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YACTb 1. THJAPABJIMKA
I'upaBiuka 3TO Hayka O 3aKOHaX PaBHOBECHS U JIBUXKCHUS JKUJIKOCTEH U O CIIO-

cobax ITPUIIOXKCHUS ITUX 3aKOHOB K PCIICHUIO ITPAKTHYCCKUX 3a71a4.

1. BBEJAEHMUE.

1.1 Cuabl, AelicTBYIOIIME HA )KAAKOCTL. /|aB/ieHHE B KHIKOCTH.

B xuixocTu ICUCTBYIOT HE COCPE/IOTOUCHHEIC, a paclipe/iciicHHbIC cuilkl. Bee cu-
JIBl pa3/ICNA0T HA MAacCOBRIC (pacHpe/ICICHHEIC 1I0 Macce - CUJIBI TSHKECTH, UHEPINM) 1
TIOBCPXHOCTHEIC (PaCTIpPC/ICIICHHBIC N0 TOBCPXHOCTU - CUJIBI TpCHUA, JaBicHus). Ilo-
CJICJTHUE pacCMOTPHUM NOJIpoOHEeE.

Ilycth cuna R EUCTBYET 1O YIJIOM Ha
momaaky S (puc.1). Ee MoXHO pa3noxuTh Ha
TaHTCHCAIbHYIO0 /' W HOpMaibHyI0 I cocTas-
nsronme. Hopmansnas cuna I BeI3BIBacT B

KUJKOCTH  HAIIPSODKCHUC CXKATUA, KOTOpOC

0

Ha3bIBAIOT THUIPOMCXaHHWUYCCKUM JIABIICHUCM Déﬁ 1 DéQeT %i éa ﬁéel’:l .

WJIY TIPOCTO JIABJICHUCM.

IIpy paBHOMEpPHOM pacCHpE/CIACHAN CUJIBI MO IJIONIAJAKE OHO ONPEACIUTCS TI0

dbopmyne
p=F/S . (1)

OcHoBHo# cnunuiicii u3mepenus gasicaus (CH) sBnsgercs nackanb, 1[la =
1H/M*. Onuako gare UCTIONB3YIOTCSA OoJice KpynHbIC ¢IUHULIB: Kuionackanb (1xIla =
10° ITa) u meranackans (1 MITa = 10° ITa). B Texuuke, KpoMe TOTO, HCIIONB3yETCA BHE-
CHCTCMHAs CIMHHIA - TeXHUYccKas atMocdepa, 1 aT = 1 xre/cm”. CooTHOLICHHE MEXK]TY
HanboJIce UCTIONB3YCMBIMU CIMHUIIAMU CJICTYIOIICC:

10 ar = 0,981 MIla ~ 1 MlIa,

1 atr= 98,1 xIIa ~ 100xI]a.
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Kpaiine BaXHBIM, Y PCIICHUM NPAKTUYICCKUX 3314, SBJISCTCA BEIOOP CHCTCMBI
oTcycTa JaBicHUs (IIKAJBI JaBJICHUA). 3a HyJIb JIABJICHUS MOXCET OBITh NpUHATO abco-
JIOTHO HU3KOC JIaBJIcHUS (aHAJOT abCONIOTHOTO HyNs TeMmIeparypsl) - Oug.. M mpu oT-

CUCTC JIABJICHUM OT 3TOT0 HYJIS MX HA3BIBAIOT aOCOFOTHEIMH P,g. (CM. pHUC. 2,a).
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Opnnako, TCXHUYCCKUC 3aja9u yJI0OHCE pelaTh B W3OBITOYHBIX JIABJICHUSX

Pws6, KOTJIA 32 HYJIb IpUHUMACTCA aTMOCGEPHOC JIAaBIICHUC p, CYIICCTBYIONICC B JIAHHBI
MOMCHT BpeMcHU - O, (puc 2,a).

Ot atMocdepHOTO HylS JaBICHHE MOXKET OTCYUTRIBATHCA Takxke "BHU3". ITO
JIaBJICHUC HA3hIBACTCH JIaBJICHUEM BaKyyMa WA BaKyyMOM Py, (pHC. 2,a).

WTak, CymecTBYIOT TpY CUCTCMBI OTCYCTA JaBICHUS (Tpy IIKaisl JiaBicHus). [lo-
JayauM (popMyIIEI JIJIA TIEpecdcTa OJHOTO JIABJICHUS B JIPYTOC.

JIns nonmydeHus 3aBUCUMOCTH MCXKJTy aOCOJIFOTHBIM P,6, U U3OBITOYHBIM Dyy6 JTAB-
JICHUAMU BOCTOJB3yeMcsa puc. 2,6. [IycTs BemuumHa JJAHHOTO JABJICHUS OIPCACIACTCS

nonoxenueM Touku B. Torma odeBugHO, 9TO

Paée = Pa +pn36 . (2)
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Hcnome3ys Touky C (puc. 2,8), aHAIOTHIHO MOJIYIUM CBA3b MCXK)Ty a0COIFOTHRIM
JIABJICHUCM p,5. U JIABJICHUCM BaKyyma
Paée = Pa - Prax - (3)
W30BITO9HOC JIAaBJICHUC U BAKYyM OTCYUTHIBAIOTCA OT OJIHOTO HYJIA, HO B pa3HBIC
ctopoHsl. ClIeJI0OBaTCILHO
Pws6 = - Prax- (4)
Taxkum obpazom, dopmyinsl (2) - (4) CBA3BIBAIOT JIaBJICHUSA: a0CONIOTHOE, U30BI-
TOYHOC U BaKyyMHOC, a TAKXKC ITO3BOJIAIOT IICPCCIUTATH OJTHO B JIPYTOC.
1.2. OcHoBHBIE CBONCTBA KHIKOCTH.
B rusipaBivke B HOHATHC "KHUJIKOCTS" BKITIOYAIOT KaK KArCIbHBIC XKUJIKOCTH, TaK
1 Ta3Hl.
1.2.1. ITnomnocms u yoenvnuiii gec.
OnHoli M3 MCXaHWYCCKUX XapaKTCPUCTHK >XHUJKOCTH SBJSACTCA IUIOTHOCTH
(Kr/M3 ). 9T0 Macca m, 3aKII0UCHHASA B ¢JIMHUIIC 00beMa W KUJIKOCTH
p=m/W . (5)
Bmecto motHocTH B (pOopMysiax MOXCT OBITH HCIOJB30BaH YJICIBHBIA BEC 7Y
(H/MZ), T.€. Bec G, 3aKIII0OYCHHEIN B equnuIie oobema W
vy=G/W, (6)
KOTOPBIHA CBSA3aH C IVIOTHOCTBIO YCKOPCHUCM CBOOOJTHOTO MaJICHUS g
Y=pg . (7
ITpuBeIEeM IIOTHOCTH HEKOTOPBIX XKUJIKOCTCH:
- BOJIBI - Py = 1000 xr/m3;
- PTYTH - Ppr = 13600 xr/m3.
1.2.2. Bazkocmos.
3T0 CIOCOOHOCTh  JKHUJIKOCTH COIIPOTUBJIATECH ciBUry. OHa MpOSBISACTCSA B BO3-

HUKHOBCHUM KacaTCIbHBIX HalpsHDKCHUN (TpeHUS) IpU JABWKCHUU KuakocTu. [Ipu



TCICHNUUN XKUJKOCTU BJOJIb CTCHKH IIpO- ‘

(=N

UCXOJUT TOPMOXCHHUC MOTOKa (puc.3) 00

06YCJ'IOBJ'IGHHOG ec BA3KOCThI0. CorjlacHo

runiote3¢ HrloTOoHa KacateiabHoe Hatips-

KCHHUC, BOZHHUKAIOUICC B CIIOC XKHUJIKOCTH dV
Ha pAacCTOSHUU y OT CTCHKH, ONPEJICIACT- =
Csl 3aBUCUMOCTBIO v
- 777 777777777777

T ®) Def. 3. Oazaied abael i0e a4l &0 04l 6.

r7c JV/dy - TPaJCHT CKOPOCTH, XapaKTEPU3YIONIMH WHTCHCUBHOCTE HAPAaCTAHMSA CKO-
poctu V 1ipu yAajleHuu OT cTeHKH (1o koopauHate ). Bemuauna |, Bxoasamias B (8) no-
Jy4uiia Ha3BaHUC JUHAMUYCCKON BA3ZKOCTU KUJIKOCTH.

Onnaxo Ha npaxTuke 60sce NIMPOKOC IPUMCHCHHUE HAlljla KWHEMAaTUdeCcKas BA3-

KOCTh
v=u/p. 9)

Enununeit usmepenus nocineauei ssiugerca ctoke, 1 Ct = 1 CMZ/C, i Oolee
Mcnkas eaunuiia cautuctoke, 1 cCt = 0,01 Cr.

Heo6x011Mo0 y9UTEIBaTh, 9TO € YBEIMYCHUCM TCMIICPATYPhl BA3KOCTh KaCIBHBIX
XKUJKOCTEH PE3KO 11/1a€T, T.C. MOBEIIACTCA UX TCKy4CCTh.

B 3aximrodeHue OTMETUM, 9TO B TUJIPABIMKC IPU U3YyYCHUM IPOIIECCOB TCUCHUS
UCIIONIB3YETCS IOHATHC WJICAIBHOM JKUIKOCTH, TOJ] KOTOPOM IMOHMMACTCSA KUJIKOCTD,
JIVIICHHAS BA3KOCTH.

1.2.3. Corcumaemocme.

OT0 cHOCOOHOCTH XKMJIKOCTA U3MCHATH CBOW 00BEM IOJ| JICHCTBUCM JIaBIICHUS.
CxuMaeMOCTh KalleJIbHBIX JXHUJKOCTCH XapakTepusyeTcs KodpduiueHToM 00BEMHOTO

2 .
cxxarus 3 (M/H), KOTOPEIH ONpeAEIIeTCS COOTHOIECHUEM



rac Wy- nadanbHad BenuduHa 00beMa;
AW - nameHeHue 00beMa oJT ICHCTBUEM MU3MCHCHUS JIABJICHUS Ap.

3nak MuHycC B hopmysic 00yCIIOBICH TCM, YTO MpPU YBCIUUICHUY JIABICHUSA 00BEM
KUJIKOCTH YMCHBIIIACTCA.

Benmuauna o6patnad ko3 dunuenTy [3 Ha3pIBacTCA MOIYJIEM YIIPYTOCTH XKHUIKOCTH
K=1/B.

CxxumacMocCTh Ta30B OoJice CylICCTBCHHA U TIOTYMHACTCS YPaBHCHUSAM TCPMO;IU-
HaMU9CCKOTO COCTOSHUS.

1.2.4. Ucnapaemocmp.

JT0 cnocoOHOCTh KaNeabHOUW XXKUJKOCTH K razoobpazoBanuio. OJHUM U3 HOKa-
3aTCIIC MCIApACMOCTU SABIACTCA TeMmIieparypa kuncHus. OjHaKo Ipu NPOBC/ICHUA
pacdcToOB THUPOCUCTEM UCIIONB3YCTCA JIPYrOoil IMOKAa3aTellbh — JABICHUC HACBIIICHHBIX

[1apOB py;. ITO JABICHUE, IIPU KOTO-
pOM HA4YMHACTCA WMHTCHCHUBHOC Mapoobpa-

30BaHUC (KUTICHUC JKUJIKOCTH) TIPU JIAHHOU ‘ A

Temreparype ¢°. 3aBucumocts p = f (1°)
JJ1s BOJIEI IIpuBc/cHa Ha puc. 4. Ha rpadu-

KC OTMCUYCHA TOYKA, COOTBCTCTBYIOIIAA KU~

IICHUKO BOJEI l'IpI/I HOpMaJ'IBHOM aTMOC(bep- 7000 to
i
HOM J1aBJICHHM. Péf. 4. AaAdai &4 (anduaiias
i 2014 474l

2. THIPOCTATHUKA.

2.1. OcHOBHOM 3aKOH I'H/IPOCTATHKH.

B nansneiiemM HE0OXOUMO YIUTHIBATh, 9TO THPOCTATUYECKOE JaBJICHUC JICHi-
CTBYCT I10 BCEM HaIpaBIICHUSAM OJIMHAKOBO, @ HA BHEIIHCH MOBEPXHOCTU JKUKOCTH €TO

)IGI‘/'ICTBI/IG HaIIpaBJICHO II0 HOPMAJIM BHYTPHb o0Bema KHUJIKOCTH.
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PaCCManI/IBa.SI PaBHOBCCHUC XKUJAKOCTU ILIIOT-

(
HOCTBIO P IIOJT JACCTBUCM OJIHOM MacCOBOUl CUIIBI & &

(CUJIBI TSKECTH), IOYIUM CBS3b MCXKTY JIaBJICHUCM

Ha cBOOO/IHOM TTOBEPXHOCTH KUJAKOCTH py (puc. 5) u

— — — h
JIABJICHUU p B HpOI/I3BOHBHO BBI6paHHOI71 TOYKC
BHYTpI/I KUJIKOCTHU é -
p=potpgh , (10) \_ _J
ric h - paccrosmme mo Bepmmkam mexxy — Den. 5. Dadiiaanea
geaelnoe

TOYKAMHU C U3BCCTHBIM U ONPEJICTACMBIM JIaBICHUS-
MU (TITyOuHa TOTPYKCHUS ).
OTmeTuM, 9TO TIIyOMHA /# MOXKET OBITh KaK MOJOXKUTCIBHOM, TaK M OTPUIIATCIIb-
Hoi1. T.e. ecnu ToYKa, B KOTOPOM OIIpE/IesAcM JIaBJICHUC PAcIioaracTcs BEINIC TOYKU C
WCXOJTHEIM JIABJICHUCM, TO B MATCMAaTUICCKOM 3allCU OCHOBHOT'O 3aKOHA THIPOCTATUKA
3Hak "+" mcHseTca Ha "-" u
pP=po-pgh.
2.2. Cnoco0b1 m3Mepenusi 1aBJACHHS.
Ha npakTuke HanboJiee BaKHBIM SBJISCTCS U3MCPCHUC M30BITOYHBIX JIABJICHUM.
[Tpocteitmmm npubopoM JjIsS M3MECPCHUS U3ORITOYHOTO JIABJICHUS SBJIACTCS ThC-
30MCTp, KOTOPHIM NpEJICTABIACT COOOW BEPTUKAIBLHO YCTAHOBJICHHYIO IPO3PAYHYIO
Tpy6Ky (puc.6). Torna, B coorBercTBUC C (10),
pn36=pa+p'g'H . (11)
A Tak xaK B W30HITOYHBIX JiaBicHusax p, = 0, To u3 (11) ciemyer mponopiuo-
HaJbHAsA CBA3b MEX]Ty JJABJICHUCM P56 U BEICOTOM H
DPw6 = ng (12)
W3mepenus 1o nbe30METPY NPOBOJAT B CIMHULIAX JITMHEI, TIO3TOMY WHOT/IA JIaB-
JICHUS YUCJICHHO BRIPAXKAIOT B CJIMHUIIAX BBICOTHI CTOJ0a COOTBCTCTBYIONICH KUJIKOC-

tu. Hanpumep: "atmocdeproe faBicHue paBHO 760 MM pTyTHOrO cTonba".
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Pen. 6. | Uacii aod. Pen. 7. 1 d06aeiiGé 1aifi 400.

CrnenyeTr noHMMAaTh, 9TO JJAHHOE JIABJICHUC IIPONOPIIMOHAIEHO ME30METPUICCKON
BEICOTC PTyTH BenuduHoi 760 mm. IlojcraBus 5Ty Bemauuny B (12) mpu p,. = 13600
KT/M°, TIONyauM aTMocdepHoe JaBienue pasuoe 1,013.105 ITa. DTa Bemmuuua Hasbl-
BacTcs ¢u3zndeckoit atmocdepoii. OHa oTiiMgacTca OT TeXHUYecKol aTtMocdepsl (cM.
pazjen 1.1), koTopas cOOTBETCTBYET 736 MM pPTyTHOTO CTOJIOA.

ITre30MeTp MPOCT MO KOHCTPYKIMM U 0OeclieduBacT BHICOKYIO TOYHOCTh HU3MC-
penuii. O1HaKo, HE TTO3BOJIICT U3MEPAThH BRICOKUC JIABJICHUS.

Haubonee mmpokoe paclpoCTpaHCHUE B TCXHUYCCKUX M3MCPCHUSX JAaBICHUA
TIOJTy9UJIN TIPY)KUHHBEIC MaHOMETpHI (puc.7). OCHOBHEIM DIIEMEHTOM Takoro mnpubopa
SABJIACTCA NPYXUHAIAA TOHKOCTEeHHas TpyOka 1 (0ObI4HO NaTyHHas), OJWH U3 KOHIIOB
KOTOpOI1 3amasiH M1 TOJIBIKCH, a BTOPOM 3aKPEIUICH M K HEMY NOJBOJIUTCSA H3McEpAc-
Moc jaBieHue. IlonBrokHBIA KOHell TPyOkM 1 KUMHEMAaTWdECKU CBS3aH CO CTPEIIKOM
2. Ilpu u3McHEHNHU JIaBJICHUS OH M3MCHSCT CBOC IIOJIOXKCHUEC U TICpPEMEIIAcT CTPEIIKY 2,
KOTOpas yKa3pIBacT COOTBETCTBYIONICE JIAaBJICHUC Ha IIIKAJIe MaHOMETpa 3.

AHanorudssic IpubOpEI UCTIONB3YIOTCA JUIA M3MepeHus Bakyyma. B aTom ciydae
WX Ha3bIBAIOT BakyyMMeTphl. [Ipubopsl o3Boisronmue u3MepaTh Kak W30BITOIHEIC JIaB-

JICHWA, TAK U BaKYYM HOCAT HAa3BaAaHNC MAaHOBAKYYMMCTPHGI.
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N3mepenue abCONMIOTHRIX JIaBICHUI B WHXXCHCPHOUW NMpakTHUKE HE mMpoBojAT. Mc-
KIIIOYEHUE COCTABIIACT U3MEPEHUE aTMOC(HEPHOTO JaBJICHUS C TIOMOIIBIO 6apoMeTpa.
2.3. Cuna gaBjeHns HA IUIOCKYIO CTEHKY.

Cnoxuocts OIpCaACIICHUC CH-

JIbl, JICUCTBYIONICH CO CTOPOHBI XKWUJI- J & 5/“ &
7 * /

KOCTH Ha IINIOCKYI0 HAKIOHHYIO S

CTCHKY, BBI3BAHO HM3MCHCHHCM JIaB-

JICHUA 110 BeICOTC. B cCOOTBETCTBUM C —

OCHOBHEIM 3aKOHOM THWJAPOCTaTUKHU — \\_/ C
(10), smropa pacrpejiciacHus JIaBJic- — _
HUS 10 BEICOTC HOCUT JIMHCUHEIN

XapakTep U NpeJicTaBlIcHa Ha puc.8.

HeszaBucumo oOT (OpMEI  TIIOCKOM Pen. 8. Neéa a
CTCHKM U BCIIMYWHBI JIaBJICHUSA Ha n
cBOOO/THOM IIOBEPXHOCTHU KUJIKOCTH Py aOCONIOTHAS BEIMIMHA BEKTOpa CWiIel F ompe-
nenserca Gopmynoi:
F=p.S, (13)
TJAC p. - AaBJICHUC B LICHTPE TAXKECTU CTCHKU (Touka C);
S - IJIONIA/IL CTCHKU.
BexTop F HanpaBiicH 0 HOpMaJIX K CTCHKE U NPUJIOKCH B Togke D, koTopyro Ha-

3BIBAIOT LICHTPOM JIaBJICHUS.

3. OCHOBHBIE 3AKOHbI KHHEMATHUKHA U ITHAMMUKHA )KUJIKOCTH.
3.1. IlonsiTus ¥ onpe/eaeHNs.
Kak Oputo OTMEYCHO paHee, MOJ] TCPMUHOM ' KHJIKOCTR" OyJeM IHOHUMATh HE

TOJIBKO KallCJIBHBIC XXUJIKOCTH, HO U I'a3Ekl.
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YcraHoBuBIICECS TEUCHUC - JTO TCYCHUE, (PU3MYCCKUAC MapaMeTphl KOTOPOIO
(cxopocTh, JaBICHNUE) HCU3MEHHEI 110 BpeMeHU. HeycranoBuBIeecs TEICHUE - ITO Te-
YeHUC C IEPEMCHHBIMU 110 BpEMCHH (pU3MdeCKUMU ITapaMeTpamu.

Jlunus TOKa - TUHMSA, BO BCEX TOYKAaX KOTOPOU BEKTOpP CKOPOCTH HAlpaBJicH IO
KacaTeJIbHOM.

DneMeHTapHas CTpyWKa - 9acTh MOTOKA KUAKOCTH OCCKOHEYHO MaJIbIX Ioneped-
HBIX Pa3MEpoB.

Ceuenue (KUBOE CEUCHUC) - TOBEPXHOCTh HOpMaJbHAS K JIMHUASM TOKa.

Paznugaror HanopHele M Oe3HANOpHBIC TCYCHUS XUAKOCTA. HanmopHeIMU Ha3bl-
BalOT TCUCHUS B 3aKPHITHIX pyciiax 6e3 cBoOO/IHOI MOBEPXHOCTH, a OC3HATIOPHBIMU - TC-
geHU cO CBOOOJIHOM MOBEpXHOCTHIO. [IpruMepamu HaTIOPHOTO TEYCHUS MOTYT CIIy>KUTh
Te4cHUS B TpyOONpOBOJIaX, THApOMANINHAX WIN JAPYTUX TUapoarperarax. besnanopHsi-
MU ABIISIOTCA TCUCHUS B PCKaX, OTKPRITHIX KaHalIaX. B JAHHOM Kypce paccCMaTpUBAIOTCS
HaIlOPHBIC TCUCHMUS.

3.2. Pacxon. YpaBHeHHE pacxoaa.

Pacxop - 3T0 KOTMYECTBO KUJKOCTH, KOTOPOC MPOTEKACT Yepe3 JJaHHOE CCICHUC B
eIuHUIly BpeMeHu. KoIMdecTBO JKUIKOCTH MOXKHO M3MEpATh B ¢IMHUIIAX 00BeMa, Mac-
ChI MM Beca, B CBA3H C YCM PasiMgaroT o6seMusii Q (M/c), maccosslii Q,, (KI/c) 1 Be-
coBoli Q¢ (H/c) pacxomel. MexIy 5TUMHU pacXxoJlaMu CYIIECTBYET Takas XKE CBI3b, KaK
MeX Iy 00BeMOM, Maccoi U BECOM, T.C.

