOKAa3kEIBaeT, KaK MeHseTcH
A@BJienre B lwINHADe M KnananHo# kopofke Hacoca Ha Npo-
TAMEHWA JIBYX X008 nopuiaa. Iljolleis sHARKaTopHOH AnA
rpammut u3mepsierce B H-M/M? 1, crenoBarensno, npeacrae:
afer co60fi paGoTy MOpuIHA 3a JBa Xoja, OTHeCeHHYHO k 1
ero nosepxunocru (cM. § 8.4),
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[eficTBUTENbHAA NHAMKATOPHaA AnarpamMa (puc. 8.2) or-
quwuaeTcd OT TeopeTHUecKol, npelcrasBieHHo#t Ha puc. 8.1, B
QCHOBIIOM HajliaHeM KosneGauuéi AapneHus B Hayaje BCACHBA-
AnA N nonadl, 3TH Kone6GaHnA 06YCAORNEHH RIHAHKEM HHEp-
(R KJ2NaHOB HACOC2 H MpHAMIIAHWEM NJIOTHO NMPHTEPTHX M0-
pepxsocTefl MX K cepnam. [losToMy, HampuMep, B MOMEHT Ot~

pBa OT Ceisa HanopRoro knanaHa (Touxa 2) B xaanaHHol
kopoOKe JIOJIKHO ObiTL MOBHIIIEHHOE JapjieHue, co3jalouiee

2
J{ y ¥
} Al & ' - Sty )
| Aare z
¢ e — J4 3 AAJ
L A 77 M 7
= Latrmve
— v 1
Puc, B1. TeoperHqecKan HHAHKA- Puc. 82. Heficrarrenonan
TOpHan QHArPAMMA MOPIIHEBOID HA- HHAUKATOPHAK  ARArpamMa
coca NOPLIHEBOTC HECOCA

cuny, ¢nocoSHyIO OTOpRaTh KJaanaH oT Ceijia U NPEOLOJeTd
€ro MHepUMIo.

Kax ToJIbKO KAanaH OTKpwBaeTcd, AABNeHHe B KJanaHHOM
KopoOKe Pe3Ko CHHIK2CTCH K kJanaH [aeT HeCKoAbKO OulCT-
puix KoneGaHu#t B NOTOKE KHIAKOCTH, NPH 3TOM ON APOCCENH-
pyeT NOTOK, BhahiBasl KoeGaHHWA KaBJeHHA B KAallaHHOH KO-
pofke, oTpaxalomHecs Ha JHHUH NOAAYH HHIMKATOPHOH Aua-
rpavMmer, Ha ¢opMy nuHmil BcacHBanWA 4 NOAATH OKA3LBAKOT
3aveTHoe BIHAHHE TAKIKE CHJIB HHEplHH MHUAKOCTH, NOCTyna-
oWtell B UUAKHAP HAR yROAAMeH! H3 HETO NPH HepABHOMEPHOM
ABHEeHHH NOPILHS,

HeficTBuTenpibe HHAHKATOpPHHE IMArPaMMB CHEMAIOT €
HacocoB NPH MOMOLIY RHIMKATOPOB,

8.2. Mopaua nopuiHessiX HACOCOR

llonaga nopineroro Bacoca onpeaenserca pasMepaMu pa-
WerQ URJIHHApPA, THCNOM ROAOB NMOPLIRA K ¥acTOTOH Bpa-
IeHUs Basa HACOCA M KOJMYeCTBOM UNMHAPOB,
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Ecnu nopuwens Racoca paGoTaer MG OAHOK CBoell cTopo-
Hofi (Hacoc OJHOCTOpOHHEro JeHCTBHUA) W MPHBOIMTCH B ABu-
¥eHne OT ABHraTesnsd NpH NOMoOlM KPHBOWKNHO-IWATYHHOro
Mexaunsma (puc. 8.3), To KOMMIECTBO XKHAKOCTH, M3/u, (ax-
THyeCKH BCackBaeMOf W NofiBaeMofi HacocoM

= Z-D*S-60m,, 8.1

rze n— gucao AsofiHbHX XOJOB MOPIIHA B MUHYTY; D — BHyT-
peHHufi juaMerp HMAMHAPE, S — X0 MOPILIHS; Y)o—O6BEMHHER
KI1L.

O6bemun#t KIJI yuurnsaeT TO0 06CTOATENBLCTBO, 4TO Ha-
COC He MOXeT nNOJaBaTh B HamopHHA TpyGonpoBoa olbem

Pue. 83. Cxema Hacoca OBHO- Pre. 84. Cxema Hacoca gaycro-
CTOPOHMErc AeHCTBRA POHHETD BeHCTBHA

WHUIKOCTH, PABHHH TeOpeTHueCcKOMy OGheMy, ONMUCHBAEMOMY
TIOPLIHEM: 4acTh MHAKOCTH HenbeiKHo TepsieTcs uepes HemJoT-
fioctu, 2 wacTh mporekaer Wepes KjanaHH, He MIHOBEHHO 3a-
RpHBaIOUHeCs B JIEBOM ¥ NPABOM MOJOXKEHUAX NOPIIHA.

Obbemuntit KIJJI onpenensercs npm mennTampm Hacoca
NOCpPejcTBOM H3MEpeHHs IeHCTBHTENHHO nOA2BAEMOr0 HACco-
coM ofbema wupkocrd. JenenneM nocnenmero ma paGoumfi
ofbem LUMAMHZADPA TIONYY3eM 1o, 06HYHO 1p,=0,7<0,97.

Hacoc apycroponmero pefictaus  (puc. 84) coapmaer
nogavy

Q= -42 (2D? — d% S-.60nm,, 6.2

Ecnn nacoc nmeeT HecKonnKO LWINHAPOB, NMOPIUHK KOTO-
PHX NPHBOAATCH B [BHXXEHHe OT OOLIero KONEHYATOrO BaNd
(ruoromnopiinenoit Kacoc), TO ero NoAAYA NONYIACTCH YMHOKE-
HHEM TMOAAuK OFHOrO NMOPLIHA Ha MX YHCHO, XapaKTepHHMH
Rl NOPLIHEBHIX WACOCOB BeJHUHHAME FABIAIOTCH OTHOMICHHE
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xo012 TOpUIHA K Iuamerpy S/D.u cpeasnst ckopocTs nopuums
rncp==31/30. O6GuuHo yem GoJiblie yKCAO ABOHHEX X040B
goplullst B MHHYTY, TeM menobwe S/D.

Jas Hacocos, PHINycKaeMbiX 3asosamMe CCCP,

SID =0,8+2; ¢yep =0,5-+0,9 M,

8.3. HepaBHOMEPHOCTL BCACMBAHWE M MOAANHK

JKuAKOCTh BCAaCHBACTCH B LHJIHHAD HACOCA, CEAYA 32 ABH-
KYILXMCA B HEM TOPLIHEM, UM )€ BHTECHACTCH B HanopHu
7py6onposoll. Ecne xuikocTh HeckuMmaeMa u He MMeeT pas-
pHBOB, TO OHA CTPOTO CJIellyeT 34
asuMerreM nopina. B 6onbiuH- i ,
cree  KOHCTPYKumP NOpUNHEBHX uyv) 2 ey
HACOCOB OCYLUECTBJIACTCH HEpaB- Vg ¥
HOMEpHOE JBHIXeHWe MopIuHeH
NPH [OMOMIA KPUBOLMNHO-WA- | I
TYHHBIX MexanuaMos. [lostomy, ‘¢ --—-r---—r

e
mo® ¢

ec/¥4 He MPeAYCMOTPETb ClelH- v
aleHBIX Mep, MHIAKOCTh OyAET
ARMTATHCA BO BCACHBAMlleM M
:{{zggg:gxe;gﬁ.ﬁonpomnax Toxe Pac. 8.5. 32BECHMOCTS CKOPOCTA

P - HOpIIHA OT Yiria MDBOPDT2 KpPH-

ACCMOTPHM NPONECC BCACH-  pomuma B npenenax or 0 no
BAHHS B HNYHAD HACOCA OZHO-  18(°
CTOPOHHEr0 Je#cTBHA (CM. pHC.
8.3), nonaras, uro R/L~0.

JIpurancs €3 feporo KpaiiHero NOJOXKEeHKa Hanpaso, nop-
WeHb MPOXOEMT nyTh x=R—R cosa (e-—yron nosopora
KPHBOUIANA U3 NIeBOro Kpafnero NoJNOXeHnA).

[Nepementan ckopocTb ABKMEHUA NOPIIHA

3

v,,——-—;-:-:—-=-‘-;t‘—(R-—Rcosa)=RSil’la%-. (8.3)

HO da/dl==t — yrnopas CKoOpOCTb BPALLEHHH KPHMBOLIKNA, FIO-
sToMy

t, = Rosina, (8.9

Fpadrneckn Bupaxenue (8.4) npencrasneso na pec. 8.5. Y-
Kopexue nopuiHa

dvg R do.
= = Rocos & —— ,
G dat dt
.y
a; = Ro®cos a, (8.5)
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Yckopenne NOPIIHA HIMEHACTCH B S3AMACHMOCTH OT yrag
NoBOPOTA KPHECLIKNA N0 3aKOHY KOCHHYCA,
Vs dopmya (8.4) u (8.5) creayer:
npr e =0 vy;=0 a;= Ro*
npH & =90° v =Re; ay=0;
vpr o= 180° oy, =0, ap=— R’
[Mpousselierine cAOPOCTR HBRIKEHHs NMODLIHA HA er@ IJo-

als paer OGbeM JULKOCTH, BcachiBaeMof noOpllnem
B EIHHHIY BPEMEHR,
V =Q v, = @, Rosina. (8.6)

Juarpammy vp==f(a), npueenennyro na puc. 8.5, Moxuo
paccMaTpuBaTh B Kak ArarpamMy V'=f(a); Ana 3toro cie-
LYeT AL BBECTH A/ OCH OpAMHAT HOBHE MacwTal, obyc-
JIOBNIeHHH# HanuuueM 8 Gopmyne (8.6) MHOxuTens Qn. Cre-
AOBaTeNbHO, 06beM KHIKOCTH, BCACHBAEMON nOPIIHEM B LY~
JQHHAP, H3MEHAETCS B 33aBHCMMOCTH OT YIVIa NOBOPOTA KPHBO-
WHIA N0 CHHYCORZe.

Ilpk ApHIKeHUH NOPIUHA BJEEO NPOUCXOLHT TOJBKO NOJKAya-
¥ulkocti, [JostoMy B npepenax monzoro o6opora pana (gsa
KOla TMOpAHA) AWArpaMMa BCACHIEAHEHA H300PAIUTCA CHHYCO-
wlofi (xox Bripaeo) B mpaMoli nuHKef, coBnajaloliedi ¢ ockio
abcurce (X0l BNEBO).

B peficteuresanHoctn R/L+#0 # CcHHYCOMAANbLHAR JHAr-
pamMMa, H3o6paxenHas Ha puc. 8.5, HeCKONBKO HCKaxKaeTcsd,
Tepas CHMMETPHIO,

AnanornuHo MoHO R306pasuTh AWarpaMMy mofagd. Bca-
CHBAHKe B KJANaHHYI0O KOPOOKY 4 Molada U3 Hee NpoTeKaior
HepaBHOMepAO. 3TO BHILIBAET BOSHHKHOBEHHE HHEDPUAOHHHX
CHJI, Pe3IKO MPOABNAIOUIEXCA B MOMEHTH HanGONLIIRX YCKope-
Rulft nopuwHsA, T. . B KpafHux ero nonoxeHuAx. CANa uHepluH
KHLKOCTH, IBHIKYeHcs Ge3OoTpHBKO 34 MOpUIHEM, NPONOPIH-
OHaJbHA ero YCKODEHHKI0, KOTOpOe corJiacHo (popmyne (8.5)
NPOMNOPLHOHANLHO KBaJpaTy yrnopolf cKOpOCTH Bala Hacoca.
[losToMy npu BHICOKOE uaCTOTe BpallleHus BBIA HACOCA HHep-
NYOHHKe CHUNbi MOryT HOCTHI'HYTh GOJBIIOrC 3HAYEHHS, BH3-
BaTh P23PHB CINNOLIHOCTH NOTOKE H HAPYIIHThL HOPMBALHYM
palboty Hacoca.

Ecnu B Hacoce He npejyCMOTpeHH MEDH, YCTpaHaKllue
HEPABHOMEPHOCTH BCACHBAHHA K NOLAYH, TO XKHAKOCTL GyleT
JAPUTATHCA HEPABHOMEPHO NO Beelf CHCTeMe NpUMBIKAIOURX K
Hacocy TpyOonpopoaoB. 310 onacHOe fIBNEHHE MOIKET NpHBeC-
TH K pajpylleHEI OTAeNbHHX 4YacTeli Hacoca U TpyGonpoBo-
LB,
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CyLeCTBYET HECKONBKO CNOCOG0B yMeHbUIEHHs HEpapiio
MepHOCTH LBHIKCHHS JKHLKOCTH B TpyOonpoBolinoil CHCTEME,
coeluHEHHOM € HAacOCOM. Becbma sdpexTunnnm cnocobom fiB-
afeTcl NPUMEHEHHE MHOTONOPIIHEBEIX HACOCOB C MAPANVIENDb-
gblM COBLUHEHHEM IHIHHAPOR, NOPAIHH KOTOPHX NpHBOAATCH B
ZBRIKERME OT OGULEro KOJIEHIATOro Bana. Pacemorpum, na-
npuMep, AMArpaMMy NOASYM TPEXMOPIIHEBOrO HACOCE, ¥ KO-
qoporo ROJIEHA Bana pacnonaralores nox yraom 120° (pue.
8.6).

)ﬂopmnn, ABHraach HECHHEXPOHHO, COSHaKIT TUepefyeMOCTb
X0A0B [MOLLaYH BO BPeMeHH, B XOTH folaya M3 KaKAOro IHARH-

3
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Dye. B6. Cxema W RUArpaMMa OONAYH TPEXSIOPIUHEBOIC RACOCA OLBOCTO-
porrero AefcTBHA

Lpa ocraercs HepaeHoMepHofl, o6uias noAaua HACOCA CyLUECT-
BEeHHO BLIPABHUBAETCH,

Ilpu BpaLieHAR KOJleHIaTOro Bajia N0 4acOBoOf CcTpenke na-
feg I nBuxKeTcA MO nyre Kpyra BREPX M NOpieHb IHJIHKADPA
NPOK3IBOLUT MNMOALATY K KJANaHHOR KOPOOKH B KOJAJNEKTOp 0O
ceHyconjie /. Ilopmiens umnnnzpa 2 npuAeT B HHKHee Kpafi-
Hee noJyioMenHe M HauHeT Nopjayy TOTAA, Korlia KoJeHuatui
BAn nobepHeTcs: 0T HCXOAHOIO roJioxeHKsa Ha yron 120°, Ilo-
SToMy cunyconna I mopauu mTOporo umamHApa u3obpazures
Ha rpajgure nojauu B npeaenax yrios 120-—-300°. Iopens
WHIMMKHLPa § MPOXOAHT OCTATOYHYK WaCTh XOAAa MOAAYK, HAUHM«
Hast 0T MCXOAHOIO NOJIOXKEHHS BANa, HA MPOTSKEHKH Yraa no-
Bopora 60°, Ira uacth cuHycouad I/! nomauk maoOpasutTcH
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BeTBLIO ee B npeflenax yraos 0—60°. BuecTe ¢ TeM noplieny
Innuuapa 3 HauHeT HOBH XOA MOLAuW Nocje NOBOPOTA Baja
Ha 240°, cuutas OT KcXoRMoro nonowenus, Ho Ha oiHoM non.
#oM ofopoTe Bana STOT X0I He 3aKoHuktcs. [lostoMy cHHyco-
una I nopaun Tpervero umnueipa obopBetcs ApH a==360°,
B npoMesxyTkax Mexiy yrname 0—60, 120—180, 240-
300° nuarpaMMb nolauM HAKNAAHBANOTCH OHHA Ha APYryw,
D70 3HaYNT, 4TO NPOKCXOAHT OASOBPEMEHHAA NOAAYA B KOJ-
Jekrop Ky cpa’sy u3 ABYX UBJHHIPOB: TEPBOrO M TPETLETO,
mepBore R BTOPOTO, BTOPOTO W

52 £5 Tpeteero. IlostoMmy ana nocrpo-

X = | enun zmarpaMMB NOLAYH B KOJ-

)= = Jlektop H uanopeuf TpyGonpo-

Vewng [t = BOJl CAEAyeT CYMMHDOBATL OpAS-
parcucad ypote HaTH AMAarpaMM OTLENbHHX TH-

~Hwwowad yosens M HERNAEHEBAOTCA. [IpoBens
Bopga =3, 9T0 CYMMHpPOBaHHe, NOJydHM

JdarpaMmy Nnofayd TPEXnopuHe-
—]— BOI'0 HAC0CCa, INOKAa3AHHYKD® HAa
puc. 8.6 xupHo# gunueil. B stom
cJy9ae OTKIOHEHHE MAaKCHMAIb
Pre. 8.7, Pafora e0ojAyWHOrO yHX 3Hayedult MrHOBEHHON Do~
woumaka wa Beackeaiouiel TPY- gy OT ee cpe/ero sHaveHus

ana uenoro ofopora ovUeHb He-

agaunTenbno. Iojavua npotexaer
afiech JOCTATOMHO paBHOMepHO. Bo3MoXAH A Apyrde KoMOHHa-
HHH TNApannenbHOIO COEANHERMS HMJIMHApPOD, HAIIAe NOBH-
LleHHE PABHOMEPHOCTH NOAauH B BCACHPaHHUs.

Jpyrofi enocob NoBHIIEHHA PaBHOMEPHOCTH BCACHBAHHA A
NOJlaUK JAKAIOYACTCA B NPHMEHeHHN BOSHYIIHHEX KOJINAKOB HA
Beachpamlle# ¥ nHanopHol TpyGax 6am3 xaznanHofl KopoGKu
Hacoca. PaccMoTpuM cnoco6 paloTH BO3gyIIHOrO KoANaka Ha
ncacuBapeli Tpy6e Hacoca (puc. 8.7). Koporkuft narpyGok
1, npucoesmnerH# R KnAanaHHOA KopoOke Hacoca, OKpyXeH
BepxHefi, pacimpensofi uacTuio 2 BcacHBalowEel TPYOw 5.
Boapyx, sakdioueHHHR B OUJHHADHYECKOM KOJbLEBOM 00be-
Me Mempy TpySamn / n 2, spagercn ynpyrod cpeno#, Bhpas-
wupaolteft cKOPOCTH ABHIKEHHS XHAKOCTH BO BCACHBaolied
TpyGe INPH HEPABHOMEDHOM BCACLBAHNM B KJAAMAHHYIO KO-
pobxy.

Ecan Hacoc He paboTaeT, TO ypoReHb MHIAROCTH 3aHHMaET
CpelKee NMOJOMEHHe, yKasannoe Ha cxeme. Ilpn pabore Haco-
ca ypoBeHb KojeGiercH MexAy BHCIIMM W HU3UIMM ero moJjo-
HeHuAMH, Bo3nyX npu sToM HaMeHseT CBoi o0beM 0T Uuse AO
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Usanc, WTO BHI3HBAET HIMEHEHHE €I'0 JHABJEHHA OT Puaxc MO

P
PaGoTy BO3LYILIHOTO KOJMNAKa XAPaKTepuayioT CTeleHblo
HepaBHOMEPHOCTH ero, o6o3Hanaemoit &,

6 = (Pranc — Prud/Ocpr 6.7
ra€ Pep — CPeNHee JaBAeHKe BO3AYXa B KOJINAKE,
Pep = 0,5 (Pyanc t Pransd)- 8.8)

Tpn noctatouno GonbilioM o6heMe BO3nyXa B KOJMAKE NO-
TOK BO BcachiBaolllel Tpyle ABHKeTCs NMOYTH € NMOCTOAHHOM
CKOPOCTDIO; HEpABHOMEpHOe BCAChiBaHHE B KJAanaHHYIO KOpoG-
Ky KOMNEHCHPYETCS NMepPeMEeHHBIM PacXoloM KUIKOCTH X3 BO3-
AylnHoro RKONMnaKa,

DieMenTapHan UPHGNUMEHHAS TEOpMA BO3IAYLUHOrO KOJ-
[1aka OCHOBHBAETCHl HA ypaBHEHNH H30TepMuuecKOro rasoeoro
npoueeca

po = const, (8.9
rie v — 06EEM HEKOTOPOro NOCTOAHHOIC BCCOBOIO KOJHUYECTBA
BO3ZYX3, 3AKAKOUEHHOIC B KOJIaKe,

YpasHeune (8.9) mna AByX cocTosiHuii BO3AYXA B KoJnake
HMeeT BHJ,
Purarc Voon = Ppma Vnarcs
OTKYAa
Prras = Putanic Unve/Unarie.
BocnonwsyeMcs ypasuennamMu (8.7) u (8.8):

6 = Do —~ Puage Untnn/ UMago
Pruane + Puawe Usup/Unaxc

[locne anreGpauueckoro npeoGpasopanua nOMyUHM
6 = (Vnanc — Urpued)/ Uepen- (8.10)

N3 pue. 8.7 BuABO, YTO PA3HOCTL Umane—Upem €CTH TO KO-
JIHYECTBO KHAKOCTH, KOTOpoe TMOCTYNaeT B IHJAMHAD K3 BO3-
AYUHOro KOJNagra 3a INepeyilo MoJioBUHy o6GopoTa Bana. 310
#E€ KONMHYEeCTBO HAKANJIHBAaETCA B BO3AYLIHOM KOJNake B Oc-
HOBHOM 38 BTODYI0 NosobeHy o6opoTa Pana.

BocnonbsyeMcs LuarpaMmoti, nprsejienHoit na puc. 8.5, rie
HaHeceM MuHUIO a6 PABHOMEDPHOIO NMOCTYMMEHHA KRAKOCTH 1O
BcacHBalouled Tpy6e Hacoca. [lnowanas, npsMoyroabHuka caba
PapHOBesIMKA NOWla/ln cHHYCOMIH BCachiBaHus, $ICHO, 4TO ec-
1 ABhKenne Bo BeacHBalolleir TpyGe MPOTeKaeT HepaBHOMeP-
HO No cuxycouje oze, To NMroMlans G20, nexanas sHile Jd-
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HUH @0, npeicrapnaer coBol TO KOJMYECTBO KHIKOCTH, KOTQ
poe B NepHOA, BCACHBAHKSA LOJIKHO GHTb B3ATO #3 BO3AYMHONG
Koanaka, Ho 3T0 KonguecTBo PARHO Un==Upgpc—Usgn. Bejig-
YHHA Uy onpe.u.e..'me'rcn HOCTPOEHHBM CHH}'COH,H.H BC&CH‘B&HHS{'
NJAAHMMETPHPORAHHEM € H TOCTPOEHREM paBHOBEJHKOTO ¢
Helo NPAMOYroAbKuKa oaba.

Ecnu vy onpelleneso ykasaHHHM nyTeM, 7o no QopMyJe
(8.10) moxno onpepennTs cpelinfi 06beM BO3gyXa B KOJNaKe
ﬂpﬂ 3a21laHHOM CTEfleH:d Hepaanomepnocm ero:

Uep = Uy/S. (8-11)

Ananorvuno MOXHO paccMOTpeTh paloTy HANOPHOrO BO3-
AYIIHOro KoJnaka pJjis JIOGHX HAacOCOR H NMpH J0GOM KOJHye-
CTBE LHJTHHIPOB.

Jaa KonnakoR Ha HAaNMOPHOM pasBeTBJEHHOM TPyGOMpPOBoO-
le nonarawor §=0,02 n Lawe MeHLWe, & AT KONIAKOB Ha
Bcachipalomux TpyGonposoliax §=0,04-=0,05.

[Npoussean nocrpoeHne LHATPaMMBl B BHUKCJICHHA, MOXKHO
BHIPa3uTL cpeAHnfi 06beM BO3JlyXa B BO3JYIIHOM KOJINaKe ye-
pe3 noJsesHui o6beM MAHHADA AN HACOCOB PA3JIHYHBIX TH-
nios. [pr §==0,02 nonyaurea:

JAJI7 Hacoca OAHOCTOPOHHEro HelcTBEA vep=27,0 Q,S; LA
Hacoca ABYCTOPOHHEro AHCTBHA Ucp==10,5QaS; nas Tpexnop-
IIHEBOT'0 HACOCA MPOCTOr0 AEHCTBHA Uep=0,4505S.

MnoronopuireBsie HacOCH TpelyioT BO3LYLIHHX KoJN3KOB
OTHOCHTENBHO Manofi eMKocTk. [TpuMeHenue MuOrONOpLIHEBHX
H3cOCOB ¢ KOJIMAKAMH JOCTaTOYHON eMEocTE ofecneuusaer
NOYTH PAaBHOMEPHOE ABARKEHHE MKHKIKOCTH B NPRCOELHHACMBIX
K HuM TpySonpoeojax,

8.4. Mownocrs ¥ HNA

BocaonbsyeMcs MHZMKATOpHON AnarpaMmofl, nokasaHHol
Ha puc. B.1, pnn BHouuCleHHs BHyTpeHHell (MHAMKaTOpHOM)
MOLIHOCTH NOPLUIHEBOro Hacoca,

ATMOC(epHas JRHRA, PA3Jlends HHAMKATOPHYIO ARAIPAMMY
HA IBE J3CTH, NO3BOJAET ONpPEJENHTL 3HAYEHHS HIGHTOUHBIX
NABNEHHR P u py, MpeOJOJeBaeMbiX TNOpIIHEM HACOCA HA XO-
Aax noliadd ¥ BCaCHBAHHA.

Pa6ora nopuwns 3a X0l BcachBaHHA papHa QppS, a 3a
Xof nopaun QnpeS.

lMonnan pafoTa nopluHs 33 HPA Xola passa (pg-hpy)QuS.

JlaBsienne, B3ATOS NO YHAMKATOPHOH AMarpaMMe Kak CyM-
Ma pi=ps;+pi, HAILIBACTCA HHAMKATOPHHM AABJIERHEM.



Cnen0BaTebHo, PaGoTa MOPIIHA Hacoca NpoCTOro AeAcT-
ans 32 ofine 06opoT Bana Gyllet pasHa pillaS.

BHYTDeHHAS, MAH HHAUKATOPHASN, MOUIHOCTb OLHOIO WH-
nuHipa

e &

JIns HaCOCOB ABYCTOPONHEro leifCTBHA B MHOrONOPLUHEBHX
BHYTPEH#AS MOIULHOCTL BHUHUCHAETCHS KaK CyMMa BHYTpeHHHX
MOLXHOCTER OTAEJbHLEX HMIHHAPOB.

HeitcTBuTeILHAA MOIIHOCTL, NOABOAMMAN OT ABHratens K
pany Hacoca, Gojblue BHyTPeHHe#d, TaK K&k yacTb ee HACT Ha
npeolloNeHne MeXaHUUECKOTO TPEHHH.

Mexatunyecknft KI[1]1 nopiuneBoro Hacoca

M = Ny/N. (8.19)

MNostomy N==Nv. Hcnonedys Bmpaxkenne (8.12), nony-
yaeM

Ecam umeercs uHAmKaTopHas nuarpaMma Hacocd, TO 1O
dopmyne (8.14) MOKHO OompellenHTh MOILIHOCTh Ha Bany Ha-
€oCa NpH ONpelleeHHOM SHAYCHHR .

Mexannuecknlt KI1Jl, mopuiseBHX Racocos HaxoluTes B
npezenax n=0,9-0,95.

BHyTpernsasa MOUHOCTD Hacoca (oJblle nONe3HOR MOIHO-
€T, TIOTOMY 9TO YaCTh MOMIHOCTH 3aTpauuBaeTcd B NAJNRHIpE
HACOCA HA TNpeolloZieHue I'MAPARJHYECKHX CONPOTHBICHHE, A
TaKKe Ha BOCNIOJHEHHe TOTeph, BHIHBAEMHX YTeyRKaMH ueped
HeNJIOTHOCTH B KJI3IMaHhl,

Bryipennum, win unduxaroprois, KI1Jl nopuinescro ue-
€OCa HA3HEAIOT OTHOLIeHHE

0, = No/Ny (8.15)

riie Ny— nose3Hag MOLIHOCTD.

Buyrpenunfi KI1Jl asnserca mpounseejieHdeM rngpasJude-
ckoro u o6bvemuoro KITH,

Hs dopmya (8.13) u (8.15) cnenyer

N = Np/(n, Tae)s (8.16)
HJH
= MeH
= @8.17)
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3uaveHusn ruapasaudeckoro KI1Jl mna nopmmepnix naco-
COB HaXolATCH B npejenax v-=0,8--0,94.
O6urit (nomumi) KITO

N = N To T = 0,63-+-0,85,

KoagdHunenTst nonessoro lefcTBARA MOPLINEBHX HACOCOB
ONpeLeNAIOTCH ONKTHEM NyTeM (cM. § 8.9).

8.5. Xapaxrepucruin. PelynupouanMe NopauM

- Peryauposanne nojaud. B coorpeTcTPHH ¢ YpaBHEHHAMH
(8.1) n (8.2) obuiee BHpaxkeHte AAA NOLAYH MUPUIHEBOTO Ha-
€0Ca HMeeT BRI,

Q = kn, P 8n, (8.18)

rae k — nocroauuui kosddeiment.

Orciofa ciellyeT, uto NoAaua NOPIIHEBOTO HACOCA HAXONMUT-
Cfl B 3aBUCHMOCTH ot yethipex (paktopoB: D, S, # # 1y Hame-
HeHNs TNOJABYR TEOPETHYECKH MOXHO JOCTHIMYTh H3IMEHEHHeM
OJIHOI'0 HNK HecwoJIbKAX M3 HuX. [IpaKTHUECKH Ke n3MeHeHHe
D c uenplo peryiupoBaHisl MOLAYH HACOCA C 33Z@HHBIME [e€0-
METPHYECKHMH pa3MepAMH HEBOIMOMHO, MoXHO perynHpo-
BaTh NOJAYy HaCOCA H3MEHEHHMeM 1)o. JU1f 3TOro HyIKHO BHINON-
HMTL BCACHIBAIOWHY HAM HANODHEE KaanaH ynpaBisieMBM H
SaJlePKHBATL NMOCAANY ero Ha CeJ0 BO BPEMS COOTBETCTBYIO-
Hlero xola NOAAqK EJK BCACHBAHHWA. JTOT cnocol§ peryxrpo-
BAHHH NPHMEHAIOT PeAKO, TAK KAK OH CBA3AH C NOHEXKEHHeM
ofilero KI1M1, nacoca B, cJleloBaTe/bHO, SHEPreTHUSCKH Hesd-
(hekTHDeH.

Perynuposanne u3MeHeHHeM AJMHB XOJL& TOPIIHS NpHMe-
HAIOT B MBJIHX NOPUIYeBHX HACOCAX ¢ KPHBOIUMIHO-LIATYHHEM
NPUBOLOM; B TAKHX HAcOCax MNanei KPHUBOLIKNA MONKHO Mepe-
CTaBJIATHL B NMpope3u WeKH Kpueolluna. [Ipu ocranoBKe Haco-
€4 MOXHO NepecTaBnATh NaJel HA ONpeleneHHOoe pacCTOHHHE
R ot uenrpa u gMeTs S=2R, HeolxomWMoe anA noJydeHust
TpeGyeMmoH nozaun.

B ppaMoaeficTeylOMMX NMapoOBLIX HACOCAX MOPLIHKM TPHBO-
LATcH B JBHXKEHUe HenocCpelCTBeHHO OT WITOKOE NMapOBHX Mop-
IIHel; B 3TOM CJyuae NOJY4aloT U3MEeHEHHe X043 nepecTaHOB-
Koit napopacnpezsenutenbHHX OPraHos,

OcHosHbIM criocofoM peryJHpoBasing MOA3YH NOPIUHEBOIO
Hacoca € NMEKTPHYECKHM NPHUBOAOM SIBAAETCH H3MEHEHHe yac-
TOTH BPaNICHMA NMPHBOJHOTO ABWTaTeslf HJK NepeMeHa OTHO-
WeHHs NepeXaTOYHHX YCTPOHCTB, BX/IOUEHHHNX MeXAY ABHTa-
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seneM B HacocoM. BToT ¢rnocol peryauposanus CnpesiHBacT-
cn SHepreTHYecK .

JlpoccenupoBanue Kak cnocof perysnposanus MOPUIKEBHX
jtacocoB HEAOMYCTEMo, HOO OHO MOYTH He BAMSET HA NOAAYY,
po CYILECTBEHHO YBEJIMUHBAECT NOTPeGJSEeMYI0 MOUIHOCTD,

XapakrepecTHxn, OcHOBHOR XapaktepreTHkOdl nopliHeBo-
ro nacoca ABJSeTCHa 3aBHCHMOCTb MEKAY ero nojayeil W Hano-

N{ [ ln, [ﬂz Ny 7y
A Nl YVimVn
A
| d ‘1 Mo | Ty T
' 1 ML i
7
s “afm “KQ\G"
M i _
Puc. 8.8. Teoperuseckne u Pre. 8. Tpadux cosmectiofi paGo-
ACiicTBHTENbHNE XAPaKTepH- TH NOpUIHEBOO Hacoca M Tpylo-
CTHKHN HAMOP2 TpH K==var nposona

poM (ZaBnennem). PopMa 970Hl 3IABHCHMOCTH JIeTKO BHEAICHA-
ercd H3 ypaBHeHusn (8.18). HeitcTeurenbHo, aaa Hacoca c 3a-
J\aHHBIMA TeOMETPHYECKHMR pasMepaMH 101aqa TeopeTHYECKH
He 33BUCHT OT JaBJeHufA. 3TO 3HAYMT, UTO NpK 3ajaHHON wac-
ToTe BPAMIEHHA NOJAYA NOCTOAHHA g OIUHAKORA IIPH BCEX Ha-
nopax. [lostomy B cucreme koopiunar Q-— H xapakrepucru-
K2 H=F(Q) u3obpaantca (npu a=n,) npaMofi JKHKEH, na-
painenbHo#t ock opliuHaT (puc. 8.8).

Ecau Hacoc NMoNydudT HOBYIO 9ACTOTy BpallleRuS Ap>>fy, TO
€ro nojava yeeJIMYuTCa NMpONOPLUKOHAJILHO YacTOTe BPAILEHHs
M XapaKTepHCTHKE 3aliMeT HOROe INOJIOXKEHHe, CODTBETCTBYIO-
Wee 13, AHAJIOTHYHO NMONYYAIOTCA XAPAKTEPHCTHKR ANA 4aCTOT
BPalLeHRS ng > fig, Ha> Mg ...

Teoperdueckne xapaKkTepHCTHKH TMOPLIHEBOrO HAcoca MpH
NepeMenHolt yacToTe BpallleHUA MPeiCTAaBNAIOTCA ceMeAcTBoM
TIPAMBIX TUHMY, TapaiaeSLHHX OcH OpAuHaT. JeficTenrTennHRE
He XapakKTepPHCTHKA OTKJOHAIOTCA OT TeOpeTHUECKHX, KAK 3T0
NOKA34HO LUTPUXOBHMH JUEHAMH Ha puc. 8.8.

YKasanHoe OTK/IOHeHHe OGBACHACTCH TeM, NTO NPR MOBL-
Wevny nanopa obvemunii KI1Jl Hacoca ymenbliaercss sCiel-
CTBHe ypenuueHus yTeuek.
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XapakteprcTakr H=f(Q) nokasuBaioT, uTo npr 3azaHHof
9aCTOTe BPAIUCHHA NMOPUIHEBON HACOC MOMET CO3/aBAThH Pai.
smunbie Hanopwl. ITpu atoM on Gylet noTpeGnATL pasHHe Moll-
HOCTH.

Tar kar paenenue, cosgasaemoe Hacocom moboro Tuna,
onpellenfeTca YCJOBHAME COBMECTHO# paloTH Hacoca M Tpy-
GonpoeozHofi ceTn, TO BOMpPOC 0 MOUIHOCTH H& Basy NOPILHe-
BLIX HACOCOB MOXET GhTh paccMOTpest TONBKO NMPHMEHHT&JIb-
HO K YCJIOBHAM 33ZaHHON ceTu.

8.6. CommecTnan palora NOpLIHEsOro Hacoca
u TpySonposoaa

3azaua no onpejeneHHI0 Hanopa ig,zr,{;m.uemm), co3laBae-
MOro NOPIIHEBHM HACOCOM, H NOJESHO/ MOLIHOCTH er0 pemna-
erca rpagHyecki COBMeCTHHIM NOCTPOeHHEM XapaKTepHCTHRW
Hacoca B TpyOonpoBoja. ITO BHNOJNHEHO HA pHC. 8.9 AJa vac-
TOT BpalleHuA 1, Mg, s B Mg TPH YCAOBHH A1 <Hy<n3<Nq.

Co3j\apaeMHe HACOCOM HANOPH K NOHAYH COOTEETCTBEHHO
paBHb Hh H'b HB\ H4 KB QI' Q2n QS. Qd-

[Mosesstie MOMAOCTH HACOCA AJA K&muoft Nomauw

___pQeH
Ny =5 (8.19)

Ha puc. B.9 nanecennt opinnatel kpupoft Ny=f(Q). 3ta
KpuBas JaeT npeicrasneHie 00 nIMeHEHAH NOJE3HOR MOIXHO-
CTH B 33BRCHMOCTH OT MOJauH (M YacTOTH BpAlleHHA) mopui-
HEBOTO HacoCd; 5T0 XAPaKTePHCTHKA TOJ€3HOH MONIHOCTH.
QCopmMa ee IABKCHT OT I'HAPABIHYECKNX CBOACTB Tpylonposo-
13, NpHCOAHHEHHOro K siacocy,

Ecan tpy6onporon o6n13faeT MBANM I'HAPABNHYCCKAM CO-
NpoTHBACHHUEM K HACOC NTPeofoJieBaeT B OCCHOBHOM CTAaTHYECKR
Hanop, TO XapakTepHCTHKA NOJIeIHOH MOIIHOCTR moJyvaercs
nouru npamolt nuHuedR, Ilpy OTCYTCTBHH CTATHYECKOTO KANOpa
B CETR XapAKTEPHMCTHKA NOJNesSHOHA MOIIHOCTH fIBNsercA 0-
Yeckoilt napaGonoft erpa Ny=arnd.

Mownbets Ha Bajy NOpLIHEBOTO HACOCA H3MeHAETCA NPH
H3MEHEHHR HYaCTOTH npamemm BaJa, [NIOTOMY 4TO H3MEHAITCH
nonesnas moutHocTe g KI1J1 Hacoca. [Nonuwk KI1J macoca
umeer HanOoMbINee 3HaYeHHe NMPH ONTHMAanbLHOH YacToTe Bp&-
l1eHus, OTKIOHEHHe 9aCTOTH BPAUIEHHA OT ONTHMANBHON Bhl-
suipaet yMenbllenine KI1J1.

Nanenetine KI1MI npr perynuposaHnH NOpLIHEpOro Hacocd
MOMeT OHTh YCTAHOBNEHO TOJbLKO NPH HCOBTAHHH ero,
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Korna sHauenns KI1Jl ® npepenax pomyctuMuX Ass lag-
HOrO HAcOCa MSMEHEHMA YACTOTH BPALIEHHA H3BECTHH, TO NO
gHAUCHUAM NONE3Hofi MOIIHOCTH MOIYT GHITb onpefeieHH CO-
oTBeTCTBYIOlIKe MoillHocTh Ha Bany. Illtprxosas xpusas, no-
kasanHas Ha puc. 8.9 M nOCTpoeHHAs B Mpellesax Nojayé OT
Q, 1o Qs, haeT mpeicTaBJeHHe O XapaKTepe WIMEHEeHuA MOLl-
HOCTH HacoCa. IT0 XAPAKTEPUCTHKA MOLIHOCTH Hacoca.

8.7. HBonyctumas BbicOTa B8CACHIEBRHMA

Anansanpys paGoTy NOPLIHEBOro Hacoca ¢ KPHBOIIKIHO-
wAaTYHHBIM MEeXaHR3IMOM, MOXHO BHEETh, 910 wanbosiee HHIROE
JaBJieHHe NOJIyYaeTcs B caMmofl BepxHefl TOUKe NMOJIOCTH BCACH-
paHKl B TOT MOMEHT, KOrjla NOpileHb H3MeHSieT HANpAaB/ICHHO
geEKEHHs (HAURHACT BCACHBAIOUMA XOA). B 9T0T MOMeHT
noplieHsL ABHKETCA ¢ HaRBHCIIHM YCKOPEHHEM | Ha 3HaueHHe
JlaBJleHRA B IMIKHAPe OKA3HBAIOT CyILeCcTBeHHOe BIHANHe CH-
JIBH HHEDHEM XUIKOCTH, ABRNyle#ica 3a nopuHeM 6€30TPRBHO.

HaBseHne B LUAWHADE € YICTOM BAHAHKA CHA HHepLHH NPH
BcacHIBaHHK OnNpefenseTca ypaBHEHHeM OAHOMEpPHOro HeycTa-
HOBHBUIEIOCS! HBHMEHHES

Pyc = Po—PE&H o —0gNoc F Pums (8.20)
rie po— HaBjaeHHe HA HOBQPXHOCTH BcachiaeMOH HHAKOCTH;
Hyc— paccrodHue No BEPTHKANH OT NMOBEPXHOCTH BCACHBAE-
MO KHAKOCTR L0 BepXHeR TOYKH NMOJOCTH MNMIRHAPA; Apc —
noTepn Hamopa BO BCACHBAlOLEM TPAKTE; Pan-— NOHHKEHUE
laBneHusl, o6ycaoBJeHHOe KHepieli KepaBHOMEpPRO BCachiBae-
MOH KHIKOCTH,

CKOpOCTL MHIKOCTH B CeyeHHM Qge, M2, MOJOCTH BCacHBa-
HUA

Coc = Vg n‘:ﬂc ~ Rosina 2;,

Yckopense BCacHEaeMol KHRROCTH

deae . Qn
= wBC_ cosa
am R .

[lo usnoxensomy B § 8.3 cos a=1—x/R. CrenoparenvHo,

@y = Ro? ::c (l ——%)

Clna nHepump HepaBHOMepHO BCachiBaeMoft JKWAKOCTH
0 x
Ppy = pLy Qye Re? n:; ( _‘?)n
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rae Ly. — g uHA NONOCTH BCACHBAHUS ¢ HepaBHOMEDPHHM ABH-
KeHAeM,
OvueBuzto,

Poy __ Qp ___gc_)
Pan = o = pLy; R0’ e (l 7 )

Ioncraenss 8 nocaepsee =7nn/30, nonyiaeM
2 -
Pus = PLyc R A nll( x)

900 Qg -2
o ypasuennio (8.20)
—p — _ niat Qp () x
P = Po— P sc— Phtna & plLag R0 22 (1),

HauMmenbinee 3IHayeHue. Ppe JOCTHUTACTCA B HAYane Xoja
Bcachpanua npr x=0 (cum, § 8.3).

Orphis nopImHA OT JXHAROCTH (fBJeHue KABHTALWu) IpPo-
HCXOAWT NPy TNOHHXKEHHRM JAaBAEHWN B TOJOCTH BCACHBaHHA A0
JlaeJjeHnsi HACHBUIEHHOro Napa Pun NpU JHAHHOR TeMneparype
kujkoetu. [losToMy nonaraem s ypasnenmn (8.20)

Psa = Pna+ 20000 H/M?,

rae 20000 H/M? — 3anac jpasjeHusi, oGecmedmBaromuit §ed-
OTPHBHOCTH MOPUIHA oT MKHUAKOcTH. [losyuaeM AOMYCTHMY.
BHICOTY BCachiBanufl

HEn e L= Qun X H000) _,  Lee O RER g gy

rg g Qg 900

Orciona sACHO BREAHWE PAasJMYRHIX (akropoB Ha poMycTH-
MYIO BpicOTY BCACHIBAHHA MOpIUReRoOro Hacoca. Ocoloe sHaue-
HHe MMeeT YACTOTA BpallleHHA Baja Racoca, BERAIOUIAN HA Mo~
NyCTHMYI0 BHCOTY BCACHBAHUA WYepes HHEPUMOHHbie CHIH H
THApAR/MYECKHe CONPOTUBIEHHAS NOJOCTR BCACHBAHUY.

BeJIH4€HUe Y9acTOTH BPAallCHHA CyllleCTBEHHO noHH¥kKaeT
JAONYCTHMYIO BHCOTY BCacHBaHHA NOPLIHEBOro HACOCa.
MycTUMasi BLICOTA BCACHIBAHUA NPU TEMMEpaType BoaW
106 303 K o6hiyno ue npesblmaer 6 M.

8.8. Honcrpyxipi nopiuHesbix HacocoR

B saBucuMocTk OT poZia NPUBOAA PA3JNHYAIOT BE OCHOBHBIE
IPynns NOPLIHEBHX HACOCOB: NAPOBHE H € HMEKTPUYECKAM
TIPKBOJOM.

[MapoBbe HacoCH BHNOMHAIOTCA FOPRIOHTATLHHME H BEPe
THKANLHHMA,
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Ha puc. 8.10 npeficTtasnena KOHCTPYKLHS ['OPUIOHTANBLHOMNO
papoBoro Hacoca. [lopiueHb BOAHOMO LEKHAPA NPABOLHTCA
p IBINKEHHE HENOCPELCTBEHHO ITOKOM Naposoro nopiuns. Ta-
xHe Hacoch O6mnHO GHBAIOT ABYXMOPIIHEBHIMH AN oGecreye-
HHA PABHOMEPHOCTH MOAAYH K yAOGHOIO OCYlUEeCTRICHKA NApO-
pacnpencsenns. Ilpu STOM KamubiAl U3 UITOKOB MapH LMJIKH-
apop (12pOBOTO ¥ BOASHOTO) ynpaBasier NapopacnpejeneHuen
CcOCEAHEro UHIHHAPA,

[TapoBhi€ HACOCH NPOCTH N0 YCTPOACTBY, HO YHEPreTHYECKH
wespdextnBrn, Tak Kar KI1II napoBoro uMnuHapa ux HHIOK.
Hacocnl 3T0ro THNA NPHMEHHIOTCA B MaJHWX CTANMOHAPHHX H
TPAHCNOPTHHX YCTAaHOBKAX JUIA NMUTAHMHA NAPOBHX KOTJOB.

[NopuiHepnte Hacoch € 9AeKTPKUECKHM NPHBOJAOM BHNOJHY-
1oTcA C TOPH3OHTA/LHHM H BePTHKAJBHHIM PacnOJOXKEeRHeM
OuAMEAPOB. KOHCTPYKIHSA FOPH3OHTBILHOTO ABYXNOPIIHEBOro
Hacoca JBYCTOpOHHero JeficTsrs nokasana nHa pac. 8.t1. [lop-
wekb [ HACOCA NPUBCAKTCH B IBKKeHHe WITOKOM 2, COedRHEH-
EuM uepe3 kpefiurong J ¢ KpmBOLIKNHO-LIATYHHHM MeXaHW3-
mom. Llnsunap 4 npefcrasnsier coGofi OTHGNLHYIO OTAMBKY,
Kpensllyloc K ocHOBHofl pame 5 Hacoca. HarHeTarenniue 6
U BCACHBAKLIME KIANAHH PACcnoNoXeHH Ha uuInHApax & 6ra-
rofaps CbeMHHM KpPHIUKaM 7 JOCTYNHbLI BJA OCMOTpa W pe-
MOHTA.

BeaiesicrBue orpaHEYeHHOro YneJa ABOfHHX XOAOB HOPLUKHA
ZBUrarens nepejaeT MOUIHOCTb HA Ball HAacoca NP NOMOLIM
novuawmed sy6uatoll nepenayu.

Hacochi ¢ aneKkTpryecRuy NPUBOAOM NMPU PAINMIHHX Iua-
METpax UWJRHAPOB OXBATHBAIOT o6JacTe JaBIeHHA Jno
700 M Bon, c7. u nolau Jo 1400 a/MuH.

Crenpanpibe rujpaBRRYecKUe NOpPINHesHe HACOCH, YNO-
Tpe6isieMbie B NPECCOBHX YCTAHOBKAX, CO37al0T A3BjeHHE JO
100 MIla. [MopiuHeBHe aJleKTPONPHBOAHHE HACOCH PAacIpo-
CTPaHeHH B NpoMHLULIEHHOCTH K&K J1033TOPH KOMIOHEHTOB CO-
CTABRACMON KuAKof cMecH.

Ha puc. 8.12 usao6pamen no3upoBouHbt HACOCHHH arpe-
rat 4J1A6-10, npexnasHayeHHWR 149 ONLHOBpeMEHHOH nOiayu
UeTHpeX pPa3NUYHHEX JKUAKOCTef,

B npoygecce paGoTh uaMeHeHHEM T2CTOTH BpALLEHHS BBIA
HAC0Ca MOXHO OJHOBPEMEHHO W NPONOPUHOHANLHO H3MEHATDH
noj a1y BCeX yeThipex MuiKocrel.

Perynupopanue nozauu xammoft WHAKOCTH PASLENBLHO HO-
CTHraercs H3IMenHeHmeM MJIMH XOJA TOpLIHEH OTHENbHLIX KH-
JMHIPOB,

B crauntonHof TensostepreTuRe HaX0AAT MKPOKOE NMpPKMe-
Helue nopumeBwe HAcocH Majnof NOpayu AJs HellpepHBHOro
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CHabxeHnn pearcHTaMy CHCTEM BOAONPHIOTOBIEHHR U Bege-
MHA 334HHOTO pexuMa KoTjoBOR Boau. Ha pne. 8.13 pay
NPolOSbEL paspes OJHONOPIUHEBOrO BEPTHKAJIBLHOTO HACOCQ
TAKOTO THNA.