Qm=Q'p; QG=Q'p'g; QG=Qm'g

Pacxoj cBf3aH CO CKOPOCTBIO XKUJIKOCTH V' ¥ IUIONIA/IbI0 TONIEPEIHOr0 CeICHUS S

CTpPYHKH WIM TOTOKA 3aBUCHMOCTHIO
o=rv-§ : (14)
CrnenyeT OTMETUTB, 9TO NpU TCICHUU pealbHOU (BA3KOM) XKUJIKOCTH, U3-3a Tpe-

HUS MEXJy €c CIOSMH, CKOpPOCTH IIEpEMEHHBI I0 cedeHuio noToka (puc.9). B stom
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CIlyd4ac, CKOPOCTh, YJIOBJICTBOPAIONYIO ycioBuio (14) masmiBaror cpenueii (V). Odge-
BUJIHO, 9TO OHA JICXKUT B Tipezienax oT V=010 V= Viyax.

YpaBHCHUC PpPacxoJiOB
Tpe/icTaBIACT coOOM paBCH-
CTBO PacxojJiIoOB B JIByX ccdc-
HUAX TIOTOKa (puc.9), T.c.

O =0
uy, ¢ yactom (14),

Vi-S1=V>S, , (15)

rjac ¥V u S - cpeiusas CKOpoCTh

H IUIomadb  COOTBCTCTBYIO- Pef. 9. Yipoa fiel &7 fio aé
I[CTO CCYCHMS. daaéiiial iic¢

Hcnone3ys 3aBucuMocTb (15) MOXHO HaliTM CpEJHIOI0 CKOPOCTh B JIIOOOM ce-
YCHUU TOTOKA JKUJKOCTH, €CIM B KAKOM-TO CCUCHHUM 3TOTO NMOTOKA CKOPOCTh YXKC U3-
BCCTHA U U3BCCTHHI CTO TCOMCTPUICCKUC Pa3MCPEI.

YpaBHEHHUC pacxojia ABISACTCS 3aKOHOM COXPAHCHHUS MAcChl JIA JIBIDKYyIICHUCS
KUJIKOCTH.

3.3. YpaBuenne bepuyaam njsi CTPyHKM WAEATbHOM JKIUTKOCTH.

PaccmoTpum  ycTaHoBuBIICECS
TCUCHUC WJICATTBHOM KUJKOCTH, HAXO-
JIAIIercs MoJI JICMCTBUEM JIMIIL OJHOM
MacCOBOA CUJIBI - CHJIBl TSKCCTHU
(puc.10).

Jna 3anmcu ypaBHeHus bepHyin-

1 BeIOepeM JBa cedenus 1-1 u 2-2, a

TAaK¥KC ITPOU3BOJIBHYIO TOPU30HTAJIBHYIO

noBepxHocTh 0-0, OT xOoTOpO#l OyjieMm

pef. 10. Nb 50éea ea4asiiié baslfioe.
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TOpO¥ Oy/JICM OTCUUTHIBATH KOOP/IMHATEI MTOJOKCHUS IICHTPOB TAXKCCTU BEIOpAHHBIX Cc-
9qCHUM.
Torna ypasuenue bepnyium, 3anicanHoe JUId 9TUX JIByX CCUCHUN CTPYWKHU UJIc-

aJbHOM XKHUJIKOCTH, 6y216T HUMCCT CJIG)IYIOIIII/Iﬁ BHJI.

p2 2
p1+ 1 _Z+p2+V2

Z 1 + 2
p-g 28 p-g 28

Kaxx/1p1i1 13 wieHOB ypaBHCHUS bepHyInu ¢ 0JIHOM CTOPOHBI NPE/ICTaBIACT CO-
60if HCKOTOPYIO BRICOTY (HATOp), a C JAPYTOi CTOPOHEI SABJIACTCA TCM WJIA WHBIM BU-
JIOM YJICTIbHOM 3HEpruy, T. €. JHCPIUMA OTHCCCHHOM K cauHMIC Beca xuaxoctu. Ilo-
9TOMY KaX/Iblii wicH ypaBHeHus (16) mMmeeT pa3sMEpHOCTH CIUHUIIBI JUIUHEI (M).

PaccmoTpuMm ux pusmdeckuii CMEICI:

Z - HABCIIpHAA BHICOTA UIIU yJIcTIbHAS TOTCHIMAIbHAS YHCPI U IIOJIOKCHUS KUIKOCTH;
P /p-g - Ibe30MeTpudcCcKas BRICOTa UM YC/IbHAS TOTCHIIMAIbHAS YJHEPT U JIaBJICHUS;
Z+ p/p-g - TUAPOCTATUYCCKUN HANOp WM yjelbHAs NOTCHIMAILHASA JHCPIUL
(BKIIIO9AcCT J[Ba BU/ia IOTCHIIMAILHOU SHEPTUN );
V?/2g - cKOPOCTHO# HAIIOp WA yCIbHAS KUHCTUYCCKAsS SHEPIUS KUIKOCTH;
Z + p/p-g + V?/2g - NONHEIA HALIOp WM TONHAS YJCHbHAS DHEPIUS XUIKOCTA B
JTAHHOM CCYCHHUH.

Taxum obpazoMm, B ypaBHeHuu (16) monHas yjenbHas dHeprus B cedeHuu 1-1
IIppaBHUBACTCA MTOJTHON y/ICIIEHON DHCPTUU B CCUCHUM 2-2. A U3 3TOTO CIICyCT BBIBO/L:
YPABHEHUME BEPHYJUIN - 3T0 3aK0H COXpaHCHUS SHCPIUM JIJIA JIBUXKYUIICHCS KUJI-
KOCTH.

3.4. YpaBuenue bepnyam s peaabHOM (BA3KOM) )KMIKOCTH.

B oTinuue oT ujeanbHON KUJIKOCTU B NMOTOKC PCaIbHOM XKUJAKOCTH BO3HHUKAIOT
HaIpsSHKCHUSA TPCHUS. OTO BHI3HIBACT:

- HCpaBHOMCPHOCTb PaclpeICIICHUs CKOPOCTEH 1o cedeHusM (cMm. puc.9);

= HOTCPU SHCPI'HUA ITPpU IBUXKCHHUHA XUJIKOCTH.
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C y4eToM OTMEYCHHOT0, ypaBHCHUEC bepHyIIIM npuHUMAcCT CIICyrOIIil BUJT;:

D V12 D, sz
Z, + +o, =Z,+ + 0, + X hyor (17
p-g 2-g p-g 2-g

rac O - Oc3pasMcpHblii KOI(PGHUIMCHT, YIUTHIBAIONINN HCPABHOMCPHOCTH pacrpe-
JICTICHUS CKOpOcTei 1o cedeHuro (kodddunuent Kapuonuca);
Y hyor - cymmapnag noteps Hanopa (yJICIbHON SHCPTUM) TIPY JBMKCHAM JXUAJKOCTH
oT ceucuud 1-1 1o ceuenns 2-2.

B npaktracckux pacdcerax xkodddurucHt Kapuonuca IpuHUMAOT O, = = 2 JyId

JTAMUHAPHOTO PCXKUMa TCUCHUA U O, = 1 Ji1a TypOyJICHTHOTO.
I'uipaBIMYECKUAC TIOTCPU YCIOBHO JICIAT Ha MCCTHBIC ITOTCPU U MOTCPU Ha TpC-
HUC 1O JUIUHC. MECTHEIC MOTCpU OOYCIIOBJICHBI TaK HAa3bIBACMBIMUA MCCTHBRIMU T'HJIPaB-
JNYCCKUMU CONPOTHUBIICHUAMM (TIOBOPOT IOTOKA, CYXKCHHC, PACIIUPCHUC, KpaH U T.J.).

Mecthrie noTepu onicHUBar0TCA 1o hopmyne Belicbaxa:
2
h=( Y- , (18)
2g

e C - 6e3pasmepubiit KodhPUIUEHT, XapaKTEPUIYIOIIHUA MECTHOE COTIPOTUBIICHHUE;
V- cpenHsas CKOpOCTh B TpyOe, B KOTOPOU YCTAaHOBJICHO COIIPOTUBIICHMUC.
IToTepu Ha TpeHUE MO JUTUHE - 3TO MOTCPH, KOTOPHIC BOZHUKAIOT B MPAMEIX TPY-
6ax nocrosHHOrO cedcHus. OHu oneHuBaroTca o ¢opmyne Japcu:

1 v
h=n-t. 2 1
o (19)

r7ic A - 6e3pa3mepHbIii Ko UITUCHT ToTeph Ha Tpenue (koaddurueHt Jlapcu);
V - cpesHss 1o CEYCHUIO0 CKOPOCTh B TpyOCE;
I v d - niuna u quameTp TpyOEL.
Onpeneneune ko3dpduimentos { U A IS pa3IudHbIX CIy4acB, MMEIOIIUX IPaK-
THYICCKOC 3HAYCHUC IIPH PACICTaX MAaTUHOCTPOUTCIIBHBIX THIPOCUCTCM, PACCMOTPCHO B

paszerne 5.
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4. THAPOJNHAMHUYECKOE IIOJOBUE U PEXHUMbI TEYEHUSA
KNUIKOCTMN.

4.1. OcHOBBI FHAPOIMHAMHAIECKOr0 MOA00HS.

B rujpaBiuMke MMPOKO MCIIONB3YIOTCA METOJBI MOJIOOUS, KOTOPHIC TO3BOJISIOT
CYLICCTBCHHO YNPOCTUTH PCIICHUS TMPAKTAYCCKUAX 3aJa9 3a CYCT MCTOJIB30BAHUS YXKC
U3BECTHEIX (10J100HEIX) pemenuii. [Ipu 3ToM, Hanbosee CI0KHBIM BOIPOCOM SABISACTCS
BEIOOp KpUTEpHS 101001, T.C. MapaMeTpa OLICHUBAIOIICTO CTCIICHD "m0 j00H0CTU" JIBYX
IIOTOKOB. B kadecTBe Takoro kpuTepus Haubomee 1enecoodpa3Ho UCIIONB30BaTh Tak Ha-
3pIBacMoc 4ucio PeitHonbjaca Re. JTa BeluduHA NpONOPIMOHATIBHA OTHOUICHUIO CHJ
WHCPIIMY K CHJIaM TPCHUS U JIJIS KPYTIIRIX TPYO ONpEICIACTCS Mo

Re=V-d/v, (20)
rjie V - cpeHss 10 CCYCHUI0 CKOPOCTh B TpyOe;
d - muameTp TpyO=I;
V- KWUHCMATUICCKas BA3KOCTh KUIKOCTH.

Ot gucna PeitHonb/ca 3aBUCAT MHOTHC MapaMETPhl MOTOKOB PCaIbHOM KUJKO-
ctu. Hanpumep, Re ojHO3HA4YHO omnpeeisdcT BeaumduHy koddduimenta Kapuomuca,
OKa3bIBAIOT CYIICCTBCHHOC BIUsAHUC Ha KoddurenT Japcu u 1.1

4.2. PexxiMblI T€4eHHSA KHIKOCTH.

IIpakTuka MOKAa3KIBACT, YTO BO3MOXKHBI JIBA PCKUMA TCUCHUS KUJIKOCTH: JIAMU-
HapHEIA U TypOyJICHTHRIN.

JlamuHapHEI peXxuM (JaMUHApHOE TEYCHMC) - ITO CIOMCTOE TedeHue O6e3 mepe-
MCIITMBAHUA KUJIKOCTU U O6€3 MyJIbcallui CKOPOCTCH U JIAaBJICHUM.

TypOynentHeiii pexxum (TypOyJeHTHOE TEYCHHE) - ITO TCUCHHE C IIepeMe-
IIMBAHUCM CJIOCB XKUJIKOCTH, MHTCHCUBHBIM BUXpPCOOpa30BaHUEM U IyJIbCAIIUSAMU CKO-

pOCTEil U JJaBJIICHUNA.
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JU1s KaX/10r0 U3 OTMCYCHHEIX PEKUMOB TCUICHUS XapaKTCpHEI CBOU 0COOCHHOCTH
Y 3aKOHHI (3a9acTyi0 BechbMa OTIW4HEIC). [[03TOMY BaXKHO ONIPEJICIUTh KaKOe TCICHUC
MMEET MECTO B KaX/I0M KOHKPCTHOM CITydJac.

B xadecTBe KpuTEepUs peKUMa TEUEHUs HCIIONb3yeTcsa duciio Peitnonbnca. Eciu
ero BenuauHa He npeBriniacT 2300, To pexxuM cauTaroT JamMmuHapHeIM. [Ipu Re Gomnbiie
4000 naunnactca TypOyJICHTHOE TCICHUC.

B nuanazone uucen Peitnonsiaca ot 2300 go 4000 cymecTByeT nepexojiHas 00-
JacTh, KOTJa CIOMCTOC TEYCHUE YXKE pa3pylIMIoch, a MHTCHCUBHOTO BUXpeoOpa3zoBa-
HUS eIe HeT.

4.3. KaBuTanuMoHHoe TeuyeHue.

PaccmoTpuMm TedeHue )uaKocTu depe3 TpyOKy nzobpakenHyro Ha puc.11. B mec-
T€ CYXCHUS NMOTOKa (cedeHue 2-2) CKOPOCTh KUJKOCTU yBCIWIWBACTCH, a JIABIICHUC
YMCHBINIACTCA M, CCIM €ro BeIWMJMHA
CTaHCT PaBHBIM  JIaBJICHUIO HACBIIICH-  ——
HEIX TapOB, TO HAYMHACTCA WHTCHCUB-

Hoc mapoobpazoBanuc (kuncHuc). JIBu-

o———— - -
TajgCb BMCCTC C XMJIKOCTBIO IIY3BIPBKH
Ta30B, ITOIIA/TaIOT B PACTIAPAIONTYIOCI
qacTb TPY6KI/I, TAC CKOPOCTH YMCHb- 1

maecTcsd, a JaBJICHUE BO3pacTact. Ben. 1. Baaeo adey.
BriienuBivecs ra3el U Iaphl KOHJICHCUPYIOTCS M ITy3BIPhKH "'CXJIONIBIBAIOTCS .

Takoe gBIICHHC NTOTYYWIO Ha3BaHUC KaBUTAllUHU, a TCUCHUC - KaBUTallMoHHOC. Ka-
BUTAIUSA CONPOBOXKJIACTCA XapaKTCPHEIM IIIyMOM U BuOpanucii, a npu JIMTEIEHOM BO3-

)IGI‘/'ICTBI/II/I = HOCTCIICHHBIM Pa3pYyIICHUCM (SPOBHGﬁ) MCTAJINIMYCCKNUX CTCHOK. KaBI/ITaIII/Iﬂ

MOXCT UMCTh MCCTO B TH/IpOMAlIIMHAX, 4 TAKIKC HaA JIOTIACTAX rpe6me BHUHTOB.



17

5.TUAPABJIMYECKMUE IIOTEPH.
5.1.IloTepu HA TpeHHE NMPH JAMMHAPHOM Te4eHUH B TpyDax.
IIpu 1aMUHApHOM TEYEHUU 3MIOPA PACIIPE/ICICHUSI CKOPOCTE V 10 cedeHUIo IIo-

TOKa HOCUT Napabonudeckuii xapakTep (puc.12,a ) u onuceIBaeTCsS ypaBHCHUEM

V=%-(r02 -r’) . (21) —
4ul =
I7I¢ App- TOTCPH JIaBICHHUS HA TPCHHUC
B TpyOc JuHO¥ /;
].L - JUHAMHUYCCKAA BA3ZKOCTH XUJI- ~4
i
KOCTH; 3) 63l of adiaj &) 0 00408aT Of &y
¥ U ry - TeKyIiuii paguyc u paguyc  Def. 12. Yipd( daii 04aaéai &y nel of io aé.

TPYOHI.

Taxoii 3aKOH paclpe/ICICHUS CKOPOCTEH onpeenseT BenuduHy kodddunuenTa
Kapuonuca s namunapHoro pexuma tedeHus o, = 2 (cm. pazjaen 3.4). Kpome Toro,
3aBUCHMOCTh (21) mO3BOJNACT HAWTU COOTHOUICHUE MaKCUMAIBHOHN V. (Ha ocu TO-
TOKa) M cpemHel Vo, CKOpOCTEH: Vg / Vop = 2.

Kpome Toro, ¢popmyina (21) mo3Bosser NOIyIuTh 3aKOH CONPOTUBIICHUNA IIpH Ja-
MUHApHOM pexuMe TeducHus (3akoH [lyaseiins) B kpyrio# Tpybe, T.e. 3aBUCUMOCTS I10-
TEpb OT pacxoja Q

_128-v-I-p
L 7.cd4

128-v-1

Ap
IJIC V ¥ P - KHHEMaTu4ecKas BA3KOCTh U INIOTHOCTE pabodeil KU IKOCTH;
hw, = Ap.p/p-g - IOTEpH HAllOpa HAa TPEHHUE B TPyOE.
Anamm3 3aBucumocTeit (22) u (23) mo3BoJET cjenaTh BEIBOJ, YTO IIpU JJaMUHAp-

HOM PpCKXUMC TCUYCHUA IIOTCPU HA TPCHUC ITPOIIOPIIMOHAJIBHLI PpaCXoay XHUJIKOCTHU

(puc.13).
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®opmyna s BerauciicHus kodgdunuenta apcu s 1TaMUHAPHOTO PEKUMA MO-
KET OBITH OJTydCHA U3 COBMECTHOTO pemicHus ypaBHeHudt (22) u (19), nepBoe u3 xo-
TOPBIX CHPaBE]IMBO TOJIBKO JUIS TaMUHAPHOTO TCUCHUS, a BTOPOC - IIpu JI0OOM Tede-
nuu. Torma, ¢ yactom (20),
A =64/Re. (24)

b b,y AG,, b o |

R

B
o Re.

Taxum obpazom, BenuauHa kodpdunuenta Jlapcu pu JaMUHApHOM PEKUME Te-
9YeHUS OJTHO3HAYHO OIpe/ienacTcs 9uciIoM PeitHonsaca.

5.2. Ilorepu Ha Tpenue npu TypOyJeHTHOM Te4eHHH B TpyDdax.

IIpu TypOyneHTHOM peXUME TCICHUS M3-3a MHTCHCUBHOTO BUXpeoOpa3oBaHUs U
IICPEMCIIMBAHUS CIIOCB XUIKOCTHA NMPOUCXOJUT BRIpaBHMBAHUE CKOpOcTed V mo cede-
Huio notoka. [loaToMy 3mropa pacnpe/ieicHus CKOPOCTEl UMEeT XapakTep Tpaleluu co
CTTIaXXCHHEIMU BepmmHamu (puc. 12,6), nmpudeM, IIpy yBeIWYCHUM CKOpocTed V (wmm
guceln Pelinonesica Re) ona Bce Oonee npubnmkaeTcs KBUIY IpAMOYTOJIbHUKA. A KO-
s punment Kapuomuca O, yIuTHIBAIOIIWIA HCPABHOMCPHOCTh PaCHpC/ICIICHUS CKOPO-
CTeil mo cedeHuio, - k eaununie (puc.14). CnexyeT OTMETUTH, 9TO IpPU PEUICHUM
IIPaKTUICCKUX 33729 IPUHUMAIOT O, = 1.

JUis BEIYUCIICHUS BEIWMYMHEI IOTEPh HA TPEHUE IIpH TypOyJICHTHOM TCYCHUHU HC-
nose3yercs dhopmyna Jlapcu (19). Ho, B oTingue oT TaMUHApHOTO pexumMa, ko3¢ duiim-

CHT A, 3aBHCHT HC TOJIBKO OT 4uciia PeliHONB/ICa, HO U OT IICPOXOBATOCTH CTCHOK TPY-
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6nl1. /Ina onpeaenenus 3toro ko3¢ duiimeHTa MoXeT OBITh UCTIOB30BaHA SMIIUPUICCKAL

AT:O,11-4,/%+§ , (25)
e

rae k - okBuBaneHTHas (CpefHss) BbICOTa OYTOpPKOB NICPOXOBAaTOCTY BHYTPCHHHUX

dbopmyna AnbTiryns

CTCHOK TpyOHrI (BEIOMpacTCs 10 CIPaBOYHUKY).
ITpu TypOyJICHTHOM pPEKUME TCUCHUS BBLICIAIOT TPU XapaKTCPHBIC 00JIacTH CO-
IIPOTHUBJICHUS.
IlepBast 0611aCTh - 00JIACTh THUAPABIMYCCKU TIIAJKUX TPYO, ryie Ko3hGUIUCHT A,
OT IICPOXOBATOCTU HE 3aBUCUT, a ONpEACIACTCA JUINL ducioM Pelinompiaca Re. 1o
OOBACHACTCA TCM, 9TO NP TypOYJICHTHOM PEXUME B TpyOc OKOJIO CTCHKU oOpazyercs
Bs3KUM (JTaMUHApHEIN) CITO# (M3-3a HU3KUX CKOpOCTEH, cM. puc. 12,6), 1 OH CKphIBacT
Oyropku mepoxoBaTocTH. B obnacTy TujpaBIMdYecKu THQJKUX TPyO BEIWYMHEI Re
UMCIOT OTHOCUTEIBHO Hebonbmue 3uadcHus. [ToaTomy B hopmyine (25) nepBoe ciarac-
Moe 68/Re 3HAUUTCIILHO OOJBINEC BTOPOTO k/d M MOCHCAHEE MOXKET OBITH OTOPOIICHO.
Tornpa uz dopmynsr Ansrinyns (25) nomydaerca popmyna brasuyca
A = 0,316
4/Re

ITonacranoBkoit hopmyns bnazuyca (26) B hopmyny Jlapcu (19), ¢ yaerom Bripa-

(26)

)enus g gucna Peitnonsiaca (20), MOXHO MoOKa3aTh, 9TO B 00J1aCTU TUAPABIMYCCKA
TJIaJIKUX TpyO MOTEpu Ha TPEHUS IPONOPLIMOHATIEHEI pacxoay B crenenu 1,75, T.¢.
Hy=K- o,
rjc K - ko3¢ duiiueHT TponopuruoHaILHOCTH.
Bo BTOpOIi 061acTH TOMIIIMHA BA3KOTO (JITAMUHAPHOTO) CJIOS YMCHBIIIACTCS, ¥ CTa-
HOBUTHCS COM3MCPUMOM C BBICOTOM OyropkoB mepoxoBaTocTu. OHM HAYWHAIOT OKa3bl-
BaTh BIusAHuE Ha conpotunicuue. Koapdunuent A, B 3Toii 001aCTH 3aBUCUT OJJHOBpE-

MEHHO OT 9uciia Re U OT OTHOCUTENBHOM IepoxoBaTocTu k/d. IloaToMy ero BenmudnHa
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onpeienserca popmynoi AnsTiryns B obmiem Bujie (25). Ilotepu Ha Tpenue 3/¢Ch Tak-
KE PacTyT C YBEIMYCHHUCM pacxojia, HO MOKAa3aTellb CTCIICHA MCHACTCSA B IpeEJIciiaX OT
1,75 no 2, T.c.
HszK- Q1,75+2
B TpeTneii obmacTu ToNmMHA BA3KOTO (JIAMUHAPHOTO) CJIOS KpaiiHe mana u Oy-
TOPKH IIICPOXOBATOCTH OKA3bIBAIOT OTIPC/ICIIAIONICE BIMSHAC HA COMMPOTUBIICHUC ITOTOKY.
J10 obnacts Gonpiux uucen Re, modtomy B popmyne (25) nepBoe cimaracmoc 68/Re

3HAYUTCIILHO MEHBIIE BTOPOro k/d n Benuaunoi 68/Re moxHo nipeHeOpeus. Torma

A, =0,11-4\/§ , 27)

T.C. HC 3aBUCHUT OT 4ucia Peiinonpsca. HezaBucumocts A, 0T Re onpejenseT Ipornop-

IMMOHAIILHOCTE IIOTCPb HA TPCHUC KBAJIpaTy pacxoja, T.C.

ho=K-Q

HOSTOMy Ty obiacTth COIIPOTHUBJICHUSA HA3LIBAIOT 001acThIO KBaJIpaTUIHOT'0 COITpO-

TUBJICHUS.
Taxkum oOpas3oMm, ecau 0OpU JTaMU- ‘ .
pazom, p hss, Aao 5
HapHOM PCKUMC TCUCHUSA MOTCPU HA TpC-
HUC MO JIIMHC NPONOPIMOHAIBHEI pac-
X0y B TIepBoii cremnenu (puc.13), To
1pu TypOYyJICHTHOM TCUCHUM HTa 3aBUCU-
MOCTh HemuHelHa. E€ creneHhr MeHsSeTcs — 2
Re=4000

oT 1,75 (B obnacTu TuipaBIAYCCKA Tiaj-
Kkux TpyO) 10 2 (B obnacTu KBaJpaTUIHO- ben. 15. Caé
TO CONIPOTUBIICHUA) - puc. 15.