7238

. |

Prc. 8.10. lopusckTanbanii

— papopol OQHMBAP; 7 — popaHoR UMANMAP: 8§ — ITOK, 4 — naposoB JonoTumK;
popacnpeneneH A

TexHuneckue IaHHbie OILHONOPUIHEBHX HACOCOB 3TONO THMH:

Jlnametp nopuas, mwm . . . . . 1528
Tomama, /4 . . . . . & v & & & v et e e e e B0
Hapmewwe, MIIa . ., , . . . = .« =« « ¢ + = + =« « « « 06—25

[Nopuinr KacocoB BHNONHAITCA AHUCKOBHIME (puc. 8.14) H
nayHxepHbiME (pHC. 8.10). YnaoTHeHHe AMCKOBHIX nopiure# B
LUMARHADE AOCTUTAETCH METANAHUECKHMEH Pa3pesHHiMH YIJIOT-
HAIOWHMA KOJbLAME (2HANOTHYHO TOPLIHAM KOMI PeccopoB)
®iH KOXaHbiMi MaHxeTaMn. [InyukepHHH nopumerb ynooTsa-
10T BHEMIHHM CajJbHKKOM c Markof Habmpkoid. [lopmHu marv-
TOBJAIOT H3 UYryHa, a hA% BHCOKHX JNaBREHHIl — u3 crajn,

Kaananm yacro BuinonHsilor TapenpyarsiMi. Jing HacocoB
BHICOKOH nojauy TapenbyaThie KAanaHH BHNOJHAKTCH LBYX-
KosabuepbiMu (puc, 8.16) u Tpexxoabuestimu. Haubonee wacro
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}.no-rpeﬁnaemaa KOHCTPYKUMA TAaKOI0 KJanaka Ras MBJOro
acxona AaHa Ha puc, 8.17. Cenno I knanasa nioTHO Bhpec-
coBalO B KIANMAHHYI Neperopoaxy aununipa. Cepno mmeer
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zryxnopunesoll naponofi Hacoc:
§ — knenansl BaCoCA; 6 — Napoaol canwhuk: T — DOARAOA caNeRKR: 8 W 9 — phivard
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Puc. 8,11. Mponomnud paspes ropH3cHTanbHOrO ABYATIODIUMEBOrO Hacoca
IBYCTOPOHREro AEACTBHR
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Prc. 8.12. Hosupoposusdt

IBEe KOJBUEBLE NpHTepthie nosepxHocru: 2 v 8. Knanan 4
CKOJIb3KT TIo HANpaBisAlomeMy CTePXHIO 5 U nop BJAUAUHEM,
pasrocTH RABJICHHE Ma) KJANAHOM K NOK HHM, & TaKsxe TOA
neficTEmen ROHWYecKoR NpYKUUL 6 NIOTHO TNpHEKHMAETCA K

cenuy.
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Hacocymit arperat 4/1A6-10

B HEKOTOPHX CJynasx TapelbyaThie KAaNaHH BHINOAHSIOT-
€5 B BHJle TOJCTHX PESHHOBHIX NNACTHH: 370 ofecneunBaeT BH-
COKyI0 repMeTHYHOCTh KJanaHa.

CanbHuKY NOPLIREBBIX HACOCOB GHEAIOT € MATKOH HAGHB-
KO# und ¢ KoMaubiMu MaHxeramy (puc. 8.18). 3nech paane-

217



NYTH
NN

NN
/]

=
L)
=

%

= ——

)

Ao

Y B

Q
N

O

N 2R

| sy
K.

NANSN\N

12

7

* Pue. 8.13. Onnonopinne.
BOH bepTHKANbLHEF J03R.
poBouumf Bacoc Manph
nogaun:

1 — pynpaMenThEy nanTe}
2 — unanNAD; 3 — runmap;
4 — yiKep; § — cancHHKp.
BaR Tralka; 6 —raBka aAnR
H3MeReHHR Xomna NayHmepa;
— NpeAOXPAHHTEILHEA Rag-
an; § — KnalARHEn KaMepa;
f — BCACNPAIOINA  kJaanay;
0 — HarneTATeALKEA HAANGE;
11 — nopeoR pactecpa; 12 e
©TPOA pacteopa; I3 — npofisg
LnA YAeheRHH A03RYXA WA Da-
Govell NoAOCTH LUNANBAPA

Pre. 8.14. Nucxonnit nop-
wenbh ¢ YNJIOTHEHHEM KO-
WEHRMH T-ocGpasnump
MaHKeTaMH

Puc. 8.15. Ilaynmepunlt top-
1eHb
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Puc. 8.16. Hayxxonoresolt Puc. 8.17. ITpocroli vapenhs
KAanad yaTuf KIBTAH

Puc. 8.18. CalbHuKH ¢ KOKaHULIMY MaHReTaMy

HHE, CO3/|aBaeMoe HACOCOM, IeficTBYeT Ha PHYTPEHHIOI NOBepx-
RocTe MaHKeTH - unu [1-06pa3noro ceuenrs, npHIKHMaeT ee
K IITOKY H CO3AdeT TeM BOJMLLIYIO MJIOTHOCTh, YeM BHUIC AaB-
JeHve, CO3AaBaeMOe HaCOCOM,

8.9. MenbiTanke nopluHEBLIX HBCOCOR W Ofipefeneisie
HeucnpasHoctreli B peabore

UenwuTanua HacocoP NpoOUIBOAKT ¢ IEABIC BHACHEHHS HX
HCMpABHOCTH W 3Hepretuyecko#l sddexTuBrocTH pabotw, [lpu
HCILITAHHK HACOCA HSMEPAIOT AeHCTBHTENBHYIO NOAady, MOUI-
HKcﬁ-rb, OoOReMHBIH, MHAPARJUICCKHA, MeXaHH4YSCKHA U NOJHLIA

.

Vsueperne neftcTBuTe/IbHOA Nojaun yno6HO (POUIBOAKUTE
NP nOMOIIH MEPHBIX 6aKoB. B Tex c/ywasx, Koraa 3To BHIIOA-
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HHTHL Hesb3fl, NOMbSyloTes AHadparmoil ¢ gnddepenunanbHuy
MaHOMETPOM.

TeopeTHyeckas nojgaya sacoca, M?/c, ONPeAeNACTCH B SaBy-
CHMOCTR OT IeOMETPHUGCKEX PA3MEPOB HACOCA g HacTOTH Bpa-
ueHnst (ABOAHBIX XOZOB NOPLIHA) NO GOPMyNAM

Q,=—’:-D’S—ﬁ-';-z; (8.22)
Q,=T(2D’—d’)8-ﬁ?)-z. (8.23

B npupepeHBBX ¢opMysax z — KOAMYECTBO NOpLIHel Ha-
coca.

Hdaenenue, coanaBaemoe HacocOM, ONPeXeNseTcA no NoKa-
3aHUAM MAHOMETpa HA HaNOPHOM H BEKyyMMETpa Ha BcachiBa-
totllem TpyBonpoBopax.

losesHas MOMHOCTD ONpEAENACTCA N0 AeACTBHTEABHON
nonaye H NOJHOMY HATIOPY no popmyde

pQgH
Ny="2—, 8.24
1000 (©.24)

VHaukaropuast MOUIHOCTL ONPEAENSETCH 1O  (opMmyde
(8.12) B cooTBeTCTBHA C YKAIAHKAMH, AAHHLIMA A7 3TOH (Op-
MYJAH.

MoutoeTs N Hacoca BHYHCASIETCS O NOKA3aHuAM 1 pHOO-
pos B ceru snekTpousuratens, ero KIIJ v KIIJ nepeaaum ot
SACKTPOABHraTeNIs K Hacocy.

O6nenunit KIIJI onpenensercs no maeansioll M nefiCTau-
TeAbHON mogauam

Mo = Q/ Qr-
Buyrpenunit KI1J{
M; = Ny/N,.
Ionumir KT
= N,/N,
T'napansuweckut KI1J onpenensercs M3 COOTHOIICHHA
nx‘ = no "lr:
OTKyja
N = N/,
Mexamnuecxnit KI1JI,
=_n_
e
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B pe3yJbTaTe OKa3HBAIOTCH H3BECTHLIMA BCE OCHOBHLIE Ma-
paMeTphi NOPIIHEBOrO RACOCa.

CpapHeHHe CHEMAeMOR NDH HCNKTAHWH HHAKKATOPHOA aHa-
rpaMMel ¢ HOPMaJIbHOM AMArPAaMMON NOIBOJIAET CYAUTH O Npa-
pnABHOCTH pa6oTH Hacoca.

Hannywe sencnpasHocteit B pabote Hacota OTpamKaeTcn Ha
er0 FHHIHKATOPHOM JaMarpaMMe, Kaxk STO BHJAHO H3 pHC.
8.19.

Ecau Hacoc BMECTE € KHXKOCTbIO MOACACHBAET BOIAYX, TO
AMEHA DOXBEMa AaBieHMs [-2 M3 PEPTHKANLHON NpAMOit JH-
KIlW NpEBpaillaeTcs B KPHBYIO
(cnyuait @). 310 03kauaer, YTO 3
nOBGIIIeHHE AABJICHHS IpOTE-
KaeT H3 HeKOTOpoit wacrn xo-
pa NMOPIUHY BCAEACTBHE CXH- 4 f P 2
MaeMOCTH BO3RYXa, Haxoas-

2

)
werocs b uuaxnsApe. Ecan npu
STOM BOSIYX H3 UHNMHADE HA
X0Jly MOAATH BHTECHACTCH, TO "'T P
JNHHS MOHHMKEHHS JaBileHHs
8-4 BepTHkajbHa. Ec/m e  pyc 819 Munnxaropmie nnarpan-
BO3ZYX B IIMJHHApe OoCTARTCH, Mu HEACNPABHLIX HACOCOW
TO JIHHHA NOHHXKEHHS JAanje-
HIf TaKXe npespamlaercs B
KpHRYIO H Auarpamma nonyyaer ¢gopMmy 6. Haauwune Bo3ayxa
E LHMAHKApPE BO BpeMsi MOAAYH N BCACLIBAHUS QTPaKaeTcs TaK-
Me HA FOPHSOHTAJBHHX JHHHAX AHATPaMMbY OHH MOJYZal0TCH
BOJTHHCTHMH.

HenJoTHOCTh BCACHBAIOMIENO KAaNMaHE MPHAACT HAKIOH JIH-
KRR 7-2, TaK YTO MOBHINeHHe RABJCHHA RO KOHCYHOLO 3Haye-
HHA ACCTHraeTca Ha Hekoropoll wacry xopa (cnydaft 8), Ecam
Me HanopHHA KA2naH HEHLOCTATOYHO NJOTEH, TO MOBBINCHHE
IABJcHHs HAYMHAETCH HECHOJbKO paHee Hauasna XOJAA NOAATH
(cryuai 2).

lNosuineHnast {npoTHB HONYCTHMOH) BHCOTa BCACKHBAHWA
BHI3HIBAET PA3PHB COACIIHOCTH KHAKOCTH B UHAHHAPE H yAa-
Pe B Hauane xoAa NOAaud. 310 OOGHLACHACTCH Pe3KAM CMBIKA-
HHEM MONOCTH pasphBa B KayaJe npolecca NOBHIICHHs Aap-
Aenng. [lnarpamma npuoGperaer Gpopmy 8.

Baupy GoabIIOr0 NpakTHYECKOro 3HATeHHA HHAMKATOPHHX
JRarpaMM CHATHE HX DPOHM3PONHTCH HE TONLKO MPH HCNLITA-
HHAX pacoca, HO M NEePHOAHYECKH B Tpouecce SKCHAyaTalluM
Hacoca.

Npwuep B1, Onpefiennts OCBOBEME Pa3MepH ABYXMOPLINEROTO Hacos
€8 JBYCTOpORRETO meflcTsHR ¢ nonsveft Q=125 m?/unn, HAfiTR Ranop H
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MOUIHOCTS mpy pafoTe BACOCA Ha CeTh, XBPBKTEPRCTHREZ KOTOpOR Bupaiks.
erca ypasuenreM HeHer +2Q° Npy Hee =40 M H a=6,4.

Hacoc npyBoputcA B ABHNEnEe qepes KARHOPEMEUAYO M 3Y64aTYI0 ne-
PeasYR OT SNEXTPoASATaTENA C 1=960 06/Mnn,

Hy Q=525 Puc, 8.20. Xapakrepucruxa Tpy-

&0 Sonpopoatoll cerm (X npHMe.

& | [ py B.1)

‘0  |ems_L 4@

a0 Hacoe Peuienue. IMonava oasory

20l Her=4Om nunARnpa

10— Q' = 0,6Q = 0,63 u¥/sma,
¥paBRenue popaqu

a 7 3
g 98 R uruy Q’=%(2D’—-d’)rmd.

Ipuummacy
nt aD*
SiD=lm~—=01——;
ToTAA
Q‘=—£-I.9D‘n!“.

Cpeanfn cRopoCTs NOPUMSA Va=25n/60 woMer OWTw OpHARTE paBrof,
0,6 u/c. TosToMy
n=18/D;, Q =2ID%),.

Heofixoaumoe snavenne D tpn Aqec0,92 cocrapnser

Qf
D—V 1/27092=°'"’ H

Xoa nopums S=D=0,16 u,
Heoflxoaxmag 9acToT8 BpalicHra Bajn HACOCA

n = 18/D == 18/0,16 = 113 o6/mun,
IlepenaTounoe oTHOIENHE PEAYKTOPA
f=npp/n = 960/113 = 8,5.
Huenerp mrora d=]/ .1 D=0,317.160=50 un,
Ilonvaysics ypamverueM, NpABeZCHHHM B 38AGHAH, CTPOHM XapaKres

pacTeKy cet® (pHc. 8.20).
Touka @ XApaxTepRCTHME OMpeAenfdeT HANOP, ColjaBaeMuil BacOCOM]

o paBel 50 u,
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3aasswkch KIIJ| naceca m syfuarod mepenaun 1=0,82 n 1,=094,
oNPEAERAM MOUINOCTL AECOCA:
pOgH _ _1000.1,25.9,81-50
1000mm;  60-1000-0,82-0,04

N= = 13,2 xBr,

FNABA [OEBATAS
POTOPHbIE HACOCHI

9.1. OcHORKbIE HOHCTPYHTMBHBIC THIIW

OObeMAbE POTOPHHE MAUMAN (HEOOCH W TRAPONBNTATENH) NPOKO
PacIpoCTPanelt! B NPOMHIIEHHOCTR M TPARCHOPTE; NORCTPYKIME WX wpes-
punafino paskoofpaann. OBy NpAMEHAWTCR B CHCICMAX CMAIKH 4 PErynH-
pOBaBHMS NBUBTENEN, XOMTpeccopoB A R&CoCoB, B CENOBHX FHAPONepenavax
H oco0eHHO 1IHPOKO B CHCTEMAX THADOTIPHBC/MHX YCTPOUCTR PANWUROTO
nasHeHERNA. Bunyck nx B CCCP ucumcaRercs coTHAMm ThicAY HITyK B TOX.
Paboure napaMeTpH NeXaT B O0NACTR OTHOCHTENbHO MaiHX DORAS H BH-
COKFRX Jg8BJEBufL.

BriziennM, cnenys KOHCTPYKTHBAOMY npu3Naky, CReQYIOUIRE [ pyims
POTOpHLIX R&COCOB: IIECTEPSHEHE, JACTMUUSTHE, BKCHANLHO-TOpIIHEShE,
PAAHENLYO-NOpUMeBLe, BHHTOBNe. Kakaan wa yKasaHEHX rpynm coneper
MHOTO KOACTPYKTHBHWX MoRupusanmit.

Ilecrepeinsie macocs, KoHCTPYKTHBMAN CXeM& TaKolO BACOCA C BREIN-
HUM 3auefJleAneM npefcTaBhena ua puc. 9.1,

Cuetuoinpecs 3y6maTsle koneca / R 2 nomemients ¢ MARKMY 3a3opa-
M B KOpmyce 4. ONAO M3 Kogec (Bexylllee) chabikemo EaJnKOM, BHXoAS-
LM #3 KOPIYCa uepes YIUIOTHNIOWNMA CANBERK; apYroe Xoneco (Beaomoe)
SBJIAETCH XONOCTHM,

Tlpy PpaiteHuR KOJEC B HANDABJCHMN, YKAIANAOM CYPEARAMH, MHA-
KOCTH MocTynaeT NOAOCTH BCAacHBEARS 4 Bo BEAJRML MeXY 3yGbaAMA
¥ NepeMeLAeTCy B ASNIOPAYI0 DOJAOCTL 5, ageck NpE CHEMNEHNA BPORCROABT
ELIZABNABAANE MMAKOCTH M3 BIEJMAH,

3yfuaTHe Konecs TaKAX HMACOCOB OGLIYEC BLNOMBRAIOTCH OARNEKOBHIX
pasmepos.

Tlonana Wecyepannoro RacOC3, COCTORINETO B3 ABYX KONEC pPAINLIN
Pa3MepoB, ONPeReIRETCR KAK

Q= (2, ny + flz, ng) Mo, @.1)

rie | - nuowmEAs NMONEpeIRoro CeqerMs BHALANS Mexay oyObamu, ! —
Agnpa ayla Koveca; 2| B 7y — KOTH9eCTBS 8y0uen; m), R B3 — 4aCTOTH Bpa-
WeHns, 06/MER; 1o — o0beMBHA XoadQHIRERT RACOCE.



Ecan ofo3nauite MepefaTouHOR YACIQ 3yOuatoll napu e, a nAaMeTpw
maua/bubx oKpywuocrefi Dy w Dy, To ypasmenwe (9.1) m0OxHO MpHBecTR K
C/IeAYIGIIEMY BHAYY

D
Q= flane (1+ 2 . .2
Ecm xoneca oanuakosyl, TO 6=1 n
Q = 2flznn,. 9.3

INMonguas hecoca onpepenieTcd IEOMETPAYECKAMH pa3MepaMi HECOCE B
4acToTok BpRLILHYRA €ro BANA,

A N
]

: | ¥
{e

Bl beacsitarue

Pre. 9.1. Koncrpykrasuas cxemMa me-  Puc. 9.2 O6paTAoe HarneTaHBe
CTEpEiHOr HACOCa FCHAKOCTH IHIECTEPEHMHM HACOCOM

Of1emunlt KoopPmuresT ¥ HACOCa YURATHDBAOT MepepoC FKAKOCTH B
NpOCTPAACTRAX ¢ BayAH COPETHO B HOJOCTs BeackBawAR {prc. 9.2). 3t1or
Ke Kosdduunent ouexnbaer NEPETCKEHRAE MMAKOCTA 4EPEI 3a30pH M3 Ba-
nopuoii nodocTH Bo Beacmpaomylo. JlAs wacocos No=0,7+0,9.

B peaynnTate WechepopAMHS KHHEMATRKH B TEOMETPHA IIEcTEPEEROID
BACOCE ¢ OARMAKOBLIMA KONRCAMM NPH SAOMGEEATHOM 3ANENIEHAR NpPWXOLAT
K cAeaywllieMy BHPANEHMO ANA nofayin:

Q = 0,233Rkn, ®.49

rae R — paamyc Baualboli OKDYMHOCTH; B — BHCOTa [OJOBKA 3yfa.
Boe mpRBesetHue BLpaXEHHH AIE MOABYH QSIOT CpENHRe IHAYCHHD &€
38 NOCTATOWMO JMMTEALHEA NpoMesyToK apedenn. Ilpn paGore wectepeR-
AHX AACOCOB TOAGZYA MENpEPHRHO KONES/ETCH OKOAO CPOMHEre IHAYEHHA.
Hllecrepenane macoci PSBEPCABHL, T. €. HPR ASMEREHAR HanpaaJEnRs
BpaueAnn 3y6qaToX ORM MSMENSIOT RAMPABJEHAE NoToKa a Tpybonposoaax,
NPACOCARHEARMX K HBCOCY, DTH HACOCH OOPATHME: TNORBOZM IKHAKOCTH
oA aspreAncM K ofHoMy M3 narpylxop wacoca M coofulag apyroft ma-
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1pyOOK €O CAMBUSIM 6aKoM, nonyuaeM pafoTy MammMOK & KA4€CTEE FHApO-
ABMTATE/ BuXonnoft gan MammMeH OYZeT pasBHMBaTtL MolHocTk, NPONOp-
IOHATIBHYI0 PACXORY A N&BNEHMO NOABOAAMON JKANKOCTH.

Nnacrauvaroe (wabepAwe) nacocH, IMpocrefiman cxema taxoro AACS-
ca Azna na puc. 9.3. JlefcTRRTENLHBE KOBCTPYKURY SHAURTENLAO C/IOKHEE;
onil YKNAAHERIOTCA B IBE OCHOBHEE CREeMH.

[Teppafi cXeMa -— HACOC € BHEWHAM NOJBOXOM KAZKOCTH (prc. 9.3.),

£ A 7
r [1d )
2
Bracsl- .
Ja’fﬂi '\\\\a\\ > 0‘(?@ M
e 4 / 51" = 3
&
3 K ;
&g
)
2
¥ { 4 |
Puc. 9.3. Inacrurnaruft pacoc ¢ apell- Prc. 9.4, Inactynuatef na-
REM NOABOEOM CcoC ¢ BHYTPEHHAM TOLBOJAOM

B xopnyce f Bpamaercs 9KCUSHTPRUHO pACTONOKEHMmfi MaccHBHE
potop 2. B panpanbihiX KapaBKax, PHOPEIEPOBAHMHK B pOTOPE, XOXAT
nazcThika (zmbepn) 8. Bayrpennsa nobepxuocems Kopmyca ofpaGotana
TaK, 4T0 NoOJoCT: BCA&CHIBAHRA 4 B nonocte noaaun 5 OTHeNneAan OClHE OT
apyroft naacTHBaMA B NAZAKADASECKUME NOBEPXHocTEMM ab ¥ od. Jinw
npasiibiolt paboTn Racoca ByXHO, wrobu MM Ayr b A o OuaW  xe
MEHBINE PacCTONHMA MEKY KORIEMR IJACTHHOK BO BPEMM Hpoleramms MX
No YNACTHMCINHM NoBepxyocTAM. Benejnctsne Mazmuwy SkcuenrTpACHTETa €
npv BpsllIEBAR pOTOPa 2 JKARKOCTL NEpeHocHICs M3 NesiocTy 4 B MOAOCTH
5 n MexnongcTiux npocTpancrsax A,

Eenp skcuentpucyter @ Gyner YyMenbiney cHMemenwesm poTopa Beepx,
T0 ¥ B AAXKBel YECTR AGCOCA BOIHRKMYT MEXKJONATOYELIE NPOCTPEACIDA A
uACTH KAZKOCTA A3 nojocty § Gyfet nepeHocTbhed A NOJOCTh 4.

Mpn e=0 KonruecTsa XHAKOCTR, NEpEHOCHMOR B3 NOoCTA § B NoJoCTDH
4 u ofpaTRs, CTEHOBATCK OLVEBA&KOBHMA, B HACOC He MNOXEET MHuAHOcTL. Ec-
J4 e ¢ OTPAUATENLHAO, T. €. OTKNEILBACTCH OT UEHTPa KOpNyca BBEPX, To
OpOUCX0ART NONAYE B3 NOAOCTH 5 B noyioCTh 4.

B npocTeAnmx KOACTPYKUMAX AECOCOB STOTO THNA SKCUEHTPHCHTET BH-
NoArferck nocToAtkuM, Cpeansn nonava Takono Aacocs, M*/maAn,

Q=[Akﬂﬂo. (9.5)

rae fa — niomage MeXJA0NacTHOrO UPOCTPSACTEE Upu HpoberaWny €ro Ho
saMuKawwel ayre ab,
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Bupakas fa uepes BAyTpeHnal pafEyc xopnyca R, OTHOCHTeAbHME
SKCUEHTPHCHTET & ¥ LEHTPANbRES YTON B, MOXKAO MOAYYRTL PasBEpAYT.
dopuyay 1R onpepeneHAn HoJaunr Hacoca,

Bropan crema — macoc ¢ BHYTpEHHAM NoABoAOM JXMAKOCTH (pae. 9.4),

3pece AMEIOTCA Teé Ke S/EMEHTH KONCTIPYKUMB, 510 B B Aacoce ¢
BHEWIAMM MOABOAOM: Kopnyc J, 3xcuertpruAc mocaikenRH#t potop 2, ppbg-

&6 g 4
“ g
0
Z 5 /
0“'” N _ $ 7
o
P 1 0
= LY ~ 7
¢ NN
L e ] a

Puc. 95. KouCTpyKTHBRES CXeMa AKCHANLHO-NOPIAGBOTC POTOPHOTO Eaw
coca

uAe naaciaHM 3. Bcacusagpe @ noaava NpoAcXGINT Yepes OCEBO3 OTBEP-
c¢TAe B porope, KOTOpoe pa3aeleHo HeloAmwiknoll, mw0THO nocrasaeswol
neperoponkolt § ua NONOCTH BCACHBARME A Dopauyy. IIpH BpameRnn poTopa
B AAKPEDJIERNN, YKBIBHHOM Ctpeakoll, o6bemi A MexUly NISCTARAMA YBe-
AH4YRBalTCA. Dasronsps 9ToMy YIPORCKOEZMT BCECHBAHHE MHAKOCTH 1O pa-
ARaNbANM karanae A3 nodocT 4. [Nocnengaw coobuiena co BeaCHIBAICLIHM
Tpy6onpoBosoM.

IMp¥ npoGeraena o6bemos A no ayre ba NpoRCKOART YMERLINEAHE HE
H KBAKOCTL NIOZ8ETCH B NOACCTH 5, COBNMRENHYIO ¢ HANOPHHM TpySomposo~
noM nacoca, TawimM ofpa3oM, oCywECTENmMOTCA BaRyTpenHHl tofbon n oT~
AOA JXAAKOCTH,

3a onpR aSopoT MBana Kaxgwl ofbeM MEXKNY NJAACTYRAEMA TIGHAET
fd mpaxoctw, w nozggy macoca MoMHO BUUHCARTL 10 (opuyne (9.5).

O6bemnnlt Ko¥PPHUMERT NNBCTHHYATHX HACOCOB, YIATHIB&NINHE nepe-
TEKAFRE XMIKOCTH ¥EPes S830pH ¢ Ranopuofl CTOPOHN HA BCECHBANILYIO,
coctapnset 0,94—0,98.

Hacoch ARYX YHa3AHHLEK CXeM PEBEPCHBAL B o6paTAMH,

Ancuamuno-nopmeebne ucoc.  Ha pue. 9.5 xaHé KoBCTpywTRBMaH
cxeMa aKCAAILHOTO MNOPIMREBOI® poTOpPHOro macoca. B nemopapxaufi KOp~
nyc I naotHo scTasier porop 2, cBoBoxmo  BpamaomAficA  BOKPYT OCH
040, B tena poropa 2 BuNONBeRH NBJANMAPA4ECKHE, XOpomo ofpaboTaH-
nue oTBepeTRA § ¢ OCAMM, népannenbAbiMR 0-0. DTA OTBEPCTAE RBAMIOTCH
AUARRAPSHY HecocB. TOpsH unAABNPOB § CcHAUMEHH CKBOAHEIMA OTSRp+
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cruani 4. PoTop 2 conpumer Kapaawom 5 ¢ pakiaoHuofi  mpaniaoweficn
waitbok 6, chamledl Ba Bany saeKTpPOABAratean 7. ITopuwan 8 coennnenw
saraMA 9 ¢ WapAAPaMp, 3aKpenJeHHLIMA A8 NIOCKOCTR walibn 6. Ipn spa-
meanb Makdm 6 n coenvnennoro ¢ well poTopa 2 mspurpr 0 u 10* Geryr
o OKPYIHOCTA B MIOCKocTH @b, yCTRRORBIEHROR Non YoM € X RhocKocTn
ppatileBnn potopa 2. Baaronapn sromy nopmeR 8 RBRMYICH B URZBRAPaX
§, DpoXoLR BAOL OCR OyTe 2R sina.
TIpE 5ToM o(BpeMH, SAMHKACMER TOPIT- -0 4 1 3
HAMA B LHWIBHADAX, ACNPEPLBNO HAME-
paiotch. Tak, ecnn mepavp 1 nopm- 7,
g OeXAT No AYyre UOAYOKPYMuoCTd
panRycoM R BEepx, To goplieks OTO-
IBHTEETCH BMpPABO H OpORCKOART AcCACH-
paHpe Yepe3 BeacHBaomuht mryuep 11,
CEPNOBHIHYI0 Kanapky [2 m Topye Kop-
DycB B oTaepcThe 4 B HOVOCTh DRAMN-
mpa. Hansgefunfi nyrs mapuupa 10— }
pEMS 0o AYyTe, YKAI&HROM IITpHROROMH
crpeakoft, moBaeuer 3a cobolt nopawy FrC. 9.6, Iopuwmesoh pamwam.-
KPIKOCTR JABHWM MMMBLDOM B Ha- nuil poTopERt AacoC
nopan® mrynep, Ananorywao ppSote-
©T BCe UATMEAPLL

Cpennnf nonsda Takoro macoca MOXKET OHTh ODpPEneneHs No HopMyle

%

Q=2R aina%mu — 1,57Rd? 200, sint (9.6)
roe 1.=0.97,

Hacocwr axcHarzpfio-TOPLAenofe TANA PebBepchbHN R oOPATHAME;, Npu
MOZRENEERR WHIKOCTA Ooj, JABJEHREM K ORKOMY B3 Darpy6kop Hacoca R
coOBUEREE gpyTOTO cb CAHBOM CANN, AEECTBYIONIBE OT KHAKOCTH Ha Oop-
Ime, SynyT HepefABATBCH OO IITOKaM A& WIOCKOCTh WIGAGM 6 Takem of-
pa3oM, STH canm OYAYT RasaTh TAEMCHUMANbHMHE COCTABIAIONRE, 0GYCAOB-
JMBAIOINHE BPALNAIOIME MoMERT g MOIIMOCTh Ha Bany nmmhAGH.,

B paccmotpentoft KORCTPYKTHBEOR cX@Me HECOCZ EFG TEOMETPAYECKAS
OCh MEPeCEK2EeTCA C OChIC ABBraTelf, MOSTOMY JUTH NEepepaul  MOLIMOCTRE
OT JBEraTeNfd poTOpy Bacoca HeOOnofBM kapnagaufi ban 5, ycaowamo-
maft KORCTPYFLALD-

Vueoren aKcmansno-TOpIUNeBkie AGCOCH, B KOTOPHX IEOMETPRUECKHE
OCH Hacoca B XBEraTe/im jIeXaT na ofdofl feamrn. B TaKkex mecocax mmfibe
& Bunonnsercr npojpranponaBholl, Mocamensoll Ba Ban Don DPAMEIM YT-
JI0M, B/M whocKolt, cuaduieh na pany noa yraom, Meusniam 90°, Hapyw-
Hhe KOHul nopiinek OOJYYa0T JAKMENAE B OCEBOM H&NDABJEMHH, cHeRyA
8a pagouefi nopepXBacTLi0 MafiGu 6,

Pengragbhio-nopmuentie nacochl KOHCTPYKTHBUSS CXeMEB WaCOCE RaHa
u2 prc. 5.6, PoTop ! mMeeT panpansAc paCTOYEHANE OTBEPCTHA 2, BHNOJ-
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HMOWHE WasnaderAe UWAREnpoB. ITopmeHpkE 3, PXOASILAE B OTBEPCTRg 2
CBOAME RAPPMELIMA KOHUAMK YORPATCA BO BHYTDERENOIO [oBEPXROCT,
HanpashmoLero Kopnyca 4,

Potop { pacoonosen b koptiyce 4 skcueHTPRuHO, BuyTpu ocekolt pap.
TOUKA DOTOPE NOCTABALHa HEODOABNFB2A DeSpeanTensHas NEPEroponkg §.
Tlpr spamennn porops B HamPaB/eHHR udcorofi cTNENKH NOPLICEDKR, Ge-
TyIitMe no nyre ab, OTOABATAIOTCH OT UEATPA A BCACHBAIOT MHUAKOCTD Ha
payTpennel nonocts 6. JIBAXeHNe koBUOR noplleHbKoB no ayre Da Busg-

S
IS
¥

Puc. 9.7, Cnoco6 neiicteun mmmto-  Pac. 98. BunTopoft Hacoc ¢ ofHEM
BONO RACOCE: paGound B ArYMSA 3IBMBIEAKIULAMR

f — Kopnyc macoca; 3 — sant, § — NAR- GepBAKAMH:

CTUHR, VEDETOPANMBAINIAN MEBATXO*  § _ paGouult Sepsim (BmuT); §— gautts

BLie Kahani 4 KBloye §epBAxd; §— MOAOCTR OXAAKs
NEHHR: § — NOAOCT: BCACHBAHBA, 500
NOCTL DoRasy

BEET Mepenelienre BX K UEHTPY H MOJRNY MHEHIKOCTR B nonocts 7 A panee
K HEMOPAOMY HITYREPY HAcCOCA.
Ilpy ofiosuauenwaX, RaBHHX HMa puc. 9.8, cpeznHn noxaya Eacocs

R
= T 2eann, = 1,57d° ez, (93)
TAE N.=097.
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Hacoc pevepcrBeH uw obpatrm. ITocleanee oGycnoB/IeHo TeM, utO NP
roiscleHAs IKAZKOCTH Mop [ABJeHHed CHag, neficToynoulaf Ha NoOGOH Hs
nopuwked, o6YCNoOBINRAET CKObKEHAE HAPYKHOTO KOHUS NOpIHA mo obpa-
sywolsefl. TTosTOMYy RO3BIKAI0T BPAILEHAE PoTopa M EPYTAuUM MoMENT »a
pro Banmy.

BruToBhe BAacock. B cActeMax peryaupopanMa B CMBIKH KPYORWX
MAUMA-ABRraTeNefi HEXOART NPAMENENHE BAHTOBHE Hacocw. Pwecynox 9.7
oJLACHAET CNoCol HefiCTPAN TEKMX WM&COCOR. B yHJIABAPHYECKY pacTOuKY
ropnyca I nnotwo.beTaBnen BAHT 2. B O/IOCKol npopean kopnyca NMEXoART-
cq wiactana 4, aybun koTopoft BXONAT B MEXHNTKOBHWE KARAAH BUHTA H
MLIOTHO [MEpPEropaxuBaoT AX.

ITpn spajevAR BEHT2 B AGHIPEBAEHNH, YKA32HHOM CTpPEAKOH, HMUAKOCTE,
3JKMOUEHHEH B MEXBATKOBHX KaHAAaX 4, ynepXHBaerck ot BPSLICHHA
sy6uUAMA D/SCTREN § ¥ DepeMelaeTcs B OCEBOM HampaBaemwu. TaxaM ob-
pa3oM, OCYUIECTBAMOTCA BCACHBABHE A MOARYA.

Ilpr ppamernn BrATSE DABCTEHA I NEpeMpiBeTcs BBEPX, B IN9 HEnDe-
puBHoH PabOTH HACGCA ORA NOAXKHA GuTL SeCkoHesHOR, aTC KOMCIPYXTHBRO
neeunonirmMo. [TosToMy B KOHCTPYKUHAX BAHTOBHEX BECOCOB POAL (1ACTH-
u 4 BHNONAMIOT IAMHKAILIAE SAHTH, BRTKH KOTOPHX [UIOTHO BXOIAT B
MENHATKOBWE KAHAAW 0CHOPHON (BeNYUlero) BAHTS, NEPerOpaKARBS WX,

Ha pec. 9.8 nokassH BPHATOBOR HECOC C APYMSA SAMHHGIOLIPMR BHHTA-
Mp (uepsakawr). [logeus, B/c, CTAHREPTHOrO RAECOCZ TAKOMO THRa BEIpa-
#AETCH hopuynoh

Q=25

14 500

rae Mo=0,70+0,95; n —wacTora BpPBUIEHEN OCHOBUOrO HCPBRKS, o6/MuN;
o — aMaMeTp YepBAKa, CM.

Ha muparenws (9.8) BHMCHMOTCA ¢axTopw, onpexerfomue mMOAauy
BHHTOBOTO HACOCA.

’lﬂl (9-8)

9.2. HepasHoMepHOCTL NOABMM

BOALUMACTAY THNOB POTOPMEIX RECCCOB CBoHCTHMEMNA HEPARHOMEPHOCTH
nogaws. Econ opm paBore #3coca nopsua ero  KomeSaerca of Qunn 10
wanc, TO HEPABHOMEPHOCTS TIOAAuM KEPAKTEpR3YIT wkosbduURetTON He-
PABHOMEPHOCTH NOABYR

8 = (Quaxc — Quan) /Qepes. (9.9
3navenne § onpeAenseTcAd KOHCTPYKIMEN HACOCa,

KoneGanre mopaay MoXHO R306Pa3nTh rpadHuCCKy aAf moBOTO THNG
[ 'Toproro uacoca. Jinm 9100 Hano BOCMOAL3OEATECH (GOpMYZolt ZAX Ru-
YlCAEHNA TOXAYY,

JAs LlecTEpeHHOro HACOCA ¢ KONECAMA ONMHAKOBEX pasMepoB Nofaya

Q=-%(na+2an —M, (9.10)
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rAe R — panmyc masaibHoll OKPYWHOCTH; £ — BHCOOTA TOMOBKH SY0a; f-u
PECCTORHNE OT MOMOCE SBUCTIEHAE R0 TOYKH KECAHRH.

B TeopuH SBOJNLBEHTHHIX S4LETNEHAR NOKastBaeTcsl, wTo f sapHCRT o
yIAB ROBOPOTA & SyGuaTHX KoJec.

Vpapuenve (9.10) B koopnuHatnoft cucteMe o, Q MPeACTSBATCH KBAA.
paTimmoft nspabonoft (puc. 9.9).

TTycis nonaga nepBoit napy 3y0bes, BAXOAHUAXCA 8 SSUEILICHNA, Aper
MBMEMERHE TONAUA NO BETBH 26,

Ilpn @=a) NpOACXONBT JEIIEM-
neRRe REKOTopoTe OOLEMA IMANKO-
cTR B0 BnaapHe mexny SylbAMH B
noaata pe3ko CHAKBETCA No AHHHE
be. TTonBYa, cOOTBETCTBylOWIAR ToW-
Ke ¢, ofecneunBaeTcH Tenepe Apy-
MM 3y0oM Komeca,

B cpasm ¢ ysenmvendeM f npe
H3MENEEAR yTJa OT Up AO G MpO-
HCXOART YBENAYeRHe HOASUYE fp
Puc. 99. TI'paduk nonaau 1necre- Quexc. 3aTeM BEALY yMeRLUEANS |
l:;l;z(::) BacoCs ¢ BHEULIRAM 3Jalen- npouaoi’me'r CHAMENEE Q A 3aHEM-

aeuue (oTcedka) HexoToporo obbe-

Mg B TOuKe & A 7. K. JIMBHAR Doaa-
4 NPeACTEBRICK COBOKYTIROCTHIO NapafoAYECKAX KpABEIX, NOKAJEHANX Na
sepTewe mTpUxoBiOf. Ipaduk ykasnisaer na cymecTBeHnne KonebaBvH
NORaYH,

Poropine BacOCH YacTo NPAMERAIOT B TAaKAX CHCTEMAX, TAE paHHO-
MepHOCTb NOJAuN ¥ fRBAEHAA AMEeT Be ovenh Gosninoe smavenne. Jlam no-
BSINIeHAA PABHOMEPHOCTH MOASYH HACcOCK JIEASIOT ¢ YBENMMERHHM NOANYECT-
BOM SY0heR, NNACTHU Bie nopiitell H KORCTPYKTHBHALIMH MEpaMH YCTPBER-
10T 3auEeMIeEnRe o0bemMoB FKHAKOCTY BO BOAIMAaX MeMny 3yGpfAiMu. B ge-
KOTOPHX CAOY4afix MMeeT CMHCH YCTSAOBKA BOSAYIIHEX  KosanaKoe (oM,
§ 83).

oy e o, o

9.3. Momnocts M KNA

B aasucAMoct# OT ToAEuM H APBAEHMA, COBAABaEMhX pPOTOPHLIM BaCo-
©0M, MOIIAOCTb Er0 ONpexelReIch HopMynod

_._Qr
N= 1000 (9.11)

B poropHHX ABCOCEX OCHOBHOE BAAYEHAE AMEIOT 0ObeMEWE JOTCPR H
noteps, OOYCACBABHHHE meXamAyeckrm TpeHuem. Ilotepn smeprmw, ofyc-
JOBJIEHHLE TpERAHEM MKAAKOCTH, 37€ech HEIREUHTCNABRH, A 4 pakTHYecKH
e~ 1. CrenosaTennHo,

=" M. 9.12)
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BryTpaHiitne OGLeMHEE NOTepH ONPEAGIAICTCH TANOM HACOCA, MIMPAHOA
ga30D0B, BRIKOCTLIO KUAKOCTH N A3BJCHEEM, KOTOpOE COSREET HAcOL.

(LinpreA 3a30POR CKAIHAEET CYLIECTHEHHOE BAMAHAE Ha 0ObEM MBAKO-
o, LEPKYHPYOWER BAYTPH HAaCOCA; RIHOC SAEMEHTOR HaCOCa, CREIaN-
nuit ¢ YBeIHUEHREM au30ps, nopnmaer obbemenit KI1J w yxynuaer suep-
reTiueckyio 3Q(EXTHBHOCTL HACOCA,

BASKOCTD KRAKOCTH HEOOCpenCTHEHHO BJWSET Ba TUZPABAHNECKOE CO-
NPOTABJEHNE NOTOXOB B 3a30pax. YeM OosbluE BAIKQCTH, TEM MEHBID
yTeuKH U€pes 3a30PH B BHILE Y. OTciofs BHACHAETCA BJEAAHE TEMPEpa-
TypH MEAKOCTH K@ OObEMHEIA KOSHh(PMUREHT POTOPHOTS HAcoca; fjo WOHH-
®deTcd ¢ MOBWIUEHAEM TeMnepaTypw mmawoctn. Cpenmie Jneseund v
ARA DAINHX THOOB HECOCOR MpHbeaeH: 8 § 9.1:

MeXaHRUECKHE TIOTEPN SHEPTHY, OLUCHABAEMHE Yy, 3IABACAT TJBRHEIM
ofpa30M OT CHJI TPEHRA MEMAY KBHKYIRHMNCA NOBEPXHUCCTAMM JeTaned
nacocoB. Octoseok daxTop, BAHAIOMNMA HE Vs, — NABJAEHWE, COINBBICKOE
HACOCOM. Ecmm J8RMenAe noPHINAeTCH, HO BHEe MpeBOCXORRAT BEKOTOpOTO
mpefesia, TO 1, YREJRUABAETCR, 3T0 ofbACHACTCH TeM, YTO CHAH TPewmAd
BOSPACTAIOT MEJIERAEE, uSM YBENRUMBACTCH MOJIEIHAN MOULHOCTL HAacoca,
TTpsr nOBLIEANA NABJAEHHA CREPX HEKOTOPODe MPENE]LHOIC SHAYEHWH NaB-
JIERHE HAYMAAET YMeHbUIAThes BCASHCTBAe BLIBRIHBAWHA MHRKOCTH € TPY-
IMXCH OOBEPXHOCTER, Takke PEUME paloTH HEXeN8TeNbiH BHANY 3H&UH-
TEJbHOTO H3HOCA,

Ha Ny BAHMOT BBIKOCYb N, Cle0BATENBHO, TEMREPATYPS IKEAKOCTH.
Uepm Bwme PAIKOCTL, TEM HETERCHBHES TpeHyue B TOMKOM €l0€ INHANOCTH,
pa3zenmonteM ABMKYUMECH MOBEPXBOCTH, B Meubile Yw [Ipr wamol sa3-
KOCTH (BoicOKaf TeMnepaTypa xumaxecry) v, semuxo, Ho npu stom ume-
€TCB ON4cHoCTy BHIABIMPAHRSA XHAAKOCTH W BOIRMKEQBEHAR CYXOro & M0-
NYcYXOT0 TpPeBR#l, BM3LBAKNIEro xaHoc. [10sTOMY And poTopuHK EacocoB
PAINLIX TANOB CYMIECTBYET MaKcMMaNbHaN TemlICPATYpa MKPAKOCTH, npe-
BRILEHHE KOTOPOlt B SKCNNYyaTanHH HepONYCTRMO.

Mexanmieckoe TpeHne B POTOPHEX KACOCEX WPOSRAAETCA B CANBUMKAX,
HOLIIHNBHKAX, MEXLY 3YORAMH ® BHHTOBLMM NOBEPEKOCTHMM  pabOiHX
S/IEMEHTOR, B Na3aX pOTOPOR OAACTHHHATHX HACOCOB H T. K.

JlnA HopMamLHNX ycaoanit paGoTH POTOPHHK HacocoB

Nu = 0.85 -+ 0.98.

9.4, Xapaxrepuctuior. Perynsposmsie nogaun

Jne poTOPHEIX RAcOCOR NPRUATH /Ba THIR Xapakiepuctok: 1) p=
={(Q) » 2) Q=F(r): N=F(p); n=0p(p).

XapaKTepRcTHKE NepBOro THOS 3HAJOTRYHE KapaKTEPHCTHKAM nopiu~
HEBHX HacOCOB R NPAMEESIOTCH ANl MCCICLORAHHsS cOBMECTHOA paloThl Ha.
coca u rpyGonposona (cu. § 86 u 6.8),
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Xapaxrepucthkn p={(Q) oamoTHNML ann Beex OOBEMEHR HACOCOR, y
NosToMy Kpuane He puc. 8.8 ¥ 89 A98 NOPMIHERHX HACOCOB MOTYT Par.
CMaTPABATHCA A HBK XBPAXTEPHNCTHKM POTOPHHX HACOCOB.

PaccMoTpnM AEPaKTEPRCTHKN BTOPoro Tana (puc. 9.10). 3sech aa ap.
TYMeHT NpRHAMAETCA gapjenne, CO3AARAEMOE HACOCOM; BAIKOCTL MMAKOCIR
CUHTAETCH NMOCTOARHON,

3aprcunocts Q=5 (p) maobpaxkeercs asmmel, orkKnommoruefics-or ro-
pusagHTang. 310 OGLACHALTCH NOER-

] MeHEEM 1o NpH NOBRIIEHHA AAPfie-
N3 ] / e,

‘ =omow o ——— ""1‘ Ecna 68 M ocrabazocs npa

< HIMEHEHNA P NOCTORHHEM, TO SBAMH-

7 SN cmocts N=F(p) Ounme Gu nowrs

N N N npamofi mmneh, Ho 8 neficranTen-

HOCTH Wo3:consl m samucRAT ot pR-

— w= 18 (AKTOPOB, YKA3GHEHK B NpeMH-
Prped f  aymew naparpada. Tlpn m3merennu

p KM cywecTbenino wmaMensiercy,
PEC.Q.IO. XapampHCTnKaQﬂf(p) H 570 npnonn'r K Dmooﬁ @pm
IIECTEPEHHOTO HACcoCa spusok N=F(Q), arkaomomedcs
OT NpAMON NPHAH.

Ha rpadnaxe pac. 9.10 oTMevero Npaaesbioe ZaRNEHWe Popen. NPEBL-
HenHe KOTOPOTO BJeyer 38 cofofi palloty Racoca ¢ OWicTPHM  A3HOCOM.
Jlabnenne Popex YCTEHABMAHART npenen paGotocnocobHocTr wWacoca. 3a
g™ npenenod nabmopaoren Gucrpoe cumkenne KITJL n poct Mommocts
Racoca.

Bennuvia Prpex, NONYCTHMAA 0715 POTOPHOTO AACOCA, YCTAHABIWBAETCH
BATATOM NPYMHAHHE NDeOKPAKHTENLHOrO Knanala, NEPENYCKSIONIETo HHQ«
HOCTh uS Manopwoll NojocTH Hacoca RO peachaawmyly. Taxoft Kianam sB-
naercs HeoGxoaRAMoll npHEaaiexHOCTHIO KaKNOro POTOPHOrO MHACOCa.

Peryanpopanue NoAayH POTOPHEIX HACOCOB MOMKET NMPOH3BONHTLCH pag-
NHUHEMY cRocoBame.

Tlogauy BCcex TRMNOB POTOPHWX RACOCOB MOXHO DETYINMPOBaTL MIMEME-
HACM 4ACTOTH BPALIEHHH W NEPENYCKOM MHAKOCTY M8 Halopforo UATpYyOka
20 Acacnpawonmi

Ilofaxa nAaCTAMYATHX HAcOCOB B COOTBETCTEMM ¢ apMyiolt  (9.5)
MozeT pely/HPOBATLCH TAKIKE MBMEHEHMNEM SXcUeATPHcHTera {cM. prc. 9.3),
NOTOMY 4TO TioWaib f4 MPOFTPANCTEA MENAY NAACTHHEMY SABMCHT OT-6

Hs (9.7) caenyer, uTo DoAaua PalAaibHO-NOPIIHEALX NACOCOR TAKMKE
NOXeT perynnponamn H3MeHeRHEeM SKCRERTPBCATCTS.

Axcuaneno-nopmiHeane nacochl (cM. pne. 9.5) pefyampyioTca mramene-
RHEM YTiis o 310 ACCTHTAeTCH KAPNAHKM COCXNHENNEM poTOpa Hacoca W
efyuteil wefi6h H YCTaHOBKOM APHTATENR Ha MOABMKHON NoAOPOTHON MAAT
Gbopue,
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9.5. O6nacth npumenersa. KoHcTpyKusm

Po‘ropuue HACOCH MPBMEHAITCH AN MalX [IORaY NPH BHCOKOM Aan-

acnnl.