5.3. Ilorepu B MeCTHBIX IHIPABIUYECKUX CONPOTUBICHHUSIX.

[Totepu B OONBIIMHCTBE MECTHBIX TUJIPABIMYCCKUAX COIPOTUBICHUI BBRI3BAHEI

BI/IXp606paBOBaHI/ISIMI/I n ABIIAIOTCA CICIACTBHCM HN3IMCHCHHA KOH(I)I/II‘ypaIII/II/I IIOTOKOB
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(CycHMS, pacIIMPCHUS, IIOBOPOTEHI U T. JI.). Takuc moTepu MpoNopIHOHAILHEI KBaJ[paTy
pacxojia WM CKOPOCTH U Beigucisgiorca o dopmyne Beticbaxa (18). IIpugem, xoad-
(GHUIMEHTE MECTHBIX CONPOTUBJICHUH ( B GOJBIIMHCTBE CIIydacB ABIAIOTCSA BEIMIMHAMM
MTOCTOSHHBIMHA. A WX YUCIICHHBIC 3HAYCHHUSA OIPCJICIAIOTCA TCOMCTPUICCKAMUA COOTHO-
ImcHUAMHA. PacCMOTpPUM HEKOTOPEIC HAMOOJICE YaCTO BCTPCYAIOIIMCCA MCCTHEIC THJIPaB-
JINYCCKUC COMPOTUBIICHUA.

ITpu BHE3AMHOM PACHIMPEHUH TIOTOKA BeIWduHa { OIHO3HAYHO OPEHCIAETCS CO-
OTHOIICHUEM €T0 IUIOIIAJIeH J0 paciiupeHus S 1 mocie S,

Cpaem = (1 = 81/ So)°.

B gactHOM citydae, KOr/ia )UJIKOCTh BRITCKACT U3 TpyOHI B Oak, T. ¢. Korjaa S; cy-
ICCTBCHHO MCHBIIE Sy, (paon NPUHMMACT 3HAYCHHUC PaBHOC cjuHuIE. IIpu IutaBHOM
PacCIIMPCHUY IOTOKA 3TOT KO3(PPUIIMCHT 3aBUCUT HE TOJHKO OT COOTHOIICHUS ILIONIA-
JICH, HO ¥ OT yTJIa PacIIupCHUS.

ITpu BHE3AITHOM CYXXCHHH MOTOKA ( TaKXKE 3aBUCUT OT COOTHONICHHUS IIIOIIAICH
JIO Cy>KCHUS S U TocTe S,

CCY)K = 0,5(1 - Sz/ Sl)

B gactHOM ciydae, KOr/ia JKUJIKOCTh BEITCKacT U3 6aka mo Tpybe, T. €. korja S)
CyIIecTBEHHO Gombuie s, (eyx = 0,5. IIpu mnaBHOM CyXKEHUM IIOTOKA Ha BEIMIUHY KO-
a¢PUIMCHTa COTPOTUBIICHUS OKA3bIBACT BIUSHUC U YTOJI CY>KCHHUS.

IIpu OBOPOTE MOTOKA, KOTOPHIHA [IPUHATO HA3BIBAThH KOJCHOM, { 3aBHCHT OT yIJa
¥ OTHOCHUTCIIFHOTO paJuyca MOBOpoTa (COOTHOIICHUC pajauyca W JuaMcTpa TpyOsr). B
9acTHOM cliydae, npu noBopoTe Ha 90 rpamycoB 6¢3 3akpyricHus, K03 UIIMCHT CO-
TIPOTUBJICHUS PAaBCH CIMHUIIC.

B nepcunciICHHBIX U JPYTUX CIy9asX MCCTHBIX THAPABINYCCKUX COIPOTUBIICHUANA
Benuauiel k03¢ duimenToB { MOXHO ONPENEIUTEL C UCTIONBL30BAHUEM CIIPABOYHOMN JIU-

TEpaTyphl N0 THJIPABIIUKC.
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6. ICTEYEHME XHUJIKOCTH.

Ilpn pacdere KBaJpaTUYHBIX MCCTHBIX CONPOTHBIICHWMN NIAPOKO HCIIOIB3YCTCH
¢dbopmyna uctedcHus, NodydcHHas u3 ypaBHeHus bepnymmu (17) ¢ ygérom 3aBUCHMO-
cteii (18) u (14). Ota dhopMynia O3BOIACT ONPEACTUTE pacxo)i Q MpU UCTCUCHUU KUJT-

KOCTH 4C€PC3 COIIPOTUBIICHUC

Q=u-So2¢-H, (28)

rac U - 6e3pasmepnslii koadumuent pacxoga (U<1);
So - mIoma e 0TBepcTHS (HAUMCHBIICTO B JIAHHOM COIPOTHUBIICHUN );
H,- pacueTHEIN Hamop.
Koaddunuent pacxosa |L ompeseiseTcs Npou3BeIcHUEM KO3 GUIIMCHTOB CKa-
TAS CTpyu € U ckopocTu @ (U = €¢). Koadduiuent € paBeH OTHOUICHUIO TLIONIAIA
CTPYH K IUIOINAJA OTBEPCTHS, a () YIUTHIBACT BIUAHUAC HA pacxoj] kodddunuenTa mect-
HOro conpoTtuBiichus (. YucieHHsIe 3HAYCHUSA ITUX KOIDGUIIMCHTOB A Pa3IMIHBIX
MECTHBIX CONPOTHUBJICHUIA MOXHO HalTH C HMCIOJIL30BAHUCM CIIPABOYHOM JIUTCPATYPHI
IO TUJIPABIIUKC.
Pacdernniii Hanop /,, B G0NBIIMHCTBE CIydacB, paBEH Pa3HOCTU THpOCTATHYC-
CKUX HAIoOpOB JI0 ¥ MOCJIC OTBEPCTHUSA, YEPE3 KOTOPOE MPOUCXOUT ucTedcHue. Ilpu pe-

IICHUY MPAKTUYCCKUX 3aJ1a9 yI00HEE UCTIONB30BaTh JIPYTYI0 (hOpMYy 3alliCH 3aBUCUMO-

ctu (28)
Q=u~So,/§~Ap , 29)

r7ie Ap - iepenaj JaBJICHUS Ha OTBCPCTHUH.
3aBucuMocCTh (29) UCoONIB3yeTCSA MpPU pacdeTe JPOCCENCH, KIlallaHOB, pacIipe/ic-

JIUTCICH U JAPYIuXx 3JICMCHTOB T'HJIPOCHUCTCM.
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7. THAPABJIMYECKHI PACUET TPYBOITIPOBOJIOB.

7.1. 'mapaBau4deckuii pacyeT NPOCTHIX TPyOONPOBOIOB.

Tpy6onpoBo;; 6¢3 pa3BETBICHUIA NPUHATO HA3BIBaTh NpocThIM. [Ipu pacdere mpo-
CTBIX TPYOOIIPOBOJIOB UCTIONB3YETCA (DU3UMYCCKUI TapaMeTp - NOTPCOHBINA HAmop (MHO-
IJia 5TOT MapaMeTp HA3BIBAIOT pacrionaracMeiM HanopoM). [loj nmoTpeOHRIM HAOpoM B
JansHEehmeM 6y/IeM NOHUMATh MbE30METPUYCCKUIA HATIOp B HAYaJILHOM CCYCHUU, 00cc-
TICYMBAIOIINA 3a/ITaHHBINA PAcXo/I )KUJIKOCTH B JJAHHOM TPyOOIIPOBO/IC.

Ha puc.16 wuszobpaxen mnpo-
CTOU TPyOOIpPOBOJ] MOCTOSHHOTO CC-
YCHUA TMaMCTPOM d U JITUHOM [ ¢ He-
CKOJIbLKUMHA MECTHBEIMHU CONPOTHUBIIC-
uuamu. Ecim 3anucate ypaBHCHUC

bepuynnu nns cedenuii 1-1 u 2-2, To

ITOCJIC MAaTCMATHYCCKUX Hp606p2130-

BaHUii ITOJIYYUM BBIPAXXCHUC 1T I10-

Pen. 16. 1 61RO TE 08041161 41 4.

TpeOHOTO Hamopa

_ p
H =AM +-2+%h, , (30)

p-g
riae AZ - mepenaji BBICOT MEX/JTy KOHCYHBRIM U Ha49aJIbHBIM CCUCHUSIMU;
P2- JaBICHUC B KOHCYHOM CCUCHUM;
Yhyor - CYMMapHeIe TIOTEpH OT cedcHus 1-1 jo 2-2.
CyMMapHsbIc TIOTEpH Haropa B 0011IeM CIydae MOXHO IIPC/ICTaBUTh B BUJIC
Y b =K Q+KQ° 31

B mnpaBoii wactu 3aBucumocTu (31) cymMmmupoBaHBl TOTCpUM HaAmopa B THUjpaB-

JIMYCCKUAX COMPOTUBJICHUAX, KOTOPHIC UMCIOT MECTO B JJaHHOM TpybompoBoje. Ilepsoc

ci1aracMocC MpruCyTCTBYCT IIpU HAJIMYWN JIaMUHAPHBIX ITIOTCPh HA TPCHUC 110 JUIMHC WA
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JMHCHHEBIX OTEPh B MECTHRIX CONPOTUBIICHUAX. BTOpoe - npu Hamauu TypOyJIeHTHRIX
HOTCph HAa TPSHUC 10 JIJIMHC UK KBAJIPaTUIHRIX IOTEPh B MECTHBIX COTIPOTUBIICHUSX.
Koaddunuent K, moxer ObTh nomydeH u3 ¢opmynsl Ilyaseitng (22) ¢ ygetom
ToJIoXKeHuM pazjiena 5.3.2, a koaddurment K - uz popmyn Japcu (19) u Beiicbaxa (18)
C y4eTOM 3aBUCHUMOCTH JiIs pacxojia (14). Ot k03 HUIMCHTEI OTIPEICIAIOTCS TCOMET-
pUYCCKIMM TIapaMeTpamMu TpyOOIpOBOJOB U CBOWCTBaMHU KUAKOCTU. CleIyeT OJJHAKO
OTMCTUTbH, 9TO IpU TypOyIeHTHOM TedeHuu (0cOOCHHO B 001acTH TUIPABINICCKU TJIa/I-
Kkux Tpy0) xoddpdunmeHt K MOXET HECKOJIBKO 3aBUCETh OT pacxoja (cM. pazjen 5.2).
Kpussie notpebnoro nanopa npuBeaeHsl Ha puc.l7. IIpudem, na puc.17a 3aBu-
CHMOCTHU HOCAT JIMHCUHBINA XapakTep, T.e. K Qz = (, a na puc.176 - kBaJJpaTUIHBIA.
3aBUCHMMOCTH NOTPCOHBIX HANOPOB CBA3BIBAIOT OCHOBHBIC I'EOMCTPUYCCKUC Ma-
paMeTpsl TpyOOIIpOBOIOB, XapaKTEPUCTUKM JXUJIKOCTH U HapaMeTphl notoka. OHu Mo-
T'yT OBITh IIpe/icTaBiIcHRl B rpadudeckoM (puc.17) wmmu B anamutudgeckoM (30), (31)
BUJIC. DTU 3aBUCHMOCTH MO3BOJSAIOT CYIIECTBEHHO YIIPOCTUTh PAacdeThl CIOMKHBIX TH/JI-

PaABINYCCKUX CUCTCM.

‘/’ ‘/’

a) a)
faitota 1o oanol &a.

(@]

ben. 17. Cadenei TAd U 110 04ai

B pAacC CliydacB BMCCTO 3aBUCUMOCTCH l'IOTpe6HOI‘O Hariopa UCIOJIB3YIOT XapaK-

TCPUCTUKH TpPyOONpOBOJIOB. XapaKTCPUCTUKA TPYOOIPOBOJAa 3TO 3aBUCHUMOCTEH CyM-
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MapHBIX TIOTEPh OT pacxoia, T.€. X Ay = f{Q). OHa oTauMdacTcs OT JIMHUMA TTOTPEOHOTO
Haropa Ha BEIM9UHY TaK Ha3bIBACMOTO CTaTMIECKOI0 Hamopa
H_ =AZ+ 22 (32)
p-g

Y IPUMCHACTCA B pacdeTax MalllMHOCTPOUTCIBHBIX 0OBEMHEBIX THJIPOCUCTEM.

7.2. Coequnenus npocThiX TpyOonpoBoaos. CiaoxHbIi TPyOOIPoOBO..

7.2.1.ITocnedosamenvnoe coeOunenue nPpoCmMulx mpyoonpoeoooe.

ITpu nocneaoBaTeILHOM COCAMHCHUM HECKOJIBKUX MPOCTHIX TPyOOIIpOBOIOB (Ha-
IpuMep Tpex, cM. puc.18,a) pacXxojJsl B HUX OJMHAKOBHEI M TaKO# XKE pacxoj BO BCEM

CJIOKHOM Tpy0OoIIpoBojC (., COCTOANINAM U3 dTUX TPEX MPOCTHIX, T.C.

O1=0=05=0cx (33)
Ghe )
9 G O Gl o
G f 2/ 3/ 4
R 0= 1 1248 4
Zh,, Xh., =h,=h,=h, / ,/ /
A H 3

A

Pef. 18. N aaei aiey 161006 o604l T 67 &7 & a.
CymMmapHEele IOTepu Hanopa XA, (WIu NOTepU AaBICHUSA YAp.;) CI0XHOTO Tpy-
60IIpoBO/Ia B JaHHOM ciydac OyayT paBHEI CyMME IOTEph B IPOCTEHIX, T.C.
Yhy=h+h+h;  wmm YApen = p1+patps . (34)
®opmynel (33), (34) mo3BOIAIOT rpadUYCCKUM CIIOKCHUCM U3 XapaKTCPUCTUK
IPOCTBIX TPYOONIPOBOJIOB (MM UX MOTPEOHBIX HATIOPOB) NOMYIUTh aHAJIOTMIHYIO 3aBU-
CUMOCTB JUIS CI0XKHOTO TpybompoBoaa. Ha puc. 19,a npeacTaBieHsl XapaKTEPUCTUKU

TpEX MPOCTHIX TpyOoIipoBoaoB (iuHuu 1, 2 u 3). CnoxeHue XapakTepUCTUK IOCTICI0Ba-
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TEIBHO COC/IUHCHHBIX TPYOOIIPOBOIOB MPOBOJIAT IIPU HECKOJIBKHAX IIPOU3BOJILHO B3ATHIX
pacxonax. Hanpumep, npu Q = O* no (34) onpeaensaoT oTpe3oK X A, U NOTydaroT
TOYKY, NPUHAJUICKAIIYIO XapaKTCPUCTUKE CIIOKHOTO TpyborpoBoja (Touka E;). A 3a-

TCM I10 HCCKOJIBKUM TaKWM TOYKAM ITPOBOJAT CYMMAPHYIO XapPAaKTCPUCTUKY CIIOKHOI'O

TpybonpoBoja (Jiuuus Y).

\dp) By
x

2

y o drs

=A

pefi. 19. N&i sdi 84 620260 408fi0 &6 0 04T &7 4T &1 4.

7.2.2. Ilapannensnoe coedunenue npocmuvix mpybonposoooe.

IIpn mapamieIbHOM COCTMHCHUM HECKOJBKHUX IPOCTHIX TPyOONpOBOAOB (pucC.
18,6) pacxoasl B HUX B 001eM ciydae pa3nmuaubl. CymmapHeii pacxof (., TO0JIBOIA-
MBIN K CIIOKHOMY TpYOOIIpOBOJLy, COCTaBJICHHOMY W3 3THX TPEX MPOCTHIX TPYOOIIPOBO-
JIOB, (MJIA OTBOJIUMEIN OT HETO) OY/ICT paBCH CYMMC PacXoJIOB B IPOCTHIX TPYOOIIPOBO-
Jlax, T.C.

Q= +0r+0s. 35)

A motepu Hanopa (WM JaBJICHUSA) B KaXKJIOM U3 MPOCTHIX TPYOOIPOBOJOB Oy IyT
OJIMHAKOBBI U paBHBEI CyMMapHOU MOTEpE Hanopa X A, (uiu JaBiacHus XAp.;) B CIOX-
HOM TpyOOIIpOBO/JIC, T.C.

Xhy=h=h=h; WAIA YAp..=Ap1=Apr=Aps . (36)
®opmynst (35), (36) mo3BoNAIOT TpadUUCCKUM CIIOKCHUCM W3 XapaKTCPUCTHUK

IIPOCTHIX TPYOOIIpOBO/IOB (MM UX NOTPEOHBIX HANOPOB) NOJYIUTh AHAJOTMIHYIO 3aBU-
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CUMOCTb JUIS CJIOXKHOTO TpybompoBojaa. ClloXEHHE XapaKTCpUCTUK MapajieibHO CO-
CIMHCHHBIX TpyOorpoBoioB (Jinnuu 1, 2 u 3 Ha puc. 19,6) NpoBOIAT IpU HECKOIBKUX
IIPOM3BOJBHO B3ATHIX NOTEpSX Hamopa (unu jamicHus). Hanpumep, npu Xk = A* 1o
(35) omnpenensioT oTpe3ok Qg; U NOTYYAIOT TOYKY MPUHAJJICKAITYIO XapaKTCPUCTUKE
CIIOKHOTO TpybonpoBoja (Touka E,). A 3aTeM 10 HECKOJIBKUM TaKUM TOYKAM ITPOBOJIAT
CYMMAapHYIO XapaKTCPUCTUKY CIIOKHOTO TPyOOnpoBoia (JTMHUSA L)

7.2.3. Cnoacnntii mpy6onpoeoo.

Brime OplmM paccMOTpEHBI CiIyd9au, KOTJia CJIOXHBIE TpyOonmpoBoasl 006-
Pa30BBIBAJIA IIOCIICOBATEIBLHO UM HapajUIeIbHO COCIUHCHHBIC MPOCTHIC TpyOOnpoBo-
Jel. B obmiem citydae CIo)KHBIN TpyOOIIpOBOJA COCTOUT U3 IIPOCTHIX TPYOOIPOBOJIOB C
TIOCIIC/IOBAaTECIBHRIM U NApajUICTIBHBIM UX coeauHeHueM. [loatomy Juis mroboro u3 HUX
MO>XHO IIPUMCHUTH 3aKOHEI, UCIIOJIb3YEMBIC paHEe U MOIy49aTh 3aBUCUMOCTH ITOTpeOHO-
ro Hamopa (WIM XapaKTepUCTUKM) TEMHU XKe MeTojamu. B xadecTBe mpumepa paccMoT-
PHUM CIIOXHEIN TpyOonpoBo1 n300pakeHHEIN Ha puc. 18,6.

Ha puc.19,6 npuBecHBI XapaKTEpUCTUKY IPOCTHIX TPyOOIIPOBOAOB 00pa3yronmx
paccMaTpUBaCMEI CIIOXKHBINA TpybonpoBoj (munuu 1, 2, 3 u 4). Buagane cieayeT cio-
KUTh XapaKTCPUCTUKY NapaJlJIC/IbHEIX TPyOOIpoBoI0B 2 1 3 1o MeTo/iaM paszjcna 7.2.2.
B pesynpTaTe moiyduM XapakKTCpUCTUKY ycIOBHOro TpyborpoBoaa 2+3 (munus 2+3).
Toraa cnoxueli TpyOOIIPOBOJ MOXKHO NPEACTaBUTH B BUJIC TPEX MOCICIOBATEIBHO CO-
CAVMHCHHBIX TpyOorpoBoioB (puc. 19,2). 3arem CKIIaJIbIBACM XapaKTCPUCTUKU DTUX
Tpex TpyOONpoBOJIOB 1O MeToAaM paszzcna 7.2.1. B pesynbTaTe nolyduM CyMMapHYIO
XapaKTCPUCTUKY CIIOXKHOTO TpyOornpoBoia (TuHuS L).