Ha pac. 9.]! nan npomonnkufy paapey mecrepemnoro Bacoce. Lllecre-
pentible HACOCH HITOTOBJMIOT Ha RABJEHAR A0 20 MIla npa mogayax no
1000 n/MAR B wactoTe Bpatterns no 4000 o6/mun. B sueprernke raxne ua-
cochl MPHMEHART @ CHCTEMHX CMAIKRH H PEryaupoBanusd TCMIoguX AaHraTe-
Aol M UeHTPoORKHNX ManmH GoALINOE MOL{HOCTH.

r & 7
11

74

a

NS S

&

a“ ';\\, NN

R 2NN

~

P

Puc 9.11, Mpononerwit paspes wecTepeHKore Hacoca:
1 — Ban BEYIIEr0 KONECA. 2 — OCH BEAUMOCO kOfeca; 3 — syluavnie koneca: 4 —cia-

HiHa, 5§ — Koptiye; 6 — Kpbhtmga; 7 — peryaupyioncile HpoKJAalxe; 8

WG § — CAMbHBEK MAKMOTHOMO THOA; [0 — Kpniuka CAABHIKS

Puc, 9.12. ITonepeuuw pas-
pe3 niacTHE4ATOr0 Aacaca

KoncTpyxkums niacTusta-
TOr0 Hacoca NpeacTabieya Ka
puc. 9.12. 3tu Hacocw hpea-
HI3HAYeHE ANA N&BJEHHH no
15 MITa npn nogauax no200
SYMHH H YACTOTE BpaLjeBHa
a0 3000 o6/MuH.

Ha pec 9.13 » 9.14 npen-
CTaBIeNKR pa3pe3 aKCHAAbs
HO- K pagHanbHo-nopLIHEBHK
HaCOCoB.
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Puc. 9.13. Ilpononsynift paspe3 aKcHeabio-NOPIIHEBOTO HACOCH

Puc. 9.14, TTonepeyrrin paspea pannasbHO-NOPLINEBOTO BACOCA
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AXCUAJGHO-MOPIIKEBRIE HACOCH  BHNOMAHAKTCA ANA faanesnit go 39
MTa, nonad a0 400 n/MuH; uacTora Bpablexwi oOuiaro He Npeplimaer
2000 06/MHH.

Paanensg0-NoplIHERE HACOCH pa3eHBaloT naaiexsn ao 100 Mlla mpx
pofaye A0 8000 a/Kuy. Hacrora ppMaceas no 1500 o6/meu.

Onuxa H3 KoHCTpykualt PHHTOBOTO NHacoca mokasama wa puc. 9.8. Iae-
sesne TaKux BAcocod nocruraer 20 MIla, nonavs — 900 w®/a. lnu orux
Hacocon xapampua BHICOK&H YaCTOTa BPAIRCHHHA, AOXOZMIAH B YHHKANS-
pux KoneTpykunax 2o 18 000 o6/mun,

Kopyca poTOpHhIX HAacocoB MHIKOTO JABJIEHHA HINOTORARIOTCA obnu-
Ho B3 KOHCTPYKUSOHHOro YYTYH3, BHCOKOE nas/ieHue Tpebyer NpMMEHCHH#
cTaARHoro JRThA. Paboure opradn HacocoB — pOTOPM, 3y6uatHe XOJecs,
pAECTHIR — BHOQMHMOTCH WY cOeyHaitybiX cranel. Ilprmensior ocoGyn
aGpalboTKy NOBEPEKHOCTER TPEHHN ¢ LENMbiO DOBKCHTL HIHOCOCTORKOCTL jeTa-
neft.

MoCTOMHCTROM BCEX TENOB POTOPHIIX HACOCOR ABNACTCR BO3MOMHOCTH
HEMoCpENCTBEHHOTO COEARHERAA WX C ABHTaTeNeM, 9T0 abycioBinBaer Kom-
nakTHOCTh arperata. BoIMouoCTt caMOBCacCHBAKHS, HPHCYINAH POTALWOH
HEIM HACOCEM, ABINETCA UX NGIOKHTENLHLIM CROMCTBOM.

K HenocTatgaM PoTOPHHX — JUIECTSpeRNLX, MIACTHHIATHX W MOpHe-
HHX HACOCOB OTHOCATCH OTPARHUEHHOCTL YACTOTH BPRBICHNR H HeKoTOpan
HEPABHOMEPHOCTL NMonayd. BUnTOBHE wacoCh MPAKTHYECKA JNWEHE STHX
HEeROCTATHOB B OGNOAAIT BHCOKON PaBHOMEpPHOCTBIC nonaum, Gosnitol ga-
crotol Bpamedas, Gecurymuocthio palorh, awcoxmM KITH. Ilpa omumexo-
Bux proyux NMapaMeTpax BHMTOBHE HacocH XOPOME POTOPHMHIX BCACACTBHE
CIOHMHOCTH TEXHOVIOTHH BHHTOB CNELMANLHOTO ﬂpO@!UIﬂ.




Yacts V
KOMNPECCOPHDLIE MALLIMHBLI

FNABA OECATAS
OCHOBbI TEOPUM

10.1. OcHoBinic NOHATHS. TUNB KOMMpeccopoR

Onpenenenne komnpeccopa aaHo B § 1.1. Hasuauenne
KOMNPecCOpOB COCTOHT B CIKATHH rascs H NeépeMElleHHH MX g
norpebuTeNsiM N0 TPyGONPOBOIHHM CHCTEMAM,

Komnpeccopy, NpuMEHseMble AN OTCACHBAHAHM Ta3a w3
€MKOCTEll ¢ BAKYYMOM, C2KHMaIOINHE ra3 Ac aTMOCHEPHOIO HaR
HECKOABKO GONbIIErO AABAEHHS, HASLIBAIOT BQKYYM-HACOCAMY.

OCHOBHHMH TNapaMeTpaMm, XBpaKTepH3yIOWHMHE paBory
KOMupeccopa, #ABAAIOTCH o6neMHas nogaua Q (dcumcnsercs
OGHYHO NpH YCJAOBUAX BCacHBanug, cM. § 2.1), HazanbHOe, py
H KOHEUHOE po NABJEHHS UJH CTENeHb NOBHILEHUS AABAEHHA
€==po/p1, T4CTOTA BpAllcHHA H MOIHOCTL N HA BajJy Komipec-
copa.

pKOM[lpeCCOpH COOTBETCTBEHHO CHOCOGY AEHCTBHSI MOXKHO
PasiejUTh H3 TPHU OCHOBHHe Ipynnu: o6BEMHHE, JONACTHHE
H crpyiiune {cM. § 1,1).

Ilpy xaaccHPHKANHE 00 KOHCTPYKTHBHOMY HPH3HAKY OGB-
eMHbe KOMipeccops MOAPA3AEAAITCH HA NOPLIHEBLE B POTOp-
HHeE, a AonacTHie — Ha ucHrpobexnbue H ocepne. BoaMoxuo
pasziejieHHe KOMRPECCOPOB Ha TPYNNL B 3aBHCHMOCTH OT pojla
nepemelllaeMOro rasa, BHAA NPHBO/A, HASHAYeHHH® KOMmpec-
copa.

pOpneH'mpomqnue 3HayeHHs! OCHOBHHX NapaMeTpoB KOM-
MNpeccOpHHX MAIlMH Pa3NHYHHX THNOB, NPHMEHSEMHX B MNPO-
MLl UJIEHHOCTH, npuBenerH p Taba, 10.1 [13]

Huxe paccMOTpeHH NPHEIHNHAJSLHHE KOHCTPYKTHBHHE
CReMB KOMNPECCOPOB.

Tlopwnesoii nomnpeccop (opuonopuiHesol, ¢ opuoft cTy-
neHbio cxatun) npapenex Ha puc. 10.1. Ilps ospparuo-nocTy-
naTeNLHOM ABMMEHHHM NOPLIHA OCyllecTRasioTes (asw nmpo-
uecca; pacliBpeHHe, BCAaCHBaWHe, CIKaTHE H BHTAJKUBaHHE.
Cnoco6 feficTBHA NOPLUIHEBOro KOMNpeccopa, OCHOBAHHBIA Ha
BHITECHEHHH Ta3a NOPUINEM, NO3BORAET CTPOHTL KOHCTPYKUUH
€ MaAnM AHAMETPOM H X0A0M NOPIUHS, pa3BHBaloliHe BHCO*
KOE jJapJICHHe NpH OTHOCHTENLHO Manoh noxave.
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ganna 10.1. OcHOBMHE XEPAKTEPHCTHKN ROMIPECCOPAKK MAWNH

Ta
—_ TNozgas, C‘r:neub YgcToTa
pe | v | R | somuenr | pien
—"'-—'-'-—'__
BakyyM-Hacoch 0—100 1—50 60—1500
MlopwieBse | o weccops | 0500 | 2,5—1000 | 1003000
o 0— 100 1—s6 | 250—6000
Bakyym-racocn —
Poropit=e Taagijnxn 0—50 | 1,1—3 300—15 000
Komnpeccopn 0—500 312 300—15 000
6000 300—3000
obexkune | BenTuaaTopw 0— 1—1,15
Ligerrp TasonyBKn. 05000 | 1,1—4 3003000
Kounpeccopu 100-—4000 3—20 1500—45 000
Ocenuie BenTHnnTOpPR 50— 10 000 1—1,04 75010000
Komnpeccopw | 100—15000( 2—20 500—20 000

Poropruil Komnpeccop NAaCTHHYATOrO THNA NPEACT2RJICH
pa puc. 10.2. ITpn BpalleHHr MaccHBROTO poTopa 2, B npo-
JOMBHBIX Na3aX KOTOPOrO MOIyT CBOGOMHO NEPeMeniaTbes

Prc. 10.1. Koecrpywrusuag cxema
Beacsidon.e l 1ﬂvﬂuva TOPIIHEROTO KOMIDECCOPa

it
L. Cxnaykdero
T Segan dodg s\\\\x\.\\\\ﬁ\\\: N
_,/ Puc. 102, KoHCTpyKTHBHER CcXEMA po-
S TOPHOTO KOMOPECCopa:
J= s 32— s 3— Hbi: £ —
%‘ ncac:&panlgcumﬁ na'lr)g;%x: 5 —-"rf'o'ifﬂénﬁ.n oa~

TpYGox

CTaibHHe nnacTHRH J, ras 3aXBaTHBAETCH B MeMJIONACTHHE
UpocTpancrea, NEePEHOCHTCH OT BCACcHBalllero narpybka 4 g
BaNopLomy 5 i BEiTECHSIeTCA B TPy6ONPOBOA.

41 POTOPHOIO KOMIPECCOpa MOMET COCNHHATHCE C BaJloM
UprBogHOrO gBiraTens HenocpeicTBeHHo, 6e3 peaykrTopa. 3to
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08ycJiOBAMBACT KOMNAKTHOCTh U M2JYI Maccy ycTaHOBKy

enomM.

‘ Llenrpobexcreii xomnpeccop (puc. 10.3) neiictByer amang,

puapo LenTpobexnomy nacocy (cM. § 3.1). Ban uentpobesxno.

TO KOMIOPEccopa CoejuHsercs ¢ BANOM NMPHABOAHOrO ABUCE

(snexTpoABATaTENH, NapoBas TYPOUHA) MM HeNOCPeACTem

WO, HJTH Yepe3 MeXAHHMYeCKYIo nepefiady, NOBHMAIUYIO Yacty.
“Pre. 10.3. KoHcTpyxkrfBHan cxey

ABYXCTYNEHYATOro UEHTPOGexyorg
KoMmmnpeccopa

| —
o
b
1chuhfme fotmse ‘

Pse. 10.4. Crema ocesoro xomnpec-
copa (CceMACTYNEeRYATOro):

f— paGoine nonact; 2— potop; A—
HANPABARIOLHE JIOMACTH

Ty BpallleKusi BaJia KoMIpeccopa, YeM JOCTHIAETCH yMeHbIHe-
Hie pA3MEPOB KOMIIpECCOPa, CHHIKAIOTCHA ero Macca # CTOH
MOCTh.

Ocegoil KOmnpeccop cxemaTHIeCKN u3aobpamxen Ha puc. 104
KoHCTpyKiHa COCTOMT H3 MHCCUBHOIO POTOPA ¢ HeCKOJBKHME
BeHuaMu DaboTux nONacTeidl Y KOpPNyca, Hecyuiero Beuyu He-
NORBHXHEX ~ HaNpPaBJIAIOULHX aonacrefi. I'as Bcacwpaercd B
npueMHLK naTpy6Gok M, ABHrasChb B OCEBOM HanpapjenHE,
CiKUMaeTCH Mocae0BaTe/IbHO B JIONACTHRIX CTyNeHAX KOMIIpec-
copa. Uepes Hanopruii natpyBok ras sHrechsercs B Tpybo-
npoBof, BeAyllui Kk noTpebuTennn.

[IpueOj OCEBHX KOMIpPECCOPOB — OT aneKTpojpurateled,
NapOBLIX ¥ ra’sOBHX TyPOHH,

10.2. TepMOoAMHAMMKE KOMNPECCOPHOTrO Npoyecea

TNpocrefman Teopuss KOMNpPeccOPHHX MalIMH, 06analoniad
NPAKTUYECKY TIPHEMJIEMON TOYHOCTLIO, OCHOBBIBARTCH Ha TEP*
MOAYHAMHUKE HJACANLHOrO ras’a, noAYHHEHHOro ypaBHEHHID

p=pRT. (10.)
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np][ KOHEYHOM JRABJNEHHH BO3AQYLIHOrO KOMNPECCOPHOro
onecca 6onee 10 MIla cienyeT nonb3oBaTeCA ypaBHEHHEM
cOCTOAIASA PEATILHOTO Fasa

p =2pRT, (10.2)

rze 2 — Koa¢duupert cxumaemoctn, OnuTHbie 3HAYEHHS €0
p 3aPHCHMOCTY OT 6e3apasMepHEIX BeJuYHK P/Pup ¥ T/Twp Npn-
penentl B [27].

OcHoBHEBe ypasHenus. CoBMecTHOe HCNONB3OBaHHe Hep-
BOCO 38KOHA TePMOAUKAMHAKH 1 YPABHeHNs COCTORRUS uleasb-
poro rasa NPHBOAMT K C/EAYIOIiMM YpaBHEHHSIM NPOUECCOB
CKATHA H PacCLIMPEHHS, MPOXOASAIIMX B KOMMAPECCOPax:

DOJMTPONHBI Mpoyece p/p* = const, 103
pvt = const; (10.3)
apuaBaTHWil npouece pipt = const,
pu*t = const; (10.4)
H30TepMUIMeCKHil mpouecc p/p = const.} (10.5)
pv = const,

[NoauTponHué mponece siBAgercs O6GIUUM BHAOM TEPMOAH-
HAMHYECKOI'0 NPONecta M MPOTEKAET B KOMIIPECCOPAX B 3aBH-
CHMOCTH OT BHEIUHHMX H BHYTPeRHHX YCNOBMH C TOKasarteneMm
n=1,15=1,80.

Anna6aTHHM Ha3HWBAIOT Npoyece 6e3 Telmaooc6MeHa ¢ BHe-
Heil cpepofi; B TaKOM Ipoyecce POIMOXKO BRYTPeHHee o6pa3o-
BaHHe TellJIOTH 3a €9eT PabOTH rasoporo TPEHHH H BHXPe0l-
pasosanus. CTporo apuabGaTHHi# npoLece B KOMIpeccopax
MOJYURTE HeJh3s BCNEACTBYE HEBOIMOKHOCTH NMOJAHOM Tendo-
Eofi H30NAIHYU ra30BOro TNOTOKA OT OKpYXaloue#i cpejH.

Kpome npoueccos (10.3)—(10,5) B Teopuu KoMupeccopos
paccMaTpABAIOT NMpOLECC HIOSHTPONHHR, XapaKTEPHIYIOULHIi-
Cf TOCTORHCTBOM 3HTPONUH B pe3yJnTaTe OTCYTCTBHSI TeNJo-
ofMena ¢ oxpysarolleii Cpeiol B BRYTPEHHETO TellJIOBEIeJe-
HES, 06yc/IOBJIEHHOrO ra3oBeiM TpeHHeM B mMoToke. B peans-
HEIX XoMIpeccopax, OYEBHAHO, H303KTPONHLIH MPOLECC HEBO3-
MOXeH.

Auarpammm ST u pv. YkasaHnne npoueccH yAo6HO u3o-
Gpaxary, rpaduyeckn B KoopRumatax S, T (puc. 10.5).

3z¢ch npescTaBNeHE OCHOBHHE BANH KOMIPECCOPHHX NPO-
Heccos: nosurpommbift n<<k, cROfCTBEHHHI KOMIpPEcCOpaM ¢
YHTeHCHBHBIM BONSAHHM OXNaxmjennem (puc. 10.5, @);

6 NoanTponnwft #>>4, TANAYHBLIN AJA JIOMACTHHX (UeHTPO-
©XHBX B oceBHX) Komfpeccopos (puc. 10.5,6);
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usosHTponHL ¢ S=const (pruc, 10,5, 8);

nsorepmuueckuit ¢ T'=const (puc, 10.5, 2),

Ipoyeccnt Ha puc. 10.5, 6 u 2 B KOMNpeccopax Heocylecy.
BUME!, TePBhIfl — noToMy 4TO 06pasoBalue TENIOTH 33 cyeq
BHYTpeHHero rasoBOro TPEHHS NPOSBASIETCH BECbMa Cyliecy.
BEHHO, BTOpO# —nO TpHYHHE HEeBOIMONHOCTH BBINOJIHUT,

T JPa=vonst 4
pr=tonst
% 2 prEtonst %
\ﬂ<k
1 ARes

Pz='cm13t

9

Puc. 103, S, T-auarpamMms KOMOPeCCOPHEX NPOLECCOB, ONUCHBACMEX (ofr
mygavk (10.3) —(10.3).

KOHCTPYKUHIO OXJAXASIOMEN CHCTeMbl KOMNpeccopa Tak, Yro-
61 oHA ofecneynpana CHATHE raja NpPH IOCTORHEON Temnepd
type. Kak Gyner nokasaHo Huike, 5TH ABa Npolecca Hcmolb-
BYIOTCA /18 OMEHKH 3HepreTHdeckor apdeKTHBHOCTH KoMnped:
copob,

OrMeTHM CBO#CTBA TEPMOJTHHAMHYECKHX AHAarpaMMm KoMI:
peccoPHEBIX NMPOLECCon, NOKa3aHHEIX Ha puc. 10,5,

{Ipouece cxaras BO BCEX CAy4Yasx Hpeacrapapercs -
Husimn 1-2. B caywasx na puc, 10.5,a u 6 cxxatne (nopmweé
HHE RABJCHNS) CONPORONAAETCH MIMEHEHHEM SHTponAH @ no-
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HIOCRHEM TEMIEPATYDH ra3a. IIpx 3TOM yBeauyupaeTcs 3H-
Taﬂhn“’l rasa.

B NOJBTPONHOM KOMIDECCOPHOM TMpouecce mpr #<<k Ju-
g /-2 mpelcTaBJAer coGol MpoLecc CKATAS, MpoTeKaoUlui
a6ouelt NojdocTn (UHJHHADE, KaHa/laX KoJeca H KOphyca)
KOMNPEccopoB; anHEA 2-3 — npouecc ¥3I06apuOro oXaaie-
puA CHKATOTO rasd, yXoAaulero H3 KOMIpeccopa. rot mpoyece
ppoTEKAET B OXJAJHTENe KOMMpeccopa M Tpy6OnpOBOAHOR

BH

léoo'rnercmenno 3aKOHY COXpaHeHus SHepruu padora, 3a-

auHpaeMasg KOMIPeccopOM Ha CIKATHE H  BHTaJKHBaHNE
rasa (6e3 yueTa MeXaHHYECKHX MOTEPH), MPEACTABAACTCA CyM-
MO TEOVIOT, OTBOAMMEX OT rasa B NPOUECCax CXKaTH® W H30-
6apHOTO OXJIaXK IEHHS,

BocnoJib3yeMcH OCHOBHHIM ONpeie/ieHHeM SHTPONHH B 3Jje-
MeHTEPHOM TEMJOBOM Npolecce:

ds = dQ/T.

Jas nponeccos 1-2 u 2-8

] 3
Qe = des; Qia= J TdS.
1

[oapHTErpanpible MPOHSBENEHHA HABJAAIOTCH SJIEMEHTap-
HHMH NJIOUWEAAME TIPOMECCOB CXATHR H OXJaMJeHHR, H3o0pa-
xenmx B ST-puarpamme, ChaefoBaTenLHO, KOJHIECTBO SHED-
Iy B TENJOBHX eIHHHIAX, MOABORHMOE K a3y AJA OcyllecT-
BIEHIIi KOMIPecCOPHOro mnporeccs, r?e,ucran.nﬁe’rcn cyMMoit
nroumajeii fuarpaMMp 1-2-5-6 u 2-3-4-5,

[lpy ckaTud rasa 0o noanTpome ¢ MNOKalatejneM B>k
(puc. 10.5), 9TO xapaKTepHO AR KOMIPECCOPOB ¢ BO3AYLINEIM
HIHn  HeHHTEHCHHHEIM BOJASIHEIM OXJaXAeHHeM, [JIOMAND
1-2-6-5 nop noauTpomo#t I-2 mponecca CKATHA NPECTABJIAET
coboii KOJIHYEeCTBO TEITOTH, 06pa3yclleHca B IOTOKE BCJIeACT-
BHe ra30BOT0 TPEHHN H BHXpeo6pa3oBaHAR.

JHeprus, NOMBOAHMAN K KOMIPECCOpY, pacxpayercsi Ha
NporejieHHe KOMNPECCOPHOro mpoyuecca {CkartHe B MPOTAJKH-
BaHpe) n paboTy rasoBOro TpeHus B MPOTOUHOM monocTH. Pa-
60Ta KOMnNpeccopHOro mpoyecca MpeACTABJAETCA MFOLLAJBIO
1-2-3-4-5. CnepoBarenLHO, noaHas 3Heprus, pacxojlyeMmas
KoMnpeccopom (6es sHeprud, mayilefi Ha NOKPHTHE MexanH-
YeCKNnx u ofBEMHEIX 0TEpPh), BRpaxaercs niomaaple 2-3-4-6.

‘EC-‘m GH mpolfecc B KOMIpeceope MpoTexasa nO H3OSHTPONe
I-?, 10 nonuas satpata aHeprium GHIa 6 pasHa TAOMIAZN
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1-2-3-4-5, 1.e. Ghna OW MeHblle Ha pasMep NJCMapy
1-2-2-6-5. Cnenosatenbio, yBeiHueHHe SHEPrud, PACXopye,
MOil KOMIpPECCOPOM, Npy NepexoAe oT H303HTPONHOIO NMpoNec.
€A K PeaNbHOMY MOJHTPOIHOMY C 1>k CONPOBOKAAETCH ype.
JHYEHHeM NMOTpe6aeHun SHEePruH, PABHHM nIowaid 27 -2-6-5.1
Ouesugro, maomane 1-2-2 npeacras/ner cobof SHEPrHIO, ag.
TPAuNBAEMYIO JONOJHUTENBHO Ha CXKaTHe H NPOTANKHBARuG
ofveMa, MOABJAIOIIELOCH B pe.
3y/bTaTe Harpesa rasa B mpo.
Ilecce TpeHnHE H Buxpeobpasopa.
HHS.

H3noxennne co0GpRMKeHug
NpAMEHUMH ¥ K PaccMOTpeERuo
S, T-gnarpamMm u303HTPONHOr
U H30TEPMUTECKOrO TpOLeccon
{puc. 10.58 u 2).

Hanwmenslyee KOJIHUECTR)
9HEprHM 3aTPAuMBAETCA B KOM-
MPecCOPHOM Mpouecce € HaoTep-
MHYeCKUM  CXKaTHEM {prc,
10.5,2). Sra sHeprun MpPeACTaB-

uc, 10.6. p, v-Anarpavmit KoM=  JIAETCH [IJ0UAABIY 1-2-4-5,
PECCOPHRK MPOLECCOB, ONACH- B uvexoTtopbix CcryyYyasx yAo6-
RACULLK  Qopuy et (103)~ 3o maobpaxarb KOMIPECCOPHER
(103) npomecchl Ha p, U-IHArpaMmg
(puc. 10.6), 3mece cANOUE
HOR NuHHell I-2 noKAasaH MPOLECC NMpH NOJATPONHOM cXKATHH
¢ n<k, NIPOTEKAIOMHAA B MPOTOYHOfi MOJOCTE KOMIPECCOopa.
Tpoyece Ox/axAeHHR 2-3 TeopeTHUecKH Npoxoaur no maobape
pa=const, p JefiCTBHTENLHBIX YCIOBHAX HECKONMBKO OTHAORAET-
cH OT u3obapwl.

N aorepmuueckoe cxatue usobpaikaercss WITPHXOHOA JHHA-
eit 1-2”, uaosurponnoe — 1-2', aguabatHoe npu n>>k — nMuAR-
efi 1-277.

¥YpaBHeHHs SHEPFHH KOMIIPECCOPHHIX mpolleccOoB. JHeprus
L, zsaTpayusaeMas B KOMNPECCODHOM MPOIECCE (P CHKATHA H
BHTANKUBAHAY | K& MacCH rala, BhIpa)Xaercsl MJOLIAABIO Py
U-uarpaMMel, orpanHyeHHoR uso6apaMd HaYaNLHOTO p) ¥ KO-
HeyHOr'o po AABAEHHMA, MonHTPONOR CIKATHA u OCbIO CpAHHAT
(puc, 10.6).

5 npoyecca ¢ n<k

2
=—'de0+ PaUg— P10y,



M3 ypaBHEHHE NOJHTPONHOTC CHKATHA put=pv" nmeeM
p=nv] {v® H, CIEAOBATEAbHO,

2
L =—P1"’115%‘+Pz”2—l’1”1-
]

[Moc/ie HHTEerpHPOBAaHHE H aJre6paHyecKux Ipec6pa3ond-
gHil noayuaerca
1

L=-=- plv,[(p,/pog;‘—l]. (10.6)

n—1

CeA3b MeXy L4BJEHHAMH U TEeMIepaTypaMH B NOAUTpOI-
HHIX MpoLleccax ONpefesneTcs COOTHOLIEHHEM

- (&)r_l ) (10.7)
51 7,
[ToaTomy
= Ts 10.8
L u__lplvl[ T]_ 1]- ( - )

[Tpucoeannaem k Qopmyse (10.8) ypanHeHue cOcToAHHA,
sanucaHHoe AJA HayajbHEX NMapaMmeTpos, p1v;=RT).
Toraa

L=-—"_R(T,—T). (10.9)

n=1

YpapHeHHe TONHTPOMHOIO W M303HIPONHOrO WPOIECCOB
(103) u (10.4) coBeplIeHHO UREHTUYHE M PASHATCH TOJBKO
8Hauennem nokaaareseff, [TosToMy a7 W303HTPONMHOrO KOMU-
PECCOPHOrO npolecta MOXKHO SanMCaTe CAEAYIOILHE COOTHO-
WeHHA;

b1
.k P\ 1t
Li=—*=p [(m) " 1]. (10.10)
k
P (T Y3,
o ( T )&—1, (10.1))
L= [ —1] (10.12)
L, = ﬁ R(Tpa— TO. (10.13)
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MocreiHye ¢ MOMOWLIO H3BECTHHX COOTHOUIGHHf Ry
=Cp—Cy U Re=Cp/c, NeTKo npeobpasyercs B ypasHeHue

Ly=¢, (Ton —Ty) = igg— iy, (10.14)
RHpaXKalolllee PaGOTYy H30SHTPONHOrO KOMIPECCOPHOTO Mpo.

necca gepes HavaJdbHYI0 U KOHEUHYIO 9HTAJLIHI CIKHMaeMorg

raad.
Js H30TepMuyecKOoro KOMNPECCOPHOIO Npolecca pu=

=PV, =Pa02 U3 p, U-AHATPAMME HMEEM
| =—fpdv+ PaVg — P th = _fpdv-
Vimesn B BuRY, lm)l p=piv1/0, noayuaem I
2
Ly =— j‘Pl 7’1% s
1

Hau
Lm=pmln;‘j“—. (10.15)
1

Ipupepentule cooTromennn (10.6)—(10.15) nossoamor
ONMpERENRATH 3ATPATH IHEPrud HA MPOBEHAEHNE KOMIpeccopHoro
npouecca, KO He Ral0T OTKPLITONO OTBETa Ha BOMNpOC o pachpe-
AeNEHHY U3PacXOA0BaHHON FHEpPruA Ha NIMEHEHHE OTAeNLHHX
MapaMeTPOB npouecca.

[locaegHee moxker OWTHL BLINOJHEHO HCNONL30BAHMEM YC-
JIOBHA COXPAHEHUy 9HEPrHH: SHEPrus, pacxofyeMas B KOMO-
PeccopHOM Hpouecce, HAET HA HIMeHeHHe SHTANbIHM ¥ KHHE-
THUECKO{l HEPruM ra’a H NOKPHTHE MOTEPh B OKPYHAIQIUIYIO
CpeRy. JT0 yCNOBHe MOMKHO 3amHCaTh B CAMOM oblueM Buae
K4x YpaBHeHNe fafiaHca 3HEPI¥M KOMIPeCCOPHOIO mpoiecca

o &
bt +L=t+ -9 (10.16)
HAH
L=cy(Ts—Ty) +——— 4. (10.17)

B teopHi  pacuyerax KOMNPECCOPHHX NpOIleccoB NPUHATO
HCNONb3OBATD NApPameTpe. TOpMOMenus. HanoMuum cyuHoct
9TOr0 MOHATHA,

Ecqn #305HTpONHHA rasoswfi notok c Temmneparypolt T ¥
CKOPOCThIQ ¢ NONHOCTbIO 3ATOPMAKHBAETCA; TO ero KHHerTHIe:
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ckas 3HEPTHA NPEBPAIAETCR B TEMJIOTY ¥ TeMNepaTypa rasa
noorwaeTcs g0 T*, nasnBaeMoil TeMneparypol 10pMONLEHUR.
OvueaniHo, cooTHOLIeHHe 6anaHca 3HepPrun

T+ —;i =c,T*

T4+ 10.18
+2 (10.18)

CaenoBatensho, B coorsercreur ¢ (10.17) yheneHan sHep-
rus H303HTPOMHOrO Mpoyecca MOKerT GHTL BHPajeHa Tepes
TEMOEPATYPH TOPMOMEHHR:

L=r¢,(T:—TY). (10.19)

JlapneHBs u TemMnepaTyps B H309HTPOINHHEX npoueccax
cBA3all cooTHourennem (10.11). Tlosromy napamerp AapJe-
HHE TOPMOIKEHMA MOMeT GHThL ONpPeJeNicH H3 ITOTO YpaBHEHHS:

¥

pt=p (%):. . (10.20)
MouocTs koMnpeccopa
N=_F0E (10.21)
100073¢, T

rje p — MJOTHOCTD rasa, NoCTYnalouero B KOMIpeccop, Kr/m?;
Q —obbemHan mnojaya xoMmpeccopa, MYc; L — yjaenbHan
SHeprusl KoMMpeccopHoro mpouecca, JLK/Kr; fio — oOGBeMHEE
KoxpdHUHENT, YyYHTHBAIOWANR NOTEpH 06beMa ral3a BCNEACT-
BHE [epeTeKaHuy 4epes 3a30PH  YINIOTHEHHHA KOMIpeccopa;
Nx — MeXanudeckni KI1JI komnopeccopa, yynThiBalonMi pac-
XON 3Heprum Ha MPEOROJIEHHE MEXAHNYECKOro TPeHMN ¥ [PH-
B0, BCNOMOTATENBHEX MEXAaHH3MOB (MAacisHHX HacOCOB, BEH-
TWIATOPOB ¥ HACOCOB CHCTEME! OXJIAMKK/JICHHA, €CAN OHH NMPHBO-
AATCH OT Bajla KOMIIpeccopa).

UHc/oBHE 3HAYEHHR To H flu [JA KOMIIPECCOPOB Pasdiiyys
HLIX TUIOB NpHBeJleHH B COOTBETCTBYICLUMX PA3Reax KHUrH,

OcoBeHHOCTbIO 06BEMHEX KOMIPEccopoB (NOPLIHEBHIX H
HEKOTOPHX TUNOB POTOPHBIX) ABASETCR NMEPHOAUYHOCTL MX pa-
6oucro mponecca, OBYC/IOBACHHASI IEPHORHUECKHAM JBHIKEHHEM
ix paGoyux opraHos, B pabodem mpowuecce ITHX KOMIIPECCO-
POB cliefyeT BHAGKHTH 0€06YI0 9aCTh — NOJHTPONHOE PaCKin-
PeHue rasa 0T KOHEYHOro A0 HAYAJNLHOIO AABJIEHHA, Npejlle-
CTBYIOHMIee BcAcklBAHHIO ra3a B 3aMKHyToe paboyee mpocTpan-
€TBO  kommpeccopa, Pacuiupenne rasa  06ycJOBJAHBACT
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BOSBpAT %aCTH 3HEPruy, H3pacXOAOBaHHON Ha CXKATHE n By.
Tankusarue, 06paTHO Ha BaJ KoMnpeccopa, KonuuecTBenHay
olleHKa 9TOro ABJeHNs paccmatpHBAeTcH B I, 13.

10.3. Koshhuyuenrm nonesuore AGHCTBUA
HOMNpPEtcopon

S erTHBHOCTL KOMNPECCOPOB HEMb3s OUEHMBATEL SHage-
HHem o6muHOro sHeprerngeckoro KINJ, npeacrasasoulero
coGofi OTHOWEHNE 3HEPTuH, npuoBpPETAEMOli ra3oM, k 3Hepruuy,
9aTPauHBAeMOH Ha NpoOBejeHue KOMMPECCOPHOIO pouecca,
BHACHHM NPABUNLHOCTL 3TOTC YTBEPKACHUA.

INo (10.17) npu ycnosHu ¢, =C; yAeJNbHAs 9Heprus, NPEOG-
PETAaEMaR ra3soM B KOMINpeccopHoM mnponecce, L—g=
=¢p(T2—T1), rie § — KONHYECTRBO TENJIOTH, YXOAALIEE B OK-
pyxaiouee npOCTPAHCTBO BeneACTBHE OXJIAMKACHHUST KOMIIpEC-
copa.

Crenopareantio, gHeprernyeckuii KIIJ, xomnpeccopHoro
npouecca

— _t(Ty—TY 10.2
a ep(Ty— THe (1022
TlpuMensiys monyyesROe BLIpaNKeHue K USOTEPMUYECKOMY
xoMnpeccopuoMy npoueccy ¢ T1=Ts (cum. puc. 10.5), nonyyaem

Onnako paHee GHIO0 AOKA34HO, YTO W3 BCeX BOIMOMKHHX
TUMOB KOMNODECCOPHHIX  [pPOyectOB  HauMeHbmel saTpaTH
SHepruyu TpebGyer usoTepMHUECKHN npouece, apasiowniicd ca-
MHM BHIOAHHM- 10 3aTpaTaM sHepruy. [Ipn ouenke mo (10.22)
H30TEPMHUYCCKHH KOMNpeccopHHWH Mpoyuecc kpafiie HeBHTIOAEH,
noroMy 410 1=0.

B yeM npuyuHa napapokca?

IIpr m3oTepmudeckoM KOMIPECCOPHOM mpomecce Cp{lyg —
7)) =0 n, caefoBaTenbHO, 3HTANBMAHA [A32 KaK Mepa ero
3HePruy ocTaeTCH NocToaRHoR, ONHaKo Npu cOXpaHeHUH 3Have-
HHSl 3MTAJIBNHN KOMIPECCOPHRBI# Mpouect MEPeBoHT a3 Ha HO-
BH NoTeHyRaJbHK{I ypOBeHb, COOTBETCTBYIOMMA Gosiee BLICO-
KOMY AABACHHIO Py, U TEM NPENOCTABASLT raldy BOIMOIKHOCTH
COBEPLNTEL pabOTy NpH pacCliHpedHH A0 Ha4YaJbHOIO AaBJECHHA.

CaenoBaTenbHo, OUEHHUBATh 3HEPruio, NMOJYdaeMylo Ta3oM
B KOMNDECCOPHOM fIpouecce, H3MEHEHHEM €r0 JHTANLNMY HE
HMeeT CMBICNE, TIOTOMY YTO IIPH COXPaHEHUN NOCTOAHCTBA 3H-
Tanuinm cnocofhiocTh rasa NPoM3BOANTL Paboty BOIpacTaeT.
Otciona snTeRaCT HEAONYCTHMOCTh OLEHKM cOBeplUEHCTBA
KOMNpeccopa SHayeHuem yHepreTvuecxoro KINI,
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COBepIICHCTRO KOMNPECCOPHOro mpoliecca OLeHHBAIT 1Npn
poMOWLY OTHOCHTENBHMX TepMopuHamuyeckux KI1J — uao-
TepMHYECKOLO 1) ¥ HIOSHTPOMHOIO Ta,

Ecnn aeficTeHTenblIN{i NOMHTPONHET NpoLece NMPOTEKaeT B
KoMIpeccope ¢ Noka3larelieM s PR yRedbHo#l sxeprum L, To
130TepMHUECKHit 1k u3oanrponuui KI1JL

Mae = Ly/L; (10.23)
Ny = Lg/L, (10.29)

3aech Lys 1 Lg — yflelbHble SHEPrUE MIOTEPMHUYECKOrO M H30-
gHTPOMNHOrO NpoLEeccoB, onpeaensieMue popMmyaamn (10.13) u
10.19).

( Plac)rrepuﬂqecxnﬁ KII[ Nea DPHMEHAIOT AJA OLEHKH KOMII-
peccOPOB ¢ WHTEHCHBHO JEHUCTBYIOIHM BOZAHEM OXJAMKIe-
uveM (NMOPLIHEBHX ¥ POTOPHHX). JIiA 9THX KOMIpeccopos
(3oTepMuleckuit nponece, obaasawuit HaRMEHbIUEH yAenb-
Ho#t SHepruell, ABJACTCA STANOHHBIM.

KoMupeceopw ¢ HeMHTEHCHBHHM OXJaXAeHueM (UeHTpO-
fGexHEe B OCeBhIe) OIeHHBAIOTCA NPH NOMOUlW HIO3IHTPOMHOIO
KIL mMa. 3T0 06BACHASTCH TEM, UTO A KOMIIDECCOPOB 3TOTO
THNA H3O3HTPOMHBEI MPOLECC RBARETCA STANOHHHM, Hanbonee
CoBepLIeHHH M.

3HaueHHA Tu H Mo A5 KOMIPECCOPOB DAIJNMYHHX THNOR
npuseneHu 8 ra. HE—13.

YCTaHOBHM OCHOBHHE, BAXKHHE B PacyeTHOR [IpakTHKE CO-
OTHODICHHS, CBA3IHBAIOUIHE OTHOCHTENBHKH H302HTPONKEE
KIIO ¢ tepMmoaMRaMHyecKHMH NapaMeTpamy TOPMOMKeHHH
npouecca.

U3 dopmys (10.1) u (10.10) caenyer

. pa \2!
La=—k—RT1 -%- R —11
k1 Py

HelicTBUTENBHBII npOUECC ABJIAETCH MNOJNHTPONHEM, H
L wero dgopmyny (10.17) momHo 3anmcarh B napamerpax
TOpMoKeHus npy ycnobun ¢=0 rak:

L=0,(T;— T} (10.25)
M3 atux coorHowennd cregyer

o k_l
-
U WA (10.26)
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GopMyna anA pacueTa OTHOCHTERBLHOTO HIOTEPMUYECKOrp
KI1[ anna ouenks oGbeMHHX ORHOCTYNEHUATHX KOMIIPEcCOpoR

¢ HHTEHCHBEHM OXJa)AeHHeM mnonydaercs u3 (10.15) ¢
(10.23):

R In—pg
P

T,
c”(T: —')

Pacuer ¢ HCNONb3oBaHHEM NMapaMeTpPOB TOPMOMEHHS BJECH
HE HMEET CMEICKA, MOTOMY YTO B Hauyale W KOHUe IMpouecca
CXKaTyA CKOPOCTH FaloBOro IIOTOKA He3HAUMTENbHH,

s = . (10_27)

10.4, Oxnamgerme. Crynenuaroe cxarve

JapacHust, CO3flaBaeMble KoMnpeccopaM#, paGoTaroumuM{
B TEXHOJOTrHYECKHK CX€MaK NPOM3IBOACTB, AOCTUralOT GoNbILIHX
anayend#, OxHako noAyueHue BHCOKOIO fasjeHufs B OAHOH
CTYNeH! KOMIpeccoPa (B OAHOM KOMIPECCOPHOM Mpolecce)
zarTpyauutenbo. IlpuyuHofi aroro 8 06beMHHX KOMIIpeccopax
(nOpLIHEBBIX ¥ POTOPHHX) HABJAAECTCH TPESMEPHOe TOBHILEHHe
TeMNepaTyphl B KOHUE CKATHA, OGYCJIOBJEHHOE HEBO3MOMKHO-
CTbIO COBJIAHHUA KOHCTPYKIHE KOMIDECCOpPa € NOCTATOUHO HH-
TeHCHBHEIM OTBOAOM TElJIOTH OT C3XMMAaeMmoro rasa, B komn-
peccopax gonacTHbix (neHTpPOGEXHHX M OCeBWX) mnpHYHHA
KpPOeTCsi B HEAONYCTHMOCTH TAKHX CKopoCteil pafouark Jonac-
‘reli, BHIOJHEHHHIX #3 MaTePHaJa C ONpPEAEJeHHOJt NPOYHO-
CTBIO, KOTOpHe obecnequiu 6H TpeGyeMOe BHCOKOE AaRJEHHE
npu rocrarouHo puicokom KIIJ nponecca, Iloaromy crenyer,
BO-NIEPBHIX, NPHUMEHATbh BOSMOXHO (OAee MHTEHCHBHOE OXJia-
MJIEHHE I'a3a B APOUECce CKATHA ero H, BO-BTOPHX, NPOH3BO-
AUTh CKaTHe B NMOCAEAOBATENBHO COEAHHEHHHIX CTYTEHMX,
OCYWECTR/IAA NOHAXEHHe TeMneparypH rasa B OXJAAMTENsX,
BKJIIOYEHHEIX B TIOTOK MeXAy CTYNEHAMH.

O6was cxemMa KOMIDpeccopa €O CTYNEHYATHIM CHHATHEM
npepcraeseda ua puc. 10.7.

IlpumeHeune cTYNeHYATOro CIATHA € OXAdM/eHHeM ra3a
P OKASANTENNX MeXJay CTYNEHsMH AaeT GOJbilylo SKOHOMHIO
B SHEPru#, packoiyeMoit ua mpuBoj komnpeccopa, IT0 oTveT-
auBa BupHO Ha S, 7- 4 p, v-RHarpaMMax JBYXCTYNeHYaTor
xomnpeccopa (puc. 10.8).

Ecnu cixarve upouspoaMTs B OAMOH CTYNEHH, TO JHHHA
cxaTnA H306pa3uTcs nonmTponodt 1'-2 ¢ morasaTesem n>k.
Ipu cxatha AJA TOTO Ke RHTEPBAJR AABJIEMHE B ABYX CTy-
neHfix npouecc u3o6pasHTCa NoMaHoft AuMped }'-2'.17-2", co- -
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crofilteii M3 aByX noautpon -2 u 1”-2” u paoBapn 2/-17,
NPeICTARNAOWEN CcO60fi OXnakaesHe B NPOMEKYTOUHOM
oX.1aRHTENle MPU AABNEHHH Pop=const, B o6enx auarpaMmax
3KOHOMHA 3HEPrUH OT CHATHA B mex CTYNEHAX ¢ npoMexy-
T0YHEIM OXJAXKAeHHeM BHpaxKaeTcH 3alITPHXOBAHHHMH MJ0-
waikamu f7-2/-2.2",

B coBpeMeHnbX KoMIpecCopax NpHMeHsIoT:

|
I 2 1
Picc. 107. Cxema Komnpeccopa co cry-
nesyaTeiM CHKATHEM; 1 } " té
{—oxnagurenn I u [l crynenekt, 2 — &o- It 1
HesHOl oxXnBguTens; 3, £, § — oxAapuTens L. b~
cooteeteTBerto I, 11w 111 crynesn 3 & 5
T Pe=const, s ]
A ﬂi e 27 o2
P
S //P'P
7 /
) 2
- g > -fpeconst ?&
7; P P - & y 7
4 5| |87
L) Y
70-§

Puc. 10.8. S, T- n p, v-ZnarpaMme JBYXCTYREHYATOTO KOMflpeccopa:

I'-2 — NonMTpONBOE CHKATHE B UEPBOR cTyheHw; #-§” — ulofapuce oxaaMioHEE B
NPOMCAHYTONHOM OKIAAuyene; I7-2* — caTie RO KOEESHOrC NanpneNufi B0 BYopoR
cyynenn. [Maouiapb £7-2°+2-2% — SKOHOMUA DHOPIEE OT [pHMeNeHUA HBYXCTYHEH{ATOro
CHMATHR © HpOMEX YTOUHBIM OXJIaHIACKHEM

1) oxmamlenue Komiipeccopa noxagefi BORH B ClelHaJbHO
DL:NONHEHHKIE NOJOCTH B OTAHBKE Koprnyca (BHyTpeHHee OXJa-
¥JeHre), 3ToT ¢nocob CYMECTBERHO YIIYYIIAET YCAOBHA CMa3-
ki nopuwxenx kommpeccopos. Jlobutbes 3TuM cnocoGoM Cy-
UlecTBeHHOR IKOHOMMY SHEPrHH, NpHONHNAsA NPOLECC CIKATHA
K 13orepmMuyeckomy, He yaaerc. Ilpwymea sroro — 3aTpyA-
HeNEHe ycnoBust TenjoobMeHa MEXAY NOTOKAMH asa H OxJa-
RAatomeit Boaol;
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2) oxnaxAeHnie Tra’la B OXNALHTENAX, YCTAHABIHBAEMHX
MEKAY OTAeNbHHMM CTYNEHAMH (BHHOCHOE OXnaxieHue),
Tpu 3toM cnocobe oxNaxfeHys, HCNOAb3YH TPYOyATHE OXna.
auTesm ¢ Gonbluofl nJolllajibio NOBEPXHOCTH, MOKHO TIONYYRTY
CYWIECTBEHHY10 3KOHOMUIO B pacxoie sHepriu, B uenrpobeix.
HHX KOMIPECCGPaX OX.JAMHTE/IH PACHONATAIOT OOGHYNO MEexay
TpynnaMu CTynenei, nonyuan, Takum o6pa3oM, Gosee NpocTyio
KOMCTPYKIRIO  yCTAaHOBKM. }H3IBeCTHH yYHUKAJbHHe KOHCT-
PYKIMH KOMIIDECCODOB € OXJAANTEARMHE N0CAE KaXKAOH LeHTpy-
6exuHol ctynenn, Takde KOMNpeccOPH HA3IWBAT L3OTEPMU-
deckums, OHY IKOHOMHAHK B SKCILyaTauud, HO KOHCTPYKTHB-
HO CJIOMHH ¥ CTONMOCTL HX BEJIHKA;

3) xomMOHHNpOBaHBOE (BHYTpERHee M BHHOCHOE) OXJIame.
HME, ITOT cnocob Haubosaee 3QQPeKTHBER ¥ IUUPOKO NPUMEHS-
eTcn, HeCMOTPS HA KOHCTPYKTUEHOE YCHOKHEHHE H YBenHAYe-
HHE CTOMMOCTH YCT2HOBKY;

4) OXniarfeHde BIPHCKOM OXJNaAAOIEH Boab B NOTOX
rasa nepes nepBo# cTyneHbw kKOmnpeccopa, IIpu 3toM cnoeo-
6e TennoTa rasa YacTHYHO PacXoiyercs Ha WcNapeHue OXIam-
Rawel BOAN u TeMNeparypa KOHN3 CHKATHEA CcylIEeCTBEHHO
nonnxaercd. HegocratkoM cnoco6a sBAfieTCH YBjaXKHeHme
Ta3a, uTo BO MHOTHX CAyuafX HeAODYCTHMO,

10.5. Konnuectao cryneHeii. MpomeyTouHoe ABanenne

CaMblM BHIOXHHM KOMIpPECCOPHHM MpoueccoM, o6ycnop-
JHBAKIKMM BAHMEHDIIKH pacXonx 3Hepruy Ha NpPHBOJA, ABJsAe€T-
Cf1 M3oTEpMHYecKui nponecc {(cM. puc. 10.5).

INo ykasauiem padee nNpHYHHAM Takol npouecc NPAKTH-
uecku HeocymiectBim. Ilpnbankenue Kk u3oTepMugeckoMy 1po-
LECCYy NIpH 3aAaHHOM obilleM NOBHIIIEHUH AaBJIEHAR KOMIpecC-
COPa BOIMOMHO NYTEM YBEAMHEHUR KOJAMUeCTBa CTyncHed
KOMrpeccopa npd BHHOCHOM OXJNAXKACHHH H, CJIeZ0BATEJBHO,
YMEHDbLUIEHHS] €TeMeHH NOBHIICHNA AA&BJEHKHA OAHOH CTyIllEHH,
Ilpn 8TOM yMeHbIyaeTCR MOUWMHOCTE MPHBOAR, HO YCIOXHAETCH
KOHCTPYKUMA KOMIPECCOPHOH YCTAHOBKH H YBeJIHUHBAETCH €€
CTOHMOCTb.