7.3. TpyOompoBoj ¢ HACOCHOI MOAAYCH.

B MammHOCTpOCHUYM OCHOBHEIM CITIOCOOOM MOIa9¥ JKUJIKOCTHU SBIACTCS IIPUHY U~
TEJIbHOE HarHETaHUE HacocoM. B ocHoBe pacdeTra TpyOOIIpOBOJIOB C HACOCHOM Ioadeii
JIC)KUT 3aKOH COXpaHCHUS DHEPIUU, KOTOPEIN MPUMEHUTEILFHO K THApOCUCTEMaM y100-

HO 3aI1uCaTh B CICAYIOUICM BUJIC:



28

H, = Hyorp (37
rjie H, - Hanop Hacoca, T. €. IpUpalICHUE OJTHOM YACTBHON 3HEpruu, cooblracMoe Ha-
COCOM XMIKOCTH (TTopobHee cM. pazaen 9); Hyor - HOTPEOHEIN Hamop TpyboIipoBoa.
Wcnonn3oBanue ypaBHeHus (37) mpu pacdeTe TMIPOCUCTEM 3a9acTyiO 3aTpyjl-
HSCTCA CYUICCTBCHHOW CJIOXHOCTBIO AHAJIMTUYCCKOTO ONMUCAHWA 3aBUcUMOCTed H, =
S1(Q) u Hyor, = f5(Q). B 5TOM ciydac npuMeHAIOT Irpad0aHaNUTUICCKUI METO]] pacdeTa.
CymIIHoCTs 3TOT0 METOJ/Ia 3aKII0YacTCs B
TOM, 9TO Ha OJTUH rpauK HAHOCAT Xapax-
TepucTuku Hacoca H, = fi(Q) u Tpybo-
npososa My = f(0) (puc.20). Touxa

nepecedeHus 3TUX KpuBhIX R (pabodas

TOYKA) OIpeAcNacT paboumii pexxuM TujI-

pocuctemnl. Janee 1o rpaduky HaXoAAT

HaTop Hacoca u ero nojady O, mpu pabo-

TC C JaHHBIM TpyOompoBojgoM (puc.20).

8. TH/IPABJIMYECKHUM Y/IAP.

IMupaBnudeckuii yjaap BO3HMKACT B TpyOOIIPOBOAaxX NpU pPe3KOM M3MCHCHUU Ha-
IIPAaBJICHUSA JBV)KCHUS XUJIKOCTU, HAllpUMeEp, NP OCTAHOBKE NOTOKA M3-3a OBICTPOTO
TIepEeKphITHS 3aBKKU (KpaHa). OH npejcTaBngeT coboii KoneOaTeNnbHEIN MPolece COo
CKag9K000Opa3HEIMUA M3MCHCHUSAMU JIaBJICHUSA U MOXXET IPUBECTU K Pa3pylLICHUIO THAPO-
cucteMel. Hanbonbllyro ONMacHOCTh NPEJCTaBIACT HAadalbHEINA CKadOK JaBiicHusA. B
9TOM ClIydae KWHETHUIeCKas dHEPIHs JBMKYIICHCS KUJIKOCTH NIEPeXoauT B paboTy pac-
TSOKCHUS CTEHOK TPYOBI M CXaTus XuJIKoCcTH. Bemuuuna ynapuoro gasnenus Apy, Mo-
JKET OBITh BEIYMCIICHA IO hopmyiie JKyKOBCKOTO

Apy=p-Vo-c, (39)

Tac VO - Ha4aJIbHAsI CKOPOCTD JABMXXCHUA XKUIKOCTH,
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C - CKOpOCTb paclpoCTpaHCHUS CKadKa JiaBiacHU (y/IapHOUA BOJIHEI).
Benmuauna cKOpOCTH y/IapHOM BOJIHBEI ¢ 3aBUCUT OT YIIPYTHMX CBOWCTB TpYyOBI U
XuikocT. M yem onu 6oJice ynpyru, TeM MEHBIIIE ¢ M MEHBIIC CKa4OK JJABICHUS Apy,.
®opmyna Xykosckoro (39) cnpaBeuBa Npu NpSIMOM THJIPABINYICCKOM YjIape,

KOTI'/Ia BpeMsI 3aKphITHUS 3a]IBUKKHI
<t==, (40)

rie t-¢paza rugpoyaapa, T.e. BpeMsa HeoOxoaumoe g Ipobera yaapHOil BOJHEI
OT KpaHa JI0 Hadajia TpyoonpoBoja jinuHoii /[ u obpatno. Ilpu 7,4 > f) ckadok JAaBiic-
HUA Apy, TOIy4aeTcs MEHbIIC M TaKOW I'MIpOyJap HaswBaroT HenpameiM. ITosTomy

JI CHMXKCHUS yJIapHOTO JIABJICHUSA CICAYCT YBCIIMUYUBATH BCIIMYUHY tsaKp-

YACTSD 2. THAPOMAIIIUHBI 1 T'HJIPOITPUBO/IbI

9. OBIIIME CBEJIEHUS O THIPOMAIIINHAX.

9.1. OcHoBHBIC MOHATHSA | 001IHas KIaccupuranmsi.

IManpaBmuaeckumu MammmHamMu (TUJIPOMAIIMHAMK) HA3BIBAIOTCA YCTPOMCTBA, KO-
TOPBIC COOONIAIOT TPOTCKAIOMICH Yepe3 HUX KUJIKOCTU DHCPTUI0, WIM TOIY9aroT OT
JKUJIKOCTH SHCPTUIO U MEpearoT ¢€ Ha BEIXOHOC 3BCHO JIJI COBEPIIICHUS TOJIC3HOM pa-
OOTHL

Haubonee pacnpocTpaHeHHON pa3HOBUIHOCTHIO THIPOMAIIVH SBJISIOTCS HACOCHI.
Hacoc - aTo ruipomammuna, npe/iHazHaYCHHAS JUIA TpeoOpa3oBaHUs DHCPTUU TIPUBOJI-
HOT'O 3BCHA B DHCPTUIO MTOTOKA XKUIKOCTH.

BTopoii pa3HOBUAHOCTHIO TUJIPOMAIIIMH SBJISIOTCA THAPOJBUTATCIIA, HA3HAYCHUC
KOTOPBIX COCTOUT B MPOTUBONOJIOKHOM NpeoOpa3oBaHuy sHEpruu. I 'uipoiBUraTeis -
9TO THpPOMAIMHA, TIPCAHA3HAYCHHAS I TpecoOpa3oBaHUs SHECPTUM MTOTOKA KUJIKOCTH
B DHCPIUIO BBIXOIHOTO 3BCHA.

ITo xapakTepy CUIIOBOTO B3aUMOJICHCTBUS BCC TMIPOMAIIMHEI (HACOCHI U THJPO-

)IBI/II‘aTeJ'II/I) MoJaAPaA3JACILIIOTCA HAa TUHAMNWYCCKUC U 00BEMHEIE.
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B 1uHaMUYCCKON THAPOMAIIMHC CUJIOBOC B3aMMOJICHCTBUC MCXKIY pabodunm op-
TaHOM M XHJIKOCTBIO IIPOUCXOJTAT B IIPOTOYHON YaCTH, KOTOPAs MIOCTOSHHO COO0IIAcTCs
C BXOJ/IHBIM ¥ BBIXOJTHBIM TPYOOIIpOBOIaMH.

B 06BeMHOM TupoMamuHe pabounii IpOICCC MPOUCXOUT B 3aMKHYTHIX 00BC-
Max (paboumx kamepax), KOTOPhIC MONCPECMEHHO 3aMOIHAIOTCS KUJIKOCTHIO Y BRITCCHS-
etcs u3 uux. [Ipu sToM pabodric KaMEphl COCAUHAIOTCS C BXOHBIM WIIA BRIXOHBIM TpPY-
6omnpoBojIaMu.

9.2. OcHOBHBIC TapaMeTPhI THIPOMAIIINH.

IMojraga Hacoca - 3TO KOJUYCCTBO JKUJKOCTH, HATHETACMOC HACOCOM B CIMHUILY
BpeMenn. HanGonbliee pacpocTpaHeHue modyauia o6beMuas mogada O (M/c).

IMojraga 3TO MapaMeTp aHAJIOTMYHEIN pacxojty Juis TpyoonpoBoja. s ruipoaBu-
raTeeif HcHonb3yeTcs TepMuH pacxon O (M/c).

Hanop nHacoca - 3To monHas yJielibHAs DHEPrus, coodlacMas HacOCOM IOTOKY
KUAKOCTH. T. €. 3TO Pa3HOCTH MOJHEIX Y/ACIBHBIX YHCPIHH MOTOKA (TIOJHBEIX HAIOPOB)
Ha BRIXOJIC U3 HAcCOCa U Ha BXOJIC B HETO.

IIpeneOperas nepenaioM HUBEIUPHEIX BEICOT MCXKTY BXOJIOM B HACOC U BBIXOJIOM
U3 HETO, MAaTEMaTUICCKOC BRIPAXKCHUC JI HAOpa Hacoca MOXKHO 3aIlucaTh B CIICAYIO-

IIIEM BUJIE:

=2 ,c0 (41)
p-g

rjic Ap - mepenaj JIaBJICHUSA Ha Hacoce, T.C. Pa3HOCTh JIABJIICHWH Ha BEIXOJIC W Ha
BXOJIC B HACOC;

c-Qz - NpUPANICHUC CKOPOCTHOTO Harmopa (MMCCT MOJOXKUTCIBHOC 3HAYCHUC, CCIIU

JIMAMCTP Ha BBIXOJIC OOJIBIIC YCM Ha BXOJIC M PABHO HYJIIO NPU PaBHBIX JIAa-

MCTpax).
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Crnemyer OTMETUTE, 9TO B OOJILIIMHCTBE CiIydacB (0OCOOCHHO NpU pacdeTe THIPO-

CUCTEM C OOBECMHBIMM THIpOMAIIMHAMM) BTOPBIM cliaracMeiM B (41) mpeneOperaror.

Toraa g -4 (42)
P-g

Hanop nHa ruapoasurarenc - 3TO NONHAS YJCIbHAS JHEPIUSA, KOTOPYIO INOTOK
XKUJIKOCTU IiepesiaeT pabodeMy opraHy TUJpojBuratens. T.e. BelUduHA aHAJIOTWIHAsS
HaIopy Hacoca, HO B OTIMYMC OT Hacoca B TWIPOJBUTATCEIIC IIOTOK SHCPIUM HAIlpaBICH
B IIPOTUBONOJIO0KHOM HallpaBJICHUMN

IToaTomy j1a €€ orleHKH MOTYT OBITH UCIIOJIB30BaHKI 3aBUcuMOcCTH (41) u (42), HO
niepena;y JaBJICHUS Ha TupojBuraTesie Ap 6yaeT paBeH pa3HOCTHU JIaBICHUMA Ha BXOJIC U
Ha BEIXO/IC.

Ilone3noil MOIHOCTBIO Hacoca SABIACTCA MOIIHOCTh HAa BBIXOJC, T.C. THWJIpaB-
JI4ccKasg MOITHOCTh NTOTOKa Ny, TIo/ICAUTaHHAS 110

N:=Hp-g Q (43)
WM ¢ yacToMm (42) o
N:=Ap-Q . (44)
[ToTpebngemMoii MOITHOCTBIO ABIACTCA MEXaHWYECKas MOIIHOCTh Ha €ro Ipu-
BOJHOM 3BeHE (0OBIYHO Ha Baly), KOTOpas MOXET OBITh IOJICIUTaHA IO
Ny=M® . (45)
Torja ero K.1.J1. ONpeciIsIcTCs COOTHONICHUCM
Mu=N: / Ny . (46)

Kak 6p1710 OTMEYCHO, TTOTOK 3HEPTUH (MOIIHOCTH) B THIPOJIBUTATEIIC UMEET NPO-
THABOIIOJIOKHOC N0 CPaBHCHUIO C HACOCOM HarpaBicHue. I103ToMy 111 HeTo NOJIe3HOU
SABJIACTCA MEXaHWJIECKas MOIHOCTh Ha BBIXOJIHOM 3BCHE (HallpuMcep, Ha Bally) M OHa
MOXeT OBITh mojicauTana 1o (45), a noTpednseMoii - rupaBIndcCKas MOIIHOCTE ITOTO-
Ka JKUJIKOCTHU, BeIauciaseMas 1o (43) wmm (44). K. ruipaBIugecKoro JBUTaTels OIl-

PCACIECTCA COOTHOIICHUCM
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Nra™= NM /Nr . (47)

Crnexyer OTMETUTD, 9TO JIJIS XapaKTCPUCTUKKU DHCPIrCTUICCKUX MOTEPh B THJPO-
MalyHax KpoMe o0uiero K.Inj. 1], OIpe/IeiiieMoro BeipaxkenueM (46) umu (47), BBOJAT
YaCTHBIC K.I1.JI..

Mo - OOBEMHBIN K.II.JI. YIUTHIBACT NMOTCpU OOBEMA KUJKOCTA Ha YTCUKHA YCpE3
IICTTU ¥ 3a30PHI;

M: - TUJIPABIWYCCKUAMN K.11.JI. YAIUTEIBACT MIOTCPU Ha BUXpCOOpa30oBaHMS U TPCHUC B
TIOTOKE KUJIKOCTH;

Ty - MCXaHWICCKUNA K.ILJ|. YIUTHIBACT NOTCPU HA TPCHUC B MOJIIUITHUKAX U JIPY-
TUX Mapax TPCHUS.

ITpu >TOM OOIIMIA K.M.JI. TUIPOMAIIMHEI ONPC/ICIAACTCS MMPOU3BC/ICHUCM TPEX dYa-
CTHBIX, T.C.

N =M N Mu . (48)

Heo6x0uM0 yIUTHIBaTE, 9TO B HCKOTOPRIX TUIPOMANIMHAX OT/ICIIBHBIC BUJIBI TIO-
TCPh MOTYT UMCTh BEChMa MAJICHHKUC BCIMIMHBI WJIA OTCYTCTBOBATh. TOTJIa COOTBETCT-

BYIOIIII/Iﬁ JaCTHBIN K.II.JA. IPUHUMACT 3HAYCHUC PABHOC CIMHUIIC.

10. JMAHAMMAYECKHUE 'HIPOMAIIIAHBI.

10.1. Knaccupuxanusi TMHAMAYECKUX HACOCOB.

Kax 65110 OTMEUCHO BHIIIE, B JUHAMUYCCKOMN THJIPOMAIIIMHC CUJIOBOC B3aUMO]ICH-
CTBUC MCXK/Ty pabo4uM OpraHOM M XKUJIKOCTBIO MIPOMCXOJUT B MPOTOYHON YaCTH, KOTO-
pas IOCTOSTHHO COOOIIACTCSA C BXOJIOM M BBRIXOJIOM. JluHaMudeckue HaAcOCH Kiaccudu-
IIUPYIOTCS 110 XapakTepy TOT0 B3aUMOJICUCTBUS U TIOJIPA3JICIAIOTCS HAa HACOCHI TPCHUS
1 JIOIIACTHBIC HACOCHL.

B Hacocax TpeHUS HarHCTaHUC KUJIKOCTH OCYIICCTBIIACTCSA 32 CUCT TPCHUSA MCXK-
Ny paboduM OpPraHoM U XWJAKOCTHIO. K HUM OTHOCSTCS BUXPCBEIC, JIMCKOBBIC, YCPBIU-

HBIC (IIIHGKOBBIG) n Jpyruc HacCocChl. Hacocnl TpCHUA UMCIOT OIPpAaHNYCHHOC IIPUMCHC-
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HUC, TaK KaK B OCHOBY MX pabOTHI MOJIOKCH MPUHIIUI (TPCHUC), TTPC/ITIOIaTraroIvii 3Ha-
YUTCIBHBIC IOTCPY SHCPT M.

Haubonniee pacnpocTpaHCHUE TOMYYUIIA JIOMACTHRIC HACOCHL. B »TuX Hacocax
JKUJIKOCTh HATHCTACTCH JIOMACTAMHU, PAcOI0KCHHEIMU Ha BpanjaronieMcs pabodem ko-
JIeCC WK HETIOCPE/ICTBCHHO HA Bay Hacoca.

JlonacTHrIC HACOCHI B 3aBUCUMOCTH OT TPACKTOPUM JIBXKCHUS JKUJIKOCTU B TIPO-
TOYHOU YaCTH HAcOCa MOJPA3ICIAIOTCS Ha IICHTPOOCIKHRIC U OCCBEIC.

B 1eHTpoOCKHBIX Hacocax MXKUJKOCTh OTOpPAChIBACTCA, 3a CUCT IICHTPOOCIKHBIX
CHUJI, OT OCH Hacoca K niepudepun.

B oceBeIX Hacocax XapakTep B3aMMOICHCTBUSA MCXKTy JONATKaMU U JKUAJKOCTBIO
HC MCHSCTCS, HO TICPEMCIIICHUC TOCIIC/THCH NPOUCXOUT B OCCBOM HANPABJICHUMN.

Pabounec mporiecchl BO BCEX JIOMACTHBRIX HACOCAX OJIHOTUITHEI M 3aBUCUMOCTH, Xa-
PaKTCpU3yOIIUC UX paboTy OJIMHAKOBEI. YYUTHIBASA, 9YTO HAUOOJIBIICE PACIIPOCTPAHCHUC
B MaITMHOCTPOCHUHU HAIICH IICHTPOOCIKHEIN HACOC, paCCMOTPUM €ro paboTy nojipobHee.

10.2. XapakTepucTHKA U K.ILJA. HEHTPOOEKHOr0 Hacoca.

Ha puc.21 npuBeicHa npuHIMNIMAIbHAS CXEMa IICHTPOOCKHOTO HACOCA C OCCBBIM
BX0JIoM | u cripaibHeIM OTBOJIOM 2. OCHOBHEIM 3JICMCHTOM Hacoca SABISICTCS pabodce
Kozeco 3 c nonactamu (Jonarkamu) 4. Pabodee xoneco 1 mpuBouTCs BO BpalllcHUC Ba-
som. XXuJIKoCTs MOCTyNacT B HacoC 4epe3 BXoJ 1 u, momajias Ha pabodce xoneco 3, OT-
OpaceiBacTca Jionatkamu 4 K criupanbHOMY OTBOAY 2. Ilocnemnuii HampaBisSeT IOTOK
JKHJIKOCTH K BRIXOJy M3 Hacoca.

BaxueiuM nokasareinceM, ONpe/ICIsIONIMM dKCIUTyaTallMOHHBIC CBOMCTBA HACO-
ca, ABJIACTCS Cro XapakTCPUCTUKA. XapaKTCPUCTUKON HAcOcCa MPUHATO HA3kIBaTh rpadu-
YECKYIO0 3aBUCMMOCTh €T0 Hanmopa (WJId JIaBJICHUSA) OT 10JIa9y NPU MOCTOSHHON 9acTOTC
BpanicHus pabodero xoneca n. Takue 3aBUCUMOCTH JIJIS IICHTPOOCKHBIX HACOCOB MPUBC-
JicHsl Ha puc.22. [Ipudem, XxapakTepUCTUKA MOXKCT UMCTh dKCTpeMyM (iunus H;) wim

He UMeTsh cro (tuaus Hy)
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Q
pef. 21. Noal a 04l 087 daeeiial fanina.  Def. 22. 0adaed adefio eéa i afi fa.

Ha 3TOM e pucyHke IpuBe/icHa 3aBUCHMOCTbD K.I1.JI. IIGHTPOOEKHOTO Hacoca OT
€ro ToJIa9u, KOTopas JBax/Ibl obpamiactces B Hyib: npu Q = 0 (touka A) u npu H = 0
(Touxa B). Tak xak B oboux cimydasx noje3Has paboTa B coOTBeTCTBUU C (43) Taroke
paBHa HYJIIO.

Crnenyer OoTMETUTH, 9TO B JIOTIACTHBIX HAcOCaX MMCIOT MECTO BCE BUJIBI IIOTEPh
ONMCAHHBIC B pazjieic 9.2 u ux o61mumiA K.11.J1. onpeIensacTcs BelpaxeHueM (48).

3aBUCUMOCTH, IPUBC/ICHHBIC Ha pUC.22 MOIY9ar0T 3KCICPUMCHTAIBHO UM METO-
JIOM TIepecdeTa, ¢ UCIIoNIb30BaHueM (HopMyJ1 TEOpUH T0J00KS JIOTIACTHRIX HACOCOB.

10.3. Ilogo61e TO0MACTHBLIX HACOCOB U NEpPecYeT XapaAKTEePUCTHK.

Kputepuem nojiobust JIOMaCTHRIX HACOCOB ABJIACTCH KO3(G(UIMCHT OBICTPOXO/I-

Hoctu. O OIIPCICIHACTCA HA PCKUMC MAKCUMAJIBHOTO K.II.JI. 11O q)opMlee

ng =3,65- n0 (49)

H 3/4 2
IJic # - 9acToTa BpamieHus pabodero kozueca (00 / Mun);
H - nojraga Hacoca (M °/ ¢);

Q - nanop Hacoca (M).
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Crnenyet uMmeTh B BUY, 9T0 K03GGUIMCHT OBICTPOXOTHOCTH 7, ABJIACTCS pa3Mep-
HOM BCIMYMHOM, HO Ha IIPAKTUKE CTO Pa3MCPHOCTh OOBITHO HE ykasniBacTcs. [Ipumep-
HBIC 3HaYCHUA KO PUIMCHTOB OBICTPOXOITHOCTH COCTABIIAIOT:

- IeHTpoOEKHEBIC HACOCH 1, = 50 - 500;

- oceBrIe Hacockl n, = 500 -1000.

Takum obpazom, ucnonb3ys k03¢GGUIMCHT OBICTPOXOJHOCTH MOXKHO OIICHUTH
noiobue JIByX HaCOCOB, T. €. CCJIM OHU UMCIOT OJIMHAKOBBIC WM OJM3KUC 3HAYCHUS g,
TO OHM NOJIOOHEI. A Jy1a IBYX 1O100HEIX HacocoB (1 u 2) cripaBeIMBEI CIICTYIONIUC 3a-
BUCUMOCTH, CBA3BIBAIONINAC X OCHOBHEIC TAPaMCTPHI:

.D? D} H
LAE (50 N )
n, D, 0, n, -D, H,

rac D - quametp pabodero koineca (cm. puc.21).
Heob6x0/TuM0 OTMETHTD, 9TO MPUBC/ICHHBIC 3aBUCUMOCTH TPH UCIIONB30BAHUM WX
JUIS OJIHOTO Hacoca (TpW pa3HBIX YacTOTaX BpAUICHUS IMOCICIHEI0) CYNICCTBCHHO YII-

pomatorcs (D, = D,) v IpUHUMAIOT BUI;

n QO n12 1
1=t 50 B 51
nol (50a) Lo e

®opmynst (50)-(51) MO3BONAIOT NOMYIUTh XapaKTEPUCTUKY JIOIACTHOTO HAcoca,
€CJIA MMECTCA XapakTCpUCTUKa oA00HOT0 Hacoca (XapakTepucTUKa 1oJ00HOT0 Hacoca
MOXeT OBITh nojjo0pana 1o katanory). A ¢ ucnonszoBanueM (50a)-(51a) ananorudHeIM
obpa3zom MoxeT ObITh IepecuuTaHa XapaKTepUCTUKA Hacoca ¢ OJIHOM 9acTOTHI Bpalie-
HUS Ha JIPYTYIO.