B xommpeccopocTpoernr BepabOTAHN HOPMATHBW mo Of-
peaescHu0 HeO6X0AUMOro YMcna CryneHell: ajgs NOPLIHEBHIX
H POTOPHHX KOMMPECCOPOB — B 32BUCHMOCTY OT TEMIEPATYPH
BCNHIIKY NaPOB CMA304HOro MACKA, AN JONACTHHX — B 33BH-
CHMOCTH OT ACHYCTHMHLIX, II0 YCJROBHAIM NPOYHOCTH, OKPYyXKHBIX
CKOPOCTe#i KOHIOB JIONAcCTeH H MHHMMYMa NOTepb 3HEPIuud B
IIPOTOUROM NMOJOCTI MAaIlHHH,
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PaccMOTPHM BONPOC O pacripefefieHus paGorsl NO CTYNEHAM
KOMTIpeccopa ¢ BHUNCIEHHH NPOMEXYTOYHOro Aabnexusn, Ua
TepMOAHKAMHIECKHX AHATPAMM CTYMERYATOrO CkaThf BHJHO,
yTo NMPOMEKYTOYHoe AABNCHHe BJINFIET Ha pacnpenencHue 3a-
TpaT SHEPruy¥ MeKAY CTYNEHsIMM KOMMpeccopa.

Ecnn nosiivasi creneHb MOBHIIIGHUH jAaBJeHUA Komnpeccopa
gx=pPx/P1 H GHCHO cTyneHell z 3afaHH, TO MHMHUMYM s3arpar
gHEpPriH AOCTHIAeTCS NPy BNOJHE ONPEAEIeHHOM COOTHOLIEHNH
gHepruii ordesbHNX CTYneHeH,

Onpeaenedve ycnoBuft MHHAMyMa 3SHeprus, 3arpauuBae-
MOK B KOMIIPECCOPHOM mpouecce, moxeT GHTh NDOU3BEACHO
nOMOUILIQ M3BECTHOr0 MAaTEeMATHUECKOro MeTONa OTHCKaHusd
MHHEMYMa QyHKUHY,

Ecsn npeHnebGpenb HesHAUHTENLHH MY I'230BH MK cONPOTHBJIE-
HUAMH OXJAUTEJell u MoJarars, Y10 OTHOCHTEJNBHEIE TEPMO-
qunaMudeckue KI1J erynededt caxaTtas OARHZKOBH, TO MOKHO,
MONE3YACHE YK232HHHM npHeMoM, OOHApPYXHTb, 4TO MHHHMYM
3aTpar sHepruyu obecrednBaeTCs PaBEHCTBOM 3HeprHil OTAENb-
HHX cTyneHeR npouecca

Ll =Lu == L3 =...= UZ,

rae L — nonMan SHeprus; 2 — KOJUYeCTBO cTyNeHeil KoMIipec-
copa.

[Tonaras, 9T0 OXjiaMAeHHe B NPOMEKYTOUHHX OXJXaAMTE-~
JISIK TIPOBOAMTCA 10 HAUAJIBHOH TeMNepaTyphl KOMIpPeCcCopHOro
npolfecca u MOKA3aTeJNM [OJHUTPON CKATHA B OTAeAbHHX CTys
MeHAX OJHHAKOBEI, MOXEM 3anucath

To=To=T: =..= P

1
To __ (_ﬂa)? ,
Ty 1

rae n=const ana scex cryneneii,
CrenoBaTeNbHo, LA OTAENLHHK CTYIEHeH

. ol n~l T, el
TS g, g
Ty 1 Ty 2 T, 3
[Toaromy
Bl.=85=83=“'=8' (10.28)

Ifle ¢ — creneHb NOBHIUEGHUN AARNEHEA OMHOH cTylleHH,

MuHHMYM 32TPAT 3HEPTUE B CTYNEHYATOM KOMIPECCOPHOM
llpoliecce mmeeT MeCTO NPH PABeHCIBE CTeNneHeil NOBHUISHHUS
AaBneniist BO BCEX CTYNeHAX,

a1



QOuepHAHK COOTHOLIEHHS
pz = ep,;
pr=epy=¢'p;
p: =epr =¢€'p,; (10.2g)

Py = € p\. J
Orciofa crieayer, YT0 ONTHMAJbHAS CTeNeHp NOBHIICHUN
AanJjienns CTYNleHH KOMIIpeccopa

e=1 PP, =V Eu (10.30
THAe Px— KOHEJHO® pamiienue (3a NOCKEAHEH CTYNeHLIO KOMI-
peccopa); ex— cTeneHp NMOBHIIEHHA RABJICHHS KOMIpeccopa
B LeNOM; Z — KONUYECTBO cTyNeHell KoMIpeccopa.

[Ipu onpenenennot cTeneHn NOBHIUEHHA RABAEHMH CTYIEHH
NPOMEXYTOUKKE  JaBJ€HHA  onpefensiotcst  GopMynaMu
(10.29).

B npakTuke xomnpeccopocTpoeHHs OGHYHO OTCTYNAKOT OT
NPHHIHNE PABHOMEPHOrO pacnipefellenHs 3aTPaTH HepruH 10
CTYNIEHAM W OTHOCAT Ha CTYNEHH BbICOKOrO AABJIEHHS HECKONb-
KO MeHbIUHE CTEeNeHH NOBHIUEHUN NaB/eHuUs.

B 50nacTHHX KOMOpecCOPax cTyNeHb CHKATHH COCTOHT H3
COBOKYITHOCTH BEHLOB pA0OTHK B HANpPaBJRIOWHK JONacTed H
KOJIMYECTRO CTYneHell Moxer 6HTL Gonpmmm (x0 40). B atom
clyyae cTyneHw pa3GHBAIOT HA IPYNNE (CEKUHH) H XOJOMHJb-
HHKW CT2BAT MEXAy cekumnamu. B mpellenax rpynne cTyneHu
He OXNaxAaIoT.

B ofbeMHBX KOMNpeCcoPdx CTyneHb AABACHHA COCTOMT U3
3AMKHYTOrO repMETHYHOIO KOPNyca, B KOTOPOM Nepemellaerce
pabogee Tesq0 (KOpIUEHb, ABUralOMuAcH B IHAHALpE ITOPIIHEe-
BOr'Q KOMMpeccopa), kaMep BCACHBAHHA # HArHETaHHA.

KosuyecTBO CTyHeHeH coBPeMEHHHX KOMIpECCOpOB pas-
RHUTUBX KOHCTpYKunil ykasano B r, 11—13,

10.6. XapaxrepHCTMHM NONACTHLIN KOMNPECCOPOB,
Mepecuer xapaKrepucHs

XapaKTepuCTHKaMH JIONACTHOR KOMIIPECCOPHOH MALIHHH
HaIWBAIOT rpagHyecKd HI06paKeHHHe 3FBUCHMOCTH MeKAY
nofayeil 1 OCHOBHHIMK NAPaMETPaMH — KOHEYHHM A aBJeHHEM
(1nu cTeNeHBIo NOPHILIEHHS AABJICHHS €= pPx/P1), MOLIHOCTLIO,
BUYTPeHHUM (NOAMTPONAKM Hir HAoTepmudeckuM) KI1J mpH
olipeAeneHHWX CBONCTBAX ra3a n 3aJlaHHoOH YaCTOTe BPalUeHHA.
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ApryMeHTOM, KaK NpaBRIO, CYHTAIOT NOAZYY MALIAHE WPH yc-
joBAK BCACHBAHMS.

XapaKTepHUCTHKR MOAYYal0T uCNEITAHMEM Ha CTEHIAE SaRO0-

a-H3TOTOBHTENI NPU HeCKOAbKHX NOCTOAHHKX 4acTOT4X Bpa-
grennsn; BCNHTAHEE BEAYT Ha BOBAYXe.

XapaKTepHCTHKH R306paiKaloT OGHYHO B ORHOM rpaduke
gt IECKONIBKAX YACTOT BpAlUCHHA ¢ 063aTeNbnbM YKA3aHH-
eM HAYaIbHHX TeMNEPaTypPhLl ¥ paBjeHUd M HAIBAHNS NEpeMe-
{1aeMoro rasa.

B cOOTBETCTBHR ¢ TpebOBAHUAMH NPOUIBOACTBA KOMIpec-
cop MOXET PaboTaTe mpe YacToTe BpaUlCHHs, OTHUYAOUIEHCA
ot Takoroll NpH CTeHZOBOM HenbITanun. Kpome Toro, B npouns-
pOACTREHEHX YCNOBHAX KOMIpeccoPH paboTalT c mapamMer-
paMH Bcacunaﬂnn, OTIAUYARIIAMHCH OT napameTpoa Ha CTeH-
Je, H MOTYT CNYXKHTb JAJ1f NORAYA ra3oe ¢ $UINYECKUMH CROH-
cTBaMH, CYMECTBEHHO OTNUTAICIIMMUCH OT CBORCTB BO3Ayxa.
[103TOMY KOMOPECCOPHAs MALIKHA B NPONSBOACTBEHHHX YCJO-
pufx Oyaer paGoOTaTh HHAYE, YeM HA CTEHAE, B XaPaKTepHCTH-
gn ee Gyayt ApyruMi. OTCI0Aa BOIHUKAET 3ajaHa Nepecyera
CTEHIOBHX XAPAKTEPHCTUK HA HOBYIO TACTOTY BpailieHHs, Apy-
rue YCJIOBHS BCACHIRAHHA M MHHe (DHIHUGCKUE NapaMeTpbl
raza. TouHHX METONOB mepecyeTa XapaKTEPHCTHK € yI€TOM
BCEX BJIRAIOHIRX (bak'ropon He CYIIIECTBYET.

IIpuMerHTE/IbHO K 06BEMY HACTOSIUUErO KYpCa OFpaHAUNM-

cA paccmoTpeHHem NpHOIuKEHHOro cnocoba mepecuera, oc-
HOBAHHOTO Ha CNeJyIoUlHX RONyLICHHAX:

1) BcnencTsre GONbIUNX cCKOPOCTe# raza B npoTOYyHOH no-
JocTH KOMMpeccopa sHayeHHs Re BHCOKu ¥ peXXHMH JABHMe-
Bus JexaT B 0061acTH aBTOMOJCNBHOCTH;

2) aucno Maxa cyulecTBeHHO HuIKe KPATHYECKOrO, B BJIHS-
Hie eTro NpH NEPEXofie OT OAHOrO PEXHMA K APYroMYy He Npo-
ABNAETCH;

3) napansenorpaMMH cKOpocTel npu pasHmX pexcumax
OCTAIOTCA TEOMeTpPRUECKH MOACGHHMH (CcoXDauseTcsi KHHeMa-
THYECKoe Norobue);

4) KII1I xoMnpeccopa B NOROGHHEK PeIKHMax OCTAIOTCH NO-
CTOAHHEBMY;

D) oxsiaKieHHe KOMNpeCCOpa HEHHTEHCHBHOe, IpOUece
CKaTus GJA30OK K H302HTPONHOMY.

HepecyeT npn u3MeHeHMH YACTOTHI BpaLiewya. 3afaun xa-
PaKTepHCTHKH  KOMMNpeccOpa INpH  YACTOTE  BPalleHHs
Ra.

TpeGyercn nepecTponTs XapaKTEPHCTHKY HA MOBYIO Y4CTO-
Ty 7y, GONBIIYIO MAR MEHBLIOYIO flp, IPH HEH3MEHHBIX COCTaBE
T332 y HayaNLHHX napamerTpax.
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O6beMHas nofaua KOMIpeccopa onpeAensercs 0 ypaeue,
HHIO HepaspHBHOCTH 3HayeKKem aGcoMOTHON cKOpocTH {pagg.
anbHO¥ B HEHTPOOEIKHHX MAIUMHAX H OCeBOR B OCeBHIX), Kq.
TOpas 0 YCROBHIC KUHEMATHYeCKOro molobusm nponoptiug.
Ha/lbHa OKPYKHOf CKOPOCTH M, CHEMOBATE/NLHO, HaCTOTE BPy.
meus. Tlostomy npyn Be6OMBLIUX CTENEHAK CXHaTuA AJIS nepe.
cyeTa NOAAIN MOXHO NOJAL30BATHCH OOHYNOK opmysrofi mpg.

NOPUHOHANBHOCTH-
Qb = Qaﬂ" . (103])
iy

INepecyer nozauu mo (10,31) gaer Tem GOABWIYIO HeTO4-
HOCTb, YeM BHIe CTENeHL MOBHICHHA RABJEHHS.

W3 ypasnerus sHeprerHdeckoro GanaHca KOMMOpeccOpPHorp
fipouecca, CBASHBAIOUIETO MEXaNHYECKY0 SHEPTHID, NOABOLH-
MYI0 K JIONZCTAM, ¢ 3HeprHefl ra3oBOro NOTOKAa KOMIIpeccopa,

—I
CREAYEeT, 9TO B H3OSHTPONHOM Inpoiecce (e _ 1) =n? cne

&
n —4yacToTa BpauleHMs Bpalta komnpeccopa. IlostoMmy mng
JBYK 4acToT BpallleHHd, 3aJlaHHOM fl, W NasHayeHHOH OAE ne-
pecdera fip, MOXET OHTb NPHHATA CNEAYoOmAas 32BHCHMOCTE,

=
-] 2

8, —1 nm

_‘:"_l e n2 - (10-32)

PYL | i

)

CreoBaTesibHO, cTeNeHh NOBLILIEHNA JABJICHHS NPH YACTO-
Te BpauleKus nip

&, = [1 + (—::-)” (5‘1 — 1)];5 . (10.33)

Ilns BosAynIHeIX KoMnpeccopoB ¢opmyna (10.33) npréaus
MEHHO 3anHcHBdercH

& [1 + (T':-)’ (Ve — 1)]’. (10.34

Ilo paccauTaHHHM AN PASHHX NOAAY AHAUEHHAM ep BH-
TUCIAIOTCH MABJCHUA Pp=p&p B CTPOUTCH Xapaktepuc uEKl
Zdta pexcama b,

PH JOUYLUICHHAX, YKA32HHLIX paHee, H UMeA B BHIY, TT0
MOINHOCTh KOMNpECCOPA NPONOPUHOHAJIbHE IJIOTHOCTH rass,
nepecyeT MOUIHOCTH MOKHO BECTH NO NPHOIHIKeHHOH popMye

N, = £ (-1;—:-)3 N, (10.39
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Mepecyer Mpu M3MEHEeHMH (HINYECKHKX CBOWCTB rala, Pu-
gueckie CBOHCTBA rasa NMPHMEHHTELHO K PaccMaTpupaemolt
gajaye XApaKTepH3YioTca BeqnInHamMu R, R=¢p/Cy, V.

JlaHH XapaKTePUCTHKM KOMNPECcopa NpH HaMATLHHX TeM-
nepatype Tia #l A2BREHHN o M paboTe C uacTOTOR BpameHns
f Ha T43€ ¢ KOHCTaHTaMu Rg, kq, ve. Tpebyerca nepecyuTarh
xapaKTepICTHKH AJ% DAGOTH KoMmpeccopa mNpu HeM3MeHHOH
4acToTe BpAlUleHHf, HO HAa ra3e C KOHCTaHTaMH Ry, kv, vo M
apil HA4aNbHEX apaMeTpax Tiw B pib.

HanboJsiee 4acTo BCTpeqaroTcR ciyyau pabOTH KOMIIpecco-
poB H;a ABYKaTOMHHX rasax, [loatomy nonaraem kg=Fky=
=141,

Baunsne wHcnia Re mckirogeno ycioBHeM aBTOMOZeABHO-
et {cm. § 3.11), u nosroMy BIMAHRE BASKOCTH NpM Depecyé-
7€ MOXXHO HEe YYHTHBATb.

Ycnosue nofiobus (cm. § 3.11) naer mocrosHcTBo KO-
prerTa nonaygn. JIostoMy Ciaflia==Cipfilip HIH Cra==Cip.

QTciofia crlefiyeT, 9T0 QiC1a="1C1s AaE Gra=Che.

FlaMenenus rasoBHX KOHCTAHT H HauanbHOH TeMIleparyph
He BJHMAIOT HA OOLEMHYIO NOAaly KOMIpeccopa.

Tlostarass yRe/bHY0 3HEPIWIO M3OSHTPOIHOIO KOMIIpECcop-
HOCO TNpomecca He 3aBACAUlEH OT HauaAbHHX YCJIOBHA, MOMHO
sanMucaThb

k1 _
k k R
——RaTia (a _1)=,E__—1R,,'r,,, (a,," — 1).

Orciona caenyer

[ R (z—_l ) &
e,=f1 4 -a1s gk g ]"—‘ 10.36
b + Re Tis { )
W B yrpoueHHol ¢popme npu k=141
g, = [1 4+ -RaTie ({’f ey — 1)]“. (10.37)
Ry Ty

Bubupan wa sajanHoll xapakTepucTHKe npy NPOHIBONB-
YEX Qg 3uaueHun pg U ONpenelsf ee=pPo/Pie N0 (10.37), pac-
CMTHBaeM sp=pu/P1v, OoTHKYRA OyneM HMeThb Pp==8pP1p. 110
MONYUEHHNM 3HAUEHHSIM Pp CTPOHTCH MCKOMAS XapaKTepPuCTH-
k2 nangenys,

llepecyer XapaKTepUCTHKH MOUIHOCTH MPOBOJMTCH ANANO-
M™ylo yxasannomy B npeauaymieM ciyyae,
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10.7. OcoBeunocm perynnpoBaHus AonacTHbix HOMNpeceopg,

B 3aBucumocts ot BiAa notpebutesieil cXaToro Boafyxa
KOMMPECCOPHBIE YCTAHOBKM DasfeNifAioT Ha ABe OCHOBHWe@
rpynant:

1. Tlorpe6utesnn TpeGylOT MoAaYH MOCTORHHOIO KOAuYect.
BA RO3/YXA NpPH NEPEMEHHOM JaBJeHHH (ROMEHHHE Neuu, Bar.
PanKH, crequanpHhe annapark XMMHYecKOR TeXHOJOTRu).

2. [MorpeGurenn TpeGy-

e ,,[B IOT MOoAdYyH BO3AYXa ¢ ro-

/{& CTOAHHEIM JaBJEHUEM Mpy

So @ U3MeHRIOUleHCS noAage

S ﬁ? (nieBmarngeckrfi uHCTpY-

4 &8 pors|  MeHT, OTGOWNBLIE MOJNOTKH,

NHePMaTUdeCKud  NIpHROR,

&=const 27 & |¢ BHAOpATODH pASIHUYHHX TH-

3 g nos).

/ & B nepeom cayuae wus-

r-’;{" { MeHeHHe pemxHuMa palboTn

/ 1\ - KoMiIpeccopa Ha3hBRIOT

/ 2\ pezyruposariem Ha NocTo-

7 rpanuya e AHNyl0  rodawy, Bo  BTO-

noMneoRa poM — Ha  ROCTORMMOE
A M=const |  dasaenue.

M, xrfc PaccMOTpHM  XapaKTe-

THK =f(M KOM-
Puc. 109. TDpadme og%.f:;{nponaum Iﬁl;gccoga (?.onn{t(ECTllo C Xa-
KOMEpPECropa ABYMSA €I H
1) ua M=const: 2} Ha @=const ll)gg) pHCTHKDﬁ ceTH (pH )

Tlocrenusa B caydae
BO3JYUIHRX CeT€d BHICOKOrO AaBJieHHN JOBOJLHO NOJOra.

IlycTh HOpMAJILHEE pPEXHM YCTAHOBKA OfpefeNsercH To4-
KON OpH YAcToTe BPALEHUA £ : My <N 7.

Ecau tpe6yercs nonaepxuBats Nolayy M=const, o pa-
60yre TOUKH PEXXHMOB ROJIKHH PaciofaraThes Ha Junud AB,
NnapajnesbHO# OCH Op JHHAT.

TloBuLIEHNE MJH NOHMXKEHHE CTemeHr CikarHR npuy M==
=consf o6ycnosausaerca NorpebrTenes H MomeT OwTb A0
CTHFHYTO TOJLKO HIMEHEHHEM YAacTOTH BpalleHHA Bana KoM~
npeccopa. llpn 310M caeipyer uMerb B BuAY, YTo TO4Ka B o
pesenner NpefesibHoe 3HATCHUE CTENEHH CHSATHA Buayxc. DHXOA
3a TOYKy B, nexanlyic Ha rpaduye nommama, HelOmye
oM. TloaroMy Ronacriele KOMIPECCOpH, peryjMpyemue HI”
MEHeHHEM YaCTOThl BPaUleHHs HA NOCTOAHHYIO MORauy, AOAN:
HH cHabXXaTbcA NPeROXpaHHTe bKEMH Kialanamd, orperysm:
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OPANNEIME H2 KOHEUHOE faBlenue Dy~ 0,9 exancfsi. D70 Raer
rapalTHIO HabexaHusi MOMNAMHHX PEeXHMOB.

Ecnn K KOMNpeccOpy NpenbABAseTcH TpeGOBanme Mofnep-
ganild NOCTORHHON cTeneHu NOBHILEHAR RaBJEeHMs e=const
apy nepeMeHHOR fofaye, TO BOIMOMHEE PEXUMHBIC TOYKH
ROFRHBL pacrioarateest va muunn CF

Touka C onpelensier npeenrHoe MHAHUMAJIbHOE 3HAYEHHE
pOA2YH IO YCNOBHAM noMmmnaxa, B atom caydae kommnpeccop
0.FHeH DHTb CHaOMEH aBTOMATHYECKHM AHTHIOMIAMHEIM
yCTPONCTBOM, RATYHKOM B KOTOPOM MBJMETCS RHMHAMUYECKHH
pMnyAeC €22 wiaM RAaBReHMWE RCcacHBaMHsA, 3aBHCAUlEE OT MO-
paun gomnpeccopa. Ilpu perynnposammr wa e=—const pa3-
JiIHble PEKMMB MOTYT JOCTUTATLCHA, KAK BURHO M3 rpaduka,
A3MEHCHHEM 9aCTOTH BpallleHus Bafda KoMmnpeccopa. Ecan
NPUBORHBIM ABHTATEJEM KOMNPeccOpa ABJARETCH Naposan UM
razoras TypOHHa, TO HaMEHEHNe JaCTOTH BpallleHHR ROCTHra-
erc Ge3 3arpynuenmit peryauposannem TtypOuun. B caywae
9NCKTPONPHBOAa KOMMpeccopa HeoGXORMMO NpMMEHEHHE che-
NBaJLHBIX THNOB JABHTareed © peryaupyemolt gacroroit mpa-
NIeHHA,

Ha rpapuxa (prc. 10.9) Bnauo, 9ro npm Jro6om cnocobGe
perysupoBaKHs H3MEHEHUE YacTOTH BpalieHHS NPHBOAMT K
ymeHbilennio aguabatvoro KINJ, T.e. kK yXYAUIeHHIO ACHOJNb-
30BAHNA SHEPrEH, NOABOJHMOH HE BaJ KoMmRpeccopa. Toasko
B cbaacTy 9acTor BpalleHunl Or 1 pno Ny WMEET MecTO Hebdna-
YHTesibHOE MOBHILUICHHE Mg NPH PErYJHPOBAKUA Ha NOCTOAHHYIO
nozayy.

Yuenbpierne KI1 apapercs CYieCTBeHHHM HEROCTATKOM
CroCo6a DEeryJHpOBAHASA KOMIPECCOP2 H3MEHEHHEM YacTOTH
BpalleHAsR,

Hpocceannoe perynspoBauue npn r==const asagercs A0-
CTYMHEM BO BCeX CAyYanX ¥ OYyeHb MNPOCTEIM chiocofoM pery-
muporanus., OgHaKo NpH 3aRAHHLIX I H XAPAKTEPUCTHKE CeTH
STUM cnocO60M BO3MOXHO PeryJHDOBAHKE TONABKO HA YMeHb-
IleHne nofadH. B 3TOM MOKHO yGeAMTHCH, aHANUAHPYR rpa-
¢uK perynuponauns,

Peryninponanne MOXHo NpOBOAWTL RpoccesieM HA Hanop-
HOM 11 BCACHBAIGUIEM NATPYOGKAX KOMIIPECCOPOB;, BTOPOE Bbi-
Tontee Benef¢TBHE MEHbIUMX 3aTPAT 9IHEpPIHH, KAk NPABHJO,
:}Punopuuorla.nbumx NJOTHOCTH  [IPOCCESIUPYEMONC NOTOKa
a3a,

B 1exoTOphix 9aCTHREX CJIy9anX PEry/MpOBZHHE ApPOCCeseM
Ha Bxope OKa3mBaeTCH BHIOINee, YeM PEryiHpOBAHUE Name-
HeHuem yactoTh Bpalllenus. PerysnpoBauxe HanpaBasioumimM
JonacruumM annaparom Ha pxofe (cM. § 3.12) waXopuT B mew-
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TpoGeMHLIX KOMIpeccopax OTpaHMYeHHOe NpHMEHeHHe BBugy
KOHCTPYKTHBHOH CJIOMHOCTA.

Kpynsirie KOMIPeCCOPH, npuBOARMBE NAPOBHIMH TYDGiy,,
MM, MOABEPIKEHH ONACHOCTH PA3rOHA NPU CHATHH HATPysgy
cerit. Jlasi ycTpaHeHH$ BOIMOMHOCTM Pa3roHa A0 HEAONYcCry,
MON YacTOTH BPAIIEHAS KOMIPECCOPHBE Arperath € Hpuag.
AOM OT NapopHx TyPONH CHAaGIKAIOTCHA CNEHRAIBHHMYE ABTOMg.
TAMH-OrPAHHIUTESIMI YACTOTH BPALICHHS, BO3ACHCTBYIO MMy
Ha NapoBNyCKHYIO CHCTeMY TYPOHHEL.

FNABA OAMHHAZLLATAS
LIEHTPOBEXHDLIE KOMNPECCOPH

11.4. Crynens yesTpoSextHOro Komnpeccopa

Pa6ogee komeco @, konsueroii orsop (2uddysop), wuan
papasiomuit annapat 6 v o6paTHRA HANPaRAAIOLIRG anmapar
8, B3ATHe COBMECTHO, HASHBAIOT CTYNEHHLIO OQBACHUR WiE
NPOCTO €TYNEHbIO KOMRpeccope (puc

7 1L.1). PaGogee xoneco u oGpartHuf

AL HanpapiAiOLMit annapar pas’lencuy

‘ﬂglgl‘- 4 anadparmoit e. B MHorocrynengarux

=41 KOMIpeccopax CTYNMEHH BKJIOYEHH B

- ;}.’i‘/éﬂ NOTOK ra3a MOC/IEN0BATENBHO,

.ﬂi\\gi‘l' z [Mpu npoTeKkanHy rasa yepea KaHa-

PRAIN g JH CTYNeHR COCTOSIHME ero H3Menser-

$£-E§\'2,/.<' cs B pe3yabrdarte Mepenadn SHEpPren

S NG NOTOKy paGouuM KonecoM, ra3oBoro

£'§§% Tpenms, BHXpeOGPA3IOBAHMA K TemAd-

i—' R\\\\\\\:{:‘- —
..'._-

Puc. 11.]1. Cxema crynees LeHTPOGEKEOND
KOMITpeccopa

ofMeHa co cpeZoi, OKpyWaiolell xoMmpeccop. 3anuuieM 6a-
fIHC HEPrHY NOTOKA Ha yuactke I-2, Jlx/xr, [cM. bopmyy
(10.16) u puc. 11.1]. .

Sueprua rasa p cegenuy / HA BXOJE B MeXJONacTHHE Ké
Hanbl

&
L= TI +¢ Ty,



Juepres, NepenasaeMas rady pabouuMy JONACTAMA, No
ypaBHEHRIO diinepa

L = uyty, — 1164y,
SHeprva ra’a p BHXOJAHOM CEYECHHH 2 MemnonacTiibiX Xa.
ﬂaJ'IOB
Lz = T + C.P Tg.

Ecau oT rasa, NpOXOARIIero yepe3 paGodee KoJeco, nepe-
42eTCA B OKPYIKAIOULylo CPeAy KOJMYECTBO TEHJOTH §, T0
ypaBHerHe Gananca sHeprii Ly+L—g=L; MoxHO 3anncars
g8K:

4 3
1
Y +ep Ty + (Uorpy — they ) — ¢ = e +cpTy.
ChenopaTesibHo, KOHEUNAn TeMmepaTypa CXKATHA B KOJdece

=T+~ d— g+ 20pm—sa) —2. (L)

2"];
I]pe.nno.naran nponecc HaoSHTPONHHIM, MOJygdaem
1
T23=T1+—§¢T [{,‘f——cg+2(u2cz‘—ulcm)]. (11.2)

ITpn M309HTPONHOM cxaTHu rala
k-1

T (&) E
T, Pr ’
K3 neyx nocnesumx ypaeHenuit cneayer

&
Pa=p, {l + ‘56:71 [} — + 2 (a6, — “:Cm)]]'H' (10.8)

Ypapreunn (11.1) » (11.3) cBA3HBaT TepMoaHHAMUYEC-
kie daxTopm T, p W €p c pa3mepaM#, YacTOTON BpallleHus M

PMO#t nomactefi paGogero Kosneca KOMnpeccopa. TH ypas-
HeHHY ONHTAMH He NMORTBEPIKAAIOTCHA, IOTOMY YTO AeHCTBH-
TnbHLl nponece cxaTHa B pabogeM KOJIECE HEH30SHTPONEH.

Bucokne cxopocTs rasa B MeXNONACTHHX KaHazax Cry-
ety 06y ci10BARBAIOT CYIECTBEHHMWE NOTCPH OT TPEHWA Y BHX-

Opasopapun B NepeXoA TACTH SHEPTMH [a30BOTO NOTOKA B
m"ﬂow. Ipy 3ToM AeHCTBHTENBHHIL NIPOLECC CHATHA OKA3B-
83e1cH G/makuM K NOARTPONROMY ¢ NOKa3arelieM fii

pv" = const,
an



Buecre © TeM OTBOZ TelIOTH OT MOTOKA ra’a B KoJece Bo
BHEUWHIOW cpeny He3lHauMTeneH, H AJf [pouecca CIKaTHy

3TOM cayYae MOMHO nonarath g=0 u 8
n
P _ (T )n—:;

A ( 7 ' (“'4)

rae n=1,5=1,62

B mpaxTuke pacueToB M OUEHKH CTyNeHefl uesTpOGeruuy
KOMNPECCOPOB ¢ HeHHTEHCHBHHIM OXJAM(AEHHeM INONL3Yiorcy
n3osHTpontbiM KIII [eM. dopmyny (10.24)].

Pewus cosMecTHO YPaBHeHHA (ll.l) u (11.4) npm yexo.
BMn ¢=0 N MCNOJH3ORAB BHIpAXKEHHE T]a Yepe3 CTENCHR CiKa-
THA NPH V30IHTPONHOM H NOMUTPONHOM NPONECCaX, HOJYwHM

k
q —
p=p(l+ (44 + 2 (ha—u o). (115

Haosurponuuit KIIJ cranuoHapHbIX neHTpoGesHbIX Kom-
NpeccopoB HAXOAUTCA B npezenax g =0,80+0,90. ¥pasHenn-
em (11.5) MoxHO nMONB30BaTHCH ANA OPHEHTHPOBOYHOIO Dac-
yera KOHEYHOTro AABJEHHS B pPaGoyeM Konece CTyNeHm Kos-
npeccopa.

B nanpaeaawomux annaparax KOMIpeccopa 3Hepruf noe-
TOKY ra3a M3BHe He nepeflaeTcs; 34eCh NPOHCXOAHT TOVILEO
npeoGpa3vBanue XHHRCTHYeCKOH 3IHEDrM B NOTEHIHANBEYI
unn HaolGopor.

Ecau nonarars, uTO Temiioo6MeHa c OKpywaiomedi cpeaol
Het, TO 3HepreTudeckuii GaslaHc MOTOKAa Ha ydactke 3-4 Gypmer

cs o
Cst+T=CpT4+ _2_. (ll‘ﬂ

Oraona caenyer

_TL__.I_F_é__(l—.i:.)_ (1.7)

&3
Ry

R‘nc-ﬂeuyn-

Ly
Ilpu oGparuolt nponopuuonaubnoc'ruT’ ==
et u3 aakona rey =const, noayunm

1 _}._é_(l_%)_ (11.8)

T3 20, T,



[lonaras nporecc B OTBOAC MONMTPONHLIM, GyAEM HUMETH

- g (1-RK\|&
Pc—Pa[l'l‘ "y (l R?,)] . (1L.9)

IMoxasaTeslb MOMHTPONE SABHCHT OT Yc/orull OXJakAeHHA
y 418 OOLMHBIX KOHCTpYKuMfI KOMIpeccopoB GAM3OK K n—
=1

{1.2. MowHocTk UenTtpoSexHore Kommnpeccope

[loneaynack raosutponumiM KITH, MOXKHO onpepenutb BHYT-
peRAO0 paGoTy eTyneHu:
L = L/M,. (11.10

[Ipu pacyeTe MOLIKOCTH H2 Bany KOMEpeccopa cnelyeT
yulTHBATL 3HEPrHIO, PaCXOAYEMYI0 Ha INPEOJONEHNe MEeXau-
yeCKOr0 TPeHHA B NOAIMMIHKEKAax B [asoBoro TpeHds HepaGo-
yirx nopepxHocrefl Kosec, preacHueM Mexanageckoro KITJ

Ty == LiLy. (11.11)

Jns OOGHKXHOREHHBIX KOHCTPYKUHMA KOMNpeccopoB Nu=
==(),96-=-0,98.

¥Teuxu raas vepes yNIOTHEHHS B NEHTPOOEIKHBIX BOMITpec-
copax cocTapAwT ue 6ojee 1,5 % HoMunaneHOR NoaawH, U KX
BAHANUE NPH OPHEHTHPOBOTHHIX PACUET3X MOXKHO HE YUHTHI-
BATh.

¥YaenbHaA oHepras KOMIpeccopa € YYIETOM MeXaHHYeCKHX

Ly

norepn
Ly="2-. (11.12)

Bruucane Ly no ypasnewmio (10.10) r 3apaeinuch n, u
Nu, MOXHO onpezneasts L no (11.12).

Tpu maccoboft moaaze xomnpeccopa M, xr/c, momsocts
KoMIpeccopa ANA MpHBOAA paGowero Kojeca OAHOM CTyfeHH

M,

N=——Ft .
10001, 1y (1L13)

MomuocTs MHOTOCTYNEeHYaToro KOMNpPeccopa NPeAcTaBif-
eTCs] cyMmoR MolisocTel OTAeNbHHX cTyreHelt,

11.3 TNpubmoxexHbli pacyer CTYNEHK

O6wse coobpamenns, Pacyer cTYMEHH.COCTONT B onpeje-
JIRHIII OCHOBHHIX pa3sMepaB paGoyero xoneca U HanpaBAsio-
Wnx anwaparoe.
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CywectBytonze cnocofu pacueTa OCHOBHIBAKTCH Ha Moxg.
MEHUAX CTPYAHOA TEOPHH W YCAOBHAX BOAOOHA NPH IIKPOKoy
HCTIONBIOBAHNYH SKCNePHMEHTANbHLIX AAHHLIX N0 TePMOAAN,.
MHKEe M adpoaMHAMMKE D/JEMEeHTOB CTYNeHW. 37ech pPacCMar.
puBaetcsi MetoA NpHGIHMEHHOrO pactera, AaloWMi 0Gmep
DpeACTaBJEeHHe O MEOMETPHYECKHK pasMepax CTYNeHH KOw.
Opeccopa CTagMoHapHOro THMa, padoTtaiomero NpH AO3IBYKo-
BHX CKOpPOCTSIX rasa.

Ipu pacuete 3azaiTc:

I) obbeMuan Q win maccopan M nozaua cTynenwu;

2) HayaJbHOE P; H KOHEYHOE Po NABJEHHS;

3) nazaneuas teMmneparypa I, rada,;

4) TepMoANHAMHMYECKHE X8PAKTECPHUCTHKM ra3a NPH Hop.
ManbHbix yenopusx k, R, p.

Yactora spalenus pana KOMIpeccopa onpeaensietcs ru-
noM npupoAYOro Asurarena. JIns npHpofia KOMnpeccopoB Npe-
MEHSMOT acCHHXPOHHHIE W CHHXPOHWHLIe ABHraTtesyi € 4acTOTol
Bpamienus no 3000 o6/mMun u Gonee, obycnopnupaloiled ma-
JAbe PAIMEPH! B MACCY KOHCTPYKIHH.

B HeKoTOpPHA cnyyasix Meway ABWrarejieM # KoMIMpecco-
POM BKJIOUAIOT MepeAawy, NOBLINAIILYI0 YacTOTy Bpailefius
BaJa KoMIipeccopa.

pu Goasllnx MOUIHOCTSX NpeAnNcYTHTENbHee NPHMEHEHME
CHHXPOHHBIX SJEKTPOARHraTenel, CYIleCTBEHHO YAy4INAOIHK
K09 pHuUHEHT MOILHOCTH SNEKTPHYECKGH citcTeMbl W cTabuimn-
SUPYIINX HanpameHHe B Hel.

¥zo6ubiv NpUBOAHMM ABHraTeJeM NpH CPEAHMX H BLICO-
KHX MOINHOCTAX sABJsi€TCH napoBas TypGuHa ¢ 4acroToR Bpa-
mwenus 3500 o6/MuH ¥ BuIlle. B 5T0oM cnyyae AonyckKaercs
ceoGosa BuGOpa yacTortl BpalleHHs; arperaT B NE/OM 0OAY-
92eTCH KOMNAKTHEIM R YAOGHEIM B OTHOIIEHHH PEryJ¥pOBARRA
fiopayn HiaMeHeHHeM YAaCTOTH Bpamemm.

CralloHapHble KOMIpeccOphl AOMNHLl HMeTb BHICOKMi
KIIJl. YcnoBHe KOMOAKTHOCTH M Majoil MacCH He sBAAETCH
specs pettiarouyM. [lo stum coobpamenuam oKpywHaf CKo*
POCTR Ha BHXOZe U3 palouero Koneca orpaHHuena MpHMepHO
200 m/c. Konteca CTauMOHAPHLIX KOMIMPECCOPOB BLIMORHAKRA
C NONACTAMA, IAaTHYTHIMH HA3a .

TostoMy Ans nOAyueHHA BLICOKONO AaplieHus Tpelyercd
MHOTOCTYNEHYaTasf KOHCTPYKLNS.

KoanuectBo crynenell AaBleHHA OnpezenseTcd MOAHHM
NOBLILCHHEM JABJCHNS, 3aaHHLIM AJIA KoMnpeccopa, ¥ A8k
JICHHEM, CO3ZABAEMAM OTACABHBMH CTYTEHAMA.

MpuGanmeppnifh pacuer pabouero Koseca. npo,aonhﬂbﬂ
paspes paGouerc Koseca nan Ha puc. 11,2, INonaras bXoR HA
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a6oude Jonactw pazuansHeiM (puc. 11.3), ua ypapHeHun
(11.5) monygaem
A
L =
b =0 [l + ?Cfﬁ(c?—cg + 2%62“)]@—-1 . (11.19
Haosurponasit KIIJ| crynmeHn moxer Onith HPHHAT pap-
aum okono 0,85. OxpyXuas cxopocTs iz NpuHUMaetcn oT 150
a0 260 m/c. ITo H3BECTHLIM 3HAYEHHAM 71 Y Yz PACCYMTHIBAETCH
napy¥HbIfl AnaMeTp Kolleca:

D, = 60u,/(rr).

OrHouleny#e BXOAHOIO B BHXOAHOTO AMAMETPOB BLIOHpaeT-
cs paBHEM npubGnasutesno 0,5. BO3MOXHE OTKNOHEHHS OT
0.48 no 0,60.

Jlonactolt yron Ha BXOfie OmNpeAeaseTcs HA3 NMapanaeno-
rpamma cxopocreit (cM. puc. 11.3).

Ly
\
Ny
1z )
ik
& N
) N
] AN i
Sy
Puc, 11.2, TIpomombumii pa3pes Puc. 11.3. TlapansenorpaMms cro-
Ko'leca LeHTPoSesHOT0 KOMIpee- pocTeli pafiovero xomeca c paas-
copa anLHWM BXOXOM Ha JONacTH

¥ron aTaxu paGouefl nomacTH MOMNHO NpmHuMath [=0-
o

' YcTanoBogH bl YTOA tonacTy Ha BXOAe Pya=p1+L
U3 ypaeneuns (11.14) caeayer

A—1
62—} +2u,czu=2”7ff—[(—';:-) - 1]. (11.15

Cxopoerp ¢) MOMeT OniTh NPHHATA PaBHOl CKOPOCTH Cp
BXoaa B paGouee Koneco, onpenesfieMoON U3 ypaPHEHNA pacxo-
Aa nna BRoguoro cedeHus Koneca. M3 napanaenorpamma cko-

20+
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pocrel wa pmxone (cem. puc. 11.3) caeayer, uto c%=cg“+
+.¢3,. lNonaras Cy==c,, UTO fABNBeTCA OOHIMHLIM LI KONep
uenTpobexxunx mMaline, k8 ypapuenus (11.15) monyuaem

-1

7 P \ 7~

2u,c,,— €, = —&L‘—[(—~’—)" — l]r:-B. 11,1

o O™ O Na 41 ( 6)

Ilpapan qactp papeHcTpa, 0603Havewuan B, Momer Onry

BLITHCYICHA 1o 38AAHHLIM H NPHHATLIM BenMUMHaM p;, Py, T,
Cps ®, Nio. U3 ypapuenna (11.16) cuezyer

&, —2uc, +8B =0, ¢, =u, + ],/ug—B,

CBs3b €y, ¢ BHLIXOAHHMH NapaMeTpaMM, YYUTHBas BiuA-
HHe KOWeYHoro yucJsia jomacteil ¢opmynoit Ctoaoau, yaoGuo,
BHIpaxacTea B BAJE

cz“:;gz(l-T"sinp,H_‘;Lctg ﬁg). (10.17)
2

Konngecrpo palosnx nonacreli npunumaot 2= 16-+-32,

®opmyaa (11.17) noaponser Hairru HeoGxoliMoe 3uavye-
Bue yria Be. KoHegHan TeMneparypa CxaTHa B paGoTeM Kodle.
Ce Ofipelennercs ¢ MOMOLULIO 3aBHCUMOCTEH

k—1
Ta:’]‘l(&)k T, =T, +-=2=Tv (118
n Ya

Vaeneunie o6neMbl rasa Ha BXoZe ¢ BbIXOAEe HaXOAAT mo
YPpaBHEHUIO COCTOSIHHS, & 3aTeM M0 33aZaHHO# MaccoBOi nojaa-
Ye PacCIHTHPRAIOT 0GBEMHHE PACXOAH.

¥Ypaeuenne pacxoxa Q=nDbc,p, npaMereHHOe K BXOAMO-
MY H BLIXOAHOMY CeY€HufM, NO3BOJAAET ONpelenuTh IIHPHHY
nonacreit. [Ipu sTtoMm cieayer uMers B BHAY, WTO BCHeACTRUE
yTeueK uepe3d yNJOTHeHHS Nepe/IHErO AUCKa (akTHIecKuit pac
504 paboyero Koneca Goabllie 3afansorp Ha 1—1,5 9.

Pasmepn BxozHOro (HOPMalbHOrO K OcM) cevenus paGo-
yero Koleca ONPEAeNifiioT N0 YPABHCHHIO PACXOAA

Q=2 (D—D%)c, (11.19)

rie pasMep D¢y NMpHMMaETCR MO KOHCTPYKTHBHHM cOOGpare-
HHSM B 3aBHCHMOCTH O7 AMaMeTpa Bana.

®opMa paboynx JonacTeft yCTaHamsNHBaeTCA 3HaYCHHAMA
yraoB Pin B Poa ¥ cNOCOGOM MOCTPOEHMA cpeAHEN JIHHHH 10

nactu (puc. 11.4),
Pacuer Gesnonaroyuoro anddysopa. Pacuer takero add-

¢dysopa, npuMeHaeMoro B ¢TandOHAPHLIX KOMIpeccopaX, 38
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K.[1048ETCS B ONpeAeneHHM [eOMETPHYECKHX paaMepoR K coc-
To4HNA Iada Ha PHXOAE.
B ocHOBe pacteTa ReHaT 3aKOH

re, = const

; ypaBHEHMe GanaHca SHEPruH, NPMBOAANME K YpaBHEHMAM
(11.8) # (11.9).

Pnc. 11 4. Tlocrpoenve nonacTi OA- Puc, 11.5. ®opma Jsonacrefi o6-

goli ayrofi OKPYMHOCTH paTtHaro YanpapasMOIREro anla-
para uexrpolexnOro KoMmpec-
copa

Wupuny u pasuansnuft pasMep Auddysopa MOXKHO pac-
cufTaTh MO BHpaGOTAHHHIM HPAaKTHKOR COOTHOUICHUAM

bs=b'ﬁ:’b:
D, = (L6+ 1,8) D,

Oxpy#Haa cocTaBiafiiom(as CKOPOCTH Ha BHIXOfe M3 Au(-
dysopa

iy =Cgy —D, .
PaagnamsHasi cocTaBAHIONIaA
Cg’. - _""_Q‘ .
ﬂD‘bg

Beray Toro uro oG6beMHH# pacXoR Q; MoxeT GuiTh ofipe-
ZeleH TOJBbKO TMpY HIBECTHOM YAENBHOM 00beMe rasa, Mcronb-
30BaHHe MOCJEZHErO PaBeHCTBA CBA3ZHO C MPEABAPHTEALHEIM
3azandeM Q, # mpoBepxofl ero0 B KOHUe pacueTa.

¥Troa Beiosa notoka w3 zuddyaopa

o, = aretg -4,
Cau

325



[loenienne paenenus B Anddysope MONKHO pacCunrary
no ypaesenwio (11.9), a HopHIlenne TeMnepaTyphl— MO ypas-
HeHHIo

o =2
Ty =T, ( ' ) ",
4 8 Ps

Pacter aomarounoro nmédysopa. JlonaTounne auddyso-
Py O0HYHO MpUMEHART MpH a<<20°, Paamepsl ux Moryr
OuiTh NPUEATH HA OCHOB2HUM TPAKTHUECKHK AAHHBIX:

by=b,=(1-%1,2) by; Dy=1,1 Dy; D,= (1,3-+1,55) Ds.

BxozHofi yron o, sonarox anddysopa cnefiyeT nonarars
PaBHLIM BHXOZHOMY Yray ap pabovero xoneca. BuxogHoft
Yroa oy Haxoautes OGHIHO B mpenenax 30—40°,

Uncno aonatox arddysopa He nonkuo GLITh paBHLIM |
KPaTtHHM yncay paGouux JonaToK. B ofsl9HLIX KOHCTPYKUHMAX
Znad —20--28.

Jlonatku zngddy3lopop ogepumBaloTes AYroil Kpyra.

@opma nonacrefi o6paTHOro HanpapJAOLIEro almapars
NpHReAeHa Ha pvc. ILS.

11.4. Koncapystiym neHTpoSextHbix Komnpeccopos

LlentpoGerxHrie KOMnpeccops B GOJbIIMHCTBE Cny4ses
HMEIOT HecKoAbKo cryneHed. [lpyu weGoasllof nopaye omu us-
FOTOBJISIIOTCH CEKLUMOHHLIMY € pa3/leneHHeM cryneHell Ha OT-
LeJabLHBIC ceKnuiy ¢ pE3ILEMOM B MJOCKOCTAX, HODMEJIGHEIX K
oe MAulnHEb.

Komnpeccopnl cpelHell m BhICOKOR mMojad, XKaK Npapuno,
H3TOTOBNAIOICA C Pa’beMOM KOPIYCE B ropMaoHTANbHON [AO-
CKOCTH aHANOTHYHO COBPEMEHHHM NapoBLM TypGuHaM. B atoM
cnydyae npsMoil u ofpaTunii HanpaBaficlIMe annapaTH coc-
TAPASAIOT OAHO HeNoe € MOJAOBMHAMHM KOpPOyca Ham e, 970
BCTpenaeTcsl wamle, pasmMemaioTes Ha Auadparmax, MIOTHO
BCTaBjieHHnX B Kopnyc. [{madparMm ¥MeloT pasbem B ropH-
SOHTANBHOR NAOCKOCTH.

Oxnamaenne xopuyca KoMnpeccopa, :ejiaTenssoe ¢ SHep-
reTHYCCKOR TOUKM 3peHNs, YCROXKHseT KOHCTPYKUMIO Kopmyca.
[NosTOoMy KOMHpeccOpH CTPOAT € NOAPa3ZesieHHEM crynelleﬂ
Ha rpynnb! B OTAENBLHBIX KOpHyCax # pacnonoxenueM NpoMe-
HKYTOMHBIX Oxjaazutenel Mexay kopnycamn. Taxum oBpasoH,
BO3MOMHW KOMOpeccopH OAHO-, ABYX- H TPEXKOPMYCHHI®.

[MpoMexxyTouHble OXNAAMTENH MOTYT paclonararbc M Me
¥Ay rpynnaMy CTyneHER, SaKNOUEHHKHIX B OAHOM KOPUYCE:
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Ha puc. 11.6 npeacrapnes npoioabHBIE paspes BTOPOro
kopllyca mecTHKoOneCHOro TypOoxoMmpeccopa € NoOAayefl
000 m3/u npu apasnewnu 0,7 MIIa, vacrora spanieHun cocras-
aseT 10200 o6/muu npu moumocts Ha bejy 1200 xBr. Ilep-
puft KOpMyC 9TOro KOMMpeccopa HMeEeT ORHO KOJReCo ¢ AByCTo-
poBHAM NOABOAOM. Bo3ayx, cxarmi B NepBoit CTyneHm, mpn-
XxomHT Jepe3 TpyGuaTeft oxnamureNis ¥ MoCTyaeT B NpHeMHBIH
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yaTpyGOK BTODOro Kopmyca, B KOTOPOM PasMellleHbl NATH KO-
REC, COCTABARIOUIME CTYNEHb KOHEYHOrQ CHATHSL Bosayx npo-
\GANT TOCAENOBATesbHO yeped koneco 2 B and dyaop n nocty-
paer B Koneco 8. 3ateM, mpofina deped npAMoh u oGpaTHLIA
yallPABASKIOWKME BNNApaTH, O4 fonajfaer B Koaeco 4, oTkyad
panpaBRACTCH depes MPOMEMYTOUnblli OXNazuTeNb K KaHal B
paryio § o mectyio 6 crynetn. OcHOBHHIMR SJIEMEHTaMH KOH-
CTPYKIUA 3fech ABJSIOTCA: AWTOR IyryHunift xopnyc 7, 3s-
pplKaomKe Kpulkn 8 u 9 xoprycs, necyuiwe narpyOku J n
] u XOpOOKHA NOAUIAMHUKOB {H& PACYHKE HE MOKA3aHbl).

Buyipn Kopoyca pacronaraloTeR AHadparMbl, Hecyue
aonacT obparHory HalpaBIAOLEro AnNapara.

YpaBHOBellHBaHHe OCEBOfi CANE  JADCTWraercd o6paTHLIM
paciionoxeHitem UATOA u [ecToft cTynewHed w ynopHuM cer-
MEHTHHM NOMLHIHHKOM, HaXOAAURMCA MeXJY KOpPHycamH
Komiipeccopa.

Mexay CTYNEHAMH pacnoyaraioTcs rpebenuarsie ynmaoTue-
ung. Ban B kpHIUKax BM€eT rpadUTOyroabible YHAOTHEHHUS,

Koneca Bcex cryneHedl BLIORHEHH W3 CTAAbHLIX MOKOBOK;
KoNITyp nonacre® ocywecTsiferca ¢peseposanuveM. Jlonacra
KGNCOMBHEE, KpenAIlMecs TONbLKO HA CTYNHLE; OHH HE KMEIOT HU
OCHCBHOIO, HM MOKPHIBHOrO axckd. Kpennenue paGousux Konec
HAa Bajgy AOCTHraercd INMOHKAMY A 3aTAXHLIMA rafikamm.

[NoALMIHUKYE — CKONLIAIEr0 TPpeHHA ¢ NpHHYAATEeNLHON
nopaveli Maciia OT POTOPHOro Hacocs, NPUBOAHMOTO B ABHNE-
HHE OT BaliKa INeCTepHHE PefyKTOpa.

[Ipnros wOMUpeccopa OCYLIECTBARETCR 3JEKTpOABHraTE-
aeM ¢ a=3000 06/MuH; mOBLlllleine YACTOTHl BpPAIECHUS AO
16200 o6/mun RocTHraerca 3yGuatmM BapratopoM. O6a kop-
nyca KOMMOpeccOpa M BAapPWATOP YCTaHaBAWBAIOTCA HA MacCHB-
HOA qyryHHOH paMe, Kpensmeiics k ¢yHAaMeHTHEM Gankawm.

ANCKTPOABHIATeNb YCTAHARIHBACTCA Ha paMe, HECTKO Conpf-
KeHHOR ¢ pamoit KOMIpeccopa B GYHAAMEHTOM.

Ha puc. 11.7 nan npoaonsuuift paspes uersipexcTyleHya-
Toro KoMnpeccopa Tuma K-3250-41-2, mpumenseMoro B no-
MenHoM nporecce. [logaya Takoro komnpeccopa Q=2840-=
3250 m%y npn xoHeynoM papnenmu Pp=0,36--0,42 MIla,
Tlpreoa koMnpeccopa npoHCXOAMT oT naposol Typ6unm AKB-
12-1V ¢ wacroroh spamenns 2500—3400 of/Mun. Oxnampe-
HIle NPOHUSBOAMTCA BHIHOCHLIM OXJAAMTENEM MexAy TpeThefl m
YeTBepTOf CTYNEHAMIL,

Prcynok 11.8 Aaer mpeAcraBierme O LI€CTHCTYNEHYAaTOM
kovnpeccope K-100-61-2, rfpumensieMoM B 6noKax fpousBoa-
€T3z gucnopoaa NyTeM DasfeNieHusi aTMocdepHOro BO3AyXxa.
Mozaya ero 90 M3/MEH NpH KoBeuwom Aabienun 0,8 MITa.
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KoMnpeccop #MeeT BCTPOSHHBIC B KOPHNyC oXNaauTenH (no-
ce KaWAWX ABYX CTyneHeft), 4TO AaeT GoABINYIC IKOHOMHMIO
pB3NEPOB H MACCH KOMIIPeCCOPHON YCTaHOBKI.

[NABA QNBEHAAUATASN
OCEBbIE KOMITPECCOPhHI

12.1. CTynexe oceBRoro Komnpeccopa

OcuoBHble DonsTHs, (OceBoil KOMNpeccop, Kak BHAHO M3
KOMCTPYKTHBHOR cXemn! (cMm. puc. 10.4), xomOGumnpyeTcs ua
HECKOABKHX CTyfeHed gasjieHnfi. Kaxpas cryleHb COCTOHMT H3
Bpallalomerocs BeHna paboYMX H HENOABHMHONO BeHLA Ha-
npaBAAOWMX  Jlonacred,
npeacTaBasionmx  coboil %‘
KpPyTOBHE TIJIOCKHE JIONACT- g
HHe peuleTkH (pic. 12.1). léfaa;;
F:i6oune sonacT# 3akpen- f
Jt bl H3 ANCKaAX #am Gapa- &
6are poropa, HaOpapasio-
L — MECTKO NOCaMEHK
B KOpuyce KOMupeccopa.

[Teppan crTyneHn xoM-
npeccopa  MOMET BHINON- L__|
HATLCA C BXOAHBIMH Ha-  [Sooon
NPaBAAIOLIEMA J0NACTAMH
7 Ges uux. [Tocneanan cry-
NEHL Beera BLINOAHACTCH  Pue. 12.1. Crynewp oceBoro Romnpec-
€ BHXOANHBIMN HAnpapnsdlo- copa. Bunenesve saemenTaproit cry-
IIMMH NOMaCTAMH, HA3Ha-  VleHH
YeHHe KOTOPHX B 95TOM
Cllyyae COCTOMT B packpy-

UHBaHUH NOTOKE M YMEHLINEHMH BLIXOZHHX NOTEPSh SHEprau,

Buzenum, Xak ykasawo Ha puc. 12.1 u 12.2, erymenb Ma-
JOH papuasbHON TNPOTAKEHHOCTH Ar, HA3LIBACMYIO 3/2EMER-
Yaprod cTynesnvio. B npenenax AJTHHBI SAEMEHTAPHOR CTYMeHH
RapaaneslorpaMMy CKOPOCTH HEU3MEHRLI,

Panuyc snemeHTapuoft cTymeHH r==const, u SHeprus, ne-
Penrapaemas rasy pabounMH JONacTAMi OCeBOro KoMopeccopa,
UpH 4, =uy==yu onpenensierca gopmyaoit (cm. § 6.2)

L, = ulcy, —€y,) = tthcy, (12.1)
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Hcnonsays ypaBHeHHe HEpa3pHIBHOCTH U reoMeTPHYEeCKpe
COOTHOLICHUA MeX(Ay SJEMeHTaMu NapajJiesorpamMon CKOpo-
creit, nOAyyaeM

L, =ue, (ctgp., —%:- cig ﬁ,). (12,2
INpuGaumeHno, nonaras p;=vpz NoaydaeMm
Ly = ue,, (clg B, — ctgBy). (12.3)

Ecsim nonarars, 9To npouece p pafoueM Kojece MPOTEKaer
Ge3 moTtepb, To 3Heprus, NOABOAMMAR K rasy, ONpelelseMan

i
H
Py
]
| . g |8 Fcs pewerru
h] § e ]
g ¥
L
t#¢ S
o
]
2
zf_

Puc. 12,2, Pemiersu nonacteii cTynens oceBoro KOMnpeccopa:

£ — war paowux soNacvefi; f' — MEr MANPANUOWME JIONETOK; &— KOPA& NpPOGENY
B — umpHua peweTHH: ﬂy—ymn YCTaMOBEH DpouuIR; 8 — MAECHWE@NLHAS TOMMHEA

upoduns; I — padouue nonacta; § — Hanpasaniciyne AoflacTa

no (122) vau (12.3), nopuliiaer ero SHEPrHI0 H ONPeAEHAACT
€Al PAasHOCTHIO 3HTANBIUE 3aTOPMOKEHHOTO NOTOKE iy—i.

CrenopaTensuo,
uc, (otg B; — ctg ) = & — ij. (12.4

KNJL snemenrapnoii cTymenn. YpasHeHne sueprull NOTOKA

2 a
[, 44 w , A—4
Lr .lf P + 9 + ip.a ‘I" !—P_ + D) + ls.al (12-5)
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e lpx+lna=lcr — NOTEpPH SHEPTHA CTYMeRW, cn&ramoLUMecs
y3 NOTEPb SHEpruM B pabouux KaHaNa@x ¥ HENP2BAKIOLIMX am-
napaTax.

Tlochentee ypapuense NpHBOZMUTCH K BHAY

3
O ki
L,,-J > + > + I

HeficTPUTCNBHAA 3HEPTHA, KOTOPYIO mpuoGpeTaer MOTOK
ra3a B KOMOPECCOPHOH CTymenn,

L=L,—¢c,=f%+—i;i. (12.6)
1

AspoluHaMmrueckoe coBepICHCTBO CTYHGHH OPHHATO OLe-
gnpaTth OTHoweHneM L/L,, uasuiBaembiM  gnyrpessnusm KX
(oTMeuaeTca HHAECKCOM §):

1

3

Jjan 4—4
L e 2
w=e = : (12.)
—+‘;‘" ———-'%;c? Her

1

Ecau mpouecc crynesm nporekaeT NOAUTPOIIHO, TO Aekct-
BHTe/IbHAR YAENbHAS 3HEPrys BHUMCJIAETCH N0 HABECTHOMY CO-
OTHOLLEH IO

st o452,

n—1

K B 370M caydae BHyTpernnft KIT[{ cTynenu, suuucanemsifl no
(12.7), wasusaor enyrpesnum noaurponnsisms KIJ v
B § 10.3 6nno ykasaHo, 4TO OUECHKa COBEPINEHCTBA KOM-
NpeccopoB ¢ HEHHTEHCHBHEM OKJIMAEHHeM NPOH3BOAMTCH NpH
Oomonm n3oaurponHoro KIIZL. INostomy mns cryneneii oceBHX
KoMnpeccopoB yAOGHO TMPHMEHATh BHYTPEHHHN nr303HTPONMHEIN
N1, anavenne xoTOPOro Moxko BhMucAHTs no (12.7), nona-
'an npouecc, onHChIBaeMbIl yHcnuTeneM 310l GopMysH, H3o-
SuTponumm,. Ilpeo6pasopanun papercrea (12.7) B 9TOM CAy-
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9ae NPHBOAAT K creaylolmm GOPMYTIaM ARA BHYNCACHAR T
N0 napameTpaM TOPMOKEHHA:

v N fm]
(i L. |
Pt ,

Mg = . ' (12.8)

. .
$3a = ta

YWa~=—— 7’ - (129)
ta— &

3HAYEHNA 1}ia M N CTYNCHU OCEBONO KOMIpeccopa OTAHYa-
I0Tcst He Bonee yem Ha 0,5 %, B MO3TOMY HCIOABL3OBAHME 1),
NPAKTHYecKn BIOJHe AOMYCTHMO.

Ias crynmeneit coBpeMEHHHIX CTAUHOHAPHHIXK OCEBHIX BO3-
AYUIHHIX KOMEIPECCOPOB CTEfeHb MOBHINECHUS A2BJACHHA g=
=1,1--1,3. Tlpn 3Tux ycnopusix

s = 0,85 +-0,95.
Crenenp peakpnocTd crynens. CTyneHn OCEBHX  KOMI-

peccopoB MPHHATO XapaKTePH3OBATh CTENEHbK DPeaKTHBHOCTH
e (cm.ra. 3 u 4). Henonssyem ¢opMy.ty

, (_?3; _f?_)
o Lonme | MTW T T
L u (Cyy — Cfy) )

[1peoGpasopanue sToro papeHcTBa ¢ Y9eTOM COOTHOLIGHR
=2

ci=cl e, =it} , CIEAYIOUX H3 NapainesorpamMmos

cKopocTeRl, APUBOAMT K MNpocTelieMy THIY BHpAaMeHHS IS

CTEMEHH PCAKTUBHOCTH

1 —tiut O
p=1 . (12.10)
CryneHu OCeBHIX KOMNPECcOpPOB BHIORHSIOTCA ¢ p==0,0-+
1,0. PaccMOTpUM OcoGEHHOCTH pelieTOX CTYNEeHH ¢O CTenens:
Mn peaktupHocetd 0,0 w 1,0.

Tynenv ¢ p=05. Ha (12.10) cnenyer: C€iu=t—Cwi
€ =u—C¢yu. [lapannenorpammul ckopoctell, yzosfeTBOPAIO-
IIHe 3THM yCNOBUAM, MOKa3aHH Ha pue. 12.3, u3 xoToporo 0v€
BEAHL COOTHOILIGHUA

w} =6, +c wi=d, +c3
wg— w? =cfu_cga'
3



Pewerka paboynx nonacre#l yBeANuUKBaer 3ax3}¥'rxy noro-
xa: Cou>Cre, CREAOBATENLHO, ¢}, —(5, <0 n wi—w{<<0. Or-
€102 caeAyeT W <wi.

[Nocneanee HEpaBeMCTRO MOKA3LIBACT, UTO MEMJONACTHHE
ganadbl pabouero koseca cryneHy ¢ p=0,5 spasworen gnddy-
sopaMi. B HuX MPoUCXOAMT yMeHbLeHMe OTHOCHTENBHON CKO-

oCcTH 1 TpeppallleHHe KHHETHMYECKOH 3Heprau OTHOCHTENBHOTO
IBIACHARA B NMOTEHUAANbHYIO 3HEPTKIO.

N
\‘ Hanpabrarouen
\T\:\ ronachb

Pre. 12.3. Tapan-
Jnen0rpaMMEl CKOpO-
cTeil CTYNemw, p=—
=00

Wy Cy

Crenern peakrupHoctH p=0,5 obycnopanpaer Takoe CooT-
HolueHWe MeXAy 3JIEMEHTaMH NJAaHOB cKopocteli u  Takue
(OPMEl MEKJIOMACTHRIX KaHaNOB, DY KOTOPHLIX NOTEPH SHep-
THH P CTYNEHH OKA3HBAKTCA MBINMH. 3TUM OOBACHARTCH [HH-
pokoe mnpumenenne cryneHedi ¢ p=0,5 B craunonapubix oce-
BHIX KOMMNPeccopax.

Crynens ¢ p=10. N3 ypabuenna (12.10) ans sroro cay-

4am HMEEM ¢,y =—Cy,; NAPARNEJOrPAMMEL CHOpPOCTEH fanbl Ha
puc. 124,

lFeoMeTpuuecky oueBkaHbI COOTHOLWIEN NS
wi = 03 + (u + Clu)2;
wi=c; + (4 —ep),
H3 KOTOPHX crenyeT wy<w,; wi—wl =4uc,.

llosToMy yBenmuenne sueprust faBnenwus (caarue) B pa-
Gouem xonece cryfieHk 6e3 yyeTa noTeps COCTaBASET

wi —

= 2“01“,
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H3 napannenorpaMMop ckopocte® (pue, 12.4) npu yene,
BYH Ciu=—Cqy CREAYET C)=C3,

B cryneunx c p=1 (100 %-Ha% peakTMBHOCTB) 9Meprug
MoMYYaeTCH B CTYNEHU TOAbKO B noTeHuwanbhoH Qopme (aas.

4

Puc. 124, ITapas.
NEJOTPAMME  CKO-
pocreft  cTymeHK,
p=10

nehne). CxaTne MPOUCXOAMT B MEXJONACTHHIX KaHanax pa-
©Gouero Koneca.

Hanpaa.nmonme JIONATOYHHIE BEHIH, pacnonoxeHyne
mexay patounMu NONACTHLIMH pelleTKaMH, B 5TOM CJy%ae He
MEHRAIOT 3Hayenus AOCONMIOTHOR CKOPOCTH, HO H3MEHANOT UL
€¢ HaNpaBJeHue COOTBETCTBEHHO TpelyeMblM yraam o) H os.

CTynens ¢ ocesbim 6x000m i 66iX000M. PaccMOTPHM cny-
gafi, KOraa raa noJBOAXTCA K CTYNCHR H OTBOAMTCH OT Hee B
CGAYIOIIYI0 CTYNEHb B OCEBOM HANpPaBAEHVH: Ciy=~Cau=0
(puc. 12.5).

Hycts g, =0,5¢. CTeneHs peakTHBHOCTH TAKOH CTyneHH Mo
(12.10)

p=1—_tuttm _q75
2u

QOuepugHo, W<, X, CIACAOBATENILHO, B MEXJIONACTHHX
KaHanax pabouero KOJeca NPOMCXOANT TOBLINEHHE AABJEHHH
KaK pe3ynsTar yMeHbLIeHHS KHHETHYeCKol SHeprMH OTHOCH*
TeALHOrQ ABMIKCHHASA.

Be3 ygera noTteps SHEPryyl NpHPOCT 3HePruu AaBireHHdA
Rox/xr,

2
ey GHe-g-- 3
1 == = e— u’.
2 2 8

330



Hanpaeasioltui annapat crynesu c p=0,783 o6razaer
caoétcTRaMK auddysopa, NOTOMY 410 B HeM RPOUCKOAUT MQ-
pueHne CKOPOCTH abCONOTHOrO [BHMEHUA OT ¢y A0 Cy=Cy.
Pe3yabTATOM 3TOro fiBJfieTCA NOBLILICHUE AaBACHUA, SKBHBA-

Pic. 125, Tlapanne-
JOrpaMME  CKopocTel
crynedu, p=0,75

Hanpabns-
wjan ronacme

Cr

JNEeHTHOE YMEHBUICHHIO KWHEeTHYECKOR 3Hepruyt adcORIOTHOrO
JBRIKeHHA.

CTyueHy TEKOrO TMNI2 HAXOAAT (UHPOKOE NpHMEHEHHE B
CTALHOHAPHOM KOMIIPECCOPOCTPOEHHAN,

12.2. HoHcTpyMHeie (DOPMM OcesbiX KOMNPEccopos

Ocepsie KOMOpeccOphl cTpoOATCHA, KAK NpaBHio, MHOroCTy-
nekuatnMH, [TpoTOuHas DONOCTL ofpasdyeTca MEMAOSIACTHHMU
KaHanaMi BeHNOB PafoTuX W HampapjalOIMX nonacTel ¥ no-
BENXHOCTAMHK KOPUYCE W BTYNKH.

B saBucumoctH or (GopMunl BHyTpeHHeRt NOBEpPXHOCTH KOD-
nvea m HApPYXHON NOREPXHOCTH BTYJXH Pa3nudaloT Apa oc-

!liganux reoMeTPHYECKHX THNA NpPOTOYHOA MOROCTH (puc.
6):

1) dy, = const; d, = var; } (12.11)
2) dg, = var; d, = const,

B o6owx cnyaasx paznanbHas AawHa paGomuX M HaNpas-

TANWIX nonacTel yMeHbIUZETCH B HANpapjieHHMH OT NEpBoOf
CTyneus x nocneauef.
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Hswmenenre aauHsl nonacTH OGYCROBJEHO YMEHbIICHHey
o6beMa rasa npu COXPaHeHHH NOCTOAHHONO 3HAYEHHS OCEROY
ckopocti. [locneanee ycioBre He fBIAETcs OGASATENBHLIM, y
B HEKOTOPLIX CRYYASIX YMEHBILIAT OCEBYIO CKOPOCThL B NOCIE]-
HUX CTYMEHAX ¢ [eMbi0 YMeHbINeHMs N0TePL BHEPrHH B Hux,

Puc. 126. Ylporouwag
DOJOCTE CCEBOTO KOM=

npeccopa

dgmronst

MuHuMajbHaA BHICOTZ JollAcTH Nocheisefl cTyneHH NpROGAK-
suTenwHo 40 mw.

Hamenenue AJIMHB J1011aCTH B HalnpaBJeHHN JBHMCHHUA Ta-
83 npHBOAHT K N3MEHEHHID XapaKT¢PHOro JnJA OCEBLIX MAIlHH
SHaYeHMg BTYJOYHOTO OTHOWEHHA v=dpny/dx.

JIna uepsnix cryneHeli wvpx=00-5-0,8, ana nocneammx
vorx=0,720,9.

BrAcCHEM 0COGEHHOCTH reOMeTPHYECKHX THIIOB KOMITPEcco-
poB, onpenensieMbix yenosuamu (12.11).

1) dpy=const; dx=var. B 3r0M cjyua® BTy/Ixa — LE-
JUHAPNYECKAH N MBTOTOBJIEHNE €€ HECJOMHO. KOPHGBHC YaACcTH
B Kpenjennsi pabouux Jonacrefl Bcex cTymeHe# BO BTyJKe CO-
BEpLIEHAO ONHHAKOBHL HDCJ’IE}U{HG JlonacTy B SToM napuaurm
MMeIoT NPA NPOYMX paBHBIX YCJAOBMAX AJHHE, GOAbLUHE, WeEM
B PapaaHTe ¢ dy=const. B 3ToM aerxo yGeAuTbCs, CcOCTARJIAA
VPaBHEHHst HepaSPHBHOCTH a/19 00GOHX BapHaHTOB U noJaraf
OCeBLI¢ CKOPOCTH ONHAKOBEIMH.

VYeenuyeHHasi ANUHA JoNacTell XBOCTOBBIX CTYNeHel YMeHb-
IaeT MOTEPH SHEPTHU B HUX.

2) day=var; dx=const. B stoii cxeme ynpoulasorcs obpa-
60TKa KOPRyCa ¥ KpenneHde B HeM HANPaBJSOINX J0NATOK
VnpomaiTres u sBIAIOTC Gonee BazemHmmn obGpaboTka B
DPUroHKAa BHEINHMX KOoHuop pabounx jonacteit. Baaroaaps
STOMYy AONYCKAlOTCH MeHBINHE pajHaNbHbLE 3a30pul MEeXAY
XOHIAMu paboyux aonacTell H BHYTPeHHel MOBEPXHOCTLIO KOP~
nyca, 4yto JopuimaeT o6vemunii KIJJ crynenn. OwxpyixHbe
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CKOPOCTE Jionacreil p 910M CAyda¢ BHue, 9eM Npy dag=const;
#T0 YBEJIHYHBAET paboTy CTYMeHell, H NPH 3azanHOl CTeNeHH
cKaTUS KOMMpeccopa KOMHYECTBO CTYNEHEH NOAYYACTCH MeMb-
wns, ¥eM B nepBoM cayuae. HenoctaTkom 9To# koHcTpyKTHB-
ol CXeMHl MPHMEHHTEABHO K MAJKM NoAzuaM APAHIOTCH Ma-
ase AANHL agonacTeil xsoctorbix crynenefi: KITJ xpocropsix
cTyfmeHel cHmkaeTca.

KpoMe pacCMOTPEHHHX CXeM MOCTPOeHus OPOTOYHOR To-
AOCTH HHOTAA MPHMEHSIOT M Apyrue cXeMu ¢ dop=var u dg=
=var, He MMEIOLIKE, OAHAKO, MPEHMYUIECTR Mepell pACCMOT-
peHHBIMH,

His cTauMoHapHeX oceBHX KOMIPECCOPOB MPUMEHAIOT B
f01bILNACTRE cnyyaes cxemy ¢ der=const.

CyllleCTBenHOe BJAHAHHE Ha dHepreTuueckylo sddexTun-
HOCTh OCEBOTO KOMNpECCOpa OKa3HBaET a9pPCAMHAMHKA MOABO-
AsilleTo ¥ OTBOASLLCro KeHaaoB. OHH KOHCTDYHPYIOTCH, XaK
NPABKJIO, B BYZE CIHpaNLHHIX # OCEBBIX KAaHAaJNOB MEpeMeHno-
ro ceueHun (koHdysopos u Anddyopos).

PaccMoTpuM xoHCTpyKTHBHHE (GOpME palouux u Hanpas-
JAAIOUMX Jonacrefi ¥ cniocold MX KPEMmieHHH Bo BYYJAKe H Kop-
nyce KoMmpeccopa.

JlonacTn oCeBHX KOMIIPECCOPOB B DENKHX CAyuaaX fABJf-
I0TCA nRAINHApHYecKHMH, OOGHYHO OHH DAcCYMTHBAIOTCH C Me-
PeMEHHHIM 1O AJKMHE KO3(PGUIMEHTOM pEeaKTUBHOCTH HJHM 1O
ycnoBuio rc,=const. 310 npueoANT K M3MERAEHHIO yIya ycra-
HOBKH 3J1eMBHTOB JONACTH hO e JJinHe, H JON&CTL IloayFaer-
cfl BAHTOBOM.

KopheBoe ceuenne sonactu I KecTKO conpAraeTcs € cyxa-
peM 2, cayiamuM AR sakpel/ieHus JAonact# Bo Bryske. Jlo-
HACTE M CyXaps OGLIYHO BLINOZHAIOTCA H3 OAHOTO KycKa Me-
Tala; B HEKOTOPHX C/y4asx CBapupaloTcsl, BOKOBEIE rpaHu
CyXapda HMEIOT KpHBOAuHeldHLle pudsl (3y6unl) 3 ans Kpelje-
Huf B KaHaBKax, NpoTodeHHbIX BO Bryake. CyxapH BBOAATCA
B KaHaeKy Yepe3 cnelnalibHbli 3aMKOBLII KORORel W paspo-
AATCA 1o KaHapKe A0 IIOTHOro CONPHKOCHOBEHHSI TOPUOBLIMH
naockocraMu (puc. 12.7).

[Nocne naGopa » xaHaBKy cyXapefl MonHoro meHua Jtonac-
Tell B 3aMKOBHIfi Konozel, 3aKAagRBacTCH ¢ HeGONbIIHM HATa-
I'oM xoaocrof (feas sonacTv) cyxaps, CTONOpAWHHCA Criend-
ATBHLIM BHHTOM.

B HeKOTOPWR KOHCTpYKLHASX KOJOZEL, JANS BBCACHHS XBOC-
TOBHKOR sionacrelf pbiNOAHACTCS OAHH Ha /gBe KOJbUEBHIE
Kelasky, 370 ynpouiaeT KOHCTPYKuMIO KpPemneHus.

Hanpaeasomue nonacty MOryT KpenuTbcs K KOpnyey, uin
aHasorugHo kpennenmio paGoumx JonacTelt X BTyJKe, KA
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cnoco6oM, noKasaHHEM Ha puc. 12.8, B sroM clyuae Jonarry
TpyNNupyoTca Np¥ MNOMOINY DNuAMHApPHUECKMX GaHAAXKHLR
AeHT ] ¥ 2 B ABE CeKIM; OAHA KPEMUTCH K pepXHEH NOJOBRRe
Kophyca goMnpeccopa, Apyras — K Hureh. CTHKH CeKIHUH -~
B NPHBAJIOYHHIX MIIOCKOCTAX NMONOBEH Kopmyca. Cnoco6Hl Kpen-
JleHus JIONAToK K GaHaamaM u Ganzaxel K xopnycy siCHH u3

A Puc. 12.7. Koncrpyxunua paGouctt
— JNONACTH
1 g
s
'3
s 4l ¥l T
P Hi | 2
Ceeinio AR

% ;\§' E\\\\\(@f&\

Puc. 12.8. Kpenneuwe nanpap-
anieft nomacTH

puc. 12.8. Ha napysmeix KoHUaX HanpaeJsiOUIUX JIONATOK OT-
(pesepopaHbl XBOCTOBMKY J, MPOXOAALMe Yepe3 CKBOSHLIE OT-
pepcTHA B 6annaxe. C HapyKHOR CTOPOHH XBOCTOBHMK Ipuba-
puRaeTCca K Garnamy.

Ha BHyTpeHH:X KOHUAaX HampaBJsIOUuX JIOMaToK ordpe-
aepoeaHn CTEpPXEHBKH, TMponycKaeMnie uepe3 OTBepCTHA B
6anaax 2 p packnenbiBaEMBIE B HEM,

Jlng yeenuyeHusi XeCTKOCTH nakera K HapyXKHOMy GaHna-
3y I npuBAPHBAETCA KONLLO MKECTKOCTH 4, (VIOTHO pXojsllee
B LWIHHADUYECKYIO BRTOYKY B Kopnyce. Bech maker npeno-
xpaHfierCa OT NPOBOPAYMBAHHUA B KOpuyce WITHHTOM 5.

12.3. Meron pacueTd OCHOBHBIX PAIMEPOR CTYNEHM

PaccMoTpuM  MeTOZ NPUGAMNEHHOTO pecyeTa CTYNEHH, OCHOBHBAN:
LIwkics Wa HCTOAbI0SAHMH ONLITILIX AARMEX NPOAYBKM NJAOCKHX pemieTos
Jaonacted,
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B sTOM METOZR ACTIOMBIVIOTCA CAeAylolHe GespasmepHHe Koshdnum-
QUITEL CTYREHH:

EoobHUMCHT packofa @ = C,/4;

Ly |

w2’ (12.12)
CTENEHb pesKkTHRHOCTH P = Loy /L;

Kooduument saxpyTen p = Ac, /4,

rie o — OCERBA CKODOCTb, OCPefHeMHAH MO CEICHHIO MPOTOIMON NOVIOCTH,
HOPMAMBHOMY OCB KOMIpeccopa; L, -— HSOSHTPOOHEX YReNbHAR paGota
crynern; Loy — cratdveckas ypeasmag paborz  crymesut L — moauan
ylelbHas paGota CTYNEHH; ACu=lpu—Cu—a06COMOTHOR SHAYCHUE 3IAKPYT-
KH NoTOKA paGogrm KosecoM crymeni

MHOrOKpaTRO Npoacfesuue HUCCAGAOBAHWR HKOMIDECCOPHEIX pelleTox
[0X2IHBAIOT, YTO RABJEHHE, COIRABAEMOE CTYNEHBIO, NPUENNSHTEILAO PAEHO
HasTeHn0 eMeRTapHoll cTynems, neXarel Ha cpeAueM [uaMerpe cTyne-
g0 . TlosToMy B MECTpPOr#X npuONMKEHHHX PACYCTAX, NMPOBOAWMHX C Ipw-
PieYeHHEM OOHTHHX MATEPHANOB IO MPOJYBKE PEILUETOK, CKOPOCTH i, Ompe-
reanoman KosphuunenTH @, $ 4 @, NBARETCA cpelRell  CKOPOCTbIO
JA00acTH

— xoxbduumenrT sanopa P=

ndep n
lhog = =0 1 (12.13)

rae depos (Qur+do) /2. 30ech dyy ¥ dx — AHAMETPH BTYAKA u HOHNOB JiD-
nacreil.

Jan pacyera aonxHu GuTe 8ajanH: maccopad mojgave M, rasosas mo-
cToRHKAR R, navannuoe H HOHeUHOe AABJEHHMR Py 4 Py, RANALEAR TeMOepa-
Typa rasa T,

OXpPyRHYI0 CKOPOCTb Ly KOHLOB pPaboyrx nonacTell AOIBYKOBHX KOM-
ApeccopoB nPHRUMAIOT 40 250 M/c.

Kospduupent pacxopa A BrysoUROe OTHONRHKe 39/2I0T A NPSACRAX

P=0,45+0,7; v=05-0.9,

Cpeanee ssauenne ocesoli CRODOCTH pacCyrTHBAOT MO Koshwuuenty
PACXOAA Ea™= Plcp.

TIpuMenssi ypABREANe HepaSPHANOCTH, PACCIRTHBRAIT ZAAMETP OKPYK-
HocTH koHUOB paGounx aonacted:

Q=0,785{ df —d? ) ¢, = 0,785d2 (1 — VI o3
— (12.14)
0,785 (1 — v3)¢, °

dy=

——————

[TpM TowHOM pacyere cTYNMeHb KOMIpescopa pe3GHBRIOT Ha MeMenTap-
Ubg cTymew, paloTaioulMe NMPH DasHBIX OKPYXHHX CKOPOCTRK.
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Tlo noxnyuenuoMy SHAUEHHIO uy § HPHAATOMY SHAUEHAIO Uy OTPEesing
reoGx0AuMyl0 9acTOTY BPRILUCHWA BaAa KoMnpeccope, o6/Man,

. 60uy,
==
Hnamerp Brysakn, u, *
dBT = Vdy,
Cpenanit gnamerp, M,
dep =(dy - dpz)/2.
Jnvua SonacTu, M,
= (dn—dn'r)f‘2-
) b/E=a s
r 20
12— 1/4/ /i) Puc. 129. I'padrx =z8pn.
10 :\\_ j/; 10 | cHMOCTR MEXAy OTHOCH-
4 ~ . TEJLRHMA SHEYERHAMa
08 \""*—-':///,/ KOS GHUREHTA  SaKDYTRA
’ \ L~ |_3/t-g5 ¥ CTeDeHN peBKTHBHOCTH
05 = ] AAR DeIIeTOK PpasavuasoR
go =~ e ryCTOTH
0z

o5 10 5. 20 25 p/sp

OxpyHmrasn CKOPOCTH na cpeflieM IHAMBTDE, M/,

tigp = (fdyp M) /60

Kosbruprens pacxoaa g cTynesn pacCUHTHBAETCA MO cpepuell OKpym-

noft cropocTy
@ = tygllep

Tlpunumaior coorsercteenio ygedanusm § 12.1 p=0,6+1,0 u rycroty
bit=1+2,

MNonesyfics OnHTHHMA TPaPAKAMY, DOLYIEHHWMEH NpoXYBKON pellleToR
{pic. 12.9), no p/p {unven B Bully NPAMATOL SHEYEHHE CYCTOTH pALIETEH)
ONpenenmoT P/ w H3 Hero xootkbauueRT 3aKpyTKH . Jlajee WMoxHO BOC-
HO/ML3ORATECA W3BECTHOA CBH3bI0 MeXAY KOspPAuweHTamu Aanopa u SB-
KpyTkA A AYosHTpOMAEM KITH: =2un., 43 KOTOpOrO, MpHHAB 1),~=0 854
0,95,-onpezesnted ¥.

Tlo (12.12) onpeaensioT HAOSHYPONEYIO pabOTY CTYDeny

L= W:pﬂ .

Tlo msosmzponuclt paGoTe koMmmpeccopa L. B noayyemwolt nsosmrpon-
Hoft paGoTe CTYNEHW ONMpPENENAOT OPWUEHTBPOBOYHO KOAHYECTBY crynaned.

Henee pacnpemenfiror pafoTy MeXAy CTYNEeHSMH, OTHOCH RB NOCHES:
MHE N3 HHMX HECKOJIbKO MeWblide SHEUEHHS.

Tlocne OpHUEHTRPOBOYHOrO pacyeTa HOCAeARed CTYTICHH HMEXOAAT AAMHY
JIONATKA 6e: NPARAR cXeMy komnpeccopa ¢ deywconst uam du=const A Bu*
fIONFRE WO 7NepBORl W NoChexnel CTYREHAM OHEPTAHHE MpOTOMHOR NMOJMOCTH
BLNOJNHAIOT ACTAMBALE TEPMOrasoAMREaMmveckull pacuer scex cryneHeh.
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O6GuuH0 NPA NPOSKTAPOBAHHE KOMMPECCOPOBR HPOBOAST PACYET psAaa
papUaHTOB C PANIATHHMH XAPAKTEDPHCTAYECKIMA KONDQHURCHTAMA H reo-
METPHUECKKME XGPBKTEPUCTRXAMA pawerok, Hauayommm songercs Baph-
gHT, BAOUIAR MPH 8aJAHHBIX YCAOBHAX RamMeRLMAe radEpATH B MBCCY
KOMOPECCOPE (p@ BHCOKHK SHEPTETHISCKHX N0KaaE TENRX.

[MprMep 12.1. Pact9HTeTh OCHOBHHE@ pe3MepH NepBOR CTYDEHH OCEROrO
xounpeccopa, Oupeneliis OPEEHTHPOBOURG koARuecTso cryneredl. Jlauuue
ans pacsera: M=B0 kr/c; py= 100 kIa; ey=5; {;=20"C.

Pewenue. Ha ypabHeHAst COCTORHXA
1 100 000
RT, ~— 287.293

TpunaMaem g, =220 M/ v=0,69; ¢;=060. Ocepan cKopocTs, OCpes-
HeHHAN [0 ceqeHH:o,

€q = Pr b = 0,6-220 = 132 m/e,

Hapyxuufi xramerp nepnoft crynmenn no (12.14)

dpq = l/ A1,5 83 m
Rl = 0,785 (1 —0,65% 132

HeoGxonuman ¢acToTa Bpemienns
60:220

f=3,14-0,8

Tlonyuenuas 9acyoTa BPALIEHAR BOBMOKHa (IpH nApo- B rasoTypOuR-

HOM INpuBose. B cayqae DPHBOAR OT SAEKTPONBATATENA € CHHXpPOHHOR FacTo-

tofi BpeileRuR 3000 o6/MuH HEOOXOANMO BEMOYCHUE MEMAY NBUTATENCM @
HOMTpeccopoM NoBHIMIaomeR nepensyd ¢ orHomewuewm 1: 1,7,

Iraverp aryikn dy;,=0,65-0,80=0,54 u.

0,83 —0,
IlA%Ha onaTKA MepEoft CTYNERA {y«= -3-—5--5-4—= 0,145 m,
0,6¢4 0.83

oy = = 1.2 ks Qi-w—l[i%-u 4.5 xJo.

o= 5100 oG/seni.

Cpeauna puaMetp cTyneus digy= = 0,685 w,

3,14.0,685.5100
&0
Kospprunent  pecxoge nmo cpeaueR cKOPOCTE  Qwmgliafticp=
= 132/183 = 0,72,
TpRnuMeem p=0,75; b/i=1.8.

Cpenunan OEpYKKAS CROPOCTD JIONATRE Kyop = =183 ufe

o rpaprxy puc. 129 npa p/q>== =],04 ameen plp=075, oTkyan
nonyyees p=0,75 ¢=20,76.0,72=0,54,
Tpsuuman v, =09, onpesenneM XoadduuuerT uanopa
Y = W) = 2.0,54.0,9 = 0,98,
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VHisoourponsnan patioTa cTyneitn

183
Lggy = 0,98 — = 16 400 Nu/er

HaosuTponnan pafora KOMNPeccOpe DO BEAAHHKM OEPBMETPUM

1y—2 7
Lu:::rz-‘-—l—ﬁw-m [5 14 - J-ISBOOO D[ r,

L, 168 000

KonnuecT80 crynenell z=
Locy 16400

=10,

12.4. Npnmepbl HOHCTPYRUWH

Ha puc. 12.10 {c¢. 346} usoGpamenbl GOKOROA BHR H Mpo.
IONbLHBIA paspel JABAAUNATACTYUEHYATOT0 OCEBOTO KOMIIpECccos
pa. Komnpeccop uMeeT npoMesxyToaublii oT6Op i10Cae BOChMOR
CTyNeHH ¥, CIeAOBATCABHO, NOZaeT BO3AYX ABYX AaBienuf,
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Pnc. 12,11, OceBoll Kosnpeccop &



Komnpeccop BLINONHEH € MOCTOAHHEIM BHYTPEHHUM JAHA«
neTpoM kopryca (cm. § 12.2), Kopnyc umeet passem p ropu-
gonTanbroj miockoery. [Moapox u BHIBOA BO3AYXE — B OCEBOM
panpaBienun, Potop MaccusHHM, Gonbluol macchl.

OAINHMNHMKYE CKONb3ALIEro Tpenus, Bocnpustue ocepoft
cHAH — YTIOPHLIM NOAILIUTTHHKOM, PACIONIOXEHHLIM CO CTOPOHDI
uratens,

Aas ofnergeHHs TEXHONOTMH KOPIlyca BXOAHAN M BbLIXOA-
naf KPhIWIKH ero BHINOAHEHDB! OTHEeMHbBIMH,

YNA0THeHHA BBAA HA BXOAE M BLIXOze rpeGeHYaThe.

KoHCTpyKuuf B LeJ oM TBONYHE AJNA CTALMOHAPHLIX KOM-
npeccopon,

Pucyhok 12.11 RaeT npeacrapnenue ¢ KOHCTPYKUMH CTa-
MIOHEPHOro oceporo Komnpeccopa. Komnpeccop BHIOJHEH 1O
cxeMe C MOCTOAHHLIME  AMaMeTpoM poTOPa K KOHHYECKHUM
kopuycoM, [loapoa ¥ oTBOA BO3AYXa B rnonepedHoM Hanpas-
neulE CHU3y uepe3d NaTpyGKH, COCTABASIOIIHE OAHO neloe C
JeBoll ¥ Npapofl NOJOBHHAMH KOpPITyCa.
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Beuay 60AbLIOR AAHHLI KOpryta OH BhIDOJNHEH W3 ABYX
[1010BKH, CTBIKYIOLMXCS B IIOCKOCTH, HOPMAALHOH K oCH Basia.
Potop o6JerueHsnift, opuruianbHOl KOHCTPYKUUM, BHION-
geR B8 ABYX OCHOBHBIX yacTell: UMJMHAPa, HECYUIEro BeHUK
a60YHX JonacTefl, U TOPUOBLIXK BCTaBOK, MECTKC NOCMKEHURX
p LHJIHHAD, COCTABASIOIIKX OAHO Lenoe ¢ Banamu. [lomwun-
HEKN CKonb3fillero rpenus. Iloanstuux ruapoamnaMmputeckuii,
cerMeHTHOoro Tuna, KoHuemsle ynioTHeHun rpefenvarele ¢ 32-
WHTOA [MeeK BaJiop COCHHAJNBHBIMH BTYJAKaM#, COefuHCHHE
ppuraTesiem mecrkoll mydrohh. [lomasa komnpeccopa OKONO
70 000 m¥/9 mpu cTenend nossltleHus papiedus 3,4.

NABA TPUHANLATAR
NOPLUHEBLIE KOMIPECCOPDI

13.1. MHguraTopHan AuArpamma

CxeMa KOMNpeccopa M €ro MHAMKATOPHas amarpamma
npeACTaBJEHH Ha puc. 13.].

[Npocnenum nopanox padoTH KoMnpeccopa NPH NOMOIM
mnarpaMuul p=Ff(V), rne V —o6bem saMbiKaeMul ROPIIHEM
B IILTHHJPe B 3ABHCALIMH OT (OJIOMEHHSA [ICPLUHSL.

JlpHrasicc or npaeoro Kpaiizero nonoXeHAs BJEBO, NoOp-
Weith CKUMACT a3, Haxogauttica 8 nuannape. Beacwpaonuyi
KnanaH 3aKpET B TeYeHHe
Beero mpouecca cmarns, Ha- P
FHeTATEJBHBIA KNanay 3aKpeIT
10 Tex mop, NOK& pa3HOCTh Pz
AaBneHUil B LHJIMHRPE U Ha-
noproMm natpy6ke npecaone-
€T HATAMEHMA  NPYHUHBL.
Korna sto npousofizer, Ha-
THETATERBHER KhamaH OTKPO-
eTcs | noplueHb GyAeT BHTEC-
HATL ra3 B HANOPHRA TPybO-
nporox. [lpouece nomwbille-
Hif jnaBneHuss H306paxaercs

Voad

Puc. 13,1, Cxema u RRawkaTopHes
Ararpamme koMnpeccopa

347



Ha AuarpaMme anHued [-2, a npouecc NOAZYH rasa — RHHyey
2-3.

Ecau py— nasneHue » UMAMHApE npd 1oaa4e rasa, T
061eM rasa, noaapaeMoro KOMIPEccOpoM INpi 9ToM AaBNenuy,
6yaetr Vioa.

Ilpu cikaTi TeMneparypa rasa nophllnaeTcs, T&K KaK ox.
JaKAaIans poAa He OTHHMAaeT OT ra3a BCIO TeIIOTY, BHje.
JSAICILYIOCA TIPH CaTuh, JINHUA CIKATHS — NOAUTPONR, ONUCH.
PaeMay B cucTeMe KoopAunat V, p ypapHeRHeM

pV" = const. {13.1)
JIunus nonaun 2-3 tecpeTnvyecku fABjAeTcs H3C6apoil
pa = const, (13.9

B peiicTBATENBHOCTH e Onarojaps pAHAHHI HHEPUHH ra.
30BbIX Macc, RefCTBHIO KJaNaHOB Y MX NPYXXMH AdBjeHune Ha-
rHETAEMOro raja He YAEDIKHBAETCS CTPOro NOCTOAHHHIM,

Koraa nopuiens rnpuaer p Kpailnee Jepoe MONOKeHHe, O
BLITECHUT M3 LUMAKMYAPaA He Bech ras, & yacTb ra3a B KOJHYECT-
Be Vy ocrasercs B uyuauaape (V,, uasbleaior meprdeim ofte-
MOM HIIK MEPTBHIM NPOCTPAHCTE0M).

B Hayaje Xona MOPLUAA BIlpAaBo0 HAarHETATEJbHHA Kiafas
3aKpoeTcsl W GCTATOK ra3a B MePTBOM IPOCTPAHCTBE oOBEMa
Vw 6yneT paclinpaThCH Mo AuHug 3-4.

JlnHps pacliMpeHus — MONHTpPONa ¢ MOKa3aTeleM Mp, e
ypaBHeHne

pV"p = const, (13.9)

Pacmupenne raa 6yner NpOHCKOAMTL Ao TéX MOp, N0XE
AapiacHHe B HUAMHADE He TOHH3ATCHA A0 Pr < Po, TAR Po— Nask-
JIEHHUE B npOC'rpaHC'r}ae, n3 KOTOpOI‘O KoMIIpeccop BCAChIBae!
ras,

flox BAMAMMEM Pa3HOCTH AABREHAR fo—p; BCACHIBaONHE
KJallay OTKPOeTCs u NopuleHb, ABHrasCb BIpPapo, Gymer BCS-
CHIBATh 'é3 B NJIHHAP.

JlapsicHne p; BCerna MeMblle Py BCRAEACTBMEe rasoporo 9
npoTyBneHns TpakTa scackiBanns. Ilponece seacuiBanus nped:
cTanasierca u3obapoi 4€-1.

Monyuennasn samMkHytas Qurypa I-2-34-1 apaseTcs Teope
THYeCKO? MHAMKATODHON pHarpaMmo# KoMIpeccopa.

HeficTeHTesbHas HHAMKATOPHAR AMArpaMma HECKOMbKo 0T
AUYAeTCA OT TeOopeTMyecKoil (B OCHOBHOM B JIMHWAX BCACHBA
HIIA M MoA&YH).
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{3.2. Npoueccul CHMaTHA M PacUMpEHHs rasa
p NOPLINEROM KOMmNpeccope

B rnoOpIIHEeBRIX KOMIpeCCOPax TeOpeTHYECKH RO3MOKHE! Tep-
MOANHAMHYECKHe NPONecCH, yKasaHnble b § 10.2,

[MpoTexande NpOUECCOB CXMaTHR M paclllipeHBs cyLIeCTBeH-
HO 34BBCHT OT TENJIOOOMEHE MEXAY CHHMAEMBIM F&30M W OK-
}-maromeﬁ cpeaoil ¥ B 60sbloH Mepe OT repMeTURHOCTH pado-
yero 06BEMa LURRHAPAE,

[epMeTHYHOCTL ONpEfensieTest KOHCTPYKUHeRt 1 COCTOAHYEM
KanatoB, CAJbHUKOB K YNJOTHAINIKX KoJen NOPLIHS.

IMopuiHeBHE KOMIIPECCOPH BHIOJHSIOTC OOWYHO C BOAR-
HEM OXJaKAEHHEeM UMAHHAPA W ero Kpuiuku. [Ipw 9ToM obec-
pevnBaeTcs AOBOJBHO HHTEHCHBHRIA TenyiooGMeH U 1poneccH
OhATIA B pacIUMPEHHs ABAAIOTCA NOJXHTPONHLIMY CO CpeRuM-
MH 3HAYeHHsiMK mnokKasaTesied =135 u 1,2 (ans zaByxatom-
HHX rasoB).

flponecc cxatust B nopmHeBHX KOMIpeccopax ¢ BO3AYI-
RHM OXJaXAeHHeM AW C BOAAHLIM NpPH BLCOKOA TeMmeparty-
pe AXJaA¥Aawileli BOAN NPHOANIKAETCH K agnabaTHOMY.

Crporoe wccnepopalue TepMOAHMEMHKH  JefiCTBYIONIMX
KOMHpQCCOPOB NPpHBOAHAT K BHIBOAY, YTO [IOKA3ATEAW OTALJBHHIX
yuaCTKOB NMHWE CIKATHA W PACIIMPEHUN HEOAUHAKOBLI.

D70 OOLACHAETCH pasAuyHeM YCAROBRE TermnoobMena u
BILAHREM HerepMeTWYHOCTH B pasHbIX ¢asax Nponeccop.

13.3. Mownoers ¥ KN,

Tounui pacyer paboTH NHKNa KOMApeccopa MPOH3BOAMT-
¢4 N0 YpaBHEHHsIM TEPMOAMHAMHKY peafbHHX rasob,

Pacuer koMnpeCCOPOB € KOHEUHLIM AaBJeHHEM CXKATHS A0
10 MIla no ypapHeHMAM TepMOAHMHAMMKH WHZeaIbHOTO Trasa
JaeT pe3yJbTaTH, 6AusKHe K ACHCTBHTEJIBHEIM.