10.4. KaBuTanus 1 KABUTAIMOHHLIN pacyeT HACOCOB.

B pazaene 4.3 6puta paccMOTpeHa KaBUTAllWs, BO3HUKAIONIAS B MECTHBIX TUJIpaB-
JNYIECKUX COIIPOTUBICHUSIX NPU BHICOKAX CKOPOCTAX JIBMXKCHUS JKUAJKOCTH. AHAIOTMd-
HOC SBJICHUC MOXKET IIPOMCXOUTH U B JIONACTHEIX Hacocax (0ORIIHO Ha BXOJIC B HACOC-

HOC KOJ'IGCO). B »sTom ClIydaC HAapyniacTCia HOpMaJibHasA pa60Ta Hacoca, 1 1najaaroT €ro
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9KCILTyaTallAOHHEIC TIoKa3zaTeiu. [ mpeoTBpalicHUS KABUTAIlMU B THIPOCUCTEMEC,
nocjic BeIOOpa Hacoca, MPOBOJIAT €O POBCPOYHEIN (KaBUTAIIMOHHKIN ) pacdcT.

HpI/I IMPOBCJICHUU 3TOTI'0 pacycCTa OIIPCICIIAIOT KaBI/ITaIII/IOHHBIﬁ 3ariac Ha BXOJIC B

HacocC Ah

KaB

_Po Vo P (52)
p-g 228 pg
TAC Vix ¥ Dsx - JABICHUC U CKOPOCTH )KUJIKOCTH Ha BXOJIC B HACOC;
Pun - TABIICHUC HACKITIICHHBIX TTAPOB JKUIKOCTH.

JInsa ycTpaneHus BO3MOXKHOCTU BOZHUKHOBCHUS KaBUTAIIUU OTa BEIIMYMHA JIOTIK-
Ha npeBbimath Ha 10-30% kpuTudeckuii KaBUTAlMOHHEINA 3amac Ah,g,, KOTOPHIA 3a/1a€T-
cs B macnopre Hacoca. [Ipu OTCYTCTBUM JIAHHBIX IO JIOITyCTUMOMY KaBUTAIMOHHOMY
3arnacy ero MOXHO Haiitu u3 hopmysl PyaHeBa

co_n0 53)
(h,/10)

rjc C - KaBUTAlIMOHHEIN K03¢HUIIUCHT OBICTPOXOHOCTA MOXKHO HAWTH 10 CIIPABOYHHUKY.

10.5. [unamuveckne ruipoABUraTe; M (ruapoTyponHsI).

B mMammHOCTpOCHMM HAILIM NPUMCHCHUC JIMHAMUYCCKUC THPOJIBUTATCIIN JIOTa-
CTHOTO Tumna - TuApoTypbunsl. ['uapoTypbuna 3To TUApoManImHa oOpaTHas JOMACTHO-
My Hacocy. OHU IPUMCHSIOTCS Ha TUJIPOIJICKTPOCTAHIIUAX JIJIS IPUBOJIa TCHCPATOPOB, a

TAKXKC B COCTABC TU/IPOIMHAMUYCCKUX TIEpe/ad aBTOMOOMIICH 1 TPaKTOPOB.

11. O BEMHBIE HACOCBI.

11.1.006mue cBoiicTBa U Kiaaccupukanmsi 00LeMHBIX HACOCOB.

B oTnvuuu oT JuHaAMUYCCKUX B OOBCMHEIX THApOMAaIIMHax pabodmii mporecc
TIPOUCXO/IUT HE B IMIPOTOYHOM 9acTH, @ B 3aMKHYTRIX 00beMax - pabouux kamepax. [loj
pabodcii KaMepoil TOHUMACTCS TIPOCTPAHCTBO, MIONICPEMCHHO COOOIIAIONICECS C BCACKI-

BAIONIUM U HAIOPHBIM TPyOOIIPOBOIaMHU.
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B nacocax HemocpeAICTBCHHYIO pab0oTy HarHeTaHWs XXKUJKOCTHA COBeplnacT pabo-
YUl OpraH, KOTOPHIA HA3BIBAIOT BBEITCCHUTEICM (MOPUICHBb, TUIYHXKCp, IUIACTUHA, 3y0
IICCTCPHU U T. JI.).

W3 cpaBHeHus pabodmMx MPOICCCOB JUHAMUYCCKUAX U OOBCMHBIX HACOCOB BBITC-
KaroT 00IIIME CBOMCTBA MOCIICHUX M0 CPABHCHUIO C IICPBBIMH.

1. HepaBHOMEpPHOCTH MO/Ia49M, KOTOpAs BEI3BaHA HATHCTAHWUCM JKUJKOCTH OT/ICIIb-
HBIMU 0O0beMamu (pabounmu KaMepaMu).

2. 'epMETUYHOCTB, TaK KaK 0OBEMHBIA HACOC OTJICIACT HANOPHEIA TPyOOIIPOBO/T
OT BCACHIBAIONICTO.

3. CamoBcaceIBaHMC - CIIOCOOHOCTH Hacoca, HadaB paboTy C BO3JyXOM BO BCa-
CBIBAIOIIICM TPYOOIIPOBOJIC, CO3/IaTh JOCTATOYHO OOJBINOC Pa3psSHKCHUC U T0JICOCATh
KUJIKOCTb.

4. XXeCcTKOCTh XapaKTCPUCTUKH, TaK KaK 10/1ada 00bEMHOT0 Hacoca Majio 3aBUCHT
OT JIaBJICHUS HATHCTAHUS.

5. Manas Tpe60BaTEIBHOCTD K BA3KOCTH XXUJIKOCTH, TaK KaK HCT BRICOKMX CKOPO-
CTCH TCUCHUS.

ITo xapakTepy BeITCCHCHUS pabodcii KUJKOCTA OOBCMHEBIC HACOCH JICIAATCA Ha
TIOPIITHCBRIC ¥ POTOPHEIC.

B nopuraeBEIX Hacocax BBEITCCHCHUC JKUJKOCTH MPOUCXOJUT W3 HCTOJIBUIKHBIX
pabodux KaMep B Pe3yJIbTaTC BO3BPATHO-TIOCTYIIATCIBHOTO JIBUKCHUS BEITCCHUTCIICH.

B poTopHEIX Hacocax BRITCCHCHUE XKUIKOCTH IPOUCXOJIUT U3 TICPCMCIIIACMEIX pa-
6049Mx KamMcp B pPE3yNbTAaTe BPAlIATCIIBHOTO WIM BpalIaTCIbHO-TIOCTYNATCIBHOTO JIBU-
JKCHUS BBITCCHUTCIICH.

11.2. IlopmHeBbIe HACOCHI.

Hacocs 3TOoro TMma B 3aBUCUMOCTH OT KOHCTPYKIIMA BHITCCHUTCIIS MOTYT OBITH

MOPIIHCBRIMH, TUTYH)XCPHBIMU WM JuadparMeHHEIMU(MEMOpPaHHBIMH).
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Hacoch ¢ mopimHeM B Ka94eCTBE BRITCCHUTEISA HAILUIM HAaMOOJBIICC IPUMCHCHHUC,
TaK KaK OHA OTHOCUTCIIHHO MPOCTHl B M3TOTOBJICHUU (CIICOBATCIILHO JICIICBEI), HAJICK-
HEI B pab0TC U UMCIOT BBICOKHME DKCILTyaTallMOHHBIC TApaMETPHI (Pmax = 10-30 MIIa).

[TnyH>xepHBIC HACOCHI 3HAYUTCIBHO CJIOXKHEC B MPOM3BOJICTBE, 3a9acTyI0 TpeOy-
IOT TIO/ITOHKU TIap TPCHUSA U TIOITOMY CYIICCTBCHHO Jiopoxke. Ho oHM MOTyT co3/1aBaTh
OYCHb BBICOKUC JIABICHUS (Pax = 100-150 MITIa).

JuadparmeHubic HACOCHI UMCIOT B KAa49CCTBC BBITCCHUTCISA TMOKMUI (PC3MHOBRINA
W CUHTCTUYCCKUI) 2JCMEHT - Juadparmy. MakcumanbHBIC JJABJICHUS CO3][aBaCMEIC
STHUMHM HACcOCaMM HCBCIIMKM W OTPAHUYIMBAIOTCA NMPOYHOCTHIO Jnadparmel. OHaKo
OHU HanbOJICC NPOCTHI B U3TOTOBJICHUMY.

XapakTepHoii 0COOCHHOCTHIO BCCX HACOCOB JIAHHOTO THUIIA SABJISACTCS KJIANaHHOC
PAaCIIpE/ICIICHUC KUJIKOCTH, T.C. IJIA BITyCKA XUJIKOCTU B pabodyro KaMepy | JIJIS BRITyC-
Ka ¢€ CIIy»KaT BIyCKHOM ¥ HAllOPHAIC KJIAllaHEI.

Ha puc. 23 npuseicHa yrpolncHHas KOHCTPYKTUBHAS cXeMa MOPIIHCBOTO HAcoca.
ITpu nBvxeHuu nopints 1 (BEITCCHUTEIB) CJICBA HAIPABO HAMOPHBINA KJamaH 2 3aKphIT,
a BITYCKHOM KJIanaH 3, OTKPEIT, ¥ XKUJIKOCTh 3aojaHsacT pabogayro kamepy 4. [Ipu obpart-
HOM JIBDKCHUM TIOPIIHA KJIalaH 3 3aKphIT, a KUJIKOCTh YCpPE3 HATIOPHEIN KjianaH 2 Ha-
THETacTcs B TpyOorpoBoji. Knanansl oTkpeIBaroTCs Oliarojiaps pa3sHOCTH JIaBJICHUM, a
3aKPBIBAIOTCA MO/ JICWUCTBUCM NPYXKUH (Ha PUCYHKC HE TIOKA3aHEI).

OdcHb CYIICCTBCHHBIM HEJIOCTATKOM TaKOT'O HAcOCa ABISCTCA KpaiHAS HCPaBHO-
MCPHOCTH €T0 Tojiadu (J 0 BPECMCHM  1M3-3a UCPC/IOBAHUSA TAKTOB BCACHIBAHUS U HATrHC-
tanud (uHus 1 Ha puc.24,a).

JIng yMCHBIICHMS 3TOTO HACOCHI JICTAIOT MHOTOKAMCPHBIMU  (MHOTO-
TIOPIITHCBRIMU), KOT/Ia B OJITHOM KOPITyCC 3aKJIFOYal0T HECKOJBKO paboumx kamep. Ha
puc. 24,6 npeJicTaBlIcHa 3aBUCUMOCTh Toj1adu () 1O BPEMCHM ¢ JUIS TPEXIIOPIIIHCBOTO

Hacoca.
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Kpome Toro, HepaBHOMCPHOCTH M0J[a9X HACOCa MOXCET OBITh CHUXKCHA 3a CYCT yC-
TaHOBKM B HAIIOPHOM TPyOONpOBOJIC THApOaKKymysaTopa (iuuus 2 Ha puc.24.,a). Ilox-
pobHEe 0 TUIPOAKKYMYIIATOpax cM. B pazjenc 13.4.

JIIs OICHKHW K.IIJI. T| TIOPIIHCBOIO HACOCAa MOXKCT OBITH MCIIONB30BaHA 3aBUCH-
MocTh (48). Onako, i1 60ILIIMHCTBA HACOCOB ATOTO THUMA 0OBCMHEBIC IOTCPU HE3HA-
YUTCIIBHEI ¥ O0BCMHBINA K.I1.JI. MOXHO TIPUHUMATH 1), = 1. Torja oOmmii K.I1./1. mopIIHe-
BOTO Hacoca OyJeT OmpeAciaAThCA MPOU3BC/ICHUCM THAPABIMICCKOTO T, ¥ MCXaHWYC-
CKOT'O Ty K.ILJI.

11.3. O0mue cBoiicTBA 1 KiIaccH(PUKANUA POTOPHBLIX HACOCOB.

B oTiuune OT MOPUIHCBBIX, POTOPHBIC HACOCHI MMCIOT IICpEMEIIacMEIC pabodric
KaMCpHhI, KOTOPHIC TIOTICPEMCHHO COOOIIAIOTCA C MOJIOCTAMM BCACHIBAHUS W HATHCTAHU.
JT0 JicTacT U3UITHUMY BCACHIBAIONINI U HAITOPHEIN KJIAllaHkl, 9TO B CBOIO 04CpC/Ib OIl-
PCACIACT XapaKTCPHBIC CBOMCTBA POTOPHBIX HACOCOB IO CPABHCHUIO C IIOPITHCBEIMM.

1. O6paTuMOCTS - CIOCOOHOCTH PabOTaTh B PCKUME THJPOJIBUTATCIICH.

2. BrICTpOXOHOCTE - 60JICC BEICOKAC CKOPOCTH BpAlICHUSA BCIYIICTO Baja.

3. Bonbmas paBHOMCPHOCTH I10JIa9H, TaK KAK POTOPHBIC HACOCHI BEITIONHSAIOTCS

MHOTOKaMCpHbBIMMH.
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4. TloBenieHHsie TpeboBaHuA K pabodcii KUIKOCTH, TaK KaK OHA OJHOBPEMCHHO
BEITIONHACT PYHKIIMY CMa3Ky.

KoHCTpyKIMy pOTOPHBEIX HACOCOB OTIMYAIOTCA BeChMa OOJIBIIMM pazHOOOpa3ueM.
Ha puc. 25 npejcrasiena ynpouicHHas kiaccuukanys 3TUX KOHCTPYKIUi, B KOTOPYIO

BKJIIOYCHEI HanboJjece HCTIOJIBE3YCMBIC POTOPHEIC HACOCKHI (HOJ'IHa.SI KJ'IaCCI/I(bI/IKaIII/ISI JdaHa

8 TOCT 17398-72).

v
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11.4. OcHoBHBIE Pa3HOBMIHOCTH POTOPHBIX HACOCOB.

Haubonee pacnpocTpaHCHHBIM W3 POTOPHBIX HACOCOB SABIACTCH INCCTCPCHHBINA
HAcOC C BHCIIHWM 3allCTUICHUEM, CXEMa KOTOpPOro IIpUBE/icHa Ha puc.26. Potopom cum-
TacTCH BEAylIas MICCTCpHS 1, @ BRITCCHUTENIEM - BesioMad 2. Bo BcackiBaronicii moaocTu
HAacoca XUJIKOCTh 3anoiHACT coO0M BIAJIUHBI MCXK]Ty 3yObsiMu 00CHX IICCTCPCH, KOTO-
phIC ABIAIOTCA pabounmuy KamMepamu. 3aT¢M MPOUCXOJIUT 3aMBIKAHUC (M3OJIAIMSA) dTUX

00BEMOB U MIEPEMEIICHUC UX TIO JIyT'aM OKPYXKHOCTCH B HAIOPHYIO IOJIOCTh Hacoca. B
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JATBHCHIIICM B TMPOLICCCC 3allCIUICHUSA KaXJIblii 3y0 IICCTCPCH BXOJUT B CO-

OTBCTCTBYIOUIYIO CMY BIIa/IMHY U BbITCCHSACT M3 HCC XKUJIKOCTD.

2 |1 2 3

k|

Peéf. 26. Qanoadai i (é i afi . Pef. 27. | éano e zao (ié i afi .

Bonsioe pacnpocTpaHEHUE IICCTCPCHHBEIX HACOCOB C BHCIIHUM 3allCIUICHUCM
O0OBACHACTCS IPOCTOTON X U3TOTOBJICHUSA U HAJIC)KHOCTHIO B OKCIUTyaTal[ii. ITH HACO-
CHl CO3/Iaf0T JaBicHuA jo 15-20 Mlla, paboraror npu gactote Bpamieunus 1000-2000
00/mMuH 1 uMmeroT noyneni k... 0,75-0,85.

IllecTepennpic HACOCHI ¢ BHCIIHUM 3allCTICHUCM TOJIYYWINM MCHBIICE Pacipo-
ctpancHue. OHU CIIOXKHEEC B MPOU3BOJCTBE, CO3JIAIOT MCHBINUC JABICHUSA (Dpax= S5-7
MIIa), HO OTIWYAIOTCA KOMIAKTHOCTBEIO. Pa3HOBMIHOCTBIO IICCTCPCHHOTO HAacoca C
BHYTPCHHUM 3alICTUICHUCM SBJISACTCSA TCPOTOPHBIA HACOC, KOTOPHIA MMEET CIICIIMAIBEHOC
3y0d4aroc 3alcIUICHuUC.

IIIupokoe pacnpocTpaHCHUE NOTYyYUIN TAKXKE IIaCTUHYATEIC Hacockl. Ha puc. 27
TIpUBCJICHA CXCMa TaKoro Hacoca. B maszax potopa 1, KOTOPEIA CMCIICH OTHOCUTCIIEHO
cTaTopa 2 Ha BCIIMYUHY AKCIICHTPUCUTCTA €, YCTAHOBJICHRI TIACTUHEI-BRITCCHUTEIH 3.

BpaIIIaSICB BMCCTC C POTOPOM 3TH INIACTUHBI, OAHOBPCMCHHO COBCpIIAIOT BO3BpPATHO-
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NIOCTYTIATEILHOC JIBMDKCHUE. Pabounmu xamepamMu Hacoca SBJISIOTCS OOBEMEI, Orpa-
HUYCHHBIC MTOBCPXHOCTAMHU poTopa 1 cTatopa 2 u coceanumu muactunamu. Ilpu Bpa-
IICHUU pOTOpa pabodue KaMephl CHavaja YBEIMIMBAIOTCA (IPOUCXOJUT UX 3allOJIHC-
HUE), a 3aTEM YMCHBINIAIOTCA (BBITCCHCHUE KUIKOCTH).

ITracTiHYATEIC HACOCH! OTIIMYAIOTCSA OT JIPYTUX POTOPHBIX HACOCOB KOMITAKTHO-
CTBIO, OHU IIPOCTHI B U3TOTOBJICHUY, HO HC MOTYT CO3/[aBaTh BRICOKUC JABICHUSA (Pmax =
7-14 MITa).

ITracTiHYATEIC HACOCHI, B OTJIMYUY OT IICCTCPCHHRIX, MOTYT BHINIOJHATHCS Pery-
JupyeMbiMH. J[Jis 3TOro B KOHCTPYKIMHU Hacoca JO/DKHA OBITH MPEyCMOTpPEHA BO3-
MOJKHOCTh TICPEMCIICHUS POTOpa OTHOCUTCIBHO CTAaTOpa, T.C. M3MCHCHUC BCIIMIUHEI
skcueHTpucurera e (puc.27). IIpu ymeHblieHuu e (3a c4eT cMelieHus poTopa) OyayT
yMcHbIIAaThCA 00BeMBI pabodnx xamep U Iojiada Hacoca, a ipu e = ) oHa cTaHeT paBHOM
Hym0. B ciydae manpHeiniero cMEmeHus poTopa rnojiada Hag9HeT YBEIMIUBaThCA, a Ha-
IIPaBJICHUC MOTOKA XKUJIKOCTA W3MCHUTHCSA Ha MIPOTUBONONOXKHOE. Takum ob6pa3zom, pe-
ryJiupyeMsblii HACOC MO3BOJIICT MCHATH N0Jady (M0 BEIMYMHC W HAIPABICHUIO) IIPH
TIOCTOSIHHOM CKOPOCTH BpalllcHUS €ro Baa.

AKCHaNBHO-TIOPUTHECBRIC HACOCH! BHIMOJHAIOTCA C HAKIOHHOW IIaiibod wim Ha-
KJIOHHEIM 6510kOM. Ha puc. 28 u300paxkeH akCHalbHO-TIOPIIHECBOM HACOC C HAKIIOHHOM
maiiboii 1, Ha KOTOPYIO ONUPAIOTCA OCHOBaHUA ILUTYHXKCEPOB (mopruneit) 2. [LryHxepsl
BpalaroTcs BMECTC C OJ0koM 3 W OJHOBPCMCHHO COBCPIIAIOT BO3BpPATHO-
MOCTYTIATCIILHEIC JIBDKCHUS OTHOCUTCIIEHO HETO.

ITpu 5TOM paboguc kamMepsl 4 U 5 MCHSAIOT CBO# 00bEM OT MUHUMAJILHOW BEJIMIH-
HEl (1103.4 Ha puc.28) 10 MakcuMansHOU (1103.5) U obpaTtHo. Jlia coeauneHus pabodnx
KaMep ¢ TpyOOIIPOBOIaMU CITY>KUT HETIO/IBYDKHEIN PACIIPEICIUTENb 6 ¢ Jyroo0pa3HbEIMU
oxnamu 7 u 8. OH yCTpOCH TakuM 00pa3oM, 4TO IIpU yBeIudcHUM oObeMa pabodcii Ka-
MEphI OHA COCJMHSACTCS C BCACHIBAIONIMM TPyOOIPOBOJIOM Yepe3 OKHO 7, a IpU YMCHb-

IICHUM - C HAIIOPHBIM Yepe3 OKHO 8. AKCHaJIbHO-TIOPIIHCBOM HACOC C HAKJIOHHEIM OJ10-
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KOM UMCCT aHAJIOTUIHYIO KOHCTPYKIIMIO, HO Y HCT'O OTHOCHUTCIIBHO OCH BpalllCHHUA HAK-

JIoHEH OJIOK, a He Iaiiba.

5 4 3

7 N ~A

Def. 28. A&feaslii-i10oi4aié ianin i ia8&Ti1i16 padalé.

AKCHaNbHO-TIOPITHEBOM HACOC MOXKCET OBITh perynmupyeMmsiM. IIpu perymuposa-
HUM cro pabodnii 00bEM U3MCHSICTCA 3a CICT U3MCHCHUS YyTJIa Y HaKJIoHa IaiOsl 1 (umm
6110Ka).

PaansHO-IOPIIHEBEIC HACOCH MONYYMIN 3HAYUTCIHHO MCHBIICEC PacIpoCTpa-
Heare. OHM OTIMYAIOTCS OT PACCMOTPCHHBIX PaHEE PaIMAIbHBEIM PaCIOI0KCHUCM
NOpIIHCH B OJIOKE ¥ KOHCTPYKIUCH Pacipe/ICITATEIIA.