Npu BRCOKNX AABACHUAX, IPUMEHSIOUINXCS, HATIPUMEP, TIpH
CHHTeze XHMHYECKHX NPOAYKTOB, YueT cBOHCTB pealbHbIX ra-
30B Npu pacyeTe KoMIpeccopa coBeplleHRo HeoOXORHM.

Nocaeaytomee H3aoKeHHe MaTepuana OCHOBAHO Ha Teo-
PHH KOMTIpeccopa HAEAJIBHOIO rasa,

Bruncnas paboTy, saTpaunBaeMyio Ra Baly KOMIpeccopa,
MOxHO npeHeOperaTe BJAWAHWEM MEPTBOrO MNPOCTpaHCTBA.
Nociennee He okasbiBaeT 3aMeTHOrO BAMAHMA Ha notpebJie-
HHe 3Hepruu KoMnpeccopoM, NOTOMy 470 pa6oTa, 38TpaduBa-
€Mas Ha cxkaTie rasa B 06LEME€ MEPTBOTGO NpPOCTPAHCTBa, B
SHaynTenbHONl Mepe BOSBPALIAETCA Ha Baj B MpeLecce pac-
WHpcew s,
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Jns BLIMUCACHUA MOINHOCTH KOMIOpeccopa BOCIIONb3yemp,
oTHOCHTeAbHLIM u3oTepMuueckuM KIIZ [dopmyna (10,23)1
OTKYZA& MORYINM '
Nys

M= (134
Henoansys (10.15) u (13.4), nonywaem
£Qy In 22
N —_ MLun . ! (4 . (]35)
UDMgen Ty 10001 Tyg
Jlnst nopmHeBbXx KOMIPECCOPOB PA3AUYHBIX KOHCTPYKIu
%,, = 0,80 -+ 0,93,

Hsotepmuueckuii KI11 3apicHT OT MHTEHCHBHOCTH OXJaxk-
ACHU KOMIIPECCOpa ¥ JIENHT B Npeaenax ng=~0,65--0,85,

13.4. MepTeoe npocTpdicTRO. Mogaud

uHJlHH}Ipr KOMIIpCCCOPOB BCEraa BLIMOJHAITCA C Mept-
BHM MNpOCTPaHCTBOM; 3T0 Heo6XxoAuMO Bo u3bemaHue ynapa
NOPIIHA O KPHIIKY NMPHK NOLXO0Ae ero K KpaHeMy I0JOMKeHHIO.

O6bem MepTBOTO NpPOCTPAHCTBA OOLIYHO OLEHUBAETCH B
IOJISAX Wau TpoueHTax paGodero o6weMa uuAMHAPE U HasbiBa-
€TCst OTHOCHTENbHLIM 00BeMOM MEPTBOTO MPOCTPEHCTRA:

a=VulVp. (13.6)

B coBpeMeHHEIX OJHOCTYNEHYATHA KoMIpeccopax Npu pac
MONOMEHHH KNAnaHOP B KPHILKAaX nununapos a==0,025--0,060.
[pu cTynenuaTom cxaTHd KJarnadbl pacRONAaraloTcd Ha GOoKo-
BOH MOBEPXHOCTH LHAMHJpA U MepTBoe NpPOCTPAHCTBO B CTy-
NeHAX BLHICOKOrO AABJEHHS] He YAJeTCs BBINOAHHTL MAJLIM 10
KOHCTPYKTHBHbIM coolpameHuaM: aaecs a=02.

Hasanyne mepTBOrO npOCTPaHCTBA NPHUBOAKT K TOMY, 4710
BCACHBAHNEe HayuHaeTCHa He B Hauale ob6parTHOro Xoxa noph-
H#i, a B KOHlle mponecca paciunpedHs (rouka 4 Ha puc. 13.2)-
ChrenoBaTenbno, obbeM Vec, dakTHYecku pcachBaeMurl nopll-
HeM, MeHbure pabodero 06beMa NHAMBAPA.

OTHowenue BcacwBaeMoro obbema K paboaemy of6BeMy
LHAUBAPA Ha3HIRRIOT OOBeMHoM Ko3thehiytenTom KoMIpecco-

pa:
lﬂ _ VNW - (13.7)
O6beMubll KOSDGHUHEHT XapaKTepuayeT HCHONb30BAHHE
pa6oyerc o6bema LUAUHAPA.
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{10 yPaBHEHNIO MOJHTPONH! AJS HAYA/a M KOHua npopecca
paclufPEHHS HMeen

p 2 “p =p 1V;Ecm-
Ho no pripaxenmio (13.6) Vu=aVy. Cneaosatensuo,
n u
Pa (VY% = 2, Vb Vouen = (-2 ) P V.

Hoai
Vpncm = aV | 4 P,
rne € ~— CTCrneHb NOBLIIIeHa AABJIECHARA,

Pl
p P
|
L pa
-
e P2

o ——
-

Vpatuu Vae v

Puc. 13.2. Huamkatopuan pna- Puc 13.3. Bmmanue crencn# no-
TpaMMa KOMIOpeccopa ¢ MepT-  BHIUCHuE JEBACHHE € He NOLA-
BHIM DIPOCTPARCTBOM gy KoMmpeccopa
M3 auarpaMmul Ha puc. 13.2 creayer

Voo =Vp + Vi— Voacm = Vp +aVp—aVp e
nmosTOMY

in
Po=VotaVo—clpe P _ )4, gl

Vo
AR
ho=1—ale — 1), (13.8)
O6beM pcacklpaHus
Vee = AVp = [1—ale™—1)]V,. (13.9)
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Oauaxo aefictsuTenbhbifi ofbeM rasa, nogasaeMorp KoMnpeg.
COpOM, mpu ycloBMAX Mepea BCACHBAKUIUM NATPYGKOM Koy.
npeccopa OYAeT MeHblle ONpeAeNAeMOr0 MO BbIPAMKeHwp
(13.9). 310 ofbACHAETCA ABYMSI NPHUMIIAMH: NO-NEPBHIX, pa.
rpeBoM ra3a fpu BCACHIBAHNH OT ropAYBX NOBepPXHOCTER Kaa.
NaHa p CTEHOK UWINIHApPaA 1, BO-BTODLIX, HENOJKOH repMergy.
HOCTBIO WHAKMHEDA KOMIpeccopa (yTedkamMH depe3 Kianagy
CaNbHHKA 1 MexJy NOPIUHEBLIMH KOJMbIlaMH ¥ BHYTPCHHER ng.
BEPXHOCTBIO WHIHHAPA).

lepsoe 13 yKasaHHbIXx OGCTOATENHLCTE YUHTHIBAETCHA Tep.
MUYCCKHM KOIGQHIUEHTOM Ay, BTOpOE — KO3dirugesTom rep-
METHYHOCTH 2., 9TOMy aefCTRHTE/bHHE 0061eM, BCACHIBae.
MEJi KoMIpeccopoM,

Vl. = Mw M‘ Vp-
IIpoussenenne
Aghog e = A (13.10)
HazupAIOT KOIPPuUYLienTOM nodayu,
CaegosaTtensio,
Vi=[1~ale'v—1)] 2, 0.V, (13.11)

[oaaya ¥ommpeccopa OAHOCTOPOHHEro ACHCTBHS C OAHEM
UHITHHAPOM

Q=Vin=[1—a(e"o—1)]r 2V, n, (13.12)

rZe 11 — YUCJIO ABOHHHIX XOZOB MOPUIHS B MUHYTY.

N3 ypasierus (13.12) scuw  ¢dakTopw, onpezensioumue,
nozayy komnpeccopa. OcHobHofl BesmguHOill spasieTcss paBo-
i 06BeM LHARUADPA, PABHHA MPOHIBEEHHIO NJOLIAAY MOpLl-

F19
Hel ua ero xox: Vp= TD’S.

O6bem MEpTBOrO NPOCTPANCTRA BAHAET Ha MOAAdy ROM-
npeccopa OTPHIaTeNbHO. YResquuHBaY OTHOCHTENBHYW BeAR-
QHHYy MEPTBOrg NPOCTPAHCTBE, MOXKHO JAOOUTHCH papeHCTBE
a(s/"p—1) =1, u noxava no swipaenio (13.12) crauer pas-
HON HYMO. 3TO HAINISARO BHAHO W3 AHArpaMMbl, MpencTan-
neqHo# na pue. 13.2: npu ypeandennn Vi och opaynat nepe-
HOCHTCA BJEBO, NOJANTpPONA CHATHA pacnojaraerca 6oJee
NIONOTO 1I NPH HEKOTOPOM npelesbHoM 3HavennH V), nonazpaer
B TOUKy 3; MozaBaeMblii 06bEM CTAHOBMTCH PaBHbIM Hysio, [IpK
5TOM AMHMUH CXKATHA H paCIlBPeHMH COBNAJAIOT, KOMIIPEccop
HE BCACHIBAET 1y He IOAART.

Ype/uteHHe CTelleHH NOBHILIEHHs AaBJeHHA NpH JaAaHHOM
Vi yueubwiaer noAady. dto acHo ua popmyast (13.12) u co-
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nocTapneHHs aAuarpamm p, YV, npubeAesHBIX AN pasnbix 3Ha-
yernil e Ha puc. 13.3.

AlepTBOe NpOCTPAHCTBO BJHSIET Ha MOAayy TeM CHJbHEE,
yoM BBIINE CTENE:fb NMORLILIEHHs NABJEHHA. MOITOMY OTHOCH-
rebHOE 3HAuYEeHHe MEPTBOTO MPOCTPAHCTBA BHIGHPAETCA TEM
seHblie, yeM 6onblle ¢TeneHb NOBHLIEHHS NaBJEHHA KOMIIPeC-
opa.
¢ pﬂ)lﬂ COBpeMEHHLIX KoMrpeccopoB Ao=0,7+0,9; Ay =090+
0.93, A-=0,95~-0,98.

13.5. MHOrocTYNEeHYaATO® COWarve

Ilpu cxkaTuu rasa TeMneparypa ero nosuiaercs. B Taba.
13.]1 NpuBeAeHE KOHEeYHLle TEMMepaTyphl BO3LYXa, CHHMAEMO-
ro 1pu Pa3IHYHLIX YCJA0BHAX B KoMmipeccope ¢ D=0,7 M, ot
HasanbHoR TeMreparypol {; =293 K. Taxk Kak KoMIpeccopHbie
cMa309HHE Macla BMEKT TeMNepaTyPy BCHHIIKKH DO BpeHKe-
vy 493—533 K, 10 KoHeunble TemnepaTypsl cxards 493—
443 K, nonyqaeMeie npH =8, ApafioTCa ONacHRMH. 3JeKTpH-
yeCKHe paapsum HEBRICOKOro mNOTeHNHANd, BO3IHHKAOLINE P
npoToyHOft wacTH KOMIMpeCCOPOR, MOYYT BLI3BATH BO3ropaiHe
HArapa K 34TeM NPH poCTATOYHOf KOHUEHTPAUMM M aCASHLIX
napoB B BO3AyXe B3PLIR KOMIlpeccopa.

[Tpupenennble cooGpakeHnss oOrpaHUYHBAaKT CTeNeHb I10-
BHILEHKA JABREHUA B OAHOM LUMJANHIpPEe KOMOpeccopa.

B coBpeMenHLIX KOMITPECCOpax C BOAAMBIM OXJANKJEHUEM
crelieHM MoBLILIEHHN AaBAEHAs B OAHOM NWIuHApe Bbime 7
BCTPEYAKTCH PeAKo. B OTeuecTBeHHEIX KOHCTPYKUMAX Gofb-
moh nonayn g<c4. Ecau crenedp MOBLINEHHSA A2BJICHUA KOM-
npeccopa npepblilaeT 7, TO NPOLECC: CHATHA BEAYT B HECKOJb-
KuX [MocChenoBaTeflbHO BKJIOYRHHBLIX TIOJOCTHX — CTYNEHsix
naanenus. [Ipu mepexone u3 oxnoll CTylieH: B APYryio ras ox-
JNAKNAOT B NIPOMEKYTOSHLIX OXNaAHTeNRX.

TaGauma 13.1. TeMneparypa CATHA MPH AXHIGATHOM # NONHTEORHON
Mponeccax

K oueqran TeNneparype posgyna, K
o | Mo | e | e e
— WHIHUAPA | RHNUBADA M KPBUHI
2 358 a37 32
4 138 402 372
6 493 454 409
8 536 493 443

21559 353



KennvecTpo crynenesi, HeobXoumMoe A9 AOCTIKEHAN 3a.
RaMKOli cTemeHy mOPHINERHS AABJACHWR, DPHHHMAIOT B Mpe.
Aenax:

By 2
o 8 1
6—30 2
30100 4
100-—150 5
Brise 160 6 n Gonee

YBenyueHue KOXHYECTBA CTYNEHEH YCNOMKHAET KOHCTPYK-
M0 ¥ YBENHYNBaeT CTOMMOCTL KoMIIpeccopa. 310  obCcTon-
TeNBCTBO  0OYC/0BANBAET npejiesl yBEJHUCHMS KOJHYECTBa
CTyNeHeji COBPEMEHHEIX KOMIIPECCOPOB.

MHOroCTyNIeHYaToE CIKATHE C TPOMEKYTOUHHM OXRaXAe-
nuem npuGAHNKaer paGounfi npomece KOMIpeccopa K HsoTep-
muyeckomy. Tlostomy npu sazanHofi cTenesy NOBBHILEIHA AaB-
JeHHS KOMUIpeccopa npumeHeHHne CTyNEHYATOro cxaTHa obye-
JNOBJIMBAET CYIeCTBeHHYI0 IKOHOMHUIO MOUIHOCTH [PHBORHOIQ
aeuratens (cx. § 10.4).

13.6. MolpHOCTL MHOFDCTYNEHUETOTO KOMNPECCOPa

B MHCrocTyneHuaTHX KOMIPEeCcopax ¢ 4YHCJIOM cTyneHell 2
fip¥ OAMHMAKOBBHIX paGOTax OTHAENBLHLIX CTYMEHel H3IOTepPMMUUE-
CKasi MOIMHOCTH KOMMpecCopa onpeaeasneTcs (HopMysoit

— Pt gy P
Nus 1000 o 2, (13.13)
MODIHOCTE KGMITPECCOpa MPH YKA3aHHOM YCJIOBHH
Ne=— U gy P, (13.14)

1000y, Mg A

Ecnu pa6ora oTzenbHux cTyneHefl HEOAHHAKOBA, TO MOM-
HOCTb Ha Bally KOMIpECCOpa ONPeACNfAeTCH KAaK CyMma Moul:
Hoctelt oTneBHUX cTyneHed.

13.7. KontipyxmigHble TMNLI KoMNpeCccOpoR

MHorocryneHyaTHe KOMNPeCCOPH BHIMONHAIOTCS B ABYX
OCHOBHBIX BapHaMTax: ¢ AHpdepeRnHarIbHHMH NopmusaMH H
FECKOJILKHMH CTYNEHAIMH CXKATHA B OAHOM WMIMHApE; Co CTY-
NeHsAMy CXATHA B OTHAEJBHHX LUAVHApaX. PaceMoTpuM HEKO-
TOpHIE US HEX.

JiByxcrynenuaThii  Kommpeccop ¢ anddeperumanuARM
MOpIINEM [IBYCTOPOHNEre AcHCTBHA., B  Komnpeccope 9TOrO

304



quna (puc. 13.4) cTynenn CxaTusi pasHeceHs! 1o oGe cTopo-
ud An@depennnanporo nopimks. Crioco6 paGoTe narasaxo
1306p2RaerTca HAANKATOPHBIME AHArpaMMasMH, [0CTPOCHHH-
Mt COBMECTHO A/ 66enx cTynexeit (puc. 13.5).

Ecant nosarath, uTo KOMIpeCCOP BCAChlBAeT BO3AYX u3
aTMOCHEPH, To JIMHAR BCACHBAHMA JIEPBOH CTYNeHn OyAet
seXaTh HECKOAbKO Hike Jukuy armocdeprore napnenns. Ilpu
ABYIKEHHH MOPLIHA BOPABO MPOHCXOAHT BCACHIBAHKE B NEPBYIO

p a3

PP
¥y
Grnelarmens edra Ouradumens’
Puc. 134 IHeyxcrynengarnit Pre. 13.6. Teopernueckne HHIMKA-
KOMOpeccop MPRAMOTOYHOIO THIZ TOpRSIE [HETPAMMEE OBYKCTYMEHYa~
¢ aH(pdepeHUMANLAHM TOPLIHEss TOr0 TNPRAMOTOMHOTC HOMOPECCOpa

¢ putpepermiaibpiM NOpIINeM

cTynetn (nHRus 4'—;"), claTtve ¥ BHTANKUBAHHe BO BTOpOH
crynens (nukuy 3-2” n 27-3").

Korna nopuwexr HaunHaeT JBHTAThCH BJAEBO, B NEpBOf €TY-
nexwy MPOHCXOAUT CXKAaTHE, & BO BTOpPofi — paciurpenre rasa.
lNocaepnnéi npouece maer A0 Tex 1Op, NOKA AABJeHNWe B  I{H-
ANHIpe He AOCTHIHET p? B Touke 4”7. B 5TOT MOMEHT OTKpHBa-
eTcst BCACHIBAWUIMA Knanad BTOPOR CTYNEHH M MOpllenb, ABM-
rascp Brepo, GyZieT BCACLIBATE ras H3 3aMKHYTOrQ INpOCTpaH-
ctBa oxnazntend. Tlpd 5TOM jpaBnenne raza 6yAeT NOHUKATLCA.
Korpa noplienp safimeT NMONOXKEHHE, onpeAeisieMoe TOUKOfi
2, napaeHHe rasa B OXNaZMTeSe MOMHIHTCH HACTOABKO, HTO
OTKPOETCA HAMOPHWA Knanad NepBOR CTyNeHH u ra3z GygeT
NoCTYNAaTh M3 HEE 4Yepes OXMAAHTENs BO BTOPYK CTYOEHD.
Dapanenne raga 6yner usMeHATBCA M0 JuHuE 2°-3°,

B nayane xona BnpaBo B NEPBOH CTYNEHR MPOHCXOAMT
pacuppenue rasa no nogautpone 3'-4°

Q6beMbl (BAHHAPOR NEPBOR W BTOpOH CTYneHedi HeoauHa-
KOBL, NMOITOMY PACCMOTpEHHbiC JAMArpaMMH HMCIOT pasny-
Hole MacioTabu abcumcc.
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B KoMnpeCcope sTOro THMa MPOUCCCH! CIKATHA B CTYNekny
OCYLUCCTBAAIOTCA Ha pasHHX XOA2X MOPIUHA, H MOSTOMY paby.
YUE YCHJHS Ha XONOBLIE YacTH PaCNpeiensioTes HOBOJhug
paBHOMepHO,

JIBYXCTYNCHYATHA KoMnpeceop ¢ AMQPEpeHUHATbH Ly
TOPILHEM UAN orHero AeidcTPHA. OcoGeHHOCTRIO KoMipec.
copa 3Toro Tuna ?pnc. 13.6) sBaseTcs pacnoXnoxenne INeproj
¥ BTOPOl CTYNEHEH No OAHY CTOPOHY NOPIUHA; 3TO OPUABOART

4 F7 2N
yos
A\ o [
o 2! "
amy
r 22
Xa? nopuins o

Pic. 13.6. Oeyxcrynewgarafk  Puc. 13.7. Teopernyeckhe HHAMKA-

xomnpeccop ¢ pAdwpepen-  TOPHLIE AMarpaMupl ARYKCTYDeHUA-

uMaSEMHM MopWiHeM ofRO- TOTO Kommpeccopa ¢ Arddepen-

croponMero AekcThun OHANEHGIM TOPIWHEM OAHOCTOPOHHE-
ro aeficTBUA

K TOMY, 4TO BCaChipanue, Kak u INOAA93, MPOHCXOAHT B 0benx
CTYNEHAX OAHOBPEMEHHO.

Haunnas or Toykn 37 (puc. 13.7), npn ABHMEHHM NOPLUHS
BIOPA4RO NMPOUCXOJHT paculMPeHHe BO BTOPOR CTYNEHH A0 A&B-
JEHUS P,, KOTOPOE GHIO CO3AAHO B OXJRIMTEJNE CTYNEHLHIO NIPH
XO0Ji¢ nOpIUHA BJepo. B MOROXKeHHH OOPIINHA, ONpPegeseMOM
TouKoli 4”, OTKpbipaeTcs BCACHIBAOIHA Khanan BTOpO# CTy-
IleHE M NMPONCXOANT BCAcHBaHWe rasa M3 3aMkuyToro obnema
OXARapuTeNs. JTO TAKIKE NpOoUece PaCIiHPEHHA rasd No NoJuT-
pone 47-1”. B koHme 9TOro npouecca AaBjaeHHE Bo BTOPOX
CTyIeHR MOMHMKaCTCs fo p;. Jlanee npn XoAe NOPLIHA BAERO
BO BTOpON CTYNCHY ras CXXHMaeTcs nonunun I°—2” u nozxaer-
csi-no aunuy 27-3" B Hanophwii TpyGonpoeoa. B 31o xe spemd
B MepBoOfl CTYMEHH NPOBCKOAUT CXXatue Ha noautpone I-2' AO
napnenus p;. B Touke 2’ OTKpmBaeTess HanOpHWA Khanad
neppoft CTYNEHE ¥ ra3 BLTECHACTCS H3 Hee B 3@MKHYTHR
ofbeM oXNaauTeNs. ITOT MPOLECT TNpPOTEKaeT no neaurpone
23’ u conpoBOXKLAeTCA NOBhLICHNeM AaBReHAA OT Py HO D3
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[Ips x0Ze NOPLIHA BNP2BO IPOUCXOAAT PACLIMPEHHE K BCACH-
patite B NepPBOH CTYMEHH.

B kommpeccope 3T0T0 THNA NMOJIOCCH nepRro#t ¥ RTOpOIi CTY-
netielt BCErRa pa3obulenbl 3aKPLITHME Khamauamu, HO HMeIoT-
¢l Mpolec<nl, NMPOTeKalUiHe CoBMeCTHO B 1OJOCTAX KaKOo#-
anbo crynenn o oxsaggTedeid. Oxgazuresb KpoMe CHOEro
{IpEMOr0 HA3HAYCHHA HTPaeT ponb pecHBEpa, T. €. eMKOCTH,
npuHdMaiouleid ra3 u3 nepeolt cTyneHn.

B Kommpeccopax ¢ auddeperunansHEM#E HDOPIIHAMH Of-
HOoCTOpOHHero nefcTenu (cM. puc. 13.6) npoueccs! cxaThA M

Crradunmens I ¢

é 1

i ‘1r .

L

T = L“’$_'

'} -

L i

- = AANAAAN— — e —

drmademrers I m‘;ﬂem
Puc. 138, Tpexcryneudarhlit Puc. 139. TpexcTynmenuaTuit
Komopeccop ¢ Jduddepeu- KoMapeccop c© AHpPEpeHnuans-
UUMAJLHGLM OPUWREN HulM GOpUIHEM It padmeneHHol

nepBoit cTyielbio

Pue. 13.10. CxeMa [MECTUCTYNEAYATOro KOMOpeccopa ¢ muddepenmpsansini
IJPWHEM

rojauyd npoTeKaldT B ofeux CTyneHdAX oXHonpemeHHo. Baaro-
Aaps STOMY B XOHOBHX YACTAX KOMIpeccopa BO3HHKAWT Bbi-
coKHe, HepaBHOMepHO paclnpeAencHHole yCHAHA, Tpebyiouine
NpuMeHeHUss MaX0oBOro KoJeca Gonabluofi maccH. Takas cxema
npuMensierca obbluHo B KOMOuHauuK ¢ NPAMOTONHOR CXeMOi
Js KOMIIpeCcOpoR C KOJRMYECTBOM CTYNEHEH Gonblle ABYX.
Tpexcrynenvatnifi  Komhpeccop ¢ Ruddepenknanuubim
nopuwryem, CTynern komnpeccopa (puc. 13.8) xomduwupylores
TAK, YTO KAXAHE Zpe COCCAHUE CTYNEeHH NpeiCTapadAioT coof
ApyxcTynenuaTnlii koMnpeccop. [Tpu paseuctoe paboT oTAens-
Loix cryneHed, 970 HHKTYETCH YCAOBUSM#H IHEPreTHYECKOH

asr



Ta6aeuns 132, XapakrepucTukn womnpeccopop OSulelo HASHAtcimn

Tt
Hommanbuat nonssa ymﬂu pmml
DpH YCNOBHAX BPCACHI« MOMACETY, M
Tun younpeccops Sauka penemuioe |y, (P ) Be Boned
e (N fumin)
BY | C woaaywnmM ox- 0,050 (3) 6.6 540__-
NamjgeHneM 0,100 (8) 690
C posfiBEM OXTAN- 0,100 (6) 8,2 860—
HEHHEM 0,050 (3) 540
BN — 0,166 (10) 5,7 1350
0,332 (20) 5,6 2800
0,500 (30) 5,3 4000
BM — 0,830 5.4 7900
1,660 ﬁ% 5,4 14 600

Mpuswenaune, Haluronuoe Loveuiioe HBIBREUNE WOMNPECCOROR p“wﬂ.& Mile.

s(pPeKTHBHOCTH, TAaKasd CXe€Ma JaeT 3HauYuTeNbHEIE HepaBHo-
MEPHBIC YCHAHS B XOAOBHX 4acTaX. Uro6L YMEHLIINT: STH
YCHAMR W PacnpelieNdTr ux Gojee papHOMepHO, MPUMEHSIOT
CieMy TPexCTYNeHIaToOro KoMIpeccopa ¢ PasjgeieHueM NepBoi
ctyneun {prc. 13.9).

MuorocTynenuarsie xomnpeccopn ¢ AudpPepenuuanbibim
nopmnem. YCnodp3ys OpPHHIET Co3jaHHa CTynededl npu no-
MOLH mOPUIHA NepeMeHHOro zuaMerpa, MOXHO CKOHCTRYHPO-
BaTh KOMAPECcop ¢ GOJbIIMM KoAHuecTBOM cTyneHed. Ha pue.
13.10 npuBeAcHa cXeMa IIECTHCTYNeHUATOTC KOMIpeccopa.

KoMnpeccopn 00mero najsHadeHds €O CTYNCHAMH JaBJe-
Bug p OTAeApHbMX uuanHapax. B coorsercrauy ¢ 'OCT sra
KOMOpEeCCOpH BHINOJHAIOT cneayiowmtnx THnoB (pHe. 13.11,
tabn. 13.2); a — Geckpeiiukondunie ¢ V-06pasHeiM  pacnoJio-
WeHuem uwiHeIpoR (o6o3nauenne THna BY); 6 — kpeiin-
kOndHbe ¢ NPAMOYTOJLHHM pPACHOA0NKeHUeM IHIHHAPOB ~—
BI1; 8 — kpefiuxondHue ¢ ropu3OHTARBEAM OMNO3HTHLIM pac-
noA0MeHHeM uunueEapos — BM,

Atu THOB KOMnpeccopoB pexkomeRronank 'OCT kak naw-
6onee KOMNAKTHHE, SKOHOMHYHLE i yAoOHHE B SKCIIyaTanHM
Mpu ABYXCTYMEHIATOM CHATHH. KOHCTPYKTHBHLII npHHLHN,
sajoxenunft B T'OCT, Momer 6hTL pacnpoCcTpaHeH HA KOM-
NpPEcCoOPL ¢ KOAWYECTBOM CTyneHeji Godaplie gpyx. [Tpp sToM
KOHCTPYKUHY NOAYYAIOTCA MHOTOPAAHKMH.
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Komnpeccopst tunos BY u# BI1 ¢ pacnonomenuem oceit
LAJIMHIPOB B BEPTHKAJbHOH TNJIOCKOCTH TPYAHO COANAHCHPO-
paTh AHHAMHYECKH, OHH THXOXOJHH, TPeGylT TAXKEJ WX (QyH-
JAAMEHTOB H, ¢ YJeToM NPOBEACHHN MOHTaWHHX pafior, oTHO-
ciTebHO GOVIbILKX BHCOT sfiaHug, Bmecte ¢ tem naouwadp,
tpefyeMasn i R YCTaHOBKH, HEBEJIHKa,

Koumnpeccopel Tuna BM, nasnipaeMBle ONNO3HTHWME, MO
ay4al0T B NocJefHee BpeMs IIHPOKOe pacnpocTpaHeHue. DTO
oOBACHACTCH MHOTHME MpPHYHHAMH W TJABHEIM O6Da30oM TeM,

Puc. 13.11. CreME NBYXCTYMEHYATHX KOMAPECCOPOB CO CTYNCHRMA P OT-
AUIBGHBIX [HJIHHAPAX

g10 GAarofaps B3aKMHO NMPOTHROMOJNOKHOMY ABHXKEHHIO TOp-
wHel (Mpu yraie wexpy KoJeHamd sajia LB0°) oHm nerxo 6a-
J2aHCUpYIOTCH AMHAMHYECKH M JONYCKaWT YacToTY BpalleHuf,
p 2,5—3 pasa Gonbluylo, yeM KOMIPECCOPH APYrdx TuIOB.
Komnpeccopur BM ropusoeTablbie # TPEGYIOT MaJbiX BBHICOT
UpH OTHOCHTENbHO GOJLIIUX NMOUAAAX NOMeLleHMid.

[Tpu GoavLiom KoJuuecTBe CTYNEHEH AaBICHUA WAM BHICO-
Kofi nonave xomnpeccopa ¢ PaslENeHHEM ee HA ABa UHJAHHIAPA
OINMO3IUTHHE KOMOpECcop MOMET OBTh BHINONHEH MHOrOpsAl-
Hum. [MoapoGHHI ananus cXeM MOPIUHEBEIX KOMMPECCOPOE —
oM. [25].
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43.8. JlcicTonTenbHan MHAMKBTOPHAA OMArpamma

VinpukaTop MOIRHOCTY (HajpiBaeMBl o6HUHO MpPOCTO Ha.
AHKATOPOM), MPHCOSAHHECHHLIH K MEPTBOMY 06BEMY NHARHApa
¥ MPHBOJHMLISI Y€pes XOAOYMCHBIIHTENs OT IUTOKA KOMIpec-
COpa, BLYEPYHBACT AHArpPAMMYy 3aBHCHMOCTH MeXay JaB/eHH.

7

s~3t 9

:
i
?’EH

Puc. 18.12. Clema AEACTRHA MHANKATODE:

1 — quaunEp womnpectOps: 2 — nopLieRs KONI opa; & — BOWIK RAEHKATOpR; €=
WHYpH MMARXETOP®; § — TOACYMEMBWHATENL; 6 — KADERAAL BPANKATOpPA; 7 — Gapae
GaR HBABKAaTOpH; £ — cnpauamostHfl MexannaM; & — Unnnnlp RHIAKHATODS

eM ¥ O6DbEMOM ra3a B HHJAHHAPE — JefiCTBHTEeNLHYIO MHIMKa-
TOpHYylo Anarpammy, CxemMa HHIMKATOpa noKa’daHa Ha pHc.
13.12.

B koHCTpykuMH HHauxaTOpa pabGouuli quiunipp, 6apaGan B
mulliyliee ycTpoficTBp KoMOWHHPYOTCA B elMHHE KoMAOaKT-
nmii 6ok (puc, 13.13).

TeopeTuueckan HeAHKATODHad jHarpamMa, noJyuaemas
NOCTPOEHHEM, HECKOJBLKO OT/HuAeTCs OT jehicreureanHoit, Ha
pHc. 13.14 ans cpabtesus npupenent oba pupa puarpamM. B
TeopeTnUecKOf jHarpaMMe JHHHA BCACHIBAHHA — H3o6Gapa, 4
p AefcTavTenbholt oga TPeAcTaBANETCH BOAHUCTON JNummeR,
umempLtel pe3xoe NOHHIMHEHME B MOMEHT OTKDBITHS BCacCHBAN0-
uiero kiaanana, [Tociiefinee O0GBACHAETCS HHepHHER’ H [PHIH-
NauKeM NJACTHHE HJW TapejKH BCACHBAIOMIEr0 KJjanaHa K
cefny. Henocrouncreo napjienHs Ha Xofie BcacwBanus 00b-
ACHAETCH BJAHSHHEM Ta3’0BOro CONpOTHBNCHHA BCacwBauero
TPaKTa H VHEPIHEH ra3cBHX MacC, ABHXKYLIHXCH B HEM.

Hruepuns rasosblX Macc B HanopHoil Tpy6e komnpeceopd, 8
TaK}e uyHeplluA ¥ NPHJAHOAHHEe TNJIACTHH HANOPHOr0 KiamaHa
OK43HBAIOT AHAJIOrHYHOS BANUHHE HA JHHHIO NoJauW B peicT-
BHTENLHON anarpaMme. 3Jiech 3aMevaeTcs JOBoJbHO pPeskO
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puPaKEHILH MUK B MOMCHT OTKPLIBAHHA HAaNOPHOro Kianawa,
Jltnir ©KaTHA W pacluHpeHHs B pelicTBuTenbHON Anarpamme
LCCROIBKO OTNMHYAKTCH OT TEOPETHUYECKHX RoJauTponm. ITO
oGDHCHACTCA HENOCTORHCTBOM [OKA3aTefs 71 MPOUECCOR CXa-
TUs H PACIIHMPEHHA.

lloBpexiaeHne N HenpaBHABHOE HEHCTBHe OTAGRBHBIX 3Je-
MCHTOB  KOMNpPeCCOpOB  (KJIAMAHOB, KJAMAHHLIX RPYIKHH,

7
2 Y &
o)
0 : -
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0 8 #
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5

Pic. 13.13. KoHCTpysuHsa UHLMKaTOpa:

I  Gapaban,6 27— cnpRMAROIMA MeXauKaM, § — NPYMBHE. €~— CMeHRAR BTYNKR. §—
COLWIHHTENLHEA MOMYC: 6 — COEAMBHTENLHER I2flR3; 7 — NOpUWeEL, 8 — UARBNAD; #~—
YUupHult windTi I0 — wnyp

Pz
Puc 13.14. FiHnHkKaTopHue nHA-
TraMMp XoMnpeccopa.
G ; 6 — NeiCTBI
Tumr::;pmnecxau DeihcTes Damw _ Poms
e # M ]

86)



ROPLIMIEBLIX KOJIEL), a TAKXKE HAPYIUeHUe NPABHIBHON pa

aBTOMATHYECKOTO PETYJHPOBAHMS MPMBOAAT K OTKJIOHEeHwio
HEeACTBHTENILHOY WHAHKATOPHOR aMarpaMMH OT €€ HOPMas.
noit popMul. Tawum obpasom, no unaukaTopHoll AmMarpamme
MOJKHO OOH2PYXHUTh HEHOPMAJBHOCTH B paboTe KOMRpeccopa,

13.9. NMopaua n papnenMe NOPUWHEBOFrO KOMNPECCOPa,
patoraoujero He TpySonposop

INonava 0 HOUMAMHAPOROrO KOMIIPECCOpPa C MOPILHEM op-
HOCTOPOHHEro AeficTBua onpezensierca no ¢opmyne (13.12),
Eciu komnpeccOop ABYCTOPOHHEro ALHCTBHA, TO ero nofaga
oupejeaseTcd Kak CyMMa nozad obenx ctopoH nopiuuf. Ifpm
3TOM pabGoune 06bEMEI H MEPTBHE NPOCTPAHCTBA C 0GEHX CTo-
poH nopuiHa o6WyHo pasnmyHe. [logaua KoMnpeccopa c He-
CKONBbKUMH UHIHHAPAMH NEpaol CTYNeHHn pPacCyHTHBACTCH Kak
CyMMa TIozay 3THX IHAMHAPOS,

Bo Bcex caywasx nogaua nopiuHeporo KOMmpeccopa npos
ROPIMOHAAbHA wacTOTe BpalXeHWs ero sanaa. [losTomMy Teope.
THYECKHE XADAKTEPHCTHKHM NMPM pA3NHYHLIX YACTOTAX Bpallie.
HHA M300Pa3InTca PHAOM JIHHHI, NapannenbHEX OCH OpAMHAT.

OxHako ecnu KoMmnpeccop c 3azaHHHMB Vp ¥ a nepehx
cryneeii Gyzer pa6oTaTh Ha TPyOSonpopoa ¢ H3MEHAIOLHMCK
JIaBJIeHHEM, TO cTEneHp NOBHINCHHA AARJCHHS €10 GyAET nes
peMeHHa H, Kak BHAHO H3 dopmyam(13.12), komapeccop Gy
ACT [aBaTs NMEPEMEHHyI0 NMojgady, TeM MeHsIUYIo, YeM Govinime
¢. Bonegetene 3Toro aeificTBHTENnian XapakrepHctHka Q—p

KOMIpeccopa NpPH nocTOAHHOR

Rle) yaCcTOTE BpaALUEHMA w3obpara-
erca KpHeBoH nmuEell, cymecr-

BeHHO OTKJoHAWInelicds or BEP-

THKQJH. 3Ta XapaKTepHCTHRE

NA s MOXeT GHTH NOCTpPoeHA No Gop-
myae (13.12) noxucrasoskofi B
HEE MPOW3BONBLHHIX  3HAVEHHH
e=p/pi. Ha pnc. 13.15 noka-
3aHbl AeACTBHTE/bHLIE XApAKTE-
PHCTHKH XOMIIpeccopa ana Tpex
Pa3nMYHHX YacTOT BpALIEHHE

emb
4 n, Mo H N3.

—

2N

Puc, 13.15. XapaxrepucTuxy NOPWEE:
BOro KOMMpectopa, paGoTaiolIEro
z 2. 0  Pasiwusof wacToTe BpamleEuA Ra 3a
2 J JaHeRA TpyGonposos




HeiicTBuTeNIbHHE Nozaua M AaBJIeHWE KOMOpeccopa ompe-
AeARIOTCA KAK KOOPAHHATH TOUEK NEpeceyeHWs XapaKTepHc-
11K KOMIIPECCopa W CETH BO3AYXONPOBCAOB,

13.10. Perynmponanue nopauM

Pacxoz rasa us Tpy6onpoBoAHO! CHCTEMBI RG YCROBHAM
noTpeCNeHun MOMCT H3MEHATLCHA, NO3TOMY KOMMNpeccop Moa-
sheH M3MEHATh TMONAYY TAK, wTOSH OHA COOTBETCTROBAJA pPaAC-
ao0ay ra3a ns cucteMbl. [Ipn oToM B ceTn HomxHO NOAAEpPMN-

i B

Ve pas
AN
Prpea _#

Puc. 13.16, Peryanpopasme mo- Prc. 13,17, Cxema aBTOMaTRYECKOrD
JauM XoMmpeccopa Apaccenupo-  yerpolictBa Jum peryzmpopaHRs moja-
B&NIEM Ha BCacHBalMHH q¥ JipoccenHPOBAHMEM HA BCACHBAHKH

BaTLCH paBJaeHNE, TpeGyeMoe nOTPeOGHTENAMH, Taxkoe peryJsin-
[OBaHHE NOAAYHM HA3MBANOT DE2YAUPOBAHUECM A NOCTORKAOE
dasacrue.

3azaua peryJHpOB2HIA 3AKAIOYAETCH B TaKOM Bo3jedcr-
BHE H2 XOMITPECCOp, KO0TOPOE BLIPABHHBAET MOAAYY €ro C pac-
X0A0M ra3za noTpeGuTendMu.

HayajbHeIM HMOYJLCOM AJIA perysinpopaldns ob6LiNHO cny-
XIT MIMEeHeHHe JABNEHHS B CETH, BO3HHKAONIEE NMPH HIMEHE-
nmy pacxoza raza norpeburennamMu. B xopommnx cucreMax pe-
1VIUPOBAHHA 9TO H3MEHEHME JaBJeHHA MOXeT OblTh Ovuemb
Magbly (AECATHIE M AaMe COTHIE ROJM aTMOocdepH).

Huxe paccMaTpMBaoTCH OCHOBHBIE CXeMH PETyJIMPOBaHAN
NoRaYy oAHOCTYNEHYATHIX KOMIPECCOPOB,

Hamenerue vacroter spaujenus. Ua gopmyan (13.12) sac-
10, 4TO NOAAYy KOMOPECcopa MONKHO PeryanposaTL H3Mene-
lneM wacTOTHl BpalienHs BaJa KoMnpeccopa. JToT CRocob
9FOOMHYEH B IKCIVYA1alHH, HO TpefyeT NMpHBOANOTQ ABHra-
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Ters ¢ nepeMeHHofi yactoTof apautednd. [lvatomy peryanpg,
BaHie MOAAYHM HIMEUSHHEM +4ACIOTH BPALCHHA NPH SJeKTpy,
YeCKOM NPHBOJIE ILHPOKOTo MNPHMEHEHHA HEe MOJYYHJO,

PaccmaTpuBaeMHii crocob peryinpoBanus NpHMeEHsercs B
CRyYAfiX NPUBOAA KOMNPECCOPA OT MAPOBOI MAILHHB HAM fipy.
ratens sBHYTpeHHero cropaHHMf, 8 KOTOPhIX H3MEHEHME Yacrq.
Tl Bpalli€HHn AOCTHCAETCA CPABHHTENBHO NpPOCTO.

Hpocceayposantie npu ecacoisanun. Ecia Bo Becachpay,.
2nA TPAKT KOMIPECCOpa BBOAMTH AOMOJHHTENbHOE COMpOTHR.
JieHMe, TO KOMOPECCOp yMeHbIiaeT nojadqy,

Mycts 1-2-3-4 — wHpWKaTOpHAan aMarpaMMa 06e3 peryny.
pyooILero conpoTuajieHys BO scachBafomeRr Tpybe (pac,
13.16). BeegeM peryampyfoliee CONPOTHBIIEHME, NOHHRK AW
AapneHue BCACMBAHUH OT P; ZO Piper- [lpH 9TOM RpOKRECE pac-
IUMPEHUA [PEACTaBUTCA JHHWeR J-4° W JIMEHA  Bcacw-
BaHun  Gyzer 4-f. Ha auarpaMMbl BUEHO, 9TO  BCa-
ChiBaeMbll  O6BHEM YMEHbLIARTCH  OT Vi 1m0 Vi,
a obveM noaaud Vs: A0 Viper. COOTBETCTBEHHO H3Me-
HueIcA W mofaya KoMnpeccopa. CxeMa anTOMaTHYECKOIO pe-
TY/IHPOBAHUA TaKOTO THMa noxa3aua Ha puc. 13.17. Ecam pac-
xoi u3 6anaoua 1 B ceTh yMeHBIIACTCH, TO NpA AaHHOR .MOAA-
ye KoMnpeccopa 5 HasacHre B 6angaone [ pospacraetr H, nepe-
Aassce Mo Tpy6xe Z B noJjocTe MOPILHEROro MexaHH3aMa J,
BO3ACHCTBYET Ha MOPIUEHb, KOTOPHH, CIKHMas MNPYKHRY, Npu-
KpBb{8aeT ApOCCERUPYIOINYIO 3ac/IOHKY 4; nopmaua RKOMIIPecCo-
pa yMeHhitaeTCs, CPapHMRAACL ¢ pacxooM u3 GannoHa. Pe-
ryJdepyfOitee yCTPOHCTEO MOMET GuITh HacTpoeHO Ha Tpebyio-
UyrOCA 029y HATRKEGHHEM MPYKAKH MOPIIHEBOrQ MEXaHA3MA
3. Bnaropaps npocroTe W aBTOMarTHYHOCTH JeficTeuA  3TOr
criocC6 pEryiHpoBaHAy IIHMPOKo NHPHMEHAETCH NPH BHICOKHE
CTENEHAX CXATHA, HO IHEPreTHYECKan 3(PPEKTHBHOCTL £r0 He-
BbICOKA.

Otsicumanue naacTus ecacusaroeza kianana, Cxema pe-
ryRUpOBalMA OTHHMMaHHEeM MAACTHH BCACHBAMOUiCro KJanasa
nokasana ua puc. 13.18. Eciig acneacTane yMeHbiueHns pac-
XOfla U3 CETH jlannenne n 6asuioHe J NOBHICHTCH, TO NOBHIIEH-
HOE AAaBJCHHE, NEPEHABAsCh NO UMMYJLCHOK TPyOke 2 K mOPII-
HEROMY MEXaHN3MY 3, NPeOAOJeeT HATAMEHHE MpYyXAHH ¥
RopBHHET puu3 nopmeHs 4. lITok NOPWHA MMEeT HA KOHUS
BHAKY 5, PoXK4U KOTOpofi OYRyT nNPEnATCTROBATH [JIAGTHAE
BCACHBAIOLIEro KAaNaHa casnTecH Ha cepyio, [Ipn sTom CKa-
THR H NOJayu ra3a He npoH3olAeT, NOTOMY TO BCAcHBAOLH
KAANaH GYReT OTKPHIT K ra3 H3 pUIHHADPA GyHeT BLITaAKHBATH
s Bo BCACWBapWNA tTpySonpopold. Bciezcrsme sroro AP0
¥30# JeT NMPONyck cxatusi W Noxaud, ITo Gyler nposoAXaTS:

364



o A0 TeX Nop, noKa Japaenue p Sajnione J He NOHHIHTCA M
flopLieHb 4 ue NPUBEALT BHJIKY § B HOpPMAaNnHOe NONOKEHNE, He
npensiTCTRYIOIIee NIACTHHE XianaHa K; NJOTHO cazMTeCA Ha
mecto. TaknM ob6pasoM, yMeHplueHnHe mnolauk KOMipeccopa
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Puc. 13.19, Hnpnkatophas AHa-
rpamMa OpH peryABPOBEHMH RO~
Aaun OTHEMANKEM [IACTHH BCA-

Prc. 13.20. Peryampomaune mno-
B3TH H3MenekHeM ofpema Mepr-
BOro npOCTPRHCTRA

CHBAOLIEro Knanana

JocTrraeTcs afiech NponyCKaMm nozxawd., Mleankatopsan ana-
damMa MIs 9TOrO CJaydasi npencraBieda wa puc: 13.19. 3ro
OYeire mpOCTOKM CNOCOG  peryqaupoBalliy, HO IHepreTHiecKan
3¢ heKTHBHOCTD €r0 Maaa, TaK KaK Ha XonocTol xox HpH npo-
Ny cke noflawn 3aTpaynpaelcs He MeHee 15 Y% moJHOR MULHO-
Crh. Tawoft coco6 perynMpoBasha NPHMEHSAETCA AAA KOMG-
Peccopoy ¢ ni06uiME CICNEHAMY CIKATHA # NOAAYEMM,
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OmxiM kaanados JUHMK BCACHBAHAS B TEWEHHE BCETO XOxg
nopiuHs NPHBOAWT, KAK YKa3aHO, K MPOMYCKAM ROAAuy, T, o
K CHMIKEH N[0 nogauy KoMnpeccopa a0 HyJn.

B nacronmee BpeMA NPHMEHAIT OTHHM KJIAN2HOB Ha Yac.
Til X0J2 NOPIMHSA, NOAYNAR BOIMOMKHOCTL NJIABHOIO HIMEHERpg
nofavyn ot yomuuasskoil Ao 0,1 noMunabHoll.

Hsmenensue obvema mepreozo npoctpancrsa. Vs dopmy.
A (13.12) suano, uTo NP NOCTOAHHBIX Vi, 7 1 € MOXKHO pe-
ryJinpoBaTh IIONaYy H3MEHeHHeM 0GbeMa MEepTBOre upocTpam-
crBa (p, v-auarpamMma na puc. 13.20).

[Ipn obGbeme MeprTBOrO mNpOCTpaHCTBA V) BCACHBaeMbl
o6beM raaa cocraBaser V,. Ecnu ysenuunTs 06€M MepTBOro
npocTpaHeTsa Ao Vuper>Vw, TO MOnHTpona paciinpeHHs, no-
CTPOCHHAy MPH HOBOM HNOJOKEHHH NEHTDPA CHCTEMB KoOpig-
uat (', 3aiiMeT nosoxeHue J-4° W scachiBaeMmbli 06beM Taza
Viper Oyaer mersiie V,. Honan noaurpona cxaran 1-2' 6yier
COOTBETCTBOBATL 0OBEMY NMOAABAEMOro rada Viper<< Ve.

B npeaenbHoM cayuae ob6beM MepTBONG NPOCTPAHCTBA
MOKHO yBEJIH‘lHTb CTON, 3HAYHUTEABHO, YTO IIOJIHTPOIIH pac-
IHPEHUSA ¥ CXATHA COBNAAYT H HHAUKATOPHAA JUArpaMMa
npeacrasures Junueft /-3, IlpH 3ToM xoMnpeccop He BCACH-
BAET M HE NojaeT: o6a KJIANaHA 3AKPHITH 4 B LUHJAHHRpPe INpo-
HCXOAAT PaCIUHpEHHE W CXKATHE HOCTOAHHOrO KOJHYECTBa
raaa. KOHCTPYKTHBHO Taxoe DEryaHpOpaHie BBHINONHACTCH B
BMAE AONOJNHHTEJLHEX MOoJOCTel NOCTOMHHOK niH NnepeMeHHON
€MKOCTH, NPUCOEAWHAEMEIX K MEPTBOMY NPOCTPAaHCTBY Bpyd-
HYI0 U5 aBTOMAaTHYECKH.

Ina ocymecTsneHna NJapHOrC perysfHpOBaHHA MNOMAYH
JONOJHHTENEHEI O6BbEM MEPTBOI'C NMPOCTPAHCTBA BHNOAHAET-
¢l B BHRe papuatopa o6beMa, Ccocroallero n3 LWIHHIApA &
MopILHEM,

PaccMoTpenHbfi croco® peryampoBaHHs MOAad9H OYE€Hb
SKOHOM¥YEH M MOAYYHR PACNPOCTpaHEHHE B KOMIpeccopax
GoNbILoH MOLIHOCTH.

fIpoune cnocobu pezyauposanug, KpoMe ykazaMHBHIX Co-
c060B MPUMEHAIOT PETYNHPORAHHE OCTAHOBKAMH KOMNpeccopa
(npu MomHocTH na BBAy zo 200 kBT), nepenyckom rasa B¥
MOJIOCTY CHATHA B NOJIOCTL BCACHIBAHHA, A TAKKE XOJOCThIM
BLNMYCKOM W3 CETH yepea aBTOMaTHuecKmii Knanau. [Tepsud
H3 3THX cloco60B BOONHE SKOHOMMYEH, A ABa MOCJACAHHX He-
SHOHOMUYHL], U IPHMEHATHL HX HE CreayerT.

[pu peryanposanuw NOA2YH MHOIOCTYNEHYATHIX KoMnOpec-
COPOB HeoGXOAMMO PEryJaHpOBAT: NoZAady BCEX CTyneHeHd OAHO-
BpemeHHo. Eciauw B MHONOCTYNEHuaToM KOMIIpeccope peryJd-
popaTs NOAAYY TONBKO MePBOH CTYMeHH, TO ABTOMATHYECKH
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npOHCXOAHT Repepacnpenederve paGote MeKAY CTYREHAMH W
TeMMEPATYPH KOHNA CHATHA B HEPETYyAUpPYEMBIX CTYNCHAX
JCCTHTal01 HEAONYCTHMBIX SHaveHnit.

Perynupopanye MHOTOCTYREHUSTHX KOMIpeccopoB OMNHCA-
#o B [6

13.11, Konctpywuv HoMnpeccopos

B coBpeMenHofi TPOMBILEHHOCTH HCMOABL3YOTCA NOPLIHE-
nbleé KOMIPECCOophbl, 3HAYHTEABHO Ppa3snuyalouldecn No noaaue
v haBaewnio. Ilnm ynoBaeTsopenus TpeGuBaHuA NpOMHLIIIEH-
NOCTH 33aBOARI BHMYCKAKT KOMIIPECCOPH CTaHAapTH30BAHHOTO
IOMERRJIATYPHOro paga. 2107 pAA NOCTpoeH HA OCHOBE YHRA-
(GHKaLMH AeTajeil KOMIPEeCccopoB, UTO NO3ROASET CO3AaBATh
MOIUMHH PAa3JIHYHLX NOAAY ¥ AableHull ¢ nppmeHeHHeM Olin-
UAKOBHIX KOHCTPYKIHII OCHOBHIIX SJIEMEeHTOB (paM, mHJAMHA-
poe, BanoB H np.). DTo 3HAUMTENBHO' yACIeBAAECT TPOH3BOA-
CTBO H CHHMAET CTOMMOCTD KOaneCOOPOB.

lNopimHeBtie KOMIIPECCOPI BHINOJNHAIOTCH C BEPTHKAJBHbIM
Il TOPHSOHTANBLHHIM DacnodomelneM unausjpos. Ilepnoe co-
3N4€T IKOHOMUIO B INIGINANH KOMNDECCOPHOHK CTAaHIMK, a TaK-
Ke yAcOCT20 sKCINIyaTANWH ¥ MOHTAXKA, OAHAKO NPHMEHHMO
10/IbK0 B KOMNpeccopax ¢ OMHOK HJH jipyMsl CTYREHAMU Cxa-
THA B OAHOM iHAMHApe, KoMnpeccopH ¢ anddepeHnn anpHLE MU
ROPUIHAMH, OcyHleCTBJsifoNlHE€ MHOTOCTYNEHYaTOE CXKAaTHe B
OAHOM RHAHHRPOBOM 6JIOKe, BHNONHAKICH 0O HeOOXOAHMOCTH
FOPH3OHTAJABHHIMN,

Crynesn cxaTHs MOryT OCYHLECTBJSITECA B OTAIBHHX 1H-
JHHOpPAX; B STOM cJyvyae NMPHMEHAIT PAJHOE PACIOJOKEHHE
LHJIHHAPOB € MpHBOAOM OT OGLLEr0 KOJeHyaToro Bana. Berpe-
YAKOTCA KOHCTPYKIMH ¢ V-06PasnbiM pacnosoMeHHeM HIYHA-
pos (cm. puc. 13.11),

C KOHCTPYKTMBHOH ToukH SpeHHs paanuzaloT Geckpefiu-
koNpHbe n KpefiuKOngHEE KOMAPECCOPLL,

B Gecupelinxondubix KoMnpeccopax posib kpefiukonda
(noJiayHa) BHIONHAET CAM ROpLUeHb, of6Jaz200HA B 3TOM
tiyyae YIJTHHCHHOH wHAHHEZpHueckoft nosepxuoctbiv. OfbiuHo
Gitd ABJAIOTCH KOMIpeccopaMu HH3KOro JaBiACHUA C OAHOMH
ILTH ABYMA CTYNeHsAMp cXaTud. KpefukondHele KOHCTPYKUHH
IpEMEHAIOTC apu JIOOHX AABJEHHAX, HO XaPaxTepHH AJf
IBICOKHX AABJCHHE MPH MHOTOCTYNEHYATOM CKAaTHW. JT0 06D~
fICHAETCA BLICOKMMH 3HAYEHHAMA MOflepeysbiX CHJ, BOCTIpPHA-
THE KOTOpHIX ROBEPXHOCTbIO NOPILIHA OKA3ILIBACTCHA Hejonyc-
THMHEM.
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Ha puc, 13.21 rau sepTukansHHH pa3pes KOMIIpeCcopa
tana Bl (yrsosoro) c wectelo cTyneHamu cxatua, Oxnax.
JEHUe BO3AYX2 B BOAAHLIX OXNAJMTEJNAX NOC/KE KANKAOH CTYne.
i ckaTun, KOHCTPYKUNA B 1(EJIOM BECHM2 KOMOAKTHA.

Ha pruc. 13.22 npeacrasien paspes BepTHXANbHOIO KoMp.
peccopa. KoteuHoe pasncuue 22 MIla jmocturaeres B nary
cryneusx. B npasom 6j0ke mHAHHIDPOB PACNOJIONKEHH NEpeas
H YeTBEpTas, B NCBOM — BTOpAs, TPeTbH H NATAA CTYNCHR

cxartnd. KoMnpeccop — kpefixongHOro THNA C BHILYATHM
LATYHOM,

I cirgnoria
T omyrmews

Lurunts

Puc. 1321. YraoBoil MeCTuCTynensaTrti Komnpecopp, Q=02 wifc: Px=
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Kemnpeccop cuabxeH MacAAHBM ILIECTEPEHHHIM HACOCOM,
N04A10LIUM MACT0 M3 KapTepa K MoALIMMHHUKAM. N.l.ac.no ans
¢VA3KN B KUINHAPH MOAAETCHA CMELHAJbHBIM YCTPOMCTBOM —
nopukaropom. OxnaxaeHsie Bo3AyXa B XOJOZHJALHHKAX OCY-
ILCCTBAACTCA NMOCJe KawaoH CTyneHy.

Ha puc. 13.23 npeacrasned npozonbHui paspe3 no uu-
AMIIPAM NEpPBoH W BTOPOIl cTyNeHel onno3uTHore BO3AYLLHOIO
gomnpeccopa. [Togaya komnpeccopa 100 m3/muH, KoHeuHoe
pasneHue 0,9 MIla, gvacrora mpawmenna 500 o6/muH, Xox
nopHa 220 MM, auamerpn wunuuApos 620 u 370 Mm.

[1pHBOZ KOMEApeccopa OT CHHXPOHHOTO SAEKTPOLBHIATEJSf
umomHoCThio 630 kBT,

PaccMOTpUM KpaTRO 2JeMEHTH KOHCTPYKUMHA KOMiIpec-
COpOB.

Hunundpot xomnpeccopos ¢ gasnegueM o 8 MIla obwuno
OT.THBAIOT H3 YYrYHA; Gonee BHCOKHE JABACHHs TPEBYIOT NpH-
MEHEHHsi CTA/IbHOrO JIMThA M CTaNbHHX HOKOBoK. Jas yayu-
IDCHHS YCJOBHH PaGoTL NOPIIHA NPHMEHSAIOT 9YryHHHE CMEeH-
uile BTYAKH. LIWMEADH cHa6XawT JanaMH, OnUpaoLuMHCH
Ha [JTMTH], 3aJHTHE B GeToHHWIi ¢pyHaament. B MHorocrynen-
YETHX KOMTpeccopax ¢ ARGPLPEHUHANLHEME NOPIMHAMH
60K UHAMHAPOB COCTOHT U3 OTHEJBHBIX YACTEH, JKeCcTKO U Ha-
pexHo CKpenafemMblX GonTamu W wnuabkaMmu. Hnavmapu
HMelT WTYnepa Ana MojiBsojia ¥ OTBOJA OXJAaMjawliedi BOIL
M CM&3KH M IS YCTAHOBKH TEPMOMETPOB H MAaHOMETPOB.

flopwnu, HanGosee pacnpocTPaHEHH JHUCKOBHE HNOPIIHH
(puc. 13.24), npuMenseMple g cTyneuel ABOMHOTO ACHCTBHUS,
H aHddepeHnHasbEbie B MHOrOCTyneHUaTHX KOMRpeccopax
(puc. 13.25). MartepnaZl nopwHel# —uyryn, craib. ®opMa
DOpWHEH HEOCECHMMETPHYHA; OHH OGRARAKT ONOPHOH fIOBEPX-
HOCTBLIO, KaK 3TO nokasano Ha puc. 13.24. [Nopmuu cHabxa-
10TCH YyTyHHBIMH YIJIOTHAIOMHMMH KOJMbILAMH,

Canbruky NPUMEHAIOTCA B KOMIPECCOpax B MECTax Mpoxo-
Ia WTOKOB Moplipeft yepes xpoliKu, ITpE HH3KHX paBAeHusx
CanbHHKH BHIOJIHAKIT C MArKoA HaGWBKOH no THNY, YKa3aHHo-
My AAsi HeHTpOOeXHHX HacocoB., 3Jech AAS  JABJICHHA A0
2,5 MIa npuMeHsi0T NPORKTAHHYI0 TPAGHTOBOH Ma3blo XJOM-
vatobyMaxHyo i ac6ecrobyio HaGuBKY. IIns Gosiee BHCOKHX
I3BreHHH NPHMEHAT ac6eCTOBO-MPOBOIOUHHIA RpoOrpaduyen-
RuA muyp.

B KoMmmpeccopax BHCOKOI'C HaBJICHHS NMPUMEHAIOT CaJbHM-
KOBLle YNJIOTHEHHS B BHAE KOHHUECKHWX pa3Pe3HEIX 9yrynHBX
komeu (puc. 13.26). CasbHUKH BHIMONHAIOTCA NOYTH BCErAa ¢
CXMax geHUeM,
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Ha puc. 13.27 noxa3aHa KOHCTPYKUHA caJlbHHKA ANA Aas-
aciaa 75 Mlla. Ynnotdsoume koabua spnofueHH H3 6a66u-
ta 11 6naroaapa ocobolt (yriosoi) ¢GOpMe HX CEUCHHA Camo-
yILIOTHAIOTCA, NPHKHMAACL AABICHHEM ['A3a K (10BEPXHOCTI
1L TOKA,

Kranare woMipeccopos NpeHMyIRECTBEHHO BLILOJIHRIOTCA
B BHIE caMOAeHCTBYIOUNK, OTKPHBAOLLHXCA H 3AKPHIBAIILHX-
cn aBToMaTHYeckH OJnaroiaps
pa3IHOCTH JABJICHRH, HEHCTBYY0-  Aasalnu Omn mouneons
ulMX TI0 ofe cTOpOHBL KJjallaHa.
KOHCTPYKUHS J1aCTHHYATOTO
CaMOAIGHCTBYIILETO KJanaua
pegcrasneHa Ha  pHc. 13.28,

Ceano [ xrnamnaHa Caxaercd
B CHe3Jo, UPOTOYEHHOE B
kpbiuxke uuunpapa. Owo  umeet
98  KOHIEHTPHUCCKHE KOJbne-
Auoie  IMEAH 2,  3aKpuiBAEMELIe
C1AJBbHBIMH KOMBUCBEIMHA TIACTH-

T I

Pec. 13.25. Juddepenunansiuifi NOpLeHsr KROMOPeccopa € TPeMs CTYHEHAMH

CHKATHH

nami 8, IlocnexHue MPUKAMAOTCA K CeAny, 3aKPLIBas Ilelnd,
NpyXcHHaMM 4, pacrnoIOXeHHHMI 8 BLITOUKAX OFPAHHYHTE:b-
HOro AMCKAa 5, KOTOPHIH cHpenneH ¢ CeAsdoM KJamaHa uewur-
paJisHHM 60ATOM 6,

B HEKXOTOPHX KOMCTPYKLHSIX KOJIBIEBbLIE INCAH 3aMCHAIRT
baaoM mapalieNbHHX OPSMOJMKHEAHHIX npopedeit, H TOraa
KJa(laH Ha3BBAKOT JIeHTOUHBIM,

KoHCTpYKLVA TapensdaToOro KjaanaHa ¢ Manofi MHEPLUNOH-
Hoft Maccoll TapesKH MOKa3ana Ha puc. 13.29.

B nocrneanee BpeMs HaXoqAT NPHMEHEHHE KJAMAHL! Mpsi-
Morouroro tuna. [lo cpaBHeHHI0 ¢ OOWYHEIMHE TJIACTHHYATHI-
MH H TApEeNbYATHIME KiaaHAMH MPAMOTOYHBLIC HMEOT MHOro
hpeumymtects. OCHOBHO® H3 HHX -— Majoe ra30oBye CONpoTue-

n



Aeaue, OGYCNOBNCHHOE MPAMBIM TOKOM ra3a M GoablUiNM fipo-
XOgubIM CeueHueM, B 2-~2,5 pasza DNpPERHLIAIOINUM Ceyenpg
OOLMHMX RJIACTHHYATMX KaananoB. Manoe rasosoe conpo-
THBNEHHE MPAMOTOYHBIX KAAUAHOB YBEJIHIHBACT MOHAAYY KOM.
npeccopa uwa 8—17 %, cymxaer noTpeGneHHe MOLIHOCTH y
yAensHBA pacXos sHeprHH COOTBETCTBEHHO Ha 4—7 u 8—20 9

Puc. 1326. Camumg
C METANMNYECKAMA
Pa3peaHbMA Konbiauy
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0 CPABHEHHIO ¢ AHAMOrHYHLIMH MOKA3aTE/AMH KOMIIpECCOpoB,
HMEIOLIHX KJIanaHe 0OLYHBIX THIIOB,

IocToHHCTBOM MPAMOTOYHBIX KJIAMAHOB ABAAETCH GecliyM-
HOCTh HX geficTsnd. Manas HEHepUMOWHOCTS JIETKHX 3ABOPHHX
naactéy ofycJoBrusaer GeicTpoe oT-
KPHBAHEE M 3AKpHIBANME KX yf IO
3TOMY NOpejoTBPAIRAET BO3HWKHOBE-
HHE YAAPHHIX BOJH B TPyGoOnpopoaax
# MX BubpaIHIo,

Ha puc. 13.30 noxazana KoucT-
pyKTHBHaﬂ cXeéMa npAMOTOYHOro KJjia-
naga, noﬁamoman crocob ero jpeii-
CTBHA. atnaH CcOCTOMT H3 Habopa
nnacTHH-ceze I, B KOTOPWIX Hpodipe- ,‘:,:‘:.;a,',‘*ﬁg;mm;‘;ﬁ‘f
3epOBAHH KaHaJH 2 ¢ NPAMOYTOAb-  gof nopawn
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TNoroxere 3anoproix
furatmun npu nponycke
2a3a (rynKxmup)

Puc. 1330, KoBCTpy&TREHAR cxeMd, HONCHAOUaA fpHHEUNN AedcTaHs apu-
MOTOYHOI'0 KNaGaHa

HHME CeueHHWAMHU NEpeMeHHOH IRy6nust £ Kamanw paspens-
toTcs pebpamu J, K KOTOPBIM [JIOTHO NpHJEraeT TOHKAA CTadb-
Has NAacTHHA 4, ABJMIOIKAACA 3ANOpHLM OpravoM: STa mJiac-
THHE KOHCOJIbHO 3aIMeMJEeH2 KPOMKOH g MeXAy ABYMS cOCeH-
HAMH Cel1aMH | NOA BJIHAHUEM Pa3HOCTH HanjerHfl rasa B Ka-
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Haxax 2 » MONOCTH 5 MOMET OTTHGAThCH, KAK NOKA3AHO IUTPR-
XOBOR JMHHER, 06pa3ya NPOXOMHKE cevernd 6.

TmaoBan cropoHa cepfla ofpa6oTaHa TaK, ¥TIO 3anHpaw-
IXaA cTajgbHaa nxactuda 4, oTribafdch noj HefACTBHEM Taso.
BOYO NOTOKa, NMOMTH COMPHKACAECTCH C KPHBOH NOBEPXHOCTBHI)
ceana.

Ha6oper cesen v nnaCTHH KOMGMHMPYIOT B NAaKETH Kpyr-
JIOR HAH npAMoyTONsHOA GOPMB H CKPEnJIfiloT COOTBETCTBEHR
HO CTSXNHBIM KOJIBLOM HJN XOMYTOM,.

KoHCTpyKTHBEEHE (HOPMB TNPAMOTOUHLIX KJaafaHOB yio6-
HB H JIORYCKAaOT APHMEHEHHE MX HE TOJILKC AJS BHOBL HAro-
TaBJHB2AEMEX KOMINPEcCcOpoB, HO U A7 3aMeHn oOMYHHK nJa-
CTHHIATHX KJIANaHOB B SKCANYaTHPYEMBIX KOMAPECCOpAX.

[Tpupenennan Ha puc. 13.30 KOHCTPYKTHBHAM CXEMa He-
CKONEKHX fiNCeK APAMOTOYNOIC KJanaRa NApHMEHAECTCH AafA
cTYReHe BH3KOro AABNEHHS.

13.12. HoMnpeccophl €o cBOGOAHO ABMIKYMMMMCA
NOPLIHAMN

B XoMnpeccopax ¢ sJEKTpuNecKHM HpuBogoM npeoclpaso-
PaHHE¢ BPAIRATENLHOrC JABHIKENHA Bajla B NOCTYNATENLHOR
JBH}EeHne NopluHefi OCYMIECTBAACTCH KPHBOILMMHO-IIATYHHBIM
mexaunamoM. Tlocaexmunit cymecTBenHo yCROXHAET KOHCTPYK-
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Puc, 13.31. Cxema ¥ MIAHKATOPILIE AMArPaMMEl KOMNpegcupa €O choGON:
HO ABAMXYLIMMHCA TNOPLIHAMH
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HHI0 KOMAPECCOpa H BL3BIBAET SHAUHTENbHUE NOTEPH SHEPTHH.
[13BeCTHE! KOHCTPYKLMH KOMMPECCOPOR CO CBOGOIHKMH MOpPIu-
naMu (puc. 13.31). B takux maluHHaX SHEPrua NONyuaeTcd 3a
CYET CXHUTAHHN XHIKOro TOMJWBA B NHJAHHAaX, W Tepelada
ce TIOPIUHAM KOMMPECCOpPa MPOHCXCHHT HenrocpeiCTBeHHO.

OcHoBHBE 2/€eMeHTHl KoMOpeccopa co cBoGoIHHMMU Nopil-
HAMH caedyomiHe: [ — NHAWMAD XBYXTAKTHOIO JABHTATeNs;
2 —uunavHAp Komnpeccopa; 38— crynenuarre nopuwHn. [Tycrn
NOPIIHKM HAXOHATCA B KPaKHMX HAPYIHLIX MOJOKEHHAK H-H.
Jabaenne p; Bo3gyxa B o6neMax MEpPTBHX MPOCTPAHCTB M-
JHHAPOB KOMMpeccopa NPHBEJET MOPLIHH B EBHXKEHHE B Ha-
NpasJieHRAX, YKA3aRHBIX CTpekaMu. [Tpu sToM nasnenwe B uu-
JHHApax KoMnpeccopos GyHeT CHuXXaTeCst NO JuHUAM 3-4, a
nopwHH 6yayr npHoSpeTarh KHHETHYECKYIO 9HEprui. B onpe-
JICJIERHOM TIOJIOXMEHNH MOpPWHeA BCACHBAIOWINE KJIAMNAHL KOM-
NpeccopoB OTKPHIBAIOTCH H HAYHHAIOTCH NMPONECCH BCACHBAHHSA
no auuEnaM 4-1. B nponccee BCcAacwBaHMA TOPIIHH JBHKYTCH
MO HHEpPuMH, Tepasa cKopocTs. ONHOBPEMEHHO ¢ MpolcCcCoM
BCACHBAHHA BHYTPEHRHHE CTOPOHE MOPLIHEA REPEKPOIOT Bh-
XJIONHLIE OKHA NWJHHADA JBHTATeJdA M B HEM RpOH3OHIET
cxarde 0o JMEMH 5-6. B MOMeHT, oTMeueHHH TOYKoil 6 Ha
JuarpaMme, HPOUCXORMT BIIPHICKHBAHHE TOMNJHBA; OHO CaMO
BOCHJIAMEHACTCA, H HaBJIEHHE B nUJIHHAPe | pesko noBniLiaer-
cs 10 JuANE 6-7. [log BAMSIHHEM BLICOKOIC HABRCHHSA NOPILUHH
6yayr ABHTaThC® B HaNP2aBNCHHAK, YKA3AHHBIX [ITPHXOBLIMH
CTpe/IKaMH; JanjeHHe B nunuuape I Gyaer CHHXKAThesl MO JiH-
HHaM 7-8. B MOMEHT OTKpPHITH# OKOH € MPOH3oHAET BHXAON
MpOAYKTOB CropaHud H Aanee NPOAYBKA H HANOJIHERHEe NHJMH-
apa 1 postyxoM. O HOBPEMEHHEO C STHM B UHJHHAPaxX 2 KOM-
npeccopa NPOH3IOHIET CXaTue BoOSAYXA MO JumuaM I-2, a 3a-
TeM BpTaJIkKMBardWe ero no JuHHaM 2-3. [Ipn stom nopunu
AOTEPHIOT KHHETHYECKYIO SHEPrHIO H HaYHyT BHOBbL ONMCAHHBIA
BHILE IHKJ ABHXEHHs H3 KPAAHHX HAPYIKHBIX NOMOXEHMH moj
BJAWsIHWEM J@BNEHHN BO3AYyX3 B obbeMax MepTBHX RPOCT-
paHeTs nHJIHRAPOS,

B peltcTBUTENIbHLIX YCAOBHAX CXEMA TAKOro KomIpeccopa
YCAOKHAGTCH MEXaHHIMOM, CHHKPOHH3HPYIOUMM JBHIKEHMhE
nopueei,

13.13. Komnpeccopribie YCTaMOBKRM

KoMapeccopnl ycTaHaBHBAKTCA €IHHHYHO HJH TPYNNaMm
H cHabXawTca BCNIOMOraTeNbRnM oGopyiopanneM U npubopa-
M, HEOGXOAMMHMH JJIfl KX HOPMaJNbHON SKCIIYATAIMA.
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Ha puc. 13.32 xana cxema kommpeccopHoil ycraHoBKH, Q.
HOBHHIM 0GOPYZOBAHMEM YCTAHOBKH ABJISIOTCH KOMMPECcop ¢
XBHraTeneM, MaciOOTIeJHTeNb, OXJIAJATENH W pecHBep (Boa.
Iywnuii 6annon). BenomoraTenbtoe 060pyiOBaRHE BKJIOYaery
dnabTp Ha BeacwBatolledl Tpy6e KoMIpeccopa, NpPefOXpau.
TeJSbHBE KIaNaHs ¥ KOHTPOJLHO-H3MEPHTENbNYIO annaparypy,

Kaxxefi koMnpeccop CHaGXaeTcii pecHBepoM (Bo3mym-
HHM HJIH FasoBuiM 6ajJIOHOM), OCHOBHOC HAasHayeHHe KOTOPO-
POr0 COCTOHT B BLIPAaBHMBAHHH KoJI€GaHN(I JaBICHHA B BO3RY-
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Puc. 13.32. Cxema Snoxka moMnpeccopHolt ycTaHOBKH:

1 — oxxapnuIenb; £ — yomnpeccop: I — QUALTD: €« MACJAOYIOSRTEAR; § — pecHBED]
6. T — HossteR 10PN xosonuoll 4 cOpotholl soaL

XonponojgaXx. KpoMe TOro, pecHBep CJAyXHT JJsi OTHENCHEA
BJIATH ¥ N3apoB Macha H3 raaza; ¢ 370i nenbio B HeM ycTaHas-
JIMBAIOT CeMapHpyloliine YyCcTPOHCTRA,

Pecuzepsl nomMem@nr CHRAPYXH MOMELUEHHS, NOTOMY S0
OMM B3PHIBOON ACHH.

Oxnazureqd ra3a, pacnoJaraeMble Mexay CTyneHAME
KOMIIPECCOPOB, o6HuKo NPEeACTaBAAIOT coboll TPy6uaTHe Bep-
THKaJLHBIC HJH TOPH3OHTAJbHHE TenJooOMEHHHKH, B KOM-
NPECCOPHBX YCTAHOBKAX He6oJblloK WOM2Y¥W OHH pacnosarse-
10TCA HEMOCPeACTBEHHO HA nHAHHApOBOM 6J0Ke KoMnpeccopa.
B ycrawoskax Gosbimo#i nopayH OXJAuMTeW pacrnogarairt
BGJIN3H KOMNpecCopoB KaK OTHEJIBHO CTOnllHe anmaparsl.

C peqbio OSUCTKK ra3a, NOXaBaEMOro KOMMpeccopoM, B
st NOAAEPKAHNA B YHCTOTE MPOTOYHOR NMOAOCTH HA BcaChlBa“
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jolleli TpyGe koMIpeccopa CTABAT ra3opnit ¢uabTp. Panee
npeMERAJUCh TIaBHbIM 06pa3oM MarTepuatsie GuUALTPH. B Ha-
cTofilllee BPeMA NMPHMERAKTCA Macsidubie GunbTpel. OHH npel-
cTaBAA10T cobof IMIHHIPHYECKHEe HJH PAMOYFOJbHEE 3aMK-
HYTble pe3epByaphi, HaNOJHEHHHE PHIXJLM MATEpPUBJOM (Me-
TAJNJANYEeCKan CTPYIKKa, KoJblla Patura), cMouyeHHLEIM B BA3KOM
nacge. [loTok ra3a, npoxonAulHd yepes cJiofi TaKoro wMa-
1CpHAJa, XOpoLio OYHUIAeTCR OT MHJH. [IpoMHBKa 11 pereHe-
pands @uabTpa NpocTh; ON HageMeH B SKCNJYATALHH.

MacJsoorziennrenn pacnonaraloT MeXiy CTYNEHAMH KOM-
npeccopa sa oxaaxurtensMn. Hx HasHagewwe — yaansrbp N3
rasa, nojiapaeMorc KOMIpeccopoM, B3BellieHHHE KaneAbKH Mac-
28, KCOONb30BaHHOTO B Npelibiayuleit crynenn. HeitctBre Mac-
JOOTREJIHTE/IEH OCHOBAHO Ha BHOPACHBAHHN YacTHYEK Mac-
na W3 NOTOKa moi AeficTBHEM CHJ HHEpUHH, BOSHHUKAIOLUIKX
NpH H3MEHEeHUSIX HaNpap/eHusa JBHXeHH:a rasa. Macnootie-
JUTeJH GuiBalOT C PHIRJOR 32CHNKOH nNogoOHO BO3AYLUHBIM
¢unbTpaM nau B BRAE MBJIHAAPHYECKHX UeHTPOOGRMHLIX anna-
PATOB — IHKJIOHORB.

Ilpenoxpauntesibibie KnanaHL YCTAHAB/IHBAIOTCH MEXAY
CTYNEHSIMH KOMIpeccopa Ha NPOMEXYTOUHLIX OKJIajHTENAX W
pecizepe, Mx HasnaveHHe cOCTCHT B NPEAOXPAUEHHH YCTaHOB-
KH OT Ype3MEepHOro NOBLILIEHHA XaBieunsi. IlpenoxpaHutesn-
HHE KJananel GuIBAIOT PYIOBHMH H IPYXHHHEIMH,

KoMmynrkauus KoMnpeccopHOP YCTBHOBKH COCTOHT H3 CH-
cTeMEBl [A30cHPOBOMOB H TPYOONDOBONOR OXJIAXKAAMILEH BOIBL

Dosbluoe sHauewue naf OpaBUJAbHOR SKCMJYaTaln KOM-
[PecCOpHON YCTAHOBKH HMeeT KONTPOJIbHO-H3IMepHTeJbHas amn-
naparypa, no NOKa3aHH#AM KOTOPOH CyaSNT O MNpaBHABHOCTH
paboThl ycTaHOBKH.

MaHoMeTpH yCTaHaBAMBAIKT HA NPOMEXYTOUHHX OXJAJH-
TeJIX H pecuBepe XA HabJIONEHHUST 32 jJapJleHUeM rasa, no-
LapaeMoro KoMmpeccopoM. M1 KORTPOJIA 3a JanjieHHeM Mac-
J1a B CHCTEMEe CMAa3KH CTaBHTCH HaHOMeTp H& HanNOpHOM niatT
py6xe MacsasHONO Hacoca.

Jlannenne oxsaxzaaoneft BOXK KOHTPOJUPYETCA RO Ma-
HOMeTpY Ha KOJANeKTope, OT KOTOPOro yCTpaHBalT BOMODpoO-
BOJH K OTAENbHEIM KOMAPECCOpaM.

Hanuaue oxaaxpawmed BOAE B CHCTEME OXJAXACHHA
005132 TENILHO KOHTPOJHPYETCA MO CAHBY BOAN B BOPOHKH HA
c6pOCHOM KOJIIEKTOpE.

O6n3ate/;bHOMY KOHTPOJIIO TOAJEMKAT TEMNeparypu BO3-
ByXa meped KaMcOblM OXJAaJHTENEM M 38 HWHM, a8 TAK)KE KOHey-
Has TeMNepaTypa rasa Ha BHIXOAE H3 KoMOpeccopa; KOHTpO-
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JIHPYIOTCSl TeMIEPATYPH OXJAAMAaolieH BOAL B KOANEKTOpe i
Ha BHXoOlle H3 pybaiiex UHIHEAPOR H BCEX OXAaluTeed,

B Menknx ycTaHOBRKaX KOHTpOJbL 32 TeMlepaTypoil ocyme-
CTRJIAETCA PTYTHRIMH TEPMOMETpaMH, MOCTABACIUHBMHA B I
SH C MacJoM.

B KpyNHbX KOMIPECCOPHLLX YCTAHOBKAZX NOK23aHHA BCex
KOHTDOJILHO-U3MEPHTE/ILHHX TPHOOPOB KOMNpeccopon Nepena-
I0TCR HHCTAHNHOHHO H2 UEHTPasiLHBl WMHT. Clofa xe nOCTy-
NaloT NOKa3aKHA JCKTPUIECKHX NPHGOPOB, KOHTPOJUPYIOLIHX
MOIXHOCTb, NOTPEGAREMYI0 3NEKTPOJBUraTeAMH KOMIMpecco-
poa, a Takke INOoRa’aHus pacxonomepoa KOaneccOpOB,

13.14. Micnuitaime woMNpeccopa. JHEPreTHUCCIoN
Ganauc woMnpeccopa

Hcnbiranne xoMnpeccopa NPOH3BOKHTCH AJA ONpelescHAs
€ro Je#CTBHTENbHON nojaun, norpebiasemoil sHeprudk W co-
CTaBJIeHWA 3IHEpreTHyeckoro Gasakca Ha | w3 rasa opu uope
MaNLEBX ycoBusuX. [Ipu HeNRITaHUAY TTPOHIBOAAT CHATHE WH-
BYKaTOpPHHK AHarpaMM CO BCEX CTylleHeil KOMipeccopa

HenocpeactBeRHOMY H3MEPEHHIO NIPH UCNIHTAHAH KOMIpec-
COpa NOAJNENAT: 9acTOTA BPAUICHHA Bajd, HayanbHhE H KO-
HeUHLEe JABACHHS [ TEMNEPATYPH rasa BO BXOHHOM H BLIXOI-
HOM narpybKax, KOJHMYECTBO W TEMNEPATYDH OXJaMHawomed
BOJb! HA BXOAE W BHXoHe, 00beM BCACHBAEMOIC rasa, yek-
TPUMECKasd MOIRHOCTL, TIOABOAMMAN K ABITATesI0 KOMNperco-

a.
b YacToTy Bpauends H3MEPAIOT TOUHHIM TaXOMETPOM WK
CueTIHKOM 0GOpPOTOB H XPOHOMETPOM.

HavaJjbtoe naBjenne H3MepsiioT NpH nomown Avdpdepen-
RHANLHOrOe MRUAKOCTHOTO MAHOMETP3A, KOHEMOE — TOUHO Hp()'
BEPCHHBIM MPYXHREHLIM MAHOMETPOM.

TemrepaTyps ra3a 4 BOZh H3MEpPSOT O6GLYNMEIMH PTYTHM-
MH TepMOMeTPamnu, NOMeIlAeMHMH B [WAb3bl, Bpe3aHHHE B
TPYGONPOBOAN H 3aMO0JHEHHHE MaCAQM.

Koaugectso oxkaapaoiiell Boas yao6Ho HaMepRla ofb
eMHBIM METOIOM RpH OMOIMR MepHMX LaKoB.

O6ueM BCcacHBaeMOro BO3AyXa H3MEpRIOT Npu noMomd
conya van auadpparMe, yCTaHaBIRBAEMLIX R HArHeTaTe/IbHCE
Tpy6e Komnpeccopa. VaMepss nepenanm RasacHus Mg B BU3*
jrparme, pacCUNTEIRAIOT N0 HEMY NOAAYY.

IIan yMeRbUIEHUS NyJbCAanHi XABJEHHR B MOTOKe BOIAYKS:
3ATPYAHMOUIHK OTCYET fig MeXAY BLIXOAHLIMHK mnatpyfaos

' Tounne MeTOAM menbTadu? npreesetis # TOCT 18985-79 n 20073-8L.
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KOMOIpeccopa K u3MepuTenbHOM AnadparMol, AnomxHa OHTb
BKIOueRE XeMIupyoan eMRGCTh.

MowmHocts, notpebnseMas KOMNPECCOPOM, ONpepensieT-
CA H3IMEPEHHEM 3JIEKTPHUeCKOH MOWHOCTH Ha 3aX{HMax ABU-
ratesif, YMHOXan 3HaueHMe SJEKTPHYECKON MOBIHOCTH Ha
KIJl xeuratens, B3ATHH H3 XapaKTePUCTHKH JABMraTens, no-
JY5al0T MOLRHOCTb Ha Bany ppurarens. Iocaedunn wenocpen-
CTBEHHO Yepe3 My(Ty NnepeliaeTca Ha Ban KoMIpeccopa.

Ha ocHopamum mpoBegeHNEIX W3MepeHHN coOCTasinercs
9HepreTHUeCKuii 6anaHc KOMnpeccopa.

JHEPrusi, NOABOAMMAEN Ha BaJ XOMIpeccopa, COCTABHT
1000 N/M, rue N — momHOCTL HA Bady, M — Maccobas no-
Jaya KOMIpeccopa.

SHeprus, noJyyaeMas rasoM B KOMIpeccope, paBHa
ep(Tx—T)4-c2/2.

Bo Becex oxJyaxkZaeMHX MOKOCTAX KOMOpeccopa OTBOAHMTCA
¢ oxnaxcpawomtel poaOk KosnuecTso sueprun EMs(t,—¢,)/M;
sfieck My — cexynanan Macca moiH, mpoxopnslleli B OTAeNb-
HHE OXJ2X8EMHE NONOCTH koMnpeccopa; 1, n {1 — Temnepa-
TYPhl BOXH HA PXOJe H BHIXOJE NOJOCTER OXJaACHHA. 3HaK
CyMM YKasbiBaeT Ha CYMMHPOBaHHE KOJIHYeCTBa TENJOTH, YHO-
CHMOIi BOON N3 OTHERbHBIX HOJOCTEHN OXNTaM LCHHA.

O6o3rayaM Qoer — OCTATOYHLIN 4/ieH 6asaHca, YIHTHBAlo-
Ilpil paccesHne TEMJOTH B ORPYXalOULYIO cpeRy, Be BXoaswed
B NpOMHE YJIeHK HajiaHca.

Ypaenenne sHepreTHueckoro Gasauca, Ik fxr,

'“j':” = cp(Ty—T1) + i;- +EM, (£ —£) + Qe (13.15)

HJH Ha 1 M® rasd, scacbiBaeMoro KOMNpeccopoM,

1 2 b
oglw = pp(Ty—Ty) +p -52-— + oM, (5, — 1) +0Q,, (13.16)

Iesienuem Bcex 4NEHOB ypaBHeHHA Gananca (13.16) wa
1000 N/Q, nonyyaeM Gananc B oTsieveHHoil (6eapaiamepnoil)
dbopme. Takoe ypapHeWHe MO3ROTAET CYANTE 06 SHepreTHye-
cko# 3()PeRTHBHOCTH HCIIBITAHHOrO ROMNpeccOPa cpabBHEHHEM
WIeHOB YPaBHEHHA C COOTBETCTBYIOBIMMH WieHaMH YpPaBHEeHHA
€ananca amanorulbiX HOpPMaybHO PaboTalowlMX KOMmDpecco-
Pos,

13.15. SuoHoMuunocts paliorsl KoMmnpeccopa

OcHOBHEIM 1OKa3aTeneM JKOHOMUTHOCTH PaboThl KoMITpec-
tOpa ABJNAETCA pacXO[ SHeprHy Ha ero 3xCnayaranuio, 3ror
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pacxoR 3Heprum yzoGHo oTHOCAT: Ha 1000 m? rasa mpu wop.
MaJbHBIX YCAOBHSX, [I0JABAEMOF0 KOMIIPECCOPOM.

[Tycts MomHOCT, Ha BaJy KOMIIPECCOPa ¢ SJEKTPOMPHBO-
AoM paBHa N §pH HeNocPeACTBEHHOM COEAHNEHRHH BAJIOB ¢ fig-
Momblo MyQTH. ECJIH KOMIpeccop BecachiBaeT B MEMYTY Quuy,
M3, ra3a OpH HOPMAJLNHX YCJOBHSX, TO YAGNMBHBIT Pacxo
sueprus, KB1-9/ (1000 M%)

3,5 = 1000NAS0Q,,.). (13.19

3101 yaednuHHil pacxoll SHEPIHH COOTRETCTBYET OnpeseNeHHol
cTeneHn cxkatvs., ViaMeHewHe CTENeHH ciKaTHA NPH  MPOYHX
PaBHHX VCJOBHSX H3MeHsieT H Iy, [losToMy cpasfherue
yZeJBHbIX PacXoJ0B 3HEPTHH C 1eNbio BHISICHEHHA SHEPreTHYe-
ckoit SGQEKTHRHOCTH AAHHONO KOMIPECCOPa MOXHO NPOH3BO-
HHT: TOJBKO AJH KOMIIPECCOPOB, HATHETAKOMIHX OAHHAKOBHE
rassl ¢ QUUHAKOBHIMY CTCNCHAME CHATHA.

{loxkasatenem sxoHoMuyHocTH no I'OCT sensiercs ynenp-
HBlit packon molHocTH (cm. TabJ. 13.2).

13.16. Pacuer ocHOBHMIX PaIMepoOB cryneneH
Komnpeccope

PacueT ocioBHEIX pasMepoB CTYINeHe# KoMmpeccopa coCros
HT B ONpeleNeRnH Xoja nopirnedl, nx nyowaned 1 AHAMETPOR,
B ocHoBe pacyera Jjexur ¢opmyaa moaaun (13.12), n3 koro-
pofl creayet

- Qr
Vo = 1 —a(e—1) g den ° (13.18)

Han pacuera paGouero o6bema Vp, M3, nHJHHApPA CTYNEHH
AeoBXOANMO UMETh uMCNOBLE 3Hauenns @y, 4, €, fp, 7, Ar, A

[Togana Q; mpu YCJOBHAX BCacWBaHUf AONXKHA GHITh 33
J1ana; OTHOCHTEJbHHIH OGBEM MepTBOro INpPOCTPaHCTBa &, MO~
Ka3aTeNs NOJUTPONH PACIIMPEHHA fp H KOSGGHIHEHTH Ap B
Ap 33J1310TCA, KakK YKazano B § 13.2 n 13.4.

YactoTy ppalltelinfl TPUHHMAIOT B 3aBMCHMOCTH OT TOJAYE
xoMrpeccopa. Komnpeccopel Manoi nojayn coepnusiorcd ¢
IBHraTeJeM HenocpPeACTBeHHO 37AcTHuHO MydToR, B ANS HHX

=730 offmun. KoMnpeccopt cpelnelt nojain NPHBOJATCH B
JABHMEHHE TAKXe OT ACHHXPOUHHWX SJeKTpoABHTaTesel, HO Ue
pe3 KJIRHOpDEMEHHYIO mnepelasy, % B sToM caysae n=400+
500 o6/mMun. Kpynnee KOMNpecCOPH NPHBOAATCH B IBRAEs
HHE CHHXPOHHMMH aBurareasmn ¢ n=125 n 167 o6/MuH,

Crenens MOBLILIEHHS A2BACHHA CTYNEHH KoMmpeccopa ol
peaensieTca no xenubm § 13.5.
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[Ipr npHHATOM WHCJe CTYNEeHEH 2 W 3aJaHHEIX HAYANbHOM
M KOHEeYAOM JZBJIEHURX £, H Pu CTENCHb CXATHH CTYNEHH ON-
peneNsieTcs COOTHOLUeHHeM

e
€x

,'ez—l
rae ex=pu/P\; Ae — KO3QHUMEHT, YUHTHRaOIHE mnoOTeph
AABJIEHHS B NMPOMEXYTOUHBIX OXxjaputenax. B opuenTupopou-
HBIX pacaeTaX MOXHO NPHHEMATh Ae =¥ 0,93 OAHHAKOBHIM Aaf
BcexX cTynenei.

PaGounfi o6beM wMJHHAPA ONpPEJeReTes TOIRAABI0 NOp-
1IUHA H ero X0A0M;

e=

]

V, =59, (13.19)

Jlna crynenu kommpeccopa, o0pa3oBaHHOR nupliHEM OANO-
ro Auamerpa D,

V, = 0,785D¢ S. (13.20)

Has cryneHu, o6pasopaunoit anddepenunaipiHbiv nop-
wiem ¢ aunaMerpamu D) u Dy,

V,=0,785(D?—D)S. (13.21)

M3 ypapuennit (13.20) r (13.2]1) MOHO onpeaenwTb XoA
NOPIIHA M AMAMETPH, MPHNAB OTHOWeHHe SfD), pekoMeHRye-
moe npakTurolt. s pepruxansrbix GeckpeiinkondyHx KoM-
npeccopos S{D;=0,5, paa rOpu3CHTANBHBIX KpeARKON(HEIX
S/D,=0,6=-09.

Onpenenerne pasMepoB IHAHHIAPOB OTHAEALHHX CTyneHed
MHOIOCTYIEHYATHX KOMIpECCOPOR NMPON3IBOAHTCH C YUETOM noO-
CJeJ0BaTENLHOro YMEHnIUeHHs o0peMa CXHMAaeMOoro rasa.

NMpapep 13.1. OnpepesuTe OCHORHWE pasMepH A MONHOCTH TOPM30T-
TAMHLHOTO XOMNpeccope ¢ paddepednuamiEM  NNPilHeM, ecHiH HABeCTHO,
uTo QI- 10 MSIHHH: P.=0,l Mna: P:=0.9 MITa.

Oxnaxnenie NpoMCXOnMT B TPOMEKYTOYHOM OXfagATefie no HAqa/b-
HoR TemnepaTypu t=25°C.

Peuienue. TpnansaeM xonmuecTso crynenell z—2, TasosnM conpoTHS-
JIeHHeM TpH BXOJe B IHmMHAp Npenelperaem.

[1o yxe3ewsomy B § 10.5

‘/—0’9 =3,1
€= {]'1.0'93 =i,

INpomex yTounOE RABAEHHE 33 NepBOf CTYREHLIo
Pup,= ep = 3,1:0,1 = 0,31 Mlla,



PaGounk ofbeM wmnMinpa nepeoll cTynen
8=0.03; 1y 12; Iem0,92: Jooe0.87: FmsEOD o6 Bopuyre (1212) up
V= 10
P [1—0,02(3,1%%% _ )jo,92.0,97-500
uosroxy 0,785 D'~;S==0,0235. Npuuamaen  S/D,=0,7, Jlns onpenenemny
D, mveem yparmense 0,0285=0,55 D?, oTKYRa clenyet D,»=350 MM; S
=250 M.
[lpy oxpaxsgenuu » NPOMEMYTOUEOM OXJIAAHTENE A0 HAUAKBHOR Teu
nepaTypu

= 0,0235 »°,

” . Pi 01
= 0, —_— 8
Vo= Ve g he = O a0 002 W

K3 ypapresan (13.21) nonysaew

2 P
I/D 0,7858 1/035”'07350%0 =0.285

3—285 MM,

[NABA UETHIPHAALATAS
POTOPHLIE HOMNIPECCOPH

14.1. Cnocol peiicrann. NMopaua

Potopsinie KOMARECCOPS OTHOCATCA K KAaCCY OGLEMHHX MALMH; N6 CHg-
coly peficTBMy Ol CXORUH C POTOPHRIMIH HACOCAME,

HanGonee pacmpoCTpaHeRH POTOPHBE NAACTHHATHE KOMIPECCOpH; B
nochefiee BPRMY HAXOLAT NPHMEEEHAe AWHTOHNE KOMIIPecCOphl.

Cxema naacTHRYaTOrO KOMUpeccopa naHa wa pac. 14.1.

Tlpit npamesms poropa f, pacfoNOXEHHONO SKCURKTPHYHO B KOPUyee
2, anactuan 3 ofpaayoT 3aMKHYTHe NPOCTpaHcTRa 4, nepesochu{Me ras N8
NOMIOCTH BCACHBARMA B NoJlocTs warmerands. [IpH sToM rnpomcxopuy Cmé-
Tite Tasa. Taman cXeMa xoMnpeccOpa, o6lagaR XOpomweli ypapHOBellleuHo™
CTLIY pBFKYIWARCA MaCC, Toanoaser coolIMTL pPOTOPY BMCOKYIO HACTOTY
Bpaledds  COSAMHHTL MAWINHY HENOCPENCTBEHHO C 9NEKTPHUECKHM JBArd-
TeseM.

Ilpn pafore NAACTRHYATOTO KOMIpPECCOpa BHAGARRTCA GONLuIOe KON
¥ecTBO TENPOTH BCAERCTRAE Méxaunyeckoro Tpeunn. [losroMy npe creme:
AKX [OBRIUEHHM RaBseHMd Buwe 1.5 Kopuyc xoMnpeccopa BuuoAwmorT ©
BDAMMEM OXAAXKeHREM,

TlnacTHHYaTHE XOMIPECCOPHT MOTYT BCNOABIOBATHCR AJA OTCACHBAAIE
rason H UZpoP ¥3 DPOCTPAHCTE ¢ A3BJERWEM, MEHbIIMM ATMOCGEpHOrD.
TaKHx CAYqadX KUMOPRCoOp FABAASTCH BAKYYM-nacocoM. Bakyyw, cosaasas
MBIl NIACTHHYATHMI BAKYYM HACOCAMHA, pocTaraet 95 %.
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Tlopada INACTVHYATONO KOMOpECcopa SABHCHT OT erd [COMETPHYEeCKHX
pasMepoB M 4acTOTH Bpaltenwd. ECIH mOAarate mIACTHHE pagHaNbEEMY,
ro o6beM ra3a, SalUNOYEHHOTO MEXAY ABYMA HI uAK, no puc. 14.2 Oyaer

V=H, rae f — maxcuMansHan MAOLIARG MONEPESHOTD CeNEHHA MEIKAY MJa-
CTHHAMA; [ = ZAMHA TJACTHESL.

Pnc. 14.1, Kowetpyktnanam cxema Puc. 142, K pacuery nopeus nna-
NAACTHHYATOrO KOMNpectopa CTHHYATONG KoMnpeccopa

Moxuo npeSamyesno noparaTs

df = ’d‘l’+(’2+2€) dg % =2 (7 + ) dg.
TTostomy
B
f= jp‘le(r+e)d¢=2e(r+e)ﬁ. (14.1)
0
Tak wak r4+e=R u P=2x/2z, rpe 2— KonHgecTsO WHACTAH, TO
f= 4neR/z, (14.2)
OGbey rasa Mexyly DAACTHEEMM o pAC, 14.2
= ‘b—rf-g- L {14 3

32 opAm 06OpOT Palla xoMApeccopa HamxAope NPoCTPARCTED MesAy
MIACTHHAMH 3anOJHAETCH rajoM | pas, mosToMy nelicTRUTeIbMAN TORAYa
KoMApeccopa

Q = Vznh, = 4meRind,, (14.9

rie Ay — xosh@HLUHERT NOoxayy, Aexaltui B npenenax 0,5—0.8.
KoshduumenT nonayd saBMCHT OT PHYTPERHMX yTeUeK rasa 4epes pa-
EHapeHnie M OCEBHe 3a30pH, TOIMMHH PaGOUHX OMACTHH U KOMHMYECTBA MX,
Cnoco6 neficTBMA BRHTGROTO KOMMPECCOPA ¢ IBYMH WePBEHAMH MOAC-
Heerca puc, 14.3.
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OcCHOBRHMK PabotAMK AETANAMA KOMnDpeccope SBARICTCH YEPBAKA
(BMuTH) CMeUHAMBLHOTO NMPOGHAR; B32UMHOE PACIIONCIKEHHE uePBAKOB CTPO-
ro $GAKCHPOBAKO CLEMUIAKILHMHCA SyluaThiMH KOJeCAaMM, MOCATHEHHHIMH i3
KOHLUE Baaon, 3as0op B 3auenfieRWH Y STHX CHEXPOHMSHPYIOIUMK SyGuaToK
MeHbiue, yeM Y 4epBsKOB, M LOITOMY MeXaHWGeCKOe TPeEHe Y HOCHRIKMX
nckmoyeso. YepsAK ¢ Bn2UHaAME fBJIfleTCA 3AMBKAOWMM Pacnpeaesiedn-
HBM OpraHoM, MO3TOMY MOL{HOCTH, nepeiaBaeMaR CHEXPORUSIMDYIOUWMMA
ayGuaTKa MM, HEBeANKA, CIEAOBATENDHO, He3NAguTENeH M MX hsuot. Srto of-
CTOATE/IBCTBO OGeHb BAaZKHO BBHAY HE0OGXOAMMOCTH COXPERGEHA M0OCTATOT-
HbX 3830p0R ¥ YepBEYHON maph.