AKCHANBHO-TIOPUTHCBRIC HACOCHI  SABJIAIOTCA  Haubojice TCXHUYCCKA  CO-
BEPIICHHBIMM U3 pOTOpHBEIX. OHM MOTYT CO3/1aBaTh BEICOKUE jaaBicHus (10 30-45 Mlla),
paboTaTh B IMMPOKOM JIMAra3oHe U3McHEHUs 9acToThl BpaumieHus (500-5000 o6/Mun) u
UMCIOT BeICOKMC K.I1.J. (710 0,90-0,92). OyiHako, CI0XKHEI B IPOU3BOICTBE (0COOCHHO pe-
TYJIUPYEMBIC) U TOITOMY SBIAIOTCS JIOPOTUMU. PaManbHO-NOPUIHEBEIC HACOCHI IO
OOJILIIMHCTBY CBOMX XAPaKTCPUCTUK OJIM3KU K MPCBITYIIMM, HO paboTaroT Ipy 3HAYM-

TEILHO 00JIeC HU3KUX 9acTOTax BpalllCHUA.
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11.5.0cHoBHBIE MapaMETPhI U XAPAKTEPUCTHKA POTOPHOr0 HACOCA

PoTopHriii Hacoc xapakTepusyeTcs, Pex/Jie Becero, pabodum obsemoM V), KoTo-
DBl OIIpe/IesACT €r0 OCHOBHEIC DKCILTyaTaluoHHbIC noka3atenu. [lox pabodum o6be-
MOM NOHUMAIOT WICaIbHYIO (TCOPETUYECKYIO) TI0/1ady Hacoca 3a OJIuH 000pOT €ro Baja.

Jis OolieHKM K.I.JI. POTOPHOTO HAacoca MOXCET OBITh MCHOJIB30BaHa oOmas Jyis
Bcex rujpomanH popmyna (48). Oanaxo, TUIpaBIMICCKUAC TOTEPH B POTOPHBIX T'H/I-
poManIMHax Majibel, IOATOMY MMM TIpeHEOperaroT u npuHuMaroT T, = 1. Torjga o6mmii
K.IL.JI. POTOPHOTO Hacoca PaBeH IIPOU3BCICHUIO €r0 00BEMHOTO K.II.J. 1), HA MEXaHU4e-
CKMH M, .

Teopetudeckas nojada Hacoca (Jr onpesciseTcs MPOU3BEACHUEM €ro pabodero
obBsema VyHa 9acTOTy BpallcHuUs #, a IIPU ONPE/ICIICHUM JICHCTBUTEIBHOM nojadu O He-
00X0/TuM y9UTRIBaTh 0OBEMHEBIC TTIOTCPH XKUJIKOCTH, T.C.

O =Von, (54) 0=Vo-n-Me. (55)

Kpytsamuii MoMEHT M Ha Bally Hacoca TakXKe 3aBUCHUT OT ero pabodero oobema u,

C YUCTOM MCXaHHWYCCKHUX ITIOTCPh, OIIPCACIIACTCA 3aBUCUMOCTBIO

M=Lo2 (56)
21,

rac Ap - epemnaj AaBiIcHU Ha HAacOCe.
XapakTepuCTUKON Hacoca Ha3bIBacTCA g’ 5max \B
rpadudeckas 3aBUCHMOCTh JIaBJICHUWS Hacoca
OT €ro Iojia4u. JTa 3aBUCUMOCThH IIpE/ICTaBIIA- Q
et coboit muuuo AB (cMm. puc. 29), HagabHOI

TOYKOM A KOTOpOH! SBISCTCA TCOpeTHYCCKas

nojiada Hacoca (J; (Ipu HYJICBOM JABJICHUU). |

Haxnon munun Ab BrI3Ban YTCUKaMHU XUJIKO- A

CTH 4YCpe3 3a30pbl. JTU YTCUKU HOCAT JIaMU-

HAPHEIM XapakTep, T.¢. uX BeauduHa (O,
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IIPOIIOPIMOHAJIEHA IaBIICHUIO U InHUA AD SBNISeTCS NpSAMOIA.

Onnaxo Takas XapakTepUCTHUKA HE BCET/Ia YAOBICTBOPACT TPCOOBAaHUAM IIPCIbA-
BISICMBIM K HacocaM, paboTaromuM B MAalIMHOCTPOUTEIBHRIX THjapocucteMax. Jlms
noirydenus Tpedyemoii xapakrepuctuku ACD (puc.29) ucnons3yroT nepeIuBHEIC Kila-
IIaHbBl WM HACOCHl C aBTOMAaTUYCCKUM PpETyJIMpOBaHMCM Iojadu. Takoe yCTPONCTBO
(Hacoc ¢ KJIallaHOM WM C PETyJsATOPOM I10J1adM) Ha3kIBAIOT HACOCHOM YCTaHOBKOM.

IIpu ucnons30BaHMM MCPEIMBHOTO KiianaHa (YCTpOHCTBO cM. B pazjcie 13.3.2),
KOTOPHI yCTaHABIMBACTCA HA BRIXOJIC U3 HACOCA, UMECECTCA BO3MOXXHOCTh NCPEIyCKaTh
XKUAKOCTh B 6ak, MUHYS rujpocucteMy. B 3ToM ciydac HacocHas ycTaHOBKa paboTaeT
CIICAYIOIUM 0Opa3oM:

- AC - iepemMBHOM KITaliaH 3aKphIT U BCA 110/1a4a HaIIpaBIACTCA B THAPOCUCTEMY;

- Todka C - KJlanlaH Ha9WHACT OTKPRIBATHCS;

- CD - 9acTb XKUAKOCTU CIUBACTCA B 0aK, MUHYS TUJIPOCUCTEMY;

- Touka D - xnanaH MOJTHOCTBIO OTKPHIT U BCA JKUJKOCTh IEpenyckacTcs B 0ax,
MUHYS TUPOCUCTEMY.

ITpocreiimii perynarop nojiadu npusecH Ha puc.28 (no03.9). On npejcTaBiger
co00i1 TUPOLMIMHJIP C TOJIIPYKUHCHHEIM MOPIITHEM, K KOTOPOMY IIOJIBEJICHO JIaBiic-
HUC Hacoca, U paboTaeT cleAyIomuM oOpa3oM:

- AC - nopleHb peryisaTopa HaxoJUTCS B KpailHCM NpaBOM IIOJIOXKCHWM, YOI
HaKJIOHa [1aiibkl 1 1 nojjada Hacoca MaKCUMaJbHEL

- Todka C - OpIICHL HAYMHACT CMEIAThCS BICBO;

- CD - nopuieHs 3aHMMAcT IPOMEXKYTOIHOE TIOJIOKEHUE, 10/1ada Hacoca MCHBIIIC
MaKCHUMaJIbHOU BEIIMIUHEI, HO O0JIbIIIe HYIIS;

- Touka D - mopiieHs perynaropa HaxouTCs B KpaifHEM JICBOM IIOJIOKCHUU, YTOJI
HaKJIOHA [Iaki0OkI U 1o/1a9a Hacoca paBHEI HYIIO.

IlepBrlif U3 pacCCMOTPEHHBIX CIIOCOOOB PETyIMpOBaHuUA 10ja9u He TpedyeT J0po-

TOCTOSIIIUX PETYJIMPYEMBIX TUPOMAIIWH, HO €r0 HCIIONB30BaHME BIICYECT 3a C00OOM
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SHEPrCTUICCKUC TTOTCPU B SKCIUTyaTalld, TaK KaK 9acTh JKUJIKOCTH MCPCIyCKACTCS Y-
pe3 kinanaH B Gak u He coBeplIacT mose3Hoi pabotsl. [Ipu ucrons30BaHMM BTOPOTO

criocoba HGO6XO)II/IMBI PECTYINPYCMEIC HACOCHI.

12. OFBEMHBIE T'HIPO/IBUT'ATEJIN.

B 3aBucuMOCTH OT XapakTepa JBUKCHUS BRIXO/IHOTO 3BCHA 0OBCMHBIC THPO/IBU-
TaTCIM MOXKHO Pa3/ICIUTh Ha THPOJBUTATCIIA BO3BPATHO-TIOCTYNIATCIILHOTO JIBHKCHUS
(regpouMIMHAPSLI) ¥ TUJIPOJIBUTATCIIN BPAIIATCILHOTO JIBKCHUS (THAPOMOTOPHI).

12.1. I'mapouMIvHIpHI.

IMuipolIUHJIpEl  pa3auYaroTcs N0 TPUHIUNY JCHCTBUA W KOHCTpykuuu. Ilo
TIPUHITUITY JICUCTBUS Pa3IMYaroT JIBa THUIA THAPOIUINH/IPOB:

- OJTHOCTOPOHHCTO JICHCTBUS - TIOJI JICHCTBUCM MOTOKA XKUJIKOCTU JIBUIKCHUC BEI-
XOJTHOTO 3BCHA OCYIICCTBJISACTCA B OJTHOM HANpaBJICHUM, a B OOpaTHOM - MCXa-
HUYCCKH (3a CYCT NPYKUHEI, Beca U T.J.).

- JIBYCTOPOHHCTO JICHCTBUSA - JIBUKCHUC BBIXOJIHOTO 3BCHA B 000X HATIPABJICHUAX

OCYUICCTBISACTCA MO/ ICUCTBUCM MOTOKA KUKOCTH.

[To KOHCTPYKIMY BBIJICASIOT TP TUIA THPOLIMIUHIPOB:

- IOPIIHCBEIC - BEIXOTHBIM 3BCHOM SIBJISCTCS IIITOK TTOPIITHS;

- IUTyHKCPHEIC - BRIXO/IHBIM 3BCHOM SIBJISACTCS TUTYHXKCED;

- TCJCCKOIMWYCCKUC - BBIXOJIHEIM 3BCHOM SBIISIOTCS HCCKOJIBKO TOPIIHCH WU
TUTYHXKCPOB, ICPEMCIIAIOIIUXCS BHYTPH JIPYT JIpyTa.

Haubonniiee npuMeHEHUE B MAIIMHOCTPOCHUM TIOJTy9IUIIA TIOPITHEBEIC THPOLIN-
JIMHJIPEI IBYCTOPOHHETO JICUCTBUSA C OJJHOCTOpOoHHUM ITokoM (puc.30). Crnexyer oTMme-
TUTb, YTO U3-3a PA3HEIX IUIONIAJICH (CIIpaBa U CJICBa) B3aUMOJICHCTBYIONIUX C JKUJIKOCTb,
MaTCMAaTUYCCKUC 3aBUCUMOCTH JIII HUX HCCKOJIBKO CJIOXKHEC, 9CM JII JIPYTUX THJI-

POLIAIIMH]IPOB.
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OmnpejiencHue Ticpenajia JTaBJICHUS Ha THAPOLMINHAPE JIBYCTOPOHHCETO JICHCTBUS
F
TIPOBOJIAT T10 Ap = T (57)
"Mu

rjc F - narpy3ska Ha mroke (cMm. puc.30);

S - mIomaas NOPITHSA CO CTOPOHKI MOJI-

BOJa XKHUJIKOCTH (l'[pI/I JBHXXCHHUHN XHUJIKOCTH

Q

CJICBa HAIIPABO 3TO IUIONMIAIh HOPINHA S =

2
wD"/4, a ipu JBUKCHUM CIIpaBa HAJICBO 3TO

p
‘n

0 Pi P>

— — Q
IIom@aab ITOpIIHSA 3a BBIYCTOM INIOLIA/IN _I I
- — — - — —

~ \

mroka S = 1t (D - d°)/4; pefi. 30. Aeadi 6edei 48 4a6R01 -
My - MCXaHWICCKUM K.ILJI. diiiaal aaénoaey.

I

Heobxo/uMo TakKe yduTHIBaTh, YTO W3-3a PA3HOCTH ILIONIAJICH, B3aUMO,ICHCT-
BYIOIIMX C XXHJKOCTBIO, pacxojasl O u (' pa3NWdHBl U COOTHOCATCH KaK COOTBCTCT-
BYIOIIWC ILJIONIA/IH, T.C.

2
s (58)

Jis GOJBIMMHCTBA THJIPOLIMINHJIPOB OOBCMHBIC U THJPABINICCKUC MOTCPH HE-
3HAYUTCIIBHEI, [IOTOMY IOJHBIA K.II.JI. ONPEACIACTCS BEIMYMHONW MCXaHUYICCKOTo, T.C.
N = Nu

12.2. I'mapomoTopsI.

I'uipoIBUTaTEI BPAIIaTCIHLHOTO JIBHXKCHUS (TUAPOMOTOPHI) 110 KOHCTPYKIIUA HE
OTJIMYAIOTCSA OT POTOPHBIX HACOCOB, TaK KaK IOCIICIHUC 00JIaIat0T CBOWCTBOM 00OpaTu-
mocTu (cMm. pazaen 11.3). KnaccudunupyroTcs TUIpOMOTOPEI TAKXKE KaK U POTOPHEIC
Hacockl (puc.25) u 0061aIaloT TEMU KE CBONCTBAMM.

HaubGonbmiee pacrpocTpaHeHUE MOMYIMIA POTOPHO-TIOPUIHCBRIC THAPOMOTOPEI.

Pa)II/IaJIBHO-HopIIIHGBBIe THUAPOMOTOPLI HUCIOJIB3YIOTCA B CUCTCMAX, THAC Tpe6yeTcsl

60mBIION KPYyTALIMIT MOMCHT, HallpUMEp, B MOTOpP-KOJIECaX TPAKTOPOB M TATadcil. Ax-
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CHUAIHLHO-TIOPIITHCBRIC THJIPOMOTOPEI OTIMYAIOTCA OT HUX BHICOKMMHU CKOPOCTSMHU Bpa-
IICHUS, HO OHUM CO3JIAI0T MCHBIIIAC KPYTAUIMC MOMCHTEI. Bce poTOpHO-TIOPIITHCBEIC Ha-
cochl 00J1a1a10T BEICOKMMH K.I1J. (1o 0,90-0,92), HO CI0XKHEI B IPOM3BO/ICTBC.

IllecTepeHHBIC ¥ TUIACTUHYATEHIC THIPOMOTOPEI UCTIONB3YIOTCA PEXKE. Y HUX HUKC
SKCILTyaTaIlMOHHBIC TTAPAMETPhI, HO OHU IPOCTHI B U3TOTOBJICHUM U TIO3TOMY JICIIICBIIC.

Pacdernric ¢hopMynnl /Ui THPOMOTOPOB OTJIMYAIOTCA OT aHAJIOTMYHBIX (GOpMYIT
JUIS POTOPHEIX HAcOCOB (55)-(56) 13-3a IPOTUBOIIOJIOKHOTO HAMPaBJICHUSA ITOTOKA MOTII-
HOCTH 4cpe3 Hux. Tak pacxoj xujakoctu () cBia3aH pabodum o6beMoM rupomoTopa V,
C 9aCTOTOW BpAIICHUS C€TO Bayia 7 (C y4CTOM €ro 00bEMHOTO K.II.JI. T),) 3aBUCUMOCTBIO

O=Vy-n/n, . (59)
A MOMCHT Ha BaJly THJIpOMOTOpa M, C Y4CTOM €T0 MCXaHUYCCKOTO K.ILJ. T), 4 BC-

JIMYWHLI IICPCIIaJia JJaBICHNA Ap, OIIPpCACIINTHCA 10

p=Yo 2 (60)
2n

I'mpaBnrdeckye NOTEPH B THIPOMOTOPAX TAKXKCE KaK B POTOPHBIX HACOCAX MaJlbl
¥ UMU TIpeHeOperaloT, T.e. IPUHUMAIOT THApaBINdeckuil K.I.a. 1, = 1. Torja momHsi

K.II.JI. M, PaBCH NPOU3BEJICHUIO OOBEMHOTO K.II.JA. T|, HA MCXaHUICCKUHA T)y.

13. 9JIEMEHTHBI OFBEMHBIX I'H/IPOITPUBOI0OB.

13.1. O01mue NOHATHUS U OMpPeEAeICHMSI.

[Tos TMIPONPUBOIOM TOHUMACTCSA COBOKYITHOCTh YCTPOMCTB, NpCAHA3HAYCHHBIX
JUIS Tiepejiauu ¥ NpeoOpa3oBaHUsS MCXaHWYCCKON SHEPIUM TOCPC/ICTBOM MOTOKA XKUJI-
kocTd. OOBEMHBIM THIPOTIPUBOIOM HA3BIBACTCS THUJIPONIPUBO/I, COJICP KA 0OHCMHEIC
TUJIPOMAIITHEI.

OOBCMHBINA THUJIPOTIPUBOJ] MOXKCT OBITH HEPETYIMPYCMEIM U peryaupyeMmeiM. B
perynupyemoM (YyIpaBIIICMOM) THAPOIPUBOJIC UMCCTCS BO3MOXHOCTh YIIPaBJICHUS Be-

JIWYUHOMN CKOPOCTH BbIXO/IHOTO 3BCHA.
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I'ponpuBO/IEl Pa3IMYarOT MO BUJY JIBUXKCHUS BBIXOJHOTO 3BCHA U IO CIOCO0Y
perynupoBanus (yIpaBICHUS CKOPOCTBIO BRIXOTHOT'O 3BCHA).

Mo BuTy ABVDKCHUS BRIICIISIOT JIBA TUIIA THJIPOIPUBO/IOB:

- TUJIPOTIPUBO/] BO3BPATHO-TIOTYIATCILHOTO JIBUXKCHMS,

- TUJIPOTIPUBO/I BpAIaTCIIEHOTO JIBMKCHUS.

ITo cniocoby perynupoBaHus pa3IudaloT CICAYIOMNC THPOTIPUBO/IBL:

- C JIPOCCCIILHEIM pETyIMpOBaHUEM (YIIPaBICHUCM );

- ¢ 00beMHBIM (MalIMHHEIM) PETyIUpOBaHUCM (YTIPABICHUCM).

JUIs u3ydeHus yCTpPOHCTBA M NPWHIIMIIA JICHCTBUS THIPOIIPUBOJIOB BCC COCTAB-
JIIOIINAC DJICMCHTHI TOCIICAHUX 1€J1eco00pa3HO pa3/ICIUTh Ha TPU IPYIIIEL:

- THJpoIicpe/iada - CHIOBas 9acTh TMAPOIIPUBO/A, BKIIIOYaronias Hacoc (WIM Ha-

COCBI), THJIPOJIBUTATCIb (MM THIPOJIBUTATCIN) M COCTMHUTCIBHEBIC TPYOOIIpo-
BOJIBI C pabodcii KUAKOCTBIO;

- TUJIpoanapaThl - yCTPONCTBA JUIA YIPaBJICHUS THIPONICPE/Iadcii;

- BCTIOMOT'aTCIIBHEIC THJIPABIIMICCKAC YCTPOICTRA.

13.2. I'uaponepenaym.

I'uaponepenayun moIpa3iCAOTCA 10 BULY JBYKCHUS BRIXOJHOTO 3BCHA Ha TWjl-
poriepe/iadi BO3BPaTHO-IIOCTYATCILHOTO JIBIDKCHUS ¥ THIPONCpE/Iady BpalaTeIbHOTO
JIBMOKCHUSAL.

OCHOBHBIMH 3JICMCHTaMM THAPOIICPE/Iad SBJIAIOTCS OOBECMHBIC THIPOMAIIUHEI
(Hacocel U TWAPOJIBUTATENIN), KOTOPEIC OBUIM MOJAPOOHO paccCMOTpEHHI B paszjaene 12.
3neck OyAyT JaHbl PUHIUIEI IOCTPOCHUS THJIPABIIMICCKAX CXEM U YCIIOBHRIC 0003Ha-
YCHUS BXOJIAIIUX B HUX YCTPOMCTB.

YcnoBusle 0603Ha4CHUS THAPOLMIMH/IPOB NPC/ICTABIIAIOT COO0M MX IPEJICIBHO
ynpolneHHbie n300paxenus. B xadecTBe npumepa Ha puc.31 npuBeicHs 0003HaYCHUSL
CIICYIOUIUX THPOIMIIIH]IPOB:

a- l'IOpIIIHGBOﬁ JABYCTOPOHHCTO HGﬁCTBHﬂ C OTHOCTOPOHHHUM IIITOKOM;
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0 - l'IOpIIIHGBOﬁ JABYCTOPOHHCTO )IeﬁCTBHSI C IBYCTOPOHHHUM IIITOKOM;

B - IUTyH)KCPHBIN (OHOCTOPOHHETO JICHCTBUSA);

T - TCIICCKOIMYICCKUM OJJHOCTOPOHHCTO ﬂGﬁCTBHﬂ TpeXCTYHeH‘IaTBIﬁ.

&

OO6patHelii X0/ TUAPOIUIVHAPOB OJJTHOCTOPOHHETO JICUCTBUSA MOXCT OBITH OCYIIICCTB-

JICH 3a CUCT IIPYKUHKBI U1K BCCaA ITIOJTHUMACMOTO TCJIA.

VYcaoBHeie 0003HaYECHNS OCHOBHEIX THIIOB POTOPHEIX HACOCOB W THJIPOMOTOPOB

CBCJICHHI B TaOIuITy:

O603HaYcHUS HACOCOB U THIPOMOTOPOB.

Tun TuaApOMalINHbI

OObryuas

PeBepcuBnas

Perynupyemas

Hacoc-motop

peryJIupyeMbIn

HACOC

TUJIPOMOTOP
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13.3. I'mppoannapatsl.

I'uypoanaparaMyu Ha3BIBAIOTCH YCTPOWCTBA, NPCAHA3HAYCHHEIC IS W3MCHCHUS
WM TIOJ/IJICp)KaHus 3a/JaHHOTO 3HAYCHUS [1apaMEeTPOB MOTOKA XUJIKOCTH (JIaBICHMS, pac-
X0/1a, HAIPaBJICHUS JIBHXKCHUS).

OCHOBHEIM 3JIECMEHTOM BCEX THJIPOAIIapaToB SBIISACTCA 3alI0OPHO-PETYIUPYIONIUI
3JICMCHT - JICTallb, IpU NIEPEMEIICHUN KOTOPOI M3MEHSACTCS IIPOXOTHOC CCICHUC TUJIPO-
anmapara.

I'uyipoarnmnaparsl, IPUMCHACMEBIC B 00BCMHEBIX THAPOINPHUBOIAX MOXKHO Pa3JICIATh
HA TP TPYTIIIEL:

- TUJIPABIMYCCKUC JIpocceNn (TUIPOIPOCCEIIN );

- TU/IPABIIMYCCKUC KIanansl (THJIPOKIIATIAHEI );

- TH/IPAaBIMYCCKIC pacupeIeauTenu (TUIpopacupe/ICIUTENN).

13.3.1. I'uopasnuueckue opoccenu.

I'upojapoccens — 3TO ryjapoannapar, Ipe/lHa3HaYCHHBIN /I CHKCHUS JIaBJc-
Hus (Hanopa) pabodeit xujakoctu. OH TpeJCTaBIACT cO00M MECTHOE TUJIPaBIMICCKOC
COTIPOTUBIICHUE.