[lpy spamendy <epBRKOR W PESY/AbTATe MEpHOAHICCKOrO NONajauuf
TOJNOROK syﬁben llepBHKD]] BD ANAAMBH DNOCJIEA0RATENBHO OCYHLECTBJIHIOTCH
NpoLecch BCACKBANNA, CXXATHA H HalHeTAHWA.

[Nopaga sKaTOBOro KOMIOpECcOpa onpenensetcs no dopMyne

Q= (2 4 Qy2)) Ind,,

rae R, 7 £ — nuomAaaR BAARWH OePROrC M ATOPOrc YEPRAKOB, Z| H 23 —
qHCcna 3yOues uepasiko®; | — AMUHA YePBAKOB; B — W4CTOTR  BPAaNI@HHS;
Ao — KohPHuREHT NoRayM.

BHHTOHNe KOMIpeccopn BHOOMHAIGTCH & BORAHNM ORNalXneuMeM HOp-
nyca A BHYTPEHHMM OXJaX JenueM uyepBAKoR.

Buyrpexnne sa30prd ueppsuRofl mapu coctapnmior 0,1—0,4 MM, Mexa-
HHYECKONO TpeHHA HeT, DO3TOMY KoMmpeccopsd paloTaioT €e3 emaskk K no-
RABAEMENA MBS He SarpH3HAeTCA MACKFHNMH NapaMH.

14.2. Mowmocrs w NIMA

MomeoceTy CTYneHH POTOPRONO KOMOPECCopa € HONPHHM OXNAN(eHHeM
PRCCYMTHDZETCH Do M3oTepMEYeckod pabore

Neg ;e Qqlne

N= = 14.5
T Tu 10000 e iy (14.5)
Ine p) — HasamabHoe paBrenne; @y, — mogava Opu YCHOBHAX BCACEIBAHMA.
IIns woMIpeccopos ¢ HEMHTEECHBHLM HOSAYIIHEIM OX/A3MOGEHAEM
1000M My, (14.6)
AnnalaTual MONKOCTL ofipRsensiercn no GopMyne
21
k. ﬂ_) 3
a—k__lpl.ol[(p‘ 1. (1.7

porasepenas KILIL nraCTHEGaTHX KOMIpeccopoe A€MAT B npeaenax
e Mu=05+0,8 Na Mu=0,6+07. Lnn BAETOBRX ROMIpeccopoB 3TH npo-
H3IBELEHAN HECKOMLKO HEllle, B OCHOBHOM BCIEACTBHE OTCYTCIBHA MeXauiuye-
CKOTO TPeHHA B YepBAdHOR nape.
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14.3. Perymuponaime Nopaum porophuix KOMNPeccopon

M3 ypapnenns nnR onpezeneHnd TOAAYE POTOPHEX  KOMUDECCOPOB
BBAHO, 970 NOZAYA NPONOPLAORA/LEA HACTOTe BPAIICHHH BAMA KOMIpECCD-
pa. Ocioga BuTeKaeT cniocof peryyapoBaEks { haMeRenHeM n.

flaacrauqatole KOMAPECCOPM CORAARARTCH © SNEKTPONBHTATENAMH Ya-
Ile BCEro HenOCPEACTEEHNO, H TACTOTA BPAWEHMA Mx cocraBaser 1450, 960,
735 oG/umn, JIxA pecymipoBanufl [OAASH B 3TOM Caydade TpefyeTch RKIOYe-
HHe MEXAY BANAMH JBMTATENR R mmnpecmpa AEpUATOPE CHOPOCTH.

HacToTa BpAIIEHMA BHATOBHX KOMUPECCOpOA OYEHh BHICOKZ, OHE JI0-
CTiTEET B Caywae npweoaa ot rasebelx TypOun 15000 o6/Mun. Ofwusorg
UCIOSTHEHUS KPYMHEE BHRTOBNE KOMNPECCOPH PAGOTART C YACTOTOA Bpa-
Irenns 3000 ofmum,

Jna ofoMx TINOP pOTOPHLIX KOMNPECOOPOB MPHMEHAIOTCA CMOCOOH pe-
ryAMPORANAA NOAAYH APOCCEJAMpORARMEM HE BCACHABHWW, NEPRMYCROM CH(A-
TOr0 rasa BO BCACHBACINAN TPYSONPOBOS H MEPHOIHIECKHMH OCTAHOAKA-
ML

14.A. NoHcTPyKim poropHE NOMTpeccopos

Nracranqatie KOMOPECCOpH BHUGAHAOICA maf (0B Zo 500 M2 wun
H TpR ABYX CTYMEHAX CHATUA € OPOMEMYTOYHHM OXASMACHHEM COSARIOT
nasnendn za 1.5 MIla.

Ha pnc. 144 npepcrasnenn nponosbunft ¥ Nonepeantil paspess xByx-
CTYRERYATOre xOMOpeccopa. OcHomAne BACMERTN KOHCTpynukW: porep f
xopnye 2, wpuuikd 3, oxnazntens € v pasu 4, Kopnye o Xpwigku xomipec-
COpR OXJGIKARIGICA BOAOR. ¥ KOHCTPYKTHREHIX SAeHEHTOB MMEOTCA EEXOTO-
pue ocaobennocty. JIN yMeHpILeRuA NOTEPb SHEPIHN MeXAHAGECHOIO TPEHHR
HORKOB NIAZCTHH O KODPOYC B HEM PACRONSTAIOT KBZ CBUGOGAKC BpamaiGiiMz-
cH B HOPMyce PasTPYIouHLix Kodeld. K #X HapyXnof nmoBepxHOCTh IOfBO-
aorest cvégka. Ylpr npanterul poTopa KOMum TJacThy yOBPAGTcH B pas-
[PYSOYHEIE HOJMLNA W YACTHYHO CKOMRIAT 10 MK BRYTpediell NoBeprROCTI;
PasTPYSOYNEle KOAGI1A BMECTe ¢ TeM BPAIlAIGTCA B KOPITyCe.

C nenpso YMeHLIDQHMN CHA TPEHAR B UASAX N/ACTHEH DACRONATCAIOT He
pamuansRo, a OTKAOHAR #X Bitpes No HARDaBAGHMIC BPRILERAR. ¥rox OF-
wnoneRud cocTagager 7—10° Tlpe sToM HanpaaneHwe CHAR, eACTBYIO-
el He nageraysr €0 CYGPUHK KOPOYCA M PA3TrPYSOIHNX Kozel, npnOnwma-
eTcH K WanpamieHV0 [epEMeIleHAM nNAACTMHH B Nasax M cuma  TPeHHsl
YMeBbIIdeTCH.

JIinf yMeEbLICHHS yTeuek rasa qepe3 OveBnle Sasopal B CTYNIMue poTopa
PacoOVarfioTc  YMAGTHHTEMbERE KO/BUE, NPUMAMAENMHE npyXimaMk E
ROBEPXHOLTHM KpblldeK.

Co cropoHi! RHIXORE Ban® YePe3 KPWILKY YCTAHOBACRC CA/IbHRNOBOS
ynaoTHeENe ¢ IPYKHHACOR HATHMaACH,
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B HOHCTPYXUME OpuMeHeNbl POJMKOBMe ROAWMNHWKM, CMaska ocywies
CTBAAETCA MAUMMENMH MACNAMH CPelineR BASKOCTA YEPes KOBTPONbHHE
wanefpHuie yxasatesd, Mecra CMASKM — PaSTPya0sEHE KOAbLA, TOPUORHE
YIUIOTHUTEADHEE HOMBUA M CAJBHHKOROE YILIOTHEHHE.

Bunropne Eomppeccops mMeiot nonsua ac 20000 mifa co cremenbio
TCBHIIEHHS MaBsleAMs B cTyneRH A0 ewm3, JlbyxcTynenqeThe XoRCTPYBAHR
€ NpoMeXYTOUHEIM oXaayaeuaeM Ran? olOIYK Crencih NOBLIIeHHR AABJE-
AR po0 em10.

KonCTpyXUMH BHRTOBOTO KOMNPECCOpa € ABYME uepBfkaMy OpencrTan-
zena ua puc. 14.3.



Yacts VI
MALLMHB! CNELLMANLHBLIX TMINOB

FAABA MATHAZUATASR
BMXPEBLIE HACOCH

15.1. Crnocol peiicrana BUXpPEaOro Hacoca

KoHCTpyKTHBHAs cCXeMa BHXPEBOTO HACOCZ2 WOKAa3aHa Ha
puc, 15.1. PaGoyee koseco @ ¢ NAOCKHMH pazuafbHHEIMH JO-
nacTaMH 6, oOpas’ylOUIHMH KpHBOJAHHEHAHne KaHa/lHl 6, oXBa-
THBaeTCs OTBOJOM 2. BHyTpenHnit BHICTYN K, BXOASIRWE B OT-
BOJ[ ¥ OXBATHBaIOILHA Kanalu @ paGouero Kojeca, CAYHKHT
NS paazienedns NOTOKOB BCACKHBAHHA G H NOJAYH .

B ®upKocTH, Banovinaouiell MeXJOnacTHnie Kawans e,
'py Bpaiienun pabouero Koseca PasBHBAIOTCA neHTpobGeKyHe
cHiH, OHH BRI3HBAIOT HeNpepHBHOE IABHXNEeHHE XHAKOCTH H3
MENJONAcCTHHX KAHAJOB uwepes NHJIHHJPHYECKOS CeueNue
nDgb, B oTBOY 2.

BBHAY HepaspuiBHOCTH TeueHHN IKURKOCTbL HENpEePHIBHO
BTEKAET B MeXJ/IONACTHHE KaHaJK H3 OTBOAA 2 Yepes MAOCKoe

n
KOJILIIEBOR CRUGHHE —‘I—{D';f—Dﬁ) Taxum obpasom, B oTROZE

o6pasyeTca BUXpEBOE TeueHue, NOKa3aWHOe Ha JeBOH Npoek-
nuu ua prc. 15.1 wrpnxopofi crpeskoit.

Kpome Toro, B 0TBOZE 2 BO3HNKAET MEPEHOCHOE TaHreHpu-
anpHOe TeyeHHe, OOYCJOBJIEHHOE TeM, 4TO MacChl JKHAKOCTH,
BrifpacnBaeMBe H3 KaHAJIOB ¢ B OTBOZ, O0JaZal0T TAHIEH|H-
AJNLHOIM CKOPOCTLIO Cou. ClieZ0BaTENbHO, NpuHILAN PabOTH BHX-
PEBOTO HACOCA COCTOMT B TOM, UTD IHEPTHH JRUAKOCTH, IpOTe-
Kamople uepes MeXJ0MATOUHble KaRajAB paloyero KoJeca,
NOBHILIALTCH 38 CYET JEHCTBHN UENTpPOGeXHEIX CHA B Heil
KHAKOCTh C NOBHILUEHHOA SHeprueli BHHOCHTCA BHXPERHIM Io-
TOKOM B O0TBOJ W BHITeCHAeTCA llaflee B HaloPHLIl NMaTpy6oK &.
Baameu BHTecHAEMOR HANMOCTH MPOHCXOZHT HENPEPHBHOE
BCacKBaHHKe ee yepes natpyGox J.

15.2. Ocuortl TeOpHMH

Teoperngeckue (6e3 yuera noreps) akavenns OCHOBHEIX Ma-
PaMeTPOB — JSBJIEHHA W MOAAYH BUXPEBOr0 Hacoca — MOryT
OHTb NOMyYyeMH H3 YPABHEHHR KOJIHYECTBA ABHMEHHS,
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Ilycts g— pacxoj 9epes MeXXnonaToyNHe KanaJb BA €IH-
HHO® AAWHL OTBOAA, MY/ (C+M); Cu — CpeaHEe 3HAUEHHE TaH-
redunanetol cocrasagomel abcomoTHOl CKOPOCTH HA BEIXO-
a-4

———

Pac. 15.1. KoncrpyxTanian cxemMa RAXpeROro Hacoca:

o~ pagovee Xomeco; & — NONECTH O0Yerc KOAECH; & — MEXIONACTALIE HEHANN;
&— OTRON; @ — pcacupalolief narTpylox;  — BEA paémero ROJeCa; N—PASIEANTEND
moToxe

P 5 prap
£ a1 — o2 L, <
— | O “d g ¢
—_— e )
— s g!‘l r
¢ I 4
- o ——
- at P

Prc. 15.2. K pacuety naBneHnsi, PA3EWBAEMOTO BUXPEBHM HacoCDM

e U3 MeXJIONATOTHLX KAHAJOB B OTBOA, M/C; €o— CPEUHAR
CKOpCCTh NOTOKA B OTROAE, M/C.

CJTH NOAATATH NPHOAMMEHHO OCh OTBOJA IpAMOJHHEAHOM,
70 Mo cxeme Ha puc, 15.2 ypaBHeHHe KoauuecTBa ABHIKeHHA
A5 OTOKa, BLIXOAALErD H3 KOJleca B OTBOZ,

ip—7 (¢ + dp)l, &t = pgdiic, — pqeliAtcy,
892



CnexosaresbHoO,
dpy = p -1 (cgu — o) 21", (15.1)

Ha (15.1) snamo, yro AaBneHue B OTBOAE HAPACTAET B Ha-
npaBlieHHH JBHXKEHHS NPOnOPNHOHAJNbBHO BJIHHEe OTBOAA.

HurerpupoBanue (15.1) npaer Teoperuyeckoe NOBHILEHHE
naBJleHusi Ha pHue  OTBOgA

q
Pr=pP _f— (Czu —00) !-
TeopeTnuecKoe noBHIlieHHe Hanopa Ha AJHHe ! oTBOZA

p ]
Hy = p; = (Cau — o). (16.2)

Pacxoy; B ceuenun otsoaa Q==fc;, nostomy (15.2) mpuro-
AUT K CJIeAYIOLEMY Yp&BHEHMIO TeOPETNYeCKOH XapaKTepHCTH-
KH BHXPEBOr0 HacoCa:

fefa)

BenegcTeue NOCTORHCTBA § K Cpy WO AJMNHE OTBOAA YPAPHE-
Hre (15.3) rpaduyeckd H3oGpaxcaerca NpaMoil JnumMer (puc.
15.3)

ITotepr uanopa B NPOTOYHON MNOJOCTH HACOCA NPOIOPIH-
OHAJLHEI KBajpaTy NOA2YH, NOITOMY, NOCTPOMB Ha 1;paq)m(o
Ha puc. 153 xapakrepucTHKH ToTepn Hanopa he=mQ? pnun-
TAHHEM OPZWHAT NOJNYYaeM XapPaKTEPHCTHKY AefCTBHTEJbHOro
Hanopa H=F(Q).

OJIE3Has] TEOPETHUECKAH MOIXHOCTH BHXPEBOr0 HACOCA

N,= ng-Hw

B, yuurboiBas (15.3),

Ny =L (e — @ (15.4)
370 ypaBHeRHe rpadHuecKH HsocGpakaerca KRajgpaTHdHoi
napaGoiioit ¢ Ocelo, MapaJjienbHoit OCH opaunat. OueBHAHO,
wro Ne=0 npr Q=04 Q=fc,u (puc. 15.4).
Makcumym N naxogutca Auddepennpobanuem Ny no Q:

=03 fumr )t

e —

* B ocxony BuBOfia QOPMYNE NOJOMEHA MpEREALHO YRpoWEHAAn Mo-
Jdem Teyerkd. [leACTBHTENBHAA KAPTHHA TEueHUS W KOJAHIECTREHHWE SaBH-
CUMOCTH qpesSPLYERBHO C/OMKHH,
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orﬂo,ﬂa NOJIYYHM 3JHAgCHHUE Q. pHl KOTOPOM JIOCTHraercsn
(NT)M&Ncp

€3, — 2Q/f =0, wm Q = ey, /2.
MakcuManbroe auayerre Ny no ypaereruo (15.4)
(N,)"m = pqgic, 14 = mcl /4,
rAe m— macca XKHUAKOCTH, NpoxopAmel B 1 c wepes Mewmno-

NaTouIHHE KaHans pabouero KoJeca.
Xaparrepuctuxa Ny==F(Q) nokasaua wa puc. 154.

N
gn

{ (]
R -
Y g 1 H Wm
fﬂ" k@} > o

N AT S o
&
I - a="w mr!e,:i
F 4

Pac. $63. Xapaxreperukn  Pmc. 15.4. XapaktepucTaxs MMILifos
teopersuecworo n  pefersR-  crelt @ KII[ Bexpenoro nacoca
TeJABHOro HanQopoR BHXPeBoro

nacoca [k ypenrenswo {15.3)]

Pabouce Koneco BHXPEBOTO HACOCA YBENHYHBAET TaHreHs
UMAJIbHYI0 COCTABJAIILYI0 CKOPOCTH MHAKOCTH, Mpoxoasmed
Tepe3 Hero, oT Cy IO Czui COCTABAAIOIAA CKOPOCTH BHXPEBOI®
TegeHHS B 0TBOJe H paGogeM KoJiece N0 YCJOBHIO HEPA3DPHBHE
CTH coxpaunerca nocrosuHoi. [ToatoMy momisocrb, saTpavl-
B8EMYIO paGoyHM KOJIECOM BHXPEBOr0 Aacoca, MOMHO BRYIHT:
J6Th KAk pa’HOCTh CEKYHIHHX KMHETHYECKHX SHEpPIHil MOTOKa
H2 BhIXojle H BXoJe:

Npx = m;%,, _ m;: _ p;l (‘%u__%i). (15.9)




3uavenns Npx AnA XapakTePHBIX NOAAY, HCMOJL30OBAHHBIX
npu nocTpoeuns rpaguxa N.=F(Q),

Q=0; Npu= .ﬂ’;_cgu;

Q== c’;' ; Np.n=—2—pr;k§..; Q=0 f; Npx=0.
[To atum ganneiM noctpoed rpagux Npw=F(Q) (puc. 15.4).
Beuay Toro uto Ny -— noseasan TeOpeTAUECcKan MOUIHOCTD,

a Np.x — TeOPeTHYECKan MOILHOCTb, SGTPAYHOAEMAR KOAECOM,

pHyrpenrsft KIIJ] puxpeBoro Hacoca BBIYHCJISETCA KaK OTHO-

wenge Ny X Npx, onpegensiemoe no (15.4) n (156.5),

N
= = et .

)

OkoHgaTespHo€@ BrIpaMeHHe /s vy, NOJyyaeTcA NORCTa-
HOBKOA B nocsieAnee paBeHCTBO Q=/fCo:

_ 2
e = m . (15.6)
BennuHuK 1; AJIA HEROTOPHX SHayenudk Q:
RQ=0¢=0n=0
Q= feaul2; o= £,/2; w = 0,66;
Q= fczu;.co =Cy Th= L.

Xapakrepucrika BHyTpendero KILJ nokaszama Ha pHc.
15.4 ;uTpuxoBoii Junued.

BHyTpenune notepH sHepruH, oOycJopfieHHEIE Nepeaavei
SHeprHH OT paGouero KoJeca [OTOKY MHAKOCTH B OTBole,
NpeACTABNAIOTCH  OTPEIKAMH  OpAMEAT MeXJAY KPUBHMH
Npx=F(Q) 1 Ne=F(Q).

W3 uanoxenuQro cnegyer, 970 MPH NOCTOAHHONM 9acToTe
BpauieHHA paGodero KoJeca BHYTPeHHHe HOTepH SHepTHH B
BHXpEBOM Hacoce TeM GoJbllie, yeM MeHbite Noaaya. CienoBa-
TeJIbHO, SKCILIYaTauus BHXPEBOro HACOCA B PelKHMe 3HaqH-
TeRbHOrO APOCCENMpOBaHUA HeXKesaTesbHa.

15.3. JlelicTRMrennHuie KapaTepHCTMKM

KpoMe PHYTPEHHHX NOTepb, CBOMCTBEHHLIX Ipopeccy nepe-
JAaqH SHeprHH 0T pabouero KoJeca NOTOKY B OTBOAE K OLE€HUBa-
embix pAyTpennuM KIII oo (15.6), B BuxpePnx wacocax Ha-
6a104a10TCH OOBEMHLIE, MHAPABNHYECKHE N MEXAaHHYECKHE No-

395



Tepu sHeprul. OGbeMHABe NOTEPH 3HEPTrHM 3MECh 3H ATUTENbH
# coctapanaoT a0 20 % sueprud, moxBoAHMOA K BANY BUXpe-
poro Hacoca. OnH OGYCAOBNEHH NEpeTeKARUEM XHAKOCTH ge.
pe3 3230pH MeXIY NOBEPXHOCTAMH pasfieHTeNd K (CM. pue,
15.1) u kpoMKamua sonacreit 6 paGoyero xojieca u3 MOJOCTR

HanopHoro NATPyb6Ka B Io-

-~
€

o "'f’;l% JIOCTb BCACHIBAHHA  BCJIEH-
e \ 37 CTPHE HEPABEHCTBZ XABIEHRA
\ 3F(&) (p2>p1)-

720 wd gz napamnmyeckne mnozepy
X 3HEprHH BOIHMKAIOT BLIEJCT-
1 = 4=f({g) ~—|% DHe Tpeursa W BEXpeobpaso-
BAHHA OPH MNOCTYNATEAEHOM
?  p pHpRYNAHOHHOM JBHIKEHH-
A N, M8 g% MUAKOCTH B KpPHBOJHHef-
o0 W % om OTBO}€ BMXDEBOrO Haco-
e Y ca. Beray TOr0o ytro cCKOpocTH
w M=) I 8 orax JABHIKEeHH# anaun?reth-
20} # HH, ruapaBliyecKHe NOTEPH
3HEprHH cocTaBasior A0 30 %

0 F ¥ 4 4 Whge OHepruHuasay.

Mexanvyeckue  NOTepH,

Puc, 16.5. XapaxrepHCTHEM Bexpe Kak M B ueHTpOﬁe}l{Hle Ha-

Bore Hacoca IB-2,7 cocaX, OOYCIOBJEHH TpPeHH-

eM B CaNbHEKAX o DOLLIRO-

HHKax W TpeHHeM HepaGOuMX NOBePXHOCTEH Kojleca Hacoca 0

KHJKOCTb B OCeRHIX 3a30pax. ITH NoTepn cocTapismor a0 10 %
NOJABOAMMON K HACOCY SHEPII.

Crosb 3HaywTesibHHe MOTEPH 3HeprUH HPHBOJAT K TOMY,
9T0 npu HaHGojiee GJAroNPHATHBIX AJMA BHXPEBHX HACOCOB
pexuMmax Boicoko#t noxagr KIIM, yysThBalomuit sce nmorepH
B JyyUIHX KOHCTPYKUHAX, He npepniuaeT 0,5.

Ha puc. 15.5 nokasaun onuiTHHE XaPaKTCPUCTHKH BHXpe-
Boro Hacoca IB-2,7. Makcumym KIIM anst Hero cocramssmer
scero 32 %.

15.4, YpanHonewmBanue cun, HEHCYBYIOLUMX K3 KONEeco

Koseco pafoTaionlero BHXpeBOro Hacoca HarpyxeHO mpo-
DONLHOM M NONepeYHOM CHIAMH, NEpeyaloIiHMHCA id BaL

poxosbEan cuia BO3HUKAET B Pe3y/NbTaTe pasjivduA jas-
JieHuit HA TOPIOBHE NOREPXHOCTH KOJieCa B OCeBbIX 3asopak
m u n (cy. puc. 15.1), DTa cuna HepenuKa, Jlerko BOCIpHHA"
MaeTcs painajbHEM  [DAPHKOBLIM NOANATHHKOM H MOMET
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68ITb lliguénmqena DPHMEHEHHEM KOJeCa CHMMETPuqHOH dopmu
(puc. 15.6).

Honepeunas cuna o6ycnioBnera 7€M, 170 paBieHHE B OTEO-
Ae pacnpefesifercs HepaBHOMEPHO H, KaK NOKa3LBAIOT Ypap-
wene (15.1) B onmT, nponopumonankwo yray ¢ (puc. 15.7).

-
¥

Puc. 156. PaGouce Koneco  Pue. 15.7. Pacnperelenwe Zasnieyua
€ ypanuoBemenHoi ocesolff C€H- no AAMHE OTBORA BHXPEBOrD EACOCE
JAoi:

1 — paOoyet HOMECO € CHMMETPUTHRIM

ceuelnen; J— paboune JolecTH; § ws

OFEOA, CHMMETPMSHOrO CEueNnn; 44—
JMCTANOUMOHUbLIE BTYJEH

Ecniu H — uanop, co3faBaeMblil KOJECOM, TO jaB/ieHHE B

]
MPOH3BOJLHOM CCUeHHH OTBOA paano—%— ¢, & ero monepey-

peH .
Hasl CocTaBNAOMAS panua—%‘— Psineg,
duemeHTapHas NoNepeyHas CHMa, AefCTBYIOU(AN Ha AMHHe

D
oreosa 5 99 npw wmpuwe xoneca B, Gyner

D pgH .
B——=2—_¢sin
oy PSinede.

Monnan nomepeqnas CHNa

20
pgHBD .
Py = ~ lf(p sin gdy,
0



llocae MKTErpHPOBRHHA M NOACTAHORKH NPEAEJ0B MOJYs-
YuM

P, = pgHBD/2, (15.7)

Tonepeynas cnia B BUXPERBIX HacocaX gocTHraer GOJbINMX
anaycuuit. Tag, npu H=100 M, B=40 MM, D=150 MM, p=
= 1000 xr/m® nonyvaem Pg=3000 H (npumepHno 300 krc).

IMoltepeukas cuna HarpyXaeT Ban HANPAKEHHSIMH Mepe-
MEHHOrO 3WaKa, BH3HBAET NPorub ero ¥ cMellcHRe TOPUOSHX
noeepxdocrefl koJieca. 3T0 IPABOANT K HEOGXOAHMMOCTH YBEJU-
HEHHS OCEBHX 3330POB H YXYAUICHHUIO KCIAYATAUHOHHLIX Ka-
4eCcTB HACOCOB.

Jlns yHwuTOMEHHS NONepeyHOH CHMILl MPHMEHSIIOT 33KpHI-
Tyio Gopmy pabounx xonec: paboune Kauansl pelepyTcs s
TOpUOBHX mOPepXHOcTAX pafovere Koseca, 410 obycNOBAWBa-
€T YPaBHOBELIHBAHHE DAJUANLKEY COCTABASIONIMX AABJEHHS
8 JIOGOM 0CEBOM CeYeHHH MEXUJIONATOYHOro KaHaJa.

15.5. Llenpobesitno-auxpenoii Hacoc

B BUXpeBHX HACOCEX MHUAKOCTb NOABOAMTCH K paboueMmy
KofieCy Ha ero nepuiepus, T.€. B 30He BHICOKHX CcKopocTefh.
IToatoMy BOIMOMHOCTL BOIHHKHOBEHWN KaBNTALHH Ha BXOJE
B BHXPEBOE KoJIeCO BecbMa BeliMKa. MenHTaHns BuXpeBHIX Ha-
COCOB IPH PAINHYHBIK YacTOTaX BPauIeHHs MOATBEPIAAT
CKNOHHOCTb HX K KABHUTELWH.

Ilpenyapeants BO3HHKHOBeHHE KABHTALAK MOXHO MOBH-
leHNEeM AABJIEHHS Wa BXoge B BuxpeBoe koseco. Ilns STOrO
cleayeT yCTAHOBHTL HAa Basly BUXPEBOro HacoCa AOMOJHUTEJNb-
woe ueHTpoGewHoe woneco. Hacoc Takoro Tuma, cocrosmui
H3 JABYX MOCNEHOBATENbHO BKJIOYEHHLX KoJiec — LeHTpobei-
HOrO ¥ BHXPEBOID, HAIWBACTCH UEHTPODEIHCHO-8UXPEBbIM HOCO-
com (puc. 15.8).

Ha puc. 158 npapeger npoaosnbhblli paspes ueBTPoGeXKHO-
BhXpeBoro Hacoca Tuna L{B. Hacoc coctout B3 asyx nocuemo-
BaTeJIbHO BRJIIOYEHHHX KOJeC — neHTpoGerxkHoro ! H BHXpeBo-
10 2, rocameHHHXx Ha ofuml san. M uakocTh mOABORUTCH K
ueHTpoe KHOMY KOJeCy, KaK YKB3IZHO CTpeJAKOH, Mo KaHBAY B
Kopniyce 3. Ilorok BubOpactiBaeTCa LEHTPOOEMHBIM KOJECOM B
COHPANLHLIA OTBOA H MOCTYNAeT JBJAee mo KAHajy, BHOOJHEH-
HOMY B KOpIyce, BO BXOJHOE OTBEpPCTHE BHXPEBOro KOJeECa.
Ilocnentee nogaeT MHAKOCTL 4epe3 kaHBa 4 B HanOpHHA TPY-
Gonpopoa.

Onopofi Bana Co CTOPOHE! IPHBORHOYQ ABKHIraveNs SBIAIT-
CH AB3 OAHOPSAHLIX IAPUKONOALINNHWKA J, BOCIPHHMMANO*
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IIAX TYKIKE OCEBYIO CANY. ITH NOAWMIHUKA MOMIHPYKTCR B
Kopnyce 6 n QUKCHPYIOTCR B OCEBOM HANPaBMJCHHH KPWINKOMA
7. Jlpyrofi Koreu Bafia TOANepKHBALTCA OAHMM INapHKONOA-
WONHAKOM, NOCameHHHEIM B KpHwWKY 8 wopnyca. Kopnye,
RpHIIKa ¥ LenTpobeixsoe Kojeco BHNOJNHEBH US QyTyHa, BuX-
peBOe KOJIECO = U3 CTaJH.

CMa3ka MOAMAITHUKOB —= COJIVAOS, YAepHHBEEMHN OT pac-
NOJ3aKKA Mo Bany BONJOYHHMH KOJbLAMRA.

/
//': / h
U
VAN SN \ \7
*repay IIIIII//1 g Q\\{L‘h,‘
/ 1 \/\ R \\
IIIIIIIIII 4(//1//;'/////IIA >
//// N

)

Pec. 158 LlearpoGexno-suxpesoli vacoc Tuna [1B

YunoTHeHHE BANA CO CTOPOHH ABHTETENst HOCTHTaeTCs pe-
3NHOBLIM KOJBUOM 9 1 cacTeMoll NPMMUMHHX BTyJoK. Kpo-
Me TOro, B MONOCTb YNJOTHEHHA 1O KaHajy [0 noaBOAMTCs
HUAOKOCTL 1104 AaBfieH¥eM, pasBHUBaeMHM uem'poﬁe)lmbm KO-
JgecoMm. Takum oGpa3om, obecneyvBacTCA BOASHOE YNJoTHEHNME.
AHaJIOrnyHO BHIMOJIHEHO YMJIOTHEHHE Bajla Ha CTOpOHe BHXpe-
Boro kofieca. XXnaxocTh, MPoHHKalOMIas CKBO3L YIJIOTHEHNA,
OTBOAWTCH B ApeHayk uepea oteepctye /[,

TlpHMeHeHHe NPEABKAIOYEHHOTO LeHTPOBEKHOMo Koneca
NO3poNseT CYUIECTBEHHO TOBHCHTL CKOPOCTh HA BXOAE B BHX-
peBoC KoJieco M, CieaoBaTeNhHo, nONY3HTH Oofée AHCOKoe
RaBJeHHe BUXPEBOrO KOMleca W HacoCa B IeOM,

B 1eHTPOGEKHO-BUXPEBOM WACOCE HECTb MONHOTO AaBJie-
HHA pa3RHBAETCA ULEKTPOGEXHmM KoaecoM, KIIJ{ xotoporo
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BHINE, yeM Y Buxpeporo koneca. Ilostomy KI1O uertpoGex.
HO-BHXpeBoro Hacoca bmuie, weM KIEI umucro suxpesBoro Ha.
coca (anA srxpeBRx HacocoB 1N=060 %, mnsn uerrpobexro-
BHXpeBHX NS08 %).

15.6. O6nacns npumeserun. Perynuposanne

KosppnunenT GHCTPOXOAHOCTH BHXPEBHX # UEHTPOGEeIKHo-
BHXPEBHIX HacocoB 7, ==10-+-25. Cregosatensso, o6nactn npu-
MeHEHHs1 3THX HACOCOB M0 NMOJaye H aaBfeHHI0 O6NHAKK K 006-
RACTAM TNPpHMeHeHHA HACocoB8 0O0beMEMX (HOpIiHeBHX W DO~
TOPHBIX) .

B ta6n. 18.1 npuBegeHt TeXHHYECKME pgaHHbie BHXPERHIX

Te6anna 1531, Xapakrepucruku BEXpenLX HACOCOR

m"oﬁ Qwnu| Hu Hy. ¥ NowBr | 0% | offumm H,;'f"“- u
3CH [6—i12( 24-30 60 1,8-2 [ 22—42{ 2000 5
B 9—28 | 120130] 340—480 - — | 2000 7
aun a3 58 160 — — | 1450 7
CUB 1] 16 26 0,28 20 ) 1428 6
CBH-80 | 29 32 30 7.5 34 | 1450 7
B 232[)- 16—60 | 70—180|0,32—11| 30—40] 1450 |{6,5-4.5

MopuuxedgEuwe. Byasd, BXoAfOHe B MAaDKy Wacoca, ofosxavalor; 8 —
snexTpsaecksit; C — camopcacuanpinnl; H — Haco¢: 1l — uentpoSemuntd; B — BMX-
pesoft; JI — monacTiedl shxpesaft.

Hacocos, Banyckaemux 8 CCCP.

ConocraajieHne TEXHHYECKHX JAHHHX HAacOCOB MOKa3aWB&-
eT, YTO NPH OAMHAKOBHIX MOAAYAX BHXDEBBE 3 LleHTPoOerHO-
BHKpPEBRIe HACOCH! PaspHBaiOT OGogee BHICOKHE gaBEHHUA UO -
tpaBHeHUIO ¢ UeHTPOGeH HLIMH,

Perysuposande nogayn BHXpEBHX Kacocos MPOW3IBOAATCH
APOCCENAPOBAHNEM [OTOKA HA BHLiNOAE WJIH H3MEHEHHEM Yace
TOTH BpameHAs. Yaue npaMeHsIoT NepBHi criocob ssupy €ro.
npocroty. OgHako perynnpoBaHAe NOAAYH HM3MeHeHHeM WYac-
TOTH BPAIUCHUS faeT CYNeCTBEHHYIO SKOHOMMIO 3HepTuu, pac-
xoayemMol Ra NpHBoA.
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FNABA LWECTHAAUATAR
BOAOKONLILEBLIE BAKYYMHLIE HACOCEI

16.4. Cnocol pejicrann

Ins cosnaHHA BAKYYMA H OTCACWBARHA BO3JYXE ¥ TeXHHUECKWX rason
WHPOKD PACTIPOCTPEHERE ROLOKO/LIEBLe HACOCH].

Ha puc. 16.} npencrapnesa KoHCTPYKuHA THXOID HAcOCS, NOACHAIOWAN
cinoco8 nefcTBHSA €ro.

B ymaangpuseckom kopmyce !, ceaGienHoM xpuinkamu 2 w 8, pacno-
JIOMEHE IKCHERTPHING (CMeINenHe weHTPos paBHa €} EpumIaTe 4 © JIO-

A
M2

ANNAN MO
" 4
I-‘

7o

\

<

R
:\s
=y

N

W\

Puc. 16}, Bonokomuenont saKyymusll acoc

necraMi §. ITpu Bpedieyan KPELYATKY ROAA, SACTHSHO AROAMAIOLIAR KOP-
nyc, cGpaceipaeTcs K ero nepidepuH, opasys xoabnenoh obvess, Tipn stom
B LUEHTPANBHOR YACTY HACOCA MOBEPKHOCTH BTYAKH KPHUILYATKH, BHYTPEHHRA
NOBEPXHOCTL BONAHOrD KOJIbUA M NOBEPXHOCTH CMEMHEIX nonectel oGpaay-
10T o6bemul V, KOTOpHe 3aBHCAT OT MX MONOXeHHA. Tak, o6nem V, orme-
YeHHBI N3 DHCYREE, KBHIafCs QT BEDXHErQ RONOMERHS K HHNHEMY, ROCTE-
NeAHO YRENHYHBARTCH,

[Toarony Bo3HMKaeT BCACHBARHE BOJZYR@ neped natTpybox 6 W npH-
88(HOE CepIIgaMAfoe aTAepCTHe 7.

TIpH zan¥eHsH ofbemos V ua HuXHuX nonowkernd psepx (n nesoht ua-
CTH MONEPEYHOro PE3pesa HAcoCa) MPOMCROLHT yMesbluenie WX M BHTecHe-
RHE BO3/(yXa ueped Wanopuoe oteepctHe § H Natpy6ox 9. Ouesnano, wro
MAIIKKA TAKOTO pOA3 MOMET BCACHBATL U NONABATH ra3 TOALKO MPH YCAO~
BHH HaAHYHA B8 KOPOYCE NOCTATOYHOTO KOVIHUECTBA RO,
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Tlpy paGote 802p B REGOALINHX KONHGECTBAX YHOCHTCA MOTOKOM raaa,
d YOunb €e B Kopnyce JIOAXKRA BOCNONHATLCA.

To cnocoly meficTeEn  POAOKOMLUEBOR RBCOC BRAJIOTHYES POTOPHEN
NAACTHHIATLIM MALIRWAM.

16.2. Baxyym. Mopaua. MowHocTs

KpuneuaTds BOAOKOALOEBHX KBCOCOB B2 MOrYT GWTh TNOCAXKENH B
Kopuyc aBoomotso mnoTRO. TIpakTeueckH MEMXY TOPUOBLIME TOBEPXHOCTH-
MH KOPOYCA W KpHLUILYBTKR HMeercd 53a30p (B BOBWX KOHCTpyKuusx 0,05 —
1.1 mu). Togromy umeer mecTo nNepeTeKakwe WRARAKOCTH H ra3d CO CTOPOHH
TNOA3YY Ha CTOPOHy BCRCHBAHES, yxymmaouee paboTy sacoca.

Ilpx aGeOMOTRO IOTHOf NOCALKE KpPHALYATKE B KOPAYC H MORHOM
B3KPLITHE ApDCEENA Wa BCacwBawileh TpyGe BOADKONLLEBOR HACOC MOMET
CO304TEH B OOACCTH BCACHBANHA JaBieKHe, pPaBHOE JHBNERHEY HaCHILEHHOTO
napa NpY TeMnepaType BOAW, HaxoAHmeficA B Kopnyce secoca, Tak, npu
T293 K agBaenne Bcachinadka NPH YKAIARHLIX YCAOBUAX OGyneT peRHO
2,38 klla, v e. npi SapoMerpHveckh BuicOTe 760 mm pt cf. nacoc Oyner
Pa3BUBATL BAKYYM, NpHGIHaWTeNsno paswull (103,3—2.38):1033=08 5,

MpaxTugecky seKkyyM, pesBupacMEfi BOLOKOMLIEBLM HACOCOM NMPY HOJ-
HOM SaKPLITHN BCACHIBAIOMIEH TpySH, e npeBuiInaeT 92 %.

TTonewa, M*/c, sonOKOABLEBOrG HACOCA MPB YC/OBHAX BCACHGEABH -BA
OCAOBAHMR SACMERTAPHBHX TeOMeTpHIGCKUX coO6pamednfi  onpele neTcs
¢dopry nokk

2 9
Q={n[(%—a) —-(-22-'1-) ]-—z(t—a)s}%‘no, {16.1}
rne D; n Dy — Bpetiunfi ¥ syTpenHH JMaMeTpH KpPHUIBYATKA: O — MHHH-
MaNLHOE NOTPYIKeHHe AONACTA B BOARAHOE KOJBLO; £ — KOMWIECTRO NONA&s
crell; | — papmanbuas pawus noriacTd, passas {(Dy—D,)/2; 5 — TONMMHA
fonacTh; & — wWHpHMHa AonacTk (BRYTPEMESS MHPHHA KOPNyca}) n — uds
€TOTa BpAIEHHA; Tjo — ofbesunfi KILI, npumepho pasumit 0,96.

PacyeT MOMHMOCTH “BOJOKOMLIIEBON0 BAKYYMHOIO HECOCS (1POHSBOANTCH
ofmengauATeM Merogom no dopmyne {3.62), Kosdpduusert momeanoro
geficTBHE BOAOKOALUEBHX HACOCOB OOGHUKHKX KOHCTPYHUKR Re NpeBnImiaey
0,50.

Bonoxo/suepne baKyyMHble pacOCH HaxOZsT NpHMeHeHHe B TeXHONOrH-
QecKHX NPOUECCAX ANRA NONJEBEHHA BAKYYMAa H OTCACWBEHHS Tuaos. B
KPyNHbIX HACOCHHX YCTAHOHKAX HMH LIMPOKO WOMBSYIOTCA AAA BANDJHERMS
uwenTpofielKHK H OCeBWX HacocoB ROIOA mepex nyckom,

B KOTeAbHBX YCTAHOBKAX ¢ MPAMEHEHHEM OWWCTHH XROCTOBHX NOBEpX-
HocTell KOTnoB MOTOKOM Apolin ROZOKOJLUEBHIMH  RACcOCAMH MANLAYIOTCH
AnA COSNAHHMA BHCOKHR CKOPOCTER BO3NYXa B BepTHEanbumx Tpybax,
TPAUCTIOPTHPYIOUIHX APODD.
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FAABA CEMHAZALIATAR
CTPYAHBIE HACOCH!

17.4. Cnocol gericraus, OCHOBHLIE NOHATHS

[pH HCTedeHWH MEAROCTH Yepes uMAHaApHYecKad NACANO0K B CHATOM
CeUeUKH CTPyl BOIHHKaeT Bakyyw (pumc. 17.1) Hue=0,74 H, rne H — na-
nop nepax Kecagxom [1].

Ecan ceuenne Racanka coegmuuTs npospautioli  TpyOxofl ¢ ypopsem
KHIROCTH, NElX2el HHIfe OCH HACBAKE, TO MOXWO HMarafjRo yGenutsces s
HanuIH BHICOTH Hpax.

[losbunas manop K, MOXHO NOCTHIMYTh TAKOrO NoAbeMa XEUAKOCTH B
TPYOKE 4, 4TO JKHAKOCTR, NPOXOLSINEH Uepes HHCAAOK, Oyler 3aXBATHRATL
EHAKOCTS, MOAHBMAIOILYIOCA N0 TPYyOKe &, H NEPEMEINATD ¢ B HENPABACHHA
ABMKERNH, HACANOK CTAHOBHTCH CTRYAHEM HACOCOM.

Llnnsuapusecknfi FacANOK Kak cTPyMubf HECOC B NMPBKTHKE HE HOSOIL-
ayercH, YTO OGbACKHAETCH GONLIIHME MOTEPAMH SHEPrRE B HeM.

Cxema crpylmoro »acoca, MpHMetse-
MOTC B MOPOMHILIEHHOCTH, [OKB3aHA Ha
puc. 17.2,

Pafouas XugKoCTh BHTEKeeT € BH-
<okofl- ckopocThio uepes comnmo I 8 mpH-
esmyio Kamepy 2. Crpya paboueR xujKo-
CTH B OpHeMHOR KaMepe CONpUKACAETCH C
nepeMeyraeMoll BuAKOCTBIO, OOCTYNMaomed
no TpyGe 3. Baarozapsa Tpenmioo ¥ HM-
uyascHomy oGmMeHy Ha NOBEpXHOCTH CTPYH
B MPHeMBO} Kamepe NMpOMCXOAAT 3XBATH-
BaHHE ¥ mepeMeuleHne MUIKOCTH, MOCTy-
nawieh no Tpybe 3 B KEMepy cMeleHHA
4 W fnanee ® Houuaeckult audgdysop 5.

B Kkamepe cMmellenHH nPOHCXOOHT OOBMEH E:c%oig.'ﬁagzximxaa “‘;':(mgg%_
HMOYJBCAMHE MeXay pob0TeRl W mepeMe- oo Hacocs

Petnas 1_’\&.0;} o1 LA G
E-.—..)... “ ‘:,j Q —r
MpFpl, p < 4" 5 |Crtece myuemy
e L Le tae é
b, mc%'::

A 3 llepemeuiaeran cpede

Pac, 172, CxeMa cTpy#HOTO Hacoca
26* 40)



maeMofi MMAKOCTANMH; B xudpysope OPOTEKAET NMPOLECC NPeBPAINEHHS HH-
HeTHYeCKOR speprym B noTeminansiyw. Hs puddysopa KugkocTs nocTy-
naet B Hanopyuf TpyGonposoa.

Oculsntie nepaMerps cTpylEoro macoca (puc. 17.2): maccosume pec-
xonu paGouelt ®@ nepesmeusaeMmoft KHANocTeR — Mp B #n, Kr/C, NABJCHHA
pefonel u nepememaemoft JEAROCTEA Ha BXOofe B Hacoc— pp H gy, [la;
gaBreyve cmeca patoueR W nepemMewaesMOR KHAKOCTER Ba BHXOAE — P

Moxasy soxocTpyAROro Macoca MPHAHTO KAPAKTepH30BATH Koahmuk-
CRTOM MBMEXPMH sis==Myg/Mpx=Qn/Qp, rie Qu B Qp—ofbeyyne noxaww.

Pa6oty ponoctpylvoro nacoca o CTIOPOHE PA3IBHBACNOTO HH HADJIE-
HUS OlIEKHHAIT QTHOLIEHZEM nepenanos AesneRult Ape/App, rae Ape=
e=po—pPn B Appm=pp—~pu. B OCHOBE TEOPHH CTPYAHHX HACOCOB JRHEHT (yH-
JeMeNTanbHOE YPaBHEHHe MEXaHWHKH — YPABHEHHE KOJHYECTBA [IBHIKEHHS,
Bro ypasueRMe AJfl NOTOKA B CTPYAHOM RACOCE AANMHCHIBABTCH:

@1¢pmp+ Py Camp— Qs (mp+-my) =f3 (s —pd. (17.1)

[He Cp C€o L3 — TEOPETHYECHME CKOPOCTH B XEPBKTEPAbiX CEYeHHAX HACOCH;
P, Pu. P — KODPHUMEATH ZAR 9THX CedCHMA, YIBTWBRIOIWHE NOTEPs HA-
nopa, OTHECeHHUBIE K YIBCTKAM JI0TOKA B HACOCE,

NpHeoennRenve K ypaBuenmo (17.1) ypanRenHW pacrond Yeped BH-
ROJHOE ceueHHe KAMEpH CMelleHHs

g+ my = 9y c3fp (17.2)

NAET BOSMOMHOCTH MCCREAOBAHMA patouerd Opoiecca cTPYRROrO Hacoca W
cupenejeHyst ONTHMANLHEIX COOTHOLICHHA MEHYy IeOMETPHUCCKHMH paawe-
pamMH ero uscTefr [19]-

17.2. Xapanrepucra. OcHOoBHME pPasmepul

ITpenctannesne 0 3aBUCHMOCTH CTENEHH MOBHILIGKMA JABIEHHA BOAO-
cTpyfnOro macoca ¢ yMmmapHIeckof Kamepoli cuemmenns OT KosdPuIHEHTA
BHJKeHUNH 9T XapaKTepucTuea pu¢. 17.3, comepxeman TeopemueckHe 8

onbitHue Kpusne. Hs rpaduxa

4 . T T BHAHO, 9T0 npH JOGOM 3a)Nau-
P wi \.ime.:m +Pogs HOM  HOSGMUIMERTE HHMEKUHE
4 7 RN PR cTengtt MOBHUIEHAA  J&BJIEMKA
~J 5 g:""" % BOJAOCTPYAKOrO HACOCE TeW Bh-
47 37| S §-on-78,8 e, SeM Mennile DACIAAL Ceqe-
r N RHA KaMepH CMEIIEHHA OTHOCH-

%7 £ —> —_ ! rEAEHO [/IOMAAM BHEOMNOIO Ce-
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Moro, npn yMcHbINGHHW KoSbpuIpienTa HIKeKuHH, Maxcumansiioe agpses
RHE COITACTCA HOAOCTPYMHLIM HACOCOM OPH Mq=0.

Teopatngeckue coo6paeRHR H ONLITHLE NAntble NPUBOART K ClGIYO-
L(MB ONTHMANBHLIM [COMETPHTECKUM COOTROMGHMAM:

lhe=4d3 upm u G5 13
fno="8d; mpu u > 3}
Ip= @+ T)(de—dg); lo=(t+1,6)ds
¥ron pacxowcaenun gupdysopa 6=8-+10°
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