Jpoccenu MOTyT OBRITH TMHEHHBIMU, KOT/Ia MECTHBIC TIOTEpH 00YyCIIOBJICHEI JaMu-
HAPHBIMU TCYCHUSAMHU WU TIOITOMY IPOIOPIIMOHAIBHEI PAcXoy. ITO JIOCTUTACTCH TCM,
9TO JIPOCCEIUPYIOIINA KaHall nMeeT OONBIIYIO IIUMHY U Majloe cedcHue. Takue Jpocce-
JIM PacCYUTHIBAIOTCA C UCTIONB30BaHueM popmyiel [lyaseiins (22)-(23).

OnHako, B OCHOBHOM B MAaIIMHOCTPOWTCIBHBIX T'HJIPONIPUBOJAX HCIOJIB3YIOTCS
KBaJIpaTUIHEIC JPOCCENU, IOTEPU B KOTOPHIX 00YCIOBICHK BUXpeoOpa3oBaHUEM U TO-
3TOMY NpONOPIMOHAIBHEI KBaJIpaTy pacxoja. [ pacdera 3TUX Jpoccereii UCTIonb3y-
eTcs hopmyna ucteacHus (29).

Jpoccenu OpIBaloT HacTpauBacMele (HEpETyIUpyeMBIC), MPOXOJHOE CEUCHUE KO-

TOpPBIX HC MCHACTCA B IIPOLICCCC pa60TBI, N PCTYIIMPYCMBIC, ¥ KOTOPBIX HUMCCTCA
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BO3MOXHOCTb IIPUHYJIWUTCIIBHOT'O HU3MCHC-

HUS TPOXOJHOTO0 cedeHus (TpocTeHUImit

peTyIupyeMBIii JIpoccellb - BOJIONPOBOJ- N \/‘

HEBIN KpaH). 7\ 7‘\
Ha puc.32 npuse/icHbl YCIOBHEIC 8.) / a)

obo3HadcHua Jpoccencii Ha cxemax (a — Pén. 32. Acadi a1 nnaée.

HEPETYIUPYEMEIiA; 6 - pETyJIUPYyCMEIii).
13.3.2. I'uopasauueckue Knanaunsl.
IMaipoknanan — 3To TujpoanmapaT, B KOTOPOM BCIWYMHA MPOXOJHOTO CCUCHUS

M3MCHSACTCS OT BO3/ICHCTBUSA MOTOKA pabodCii KUTKOCTH.

B 06BeMHBIX THIPONIPUBOIAX UCTIONIB3YIOTCA KiIanaHbl pa3IMdHOTO HAa3HAYCHUS.
Haub6omnee 9acTo BcTpedaroTcs HaOPHEIC KanaHel, KOTOPRIC IIPeIHa3HAYCHEI JITIS Orpa-
HUYCHUSA JIaBJICHUA B IO/IBOJIMMOM K HUM TIOTOKE. HamopHeIe KilanaHel 110 Ha3HAYCHUIO
Pa3JICIAIOT Ha TPCAOXPAHUTCIIBHBIC U niepesmBHEIC. [IpuHIun paboThl 3TUX KIIanaHOB
OJ/IMHAKOB, HO OHU PA3IMYAIOTCA 10 KOHCTPYKIIMM U3-3a Pa3HBIX 3aJiad CTOSAIIUX TICPE/T
HUMM.

[TpeoxpaHuTENIBHEIC KIIallaHbl JIOJDKHEI CpabaThiBaTh B KPUTUUICCKON CUTyalluu
TIpY TIPEBBINICHUM JIABJICHUS BBIIIC NPEJICIBHO JiomycTiuMoro. IloaTomy riaBuoe Tpebo-
BAHUC K HUM - HaJICKHOCTh CpabaThIBaHU.

Jns n3bexkanus 3aKIMHUBAaHUSA 3allOPHO-
PETYIUPYIOIIETO0 JJICMEHTa OHU OOBIYHO BEI-

MOJHAIOTCA mapukoBeiMu. Ha puc.33,a npuseje-

Ha KOHCTPYKTHBHaA CXCMa NIAPpUKOBOTO KilallaHaA.

INepenuBHble KiIamaHel paboOTalOT Hempe-

PBIBHO, IIOJJICPKUBAA 3a/laHHOC JIABJICHUC. Ilo-

3TOMY TJIaBHOE TpeOOBaHWEC K HUM HM3HOCOCTOM-

KOCTh U B KQ4CCTBE 3alIOPHO-PETYIUPYIOUICTO



53

3JICMCHTA Jallle BCETO UCTIOIb3yeTCs ILTyHKEpP (30JI0THUK).

Ha puc. 33 npuBcacHBl JBC KOHCTPYKTUBHBIC CXCMbl HAlOPHBIX KJIAMMAHOB: 4
— IIAPUKOBEIN, 6 - IyH)XepHBIA. [IpuHIun paboTel 060MX KIanaHOB OJUHAKOB: CCIIU
IIOIBOJIMMOE K HHUM JIaBIICHUE Py IPCBLICUT PACUYCTHYIO BEIMYMHY, TO 3alIOPHO-PCTy-
JUPYIOIIMA 3JICMCHT 1 COXMET NpyKuHy 2 U Tipousoifjiet "copoc” paBiacHUS Ha CITUB
@en)-

Kpome HamopHEIX KJIallaHOB B OOBEMHBIX TWIPONPUBOJIAX UCIIONB3YIOTCA TAKXKE
U JIpyTue KJanaHel: PeIyKIMOHHEIN (TIO/ICPKABACT MTOCTOSHHOC JIaBJICHUC Ha BHIXOJIC
U3 KJlalaHa), epenaja JaBieHus (0 ICp)KUBaeT IOCTOSHHBIN Iepenaj JIaBIcHus), Co-
OTHOUICHUSA JIaBJIcHUS (TI0/JICP)KUBACT 3a/JaHHOC COOTHOIIICHUE JiaBiicHus) u Jap. Ho onu
HCTIONB3YIOTCS CYIIECTBCHHO PEXKE.

Ha puc. 34 npuBeicHs! ycI0BHEIC 0003HAYCHNS pa3IUIHEIX KJIallaHOB Ha TU/paB-
JNYIECKUX CXCMax: @ — HANOPHBIN, 6 - pSAYKIIMOHHEBIN 6 - Iepenajia JaBJICHUS, 2 - COOT-

HOIICHWUA JJaBJICHH.

e 9 LI l

a) a) a) a)

pef. 34. ORéi ai 0a 1 afdiciataiey ééaiaiia.

B MalIMHOCTPOUTCILHBIX THAPOCHCTEMAX HC-
TIONIB3YIOTCSA TaKKe oOpaTubie xianansl. Onu obec- — I —
NICYMBAIOT JIBHXKCHUC MXHIKOCTH TOILKO B OJHOM N\
a)
Hanpasinenuu. Ha puc. 35,4 npuBeacHa KoHC- —_—
A

TPYKTHBHAs cXxcMa OOpaTHOTO KialaHa, a Ha puc. ) A ¢
35,6 - €ro ycIoBHOC 0003HAYCHHC., ben. 35. | 40aoi (é ééaiai
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Jl1g pacyeTa KJIallaHOB HCIHOJB3YIOT JIBA OCHOBHEIX YPaBHCHUS:

- yPaBHCHUC PABHOBECUS 3alIOPHO-PETYIUPYIOIICTO IICMCHTA;

- YpaBHCHUC UCTCUCHUS XKUJIKOCTH depe3 Jpoccenupyrouiee orBepetue (o ¢op-
myie (29)).

13.3.3. I'uopasauueckue pacnpedenrumenu.

I'mpopacnpe/IeIuTeNu - TUIpoaniaparsl, NpeHa3HAYCHHBIC JIJI1 U3MCHCHUS Ha-
IIpaBJICHUSA TTOTOKOB XUIKOCTH. Hauboms1iee pacpocTpaHCHUE TOTYIUIN KPAaHOBEIC U
30JIOTHUKOBEIC Paclpe/ICIUTCIIN.

Ha puc. 36,a npuBejicHa KOHCTPYKTUBHAS CXEMa KpaHOBOT'O pacIpe/ICIIuTeNs, 3a-
TIOPHO-PCTYIUPYIONIUH BIEMEHT KoToporo (mpobka) 1 MOXET coBepIaTh MOBOPOTHEIC
JIBWKCHUSL OTHOCUTEIILHO Kopryca 2. B paboudeii nmo3uiuu, n306paxeHHON Ha pUCYHKE,
XKUJIKOCTh OT Hacoca (p,) HalpaBsACTCA B THJIPOCUCTEMY IO KaHay 3, a BO3BpallacTcs
0 KaHalry 4 ¥ HampaBjseTcs Ha ciuB (p,;). Eciu npobky 1 moBepuyTh Ha 90 rpagycos,
TO THJIPOJIMHUS HATHCTAHWS COCJMHUTCA C KaHalIoM 4, a CIMB - ¢ KaHAJIOM 3, T.C. Ha-
IIPaBJICHUC TOTOKA JKUJIKOCTU 9YCpe3 TUIPOCUCTEMY M3MCEHUThCSA. Takoil pacnpesemu-

TCIIb, I/IMGIOIIII/Iﬁ JABC pa60tmx ITO3UIIWH, HA3BIBACTCA JIBYXITO3UIITMOHHBIM.

1 es j N f 2
1
AN .
3) 0, ) téf ‘5,

a
Péfi. 36. A2403A88+4MBR4 OAf 0444880 488,
Ha puc.36,6 mpejicTaBiena cxeMa 30JI0THMKOBOrO pactpejenurens. Ero 3amop-

HO-PETyIUPYIONH 31eMeHT (30JI0THUK) 1 MOXET coBepIIaTh IICpEeMEIICHUS BI0JIb OCH.

B HCXO}IHOﬁ IIO3HUIINH TIOACKH 30JIOTHHKA 1 MCPCKPLIBAIOT HAIIOPHYIO U CIIMBHYIO THU/I-
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ponuHuy. Takyro MO3UIMIO HA3kIBAIOT 3ancpToid. Ecnyu 3010THUK 1 cMECTUTD BIEBO, TO
XKUJKOCTh OT Hacoca (p,;) OyJeT HanpaBIATECA B TUJIPOCUCTEMY O KaHATy 2, a BO3Bpa-
IIaThcs 1O KaHaly 3 U HalpaBiIAThCA Ha ciuB (p.;). IIpu cmemenun 3onotHuka 1 Brpa-
BO TUJIPOJIVHUS HarHETaHWs COCAMHUTCS C KaHAJIOM 3, a c¢iuB - ¢ 2. Takoii pactipeenu-
TEJIb Ha3hIBACTCSA TPEXTO3UIIIOHHEIM.

Ha puc.37 npuBejieHEl yCIOBHEIC 0003HA4CHUS PACCMOTPCHHBIX paclpe/ieiu-
teneil. Ilpu ycmoBHOM 0003HadeHMM Kaxjjas pabodas NO3ULMS pacHpeICIUTeNs U30-
OpaxacTca B BUJIe IPAMOYTOJIbHUKA. BHYTpY HHMX CTpelkaMy MOKa3hIBAIOT Hampabiic-
HusA NoTokoB. Ha cxeme pacnpesienurens U300pakacTcs B UCXOJHOU MO3UIMU, K KOTO-
pOii TOABOJATCS TWIAPOIUHUU. J[1s TOro, 9T0OBI NpeCTaBUTh HAIIPABJICHUS TIOTOKOB B

JIpyTo# TIO3UINH, HAJ[0 MBICIICHHO ITOCTaBUTh €€ Ha MECTO UCXOHOM.

3| |4 3 |2

ARE" ,

a) aI' 5ﬁé

pef. 37. | i ¢i a+ai &4 dafii 0434680 484¢.

B ycnoBHoe 0603HadycHHE pacIpe/ICIUTENIA BXOJUT Takke 0003HAYCHUE YCT-
pOMCTBa, C NMOMOIIBI0O KOTOPOTO NepeMelIacTCs 3alopHO-peryaupylomuid opran. Ha-
npuMep, Ha puc.37,a npuBeAcHO 0003HAUYCHUC PACTIPCACTIUTENIA C PyIHBEIM yIIpaBJICHU-
cM, a Ha puc. 37,6 - C ICKTPOMAarHUTHBIM.

13.4. BcnomoraTeabHbIe THIPABINYECKHAE YCTPOCTBA.

K BcrioMoraTenbHEIM THAPaBIMYCCKUM YCTPOMCTBAM MOXHO OTHECTH DJICMCHTHI
TUJIPOIIPUBO/IA, HC OTHOCSIIUECS K PacCCMOTPCHHBIM I'pyniaM, HO 6e3 KOTOphIX OH HE
MOXXET HOpMaJIbHO paboTaTh: rujapobaxy, (PUILTPEHI, TEIJIOOOMCHHMKM, T'MIpaBiIMdc-
CKHUC aKKyMYJIATOPHI U JIp.

FI/IJIpaBJII/I‘IeCKI/IG Oaku CIIyXKaT Ul XpaHCHUS XHWJIKOCTH HGO6X0}II/IMOI71 JIA
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nuTaHus TujponpuBoja. I'uapobaku OwIBaroT ¢

aTMOC(CpHRIM JIaBJICHUEM HaJT CBOOOJIHON TIO- a) | |

BCPXHOCTBIO U C HM30BITOYHEIM JAaBJICHHUCM. Ha

puc.38 mpuBEJCHB YCIOBHEIC 0003HaYcHUS Oa- ( )
a)

KOB (a - ¢ atMoc(epHBIM JIaBIcHUEM B 6ake; 6 - ¢
M30BITOYHEIM JIaBIICHUEM B Oakce). ben. 38. Aeadi aace.

OunbTpsl NpeHA3HAYCHEI JUIS OYUCTKHA pabodcii )XUJKOCTH OT MCXaHUYCCKUX
npumeceii. [To crenenu ¢punbTpanuu (BeauduHa 3ajICpXKUBacMBIX dacTul] D) onu ObiBa-
10T Tpy6oit (D>0,1mm), Hopmansho#t (D>0,01MM)u  Tonkoit (D>0,005MM) ogucTky.
YcnoBHoe 06o3HadcHue (punbTpa NpuBeaAcHO Ha puc.39.a.

TemnooOMeHHUKH CJIYXKaT AJI OXJIAXJICHUSA

&

(puc.39,6) uma wnarpea  (puc.39,6) paboucii

xuaxoctu. OHHU, Kak U QUILTpEI, IpeHA3HATC- \/

HBI JIJIs1 obecnieuenus OIIPCACIICHHBIX CBOMCTB pa-

OTHOCSAT K KOHIUITNOHCPAaM.

60dcli KUJIKOCTH (KOHJIUIIMM), TIOITOMYy HX B a) @

I'n1poakKyMynATOpEl - YCTPOMCTBA  JIA

HaKaIIMBaHUSA SHEpruu pabodeil XKUAKOCTH ¢

Q>

’

HEeNIbl0 JalbHenlnero €€ ucnoin3oBanud. llo <~ 2 e wan
Pen. 39. Eii&edeii

adl.

(@H

cnoco0y HaKaIrUIMBaHWA SHEPTUM OHU ORIBAIOT:

- MHEBMAaTUYCCKUE (aKKyMyIMPOBaHUE DHCPIUM 3a CUCT CHKATHS rasa);

- IPY>KUHHBIC (AKKyMYJIMPOBAHUC SHEPTUM 3a CUCT CHKATUS IIPYXKUHEI );

- Tpy30Bbie (aKKyMyJIWpPOBAaHHUC JHCPIUM 3a CYCT U3MCHCHUS IOTCHI[MAIbHOMN
SHEPTUU Ipy3a) - NPUMCHSIIOTCS PEJIKO.

Ilo KOHCTpYKIIMY TMAPOAKKYMYJISTOPEl MOXKHO Pa3/ICIUTh Ha OPIIHCBBIC U MCM-
Opannsic. Ha puc.40 npuBejicHEl YIPOIICHHEIE CXEMBI TUJIPABIMICCKAX aKKyMYJIATO-

POB: a - IPY>KUHHEIN (TIOPIIHEBOM); 6 - THEBMaTudeckuid (MemOpanHklif). A Ha puc.4l —
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a) a) a)
Pefi. 41. Onét ai (4 141 ¢i azai &y
36401 28801 6801 o1 4.

WX YCJIIOBHBIC 0003HAYCHUA: @ - THCBMATUYCCKUN; 6 - TIPYKUHHEIN; 6 - Tpy30Boid. Cric-
JIyeT OTMCTUTD, YTO B OT/ICIBHRIX THJIPOTIPUBOJIAX THUAPOAKKYMYJIATOP MOXKCT HCIIONb-

30BaThCA KaK OCHOBHOM MCTOYHHUK THJIPABIIMICCKOT'O ITMTAHUA (BMGCTO Hacoca).

14. OFBEMHBIE I'M/IPOITPUBO/IbI.

14.1. I'maponpuBo/; BO3BPATHO-MOCTYNATEILHOIO IBHKCHUS

¢ MAPALIETBHO-TPOCCETIBLHBIM PEryJMPOBaAHUAEM (YIIPABJICHHUEM).

Ha puc. 42 npeicraBicHa IpUHIMNMAIBHAS CXEMa PEryJIMPyEMOTr0 THpOIIPUBO-
Jla BO3BpaTHO-NIOCTYIIATEIBHOTO JIBMDKCHUS C ApaJUICIIbHBIM BKIIFOYCHUCM JIPOCCEIIA.

CunoBas gacts TuiponipuBojia (TUaponepeiada) COCTOUT U3 Hacoca 1, THaponu-
JUHJpA 2 U COCIMHUTCILHEIX TPyOOIIPOBOJIOB ¢ pabodcii xKUJIKOCThIO. JIJis ynipaBicHus
TUpoIicpe/iadcii B CUCTEMY BBCE/ICHEI THIpOanaparsl: TPEXIO3UIMOHHBIA paclipe/Iciv-
TCIb C PYyYHBIM YIPABICHUCM 3, pErylupyceMhId Jipoccellb 4 U MpEA0XpaHUTCIbHBINA
kiamnaH 5. KpoMe HUX B paccMaTpuBacMbli THIPOIIPHBOJL BKIIIOYCHEI BCTIOMOTATCIILHEIC
TUIpaBINdecKue ycTpoiicTBa: 6ak 6 u ¢unstp 7.

PerynupoBanue (M3MEHEHHE CKOPOCTH JIBIXKCHUS BEIXOJHOTO 3BeHa) obecriedm-

BaCTCA 3a CUCT U3MCHCHUS ITPOXO/IHOTO CCUCHUA IPOCCCIIA 4, HpI/I CTO0 YBCIIMYCHUU
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Lefd
|

L/l v )(1’\\_
G <
5 >,

|
Pef. 42. \bal 4 1481 i1 4 | 8040 i 064 43 &l cAtasi i -iTho i abéé[]iiéi

07 v

aacadi & N 1 a04BEAGUI T - 401 ANAeli 0i 0aA0EE0T Aai &di .

YBEIMIUBACTCA PacXoj] JKUIKOCTU depe3 JApoccelb 4, ClIe/I0BaTeIbHO, YMCHBIIACTCS
pacxoj 9epe3 THAPOILIIMHIP 2 U CKOPOCTh JIBMXKCHUS TTOPIIHSL.

IToTok >XUJKOCTH, HarHETaeMBId HacocoM 1, B Todke M pa3BeTBIsACTCS Ha JIBa.
Onun U3 HUX Yepe3 pacrupeaenuTes 3 (IpU yCTaHOBKE B pabodce MOJI0KEHUE TO3UIIMIA
A nmu B) nocTynaeT B TUIpOLUINHJIP 2 U, IepeMenias IOPIICHb (BRIXOHOE 3BCHO TH/I-
ponpuBO/Ia), COBEpIIACT MOJIe3HYI0 paboTy. Bropoii moTok depes apoccens 4 ciuBaeTcs
B Oak 6. Tpexno3unuoHHEIA pacIpeieiuTeNs 3 n300pakeH Ha cXeME B HCUTPAJIbHOMA
no3unuu b. YcranoBka B pabodee monokeHue mo3unmu pacnpegenutens A obecrie-
9YUBaCT JIBW)KCHUE NOPIIHA BHUA3, yCTAHOBKA NO3UIIUU B - BBEpX.

B paccMmoTpeHHO# cxemMe MOTyT OBITh MCIIONIB30BaHEI JICIICBEIC HEPETYIUPYEMBIC
rujipomainuiel. OHaKO, UMCIOT MECTO CYIICCTBCHHEIC IOTCPU DHEPIUHU, TaK KaK JacTh

KUJIKOCTH CIIMBACTCA 4CPC3 APOCCCIIb 4 B Oax 6, HC COBCpuIasd MIOJIC3HOMU pa60TBI.
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14.2. I'maponpuBo/; BO3BPATHO-MOCTYNATEILHOI0 IBHKCHUS
€ MOCJEN0BATEIBHO-IPOCCEIBLHBIM PEryJupoBaHueM (YIPaBICHHEM).
Cxema TIuapoIpuBO/Ja BO3BPATHO-NIOCTYNATCIBHOTO JIBIKCHHAA C  TOC-

JICA0OBATCIIbHO-APOCCCIEHBIM PCTYJIIMPOBAHUCM ITPCACTABIICHA HA PUC. 43,

H p—

A >

1 L ? A==

| A<
S|

6 <
= 2

Bef. 42. fbé‘l aiaaiilal 5e40li0eAl 4a & ¢a0a0iT-1110 Gi a0 &éli 1 &
aaeai &y N 11Néadl 4a0 aéli 1- 801 fifaéli i1 0adoeedi aai eal .

Cxema JJaHHOTO THJIPONIPUBOJIA BO MHOTOM TOBTOPSACT NpeAsyIylnyro. ['uapo-
nepe/iada TakKE BKITIOYACT HacoC 1, TWAPOIMIMH/P 2 ¥ COCTMHUTCIILHEIC TPyOOIIpOBO-
Ji61 ¢ pabodcii xXUIKOoCThIO. JINI ynpaBieHus TUJIpoliepe/iadcii B CUCTEME yCTaHOBJICHEI:
TPEXTMO3UIIMOHHEIN PACTIPE/ICIUTCIIh ¢ JJICKTPOMATHUTHBIM YIIPaBIICHUCM 3, PETyJIU-
pYEMBIiA jipoccellb 4 U TICPCIMBHOW KiIamaH 5. A TakKe BBCJCHBI BCIIOMOTATCIBHBIC
THIpaBINICCKUC YCTpOiicTBa: 6ak 6 u TeTI00OMEHHUK 7 (JIS OXJIaX/ICHUS XKUJKOCTH).

IToTok pabodeii KuAKOCTH, HATHETAEMBIN HacocoM 1, B Touke L pazjensercd Ha
aBa notoka. OIMH U3 HUX, KaK U B paHee PAaCCMOTPCHHOM CiIydac, 4epe3 pacipesieiiv-
TEIb 3 MOCTYTIACT B TUIPOIIWIIMHJIP 2 U TIiepeMenIacT nopiicHb. BTopoii noTok ciuBacT-
csa B Oak 6 depe3 MocTosHHO paboTaroliuii NepeluBHOM KianaH 6. Pacnpenenurens 3

aHAJIOTWUYCH NPEJIBIIYIIICMY, HO UMECT HC Py9HOC, a 3JICKTPOMAarHUTHOC YIIPABJICHUC.
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PerynupoBanue (13MeHeHNE CKOPOCTH MOPINHSA) B JJAHHOM THApONpUBOjC oOcc-
IICYMBACTCA 3a CICT COBMECTHOU paboThl Jpoccend 4 u xinanana 5. Tak, ipu yMmeHsbIe-
HUW BCJIMYWHEI IIPOXOIHOTO CCYCHUS Jipocced 4 Bo3pacTacT JaBjicHUC B Touke L. YBe-
JMYCHUE TOTO JIAaBJICHUA BJICYCT 3a co00i yBeIMdeHHEe IIPOXO0IHOTO cedeHMS KilanaHa 5
Y, CIIC/I0BATCIIBHO, BCIMYMHEI Pacxoja Yepe3 Hero. YTo NpUBOJUT K yMCHBIICHUIO pac-
X0/1a 9yepe3 TUIPOLWIIMH/IP 2 ¥ CKOPOCTH ITOPIIHS.

B paccMoTpeHHOM T'U/IpONIPUBO/IC TAKIKE MCIIOJIB3YIOTCS HEPETYIUPYyEMBIC THJIPO-
MAallIWHEI, a TIOTCPU SHEPTUU MOTYT OBITh HECKOJIEKO OOJIBIIC, 9YEM B MPEABLIYIICM CIIy-
gae. Ho xapakTepucTuka JaHHOTO TWApOIIpuBojia 6osce ctabuibHa, T.¢. U3MCHCHUC Ha-
IPY3KH{ B MCHBIIICH CTCIICHM OKAa3hIBACT BIMSHUC HA CKOPOCTh BBIXO/IHOT'O 3BCHA.

14.3. 'uaponpuBOa BPAINATEIBLHOIO IBHKEHUS

¢ 00beMHBIM (MAIIMHHBLIM) PeryIHpoBaHueM (YypaBjaeHHEM).

Cxema ruiponpyBoO/ia BpallaTeIb5HOTO JBMKCHUS ¢ OOBEMHBIM PEryJIMpOBaHUCM

IIpUBC/ICHA Ha puc. 44.

4

L\

< Y,
N

PR, 4.1 4081 1 06 0401 T 00AT A A0A0 20 460 1 & AASedi &j.
CuiioBas 9acTh TWIpONIPUBOIA (THIpONCpeiada) COCTOUT U3 PEryIupyeMoro pe-

BEPCUBHOT'0 Hacoca 1, peBEpCUBHOTO TWIPOMOTOPA 2 U COCTUHUTEIBHBIX TPyOOIIPOBO-
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J0B c pabodcii xuakocThio. KpoMe ruapoManiiH OCHOBHOM TUJIPOIIPUBOJ] BKIIFOYACT
JIBa TIPCJIOXPaHUTEIBHBIX KiamnaHa 3.

IToTok pabodeii KuAKOCTH OT Hacoca 1 HampaBisgeTcs K TUAPOMOTOPY 2 U, OT/IaB
€My CBOIO DHCPTHIO, BHOBb BO3BpaIacTCs K HAcCOCY.

V3MeHeHre HallpaBJICHUS BpaleHUs THIPOMOTOPa OCYIIECTBIACTCS N3MCHCHUCM
HaIIpaBJICHUEM ITI0JIa49M KXUJAKOCTU HacocoM. CremoBaTeNnbHO, JIr00as U3 TUAPOIUHUMN,
COCJTMHSAIONINX HAcOC U THUIAPOMOTOpP, MOXKET OKa3aThCs KaK HANOpHOW, TaKk W BCACHI-
Baroleii. [losTomy kaxkiaas U3 HUX 3alUIICHA OT IIPEBRIIICHUS NPECIBHO JO0ITyCTUMO-
r'0 JJaBJICHUS CBOMM NPEJIOXPAHUTCIBHEIM KIanaHoM 3.

B oTiudue oT panee pacCMOTPECHHBIX CXEM, JIAHHBIN THJIPOIIPUBO/ ABIIACTCS 3aM-
KHYTBIM U HE TpebyeT 6aka 6ompimx pazmepoB. Ho B skciuryataniuu Heo6X0IMMO KOM-
IICHCUPOBATh BO3MOXKHEIC ITOTCpU 00BEMa KUJIKOCTU U3 3aMKHYTOr0 KOHTYpa. [l 3To-
ro B CXEMy BKJIIOYCHA BCIIOMOTaTelsHasA cucTema noanutku. OHa COCTOMT M3 Hacoca
MaJIod MOIIHOCTH 4, IpeJOXpPaHUTEIBHOIO KiamnaHa S5, IByX oOpaTHEIX KJanmaHoB 6 u
6axa 7. Kiamanel 6 npe/IoXpaHsiOT THJIPOJUHUYA OCHOBHOM CUCTEMBI OT BHIOpOCa XKU/I-
KOCTH 9epe3 CUCTEMY HOJIUTKY.

PerymupoBanue (ynpaBieHuE CKOPOCTBIO BRIXOJTHOTO 3BCHA) oOecnicanBacTCs U3-
MEHEHUEM I10/1a4y Hacoca 3a cdeT U3MCHEHUA ero pabodero obsema (cM. pasjen 11.4).
Hampumep, npu ymensiienuu pabodero obbema Hacoca €To mojjada yMCHbBINACTCH,
YMCHBINIACTCS PAcXO/I JKUJKOCTHU depe3 TUAPOMOTOP U, CICI0BATEIBHO, YACTOTa Bpallle-
HUS Baja.

PaccmarpuBaemelii ruiponpuBoI TpeOyeT IPUMCHCHUE PETYIMPYyEMBIX THApOMa-
IIVH, KOTOPBIC CYIICCTBCHHO JIOpOXE Heperynupyemeix. OnHaxo, oH obecrieduBacT
HaWMCHBIINE IOTCPU SHEPTUU U CTAOMIIBHYIO CKOPOCTh BBEIXOJTHOTO 3BCHA (OHA MpaKTHU-

YECKU HC 3aBUCUT OT HATPY3KH).
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14.4. Caeasinuii ruiponpuBo/I.

Ilox cnensmuM MOHUMACTCS PETYIUPYCMBIA THAPOIIPUBO/I, B KOTOPOM BCIWIMHA
MICPEMCIICHUS BRIXOJHOTO 3BCHA NPONOPIMOHAJIFHA BCIWYWHE 3aJaI0IICTO BO3JCHCT-
Bus. /[pyrumu cioBamu, 3TO TUAPOIPHUBOJ, B KOTOPOM BEIXOJIHOC 3BCHO MOBTOPACT
(TOYHO WM IPOTIOPIIMOHABHO) JBMXKCHUSA 3B¢HA yrnpasicHus. [Ipu sTrom koaddurmeHT
YCUJICHUS THJIPONPUBO/IA, PABHRIA OTHONIICHUIO CHJIBI HA BBIXOJHOM 3BCHE K CHUJIC TIPH-
JIO)KCHHOM K 3BCHY YIIPaBJICHUS, MOXCT JIOCTUTaTh BEChbMa 3HAYUTCIBHBIX BEIUYUH (JI0
10°).

Ha puc.45 npuBc/icHa ynponicHHas cXeMa CIIC/IAIICTO THAPOIPUBO/IA.

2 4

Pra Pr

PRfi. 45. Neaayu &6 384011 084l 4.

YIpaBigomKM 3BCHOM TPC/ICTABICHHOTO THJIPONPUBO/IA ABIACTCA 30JIOTHUK 1,
TICPEMCIIAONINICS B KOPITyCce ympaBisfwomero pacupeaeautens 2. Ilocneanmii nveet
KCCTKYIO CBSI3b C BBIXOJIHBIM 3BCHOM - MOPIIHEM 3 CHJIOBOTO THjapouuinapa 4 (B JiaH-
HOM CJIy9a¢ OHU ABJISAIOTCS OJTHOM JICTAIBIO).

PaccmoTpuMm Ha JJaHHOM NpuUMeEpe TPUHIUN PabOThI II060TO CIICAIIETO IPUBO/IA.
ITpu cMercHuy 30J10THUKA 1 BIIPaBO Ha MPOW3BOJIBHYIO BCIMYUHY X, )KUJIKOCTH OT Ha-

coca 4epe3 ICHTPAIBHYIO MOJIOCTh Paclpe/ICAUTEN 2 U OKHO 6 HAYHET MOCTYNAaTh B Jic-
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BYIO IOJIOCTh CHJIOBOTO THIPOLMINMH]IpA 4 U TOPIICHE 3 HAYHET JIBWXKCHUC BIpaBo. [Ipu
STOM XXKUJIKOCTh U3 NPaBO# MOJOCTU TUAPOMIAHIpa 4 OyJICT BEITCCHATHCA YCpPE3 OKHO
5 B JI€ByI0 NONOCTH paclpeicUTeNs 2 U Jajiee Ha CIIUB.

Ilepememasicy BIIpaBO, MOPIICHb 3 TAHET 3a coOOM KOpIyC pacupejenuTens 2.
IMpu cMemeHNN MOCICAHETO Ha BEIUYUMHY X INEIb, COCTUHAIONIAA ICHTPAIBLHYIO I10-
JIOCTh pacrpeAenuTeNs 2 U okHO 6, epekpriBacTcs. IlepekpriBacTcs TakKe IIEIb CBA-
3BIBAOIAs OKHO 5 ¥ JICBYIO NMOJOCTh pacnpesenutens 2. J[BrmxeHue NopuiHs Ipekpa-
mraercs. Takum ob6paszom, obecricunBacTcs 0OpaTHaAs CBA3b MCXK/Ly BRIXOJIHBEIM U yTIpaB-
JISFOIIAM 3BCHBSMU.

ITpu cmemenny 3010THUKA 1 BICBO KUIAKOCTH OT Hacoca 9epe3 OKHO 5 OyjeT no-
CTyHaTh B IIPaBYIO MOJOCTh TWAPOUWIMHIPA 4 U JBIKCHUC BCEX DJICMCHTOB MPOUCXO-
JUT B 00paTHOM HamNpaBJICHWUHU, a XKUJIKOCTh BRITCCHSACTCS U3 JICBOW MOJIOCTH TUIPOLIU-

nuHjpa B 6ak gepe3 OKHO 6.

15. THAPOJUHAMUNYECKUE ITEPEJJAYMN.

IMupogunamudeckas nepesiada - 3To TUIpoliepe/iada, COCTaBICHHAS U3 JBYX JIO-
NACTHRIX (IMHAMWYECKUX ) TUAPOMAIINH IIPEICIBHO CONMIKCHHRBIX JIPYT C IpyroM. Y Hed
OTCYTCTBYIOT TpyOOIIpOBOJEI, M OHA BBEINOJHAIOTCA B €IMHOM Kopmyce. I'mapojuna-
MUYCCKUC Nepeiadu pa3ieiaioT Ha TUAPOMY(PThI U ruaApoTpaHCcHOpMaTOPEI.

15.1. T'uapomydTel.

I'upoMydhTHI Tiepe/1aloT MOIITHOCTb, HE U3MEHSAA BEIMIUHEI MOMCHTA.

I'mapomydra (puc.46) cocTout, U3 COOCHO PACIIOIOKCHHBIX HACOCHOTO Koseca 1
(BrImosiHAeT QyHKIMM Hacoca) U TypOMHHOTO Kojeca 2 (BHIIOMHSACT (PyHKUIMM THIPO-
JIBUTATENIA), paclioIOKCHHBIX B ¢IMHOM Kopiyce 3. Jlonatku 4 HacOCHOTO ¥ TypOMHHO-
ro Kojec TuipoMy(Thl OORIYHO BBEINOIHATCS IJIOCKUMM U PacloiararoTca 0 pajuycy.
Buyrpennue noBepxHocTH pabodux xojec oO6pazyroT pabodyro IOJIOCTh, B KOTOPOI

UPKYIUPYET NOTOK XUJIKOCTH, 0OTEKAIOIINMA JOTIaTKH 4.
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) it A
|
|
|
0 10|
Defi. 46. Aedsi1 6604, Do 47. 0acagd adeRd 26 484011 6000,

Hacocnoe xoneco 1 nomxydaetr momHocTs N; 0T Beayuiero Baia. Ero nomarku co-
00IIArOT NOTYYCHHYIO MOIITHOCTh MOTOKY KUIKOCTH, KOTOPKIA BpalacTcs BMECTC C Ha-
COCHBIM KOJICCOM U TIOJT ICUCTBUEM LICHTPOOCIKHBIX CHJI OTOPAcKIBACTCSA OT OCH BpalIlc-
HUg K nepudepun kojiec. 3aTeM IUPKYIUPYIONIUANA TOTOK XKUJIKOCTU TICPEXO/IUT C JIoTa-
TOK HACOCHOTO KoJieca 1 Ha JionaTku TypOuHHOTO Kojcca 2. Jlaiee oH JIBUTacTCA BJOJb
JIONMATOK TypOWMHHOTO KOJICCa W OTJIAaCT €My NOJYYCHHYIO MOIIHOCTh, KOTOpas WC-
TIOJIb3YyeTCS Ha BEIOMOM Baity (NV,).

IMapomydTa cBA3aHa TUIIE C BESAYIIAM U BCIOMBIM BajlaMy M HC MMCCT BHCIITHCH
onopsl. [ToaToMy Ha ycTaHOBUBIIEMCS pexuMe paboTel cymMMa MOMEHTOB (M; u M,),
TIPUJIOKCHHBIX K HEH W3BHE, JOJDKHA OBITH paBHA HYIIO, T.C. O€3 ydeTa moTeph Ha Tpe-
HUC

M =M, . (61)

XapakTepucTuka ruJipoMy(dThI, IpeJICTaBIAOMas co00i 3aBUCUMOCTh KpyTSAIIIC-

ro MoMecHTa M = M, = M, OT TIepe/IaTOYHOTO0 OTHOUICHUS [ = (0 / () TPU TNOCTOSHHOU

CKOpPOCTH BpalllCHHSA BCAYUICTO Baja @ = const, UMCCT BHJ] MAJAIONICH KPUBOWA

(puc.47).
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XapakTepuCTHKa BKIIOYACT TAK)KE 3aBUCUMOCTH K.II.J. 1| OT NEpEAaTOIHOTO OT-
HomreHus i. Tak kak B TujipoMy¢Te BRINOIHACTCA paBeHCTBO (61), To BenudauHa e€ K.I1.11.
T paBHa Iepe/IaTOYHOMY OTHOUICHMUIO i:

N My oy (62)
Nz M2-0)2 o,

n

3aBucumocTs (62) nmeeT IUHEHHEIN XapakTep (puc. 47), ogHako npu i—0 JuHeH-
HOCTh HapymlacTca. Tak kKak MOMCHT M, niepeiaBacMelii My(dToii, B 3T0i1 30HE OBICTpO
CTPEMUTHCS K HYJIIO U €TI0 BEIMYMHA CTAHOBUTHLCA COM3MEPUMON C MOTCPSAMU Ha TPCHMUC.

15.1. 'uaporpancdopMaTopsnl.

I'mapoTtpancdopmarop B OTIMYMEC OT THJIPOMY(THI HE TOJBKO NEpeaacT MOII-
HOCTb, HO U CITOCOOCH aBTOMATUYCCKU U3MCHATh KPYTAIIANA MOMCHT.

I'uppotpancdopmarop (puc. 48) kxpome HacocHoro 1 u TypbunHOrO 2 KOJNIEC UME-
CT JIONOJIHUTEIBHOE KOJIecO 3, HETOJIBMXKHO 3aKPEIUICHHOE Ha KOPITyce MEXIy HUMMU
(Takux KoJIeC MOXKET OBITh HECKOJIBKO). DTO JOMOIHUTEIBHOEC KOJIeCO 3 Ha3hIBACTCA pe-
AKTUBHBIM WM peakTopoM. JIomaTku Bcex KOJIeC TMIpoTpanchopMaTopa, B OTIMIUC OT

KoJiec THAPOMY(TEI, UMCIOT CIOXKHBIN IPOduUIIb.

M) km
n
M,
/ |
0 Ji -
be 4 Dad380 a0ehd eea
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PaboTta nupkynupyromero notoka B rujiporpancopmaTope aHalorndHa pabote
notoka B rujjpomy¢dte. Ho peaktop 3 MeHseT HanpaBiIcHUE OTOKA XKUJIKOCTH (T.€. CKO-
pOCTb) TIpH €0 JIBIKCHUM OT TypOuHHOTO Kojeca 2 x HacocHoMy 1. Iloaromy xomum-
9YECTBO JBMKCHUSA, YHOCUMOC MTOTOKOM C TypOMHHOTrO Kojeca 2, U KOJMICCTBO JIBUKC-
HUS, IPUHOCMMOE UM Ha HAacOCHOE Kojeco 1, pa3muyHel. A BeIMdWHA KPyTAIIETO MO-
MEHTA Ha JI000M U3 3TUX KOJIEC OIIPE/ICIACTCS M3MCHCHUEM MOMEHTA KOJIMICCTBA JIBU-
xeHus. CieoBaTebHO, Pa3IMIHbl U KPYTAIIME MOMCHTHI Ha 3TUX KojecaX. Takum 00-
pazoM, obecricanBacTC M3MECHCHUE NIEpe[aBacMOT0 MOMEHTA.

I'uppotpancpopmaTop, B oTIMdue OT TMAPOMY(THI, MMECT JONOJIHUTCIBHYIO
BHCIIHIOIO OTIOPY - HETIOABKHEIN peakTop 3. [loaToMy nipu 3amucu ypaBHeHus Oananca
MOMCHTOB Ha YCTaHOBUBIICMCS peXUMe paboThl, KpOME MOMEHTOB Ha HACOCHOM KoJle-
ce M; n TypbunHoM Konece M,, ciaeyeT yduTeIBaTh MOMEHT Ha peaktope M;. Torja,
6¢e3 ydeTa oTeph Ha TPEHUE, TOIYIUM

My=M,+M; . (63)

OTkyna cieayeT, 9TO KpyTAIIMA MOMCHT Ha BCJIOMOM Baly MOXCT OBITh Kak
6onb1Ie, TaK M MCHBIIIC MOMCHTA IPUJIOKCHHOTO K BEAyIIEMY Baly.

XapaxTepucTuka rupoTpancopmaropa, npeacTaBIgoomas coboii 3aBUCUMOCTb
KpYTAIIEro MOMCHTAa Ha BEJOMOM Baily M, OT NEepeAaTOYHOr0 OTHOUICHUS [ = @, / @
IIpU IOCTOSIHHEIX () U M, HaHeceHa Ha puc.49. 13 ananusa NpuBeICHHON 3aBUCUMOCTH
CJICJTyCT, 9TO B OCHOBHOM 00itacTu paboThl TujipoTpancdopmaropa (i < i*) MOMEHT Ha
BEJIOMOM Baily M, Oomslie, 4eM Ha BeAyuleM M), T.e. pCaKTUBHEIN MOMCHT B ypaBHe-
Huu (63) umeer 3HaK +. [Ipu HekOTOpOM 3Ha4eHUU i = {* peakTop MepecTacT BO3ACUCT-
BOBaTh Ha IMOTOK, T.c. M3 = 0 u M, = M,. OTOT pexuM paboThl IPUHATO HA3EIBATh pe-
»)uMoM ruzipomyPrel. ITpu nansHeiineM Bo3pacTaHuu { MOMEHT M3 MCHACT CBOM 3HAK -
JienaeTCsa OTPUIIATCIIEHBIM.

®opmyny /i K.ILJ. TUApoTpancdopmaTopa MOITy9IuM U3 OTHOIICHUS MOIITHOCTEH

Ha BCJIOMOM M BEIyIICM Bajiax
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rac k = M,/ M, - xoopdunuent Tpanchopmaiuu MomeHnrta. [Ipudem, ero uzme-
HEeHue 1o i Ipu M; = const coBmajact ¢ u3meHenueM M, (puc.49). 3aBucumocTs M =
f(Q) Taxxke npuBeicHa Ha puc.49.
Anamm3 3aBucumocty (64), npuBeicHHOM Ha puc. 49, oKa3bIBacT Pe3KOE CHUXKC-
HUC K.I1.JI. IpY BBICOKUX 3HadcHusX i. K.m.j. rugpoMydThl ipu yBenudeHun i Ha060poT
pactet (puc.47). Jlna ycTpaHeHus yKa3aHHOTO HEJ0CTaTKa I'ujpoTpaHcdopMaTopa €ro
MOXKHO C/ICJIaTh KOMIUICKCHEIM, T.C. IpH i = i* MEpeBECTU B PEKUM I'HJIPOMY(THI.
KommiekcHsld ruipoTpancHopMaTop MOXKET OBITH ITOJIydEH U3 MPOCTOrO TpaHC-
dbopmaTopa, eciu ero cHabaUTH My(dTOM cBOOOIHOTO X0/1a (1103. 4 Ha puc. 48).
IMocneanss cnocobHa nepeaaBaTh MO-
MCHT TOJILKO B O/IHOM HaIPaBJICHUU. n
ITosTOMy, KOT/Ia MOMEHT M; MEHSCT 3HaK 10
(mpu i = i¥*), peakTop HadMHACT CBOOOJHO

BpamaTthcd B IIOTOKEC U THUapoTpancdopma-

TOp TpeBpaniacTcs B rujpomydrty. Xapakre-

f

PUCTHKA KOMIUICKCHOTO THJIpoTpancdopma- 0 -
TOpa IpuBeJicHa Ha puc.50. ben. 50, 0adaeo adeno eea
111 gaeniial aea:

JInga emé OONBIIETO IOBBINICHUA K.II.J. 010 0aiio101 a0t oa.

MOTYT MMCTh HECKOJBKO PCaKTOpOB C IIOCIICAOBAaTCIFHO cpabaThiBaromuMu My¢dTamu
CBOJIHOTO X0/Ia.
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